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" C.h~inist~y '.1:31 lncitides i:.,oth ie6tu~e . a~d Ja~orato~y ·. w~rk: · To pfi,tt~r .· · 
, ~nd'!rstc.nd .chelliistey ,, : ·.~a belie'le yo11 . shou.lcl become. acquainted with . 

·· .... funda:111ent.a1·:. p.rinciplei:;. ·and concept·e ... and . .be able . to apply·· them · in. the 
'::.'. labora~ocy. ; our qoals . j,:n_ this course are to·: . . . . . .. . . 

; .. ·~ .. ·., . -~f · ·· ~.ra~ri . you. t~ ;thi~l< s~1~rit~ticai1y · (c!,eveioi:>. c1ir-io~ity) • • •· 

<-~ . ;,: 2) . ~fain you to th.ink an~ly~ic~lly (soive problems)" . 
. : '· 

. ~·· .: ... ·· .. :. Jl · provide you with scientific infoniation of professional --a"~d .. 
· · · social · v.aJ.:ue .. · .' 

·.. .. .· . . I . . 

: ' . .' .. . 4) prepare you for future: scienc~ and ~ngin..;~~i~g courses, 

, · · ... s) • •. 'teacti y~u h·asic c.bemi,.;ai prlncipl~~; ·. 

. ' 

. . . . 
· . 6.). d'1!veJop .yo.ur_' abllit:y to comnuriicat-e &cientiti~ irtfo~tio~, . · · 

· ,. '7.'>. provict~ 'y~u w'it.h iabo~atocy ex~e~l~nce~ 
, ~~ in< most . seie.nce or •ngineerinq ·. cou:r.ses, cerieral · Cil~mistry . '.is. 

di;f~icu;a.t;· .·• To be successf'l,ll, you must col1111lit yo\jr&e.lves to academi.C: · 
. _ :·:.~.~x.i;:el1e11ce·; You must dili9ently prepare for each class . by _.- reaqing··_the 
· .. ~ssi.gnie~ portions of . the . tel!Ct and working .!ls many. of the . home!llork 

.Problji!Jii• tu1. :you can, be · atte.ritive. in ciass, and be wi-llii:ig t~ ·. ask .· 
-:_. q\iill•tion• .a~~ seek · ext.ra .. instructlon .• :· · You ·· were ·· s~lected .for .. "!:his ·· 

·: ...... co11,ree. •on ··.yo;ur •. pa~t> academic·. • ·eJ<perie.nce· .·,anll -.. perfor.mance :. ciri . the·. 
· : .. chemist:zy placement e1'am - · you have · the abifit~ ·tci do wel1 in thi~ 
>;; j:91.u'8e~· ~- The Chemistry faculty is here to assist you in doj,ng .the , best ··:'·you can~ - · · ·· · · · · · · ··· 

.,. . . 

; ; l<eep in ..;"tnd ·~h~~ che~ist~ 1~ ~: ~. c:c;lilis~ u~~t~·· 6 semest~r :_ ho~r '.oi:iurse. 
:: ' )(O.ti 'i(ill '. r .ece.i;ve 'Cwice .• the credit..·for.: t:liis course aa you .would for .the · 
· • · ·. liiQSt Of· your. · ot.her· ·courses·;. · . You . shoul.d ::there fore · expect· to spend·· twice. 
·' .. a•.' iilµeh tilile .in. prepata:t-1,.on fox' ct\ei.iiitry l.3.1. · · · · · · · · · · 

;; '"!., -h~p.· ·. you : (ind~ :thlc CQ~r~· . ~nt-eres1;ing .· and. inf()J:lD~ti ve: .·. we . ~Olol •. YO.U ... · 
; w:i:J.J, ' f'i~ .1:!:'. Ch!lllefl9ing, . · . . 

··,~ .... :·-.:. . . . . . . . ~ .. 
.. . . · ..... :.: :· ..... . 
:·.:.,.- ~'. : .: .. , . . .. 
;,:· .: . . . .. . . ...... ·. :: ·: ... 
... .. :. ~ . . . :: .. ' . 
<" ' , ' •., • 

. . •' ... ~. 

.. . ,. . ., ... 
.: : : ·: ·:· . 
: ........ :. 

:.: 

. , : . . .. . : . 

.. ·. : . ·. 
'. 

, ... . , .. 

.... 

. ··· .. . 

.·. 

. . · .. ' 

. . . .. ~· . 

:: 

. . ,,. 

'· . . -.. 

: .. 

· ..... . 

·.· .. · 

.· . 

: : : 

' .... 

... 
. ... . 

.. , . . : ... 
: .:.. , .... . ........ _. .. , :. 
··· .. . 

. . · ... 

: .: 

· .. ' .· .. 

. ... 

.. , . - . : . . . .... 
.·. , .. 

. .· .· . 
...... 

: .. : 

. · . ... : .... . 

··:·. •••• • • ·: • •• •• '> • • :~... • ... ...· ••• ~·.' • 
' .. '• .. . ... ; . . ... 

. :.: .. · .. : · ..... · .... ~ :· ·:: . .. ~· .. ·: ...... : .::.:. '·.· ... ... . . . :.; .. ·'.· ··.:._::: 
....... : ··:~ , .. ::· ::::.· ... ·: ·~ .. : .· .·.:. , .. .. . . . . .. , . . i ... : ·-: . ·:. : .. ·.: ... ·: ... . .' 

Chemistry 131 includes both lecture and laboratory ",ork. To bf!!tter 
undeclltand chemistry, we believe you should become acquainted .... ith 
tundalll8ntal principle ... and concepts and be able to apply thell in the 
laboratory. Our goals in this course are tOI 

1) train you to think scientifically (develop curiosity), 

2) train you to think analytically (solve problems), 

3) provide you .... ith scientific information of professional and 
social value, 

4) prepara you fOC tuture science and enqineering courRe .. , 

5) teach you basic cha.ical principIa., 

6) develop your ability to ca.municate scientific into~tion, 

7) provida you with labor.tory experience. 

AS in moat sciencli or engineerinq courses, Ceneral Clmmistry is 
dit:ficult. TO be lIuccelisful, you IIIUst co_it yourselves to acadelllic 

, excellence. YOIl mUlit diligently prepare fUr e .. ch ciasil by re8<:11n'1 the 
lIssiqned portions of the text. and wurkinq as .any ot the hc_work 
probleJIIII •• you can, be attentive in cl ..... , and be .... illing to ask 
qUe.tion. and seek extra instruction. YOU wer.. ..e.lected for this 
co~r.. on your past academic experience. and performance on the. 
cheillistry placement exam - YOIl have the ability to do well in thi .. 
c9Urse. The Ch_istry faculty ia here to IIlIsist you in do,tn'1 the best 
you. can. 

Keep in ~ind that Chemi .. try is a 2 course unit, 6 .. emester hour oourse. 
You will receive twice the credit for this cOllrse "' .. YOIl would for the 
J:lO~t of YO\Ir. other cour.... You should therefore expee~ to spen:1 t,.,iee 
... MUeh time in preparation for Chemistry 131. 

Wa hopa yO\l find this eO\lr •• int.resting and infoI'lllative; we kno .... you 
will find it chall.nqinq • 
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. . . .. 
· -· o•QRAL-: l'OLlexs• MD :i-aocr;oous 

I • 

_1 •. ·· .·.The. sehedµ;I:~ for cbemi•try. ~ 3·1:. is -·~gnificant1y. different ··t~~11 
· .. other; :cours•s . ~~ the. : A~ad~my • . · ·Check .the · syllab~s daily. In qen~ral, 
.. yo~ . wil-1" ha~e iectures , on Monday,: Wednesday, · and Fri day·, one -2 hour l~b 

.. : _on . Tuesday and· a 2 . hQUr re.cftatiari . ori Thursday.. .. : Ir you have. a · 
.· qµastf:on; . be .. s~~e ·~o : cona1:1:1t ·your syllabus. o_r ··~s~ .y~ur _ instructor ~ . . . : It 
· · in ·· doubt., · go t:p , yo~J;' ~.lassroom . dµ~inCJ the · •ssigned p~riod and c~eck. 
-. .. . Your. instructor will clarify the Gchedule during the · fi~t. lesson.··· · · . . . . . . . . . . . . ·. : . . 

. ·~ .: . ~ . -n~ scl)edule •ny . _appol~t~n'ts ( derit~l... m~dic~l, . EI, ·.tailor sh~p ~ -
. _. · ".et6,-)- during any cl••• ~ l _ab period. ·'. · · · · . · .- · ·: . . .. . . . . . . ... . . 

. -..3 ~---: . -I~ . y~ . know ·you will ••is• ·a class I in~orm your instructor at leae;t 
-, one lesson · 1.n ~dv~·nce ~nd-. •uJ?mit a ·rorm. 78 -befo·re your · absenc.e lt .... 

· pqa•ibl~-: Yo~ . _are .. ra•ponsib],'e £or a11 ·- work assign~d during . your 
:. · :_ aQaenc:e ~." - ~f you_ 1t1i•; a GR, ·you .Ust -.·takl!-. ·th~ make-up .' exam • . · If. YQ~ 
· · ·will miss a Ca°R· due to a ·trlp, -- inform your ·inst:rU.ct:or at: ).east: a Week ill 
· · =.~:v.:an~~-- . ~o ·he· · oan cof?rdi~t~ wi °ti) t:he o:rc or .. OR · tor a 111a~e;up · exa·m: ·to . 

· tie ·admin.istered on ~e .trfp. . . · · .. '. · 

· .. , -. -:You inuat: pep-.. up with the course wc;rk even. ·1f you are hospitalized -. 
-. : or o~· -~ectreat ; .. Yt. yo\i rieed · st~· not1ry ·the hO.pital lias·on - off-leer ~o 

.a~r~tUJ.e .EI ·vi t~ . y~:ur · ins~~ctor.,--· ·or :I us~ . ~a11 · ~~· Ch••isty ·. Departm~n~ 
·{x29~o) .. You_r · ·1nstru~r. ·wJl;t. qive yQ\i· ·EI lf .Yo\l -.are· hoapital.ized for 

... , · a~ ext~mded peri~. ' · · · . . · . . . . . . . 

-.. ~- .... ~-··~~ .---~eave" .the , clauroo• "or ' lab .. _untii ypu are di.-mias~d b~ y~ur .: 
.. · inahruc:tor. · . . · · 

.,-." . .- .. ~. '_.~l~·~· ~~P .the cia.i~r~oil--arid "c:oat .. closet cl~~ and neat.. Keep the-. 
.. · .door• to ,the ·coat ·Cl~aet ·cl.o·sad· When :not ·in Ul5e - it· YOU· ar· · th~ 1ast'" 

· · .· ~ ·~se ~t, »clos~ the..: .. ·.All "outer .. CJarm~nta . (j~c~~s·, · parkas·, . overco~ta, -_· 
· . ove_:rs_~~~~, caps, et¢.) muat;-."~e ·neatly · hu~q or ·~tor.ed in the '. co~t · clos•itt .·" 

: · :·. ·-: tll~l' . ~re. ·~ot· permitted i _n · tli.e .. cla11aroo• • · . . . . . . . . . ... . . ·. . . 
_. _._:. 7 .. ~ -. : $ec~ior . .. Mai::Qhe~" ~~Pc~•ibilltie~i· · .. · · 
. . ·: :· . . . . . . . . . . . .. . . ~ . . .: 

·· ·_.. · . a·. ·Bef.ore c-i~·~~ . : Maintain ~·rder . in the ' claaat'OOJll. . E~ure the-. 
. . .. _ci~asr~~ a_nd ... closet · ~re : ~•at ·a.-i~ orderly°' :· · eo11e~t any . aaaiqriments due 
. b8·tore the· start .of' --~iasa "- . . ._ . . . -. : .. " ·.. . . . . . , . . . ... . . . . . . . . . . . . . . . 

. '. .. : . : .. _.i,·. · .. Start 'ot: ' Cla~~:~ ._. ·c~1·1 t:it• --~lass t:c;> attenticm; ·nnde~· -s~l~t~.' . 
. ·'. and · .. rei>.o·rt .. th• ... c:l,as" ~ady tor inatructi~h, .: and . giv• your · inatructor · 
· : all homewor" .. due • . Yt ·you17 . inst~uct:or ·does nQt · ari-ive within "5 ·minutes · · 
· .. . itft'er :the - -:a.t·art: ot ~las•, ~epo~.· to the · Chemistry .. Department tor : 

.. ":further inatritctlons.."- . . · · · · · · · · · " · · · · · . · · · · · . . . ... . . ·- . ·. . . . . 

:. :·:.: ..... : "· C: •... '. . our~ng_" E.~~~-· :rt · _the · - i~st-~et~~ ·i ·!S absent · dur.iriCJ ".an - ~xani·,.'.:. 
-. .. 'maintain . orde~- .~rid . 9ive.· the . coamand, '!cease . W9rk,·" '.when-. the ' time bas : 
. ,.·: expi~ed :.f~ ~h~ -.exam~ .- _ ~· ·:·time_ 'sJ;iould be· w.ri~ten OJ\ -~~" .. ~l'at;kboarct ~". -. . 
-; :.'. ~ (!:a~et· Jl.l~Y ·give "Cease :Work~ when t);le . t ·ime.:.exi>iz:es ; · · . : .. · · .= .. -. · · _. .. . : . ·.. . . . . . . ·.. . . . . . . . . . . . . . . . . . · .. · .. 
, .· . .. .. ·' .. : · . ... .. . . 

.... 
. . ·. 
. • • r. 

. . . . . ·.· .. . • . 
:: .. . :" : . · .. ··, . 

. . .... . . .. 
. .... . 

. : 
. . : . ... 

: . 
:·: . 

• • • • r • 

.. ·.· 
..... .. . .. 

:-~ .. . . .. , 
. " .. . : ' .. . .. ·.3 . .. 

: .. ' . 

· '.: '. 

.. OBQUL; ~J.icx.. A1!D ·.,aoCBDURBS . . . 
, .. 

, ·.·1.··· :. The. sched~;l.~ for Chemi.try. 13-1:. is ~·~gnificanuy. different · t~an 
... othel!' :coursl!Is · a~ the . : Aclld~lIIy' • . · ·Check .the · syll.ab~s daily. In geX)t;!ral, 
· .. you, . wil·l · ha:ve lectures . on Monday,: Wednesday, · and Friday·, one ·2 hour l""b 

· .. : .on . Tuesday and· II 2 . hour recita~iari . an Thursday.. .. : Ir you have. a · 
: ql,l8sti,on; . be .. sure · ~o : conau.lt · Yout syllabus. o.r ··!ls~ .your . instructor~ ... : t! 
· . in ·· doubt.., . go t.o , yo\,l~ c:.lassroolft . durinq the . _ssigned p~riod and check. 
· ... . your. . instructor will clarity the Iilchedlile durin9 the · ti~t. lesson.··· . . 
'. .... . . .' .... . . . : . 

.. ~. : . Do . riot sChedule anY .. appointmente (detital .• m~dical. · .BI. ·.tailor shop~ . 
.' .. ·.etC:: • .) · during any cl ••• ~ l .ab period. ··. 

~ . . .. .. . 

· ·.·3 ~:.: . ·l~ · you, . know ·you vUl ·.i •• ·a class, b'l~orm your instructor at leaE;t 
·.one lesson · In ~dv~·nce ~nd·. submit II ·Porm. 78 .before your · absenc.e 'it .: 

· pps~ible.: YO~ .. are .. raBponsibl;e for all · ·wark assigned during . your 
: .. :. aI;>8ence ~.' ' J:f you. 1\Iie!li II GR. ' you IIlilst ·.· tilJte. ·the make-up : exam • . . If.. You 

· ·will iIli •• II GR· dl.l8 W a · tr·ip. · . ln~orm your. ·instrUct:ar at ;least: a wetlk ill 
· ,~:v..ance · . aD ·he·· can coorcSi~te wi~ the 01:C or . OR tor a 1Da~e-::up · exam:· to . 
. b.e ·adinin.istered. .on ~e .trfp. .. . . . .' . .:.. 
, .. 

· ··4 ·. ·You iDu.t pep· .. up with the cOUrse wc;rk even· ·if you are h;;'spitalized .. 
.. : Dr on· .bc!.dreat:; .. If. yoU need .81 6 . notl~y . the hOepital Uason · officer to 

.arr!,~e· .l!!t ·wi t~ . Y<?\Jr . inatJ;uctor.,··· ·or just . ~.U . t~· CbUllsty ' . Department. 
·(x2960) .. you.r··inBtru~r. ·wil:J, g1ve yQti. ·EI H .you ·.are hoapital.ized for 

... , ·at:' ext~nded ped~. ' . .. .. . . 

· :, .~. ,: ~ '~Ot :·:ieav~ .. ~ . clauroOlll ··or · lab :.untii ypu are di~miss~d b~ your .: 
, ·instructor. .. . . . . . .. . : . 

• • 1 • • 

, .... ···ti. .·Ple •• ~ · JuIIep .the c:i ••• rooill and ·coat .·closet. c:lean and neat.. Jteep thllL 
· .' . door. to ,the ·coat ·clout ·clo·sed· "rum :not ·in u.e - ~t' you· Ilr~ · th~ last'·· 
· .. ~ ·~se 1,t. ··clos~ th~.: .... All · .. outer .. garm.nts . (j~c~~s ·. · parkas·( overcoats . ... 
· . ove;rs.~~e~. caps. e~~.) 1IU.t;. ·:~Q ·neatly · hU~9 or ·",tor.ed 1n the .coat . closet. .:. 

.. ... .~ t~4lY . lire. ·flot· permitted 1ft · .. tli.e, .clliasr.<l0.. . , 

: .. . ~ ... 'J .. : .. : $ec~i.or~ · Ma~~e~ . ~.Po~.ibil:lt.i.~i . 
· '. . . : 

... . a·. .Before cla· •• o · Maintain o·rder · il'l the ·cla •• rClaJll. · Eruiure the·· ' 
· ::c:i.eujr~o,. . Il.nd ... closet. · ~r. : ~~at ·a!id Orderly~ : . ·Calle!;\: any . a •• iqriments due 
· . be·tore the· start .of "cl.ass .. · ... . ....: ...... ' ... . . . .. . .. . 

. , ... : .. ·b. ·· s~art . ~t:- Cl~~~:~ .. · C~{1 · ~ • . :·~l.S. toattent1on;r9n~e~· · sal~~~" 
... :. and · .. i-ep.o·rt .. t:h~ ... c,1aa~ i;~ady tor in.trUctitlb~·.: and . give · your · iruiit:rUctor . 
· : all hom"wor~ ·· due • . It · youl;' . 1nst~uct:or ·doe. nQt · ar,,!v. within ··S ·1Dinutes ·· 
. .. .!ift·er :t.he · :S.tilrt, of ~lase, ~.port · to the ' Ch_iatry .. Depanment for ' 

.. ... further in_trUetl·on .. ;, .. . .. ... .. . .:. , . . .. . 
· ". ... . . .~. : .. 
:. :":: '.: : ... i;:. , .' .. Du#n9, ·· E.¥~~.. It· .the · . i~at·ruetor ·i~ absent · dur.iri9 ·.an ·",xam> . 

. , .. ·_int_in · ordeZ:· .!lrid . give.· the . cOilmand, "cea.e . Work;" ·.",hen·. tlie ·:time bas .: 
. , .. : expireCl :. tor the ·.exaill. : The ·:·time 'should be· written on .the ··. bl·ackboard;··· . 
... : ... AtiY C;a~et· ~y : giVe "ceas~ :Work· whei\ tl,le . Ume": .• Xpires ~· '.' .. ... : ..... ' ...... :, .. .: . '.' . . . '., .. . .' . .... . . . '. " . 
~ " .. :'.:. ~ . :. '. '.' 
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' .. , 

. :. : . t· . · .. ' ..... . ' . . ... .' .. 
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8 . Classroom Materials. To each lecture c:;lass, you must b r ing your 
textbook, 3 ring blnder, paper for taking notes , a pencil or pen, and a 
calc ulator (you will. not be perlDitted t:o share calcula t o rs during 

· quizzes or GRs) . To. each laboratory period, you must bring a pen (all 
experimental data must be recorded in ink) and yollr lab manual o-r 

~ handout for the lab. 

9. Holl\ework. . In gen~rl!ll, homework will not be collected oJ.· gx-aded . 
·· Your instructor, however, has the option of collecting and g r ad.lnq your 

··.·.:. homework. ·The problems aesi(Jned · indicate :the : _knowledge level and · 
. profioiency expected of you. J.t l•aat: tO' O·f all queationa on th• GRti 
a11d qui•••• will ll• '.-.21o•lli-r1t prolll-. 

lO. Extra Inst.ruction, Understanding of t.he mateJ.·ial assigned is of 
the utmost importance. If' you hav• difficulty, yo11 should &IL'ek help 
i,milledilltely from the El roOlll (JI0011 2C56) or your in11truc tor. The EI 
room is open from oaoo to 1600 every day unless otherwise noted. It 
will be closed during period H- 5 and lunch. 

. - . 
11. Laboratory Experi111enta . Lab expe.riaents supplement and r einforce 
the cono•pts covered in the clasGroom. They q ive you the opportunity 
to see chemistry in action. Here at the Academy, we do ei.:periments in 

·..rays unfamil iar to you. our experiwents are performed at the 
mic~oacale. wi·th the•• experiments , we ai.niaize student expo sure to 
ha3ardoua a nd toxic material• and reduce chem.teal waste. We are also 
able to p ... rfocm mor~ expe,r.iiumtal wor'.k. While perto·r.mlnq experiments, 
qive ,SAFETY primary .. consideration. ' THlNX IB.EFORE YOO ACT, ASK IF IN .. 
DOUBT. . 

LU RIPQIT lO~i 

A. All labs will include the following on the first paqe• 

co1ltl!or•tion lt&t .. •nt: State vho you collaborated with on the lab. 
If no col laboration, state NO COLLABORATION. ntLOJUI ro DVB 'f!IIB 
SSCTIOll w:tt.L U8M.'1' D A 25% en o• Tim LAB. 

8. ror the Emission Lab, Enthalpy Lat;, and the Spec trometric 
' ' Determination of an EquilibriWll con•tant Lab the, ·following fotlll<lt will 

.be used: · · 

'··', ... _lab. 
Collaboration at•t--ts Stat.a who you cOllabora.ted wH:h on ·the 
It no collaboration, atate NO COLLABORATION. . .. •.. . . 

, .; .. 

' on~ 
· r,ot 

Objaotivtz State the purpoaa or objective of the experiment in 
sentence. The objective ia chemical in nature ; the objective ie 
to learn how t~ use an instru•ent. 

' . 
·•,- TllMryl :In at lea&t one full page (th.t equivalent of l full, 

typed double apaced page) discuss th• theory governing th• results of 
the experiment. The section generally begins with 11 short introduction 
detailinq why you are doing this experiatnt; followed by a discussion 
of the procedures uaed to obtain th• nece.1aary data. To adequately 
write this section, you should consult your handcut and/ or textbook. · 

~ .•. 

8 . CLa •• rN)ID. Materials. To .i'lch 10llcture class, you lI\uat brin'1 your 
textbook, 3 ring binder , pap.r for taking notes , i'I puncil o r pen, and a 
ca l c ula tor (you wi1.1 not be psr.it.te4 to sliare cal cul a tot'D during 
qui%% •• or C~s). To aaeli laboratory period . you _u.t bring a pen (all 
.xperi .. n t.al data .. uet. bf!I r ... ;:orde4 in ink) And your lob _nual 0-0; 
handout for the lab. 

9 . Ko •• work. In general, ho .. vork will not be collect.d or qredad . 
Your in.tructor, however, has tha option of collectinq and qradtnq ycur 
itolllework. The problelll!> a.siqnael indicat.. the kno ... l"d",a l eval and 
proficiency expected of you. ~t la.st .0' of .11 que.tio~. on tha GR • 
.. 4 qui ••••• 111 be be.ework probl .... 

10. txtra In.truction. Und.r.t.nding o f the llIaterial a ssigned i. of 
the ut.o_t iMpOrtance. If you have elifficulty, you Khould ••• k help 
i_di"tely fro. t.h. El r_ ( Roo. 2('5 6) or your inat.rueter. Th. EI 
rooa i_ open fro. 0.00 to 1600 avery day unle.s oth.OIl alll noted. It 
... ill be oloa .rd during period H-5 and luneb. 

11 . Lobor.tory &xperl,..nta . Lab axperi_nta supple •• nt and reinforce 
the conc.pt. covered in the claas~oo.. Th.y glve you tn. opportunit.y 
to ••• eha~i.t~ in action. Kare.t the Acad •• y, we do Q~PQrl~.nts in 
w .. y. untaailiar to you . our exp.ri •• nt.. are pe~f'oraed at the 
III loroacale . i'l'ith t.hes. experi •• nt., w .. ainialz. stud.nt expoau~e to 
h .. zardoue and toxic satsriale and reduce che.lcal ...... t. . w. A~S al~o 
ablw to perfor.. aore oxpariaent.al vork. While perforelnq .xp.rilll.nta, 
give OAFE'1'Y pri .. aq consideration. , TlflNK BEFORE YOU ACT, ASK IF IN 
DOUBT'. 

u. Urcmt PO,"U! 

A. All laba .... 11]. include the tollowin., on the tlret paq .. . 

0011,"£&1::'9. Itat"Dt= State who you collaborat.ed. vlth on tna lab. 
It' no collaboraticn, atat._ MO COllABORATION. ran.DO ~ uva ,..18 
.aC'l'X<Ml WILl. uaOL~ DI .a 25-' eft CHI ,.. ~. 

B. For the EIIi •• lon Lab, Enthalpy Lab, .nd. the Spect~o . .. tric 
Deter.lnatlon of lin EquiUbriWl CONlt.nt: Lab the tollowing tOt'POt wUl 
b_ us4ld1 

C:ol1~rat:lo. It.t_t, Stat. who you collabor .. tad wli: h on the 
lab. If no colJ.aboration. stata NO COLLABORATION. 

Ob:leoth-e. state the pI.Irpese or objective of the exp_rh.ent in 
one .entanoe. The objective ia ehe.ieal in nature ; the objectiva is 
not to l •• rn how to ua. an In.truaant. 

'I'-.80ql :In at least one tull paW. (the equivalent of' 1 full, 
typed dOl.lble .paced. JUlgej eliacu •• the theory governing th. r •• ultll of 
tlte axperi-.,t.. Ttie .ection lIen.rally be91P. with a abort introduc t1gn 
IlataU11'I9 "'hy you are do1n1l thi. exper1 .. n1:. ; tOll.01oiad by • eli.c u •• ion 
ot the proceduree ueed to obtain the nec •••• ry data. 'l'o .cieqlIat..ly 
write thl •• eetlon, you should (:<)n8u1t lour handout and/ or t.xt.book. 
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·:·· : . .. -:.. ..,._ ..... : .... . : . . .~ ~; 

: . 
: .. .. ~ · · . .. ·,.. , . . . ' ... 
. : .. : 

~ .... 5.· 

' . 
. . . . . . .. 

. ~ . . .-
:, .. · .. DO rlQt : Sin\piy 

. ,. ~ord~ ; · · · · · " . 
copy' 'aricther ' s<)urce. . . cciinpose this theory in your own . 

' . 
,· ~ 

·· ......•.... o:l:9ou••~o-~ ~f •• ~ult~• .· Ariliwer the questions in the handout. 

.. CODOluei OIU °lfb;lt can you conciud~ .about the ·experinient? .' Gl:.e 
nu:m.erieal · r'ellults in· 1;.he conclusion. and error iin•lysisi . . 

. ' . C• . For. the remain.in() ;, point lab~; the pr.ilab exerci•e w~ll bb fi ll.d 
out, ·BEFORE coillinq:.to . c:taal!, . the lab will be fill out durin9 class and 

.• the · ·conclusions•· will answered~ · Unless· directed ·. otherwi.se .b.Y y.our · 
.. · iri11.t~~ciJ:, : all lab . reports will be ·· due ~ the Monday foll~winqtlie .lab 

. ~ay; Onlll' .4. ot ·. the 10 (75 point labs) wl.11 be .qraded • . H~wever, · a ll.·, 
111ust be . ooillplet.ed and turned in.· or you wi.1 1 >receive an INCOMPLETE FOR ·. 

· THE i.CO~~g; . . . . . . 

. ~2 ~ .Lat .. . Work •. ·. Ali a~signed · work is due at the beginning o.t . the 
··periOd•· · . ··.x.at:e .. penal-ties will be assessed: ac~ordin9' to. ·· the .. soh,edule . ·· 

·.· .. ~.8lot1; ·'~ · · ·· · · · ·., · .. · ·· 

·.·· · · . < i lesson .1ate . ... . as• 
< .. 2 . lelilsons. ··late. . ... sot. 
> 2 l:easona<i atii .100\ 

Since Chemistry' 13l does not i!>llow ~he ..;ormal M/T:..i>ay achedu;Le~ each 
. cla•• m••til\9 ._ (lecture · O.r lab) .is one lesson. 

·, ·-

,. 
;i3 ~ ' c~lilp~tei · t-ided 1ruitr'1~tio~. You should. have .been is.sued three . · 
computer· di•IUI .with :ch•t11iatr.y co111Puter .aided instnct ion software • .. T~e 
instr.Ucti.on ptQ4;rra111>ci•licriptiori• are listed below.: . 

: \ 

Diaik 

-i 

. ' . 

. ®9 E1911i9nt:a :. P.eriC>dic Tal>le; Nomenclature of the. , · . 
• £,l•l(liimts, · 1s!)t opiilil/At:Olliic Weights, · Properties ot:. So1De . 
£l•m•nts, MY•tery· El•m•nt Quiz . · · . ·.· : · . · .· . · .. . . . .. , . .. . . . .. . : , 

' ... ., .. .~ Jri0rgan1c umoenciature: :i>inaey saita; vari~i>1e 'oxidation ..... 
. · Stat,e. Salt~; Bif\<lrY: .c~mpO.unds ot Two Mon•e.:t.als, , A¢id~, · 

· ,", : Base&,: 're~atj Salta, l{eview. Probleme ··. · .. ·:. : 

:: .. . .. 
1· •• • . .. . -. 

,. • · ' ... 

' . 
SoiutiCin•i >soiilb1iitt; · S~l~il it; Exp~rilnent; 1 F~..!ezinq . 
P.o int11,·. Molecular Weight · Determinat i on .Experi ment, .Weight 

.. 

J>erce ntil'; Molar1ty, Dilutions · :· · · · · . • . · . · : · . · • . ·· 

·•·.· 2 ·. , .. Atcimtc io~~f~ a~4 isoiecular Welqhts; ·. ChemiC.al. Formulas, > .. ·· 
Atomic:. we i~hta, .Moleeula':l'. Ponoul·as/ Weiqhts, .·Grain· Molecular . : . 

. .. . . . : . : .. 
-~ . : I .. 

·· .. ~ ' . ~ 

. ~· 
W.~lght$, Gralilj-ole · Pro~le~a· · · .. ~ . ' . . .' . ... . . . . . 

. . ::; P@i-cent: Com.&,.ltion. and . tsniotriCal Formulas : tntroductipn; .· 
. .• ]?ercent · ~omposit::lon, ~ Empirical · l!'o~ulas; M9-He1 :Experiment, 

·Emplriaal Formula. Problems · ·· · ·· · · , · ··,; •..•. · .. · .. •. .. . . . . . . ' . ' . ... . ·, . ' . . . .· , . 

::< , : ,· ' . , : ch~~ Naz;,~ : ... Arc:ade ~J:~~e :~a~ test ing 71,our ~owl edge of:. 

. ·. : 

; . 

''. . . : ; • . .. . C:heliica1 re<:'ttions -,. ' , ... ·. -· ' .. : .. . 
. -{ · .. •.. . , . ·. . . ~:. ·: . ·, . 

..... : ,.' . . . ... . . . . . ., . : ~ . . 
::·i. : ...... . . . · 

l . • . .. : 
. ~ .. 

. . . . .. . 
. · .. ;,· .... ·. 

. :7.. . · .... ~·: : ..... . 

·· .... ·.·., '·-~ . : . . : .. .. 
, ~ :. ·· . :· .... :· .. :; 

. .··. 
. ' 

. .. . . : . . ' . ~ . . .. ..... ., ,, . ·:._:· .···. 
. ·.:. . ' . 

:, 

· .... .., .'. 
. - . 

. : . : . : .. ·. 
.; .:: .. 

, • · .' ·'·: . . . . . . ·. . . . , 

... , . . ._, 

.· > ·~ .• :. 
' ... , . 

• 

, 

00 not. simpiy copy 'another ,sourCe. " Compose this theory i n your own 
wordis. 

Disou • • iolll of ••• u1tel Answer the questions in the handout. 

CODoluei olll1 
numerical "r.sults 

What can you conclude about the experi",ent? 
in' th .. conclusion and error an«lyei •• 

aiv<;I 

C. Fol:' the remaining 7-5 point lain, the pnolab exerci •• will ba filled 
out -BEFORE ooming - to claS8, the lab will be till out during class and 
the conclusions will -answered . Unless directe(!; otherwise by your 
instructor, all lab reports will ' be due , the Monday following the lalb 
day. Only ~ ot t.he 10 (75 point labs) wLlI be graded. However, all 
must b. oompleted and turned in -or you will rece ive an INCOMPLETE FOR 
THE ,COUR!lE. 

12. Lat. Work . All assigned ' work is due at the _b8ginning at the 
period. · Lat .. penalties will be assessed ac~ordinq to the sch,echile 
below; 

< 1 lessoR ,late 
< 2 le/il/ilolUl late 
> l lessons late 

'" _50' 
100' 

Since Chemistry 131 does not t~llow the normal MIT-Day IiIchedllle, each­
cIa •• meeting ,(lecture ' or lab) is one lesson. 

13. ' COJiputer Aide d Instnlction. Yo'Illilhould have been i •• ued three 
computer' ,U.k. with ·cbe.aietry computer aid.ed instrliction eoftwar •• - _The 
instruction program d.scription. are 'listed. below: 

Diek 

, 

Table, Nomenclature of the l~Pr~ .. ~r~·~·~·~· "!;:~~;~i~:::::::'~' Weight., Properties of SOllie 
Quiz 

:
~iB~i~n~;ary salts; Variable oKidation 

ot Two Nonmetals, Acids, 
Problems 

;,i~S~:':i.ubii;i~litYi'SOlubilitY E~eriment. Fr,eezing 
;,;;;;;;~, ... ; Weight Determinati on E~eriment , Weight 

Dilutions ' 

Chemical, Formulas, 
Cram Molecular 

Arcade style 911_ testing your knowledcJe of . 

," /~ . , 
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,. " ' 

" ' ·~., :· : . 

'" t • 
. . . , . 

" . , " . . •· 

. . . 

. . .. ... 
" ;, :' . . 

. .. 
... ; 

... 

Che111ica;l ·:for11Ul«ii. on« · Equatioi>s: Chemical Fo~ulas , 
. Chaill,i.cal ·:s~t.iona ; writ:inq .Che•ical Equations, Balancing 
Chemical Equation•, Review l'roblems . · 

Ac.Iida .and 11a•e• in Hat•X: pH, woter-, stronq Ac;: ids . illnd .. · 
·: Basea, ._Kea.aurfnq pH, . .Neutralf:i;ation, Acid•Baae ·Titrations-, 
' Titration .Bxp•ri11ent~ str.onq -va Weak Acid• . 

Metric Syistn: , Prefixe•, Temperature, - Volulie, Weight, 
C:oneen,¥ratl~ll-' Density, Spec~al . Syml>ols and Fµnctic;.ns 

' . .. . .. 
. · ,: 14 .. · · · Additiotiai· CAI .l& .'available 
' .. · .The . proqi.-41•• and descriptions :are 

on 
•• 

the VAX-A. computer 
fol_lova.: 

v i a Fa.lconriet . . · 
. . . . 

. ' 
Proarom 

. ' 
Math 

. , . . . . Loq• ·. 

" "· 
'2:' . . · . 

··-· Na.acJa•a 
· ~ole · 
'Li•it ' 
'rbu.o · ... ·:. . ' , . 

· .Atoll '. 
. rorce 
.. Gas 

· . . 
.. 
/~_ 
. ' .•. pH , .. 
;; Acid 
.-:-- --. : m••' ·· 
.. 
• < 

... 
• ' .. 

Qual· · 
Redo it 
Chart 
·Alch••Y 

i>e1qript1~· ' 

Tutor.ial on aath arid •c.i•_ntifie notatiori_ 
.T\.ltorial ·and.·drill° .on. l~arithlls · . . . . . 
Drill on che•ic~l n~ncla~ure 
Arcade-aty1e-. no111enclatura ·9a•e (11011.11a hiat•) 
Mola .concept ·and m0lecular weiqhta . 
TUtorial and· drill on l.i.1111tincr.reagant ·problems 

. Th-ni~yif~it con(;.p-b 'and pr0bi'e•• . . : .; .. 
Tuto,;{~i and .'driil Oft· eieatroni<i •trlicture 

. ~t~tia~:;a'n.d ·d~ill".on. 1.lt~~oiecµ:i.!lr forces . 
'I\itoriit'l anct. drill 011 CJ&• l&W. . . 

T.utoria.l · .•~. drill · on" p11 ~robl-• 
~toria"1 · and drill on •tr0n9 ·and -•lt acid• 
~toriai ~ dri1i oil alec:troch•aicai concept, 
on· nn"ot ·qual.it~~lve arialyais before the ·.1ab 
Tutorial •ZJd drill on redox reactiona . ' 
TUt0rial. on t1'e periodic tilbl411, eleHnts, etc • . 

·. 

-.A chemical Jmo.iledqe edventure: qaine . (iioa~ · Po~nt•) . . . . ' . ' . . 
· ... '. . . . '" ,• . 

.... We·"vill give ·You .irifC;rmati.on det,ailing .th• 11tep• .nece~sa.ry . to. apcess 
>· • .the CAI · aoftvar• on .t:tui ·.VAX-A, · ' · ' · .... · 

.: :.-:: . 

- . 

' 

· .. . . . 

.. "· . 

: 

~Y ., 1·!i·~ .' · &Onu•· .,oi~tll · fr~t., ~:i: : .' ~. : ·y~· .. ; · ~ava:·r16t.il:~ ·t·~;,.· "abo~,· bon~~'; ' ' 
. ,; ::poi'rit• 'ari ' avalliirbleVtten "pl·ay'inia. NAMEGAMB and . ALCHEMY. NO~lli1Iy I • Pl.ill .. 

' : . '.. Coili!ob'oration' ·ii! : pe'riiitted· wheri . uill,in9 CAt. ' However~ . since points .. -z11.ay 
.. . · be ·awardl!id for ths•e ·,two, · l:NDl·~DUAL· BF,Ollf 1• requireCJ.. These ~ames 
:>;-. : are · a'llail~ble : f'or u•a' thro;ughi>l,I~ · the., .Y-P• however, . you 11111.y_ ea.rn bonus 
· ··· .. point•.- .. only d,urlniJ . certain· ~at•li~ We 'w111 9iye_ you ad.d~tional . 
. ' · · infonia~ion ; du~~ng · ~ ·: •.-ilter. · .Re•d inatr.uctiOll• ·ct1reful·ly w~en .. · · 
. . .-: plli'yi,.ng the- 11--· · : : : --· .. · · ·· · '· 
:.~-~ . . . . . . ;. . . . :· 

. . 
' . . 

. . 
' . " . . 

-· _, ·, . . . ·-.: . . 
·: . ·.; .. ;:: ~.: 

·, 
! .. ,' 

" -... .... · .. 

.· .... ~ . ... 
' . :· ' ... . " ,. . · ... . 

' " ' .. : . :- . . ... . ~:" 

._ : . ' 

) Chpica. -- fgrw1 •• end Equations: CbelDiea.l F'ol."lMlhu, 
Ch •• leal "EqUation., Wrltlnq ~ica] Equations, Balancing 
Ch_icill ~tlon • • ani." 'ProblelU _ 

Add, and III'.' in watap pH, watel;"-, strong" Ac:ldl end . 
, h .... Meaa'n'inq pK , ,Hlutralh:ation, Acid-e. •• Titrat ions, 
Titration Exped_nt, Sta",o"9' v. Weak Acid. 

Prefix", TampA,raturl, volu •• , Wl ight, " 
o.naity. 8~ci.l Symbols and FUnctions 

• 

, U. Additiohal CAl lA Ivan.blt on the VAX-A eOllputlr via Fa'leannet. 
Tha P~r'" and de.crAption. are •• tollOW" 

Prpprl' 
.. .... ..... .. _-
11101, 
lot_it:' 
ih-.o · 

,At_ 

Pore. 
.Ca. 
pH 

Acid 
Dr 
o~. --. .... rt 

'Alcbay 

Dugript1on" 

Tutoria. On .. tb and .ellDtlrlc not.tion 
TUtoria. "aDd drill Oil l09.rlt~ 

Drill on c~ie.l ~ncl.~ure 

Mole concept. and aollCI.Ilar "'i9hta 
TUtorial and drill oU ,lt.ltl og rea9lnt probl ••• 
Theraodyna.lc cone-pta and probi ••• 
TUtorial .... drill on: • i.ctroni<;: .tructur. 

,TUtorial ."" dri11 on int'!'rllolecular tore ... 
'Ntorial .... drill -••• lava 
,...torhl .... drill on 'p. probl ... 
Tutorial- .... drill on atrOll9 and -ale aelda 
:rutorial .... drill ~ alactn>dMaieai concepts 
Dry run-of qualitative analy.t'- before the lab 
'Ntorial an6 drill OJ\ radox reacti_ 
TUtorial on the pari04io tabla., ele.ent. , ate . 
A cheaic.l knoWlad9~ ~antura.- q'" (aDaus ~i.t.J 

•• . vill ,.lve You infor.a.tlon detailinq , t.ha .tap. l'Iace ••• ry to a=a •• 
the CAl ' .of tvaI'. on the VAX-A. 

-1 '5 ~ " ~nu~ ' ~o~nt. trOll ~:I. A. : 'You' _'I ' have noti<;:a..4 , fra. ' "abov., bonus 
, .'pGfnt. 'are ' av.Uilble when ' p1'ay'il19 IfAlUGAMI and ALCHEMY. Nora.Uy, hn 
. -. eoil"~"or.tion 1a. poI!i_itted vhioli \1.11'111 CAl. However, .inea pointti •• y 

' be a",ardH for .tha_two, - :IMDJ:-VlDUAL BPI'OJlT i_ required. ~ •• ga_. 
''' -- - ara. availab.la . ror .... throu<Jbout thto .'1-f. bowever. _ you "'I aam bonus 

. , 

pointa only durhiq _ certaiD ~t... we "Ul qiv. you additional 
tnfor-ation during the -- a .. tar. RM4 irwtruction_. ctlr.fully wben . 
Pl.,.t~ tra- 9a_. . - - ,' - . -

. 
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NAMEGAMI'.: is an arcade-style quiz where -yeu give the cprrect 
name ~r- che.ical formula fot al.men~ •• nd · compound~. Yeu are 
awarded ·lO points tor each correct answer and penaliz~d 4 
'points for each wronq an_wer. 'You .<:an play the game as many 
t.illles as you _ desire, only your top score count.. Bonus 
-points wIll be awarded to the top 3D Bcorers. HAMEGAME ",ill 

. J;M! . stopp"ed at the end of Lesson" T-21. 

.. ALCHEMY i. an arcade-style advei"lture ga.a. where you work your 
",ay throuqh the land of Alchemy by overcoming adversarif!1I 
with- your knowledge of chemistry. ALCHEMY"haa ten levels you 
can proqra.8 through durinq the lI.m •• t~r, earning up to 35 
points for ea~ succesaful completion of a · leval. The number 
ot points .you eam .dependS o~ the number at que.t.ions missed. 
You lose 10 points Cor the firat question missed ("fatal 

-encounter") and 5 points tor subsaquent miiised qUeatlons. 
After . lllia.ing . - qUest.ion, you're removed. trom the - g8lDe and 
mus't: reenter. If you .i •• more t.han 5 questions but tinally 
complate the lavel, you earn 5 bonus point. •• Levels will · be 
oPen ~or bonus points aa we enter the block of m~te~ial - t~at 
ia "t •• ted" in -the.. Alche*y will b. stopped at the e~ of 
Le •• on T-42 • . The follcwlno 1. the. schedu.le tor the 10 levela 
at alchemy: . . 

.Level HUmber Opened CIOlied 

1 lQ Aug 17 Aug-

• 10 AUg •• Au .. 
3 24 Aug 7 .sept 

• 7 &.apt 21 sapt 

• · 21 Sept · • Oct 

• 5 Oat 19 Oct 
7 19· .Oct. • Nov 
• . 2. Mov 115 Nov 

• 16 Nov 3·0 Nov 
10 JO Nov· 11 Dec 

REMINDER:! SINCE ALCHJQIY AND NAMEGAIIE ARE PLAYED fOR POINTS, YOU MUST 
WORl(- ALONE ~ 

• 

. 
· . - , .. 

'" 

7 

" 

. . 



 

  

16. GRADING; 

4 GR. (JOO . ptBjsach) 
8 Course Quizzes (30 pte/each) 
2 ~n.tructor Pop Quizzes (30 pts/each) 
Lab Reports; 4' 100 pta/each 

(Eat •• ion, Enthalpy, 
oeter.ination of KC, 
Qualitative Analysts) 

1200 

'" " ." 

4 @ 7S pta/each 300 
(4 ot the remaining 10 
labs will be graded 
rando .. ly.) 

Pinal 

'fO'tI,L ••• '.' •••••••••••••••••••••••••••••• 1R!t 

Point. for proq , ... 
2 100 pt hba 
2 75 pt lab. 
3 quizzes 

Proq i'oints 

,,, 
'" 150 ..... 
1040 (JS' of points) 

Above 8S" 
Ifa.,.q .. e) 

Out of Final Exam (Includinq AlcheMY and 

• 
Below SO, . F 

, 

. I 



  

, 

urc COL~RATXO. STAT&K&KT FOR IMTRODOCTORY COURSES 

'oLL COLLaJIOD'l'ZOlfl Collaboration is defined here to mean persons 
workin? toqether in joint intellectual .f(ort. Collaboration does not 
include aopying another's work. These aB .. ign~ent&, prepared e ither 
inside or out.lel. ot cIa •• , may reflect collaboration with fellOw 
students, faculty. or u •• of other lIoure.s. All such collaboration 
~UBt be doCumented. 
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Ve ,,1< n.u. USAFA '" 
L • ,' . ,., , 

'" ,'. 
,., , 

,. LAB: SehlltHic 

" M, ,., , 
" ", ,., , 

" M, ,., , 
,. ~; Data ""alyu. 

" M, ,., • 
" M, ,., , 
" ", , .. • 

" LAB: bhdoD; 

" M, ,., • 
" ", , .. .. 
" '" , .. n 

,. ~. MOllE; Q 

, ,., H-I0 .. 
• ~ep r-l0 " , .. , N-ll " 

•• ~; Enthalpy 

~O .. , r-ll " 
" '" r_ 12 " 
" .Sep T- 13 " 

T<>plc 

Hat.ter ""' Kea'U~~II"nL 

"t_& and Hol . eul .. 

Method ; Quiz .. I . " M, 
Che.deal For..,.l .. 

Ch_ieal ror ... l .. 

Cun 

C •• u 

El .. euonlc Strueture 

Electronic Str"et,,~. 

001:1: .. 2 - 30 Aua 

~1.ctronlc Strueture 

Periodic T.bh 

ParlDdI" Table 

fH on Vedn ...... y , Sep qO 

TherlOoch •• i.tr,. 

Tber .. o" he .. htry 

'the~ .. oehe .. istry 

Spontaneity " R. a ctlon. 

Spontaneity " Reaction. 

Covalent Bonding 

' - 1. 5 

3 , 1-3.5 3 .5,13 . 11 ,22.30 

3 . ~ _ 3 . 8 31.32,38,43.49.51 

4.1-4 . ~ 5,H,19,28 , 38.40. 
MACT: ~1 _ 01 4'. 

4,5_4.6 45,48,56,6 2, 71 
"FACT: 89·92 
5.1 _5 . 3 4, t, 11 , 14.20, 22 

5 . 4 - 5_6 26,10,36,3a.45 
48.54 

5.7 64.66,68.78 
"FACT: 133-150 
6 . 1-6.4 5.6.11.14.16.22.24 

6.~-6_6 28,30.38,42,60.63 

(ChAp 1_6) 

7 . 1 _7.2 

7.5_7.7 

20 . 5 _20.8 

8.1-a.3 

4.8.10.14,18 

20.25.30,32 . 34,40 

49.50.55,56.60,68 

1,3.6.10, 16,24,30 . 

" 36.46.50,52,71 
2,12.14.1B,20, 22, 
26.28,34.42.48.60 



  

17 Sep 

19 Sep 

•• LA8: 

26 Sep 

28 Sep 

,. 
3 0.,. 

4 Oct 

5 Oct 

10 Oct 

12 Oet. 

u . 

19 Oct 

22 Oct 

24 Oct 

26 Oct 

F.nullr Simulator, IIrbll G=II,"~rr Jlh ~o I ... .,.ur. ; Qu iz ,,3 20 Sop 

N-14 a Mo lecular Structure 9_1-9.2 l, 6,10 , 14 , 2~. 28 

N-n 19 lIohc~laT Structure 32,37,40,4/,,46 

N_16 20 Liquid. and So11d. 10.1-10.2 2,4,6,8,l~,16,20 

G~ ..... trr, Brinll G~"..~rr Jits to Leb; Dr. lI .. nleu 25 S"p 90, 1900 

T-16 21 Liquids .. "d So lid. 

T·17 22 

T·18 23 Solutio". 

solution .. ; GR .. 2 on TU8sday 2 Oct 90 

M-20 24 Solutions 

T-20 25 ~lr Pollutlon/~cJd Ral" 

M·n 26 

JoI -n 27 

JoI-n 28 

Deh~l".Uon of K.; quiz .. ~ - 11 Oct 90 

T·23 29 

T_24 30 

T-25 31 Aeld. and lIao •• 

10.6-10.7 

H.I_H.2 

22,2~,27,l2,34,36. 

" 
40.46,48,~O,6I, 70 

4,6.8,l1,13,I~, 20 

(lo'hap 7-10, 20) 

11.3-11 .4 

19. 5 

12.1-12.3 

12.4 _ 12 . ~ 

13.1 - 13.3 

13.4- 13 . 5 
20.1 
14 . 1-14.2 

14.3 - 14.5 

111,32,36,38,42.46 

46,47 ,63,64 
2,4.6, B.13. 14. h. 
18,22 

24,28,36, 3B, 42, 4B . .. 
1.2.3.6.8.12.14. J(, 

18.28,36,38,43,44, 
S2.55,56,58 
5,6.12,16,24,28,30 
38,44,50,5~ , ~6 , 6J, 

69,76 

Acid II ... flU·.Uon; CIt It 3 on Friday 26 Oct 96 (Chaps 11-1~, 19.~) 

K-26 32 ~cld II ••• /PPT Equllibri. 

K·27 33 

M·28 34 

15.1-15.2 

15 . 3 

.,B,U,20.22 . 3~ 

26,31,44,52,56,66 



 

  
". Ll!B: Ph~u&nphy 

" ~, T-28 " Qu&llutlve Analyst l 11.I-P. 3 1.2.) . 6.12.16 

" ~, 1 ·29 " qu., lI ••• lve ..... dr" h 11 •• · )7 . 5 Z2 . 2. , 2' .Jb . • ~ . ~? 

2, • • IG. I ~. 24 . 18 , ~. T·n " ltau of h."'tl .... 18 . 1- 11 . 2 36, 40, 4' 

,14 . Lo\.B ; Qual1tatlve An. l rat. ; Qub . 6 - • •• v 90 

, ". 11·31 " Rne -, R .. ~t1on lB . '·18.~ 46 , 4', ~O 

, ~. 11 ·32 " 1"'0 -, leactiu 1I. '·U. 7 !>2.~'.62 ." 
J). 14 , ' •••• , ~. , ... lI·n " "'t.o.p"'~. 19 . \ - 19. 4 " 

". u.. : Un.UcI ; Qu1:l .. 7 - 15 No v 90 

" .,. M·34 " Ilutr""t...lstry 21. 1·' 21. 2 2.4.1'.22, 24 ,)4 

" .~ lI·n " .I.clroche.lalr y 21.]- 21. 4 46.U.~' 

". ~, ,-
" .~ T· ]5 ., 1I ... ,ra" h"e l_'ry 21 .s-n.6 ~O.07.U,U 

21 • 7 20.29.42 

" .~ T· 36 " t l .ct~oche.l . t ry AfIlCT : 20 -23 

". .... , ! l u t racbe.lltr7 ; CI. • " _ ,rl...,. JO lIov 90 (Chap 17·19.21 > 

" ... 11 - 37 " or,.",,, o-ht ry 26 . 1- 14. 2 l,l ,.,7.U 

" ... II · 38 " Or,. nl" CII •• htry 26 . 3-24.4 16,45,46,!>O 

" ... 11- 39 " Or,."I" C"_huy ZI .·! - 26 . 6 35.U .38.40 .42 

U . ~, Ora_n i l: ; QuJ" . .. , ~< ~ 
, ~< T·39 .. hly.w. _ 21 . 1· 17.2 2 •• , •••• 10. 12 

, ,,< ,·.0 " 'o)'IO_r;& 21 . " 27 .5 16.U,U 

, ,,< T·n " Appl i_d Ch .. l .tTY Option 

U . 1,.\1: ,,~ 

,.~ 11 · 42 " Appll.d ~I_t[y Option 

11 Dee '·.2 C) .. II·"P 
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IIIOJtGAlfIC IIOIIr:IICLA'I'tlU 

Cb .. lstry 131 

1 5 

Chemistry is a lot like living in a foreign country. I f you 
spsak the lanquage, life is more fun I Learning inorganic 
n01llenclllture is the. first step toward learning the language of 
chemistry. Learning the relationship between chemical formulas and 
chemical names is essentisl for understanding chemical problems. 
Inorganic nomenclature is a systematic way of naming the th~usands of 
inorganic compounds which we encounter. 

Your textbook discusses noaenclature of inorganic compounds on 
pages 72-78. This handout is ints .• ded to supplement and complement 
your book. Another source of nomenclature rules and practice in the 
CAl lesson HAMES. Contact your instructor it you want a copy. 

BEFORE WE GET STARTED • 

There are certain elements, cations, and anions that you MUST 
know before you gst started. MEMORIZE these names and formulas, it's 
ae simple ae thatl For any name you should be able to write the 
formula anct for any for.uls you should be able to write the name 
(including spelling.) 

1. The first ~6 .l~ents and Au, U, Ag, Sn, Hg, and Pb. 

2. Compounds with common na ••• 

H20 - water 
H20 2 - hydrogen peroxide 
HIli - a_onia 

3. cation. 

lIalles 

Lithium ion, sodium ion, etc. 
Beryllium ion, magnesiull ion, etc. 
Hydroniua ion 
AlUlllinull( III) 
Iron (III ,Iron (III) 
Copper(I), copper(II) 
Silver(l) 
Kercury(I), Mercury(II) 

• 

Symbol 

Li·, !fa- K-, Rb+, Cs' 
Be'-, Mg~+, Ca", Sr",Ba H 
H' 
101" 
Fe", Fe ' • 
CU', CU'· .. ' 
Hg,2., Hq'· 



  
Lead(II), Lead{IV) 
AmiDonium 

4., CoMan MOnittomic;: Anione 

.I!JJ!!!l Symbol 

yYdX'ide H-
Fluo~ide p-
ChlOJ:'ide Cl' 
Bromide 81'" 

.... 
Iodide 
oxide 
Sulfide 

Symbol 

,-
0'­
s'-

5. CQrIlIIon Polyatoaic Anions (Two or mora atoms) 

JimD§:. 

Nitnte 
PermaJl9'ana~ 
Hydroxide 
Cya..,ide 
i'erehlorate 
Thiocyanate 

6. Acids 

SultuJ:'ic 
Phoaphoric 
Nitric 
HydrOchloric 

7. Bases 

Forlilula 

1lO3 -
MnO,,-
0'­
CH­
CIO. -
SCN-

_ Ji2S0 • 
H,PO. 
UNO, 
Hel 

Lithl .... hydroxide 
sodi.... hydJ;"Qxide 
potassium ,hydroxide 
Ce.i~ hydroxide ' 
Rubidi~ hydroxide 

LiOH 
NaOH 
I<oK 
COOK 
RbOK 

.... 
sulf'ate 
Carbom.te 
ChrQlliata 
Pho8phiot:e 
peroxide 
Chlorate 

hrchlorie 
ChlCirie 
Hydrobromic 
JlydroiOdic 

FOrmula 

SO.~-· 
CO,2-
criJ. 2-
~ ,-
021- ' 
CIO)-

HClO. 
HCIO. 
HSr ., 

Magneeiua. hydroxide 
'Calcium hydroxide 
StrontiUm hydroxide 

Mq(OH) 2 
CIi(Ol{).2 , 
S¥:(OH) 2 

There .. are:f<;lur lIIain clasSes <;If inorganic com.pounds wei will learn 
how fo name: 

I, 

" " . , 
compounds made from aingle valencellletals. 
compoUnds made 'from multivalent; metals, 
COlIIpounds containinq, only non.atallic elements. 
Acid •• 

, 



 

 

  

COKPOUltDS MADE FROtf SYNGLE VjO.LD/C£ KP:TjO.r.s 

In ... ner.l , these co.pounda are .ada usi nq at l.e as: t ona o! t he 
_tal. in Group¥ IA and IIA . Th •• a _tal" don3u e lec t r ons r e.ad ily 
(they havo « low ionizAtion e narqy) and always have oKl dation nu~b8rs 
c orresponding to thei r group nu~er. Fo r exampl. , K, Na , Ca , etc . , 
tUlIYe oxid~t ion nWllbers ot +1 2llll!.. All \la haVe to d o i . specify t he 
c ation (the ionic .etal) r ollO\ol'a4 by the anion. We must C h ID e nnurp. 
that the s um of tha oxidation nuUb.r. is ze.ro (for wo Are deal ing 
\lit h neutral molecules) . Hllr~ are "O~e exalllpleo ; 

••• sodiulll. hydride 

Cs,O ceeiua oxi de 

"" barlu. Uuorict. 

HCN hydrog.n cyanida 

&r~NI strontium nitride 

CaCOK) , calciwa hydroxide 

Li , P0 4 lithi1Ul phosphat. 

" 9804 III.&gft •• i ..... sulfata 

NOV . you try a couplel 

b . lIa9l1 •• 1wa fluori"" ___ _ _ __ _ 

In qua.tlon la,. tile cation 1. Ma­
(c h.ro_t.) . Thus, the ~poUru:J is 
_fJtIe.iu. ~ists 1n e~nd fona 
TO _ke tJ'Ia eo»pound neutra l . we 
[ornula for ... 9ne.l .... fluoride 1. MQP',. 

and th .. anion 18 cro. l -
quo8tio n ( b ), 
tha P - a n ion . 

,- ;;"."0;'.: " 0 
It wa bave an ionia co~pound that contains hydrcqa " alo n9 with 

the c~ti on . then we naed to .pac Lfy the number of hydrogah ato~s i n 
the oo.pound. For instance, 

Nl!li lCO~ 
NOI , III'O. 
ltaH 3PO, 

sodiUB hydrogen carbonate 
sodiua monohydcoqen phosphate 
50diuD dlhydrogan phosphate 

In the above exa.pl.s. We use Greek p r efix betore tbe word ~hydrog~n" 

, 



  

: ' 
. • . ·. 

. . . . 

. t~ ~pe~if'y the number of hyd~ogen~. In c:ase you've forgotten, here·· 
are the prefixes: 

ilio~o;.; · 
di­
tri­
tetra- · 
penta­
hexa-· 
hepta­
oeta-. 
nc>na-:: 
. clec:a~. 

1 . (Omitted if no. other prefixes are used) 
2 
~ 
4. 
!5·: 
ei 

'7. 
8 
9 . 

10 

· Notioe that ·for H•H~ 9 , the numher of hydr041ens is not spaci fled. 

· · ·This is because carbonate has a .;.2 cha~ei if sodium {Nl!l•j combines 
: with :co3 2··,. there is only t.'roQll• for .one hydrogen~ Thus, the morii?-, 
· ·is ·inferred· in 'this· case~· · · · 

.. ·. COMPOUNDs. MADE PROM. MULTlVAi.ENT. t(g~ALS ( SToCIC SYSTEM) 
~~ . . . . . . . . . . 

is 

1f111nionic -tal• ea~ usually have more than. one· ox.:i.da.tion state. 
··iron. for ii:ist11n:ce,. ·oan · be found as Pe 3 _•:. ~nd as ·Fe a t • Mo.st othe·li 
transition metals. can· also :aseU. more than ·one oicidation st!lte.·· The 

. way w~ .diittin~uish tietw~en .compounds whida differ in oxidat.ion ·. 
·nuabera is by using.Romari nu•erals~ which is known as the Stock 
•Y•t•m; . The .Roman .inimeral . indie&tep the .oxidation number of the 
cation and .is .. enc101ted. in parenthef!les .immedi<11tely after the. metal 
na•e· . 'l'ake a l:ook at th•••. exaltpl•!oi: 

.. 
·· Fes~. 
· F~1(S0•)1 •.. 
. Pb02 
Sn(HCh) 2 . 

. . Cl1Clf . 

. Ri)(OH)2. 

iron(II) sulfatie 
.iron(ZII) sulfate 
J.ead(IV) oxide . 

. tbi(II) nitrate . 
. · copper(I) qanide ·· · 

mercury(I:I) hydroxide 

.· . . . N!)te •the SWll of tlje oxidatio~ nUmb~rs (a) of the liietal: e~actly 
·cillJicel• the SWll. of' thia neqat.l,ve char<Je(s) of .tlie anion. Note also ·· 

.. that• you. need DA1< . -orize the oxidation ·.nUmber of . the metal. because . · 
y0\1 .oan.al,,aye back ca1culate its.valU. by kne>Win9 the charge on the 

... a.nion• · J:n other words, 1\\••~rize the anions;. both name· and cha:rqe. 
· . . :: .. 

.~··try a·c_oup1ei· ., .·· 

: •·. · cuso· . .-.. -------··--------
.·. ·. 

. . 
b~ • i~tic;n::c) carbonate----------

.. : 

' .. · ·'· . 

. . 

, ... 

~ · 'I': • 

£ ' .. ' • 
' .... · , ., 

. . : .·. : .. :· 

to .p~city the number ot hydrogens. In case you've forgotten, here 
.r~ the pretixes: 

lIIono- 1 
41- :2 
tri- 3 
tetra-' " 
penta- !5 
hexa- 6 
hepta- 7 
octa- 8 
nona- ' 9 
aca- 10 

(Omitted if no other prefixes are used) 

Notioe that for KaHCOI, the number of hydrogens is not specified. 

This i. becau •• carbonate has a -2 charge, if sodium (Ne·) coMbine~ 
with .003 2-, there i. only .. ~ .. tor One hydrogen. Thus, the Dlono­
l.interred- in this case. 

COMPOUNDS JlADEJ'ROM KUL'l'IVAUUf't ~ALS (SToCK SYSTEM) 

" 

Honionic .. tals can usually have more than one',oxidation state. 
Iron, for instjloce,c:an be found .a ".3+ ._n4 as Pel., Most other 
transition metal. can aleoa.au.. lIIore than orie oxidation gtate. The 
vay wediatinguisb b.tw.en Ca.poundB, which differ in oxidation 
nuab.~ is by using Romannulllerals,whieh is known as the Stock 
syateill. The Rmlan nu.eral indiCilt.s the o:dd .... tion number of the 
cation and .is enclosed in parentheses i .. edi .... tely .... fter the netal ftiI_. Take a .lookat these eil:allple .. : 

PeSO. 
Flh(SO.h 
PbO, 
Sn(NO.) 2 
CUCH 
HoJCOHb 

ironCII) sulfate 
iron(ZII) sulfate 
lead(IV) oxide 
tin(I~1 nitrate 
copper(I) cyanide 
_rcury(II) hydroxide 

Note the su. of the oxidationnUmbera(a) otthe metal e~actly 
cartcels the sum ot the negative charge(elot .the anion. Note also 
that yoU ,need ~ aemorize the oxidation'nuaber ot the metal because 
youcan.alway. back calculate its value by knowing the charqe on the 
anioo; ~nother WOrds, m .. or1ze the anions, both name and charge. 

a. CUSO·. ____________ _ 

b. lrori(III) carbonate ______ _ 

• 
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In (a), reaelllber to k~y off the anion! Since you've already 
memorized (?) the anions , you know that sul fate has a -2 c harqe . TO 
make the co:mpound neutral , you know that · copper must have a +2 
c har9a. since copper is · ~ultivalent, we will express its o xidation 
state when we name the .compound: cocper(Ill sulfate . For (b), the· 
(III) tel la us that the iron ia in the ·t-3 state (Fe'') . We know from 
011r memorized list ' ot: .anions that carbonate. has a - 2 charge (CO, 2 · ) • 

To make a neutral .iron(Il:I) carbonate for.l!lulaj we must balance the 
negative and po•Jt.ive __ chai;cje . Two Fe3 .,s .it.na -three co, 2.- •s would 
i;talanae the char<Je · at· +6 and -6: Fe 2 (co». 3 • · 

Aa with moat: topics in chemiatry, there . . are always some . 
exceptions. A nw:iber of metal s exist which are not in Gt·oupa · I or II 
and have one c>iciclation at:ate. For these compounds you do .nQ.t speci fy 
the oxidation atate in pa~ntheaia. The exceptions you should know 
are Ag(+l), Ki(+2), Zn(+Z) , and Al (+3). Here's some examples of 
what we're talkilllJ about: 

AlH, 

silver per11anqanate 

nickel perchlorate 

al umin\)111 hydride 

· Reinelllber , we used lie;> Roman numeral• in naming. -.these c>1oeptions. Note. 
,a;Leo that most traris.ition metal• can exhibit a +2 ion due to 
ionl:ration of the 2.~ electrons. 

· coMPOUNDs eoHTA:tNING. ONLY HONME"rALLic ELEMENTS 
Let's move to the opposite end of the periodic table. Here we 

find the nonmetallic ~lement• whi-ch are defined as havin9 a h igh 
(neqative) electron affinity. In 9eneral, the nonme tal lic elements 
include tbose el-ents to the riqht and above the dark, solid 
stair-at:ep line on the. periodic table that foniH a d iagonal from 
boron ( II) to astatine (At) . COllJ>Ounda form.ed solely from tbeae· 
elements wi ll be covalent in natu re. When naming these molecules, we 
use Greek prefixes be~auae the oxidation number or each element is 
not al1o1ay• obvious: Tne compound name beqins with the most .. 
eleotropoaitive atom (the least electron~qative) and then the other 
ele.ment le naJB•d (once aqain )rith the "ide" endinq as in the a nion) . 
J:,et'• look at some::examples: · 

' 

CEir • · . .- · 
PF, _;­
llf 205 
XeP, 

':·· . .":carbon tetrabro;.ide 
· phoaphor:u• trifluoride .:· 
·dinitrogen pentoxide · 
xenon h•~•fluoride 

Here are· a ~ouple for you to try! 

5 

.·, .. ·.·. : .. ·,·: 

· . . 

" 
In Ca). roaaber to 
.a.ori •• d ( 1) the 

anion ! Since y o u' ve . lrl!ad~ 

. aka the C.Qlllpo\uld 
charqa. 8ine. copper i. 
.tat_ when v. na.u the 
(IIt) tall. u. that the 
our ... orlzad list o~ 

thet ault.te ha& • -2 c h a rqe . To 
that copper ~ust h~YO a +2 

",a will i t a o x idat i o n 

To .aka • nautral ironlIII) 
n~.tlv. and positivI! charqe , Two '. 
~.l.nc. the charqe at +6 and ~e: F'a,(CO,),. 

For (b ) , tho 
. ) • We 10.1'10" from 
c h a rqe (CO, ",. 

we ~U6t bala n c e t ho 
three CO ,'," . would 

Aa with lIIoat topics in ch .. i a try, there are alva ys 80m. 
excaption.. A nuw-r or _tal. axillt whlch are not in Croup_ I or II 
and bav. one oxidation atata . For th .... compoUnds you do DQt spe c ify 
the oxi~tion atat. In parenth •• la . The exc eptions you . haul d know 
are A9(+1) •• 1(+2), &1'1(+2) , aftd At (+3). Here's soma e x •• ples o f 
what we're talking abautl 

nick.l ~rdhla~ate 

alu.inu- hydride 

Re .. ~.r, w. used no ROMan no.erel_ in naming thes e e~cGPtlan. . Nate 
al.a thet mast trensitian .. tal. Can .xhibit a +2 lon dUG t o 
ioni.ation at the 20 .lectrona . 

COMPOUNDS CONTAINING ONLY NONMET~LLIC ELEMENTS 

t.t'o eave to the appoait •• nd ot the periodic table . Ha re We 
tind the nanaetell1c el ... nte which are detined aa havinw a h i gh 
fnaqati~e) electron attinity. In wan-rel, the non~ta)l io e l e.ent& 
includa thoee el_nu to the riWht and aboye the dark, solid 
et.lr-.tep line on the periodic tabla that to~ a di_90 n a ) [roe 
boron (e) to a.tatine (At) . eo.pounda toraed solely t r a M theue 
ala .. nte will be coval.nt in n.t~r., Wh.n naming tha. e a oleculeo , we 
u •• Cr •• k pretixee becau.e tha o~i4ation nURber or eac h eloaent i e 
not elway. obvioue. The COlipouM oa_ btqinB with the lIIast 
.1.a tl:"apaeitive etOil (the l ••• t .l~tl:"aneqative) and then the (Ith e r 
.l .... nt i. mo..ed (one •• Wain with the "ide" endinw •• in t he a nion), 
Let'e look at ooa. axa~leo: 

carbon tatrsbraaide 
phoephoruo trifluoride 
dinitrogan pantaxide 
xanon heKatluoride 

a ... ___ _ ______ ~ ___ _ 

, 



 

 

 

  



 

  

»OK£NCLA'rtfRE WORIC 8HEE'1' 

IiQW, l ",·t'o B0e hov mo.lc h you ' ve l ear ned! Use t he l'o ll o wing t:n 
practice your notncnc laturc &killo l !! 

NAme the to11oyinqL 

cu,. 

l'lIso. 

co, 

(lm.) ~KPO. 

raJO, 

Ca(KiIO.1 1 -------
Glva fOrMUla. for the (ollqying: 

N,O _ __ _ 

snCI • 
• oH ____ _ 

.," 
Be90 . 

NDr __________ _ 

n , 

bllriu. iodld .. 

..... lciu. oxi de ___________ _ .0<11\0. aulride _ _ _ _ _ 

pota •• iu. peraanqanate 

.iIver pho.pbat. 

aopper(II) oxlae 

alignealu. Lodide 

titaniua ( IV) chloride _ _ ____ _ 

, 

iron ! ! . .! ) flu_lfat .. ____ _ 

aul t ur trioxide 

alulll i nua s;u lride 

carbonic acid 

vanadiu m(Vj oKid e 



 

  
2N1C'lID 

.c1.m~irl0 •• ~.o~ 
Cb_ld.ry in. 

" 

To become prof icient in u8in9 th$ scientifi c method. Thi& l~b 
vil l lead you th~ouqh tne scientiric method o f p~oblea solving. You 
will _1<. obs.rvationa , exaaine your ob •• rvations 101:' patterns, m ... k. 
and verify hypoth •••• , perfor. •• par t •• nts th~t wore d •• igned t or 
you, aZld desi ... n your OWJ\ experi.ente . Finally. you v i l l be able to 
determine the reac t ion pathvay tor « "clock reaetlon . N 

Francia Bacan aU9Qe.ted centuri •• 890 that .a • r •• u l t of 
cara!u} observllticln ot ph«noBena tflor" would 81","y. eme,rge a loq,ical 
axplanation l othera believe th~t .i~l ••• experi mentntion without. 
preconceived object ive t •• d3 nowhera. The acienti.t worke in two 
direc tions: he OOUOIc t .• data and tro= hi. observation_ ho propo ••• 
• ~plaininq ~ypotha.a_ throuqh a Free ••• of induction , than he eeek. 
to verity this ."plenati.,n thrvu9f\ a proo-•• of dedue t10n. I t: ie the 
rare .eienti.t vh4 bas enou9h t.&91nati on to c reate naw val id 
!)ypothe. .... . Ko.t .elal'lti.t. j ue t "jet .U ..... q ... out a t· .0."One e1 s .. • • 
hypoth •••• by dol~ variationa ot h • e.pariDente . It wall ~orty 
)·eare after noted theor.tician Albart Ein"tein propoa a" the 
convereion of .. a •• to ,merqy t".hat the inv(!ntion Qf the a tomic boW:> 
validatad his hypotbeai •• 

Th. induc tive .ethod propelle" sci .. nce to proainanee during the 
Enlightenment period of the Renoi ••• nce . Previoualy the anc ient 
Creak. vorked antic-aly thr0U9h dectuctl o r. and th. (1otion of t..he four 
-.leDent.- (84rth. All', Fire , and Watar) . LataI', the pura~lt o f the 
"Materia Fri_" by Alc~a.l.t. t.at1_u.~ to ttt. t"'tility at " purely 
dud~ctive procella that begins with an id ... and dani •• the resul ts ot 
any e ltperi_nt whlcb 15<>01" not ~rn out ea pr-.1i<::tecS. (I ) 

MOISern s<::ionce datea fra. the aixteenth o antury wnen flyatematic 
ob.ervation an.d e"P.rJ-.:ent d~ve:topetd the lm2u-:::tive psr-t of the 
P1:'oco.. . The tOrllation o~ .. hyp<.>th301a is an attempt t.o t,JUI"I 1!l "'hy 
aosathlng ha~ns , hence i t i. indue ttva . DOdQctive pyedletien ot 
~.ulta le .. d~ to verification when the hypoth~aia i a taated. 
Repeated obtIQrvatlon-predic tiun-verltieation-n,vlaion of a hyp~th".ls 
l .. ada to IOn oII cceptahloli e"Planation called a th .. ory . Thi" appro ach. 
in it. simpleat fOrlll , consists of .. evaral distinct ste pa: 

1 . KakiD9 ohe.rwatioDs. ~h. ob.ervations _ay be qualitative (th. 
sky ta blu., BCT ia .tun) o r quantitativ a (th~ pr.allSura is 1 
o1ItIlO!l;phe r .. ; tho te=parature i. 21° C) . Many cha_iCllll r . ac t i om. 
involve chan']aa in eolor, evolution ot oil gas, or tormatj(ln 0:: a 
precipitate. Howev"r, not al.l reaotiona occur in .. t::r.ntly , aOl!llll taka 
~inut •• , houra , day •• OT evan yoar. . (2) 
2. LQo.iftq tor p.t~.rA. la tha o~.arY.tioft. Thl. proc ••• o~ten 
result. i n the tor:aa~loD of II ftatllr.l or aoi.ntitl", 1.... For 
.}[Allple, atudies of countlea. chaaica l reactions h.va ab olln that the 
subst .. nces prauent after 1II 1"e'lctiOfl hava the ealll8 t otal III:JSS a8 tJUllt 



  

• 0'. 

of aUbatance. 
ob.ervat iona 
(" 

pr.a.nt befo~ ~he 
can be g.nerall Ked 

r.a~tlon took place. The. e 
•• the law of conaervat ion or •• 5&. 

3 . ..~ulet.i1l9 t1t.eo:d... A tlleory conai.ta of. a set at a"s\ullptions 
put forth t o explain the obGel!'VRd bellilvior o f lllatter . At fh·st, the 
.at of a •• u~tion. ia called an 1t.JPOtb •• i. , If tha tantativ_ 
hyPothe.i. aurvive. the te.tll ot aany .xperi.entll, v. 9aln confidence 
in it. value and call it II theory . At this ti=II, it i_ i~portant t o 
4iatlnQUi.h b.tween iln ob •• rvation an4 a theory. An ob~ervation is a 
tact that .ndur •• tiae, While a theory ia an interpretation and .ay 
chang_ when more fac ts are known. (2) 

4 . o.ilI l p1119 -._"i __ ta to t..a~ tlla t1l.ori... Typically, IIcience 
i_ .elt~correetin9. continuously t •• ting its theoriua. We .u_t 
continua to do e~eri.enta and r etine our theori.e in light of new 
observation. it we hope to approeCh a 1Iore corr ect understanding of 
natural phe_na . (2) 

When de.igninq an experteent that involve. several variablaa, 
on. .uat chalnoge only one vilri.ble at R tt~. Ir you va" to chanqa 
two) variablas tor the aa_ e~rl_ent, i t would be 1l11poa.ible to 
detenlne ¥bich of tha changed. para-tera c.us.d the cMnqe in tha 
obat.rvatlon. 

The pr.cadinq diacueaian 4e.cribea the ideal scientific .lIthad . 
However, it is i~portant to underatend that science 4oe& not alvay. 
Pl'09res. amoothly and .fficiently. Scientista sre hu.~n l They have 
prejudices, they misint.rprat ~ata, they becoae e~ttonsllY attached 
to tbeir theories and become non-Objective . The aoientiri c ~.thad i. 
only a. effective as the hu.ans using it. It doe . not Autoaatl cally 
lea4 to progr •••• 

Thi. e~rl •• nt i . da.igned to 9ive you Bcme practica 1n the 
yay. o r sci.nti.t.. '!be Rei.ntist observes result. of procedures, 
~ .. bypothesea to IIlXplai n tn.-a ra.u1 t., verir i_ tha hypoth ..... 
da.ign. swp4!rl_nta to isolate on. variable-, ancl finally a __ l!Ib1.a iI 

theory about the reaction . ~ ch_lcal n!ac tion that we aro 
inve.tiqeting is called a ·clock raaction.- Ch .. i c ill. a ra _i.-d ancl 
arte r an intarvel of e.v.rsl ainut •• the audden appear.nee or <II blue 
oolor si9nelR the C01Iplation or the procsa.~~a. eke.ical r.action has 
taken p'lac • • You vill . firat carry out Boa. si.ple eo1l.binations · ot 
sOlution., racord the ra.ults . . n4 try to explain in che.ical t.l'1Ia 
why chanq •• oeeur. As aucea •• iv. stapa becoae more co.pl.x , look tor 
con.l~tent pattern. and exceptions , v.rity ch.nge.. and finally try 
to put tog.ther a deBcription of the proce •• es which togeth.r make up 

· tb. c lock r.action. , 

.... rl ••• tal Z.fozaatio. 

1. Cl .. n the pipeta berOl""e and after ths lsb . 

2 . X.ep tha pipeta \&II.c1 for thtt io4ine aoiutlon _pax-ated fro. the 
ra.t. . Iodine vill st4tln the pipet. and we vant to aln1_i •• tba 
nllllb.r of p1~t. we nain. 

P..,,_ 2 
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. 1" 

beord all ab ... rv.~ion. and your . • xpl .. n .. tio ..... in tho s pac. provided. 
Be 8 .. re to ob • • rv. all reactions tor .. t l .... t 1 0 .in u t •• before 
a •• uaing nothi ng h as happened. Do not stir the solut ions a fter _ 
.initial .ixing • 

. 1 . Place about] dtop. ot XI (pota .... lu. iodide). KC l (potas$ lum 
c:hlorideh (HH.I ,. ,0 •. . (am.oni_ ptoroxydi.ulfat.l. lfa,S,O, (sodiuM 
thl0.ultate), and I, o n aeparate loeation. of your r.action surf .. ce. 
Add 1 drop ot .tardh "olution to .ach ot th ...... olutions. Record 
yOQr ObII.rvations · balow. 

101gUM OItt'ryaUR 

•• ". stax-eh 

b. KCl. .tareb 

c. (WH.I tS,O •• IIt.reb 

•• ,.atStO" .,,-
o. .1: .. atloreh 

starCh indioat.. the pr.lltne. at Vha~ .~i.s1 

2. Try various ooablnatlons of tha .. olution .. usad .in St.p 1. taking 
t-ll •• two at a -.i •• · (u •• · about ] dx-~ .• ach) • Then add 1 drop of 
st .. reb to eaoh. WhiCh oo.hination. 9iva a positiva ra.ult 
(a~arano. or di.appeax-.nc .. ot a blue 0010r)1 Thi. i. a key .t.p in 
Ilnalylinq the r.action : 

IolatiM rt eruJilOl! 

•• " . KCI. ..tarch 

b. "'. (KR.I .III,O •• .t.rc:b 

c • n. 1I.;8l0;~ st.reh 

•• ". I" . atarch 

1((:1, (IIH.I,S.O •• atarcb 

f. <e'. M·ts.a . , ... reb 

9'. KCl. I l . atarch 

h. (HH.I,8 , 0 • . ' Ha,S,O" .. tareb ____ -----~------

' 1. (WH.I t. ·,o., I" stareb 

j. , H ... S ,O,, · t •• stareb 

• 

Paq. ] 

' ... -
• • 



  

" 

J. on separate areal! on the r •• etion surface place ' " 

'a) 3 drops at Xl 
-(b) 3 dro~ of XI and 1 drop or lfa,S,O" 
(e) 3 drops ot ICCl 

1'0 •• ch of th .... add 1 drop of atarch.. 'l'1,en add 3 drop" or 
(tfH.)lS ,O,. heard your r.ault. balow and explain why you think II 
positivII c •• uIt va. or v •• not Obtained. Wbat nil_ad to be the 
attact or lfazS,o,? 

.cluUn l!b,aruUOJI 

• • KI, (NfI.l.S.O ••• taroh 

o. XCI, IRR.I,SzO" ataroh ___________ ______ _ 

Try to Verify your hypoth_i. by -.perl_ntill9 vith th ••• .• o lutions. 
S~t. cl •• ely the experi..nt you perforae4 and your cone lY. loris. 

aristly .~ri~e . wb.t you think ar. the rol •• of Xl. XCi , 
(MH.).8.0 •• "1I,8 z0., and starch. Show your conclusion a to your 
instrUctor to heve t~ validity or your Dbaervationa and hypath •••• 
ehackecS. 

'p1ut1OD .... 
o. X> 

b. "'" 
o • 1Jf!!:.) .8:tO. 

. d. N-.'~'OJ 

o. atarcb 

Paqa • 

" 



 

 

 

  



 

  

Clearly _tate your expllrl_nt and reCord your ob ... .-vatlo ns , 

101uUog Itp. pr EPeesl .. OIpIIeryaUOB 

• 
b 

c 

explain your result". 

7. , T~r.ture B~r.ct.. Run the full clock reaction (_tap 4) at .. 
d1fferent:. templ!rature. hcord and explain your reault" . What wa. 

' th" ~.lIpeir.ture. 

Ti .. of r .. ction: 

COM1U1oa 

MOw" ~t you ~~ ~ 9Ul~ throuqh ~ ayat.a.tic an"lyaia ocf 
eIl •• ieal r_eti<>l1a, fro. "iapl" bil.ary co.bination. to COIIIPla. 

" 

proe •• _., you "beutel· be abl" to "U90_t the actual r •• ctirma taking 
place in the ~cloek· r.actlon. xn addition, you .hould b" able to 
dl"eu •• hov chang •• in co~.ntr.tion and te.perature aftect reaction 
rat.. . ,"nI ••• principle. are i.porta .. t .and will, the retora, b" uaed 

'thrOlJjboutthi. cour... 'l'tla keY point when desi9111ng your own 
.xper .ant, a. you will do 1n moat of our labs, i" to change ,only on_ 
variable at • time. 

'" 
-... '.·.· ... "'u ..... 

H •• · ..... , .tIleD L., _J. ~1t •• . ,<1 . • , 
2 .. Zuwd • .bl • .He ...... 's .. • ell.wu,,! , 2 «4 , Le:rln,ta., .orA , D. C. 1I • • tIl 
«nd ,co.p."". 19.' , PI> 1 -" 

- '." 3 • . /fe u«crOIl , IfUU •• L ., eb •• lltrr ' r'o,, 'p'" e ad "'£uon, 
Or,l,ndo , EL . S.under, - Co Ue,_ ,. .. b 'U .h .D, . ' 1989 . 

, 



 

  

• 

axperi_eatal Report 

1. Tell which bfthe tollowinq reactions are consistent with your 
obseivations and which are not. 

consistent (YIN) 

):2 + 5201'- --------> ):- + 50.' -

Cl - + 8,0. 2 - ------> Cl, + SO~2-

):, + starch -------> ):,-atarch (blue co~orl 

<2'. nevise a reaction sCheme (coGination of reactions above) which 
might exp14in the results in the experiment. 

3. HOW did chanqes in .concentration 
atfect the t;ate of react:l.on? 

• 

• 

paqe .7 

and chanqes in temperature 

, 



 

  

, , . 

{;::-~~~2-;:;~'\~(~~\"" {l/ , 

, ' 

ha.!! 8 

" ,./ 

r'\ 

, , , 



 

  

IIft'BORRC'l'IOP 

DATA ANALYSIS 
ctr._i.try 13 1 

A eOmMOn tool used to analyca experi"ntal data i . a qrAph. 
Produoing a quality graph (or plot) i. not as easy • • y ou aiqht 
think. Moat at ¥aQ have .xparianea , plotti~9 pointa on a nu~ar 11ne. 
,Untortunataly, the propar •• t.hod.. llIaY not have been rein'foread , or 
thoroughly developed., Thia Lab ,outl'ine. the requir .. ment" tor 
er •• tlng quality graph. tram axparll1lental data, and tha n d iseu :"lses 
aome b ackground and tool. fer aanlpulating data to produca accaptable 
graph.. ' 

IHI Ba'Ie .JOOI'~"'It. gr t,aIlIMq 

It you ax •• ine -a p1.eea of qu.lity graph paper, you immediatel y 
notiee it i . divided into .avaral ditteran t aia .. d ~rids. Us ual ly 
each ot t.he.a -grids i. denoted bI ditte ring darkne .... ot tha grid 
linoa . Th~ ~rpos. ot th •• e dlv .lona · i. to holp you groph poin t5 
acc urately, and then axtrac t data trom your graph. N~£R uae square 
rulad paper · (usua11y ... e rvad tOI: enqinaerinq drawinq. ) t o p roduce 
g r aphS. p iqura 1 sho ws the d ittaranca between the ... two types ot 
paper . 

1. PROP •• LY ,eaLED isBa , 

The firat step to drawing an accaptable graph is tQ 'decide how 
thg "axea shou1d be aligned on' tbe graph paper. You should acrllng. 
the graph , s o that it tills the '.ajority ot the papar (notbin9 i. 
wotse in graphing than a po_tage .tamp sized graph on a .ell O~ , Qmpty 

" papel:). But which axis should. be the "horizontal" axia, and. w~1ch 
t.ha " vertical"? ' 

Easy '.nouqh.­
d a t a they wi~ to 
Exaaine Vc~c data 
e Kperi_nt', Th-is 

Thos.- in the know have as .. ig~d speeisl nam .. s _to 
graph. "· Al.l yO\!. n eed to do is f 0 110 1O' t hei r l ead . _ -
and dec i da which sat is not a~fected by t~~ 
i s the 1n".,.""."'( data, or -the In4",,,",, .. I. 
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varfabJ.. Vs~ally, this is a quantity that yo~ control or set d~ring 
the experiment, s~~h as temperature, pressure. volume, or an 
uncontrollable quantity, like time. The remaining data is what you 
observed 41$ a re5~lt o~ your experiment. Thi" i5 the depe nd e nt 
variable. ALWAYS plot the dependent variable vs. the independent 
variable. Put another way, the dependent variable is plotted on the 
Y-axis, while the independent variable 1s plotted on the x-axi$. 

Now yo~ are ready to draw the axee on your graph paper. First, 
each axis should be drawn approximately One inch ~rom the edge of the 
graph, never on the very edge it"elf. This allows you to write the 
scales and titles of each axis on the qraph as opposed to writing on 
the borders. The second requirement is that the X-axis should always 
be placed so that it runs parallel to the bottom or ri&hc side of the 
paqe,never on the top or lett side, Figura 2 shows examples of the 
correct and incorrect manner at placinq the axis on the qraph paper. 

'I~ ~~ 

";'lIlreo ::I 

In addition, y~ .ho~ld 8cal. the ax.s so that your plot Or line 
will till .ost ot the graph paper. It you can increase the magnitude 
ot yo~r . acala (i ••. , .p~ea4 it out) and still tit the a~is on the 
page, DO IT. Examine your4ata end identity the range of values you 
need to plot. For eXample, your valu.s tor the independent Variable 
eX) ranqe tro. 400 to 8eo units, and your vraph paper has 25 Major 
divisions alo09 the X-axis yo~·v. just drawn. The ranqe of dat~ (400 
- 800 + 400) divided by the n~er ot Major divisions (25) is 16. 
ThU3, you wo~ld "till" the graph it ev.ry .ajor division equalled 16 
units. Great, but most graph pap.r has 10 Mino~ divisions per major 
division (see Fiqure J). I1sinq 1.6 units :for a .... jor division 1S 
awkward. Instead, use only 20 .. jor divisions to repre~ent your 
~anqe ot 400 units. Ho"', the Major divisions rep~esent 20 units 
each, and you've tilled yOUr graph paper ..,ith qraph! 

TWO other tools tor tilling the pave are: 1) 00 not use %ero 
aa. the oriqin it your data doesn't qo to zero (aa in our above 
e",ample), or to rotate the paqe And plac. the X-axis along the long 
side ot the paper. 

Finally, the Minor divisions o~ .your axis should indicate the 
same n umber ot signiticant tiquras as your data contains. If yo~r 
lIIeas~re:i value :I. .. 1.9J, yo~ have to be able to read 1.9J on your 
qraph. 
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80th axe •• Wlt w l&tlel.cl. The label should be III one or two 

word de.cription of the qu.ntity repre.ented by t~ IIIxi.. .nd the 
unit. of the .easured quantity. As an eXIII.ple. aaaua. you have 
.... ur.d pre •• ure as a function of ti... The Y-lIIxi. vould be labeled 
·Pre •• ure (torr) " (the dependent vlllriabl.) and the X-axia labeled 
"Ti .. (aeconda)"(the independent variabl.}. 

When choo.inq the label., it i. i.portant to re~emb.r the 
.oalin9 Chosen when you dre'" the ax.s. consider the following set of 
data: 

'Un ( •• conda) PBESSURJ!j (torr) 

0 '" " ." 
" ." .00 1310 
." 2010 

It .ay be difficult, and it would be inconvenient, to writ. the 
nuab.r 2010 on the Y-.xi.. Insteed, chang. the nuaber to 2.010 x 10~ 
and label the axis with sinqle whole nUllbers. Thi. haa been done In 
P'i'JUN 3. Each whole nuaber on the axi. actually repre.ent. a much 
la:rqer nu-.be:r. YOU have nov cho.en a different way to repr •• ent the 
soale on the qraph. 

"ote that in order to plot the data AS i!'. nullber l •• a than ten, 
we _ultiplied it by 10'~. ThUS, any nUialler we reAd frOll the plot i. 
actually Y x 10" _ Y', wher. Y' i. the value read fr01ll the qraph. 
The ne", lebel would be "pre.aure x 10" (torr)", indioatinq that the 
act""l value of pr •• sur. v.e .ultiplied by 10-' batore beinq plotted. 

tlov th.t you have correct.ly drawn .nd lalNoled .ach axie, you are 
r •• dy to plot the dat... Alv.V- uee a aharp pencil or fine point 
vriting in.tnment to pI.e. t.he data points on the. qraph. Around 
•• ch point 4rav a a.all q.e..t.rie figure .uch aa a eirel e, squ.re, 
rectanqle, -tri.ngle, etc. It. i. bea t to UBe a at.ncil t.o do this. 
Th.ee q.o .. tric fiqur.s viii help to correlate .ult.iple set. of d.ta 
on t.he •••• qr.ph into qroup., a. vall ae help you loeat. tha 4ata 
point... Each aet o~ 4at. nov h •• it.. own geeeetric figure, which you 
ahould liat. in a legend under the title block ot the qr.ph. 

t. 'rD eUJlQ (oa LX .... ' 

Plot.t.ed 4ata is o f litt.le u .. if eaae trend or relationship 
o.nnot be e.t.ablished. To a .. a t.rend in the data clearly, _ drav a 
curve (which .... y be a atraiqht lina) thrOUQ'h the dat«. Thera ara t~o 
q8nerel waye tor dravinq this curva : the "eya-ball" lIIeth04. and. the 
_the_t.ical fit _thod. Let'. fir.t. discus. t"- ·.y.-~ll· .. t.hod • 
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Eye-ball Method 

NEVER play ~connect the dots" with your data. The object is to 
draw a smooth curve ~hich best represents your data. Two types of 
tools are available to help you do thic: rulers and French curves. 
Examine your data and determine (by "eye-ball~) if a straight line or 
a curved line best .atches your data. 

If a straight line is required, then the ruler is the tool you 
need. 

If you believe a curved line is the answer, then a French Curve 
will best suit your naads. Choose the curve that allows you to draw 
the best fit to your data (it is not uncommon to use two or three 
different Prench curves to construct a single curved line). Align 
the curve you chose to three data points at a time. It is not 
naceaaery that the curve pess through each point, you might need to 
select an ~averageM position with respect to several data points. 
This requires that evgn though you are only matching three points, 
you must keep in .ind the entire set of data while constructing your 
graph. 

If your data doesn't appear to be either a straight line or a 
curve, Of if you're just not sure, then the next .ethod of fitting 
your data to a curve should be used. In this .. thod We USe a 
.atheaatical .adel as the tool to fit the data. 

Mathe_tical pit Method 

There are .any _thads to 
data. YOU may hava heard of sOlD.e of 
squares, power curve, linear 
useful tools, though sOlD.e 
excellent sOUrCe book ia 
by William M. Kolg. It 
curve fitting tools, and programs 
parsonal computers) to do the 
this discussion to the most Co __ on 

as least 

, 
regression 

ar .. very 
An 

,or 
limit 

analysis. 

Linear regression analysis, or curve fit, is used when .nd ~ 
~ you ar .. re.sonably sure your data represents a straight line of 
the :l'Or1ll Y .. ID.X + b. Many calculators hav .. a linear reg1'9&l&ion 
analysis function · built in, or .~y be programmed to perform the 
analysis using thre ... thlllD.Atical fOrJIul.... These three formula are 
used to deterJIine the slope (_), the y-intercept (b). and the 
"goodness" ot the tit (r 2). The equation. are listed below if you do 
not have a calculator to do this for you. 

l:xjYj %:"121 ''', sD: I ) 

• . - , -
• ,. ' , ~"il.2 

• 
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The coefficient of tit, rl, is an indication of how well the 

data fits a linear graph. Generally, the closer r' is to 1.00, the 
better the fit of the data to • straight line. In .ach of the , 
equations n is the number of data points. Recall that E is the 
summation synbQl. For X - l,2,.and Ji :rxL 1IIeans 1 + 2 + 'l, or 6. Be 
careful to note the difference between :rX,2 and {l:x,)2. The first 
means I' + 2' + 3' ~ 14, while the second would ... n ( 1 + 2 + 3) 2 _ 
". 

If your data does not represent a straight line, then you should 
resort to the other tools available. Thes. include the least square. 
analysis, loqarith.ic, po~r. or polynomial curve fitting models in 
order to obtain a .athematical relationship for the data. Detailed 
information on the.e tools may be found in many textbooks on 
statistics, as well as the source book I've already .entioned by W.M. 
1(01:9· 

Computer Based Spreadsheets 

Computer baeed spreadsheets ~ke the handling and aanipulation 
of " large amounts of data a breeae. The moat useful one. include a 
graphing paokage that will take any data you input, and produce 
acceptable graphs. During the laboratory. period you will make 
sev~ralplots and perfor:JII curve fitting with the aid of a 
spreadsheet. 

5. 'I':I'l'LIi BLOCI[ 

The title block contains at least two parte: the 9raph title 
anll data points legend '" (as seen in Figure J). Make your title a 
short, clear description of the 9raph'e oontents. This makes it 
easier to reference in a text, as well as provide the viewer a 
starting knowledqe of the data portrayed. Alwaye place thetitl.e 
block near the top of your 9raph (ra.elllber, the x-axie ie at the 

., bottom). . 



 

  

l'l\QCIlDUJ1II 

1. Using a spreadsheet graph the following data set. Ir the plot 
appears linear, find the slope and intercept by curve fitting and 
report the equation at the. line in the far. y ~ mx + b. Make sure 
you obtain a printout ot your data, graph, and curve tit. 

dependent variable 

• , 
" " " " " " " " 

independent variable 

o 
2 , , 
" n 

" " " .. 
2. Now plot the following data ona separate graph. 

, 
• 
" " " " m 

no 

independent vari.bl~ 

• 
2 , , 
• , 

n 

" 
Doee the plot appear linear? _______ _ 

Thie data can be fit to the general for. y_ xn + b. 
obtain a linear graph you must take the logarit~ of the 
to make theqeneral tor. log y _ n 10; x + log b. 

In order·to 
data points 

use the spreadsheet to taka tha lo;arit~ of your .data points 
and replot the data. Now use the curve fitting routine to find the 
slope and intercept of log y _ n log x + log b. Report the equation 
for the data in the form y _ xn + b. Rake sure you obtain your 
printouts. 
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3. We'll now look at some typical data tor a lab you will perform 
later this SBmB.ter - the deter.ination at an equilibrium constant, 
Ke. ThB=odynamic intor.ation (aH and "S) can be found by measuring 
Ke at a known temperature and using the equation 

-.. 
• [~ J 

. ., 
• 

R iB the qaB conBtant, B. 31 3/11101 K and T is temperature in 
Kelvin •. 

.s_ 

-

Mak. an appropriate graph tor the following data and find aH and 

'. 
m 
m 

'" 
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IM'!I GIlAPB11!Q MIJGIIHIPT 

For the following •• ts of data, produ~. two plots o n the sa •• 
piece of graph paper plottinq volume a. the dependent v4ri able and 
teeperature .s the independent variable. Be sure to draw the 
appropriate -.",ooth c:urve" through ,each .et 01' datil;. I f the plot 
appear. to b. linear, perform a linear reqression analysia by hand 
using the equations on p.5 and provide the •• theaatical relations hip 
for that set of data, 

Oata Silt al Data Sat _2 

vol_ Cal ) ''"f 
,<) V .. l .... 'a1) ,- ,<) 

••• '" L. '" ••• ". ", 302· .. , '" '" 312 
U , .. '" '" .., 

'" ... ". 
2.' ". 2.' m 

'" '" 2.2 m 
2. ' no .., 

'" 2.' m .., 
'" 2.' m .., no 
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TlIORX 

Dn:1I8J:OM III'SCTROBCOPY 
ClI._t.tzy 131 

" 

Spec.troscopy •• ploya radiation to probe the struct.m:e- ot' atoss 
al'\d ... lec:ules. 'l1'Iel:"<ll are .any type. at tlpectroscopy. Each type 
probaa ditferent li_itations. HQWever. visible light spec troscopy 
i. the easiest becausa we can use our eye. as the deteetor. - _ 

Joseph Fral.lnhoter, in 11114, w •• the first to make spectroscopic 
observations While .tudyinq t~ 81.1n. Later, scienti.t turned the 
'r.ctroscope to stUdy tlames. In 1885, Bal.err.corded a series ot 
v sibl. linea whic h ware eaitted fro. atomic hydroqBn . Thi. 
spectrum was ditterent trom other spectra Which had "'en observed. 
Tne other spectra contained all ot t~ colors (alal1ar to • rainbow) 
wbll. the spectrua of atoaic hydrogen only contained III taw narrow 
( lIhaJ:']lI lines ot only. fB_W colora . Analysis of other .. l.,_nts 
ahoved that esch t.ype of ato. hltd it. own unique speet.ru. but each 
conatated only -of narrow line •. 

1.n analYI!lin9 the v i .ible apectrue of ato.ic b)'Qroq.n, J. R. ' 
~ydberg devised ••• th •• atical .quation which sumaariz.d the 
ob.erved wavel.~th •• ' 

, , -. (1) 

1.n equ.tion (11. A ia the IiN.velengtb or the obse rve d line (1n 
_tel's), nrl D.1 - 2, R 1 .. a constant which is eail'" the Rydbe..., 

, eonatant (1.09&7 7)( lO· -.-ll, and n l.lI '~ ' _ 3 .... 5 ••• wh.r. each_ 
.... lue of n'ft'"'' prl!dic_t.d. dirt .... nt ), . 

Other sci.nti.ta found oth.r •• ri.a o,t lines 1n the t:R and UV 
reglons of the apectrum_ Each aeri •• correspondad to an electron 
":lallinglO fra. a hi9har energy lav.l clown to n " n 0' _ 3 CIR) and 
n' l •• ' - 1 (UV) _ Thua, one ai~liatio .qu.tiOli fully described th41 
compl.te spactrue. for atOilic hydr09"n. But what did this sa)' about 
What the hydrog-.n atoa ..... dol!'9? 

. Riela Bohr hit upon the soclal tor hydrogen which .ucce .... fully 
accounted for the known -'Xperi_Jltal r.aulta . In analyEing the 
visible apectru. ot atoaic hydrogel. in 1913. 8ohr' tound that an 
.• nerliY ot an .l.ctron in. 9iven orbit ia 

E _ In - 1.2.3 ___ } (2) 
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where B i& a constant equal to -2.179 x 10. 1• J/photon. To find the 
energy of a transition of an electron going from an initial higher 
energy level to a final lower energy level, equation 2 is used. 
This re~ults in 

p, 

AE - -B [ 1 , 
°lnltl.l 

1 ,] 
n'l.ol 

(0' 
rearranging, SUbstituting in the constant B, and dropping the A, 
equation 4 becomes 

E _ 2.179 x 10.1• 

'" 
TO find E in the CQMmon unit or kilojoules per mole, equation 5 
~co •• &. 

E _ 2.179 It IO·ll;! 6.022 • 102'~hoton5 lkJ t 1 
, 

Photon .. 01 . • lQijnrlno l." "in!!" , 

[nt,lUI' 1 ,] u . -l.llZ (" 
nlnl,lal .oh 

,J 

Once we know the energy ot a photon, we can readily calculate the 
wavelength ot the photon using the relationship 

p, 

where h is Planck's constant Ih _ 6.63 x 10·" J.SRC) and C i5 the 

speed of light (2.998 x 10' ;!el. The frequency I>') can be 
determined by making use ot the relationships between the speed of 
light, wavelength and frequency. 

c - ..... y (" 

E _ hy (OJ 

bission 2 



  In summary, the emission levels of hydrogen are the result of an 
~xcited electron frOm a higher energy level "relaxing" to a lover 
energy level. The energy is released in the form of electromagnetic 
radiation. The following diagram shows some of the energy levels 
and transitions ot' the hydrogen atolll. .Lines in the Balmer series 
(visible light) arise' frolll transitions fro ... upper enet"gy levels 
(n>2) to n=2 level. The Lyman series lines (UV) result from 
transitions from higher energy levels (n>1) to n - 1. The Pas chon 
series lines fIR) are the ,result of transitions trom higher energy 
levels (n>3) to n~3 level. 

Note that this concept worked well for the hydrogen ato ... , but 
not for any other atom ,at alII I 

EN£RGY 

~~~=o_. 0-' 
"-, 

Pa.chen 
Series _____ -'-'0_' 

aalmer 
S .. rhs 

t1ct'hr''-''-'---------- 0-' 

(Ground state) 

You have already had experience with various spectroscopic 
devices. Your experience. probably include rainbows and prisms • 

. From these you should know the names we associate with various 
regions of the visible spectpwa. You should also recognize that 
cet"tain procedures are required for proper operation. Obviously the 
proper viewing ,method for a rainbow is different from the viewing 
method for a pii.sm. 

The ,spectroscope requires a lIinimum of ,two components., a 
dispersive 8ediua to break. the light apart by wavelength (or 
t'requency) and a measuring device. OUr speotrosoope uses a 
~itfraction grating which is a piece of clear plastiC with thousands 
of microscopic scratches. Our measuring device- is a glass rod. .-

ElIlission. J 

.-.' , 
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Both .of these are mounted on a cardboard box which ·a l l ows for proper 
cont.ro l and reliable measure-nts. 

BIPBBI_IQDl'1'AL 

hrpo•e 

·.; 

-1)" Gain an ynde,r~tanding of instrument.s by operating a 
spit~t~oscope.. . · · 

2) Understand: l:he operating paiamet~rs . of a» visible light 
spect'~oscope. :., 

'. 3) Observe; ."reco~d ·and analyze·_~to!"ic spectra. 

· Procedure 

.·• 

YO)lr s pectroscope. box is pra..:.assembled. The remaining tasks 
are to attach the diffraction grating and install the glas s 
measuri ng rod. 

'•' ·, stti; E 

. ·.' .·.· .:. ·. 
~ .. 

... . . · ... ... '. , 

:,:; .::· 
.. ' .. 

" ' 

··:: . .. 

.. ~iCJUr9 1. apectroacope 

If instructed, ·:remove and discard the small piec.e of 
transparent plastic. taped over the "eyepi-" opening (see Figure -1 ) 
ot your spectroscope . . When your in·structor gives you a new piece of 
grating, handle it carefully. Touch only the camera. Touching the ' 
middle allows oil frOll· yo~r f i ngers to cover the tiny groves. 

,Attach the 9ratinq only after ~rtormillC) .the following 
procedure, · Touc~ing qply the corners of the grating, hold ~he · 
grating ·over the '··.".~feplece" opening • · ·Now. -p9int the slit opening · 
toward ~ fluorescent. clight' and . look' ,through the. grati,n9 into the .. . '·. . ·. 

; '.:. ."eyepiece" openlticJ. ~-<. 1t ,· y9ur grat,inl,J. is poiJ:itiC)!le.d c~rreotly you · •: ·. ·· .. ·. ·. 
· should see the .vi~ij:>le spectruJll spread out t:o . tl\e l .eft or right. side. · · 

of t he 'Slit. 1t ·~Y.ou . dc;m't 11ee the ·spectru•i rotate your gratin<J ·1/ 4 
' turn (90") and l _ook' aga'in. When you .... ttie spectrum spre ad-out as ' 
shown in Figure 2, .caref~lly tape the corll4!rs .of the gratinq · 
_in- place. If you still don't ' see the spectrum after rotating the 
diffraction qratiri~j, 'qet help fro!D your in&troctor. 

Emission 4 ... . . 
. ': ·~-:·'· ., ' 

.. : . 
'''', •, ··: . ".· ·· . .... '-·. ... ·: ... ~ .. , 

"·''"' . " ,. .. ,/:';,,· ..... ';; 

Both of these are lIO.mted. on a cardboard box wtlich allows for proper 
control and rel lable _a.ure_nu. 

"rUl .... y. 

hzpoe. 

1) Gain an understanding of instruments by operating a 
spectro.cope. 

2) Und.erstand the operating parameters or a vi.ible light 
.pe~roscope. 

3) Observe, record ~nd ~nely~. at~ic spectra . 

Your .pectroscope box 1. pr.-..... led. Tbe re.aininq t.a!llks 
are to attach the diffraction 9r&ti~ and install the glas s 
aeasurinq rod. 

n'JllZ'8 1. ~otZ'Oe_pe 

It in.tructed, re.ove and di.card the aaall piece ot 
tran.p.re.nt pla.tic taped over the ".,.epiece· ope.ninq (.ee Figure I) 
01 your apectroscope. When your in.t.ructor qives you a n_ piece of 
grating, handle it carefully . Touch only the cornera. Touching the 
.1441e sllow. oil trca your tinver. to cover the tiny qrave •• 

Attach the qratinq only ett.r pertor-inq the tollowing 
procedure. Touching only the corners ot the grating, holel the 
grating over the "eyepiece" openinq,. MOW point the alit opening 
towarel a lluoreecent light and look throuqh the qrating into the 
"eyepiec." opening. Xf your gratinq i. positioned correctly you 

" shouleS .e. the vi.ibl. spectrua apread out to the lett or right side 
01 the slit. xt you don't s •• the spectrua, rotate your qratinq 1/4 
t.urn (90·) and look again. When you ... the spectru. apreaeS- out as 
ahown in Figure 2, caretully tepe the oorner. ot tha oratinq 
in-plaCe. If you atill don't ... the spectrua .rter rotatinq th~ 
diffraction qrating, get help fro. your instructor. 
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Next obtain a glass rod from your instructor. The glass rod 
should have a narrow scratch near the middle. It you cannot find 
the scratch ask your instructor tor help in creating your own 
scratch. Place the glass rod through the two holes in the side of 
the spectroscope box near the Slit end. Look through the grating 
and verity the scratch on the glass rod is visible near the spectrum 
and that you can move the scratch all the way trom the red- end to 
the blue-end ot .the spectrum. Now you're ready to use your 
spectroscope. 

Look closely at the spectrum your spectroscope produces from a 
fluorescent lamp. In the fluorescent lamp. aercury atoms are 
excited by the flow of electricity through the lamp. Excited 
IO,n;-cury at.OIII.s _it. phot.ons ot lig-ht o.f various energies (or 
wavelengths) including UV (ultraviolet). A mixture ot po .... dered 
chemicals on the inside surtace of t.he lamp absorbs this light and 
emit.s many ditterent wavelengths. The many wavelengths, combined, 
produce white lig-ht - the rainbow like spectrum in your 
spectroscope. But included in the spectrum are three ot the 
original mercury linea shining slig-htly brighter than the rest, see 
Figure l. 

II 
./' 

orante!yellow t reen 
seo "'" 546 ""' 

bIlLa 
436 ""' 

You will uae the .ercury line. to obsarve the effect of 
changing the width ot the slit opening of your apactroscope. start 



 

  

by re-.avinq t. ... t.wo plece. of black alectrica l t. .. pe fro", tha s lit 
openinq. What happened to tha thr_ .ercury lines? 

, Now. 
,posalble. 

replace the electric.l t.pe but Make the s l it as narrow as 
Describe tha appear.nca af the three .ercury I1nes . 

M~ adjust the width of the slit for the best cD&bina t ion of 
sh.rpnes. and briqhtn ••• of the _rcury lines. "",asuro and record 
the width here. 

esllbratl_ 

. The calibration of your .pectroscope simply •• ans ~.a.ur1nq how 
:_11 your spectroscopa aeparate. wav.1enqtha. Thill ia done by 

.' . 

.... u:ciftq the di.t_ne. betwe.ri knowri ... is.ion lines. A convanisnt 
souce. 'of e.ission linea ia tha .. :ccury fluorescent la.p. Look 
thrOUigh the eyepiece of your ..,.ctroscopa -and. find the thres marcury 



  
lines. Move the glass rod so that the scratch is aligned with one 
of the e~ission lines. NOW measure the length of the re~aining 
glass rod on one side of the box. Align the scratch on the next 
e~ission line. Aqain, meOllsure the length of the glass rod. (De sure 
to measure from the same side of the boX). Repeat this procedure 
for the final line. Record the data in the following box. 

< 

Class 

Hg [ mIssion Lln~ 
Vavelel\&th ,., 

(nn) Distance (~) 

_blue '" 
sreen ". 
orange/yellow '" 

The calibration curve is deter.ined by plotting glase rod 
distance (x) Versus wavelength (y). This curve will be used to 
determine the wavelengths of the hydrogen e~ission lines and others. 
~igure • shows a calibration curve with the hydrogen lines 
superi~osed on the curve. 
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" 
Hydroqen Atom Emi •• ioD 

,Look at the hydrogen discharge tube with your spectroscope. 
Describe what you 566. (B6 aura to include the number of lines, the 
color of each line, th~ brightness of each line, the thickness of 
each line, the rod-position measurement of each line, and any other 

. properti es you n o tice.) A sketch may be helpful. Prepare a table 
in the space below to collect your data, Leave some space to 
write-in the wavelength which you will interpolate from the 
calibration 

Repeat the s~e procedure tor the helium discharge tube. 

Repeat for neon. 
observed spectrum . 

• 

You may not be able to record all of the 
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. . 
Repeat for srci 2 Fla111e ,.sp'ectrvm. 

of the ,observed· spectr\i?J!. .-
You ·lftay not be able to .. recor~ 

all 
. :.: .: . · ... 

: ':. 

' . 
... -.. 

KCl P1aa• Bpeatrwa 

... 

..... ··.-: .. .. 

Rep~t for xcl· Flaae Spectru111. · y0u may ·not be .able 'l;o r~pord 
all , of.;t~e -_ ~bse~ed spe¢~r!i:zi!·· ·> 

. ·' . ~ ·/ ... 

" -
cacl. 2., J'.laae epeot~ :: 

.. : .'-.. 

·... · . . . 
,., . 

.. . :.'; ., 
' Repe~t .fo~ cacl, Flame· Spectrum. 

all of the observed spectz:Um. 
You may not be able to· record 

·.·• .. 
,·: " 

. . 
. ·.•· .... : .... . ' 

" -· .. 
Repe~~ for NaCl Pl.;,;me' ·"spectrum. You may not be able to record 

all of the observed speetrµm. 

'.; • 

.. ·., . 
.· ... ~ .. ···~· . :·· 

~· 

.... 

Emission 10 

. " 

.. ..· · .. 

.. '. ·-~ 
;. : 

' ... 
. . .·." ·.·.<:.· 

" 
arel. > 1"1_ ap"t:ru. 

Repeat for SrclJ Fl ... Spectru~. You ~ay not be abl.e to r ecord 
all of the ob •• rve4 spectrum. 

Repeat tor xct , ~l ... Spectrum. y~u may not ba able to record 
all of the observod spectru •• 

cael. z 1'1 __ ".et;ru.-

Repeat for Cae1 , Fl ••• Spectru.. You aay not DO ab l e to record 
allot the observed. apectrum. 

Repeat tor W.Cl PI.a. Spectru. . YoU .ay not ba abl. to record 
allot the observed apectru.. 
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..• : .... _· .... . ... 

CQl[CLUSJ:QNS · 
. -!': 

· 1. ooe;;. your ~alibration iine 
slope? ·.Does: it · matter? Wfi,Y?.· 

; :~ . 

have a positive slope o r ne.g~ti:ve 
. ~ . ...... : .. 

2. Does the straight calibration line go .through all of the data 
poi nts from the mercury spectrum. I f not, why? 

... 

49 

' 

3. Ca lcuiate . the energy associated for each hydr09en emission llne. 
(use equation 7) • 

. - ". 

4. calculate ' the ni niti •I value r rom· equat Lun 1 r o r eac h hyd40gen 
spectrum line. Does the i'owest n·1n1 , 1• 1 value result from the 
longest wavelength or the shortest wavelength? What is the colo'r of 
the line· associated with the lowest n1n 1t i a1 value? 

>:. ...... 
· ... 

5 . calculate the percent error of y our experimentall y d~term.ined 
hydrogen emissio n lines versi;a ths theo retical hydr09en emission 
lines. 

'. 

. : .. .... : 
· .. ·. 

Elll.isQion 1 1 

COIICLP.lOMI 

"1. Does your c"'lib~ation line have e. positive sl.ope or neq~tive 
elope? Does it ~att.r? Why? 

a. Does the straight calibration 
points fro. the m.rcu~ spectru.. 

11n. go through 
If not, why? 

d 1 ot the data 

" 

3. calculate the e.,erw assoc:iatt14 for eAch hydrOCj:en ellis.slon line. 
(use equation 7). 

~. c.l~ullllt. the " •• 1'101 Villus reo- .qu.~lun 1 for .",en hyd~.n 
spectrum line. Doe. the loweat n "'ftl •• al value result fros the 
lOnQ •• t wavel.ngth or the short •• t ",avelen9th? Wh.t 1_ the color ot 
the line associ.ted with the low..t n,. 1.1.1 valu.? 

S. ca.lculate the perc.nt error of y~r experiaantally d';tenllined 
hydrogen eai •• ion linea versus tho theoretical hydrogen •• isBion 
lin ••. 

E111 •• ion 11 
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. ·, 

. · .. : . ··. 
. . :.:.:,: . ·.·· 

complete the foiio~ing ~i;?~tlo~~ . ~efore coming 

.·. 
-' 

' . 

.. 
t.;) 

., .. 
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·'·· 

·.· .. 

Marty of. th~ answers will be IOU'nd .in this ha:ridout • • Your instructor 
may: r¢quire Y.<>u tqhav..' e .. _th···is pt;ior. .to be9imiii:ig th~ actual . . .. 
. ·e,xperimei:lt·, .. . .. .. .. ;.; ,_. . .. :\ · ·.:" 

.:' .. 
,.·.· 

: ·· .. ·. -······ l . • . ~at WclV;ie~g:th COr.~esporids ti:> . th~ ;~OW energy end .~~ t~e• 
vlsib.l.e sp~ct~ID? .• . . . ·• . . . 

. '. 

·. :: 

·:. 

.. , 

·.;. 

··:· · .. 
·· .. . . . 

. . 2 ~ . What loi~v~len~th (:O~respond~ to the. high ~e:t;9y end of :ttie 
~isi.ble ~spectrum? · · ·· · 

. '. 

·., 
·· ~·- . Wh.at i~ t~e .fii'nct:i~n 

s.P~.ctroscqpe? . • , · 
of the difrraction grat,ing · 9nthe · 

.•·. 

. .·. 

:<·:· 

~ .. 

.···. 

.. ·· ... !5 • • • . .r.he . pv '· emiss.loli 
Jfi.O.w~ej;.s in . a .fluorescent 

' . 

.···· 

.,· 
····. 

· . .: ··. . . . . . .· . 

r~om . .,,hat ~J.elerit . dau~~s 
tllb~ to -91ow1· . . . . . . . . : . 

:; 

: ... 

. . ·· 

. .. · ; 

.;: .. ·. . . . . . 

the ti~otescen;t, 

· .. 

: . . 

.;.·· ~: 
; 

~ .... 
' '. .. ,·' .. 

:.: . 
.. ·.. ,. ·': 

. =-·· 

·., 
. '•• ... ~ 

_:._:: .. .. · .. : . . .... . · ... · 
··.' ·· ... 

•: .. ··.:·. 

.: : ·.· .· 

.. ~' . ,·· 

:•:' 

· . . : . 
..... 

1.2 

.,: 

.... 

..•... 

. ... ·:.:~ : 
· ..... : · ... 

': 

:~: ~ . ·., 
·.· .. 

. : ,· :·. 

·. ·· .. 

· ... 

: · . . . 

··. ,,:/ .. 

PRELiB QUESTIONS 

Complete the following questions before coming 
Many of the answers will be found in this handout. 
may require you to have this prior to beginning the 
experiment. 

to the lab. 
Your instructor 
actual 

,. 
visible 

, . 
visible 

What wavelength corresponds to the low energy end of the 
Spectrulll? 

What wavelength corresponds to the high energy end of the 
spectrum? 

3. What is the function of the diffraction grating on the 
spectroscope? 

4. What is the purpose ,of a calibration graph? 

,. 
powders 

The uv e.ission from what element causes the fluorescent 
in a fluorescent tube to glow? 
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... amount of. food, . calorim~tJ:y is valuable •. t,o ·the t;:hem:Lst _J:n measur:ing, .. 
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.. ·.· ., ' .. ;,J\s ·a ,quick• ~evje1!7,; ~~ilietnb~j:' tllat. thc/ent~alpy chaJ'lg(:l;',' A,H~··· of .. ~ .·• : ... · 
; • , •· chemical" reaction. is called the heat o·f : reaction : and represents tli"e .... . 

. .. 'anicu.rit . i;f. heaf ciaine.d or- io~t as. the i:eilct.ioti proceeds. froiii r~actartts .. ' 
to products. Also; tiie,hQat of.:;fdrmat'.ion; ~"fi~·~ -' is d~fine.d - aii. - the . ·, · · 

.. am61,2nt :Of beat. c,ll,1°ii;~rbed WJl~n on.e mole. of a . cqlitpatiiid j..s fQrmi?d froin. ii:s \ .• 
: eJ..e.meiits J.n tl:i..tir :. t:a'!~..;-r.d states: ; Mother lmport~nt >con~ept is i:ha:t . · 

•' < • ~~e. · e.rithalpy;·cija,n.c.Je of a ~e-actiO.? is/ indept!rident o~ it,;; pat}j · j;j:rid .... 
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,, c~:toiii'lleti;ically; . · Howev~r~ we can find the h~at of fonation, for M90 < •. 
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:•; 

. . can t .h_ in~ ;of .. others): . :. :: '... • . •• . . ·,_· ·.• . . · .. · ... · •.. -..... . :·;.: .. : . ; ·.. .. . ~ . . . . . . 

, ', · 1'!9.c~i '.!-• ~~~l•:~- i ' Ji>Kg.~~i~,j1 +,:}li:cs1 . , , '.H (:2) .... · 
·.~ . ......... . ..... ··.: ... · .. · ... ,:····.. ·: ...... ·. ::·:: :. · .. : ::. 
,.L ,.,: · · •. ;41f.<.;;.: 1 ·,, , .. :_,·•· 

. . · ....... . _·. : '·. ' . . . . . . . .... · .. . ··' :. . . . 
.. ·· ....... · .. .· 

• / · ~~P-1 ~ 1 :-1: ... 2~~ < ~ -~ ( , , ~ Mq,2 ::i :if + ~.2.°. 1 t 1 ;: , 
. .. ·.·. :::·· · . ., . ·; .. · ·.·:': :·:· ....... ~~· ·:. : ... ·.:.(.:.~~ . ~ ..... ,.:·. .<: .· :. ·:· . . · .... ·,_.;:·.: : 

. ·: . ·: : ··.; ·,. . ... ·.. . .: 
< ·' . ... :~: .. . . : .. ·: .. :·. >: ·, . ., . ' .. · 

:·· 

. . . . . . . . . : 
··.·; . ·. . ·.:·· .. ::, · .. . ,: •f ·. . ::·: 

..... .. , .. :. . :; 
···. ;: .... ::;, ....... · .. . 

. ·. ·~ :· .. ~ .. 

. ::· ~· ' . 
·. ·. ::· 

, : . . :·::: .. ·:. :· . ·. · ..... : '· ·.···· 
. :.'·· :~.·. ·:: .. :_:: 

. ·, .· ........... . 
:• E~THAt;J?.y; 'i ' . :· 

• , ••• • ·f • •• • • • 

. . .. :.· :: ..... : .•. : . .. : :~:: . . . . · . . . 
·. ·.~ : ::\. .. .. . , ·. · • ·.~ • ·:. < •• :· 

· ... . . . · .. · ... : . :: . : .. ·: ·.: .• . .. 
. ... • 

.. ·~ ... . :: . 
. ·,·:.· ... · . 

... : . . . . ·-· .. 
·.· . 

·.· . ·: : . 
: .; .:·. 
·.' \ < • 

· .... 

IMTRODUCTJOlf 

CALORIME'l'RY 
HZ~T or rORMATIOW OP MAGNE8IUH OXIDE 

Ch_istry 131 

In this l~bor~tory, we will introduce one or the most often-used 
techniques in thermocheDistry - calorimetry. Although we often think 
or calorimetry in terms or rinding the number or calories in a certain 
amount of food, calorimetry is valuable to -the chemist in ~easuring 
basic thermodynamic data. Along with learning calorimetry techniques, 
you will use the data you collect, along with heats or rormation and 
Hess's law, to determine ~H,· ror MgO. 

tHEORY 

As a quick review, renember that the enthalpy change, AH, or ~ 
chemic~l reaction is called the heat of reaction and represents the 
amount or heat gained Or lost as the reaction proceeds rrom reactants 
to products. Also, the heat of formation, .!on, ' , is defined as the 
amount or heat absorbed w~en One mole of a compound is formed from it~ 
elements in their st.nd.~d states. Another important concept is that 
the enthalpy change of a reaction is independent of its path and 
depends only on the initial and final states of the reactants and 
products. This principle is known as Hess's law and is an example of a 
state function. Hess'. law state .. that the enthalpy change of a 
reaction is the same whether it occurs in one step or in many steps. 

You will apply Hess's Law in. deteraining ~H , o for the following 
reaction: 

Kg el , + 1/2 O 2 (1) -+ M<JO(.) 

~H,o :0 ? 

(1) 

~His reaction is extremely exothermic and too hard to· perform 
calori.etrically. However, we can find the heat o~ formation for MgO 
by combining a aeries of reactions Which are much aarer and suitable 
for a calorimetry experiment. Here is onl;! possible scheme (perhaps you 
can think of others): 

Plg(.) + 2H~(.q) ~ Hgh(oq) + H2 (1) 

4H - 1 

4H - ? 

ENTHALPY 1 
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H2(&l + 1/2 021a> ~ H20(L) (4) 

4ttr 0 . = :-285.B kJ/mole;_· 

Using ·Hess' Law, react ions ( 2) , (3) , and ( 4) can be combined to 
give reaction (1). Work this out for yourself in the box below: 

. 

Thus, if the 4H for reactions (2), (3), and (4) a re available, you 
can find 4H for reaction (1). You'll use a calorf.meter to measure the 
enthalpy c hanges for reactions (2) and (J). 4H for reaction (4) is 
given so you .can find AH for reaction (1), the formatio n of M90. 

Let's examine calorimetry in a bit more· detail. First, al~ost any 
type of container can be used as a calorimeter, but a well insulated 

. container -is -best • . Why? Because we •ust account for all heat that is 
allaorbell oz.: ·evolvell by the .. chemical process . .... Thierefore , we want. a 
container from which heat cannot escape to the surroundi ngs. A 
chemi cal process occurring in such a system is ad1ab,t1c: that is, no 

' heat is exchanged between the container and the surroundings. You will 
use a thermos bottle to achieve adiabatic conditions. (You may ask 
yourself at this point if the ther11os bottle will provide a truly 
adiabatic environment.) 

From here on out we. will be talkinq about adiabatic processes . 
. The import11:nt thing to remember 111hen conducti;ng thennochemistry . 
. experiments is that you 111ust a.ccount for all .h·eat gained or .lost .during 
. · a reaction.···. For e~ample, if·. an ·· exothenlc reaction occurs in ·a·:· 

calorimeter, the heat can basically go two places: (1) the reaction 
mixture, which can be measured as a temperature rise, and (2) the walls 
of the caloriaeter. Since heat is not transferred between the 

ENTHALPY 2 

Hle,l + 1/2 On,) ~ H,O(L) 

""r o '"' -285.8 kJ"/aole 

U~inq Hess' Law, reactions (21, (3), and (4) 
r eactiori (1). Work this out for yourself in 

con 
tho 

be cOMbined 
box below: 

. 

'" 
to 

ThUs, 11' the IlH for reaction. U), P), and (4) are aVIIUllblll, you 
can rind ilK ror reaction (1,. You'll u.a a calor"lI.etar t.o lU!asure the 
e ntha lpy changes ror reac tions (2) and (l). !lH for reaction (4' is 
'liven 80 you _can tind AH for reaction (1), the formation of MgO. 

Let's axaaina ~.lori_try in a bit IIIOre detail. First, aI:nost .. ny 
type of container oan ba used as II caloria.ter, but a well insulated 

, container is best. Why? Beeausa we .QSt. aocouat tor all ha.t. t.hat. is 
u,aorba'" 01.' avolva'" by t.he ehe_ieal process. Thllrafora, "'a ",ant a 
containar from which haat cannot escape to the surroundings. A 
che~!cal process occurrinq in such a ay.tea is .dJabatle; t.hat is, no 
heat Is exchanged between the container and the surroundings. You will 
us. a theraos bottle to achieve adiabat.ic conditions. (You say esk 
yoursalt at this point ir the tharD08 bottle will provJde II truly 
adiabatic environaant .l 

From here on out we will be talking about adiabatic processes. 
Tha iaportant thir19 to rellleJDber when conducting thez:l:!lochllll.istry 

.' elCperilllents is th",t you aust account. tor all heat qain(ld or lost during 
, '" reaction. For e.I!Iolllple, if an aXothanlc reaction occur" in a 
oaloriaeter, the heat can basically go two places: (1) the rel!loction 
.I.xt.ura, which can be _aeured as a t •• perature rise, and (2) the walls 
ot the calori_ter. Since haat 1_ not transferred between the 
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ca~orimeter and the outside, the following must be true: 

or 

heat from _ heat absorbed by + heat absorbed by 
reaction calorimeter reaction mixture 

Thus the heat .iost by the che111ical reaction is exac:tly equal to 
all the heat qained.. Why is there a neqative siqn for q ~ .n? 

I 
Now let's examine each .ot the tel"lllS in the equation: 

· .. · . . 

... 

•••t: froa ••action (q~•nls It the heat (q) comes from the 
. enthalpy of a che1.11ical reaction, we can replace q by nAH, where n is 
the nulllber of 1aoleii · of· product and 4H is · th~ enthalpy change per mole ,,· .. 
due to the. react;lon or phase .chan9e. The .number. of moles of prc;>duct ; 
will be· based on th.e.' l!ldles of the l Amit Lng .reagent. 

Beat AllllOrbe4 :J:i:f . the Cal~ri•at:ar (q·~ • i): For ~ur calorimeter, the· 
heat aimply chanq~s the t&11,1perature of the calorimeter. We can replace 
q by CcAT , where Ce is the heat capacity and AT is the temperature 
change. Note that the heat capacity is the amount of heat required to 
raise the te•perature of the substance by one Jtelvin. The units of c 0 

are usually J/X. ·Thus we need the heat capacity of · the calorimeter, 
c., ·which is specific for each calorimeter. You will find Cc for your 
calorimeter ·by performing reaction (7) below for which 'we have provided 

· AH r xn• You will . then use equation (6) on .the next page to solve for 
,· ~c • · 

Beat Nl•orbe4_ l,)t aeaotion Kistu.re (q11 4 1 : . This term is equ(ll to ' · 
.;,. ·. mC,AT. The ~es ~f the ~~l~tion i•··m and 1.15 equal tc;i th4;! total .volume . · .. 

. of the solution t,i.mes ~e density 9t solution~ We simplify by us1n9 · < .· 
: dens~ty equai to ~.oo q/mL. since all th.e ·so.lutions are essentially ' • .··• ··.• 

aqueous. Although ··.fO.r J2llDl. water the heat capacity is 4.184 J/(g °C) i . · .. · · 
when ions or aolecules ~re dissolved in it the beat capacity changes. '.. 

. For th• NaOH and HCl reaction the heat capacity of the solution, Cp, is 
- . · equal. to 4. 025 J/ (CJ. 0 c)' while for the Mg reactions, Cp equals 3 :a62 

J/ (9: "C). 

ENTHALPY 3 .. .. . ; ·: 
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calori.ete r- and. the out6 ide, the rollovinq must be true: 

beat. fr" .. 
" ... "hon 

_ Mat. ab.orb..:! by 
ca l .. rl .. t ar 

-+ ""at. ab50rt..4 by 
rea.,t.i .. n mlx t.ure 

-lI rxn .. q.ol + qll. (vher. II - ... resents heat) (' ) 

Th ... the heat lost by the che~ical reaction i •• xllc~ly eq .. 1111 to 
all the he.t qa1ned.. Why i. there a neqative siqn ror q • • n? 

I I 
HOV let'. examine each at the t.r.s in the equation: 

••• t t~ ••• CJt:iOD 113 ... ) r It the heat (q) ca-&s from the. 
enthalpy of • chemical reacti on, we can replace q by nAH, where. n is 
the nu~er of mole. of produ~ an4 AH i. the enthalpy chanq. per mole 
due to the reaction or pha.e chanqe. The number of mole. of product 
will be based on the mole. at the lloftJnl reaqent • 

• eat Abao~~d br t •• c.lori.et~ Iq. oll; For our calorimeter, the 
h.at silllply chiilnges the t_5Nlrature or the calori_ter. We can replace 
q by C. AT, Where C. is the heat CIIp.city and AT is the temperature 
chanqe. Note that the h.at capacity la the aaount of heat r equired to 
r.t.e the te'-Per<llture of the s~tanc:a by one Kelvin. The unit" of C. 
are usually J / K . Thull we need the beat capacity of the calorillieter, 
C • • Which is apecitic fo~ .adb calort.ater. You viII rind Cc tor you~ 
calori .. ter by perfor.ih9 reaction (7) below for whidb we have provided -
AH... . You .,ill then uae equation (6l on the next pi11ge t o lIIolve tor 
c, . 

•• at ab.o~bed bJ ".OtiOD lliatlUe (qll ql: This t a rm i. aqu(l l to 
IIIC,AT. The _a. ot the solution 1.". and i6 equal to tha total Volume 
ot the .olution times the den.ity of solutioR. We simplify by using 
den. tty equal to 1.00 q/IIIL since all the solutions are e.sentiallY 
aqueous. Althou9h for In,J.D:. water the heat capacity is 4 . 184 J/19 ·el , 
whe n lons or lIIolecule. ar. di •• olved in it the heat capacity changes. 
For the NaOH and HCI r.acticn the heat capacity of the SOlution, Cp , is 
equal to •• 025 J/(g · cr while for the Mq reacticns, C, equal. 3.862 
J /(q · Cl. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Using the .. ~xpr.s.JonB for q, equation· (5) is rewritten as: 

where: 

n c nuaber of Dolss of limiting reagent. 
AH - heat evolved in the reaction. 

" 

( 'J 

C. - calorimeter constant (specific tor your calorimeter). 
AT - temperature chanqa resulting from the reaction . 
• - mass of the solution. 
Cp - specific heat of the solution. 

Note that we used q - mC,6T tor the liquid in the calorimeter 
~cause we know its exact composition. For the calorimeter itself, 
bowever, a heat capacity, C •• vas used because the eKact composition of 
the calori~er is not knowrt. 

Now let's apply the theory of calorimetry to your experiment. TO 
find AD for are.ctian, all the other values in Equation (6) must be 
known. The first objective will be to calibrate the calorimeter to 
find Ce. This calibration is acc~plished by producing a known 
quantity of heat from reaction (7) below and measuring 3T. since hH, 
th~ heat capacity, and tbequantitie. of NaOH and HCI a~e known 
(assuming that all volumes are additive), the only unknown in equation 
(6) is C. which you can now calculate. 

NaOH(aq) + HCI[aq) --. Na+[oq) + Cl - [a.l + H20[l) 

hHrM~ .. -S7.7 kJjmola 

p, 

once. the value or ' c. is known, it can be. used tor reactions (2) 
and (31 to: solve for the unknownJ!.Hf' 

To use equation (6) you will need J!.T, the temperatu~e change for 
' the reaction mirtu~a and the calo~imete~. However, you will not be 
able to simply measu~e .the maximum taaparature because the temperature 

' aay neve~at::tually ~each the lIulxi.ulli. This irregular behavior is due 
to the calorimeter's inability to absorb heat as quickly as the 
reaotion .mi xture. yOU willU&e a standard graphing technique to 
extrapolate to the maxim~ te~rature for each of your experiments. 

Durinq this experiment you'll measu~e and raco~d the temperature 
'_' at given time interVllI.. YOU will plot this data on a - 9~aph like that 

shown in Figure 1. - Notice the t8lDperatu~ev$. _ time plot is irregular 
' until it stabilize. on a slowly decreaainq temperature line. Ideally. 

you want themaxiBUIII tempa~atu~e that WOuld be produced 'if the reaction 
happened instantant?ously at the tilDE' of mixing (time .. ~). not some 
tim. later when the ~eaction ,mixture and the calorimeter tend to cool 

_ slightly. The proper method to obtain .loT is depicted in Figure 1. The 
o rate of cooling ill used ~o extrapolate back to what the maxi:mul'll 

c 
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temperature should have been. Thie is the i ntersection of the 
extrapolati on line with the y-axis (time= O). The diffe r e nce between 
the extrapolated maximum, T., a nd the initial temperatur e, T1, is AT. 

lllllXl(IM'fAL; 

. A. 

This expe~im~rit will be done with a P~TNER. 

erelab ca1o~l.~tlonai . ·~· · ... 

.The solutions of HCl and NaOH that you'll use in your · reactions 
must be prepared from our s t oclc solutions . You wil·l malce 200 mL of a 
1.00 M HCl solution from a 6.20 M stock solution. You'll also make 100 
mL of a 1.00 M NaOW solution from a 3.10 M stock solution. Prior to 
lab, calculate the volume of each stock solution and H 20 that you' ll 
mix t ogethe r to make your solutions. 

To aiake 100 iaL of 1.00 H HCl, start ;.it;h ____ ___ ,.L 
of 6,20 M HCl and dilute it in a volwaetric flas k to a 
final volume of _ ______ mL. 

You will need :to ·repeat this twice since yo~ ~ill need a total of ' 2oo . 
mL 1.00 M HCl. 

' 

To ma~ 100 mL of 1. 00 M NaOH, start .v1 th mL 
of 3.10 K NaOK a nd dilute it in a volwaetric flask to a 
final vo lume of Ill., 

1. Prepare atock aolutionat (One partner should do ~his while 
t he other partner is weighing the solid chemicals.) Use two clean 100 
mL beakers to get stock solution• f rom the side shelf and mix them ~ith 
the calculated amounts of water in 250 mL beakers. Record . accurately·'· 
the exact aolarity ·of' HCl and NaOH as labeled· ·on .the containers and the 

·exact vol umes of c.,HC.l, .. ·NaOil, and water µsed• .:" You .. '11. need this da ta ,.tC;i' 
. . calculate exact. conc.entrations of your solutions. 

2. Wai9b a~li~ ohllilaioal•• (The other partner s hould do this . 
whil.e the first partner is preparing the solutions ; ) The .Mettl er 
balances .are delicate instruments. Do not. spill any chemicals on 'the 

. balance. If you do spill· chemicals, clean them up i111.111ediately . To 
. weigh a chemical, place a clean, sm~ll piece of paper on the top of the 
balance. Press the TUB button to IBllO -the balance. Add the solid 

·. slowly onto the paper until the proper mass has been weiqhed. 

ENTHALPY 5 

. . ~·· 

to_peratura should hava boan . Th). is the intersection at the 
extrapolation lir>e vitt, ~ y-a xis (time _ 0). The dit:re r e nce betveen 
the e xtrapolated _xi. llm, T •• and. the initial temperature, TI. is oI.T. 

IllptHlM'D,LI 

Thi. experiment will be done with a PARTNER. 

a. .relab caloulatlobel 

Tha aoilltions ot: Hel and NaOH that YOlI'll use in your reac tions 
Muot be prepared fro. our stoo~ aolutions. YOII vill maka 200 aL of a 
1.00 M Hel soilltion frca a 6.20 M atock solution. You'll al s o . ake lOa 
.1. ot a 1.00 M-NaOl{ soliltion frO'lD a 1.10 M 5tock solution . Prior to 
lab, calculat .. the vol .... of each s tock s olution and t'I , O tha t you 'll 
mix toqe ther to aake your ao1ut,10n8 . 

T~ make 100 IlL of 1. 00 " He l . st.~t w{~h .L 
~f ' . 20 M HCI and diluta i t 1ft a volumetric fla5k t ~ • 

final v~luae of oL. 

YO\I .,ill rlOl ed, to repeat this tHiS. since you will naed a total of 200 
ilL 1.00 M Hel. 

To -.Icc 100 IlL of 1. 00 " ~0fI . su.n wlLh eL 
of ] . 10 K NacH and dllu t a It I • • voluaetrl c f l .5~ t o a 
final vol .... of IlL. 

1. l"rep&re at.ook _lut1o_1 (One partner should do this while 
the othel:" partner is we19hinq the . o lid che.icals.) V.e two clean 100 
aL beaksl:"s to get stock solutions frca the side shelf and. mix the. with 
the Calculatad amounts of .. ater 1n 250 mL beakers. Mac or d , a ccurately 
the exact .ol.l:"ityof Hel and NaOH a. labeled on .the conta i ne rs and the 
exact vollDles at Hel, NaOH, and wate r uaed. You'll n.a d thia data to 
caiculate exact concentration. of your solution •• 

a. ..1vb ao~i4 0 ... 1.81a, (The other partner should do th i s 
while the firat. part.ner 1. pre pat"inq the solut.ion •• ) The Mettler 
balancas are delicate instru .. nts . Do not_ apill any che .lcals on t he 
balanee . :It you do spill cMa icala, cle ... n the. lip lIw edia tely. To 
weigh a cb.aica1, place ... cl •• n, •• 311 piece at paper o n the top of the 
balance. Pre .. the 'rAD button to aDIID the balance . Add the solid 
s lowly onto the paper until tba propar mall. has been _i9hed.. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

'• 

:.: .. · .. ·: 
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. · .. ·: 

• 

, a. wei9h 0.20 to ,Q.30 ' 9 of Mq tu~nin9s to the nearest 
mil,li9ra111 ,0n the Mettfer ba~ance., Record the ,exact :mass of M.~, used • 

.. :·:·:, 
. •.·· 

56 ' 

' b. 
•ill igra• ~, 

'separately ,weic;ih o.so to 0.60 q MqO weighed to. t.he nearest 
Aqa~n, record the exact '•aaa. 

a. Caloriaeter Calibratioia (Fia4iaq Cc>• 

' ., 
.. · . .... 

llAJUII!!O: The pr:ecis,(011 tberaometei:s an~Lthermos bottles 
ar• ••pensive, , Treat them vith !Care::_- , If you break a 
t .haraometer, tell .the ~ab instructor illliNdtately so the 
.. r cury spill can be cl,aned up. Also, HCl stains bench 
tops; clean up ap.ills t...edl.ataly! 

1. Reeo~ your calori•eter number and· 1.nsure, the calorimeter and 
thermome~~r are, clean and have been r ,insed "ith de-ionized waiter._ 

· .... ·· 

2·. using a so mL gtadua~d cylinder, ~ea sure so mL of your l M 
HCl solution. PoUr tbe HCl into the calorimeter. Insert the 

: thermometer aesembly and-record the t .. perature wtien it 's tabilizes 
· (Thi• should ta'!te less than 3 •inutes). Measure all temperatures to 
,th• nearest o.os 0 c with the aid of a magnifying glass. 

' " 

- ~ 

..• 
\.' .• . 

3. ,Now rinse the cjt.Wiiuated cylinder s\id(;'~ssively with tapwat~r, 
de-ionized, water, and 5 '"'"'''Of 1 M NaOH solution. Measure so "mL of your 

' l H NaOH' solµtion in the g:iaduated c:ylinder and pour into a small, 
clean, 'dry beaker. Record' the· stabilized t-perature of the NaOH 

. solution. Th• average between this temperature and the HCl temperature 
in t:he ca1oriJMter previously recorded ia to be .used as your initial 
t~ra~e (Ti). , 

. . >·.: ,. . . : ,. ,. ·.·· ·-.:. 
. ·:•. . .. : .·.··· . 

.. : :.·· ' ' . 
.. :: 

" '. 
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". 
_i111gr •• on 

Neigh 0.20 to 0.30 I) 
the Mattler balanc •• 

ot Mq turninga to 
Record the exact 

the nearest 
•• a. ot "9 used . 

separately weigh 0.50 to 0.60 9 MgO w.iqh.~ to the near.st 
Again, record the exact ..... 

VARMJNCj The precision tber.oaeters end th~r.os bottl . s 
ara •• penslve. Treat t~. with tar.. If you bre. k a 
ther.o .. ter, tell the lab instructor l ... dLacely so the 
.. r t ury .pll1 can b6 e l ••• ~ up . Alea , Hel s t etns bench 
tape; tl ••• up .ptlls u...dtet_lyl 

1. Record your calorl_ter nu.ber and insure the calorime.ter and 
ther.o.eter are. clean end bave been rinead with de- ioni;ed water. 

2. Using.:50 aL graduated cylInder, .easure 50 IIIL gt your 1 M 
Hel IJOlution. PoUr the tlCl. into the calori_ter. In..ert the 
th.~t.r a."~ly end r.cord the t~r.ture when it a tabili;as 
(This should taka 1_. than] .1nut_J. Masure all te.peratur_ to 
the nearest 0.05°<: with the aid or a -..qnirylng ql .... . 

J. HOW rin •• tha grad.uated. cylindar successively with tap watar, 
da-ionized. water, and. 5 , -..... of 1 If Nac»I solution. M .. aSU1:8 50 mL of your 

"1 M H.OH solutiorl in the gr.duated cylinder and pour into a a.all, 
ol_n, dty beaker. bcol""d the sUbilllead t..peratur. of the HaOH 
.olution. ~ _.rawa between thh t-..peratura and. the Hel te~r .. tura 
in th .. ca~ori .. ter pravioualy raco~ i. to be used as your initial 
t .... r.tura (TI) ' 
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...••....• , ~ ~~ •-N~~in~ \h~ 'ti~e;,. .,:o~r t:i:i• . ilaoil ~~to ihe. ea1or i~eter. •.. . . 
I~ediat~J.y inse.rt th.e th~mo.m~t;er -.sseiDbJ,y and gerit:i,y swirl ' ti:ie 

· reactants~ • .Record the •tempera;tures to. t .he nearest o. os0 c at half..;. ... . . . 
.. J11itiut~ . itai.ezyais until .a. maiciiaum is ·reached; then record .at orie ininute 

intervals until eiloU(Jh' aata 'is . obtained for ari extrapoiation : {5 to 10. . '. 
;Ji!i~'*:t~s) • .· . Gently swirl. the reaction mixtur.~ between · eac~ read.ing .: . 
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Noting the ~r'~::~~~l,~lth5.t::NaOH into the calorimeter. insert the assembly and qently swirl the 
the to the nearest o.osoe at halC-

until roacord minute 

,.in;to: " 

u ... To .. t .. ·.~r. 
., TI .. . To .. pu.'~u 
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.·::, .. . ·., 

(:; ';it~~t oi Reaotioil ot q i u4 &c11 . . 

. ·,' '··•··.·.~ i .. ;;··c1ean and dry your C::a!orlm°etet•and · add to it' so 
itcr s.olution a~d 50 mL of. de:.;ionlzed. water. ·. R~coril . tJi.e 
~.e~p~r.ature . ('l".d ~ , . •. • 

. ·:. : 
· .... · 

fuL of ypui 
stabili~ed 

58 . 

lM 

'.. .>·i~ Noting :t~~ time <'t • ·o.>, drop the Mg ·int~ t.iie calorime~~r• .· 
tt\\lll~diately put .the thi:inl!ometer. assembly in placi! and swirl <)fi)ntly~ 
)tecord temperat:..ures at ha'lf-m,inute inte~als . unt·il a · maximum ·is ' . . 
reach¢"; then record at one ·minut~ i#te"'.~is ~o~ .. at:ieast tive minutes. 
·ceptly. swirl the .reaction. mixture .between each reading: 
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C. • •• t ot R •• otion of XV .. 4 Bell 

1. Clean arid dry yourcillorimeter and add to it 50 mL of your 1 M 
He! solution and 50 mL of de-ionized water. Record the stabilized 
temperature (Til. 

2. Noting the t1 .. (t _ 0), drop the Mq into the c~lorimeter. 
Immediately put the thermometer a&&embly in place and swirl qently. 
Record t_peratures ... t half-.inute intervals until a ma)<imum is 
reached; then record at one .1nut~ intervals for at least five minutes. 
Gently swirl the reaction mixture between each readinq. 

TlOI • To_'_"'He 

• 
, . .. 
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". 
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n, .. , 
.. , 
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.. . . : . · ... . ·~ : . . . : ~ .. ·· . . . ~· ··· .. .. . ·: 
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> : : •• • • : : . . . , ..... ··· . ..: ·: ... ·: . 
. '· ......... . . . ··: 

·. ··': ·. . . . . ,···:. .•. 
. <· ...... ~ ;. ~ :.. . . . . . . . . . ·::: . ·• . .. . .· 

: : : ••• :• , • ···.~· •• ••• ·..... •••• • : • · .. . • .<· 

.· .. -.• ~:.•.··:• .. :~;at µ::n::::1::m:fc::r:::~::~; .re~e~t·•• the · ·p~Qce~ure···· u~ed···· .ir\··· ~~rt.--~-·. 
\ . µslrig KgO in pia~e of Mg• ("ote:. Y(>u must ·a.w.ii:::l . the c!llorim~t.er ... · · ·. · .. 

v.ii:Jorously :Whi.le reacting MojO .arid HCl since the "!(gO tends to form lumps 
· at· .th~---bottom -.of. the. 'calorimeter · and ·:fails ·to diss.ol ve. · . This could .. .· ·. 

·. :¢ause (:Onsidera,,le .error.} ·. ~old .the th~rmometer. assembly. in the . . ·.·, 
.· ealqri"!Jleter so. ,ft . wil:J. not rattl.~ w:hil.e swirlincj'. · ·Record temperatures . 
a.t half~minute .lnt.ei'Vals until a _maximum is rej1ched: then reco·rd at .. one · 
~inut,e interval~ fi;>.r' five 111iriut~•· ~ently ;,swirl. .the rEi.action .m.ixture 

. • bet~een each. rea.Slng. Wherf .lt appears that temperature changes have ... · 
· ceased, qliickiy l,.ooJ(,into the calo.riraeter. -If. a white sol id r¢mains . at 

•. t~e ~ottom; the .calorimeter must be. swirled 'lll~r~ 'ld.qoro'usly ~ntil ~11 
of the .Mgo has ·aissolve,d~ · · · · · · . . . . . . 
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" 

1. Using the same calorimeter, repeat the procedure used in Part C 
using KgO in pl .... ce o~ Mg. (Note: YoU must: swirl the calorimeter 
vigorously While reacting KgO and HCl since the KgO tends to form lumps 
at th2 bottom of the calorimeter and fails to dissolve. This could 
cause considerable error.) Hold the thermometer assembly in tho 
calorimeter so it will not rattle while swirling. Record temperatures 
at half-minute intervals until a maximum is reached; then record at one 
minute intervals tor five minutes. Gently swirl the reaction mixture 
between each reading. When it appears that temperature changes have 
ceased, quickly look into the calori.eter. If a white solid remains at 
the bottom, the calori~ter must: be swirled more vigorously until all 
ot the MgO haa dissolved. 
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.. . . ··:. . ·· .. : . ·: : ....... ·~ :. .. ·: .... . : . . . . : : .. . . .. . ·· . :· · ... 
; .·.:. . . . ·.·: ..... · ... ·. . . 

:.:·,,_: : __ Jtlj"1JL'if , . .. : .. : ... · . : ., . . . . .: . . . . . ~ . 
:. :. ' ~~: · C'~i:oia1•~t:ou:· . . · ·.·· · •·· · • · · · · .: · ·· · · .... 
·:·;·/:::: i.' ~e~~~ a1(volu111.eii.; andwaight15 0,f .chemii:a1s used ·arid~:.· .. · 

clllcul&tJoti!li ·for all valµes rie<:ef;sary. to report the req\ij;red valuE!.s• 
. . ii~ ilur~ •ta lric1u11.e:. · · · · · ·< ; · · 

\ ' · . 
. · a:~· bi~ut_ioi{ c)f all ~to(:k: sC.l\lti~iiil; 

: · .... · .. : 

. .·· . 

· .. ·, .. 

. .. . . , ·: .: ·~ . .. . . . ...... ·' 
· .. :.····· . b• . For each reaction: ··· . . : 

.. ... 
........ ~-: . .. . !lciie.& .. qf. r~1ictants ·.anci . proa~cts~: 

· · . , . .:Limi.ting •.Re•ctant• · (:a~c:Ulatio~s 
·· .. . . :" 

· ••. a. ·· .•. · c~:l~rimei:er C<>n&tarit. · . . • . .. : ....... . . . : . . . . . . 

· . d ~ .· ~H f~r re~~ti~~s 2 ~ml 3 and ~ff;~ o~ 1(90: 
.. .. 

. ... · 
·.~ .. · ·~ .. 

. •: B. 4zia~h~I .·: . · · ·.· . ... 

'< '. : . i; .: : in: this '.e~e~i:m~~. ~ ~~ooii g~a~ i~ crit.i~al to f in~i~~ ~he .. 
· .· correct · t~aii;i!l!ratu;te c:haitge& :fat- ;EiaCh react-iol) and. is an ~rite(Jral po;,ft . 

of.'..your ·ca1culation$. . wi.thout .it~ yciur. ca1c111ation:s are ~f no .value. . .· · 
· ·· Refe:r ' to :Y9i,ir ."JJ&ta ~a1y&f's" . llani:lout if · You~.ve .·:forgotten . the- prop~r .... 

. W4.Y to ~raw ~.·gi:aph; . Lab.et Ti .. arid T. on. ~e .temperature. axis . and .sJ:low. 
· : your ex:t:r;apolation to find :&T • .. ·. Yoll wi11 pi'C)bably. need to draw eltC.h .· 
· cjraph .. !)n a sepi!,rate sheet ;.of 9rapl1· paper; · · .: · · ;·> 

· .... · ·· . . . a • . After plottitaq.' Ye>iir ~;ita pc).i;nts q..r teaiP.er.ature :l!!L.. ti~~ ... 
d:r;aw a siiioo~ Clii:Yt! through these point..s ~ Your, initial .<poin:t at . time '!"' · 

·' o .w.1.11 have' the i;iitial temperature (Ti> of' the .solution prior: . to. · 
\: .. 11d,xing' (.refer. tci Figure. l:) ~ Draw a straight line. tri:>m y().ur < . • ·. . .. · 

. •"stabilizQd" .. dat,a ,(data . r~c:or.d~. over. the •o.J)e minute intei'val:s) .ba9k t~ .· 
the .. Temperature' axis • . · ~ie · i.s your extrapolation. •The. extr~po:Lated. 

·: ·. ~i>erature~ ;~ •• .is thl! tciiiipc;ir~tu.:-e ~ilere this extrai>ol~t.ion line ·. • • ·•· 
'.: intersects the y~axis. ·.· ·· · · · ·· · · · · · ·· · · · · , 

.• "•·. · · .. :. b .• -. u~e · T,. iroin the ei¢ttaPc:ii~tio~: :iiite, . and !1.{ to. ~~i~ulate ·AT; 
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UIIVLU 

A. Ca1oulatioa.; 

all volumes and weights o~ chemicals used and ~ 
for all values necessary to report the required values. 

a. Dilution of all stock solution •. 

b. For each reaction: 

Moles of reactants and products. 
Li.itinq "Reactant- calculations 

c. ca1orimoter constant. 

d. aH for reactions 2 iIInd 3 and .aHf· of MgO. 

B. Gr.phsl 

1. In this e><periment, a good graph i. critical to finding the 
correct temperature changes ~or each reaction and is an integral part 
of, your calculations. without it, your calculations are of no value. 
Refer to your "Data Analysis" handout if you've forgotten the proper 
way to draw a graph. Label TI and T. on the temperature axis and show 
your extrapolation to find AT. You will probably need to draw each 
graph on a separate sheet of graph paper. 

a. After ~lotting your data points o~ temperature ~ tillie, 
draw a smooth curve through theae points. Your initial point at time -
o will have the initial t.mperatu~ (T I , o~ the solution prior to 
mixinq (refer to Figure I,. Draw a straight 1ina from your 
"stabilized" datill (data recorded oyer the one minute intervals, back to 
the Temperature axis. Thie is your extrapolation. The extra~olated 
temperature. T •• i. the t~perature where this extrapolation line 
inter •• cta the y-axis. 

b. Use T. tr01ll the extrapolation 1ille, and T, to calculate AT. 
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CQl!'CLVSIONB: 

A. WhY .WIlS it neoe.sl':8.ry to use. . Bdiabatic conditions? 

B. Is the formation of KgO exother.ic or endothermic? 

C. How does your value or ~Ht O CODPare with the actual lite.rature 
value? calculate the percent dirrerence , between your value and the 
actual l i terature value. This is: 

, Diff,.r".,ce._ (e,,,,,,,',',':-,,,',',',',-,',",',":',',--c,-',',':':","::.'_','::.':",e) X 100 
(actual value) 

'Comment on possibl.e sources of error. 
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...... · ... 

.· . 

re111ain at cunent production 
re111ain ·~ current production 
relilain at current production 
resaa.in at current production 
re-in at cur1r.1:nt produc:tion 

" '-,· ::: 

... 

',• 

;• 

. ,. .. 

by 

Major Steven E. Dunlap 
DepartMent or Che.istry 

united States Air Force Acad •• y 

ellBUD 'M2! IJ!IltCIt IODClI 

0,11 4Jt 
~o.l 23' 
Natural Gas 22' 
NUolear ., 

• 00 ... 
21.7 

" 

24 . 6 

••• ' , 16 , .. 
2 . 14 

". , .. , .. 
••• 
" '" 

on IDOna' ....... 
b11110n berrel. of known r ••• rv •• 
billion barrel. ot •• ti.ated undicovered recoverable 
billion barrele per year current consu.ption 
year. re.ain ot known re •• rv •• at current 
consw.ption 

billion barrele or known rt_rvH 
(4' of 'arid'., ~d 15' initially) 
billion barrele p.r y.ar current consu.ption 
billion tierrel. per year current production 
years r •• ain ot known r ••• ev.. at current production 

IIJI:I'J'IID ''rAft. ,_lOa'r' 
billion barrela poIr year (46.n) 

Canada U .• -ye&ra r ••• in at cunent pro<luction 
U •• • - 9.:1 ,..~ r ... in aO current pro<luc:Uon 
Mexico 27 •• .... ~ r ... in at current production 
Arri;;' • 29 •• y •• r. r •••. 1n at cl.lrrent pr04l.1ction 
Ven .. zl.Il. )0 .• y •• ra re_in at cl.lr:t::ent prodl.lction 
Middl. a •• t 
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6-12 

'" 0.818 
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6-12 
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18.2 
lO.2 

0.75 

0.06 

billion tons of known res .. rv .... 
trillion tons ot estimated undiscovered recoverable 

D'I'J'BD HATSS 

billion tons ot known reserve .. (29111 of world's) 
billion tons par year currant consumption 
years rea.in of known reserve .. at current 
eQnsu..pt.ion 

quadrillion SCP known res.rves 
quadrillion SCF •• ti~ted" undiBcovered recoverable 
trillion SCF per year current consu.ption 
years r_ain of known reserves at current 
consuaption 

trillion SCF known reserves (st of world's) 
trillion SCF withdrawals per year 
years reaain of known reserves at current con sump. 

v ••• l)ll'Ona 

trillion SCF par year 

trillion SCF par year 

D!nD 

4o.:l "ill ion tonB u.nder current .1n1n9 constraints 
26 a111ion tons tec~nic.ll.y obtainable 

12-15 

50-60 

IbIXftD HADe 

year. und .. r current .inin9 practice. and planned 
eon.\lllIpt ion 
years using all technically obtainable uranium 
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OIL RESERVES TERMINOLOGY 
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'1'U.'~.'1'A'1'IO. 

billion b~rrels poten~ ially saveable annually 
billion barrels par year current consumption 
year extension 

ENERGY USED fOR HEATING 

trillion SCt' natural 9a. par year 
billion barrels ot oil per year 
qUa4rillion BTU ot electricity, 14, power plant. 

• ENERGY USED FOR AIRCONDITloNtNG 

qua4rilliori BTU ot elactricity. 18 pow.r plants 

ENERGY USED FOR APPLIANCES 

qUadrillion BTU ot elactricity. 74 pover plant. 

trillion SCF natural 9 •• per y.ar 
billion barrela ot oil par year 
qua4rillion BTU of electricity. 10' pover plant. 

100 PoWer plant. 
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0.00 
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2.66 
7.00 

Pr~jected by EIA 
CUrrent u.s. 
U.S. prior to 1970 

UOPU.lKlMU 

" " " , 

".," 
REMAINING 

Totel replacement of present major energy so~rc ••• 

Solve the probl .... of the heterogeneity of current ener9Y 
fOrllls. 

,., 

1000S 

100, DADS 

>0, 

1000 

CUlUll:Ll'l'I.' 

percent of uranium ore'. potential enerqy is 
h e mes.ed by present once-through reactors 

percent of ore's potential energy obtainable 
usinq r.proce.sln9 Or breeders 

of years ruel possible at current rate of usa 
and with pre.ent Mining practice. 

years it lower grade U~ , ~ is considered 

additional 1000 MW reactors to replace fos s il 
fuel generation 

... ore 1000 MW reactors to ••• t tQt.l U.S. 
energy demand 
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70· 

8TaTU8 

Franc:e _has a 1300 MW l11;eeder on-line. 
..... 

. .. :·· 

Enqlan~ ·should have · a ·· i~rge co .. ercial · breeder 90 on-1-ine •· 
this year.. . . . . · .. . 

Soviets have· one breeder under conatruction and another 
planned: 

Britain has -reprocessed fro• the start. 

' France has t~e .world'• . lar9est reproc .. •inq 
Laffaque •. 

center ·at . 

U.S. hall a~ - •~riaentai. l:>~eeder in the 19509. 

U.S. has · · a · ·350 ltW breeder rea6tor on order for Clinch 
River, Tn. (conatruc:tion. •ubject to resolution of national 
pol.icy debate) . 

u .s. presently has: 

100 . operable once-throu91) fission reactor• 
• · .7 · in startup , . . · .. 

19 ' ·conatl"Uction perilits 9rant•d 
o:. on -order · . : .. · · ' 

. ~· 

. · .. d4VIULJ'liJea 

. . ~ . 

. •. 

. -

Landmass'·: of Maryland ·and . -Connecticut to aeet current u. s. · 
elec:tril:;i1"Y.. cl-and. ·, •. ., 

Uond111as~ ·. of ·.Nevada or ·utiih ·· required ~ •••t total u.s. 
energy d•-nd. • 

nan a 

0.1 - MW facility oper.t~ by Alabaaa PoWer coapany 
660,000 MW current U.S. 99neratin9 capacity 
$10·•30 cost- of cells ~r .Watt · would increase eleetricity 
· ' bills l,.OO percent, · . . .. •. ... ' 
t.1•.30 · cQst_ per "att;l .predicted in 199.0a· by 1>0£ . 
10 . · : year· current ce11:;.1ife_ · ··· " 
20'-30 . year c~ll J.i'f• · ntic•··~ry to !l•k• cOillri-titive 

.. ........ :: 

. ·''• BEST COPY AVAILABLE • 

. . 

P~.nc~ he, • 1)00 HW b~eeder on-line . 

Enqland. shauld have • iarge co_rei.l breeder 90 on-line 
this year. ' 

Soviets hava O~ bra6der under eon~ruetion and another 
planned. 

Britain h •• reproc •• aed fro. the start. 

France h.. the ,world'. _ la!'9 •• t raproc ... lnq center at: 
...,Naque. 

U.S. had an .~rl •• nt.l br4:eder 1n t.h. 1950 •• 

U.S. hae • 3'0 MIl br..clttr r •• c tor on order tor Clinch 
Rivar, Tn. (c~tructl~ - .ubj.ct to raeolutlon or national 
policy debate) 

U . S . pr ... ntly has, 

100 operable once-throuqh ri •• ion reactors 
7 in atartup 

19 con.t~ctlon per.ita granted 
o on order 

.WN*QLDJC!I 

t-mJaa.s ot Maryland and Conn.eticut to seat currant u.s. 
electricity IS_and. 

~n~sll ot II_ada or Utah required to •• at total u.s. 
ana Je'9'Y de_rul • ...... 
0.1 _. fac:ility oper.te4 by Ala!N_ Power coapa"Y 
'60,000 ItW current: U. S . .. neratintl capacity 
$10'-30 cat of Cell. per watt VOI.lld. incr __ el.ctricity 

billa ~OO p8rcent. 
'.1-.30 

'0 
20-jo 

coat per ~att predict8d in 1.90. by 00£ 
year c::qrr.nt .:.11 lif. 
year cell lif. nec •••• ry to •• k. coapetitiv. 
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Has eclipsed nuclear power in the United stat •• 
1'S percent of present forest required. to s.et currant 

U.S. electricity demand 
82 p .. ~ent. of· u.s. lanh .... required to .... at totsl u.s. 

anarqy de_ftd 
10 years reqUired to properly est.ablish • wood fuel 

plantation -

" • 

percent of Brazil's autoeotive fuel •• da by 
fermenting sugar cane 
sugar Cane doesn't grow appreciably in the U.S. 
corn gives halt the yield of sugar cane 
percent. of U.S. landma.s required to .. st sutoaotive 
ruel require .... nt 
percent of U.S. landmass currently cultivated 
percent of l.nd •••• required by ea. .. ~hop.tul· 
tuture plsnts 

1200 percent of U.S. landma •• required u81nq Calvin'. 
Eupho~l. Lathyris 

4400 barrelil per day (aax). Scotl .. nd, ' 1859.-1962 
3000 barrels per day ,,,x), cAustralia. 1862-1952 

50 co ... rcial plant., United State., 1'~9 
50,000 barrels per day, China, currently 
25,000 barrels per day, Soviets, currently 

5,000 blrrels per dIY, U~S., currently 

50 blrrel. per dIy, Scotllnd, 1850 
100,000 blrrel. per dIY, Cer.lny, WWXX, 1/3 vlrti.e 

requ.ir_nt 
5,000 blrrel. per dIY, SASOL X, 1960-pre.ent 

511,000 barrel. per dIy, SASOL Xl:, "in .tlrtup 
300 barrels per day, Union Carbide, 1956-1962 
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'~U'L "aQUBCIi 

.~ ... 
80-600 billion barrels ot recoverable s~le oil in hiqh 

grad.. d.eposits ot Colorado, Utah, and Wyolllinq 
14-102 years at current U.S. consu.ption 

0.818 

" 2.19 

3.65 

42-57 

COAL 

billion tons per year current consu.ption 
percent rate ot increase in u.ege proposed by Ford 
billion tons per year in 18 years 
.eets 3.28 billion barrel. ot oil illlport reqUirement 
at that ti ... 
billion tone per year in 29 year. 
.eets 5.9 billion barrels ot oil total requirement 
in 29 year. 
years re.ain at this rate at use 

aagu:n'IQW'!" 

165 eyntuel plants with a capacity at 58,000 barrels per 
day by 2000 

$2""4 . bill'i.on per plant and 5 years to build each plant 

Iamediately beqin buildinq pioneer COMmercial scale 
plants in this country. 

nAft. aJID n:BD:tC'J'IO* 

Will not .eet the governaent goal at 0.26 billion barrels 
per year (4.5\) by 2000 under the current adeinistration. 

$88 billion proqr ... ed, only $13 billion ever appropriated. 

with an all out ettort could reach 2-3 billion barrals per 
year by 2000 and sustain it tor 100-150 years. 
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19s~ 

.· .... :· 

· . . comm.e~eial a'irlin~ aii-c~aft designs (tl!fice . •• effi'" '> 
.. cient; . 33 percent in.crease· ill (iayl:oad) . ·.· • · 

US~F fle~ • • B~~7 ~ith ~ne . ~liq.in• op~;.tl~q on 
. : .. :~ . · ..• )1Y.dro.gen. · . 

........ · ... 

. . .: .. ~· .. , . 

: ... 
.. .... 

.. 1$00 . . ~!>ns o.t . nickel. . to iaieet · 19'8 5 . gap iil . liupp~ y aniS. . de.mand 
· .·. for aetbilne • 

i6,o.ao \:~"°S. of nJ.~~e:i. s>roduc4td 1lnri~a1:i,:y l:;y u;s. , 
.To ae.e.t u.s. natur.lll '9a• ·de~and, • .severe .•train. 

· . ; v~ld .. be .. Pl~ced · qn do111e-stic: . nic:ke.1. prodiu:ticin'~ •. · · 

. . 
. '· 

· .. 

.. . , 
. . : ... 

. . ·~ 

ifucl~~r',ti~~fon .· wi.~~· .·. ~-~~oi:~ssihq .' o~ . •. bre~d~rs must carr.y... . 
electric.a}: l.O.ad ·by <2040 b-.nd entire eilergy demai'id by. .2100.. , . .. . . ~ . ' . .. . . . . . 

ci;.nv.rt: ~o hy~ri:.9.ri •!=on~my tiet~.er:i. 2040 . and 2100 a.a roa~l.1~ . 
> •r.ie . depleted. , · ' · ·.' · · · ·· ·.. ·. · 

·.:. :·· ..... 
., . 

·. ·.•.· . · Renewable$, < Pbotci.v.oitaics~ ... ana .. ;;uciaai. •·•· 1'ussi~n . · .. can , 
. •ubstit~te .for. "'o*'e at . tbe'. a):iove r•c;Uirint!!n~s b.'1t wt,11 . not.' 
, •l,te:c: tl)e major·p~ri~d• ot triuis1tion! · .. , ·.· . .. •, . . . ' · .. 
. .. ' . · ... ·,. .. 

·:. ~ .. . . : 
,. ' . · .. ,; ... ·· . ·. . :, ....... .. :· . . 
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IIXPRQGIli.lLlOR PUlL 

1979 Roger Billinga aarketed hydrogen powered Dodge Omnia 

24 Commercial airline aircrart de.igns (twice a. effi­
cient, ]] percent increase in payload) 

1956 USA~ rlew a B-57 with One engine aperatinq on 
hydrogen. 

1500 tona of nickel to Meet 1985 gap in supply and demand 
t:or •• thane 

16,000 tons of nickel prodQced annually by U.S. 

TO .eet U.S. natural 9as demand, a .~ara atrain 
would ba placed on da.e.tic nickal production • 

.. m ..... "PITIOM. 

synfuels ahould meet i.port requir .. ent. by 2000. 

Nucle.r ti •• ion with raprocessing or breeders muat carry 
electrical load by 2040 and entire energy demand by 2100. 

Convert to hydroq&n economy betwean 2040 and 2100 as toaails 
are d"pleted. 

Renewables, photovoltalca, and -- nuclear 
.ub .. titute tor 80111e ot the above require_nt. 
alter the .ajar period. of transition • 

tuasian 
but will 

can 
no' 

~ BEST COPY ... V ... II ..... 8I.E 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 
0 -N 

! 
J ... .. 

.:., 
0 

~ l) 

~ 
N 

J 
0 

~-

0 s -

.. ., 
·.: .... ;' 

'· . '• ,· 
.. .. . 

'. ... · .·. .. 

.. 

:f· ·.·· 

fii · 
~11 

s·1~ ·. i i 
ja§ 

. ' .· 
. ' 

'•: . . . -

ti 

' 

' I 
41:1 . 

I 
' s 

I 
I 
?: 

1 
'V 

I . 

1-. 
l! 
1 
~ 

.. ... 

.. 

. •' '•' · . 

.. .. . 

.. .. 
. · .. 

.. 
.. 

I 
D 

I! 
1-1. ·. ii ···· 
.. 8 

'a! 12' 

I~ 

. •' . . . . 

...... 

I 
·I· 
~ . . 

1 I 
ii 
1·11 
-Ii.ca 
J~I 

r • ~. : • •• ~.. .:··~ .::~'..:·, 
. ''•';; --~ 

:'74) 

- .. 

' ' 

~ . ·-·· . 
• .. < 

~ . ; ,. 
~· . . . 

.··~· _;'7i'' . .t 
u ·:· ·· .. , 

. t; '.'. 
~ ·_~_: .... 

·, 

. . 

-. . 

" 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

: · .. ·· ~·. 
. · .. .·. 

' ... ~ · .. · 

... :·· 
.... ? '.> ... · 

., . 
. . ,,_. .,. . 

.. , ... 

' . 

,. : , . ild.LBC~~ ·~~~MBftY·: ~ 
·. BLBCTJlOJIJ:C .TaUCTORJI. Lali9IUl.TORY 

. ctiai.•t:t:Y 1.11 . .'. 

, ·' . 
'·. 

. Cl\emis,ts ··.have. techniqu_es by wl\ich: ·m~b~cular· s ·tr.ilctures can be 

. ,· 

d~t.ermiried. Allloncj them are X-ray and neutron diffraction for 
· ~01·id51, ·and ... mic:to:wave rotation spectroscopy and electron diffraction · , .. · 
for qasies • . · ou.~:r Jl~thods · used in structural analyses are infrared . 
. alld raman . spec~rosc:opy. nuclear magnetic . resonance, and m~ss · · -· 

. .spectrOllletry. Here at the · Air ·Force Academy, the oepartni~nt of 
·· : .. Chemistry .and the Frank ·3; Seiler :Researcl\ Lab have most of .. ttie 
. . spect:ri::lscopic i.ilstr.Umentation nece&_sary to do these analyses. 

BIUJil~ .. , . 

. . ··: .. 
·. · . 

.' 

.. 
· P~oce111ure . 

... 

' . 

: . •·• ··; · · Altho1.1gll . you•.11 ·. hot e:14:per.imentaliy !letermine the . 3-.D ' structure 
. of any~molecuie in .this coµtsia,' you~ 11 bet;:oll!e :fami.liar wi.th' the many . 

· · geom~.tri.c a.r.ran9iBJDen~s apd molecular structures . ~oun.d ·in s.impl.e . · · ..... . 
illolecules • . one of: the ·easiest ways ·'to~ do thie is· to use· mo.dels. 

··. The kit you purchased at tloc:;k issue al,lows you ' to build a Jliadei: of 
·each of · the9eometrie111 found inyourteXt book. · · use the various · 

> .• colored bali~ t~ represe~t: the ditfere:nt t-yPe's of ato.ms · in a .. ··• . 
molecule. There .are · balls available with two · (red), '. four (blue and 

: black) ~ .>flv~ (b#own) ;,-..-n~ six ~oles. J9rity) . to repr.;-sen.t the ceiitra.i · 
· .• . ~tems f'or all q~ometrie.s : . Trf. thld .out• ·. Discover the beauty of · ·. ' 

. . ~~ree•dimensional 9eo111etrie~. , . · · ·· · ... · .. : 

. Attache4- to .t:hls i~~r6du4;:tl~ri~ is, a preiab worksli'.eet. · illl · i .n . 
each .of the columns 'on · 1t .b9f0i"e 'you cOJ11e t9 the: lab • . · ·~. sure· to . 

'· · · .. na111e each moJ.ecule. :. Also attacheii 'is a ch•Clkli•t for doiniJ Lewis . · ··· 
.str.uctures . . : · • · · · · ' · · ·· · . ... . · 

~' .· . ·. '·. . •qulp'ii .. •D.t' . • ·. : ; • . .. . . . 
. . : .. ;, . 

;·:;;.. erlng: . · /. ·· i . •. ' 

·.· : . · , . - :lf ... The c~iiipletf:id pie1ab wo~kshee~~ . 
··•· · , .. ' . i '> ·Your model '~ii~ · 
. ·: ' 

·.· ..... 
.... · '· 

. ;· .> 
3) . Your textbook~ 
·:; . . : .. ~ '.: .. 

, to· the lab ~lt~ you~ . .• ··. 

... :.; 
.. ·. 

... ·,;· 
... ' ..... · · .. 

··.· .. 

... · 
··:.· · 
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Chemists have techniques by which molecular structures can ~e 
determined. ~on9 them are X-ray and neutron diffraction for 
solids, and microwave rotation apectroscopy and electron diffraction 
for gases. other methods used in structural analyses are infrared 
and raman spectroscopy, nuclear magnetic resonance, and mass 
spectrometry. Here at the Air Force AcadelllY, the Department of 
Chemistry and the Frank 3. Seiler Research Lab have most of the 
apectroscopic instrumentation necessary to do these analyses. 

lIuaJIlIJItJ!.L 

Procedure 

Although you'll not experimentally determine the 3-D structure 
of any mol.cu1e in this course, you'll became familiar with the many 
geometric arranga.ents and molecular structurea found in aiaple 
801ecules. one of the easiest ways to do this i. to Use models. 
The kit you purchased st book isaue allows you to build a model of 
each ot the geometries found in your text book. Use the variOUS 
colored ball. to represent the different types of ato .. s in a 
.. olecule. There are balle available with two (red), four (blue and 
black), fiVe (brown), and six holes (gray) to represent the central 
atoms for aligeollletries. Try th .. out. Discover the beauty of 
three-dimensional geo .. tries. 

Attached to this introduction is a prelab worksheet. Fill in 
each of the columna on it before you come to tbe.lab, Be sure to 
name each molecule. AI.o attached i. a checkliat for doing Lewis 
.tructur .... 

_quip_t 

Bring: 

1) The coapleted pre lab work.he .. t. 

2) Your model kit. 

3) Your textbook. 

to the lab with you. 
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A CJIBCKL18T PO~ DltloWI5G LlrW18 8TRUCTVRBS 

t . Determine the central atom . The following are guides : 

a. The least electroneqati.ve element is the central atom. 

b . Often the ·unique atom (only one of it) is the c entral atom. 

o. Sometimes · the formula. is wri.tten ~it'.h the ce.ntrul atom io 
th.e 111i.ddle. 

2. At::ranqe the other. atoms around the central atom creating a 
skel&ton. · 

a. Oxyqan rarely bonds to itself except in: 

1) 02 and o 3 {ozone). 

2 ) Peroxide.s, e.9 . , H;0 2 . 

3) superoxideo, e. 9 . , Nao 2 • 

b. Fluorine neve1: bonds, t" more than one atom. 

3. connect all. bo~de~ 1ttons .ir1 the skeleton · ~ith one bond. 

4. count 'up the total number ot valence e1·ectrons. Normall y, we 
consider on ly the s :·and p orbital e l.ectrons as valence electrons. 
Don't forqet the charge on an ionic species. 

5. Subtract the nlUlt!er of electrons already used for the single 
b onds . 

6 . Distribute the reBaininq electrons in pairs around the atoms , 
trying to satisfy the octet rule. Assign t heD to the most 
electroneq~tive atoms first. 

7 . Tf you run out of electrons before every deserving atom has an 
octet of electrons; you riead to form double bonds. 

e.. ·It you have extra·· electrons .a nd all of the atoms; have a11 octet, 
th:en put the ex:tra el.'1ictx:·~:ms on the central atom a:rranged ns pairs. 
rt the central atom. i's .in .P•riod 3, 4, 5 , ··or · 6- you are allowed to 
have 1n0re than e ight · el.ec·trona ar.ound it. · 

·NOTE: This 
structures . 
easiest ror 

is one of many methods uneful. '°'•hen drawing Lewi::o 
:If you learned a different method, use which ever is 

you. 

2 

..,. 

76 

1 . Ce t4r.lne the central atoa . ~he t ollowinq are quide$' 

a. The least electroneqa tJve alement i~ the central atQm. 

b . Otten the unique atom (only one o t it) i s t he central ato", . 

o. SOlll ... timec the tOI'1!lula is writbm with the c .. "tre. l a1'.o JII. i n 
the Ili.ddle . 

2. Arrang_ the othe r at~a around the c entral ato . c r e a t i nq a 
!!IIkele ton . 

2 ) hroxides, e."., H 10 1' 

II Supe r oxideB, e • ." . , NaO ,. 

4. Count up the total nul!lber ot valence electronn. Normal ly, we 
con s ider o n ly the sand p orbital elec trons as vale ncQ eleotrons. 
Don ' t torget t he chaTge on an ionio s pecies. 

5 . Subtract the I\~er ot electron . .. l r eady u.:;:ed f o r t.he sil">91e 
bonds. 

6. Ota tribute the reaaining e l llCtronll 1n pairs arO\lnd t ho a t om.a. 
r.rying t o . .. t:.i.~ the oct. t I.""Ul.. 11. •• 191\ the. to ttl" wooat 
elactronaqatlva ato . .. tlrat. 

7. Tt you run out or electrone 
octet ot eleotrons, you n.ad to 

,,::~:':,',:d::e::":.::rvln'l atoll tO ilS a n 

9 . It yo u h .... ve extra elactrons aQd all ot the atollls have a n oc tet. 
then put the extra e18ct~on5 on the central atoD arrang e d 11$ pairs. 
tt the cllntral atolll is in period. 3, 4, 5 , or 6 you a r o a llowe d t o 
have wore than e i ght electron. a r ound it. 

NOT~ I Th1s ie one of lIIa ny .. thoa .. u uetul when drawing Lawi . 
struc ture. . It you learrwd a dl tlar ent _thad. . u ne wbloh . ve r i . 
alla h'a t tor y ou. 
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'.· ·::: < _: U$i~~ ~~1,if own paper-··~s a ~~r~ she~t) dr~~ the 'Lewis stru6~~ra 
• •. fO,J'. ·ea!=~ Of th~ . :molec:ules l . .i;sti!<l 'tieJoW:~ : 'i'beJ1 t .<\bulat.e . Y,C;>Ui; ; results. , ·. 

. .. :in tile .co.rrec.t C!l:teqpries o.n the ,attached .Res~lt:s . shee·ts· •. ·· For: · .. ·. • ·.··· .·· · 
•. ,•iJli::ile.cules . that exhibit resonance, .draw all the resoiiance· structur'es. 
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Using your own paper as a work sheet, draw the Lewis structure 
tor each ot the molecules listed below. Then tabulate your results 
in the correct categories on the attached Results Sheets. For 
~olecules that exhibit resonance, draw all the resonance structures. 
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A solution is a homogeneous mixture of two or more substances. By 
ho~geneous, we mean that the physical and chemical properties are 
unitorm throughout .the entire bulk ot the mixture. An example can be 
seen by placing several crystals of table salt (NaCl) in room 
temperature water. We would See that the grains of salt disappear. 
Close examination of the water/salt drop shows that we cannot 
differentiate one part of the drop from another, even if we use a 
microscope. In contrast, examination of milk (cow's, monkey's, etc), 
using the eye, would lead you to believe that this can be considered a 
Solution. This, however, is not a correct assumption. If we examine 
Milk under a micr<.oscope, we see s .. all bubble-like globs of fat', 
suspended in a clear fluid. Thes .. drops vary in ·s'i'le, and their 
composition is quite different froD the clear liquid in Which they are 
found. Milk is a Mixture, but it is not homogenecus, and is therefore 
not a solution. It is in fact, a heteroqeneous mixture. 

TIBORY 

Solution Pormation 

A solution consists of two principal parts/ the solvent and the 
solute. The solvent is that part of the solution which is present in 
the greater amount. The solute i. that part which is present in the 
smaller amount. 

We will restrict our discussion of solutions to aqueous ionic 
solutions. In this case water is the solvent and some i~nic solid 
(such as NeCl) is the solute. When ' water and a suitable ionic solid 
are mixed together, the solid is seen to dissolve (disappear). 

The salt crystal is composed of a series of sodiUm (Ha) and 
chlorine (Cl) atoms in a repeatinq~ 3-di.en.ional pattern. The atoms do 
not· eKist· SS neutral atoms in the crystal, but rather as ions. An ion 
is a species which has charge, that is, positive or negative charge. It 
gets this charge by gaining or losing electrons. The loss of an 
electron yields a positively charged speoies, while the gain of an 
electron yields a neqatively charged species. Therefore, table salt 
exists as a collection of sodium ions eNa·) and chloride ions (Cl-) as 
shown in ~igure 1. The reason sodium is a positive ion (cation) and 
chloride is a negative ion (anion) is due to a ' transfer of an electron 
from the sodium atom to the chlorine atom. These ions ara held together 
in the crystal by electrostatic attraction, due to their individual 
charges. The force ot attraction is a lUnction ot the magnitudes of the 
charges .and the distance between 'the ions (the farther apart, the weaker 
the interaction). This force of attraotion which holds ions together in 
e crystal is given the name lattice enerqy. 
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Figure 1: HaCl structure 

What is the electron configuration of the sodiu~ ions and the chloride 
ions in a crystal ot sodium chloride? 

Are these electron configurations special (i.e., 1s there anything 
significant about them)? 

When N~Cl crystals are placed in water, the electrostatic 
attraction between the ion~ is broken by the water molecules. This 
aliows the Na+ and cl- ions to ~OVB apart, and miqrate into the sea of 
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water molecules . Since water molec ul es are polar (i.c. , th" y h <l ve 
conc entrations o f "charqe " on differe nt parts o f t he mOlecule)·, they 
surround the i~dividual sodium and chloride ions i n such a way that 
th.ey can still move throuqh the solution, but do riot r ecomb i ne ( ch i s 
statement pertains t o an unsaturated sol ution, whiCh we s hal l disc uss 
in greate r depth in a future lesson.) Figure 2 shows how thi s mi ght 
look if We coul d observe ions and molecules. This interac t i on .between 
water molecules and ions is known as hydration. In this process, We 
see the "breaking" of ionic forces 1'1 the cry tal, the breakinq of 
hydroqen bonds in water and the formation of ion-dipole interactions in 
the solution. 

Figure 2: Na+ and Cl- Hydration Sphere 

Solubility of Ionic Compound. 

The driving force of the solution process is the increase in 
"entropy" of the system. The term "entropy" is used to describ .. the 
a mount o f randomness or disorder of a system. As an example, consider 
your dorm rOom as a system; does your room stay c J ean all the time or 
does it require constant effort to keep it in qood shape? The fact 
that it does not stay clean and neat is due to the fact that the 
entropy of the universe wants to increase and your room is part o f the 
universe, therefore, your room viII alway. "let .essy unless you do 
ecmethinq to prevent it. 

In the s olution process, we incre~se the disorder of the ionic 
solid when we put th~t solid in the solvent. At the same time, the 
attractiVe forc~$ b~tween ~h~ solut~ ions an~ the solvent molecules 
cause· the solution to become more ordered. The amount of disorder 
caused by breakinq up the structure of the ionic solid is qreater than 
the ~mount of order i nq of the ~olution, resultinq in a net increase in 
entropy. Based on the above statements, all ionic solids should 
dissolve. However, we all knov that this is not. true. The rea~ un_ all 
ionic solids do not dissolve is seen to be a function of the lattice 
enerqy of the solid and the energy required to hydrate that. solid. 
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In order for a solid to dissolve, the hydration energy must be 
larger than the lattice energy of the solid. This is the case i n 
systems which yield exothermic mixing of solutions. In the case of 
endothermic solution· processes, additional energy is required to 
overcome the lattice energy. This energy is removed from the liquid. 
However, there comes a point where no much -additional energy is needed 
to overcome t.he la.ttice interactions, that the liquid cannot provide 
enough energy and the solid will not dissolve. 

You· will investigate the enerqy liber~t~d 0r absorbed during the 
solution process .i.:ith the aid of a "diode" attached to a multimeter. · 
Endothermic mixing causes the meter reading to increase, whllc 
exothermic reactions cause the meter reading to decrease. 

Factors Which Influence Lattice an4 Ky4ration Enerqies 

The smaller an ion, the aore concentrated the electrical charge 
compared to a large ion. Thus, we would expect small ions to attract 
water molecules more intensely than large . ions. By the same token, we 
would a lso expect the small ion to interact more. intensely with other 
ions in a solid as well. Thus, a small ion vill increase both the 
hydration and lattlce energies. 

· Ions with larger . charge~ will exert a greater force of attraction ·on · 
other ions than ones ·with small charges. Therefore, increasing atomic · 
.charge will also increase hydration and lattice ·enargias. 

contSuctivity 

Ions can move in solution implying that ch.anje (determlned by the 
presence or lack of electrons) can be carried through the bulk of a 
solution. If an electromotive force, in the form of two l eads from a 
battery, is brought into contact with an ionic solution, we observe the 
movement of ions tow·ard the leads of the battery. · We also observe a 
current in the .external circuit. In this experiment, the external 
circuit current vill be used to illuminate a - l.i.ght emitting diode 
(I.ED) , . 

W,B PBQOBDUU 

A. · conductivity of Solutioaa 

(1) construct your conductivity tester as shown in Figura 3. Prop the 
LBD up, by placing it in a plastic straw, and inserting the free end of 
the straw in the plastic tray provided • 

. · Solutions Laboratory· 4. · 
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" 
In o r der f o r a .. o lid to di ssol ve. the hydratio n e n ergy Jlust b .. 

large r than the lattice e nergy o r the solid . 7hl~ Is the ~es. In 
syste=s which yield exothermic mixln9 or .olutlon~. I n the caBe of 
endot.he rmic s olution proce •••• • additional energy i. r e quire d t o 
OVllrCOJlle the lattice enerqy. Thi. energy Is r ellOved (1'0111 the liquid . 
IIo .... ev.r. the re comes .. p o int whe r e aD much additional ener91 i_ needed 
to overcome t.he lattice interact1o"_, thllt the liquid cannot provide 
eno~9h en. rqy and the solid will not di •• olve. 

You· will inveatigate the .n.~y liberated or absorbed during the 
solution process with the aid ot II. ~dlod." attach.d to e mutt1mcter. 
Endothermic mixing causes the ~.t.r reading to increa&c, WhIle 
exotherlllic reactions caulill. the eater r.ading to d.cr ••••• 

Th. 5aaller an ion, the .or. concentrated the e lectrioa l charge 
compared to a large ion . Tbull.,"'. YOUld .xpect 511:all 10ns to attract 
water ~l.cules more intensely tbsn large . ions. By tbe ea.e token. we 
would aleo expect the small i on to interact more inten.ely witb other 
i ons i n II. sol id as well. Thull.. II. em$ll ion ",ill incre$ee both the 
hydration and lattice ener91e~. 

lonti with larger chargee will exert a greater force o f attraction on 
other ione than one9 wIth e.ell charge.. Therefore, increae inq IIto~ic 
charge will also increaoe hydration .nd l.ttice energ1e •• 

cOllduotivity 

Ion. c an move in solution l~lyifl9 t.hat charge Idete Allne d by the 
pree.ncll. or lack of .lectrone) c.n be earriad through the bulk a t a 
eolution. 1: f an electroJ:lOtive foa-ca. in tl\e fOAl of two 1e$da trom a 
battery, 1s brought into contact with an ionic solution, we ob •• rve the 
.ave~nt of ions toward the le.d. Of the battery. We 111.0 ob.erve a 
current in the external circuit. In thi. experiment, the external 
circuit ourrent wl11 be u.ed to illuminate. 1ight emitting ~iod. 
(LEDl • 

LA' noQ'OVU 
A. COll4uctivity or Sol\lt.io •• 

(ll construct your conductivity t.e.te r •• shown in Figure 3 . Prop t.he 
LBD up. by placing- it 11'1 • pl •• tic etraw, .nd insertin'il' the free end o f 
the .traw in the plastic tray provide d. 
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.. .; 

. ..... 
::,~:·· : ,; . ... ·: . ~ .... :·. 
·~·. .. .. ... . .. ; •;::. 

/:L.ED · ·,: .. 

·.·· 
·· .. ·· 

.. , . . \ . . :: · . .. \·: :·· 

. ,· 

.. 
. ·.::.:.· ... 

... · .. ~ 

.· ..... 

;.·. F.il;Ur• ~ ;:'. 
. ,_ .. .•.. · 1Jrop · 

cortJi1¢ti~itY..·i~~te~~ . · 
. ~ . 

··.·., 

. ·,: . 
·· .. 

·.' 

: ~ .· ·' . 

·.· ..... 
... : . . ·, 

. : . · ...... 

... ' 
· ... ,· ~ ·: 

·· .•. ...... 

. '•.· ; ·12 )'>;.~lac~ th~: electrqd~~ .· J:ri ·c~~t~it Ji~h a ~mall a~ount;; o.r ·~~~tal.iz~~ ·· 
· ·' ·:Nat:I·~ i<c1af!d. Al.C:l3t.· : ... ·.·· .. ·· . ::· ·• . ····.: 

: .. ·,·. 
. .. 

.. . , ··; .. . ·' . ·,, . .. :.· 

l)(;e:s t~i! 't..if P.. :i.+C)h~ ~~j ·: r · · · _ . · .... . -~ .. 

•. (3) .• ··K<ike: a l~tai! . drop tit deioii·i~~d:~aj;er: Q~ your acetate' 8.heet . (t£.e : . 
• ' ;1ar.<;e· d~4;ip' iltlCi...-ld .~o_n~1-11t of ;~~~1: . J. . sma11 drops}~ : . . .. • . . ·.· : : . 

_.::.: ... 

~·: . 

~< ~) ';) i~~!;·t:' t$.e, ~nd'* of; Y.o.i.1r. ~or)d~(=:ti v.lty. ·:t.e~~~r .. 1~,:o t;~e ·; a•i ~6i~~d 
... ··,· ~a·ter~ :·· :.·.·: · . ..... ·:·:·: .. ·.··; .. -.:-..·: .. :·>: ::;,:-::.·.:.:·-:,:·.· ... ·;· ...... ~~· :. : ......... • · ·. .. . ..... ·. ::.:··. 

,·: po~s'~h~~i)° .:119iit • iip? ·' > · \ ' _.· · .!. '<.> . · 
.. , ..... ·· .... . · .. :.·.· .. . · ... ······;.: ·.· .......... ...;;.;.., .... .,.;· ----~----- .. ·· .... , 

·:.: 
.... 

~ :. : 

·. •·.··. i<5) ~~~.Aii~ke/a.:; ~ . X. )~ ; iil~~~ix · oi : l•rq9 :iftop&;.: ·as. ~ho;.,n · in : Figu~e, 4; · · .· 
. ·,::· .. : ··~· .. , ... ·: ,: ·~· . :~ .::f~~.:· 

, · '· .. ~:: t:oJ? .. r~. , ': o : cf ooo ..... · ·· 
·. ~: .. '. . : ~ . . .. '., . . . - : : , 

:. 'liottom/.r'ow , o o. 0 :o o < . 
.. · .. '· ~·· . ·. \• 

·.·· ... 
.. '. :: :. ,. :· .. .. 

. ··.' ., . . .: 
. ·:·, ·' :·· . .. .:.:::. . . . . . . . ' . . . . . . · .. ·. . .;.··. . . . · .. ·, 
:. . ·.' . · ..... ··.: ... . · .. ~·· . ' ': 

.·~~ch •:cii~i' ~O.~~i~~. of. ' · sma!i : dibJ;>.~ .·.·• 
... . 

.'·.·. 
,· ... 

.. 
·' :·,· 

·.··.· 

·. ·.: :·: .. ..... · ··'· ·.: . 

' .. : 

.: : .. : ::· ........ :'.; :·.:~· .. : .... :. :· . .. · 
· ·: 

··,: .. '; · .. . 
··:·, .. .... .. . . . ·:·, . · .. 

.. 
··•. 

. .·:· 
: . .. 

.. , .. 

·. ·' 

: ... ::· .. · .. ·· 

·.... ·~ 

':· 

. ; "· 

'. ·. 

. ~ . 

· ... · . . : ..... .... : ... .. . . -.: . :.: . \.: . :.: :, . .. ; 

, 

/;~r 
••• in;;;:- l :.:' ~ 

"- \ -----

UD 

drop 

Figura 3: Conduet1vity Tester. 

(2) Plaee the electrodes in co~tact with. small amount at crystalized 
NaCl, XCl and A1C13_ 

Dotl. the LED light up? __ --_____ _ _ 

(1) Make B 
large drop 

drop or deionized vater on your acetate sheet (the 
eonsiat or about ~ amall drops). 

(4) Insert the enda 01' your ccmductiv.ity tester into the ' deionized 
water. 

eo •• the LIID light up? __________ _ 

(!!I) Now, make. 2 x 5 '1I8tr1:ll:01' larg_ dropa, a. shown in Flqure 4. 

• 

top ~ 

bottom row 

00000 

000 Q 0 

each circle conaist. at' 4 .mall drops 

(6) To the top , row, aequentially add ~ crystal (about the size ot' a 
period on this psg.) of Nacl, KCI, Agel, caC12 and Alell. 

(7) To tha bottQlll row, ~dd!leyerl!!l crystals of each chemicaL 

, solutions ~boratory - 5 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.. 
. ·. 

.. 

: 

, _.,.. . 
t •'. . •, 

•-.. ' 91. . 

( B) · The first drpp in the t o p and bottom rews ·. contains NaCl in · · · 
solution. Insert the battery leads into the top drop and take n 0te of. 
the b riqhtn ess of · ~he ··LED. 

. How bJifqht does it seem? ... 

: 

( 9) Wipe o ff the l,eads with a paper towel , a·nd. place the m into the 
bott01n dro p of NaCl ·solution. 

Compare the · brlqhtness of the LllD in each NaCl case; is there a 
di.fference? If so, why do you think there · i•·'a · d.iffe:r;enoe? 

.. ,_. . ·· 

(10) Perfo~ steps {8) and (9) for each of the other sets of drops . 
Write your results 'below. ' 

..... 
Ag Cl .AlCl3 

Top •Drop. 
. ·~ . 

., 

.... 

·.·. 

. ... 

·. 

· . 

: Comparison 
. , 

.... 

·.·, 

Jl!ll&: Make sure you .wipe off the ends of your..leads before you put 
. the• in a new so1,u1;ion. 

. · .. 
' 

.. ~·. · .. . .. 
: . . . ' . ..... . . · . 

. ·.' 
'" ... · 

. >: .. '._ sol\1tioris, Labo'r~~or.r . ~ ·_· .. · ·. 

'• :c·. ;.:: .... ~': . 

.... . ,. 
... . ... 

,> 
" " 

.. •' ... " 
· .. 

:. ·.. . . ·I 

r . .· 
· ......... .. 

" 
(8) The rlr~t drop in the t o p and botto. rows c ontain. NaCI I n 
solution . Ins ert the batte ry l . ada i n to the top drop and take note of 
tho brightness o f the LED. 

How bright does it .ee~1 

(9) Wipe off' the leads .,ith a pap"r tovd , and plac e thea into the 
bottom drop of HaCl solution. 

Co~.r. the brightne •• ot th. LaD in .ach NaCl cae.1 is there II 
dir t eranc e ? It so, why do you think there ia ill diff.:r.n~1 

(10) Partor. .tapa (8) and (9) for •• ch at the o~.r .. t. of dr0p8 . 
Writa your re.ults belovo 

1'op Drop 

Bottom Drop 

1IIll.I.: Malte aura you wipe ott the aneta of your leada before YOII put 
the. in a ~w .olutlon. 

Solution. Laboratory 6 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

:.: .. ·· .. : 
. ' .... 

.. ; • ... .; . . ~· .. . '· .. :: .··. 92 .···· · .. ~ . 
. ": . 

: .· •.. ·. 11... ~~"o~be~i~ ~a' ~•:t~•rmi~ xiidnq 
·: . ~ 

· · · '- ().) s~~ up. tli~ m:~ter;~il:>de te$t a~~~r~t~S: as sho~n , in Fiijur~ -5: .. ~ ' 
d:io~.e . is .an. el~ctroiiic : device that. al.lows · cur.rent to .flow in : 0nly one 

· . di.r~ct.ion: ' .. You will use a speciai . type of . diode called a theriistor < 
. ·. A. theT!JliStOf is a . Sellliconductor mat~ri~l whi¢h has resista11ce .·· .. :·'·· .· 

· ·. · . pJ:."oporti0nal. to 1/r·. Thu.s you observe increa.sed . resistanc;a with ·· 
. . decreased temperature. ·•. · · · · · · 

: < :, . . \, .· 
·,,· ... . ' . . , . 

:·· ;· ... . . .. 
·. 

:· . E:J < . .'··. 

. ·.: :· t:);•j(n .· 
·V ·· ·et-·,· ~,_,----------"'."""-~ 

...__. ~ ...... · .. ,L.···~··_. :~·· if:::::;i 
. . ,;.;.. 

-:-: : 

· ... · 
:: 

·. :· .· .... : · .... 
........ , 

. . ~ ·· .. 

. .. . 
..... . -.,. 

··.: · ..... ···,. ·~ . · .. '· . ·.··· 
.: .: 
' .. ·.- ~///A ··' 

·.··. ~ ·. 
·: ... '. 

·, ... 
. ··. : : · ... 

.•: 

...... 

. ; · . . ' ~ 

. · ·· l'l9\ir• sa •qUipae~~ *ra~g~n~ ·. · ·.· ···. · • 
' ·, (2l ; Prj,~~ t.~ eonriec~in~ the meter :i~acis . to ·t:he died~, turn the :iD~tef 
' to the "kl.l();;;o.h~•" setting' aru:l pr•111• , th~. button. in ~he centet. C!f. thei · ... · .. 

·· •··, dial • until "kilo-.ohJ11$". is '• db;pJ:aye~ with ·only one •P.ace . t,o ~he ri9Jit <of·. · 
.. : ·· the decim•.l .po.int • . Aft.er yo:u have siat the .meter, .connect tha diode to .. 
, . the !llleiter leads: < li'oi,a should .obtain a readinq .cin: the ·meter.• :rt you • 
'. • ... obtain arr -overload reading. on t:he' 111eter siaiply reconnect the .mete-r . . . ... 

. lell(j~ to :the opposite Leads ~.f .-the diode. :. :. , ·. . .. , , 
' (3) Fill one of the' wells of the 24.:::Well tray half-full. of. d~.io.:iiz~d 
. water. P.lace the 'diode irito the water ·and a.llow tlie meter. readln~. to ·: 

'.:. stop tlv,6~uatil'.l9~ ' . ' 

,-~) i.d~ a siial). ~mount . C!f ~4~l ~o th.:w;li and ~b9erve ~he change in 
·:-. the' meter rea~inq •. R~meJ!!ber that endothemic mixing causes the meter 

.. . reading to increaae, while exothermic reactions cause the meter ·reading 
. :,': to decreils.e. · ··. , • . · · 

· ... \. cs> ·· ~~~Y.e the' dlod~. tr~ . ~e ~ol,ut~o~, ~nd th~r~ug~ly -~lr\se it with ··• :< 
.. ·... · c1e·1oniZed· ... lriater.. · . 

'~ . -· (&i :. ;eit~rili tK~ ilam~ · proc~dur~, f;;r ~~ct, xci:, MgC;t2, cac1'2, an~ A~ c13 , , . 
< ;· -an.s re(iori1 y·our resiil:ts; i\\" cha'rt f~riil. on. ttie · following page. : Classify : 
1 •. ; f!a.ch · &~at~ ii.s eith~~ endothermic :o.r :ext;itherinic.. · ·· · . . . .· . . . . . . . . ·.· ..... : :. . :. . . 

. .. .. . •·· .. ·. : ·:: ... , . : . . . . . ··:·~· .. : . 
. : .. ~-: .. ' . ·. . ·'.: 

. · ... , 

: . : . :.' ·": . 

w. Bndatber.ia and •• athermic xi.inq 

(1) Set up the meter/diode test apparatus as shown in Figure 5. A 
diode is an electronic device that allows current to flow in only one 
direction. You will use a special type at diode called a thermistor. 
A thermistor i. a semiconductor asterial which has resistance 
proportional to liT' Thus you observe increased resistance with 
decreased temperature. 

1'19Ure 51 Bquipeat Arrall9_t 

(2) Prior to connecting the meter leads t~ the diode, turn the .eter 
to the "kilo-ohms" aetting and press the butt"." in the center of the 
dial until -kilo-ohms" is displayed with only one apace to ~he right of 
the dscimal point. After you have set the meter, connect the diode to 
the meter leads. YOU should obtain a raadinq on the meter. rt you 
obtain a .n overload reading on the Deter simply reconnect the _tel" 
leads to the opposite lsads of the diode. 

(3) Fill one of the wells at the 24-we11 tray halt-full of deioni", .. d 
water. Place the diode into the water and allow the _tel" readinq to 
stop fllJ.:.;tuating. 

(4) Add a saall aaount of NH4CI to the well and observe the change in 
the mster re.ding. Remember that endothermic mixinq causes the meter 
readinq to increaee, while exothermic reactions cause the meter reading 
to decrease. 

(5) Remove the diode from the solution, and thoroughly rinse it with 
deloni",ed water. 

(6) Perform the same procedure tor NaCl, XCI, MgC12, CaC12. 
and record your results in chart form on the followirtg page. 
each syst6111 as either endothermic or exothermic. 

Solutions Laboratory 7 
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a: NaCl 

C •. XCl 

so1utions.i.abo.ratory s 

· . 

BIIM' -OJ' IOLUTrOJl. DATI. 

B. Hact 

C. r.:Cl 

D. H&C1 2 

F. AIel;. 
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' 

. ' 
. '·':.: 

·~ 

... 

..... 
1 . All tJl'Ei solids you us.eci are ionic . 
elec~ron configurations for each ion in 

.. ·. . . 

211. Did a1i the eolids di~s~1ve? 

-.. 

. .' . 

Iden~i.ty 
~he five 

.. ·' 

:.·. 

. · .. · 

the ions a~cf qi ve 
sol i ds. 

. : ... 

··.·· 

2b. I·f a~y did . not, •h•t iiiiq~t explain the fact that it did nbt . 
. dissolve? ·· · 

·.• . 
. : ' . 

. · 
, 3, What would you expect to. take place if J.<Br, NaCl and 119c1.2 Were 
mixed t09eth~r in a beaker of water? 

... 
' . ' 

: 

. ' •' ::--. \ ... ~:: : . ,_. . 

...... 
' 

' 

. ''" ~­
··' 

. '' .. 
,,. : 

"• 

solutitons Laboratory : ~;. . ·· 
.. ~··· ' . ·,··. ·' ;• . , . 

' · 

·. 

·' 

. ·,:• : ... 
····' ... '.·~/: ;.· 

94 

" 

: ;1" 

"COICLtlIlJ.:QII 

1 . All the IIOUd8 you used are ionic . Identity tha ion. and give 
alectron configurations for each Ion in the five 801id s . 

la. Did all the Boli4. dissolve? 

2b. It any did not. what might axpl.in the tact ~.t it did not: 
di •• olve? 

.3. What would 
ai •• d tDg'ather rOil expact to tllJt41 plae. it KBr. N ... e L and MqC12 " era 

n II Milker of w.tar? 
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:: 

·.: 

;·. ; '.": .... 
··•· . · .. · ·.:•···· 

·~: .. 

.: .. ' 

. ·.· ... 

. ... 

:: : . 
: :.· 

:·. 

•. 

'· . 

.. : :·. 

:· .· · .... .. ·, 
: . . · 

·~ . 
·, 

. ,, ... •: .. ·.,: 

.··· ·.,.· .. 
el(is.t ' in soiµt::i.'c:in? (Hir.it: 

·~·. 

. :.:· ·· .. ;. ·: . 
.'. .. 

..... ·. ··· . 

.· ... 

.·• 

. .. 
. · .. . .· 

·•. ,.· 

.•· 

..... 
· s, . ~hat ; perioiiie pi-cpe,rtiesiC.oncept;s 

\ of' a;n '.ionic · 9omp~Und? · · · · · 

.... 
~xpiaii:l' .the 

· .. :, .. · 

' .. : .. 

. ... 

::; 

.... .. · .... ·· .. : .. 
: .. \.: 

·.·: 

· .... 

· .... · 

·.·.:· .... ·· . 
.. · .. · 

. . . ·: 

: ~ 

· ... ...... 
,· 

· .. :: ... 
. . :·. 

. ' 

,:: : ... · ., 

. .· 

,. 

··: . .-

·.··· 
'· ... 

,. 

.. .... 

. ·. . ·. ~· 

· ... . ... · . 

' . : ~ : . 

: . . :.6~ . "'1i i~h sai~~ pr~~u¢~c1 en'dothermic 1!\ixlri9 : ~na . vilich producei:I. . · ... 
•.· < ; exother1id;c · 1'.llix.i,ng? ··. :in . t•ni• -: o~ . la.E°ti~e.: energy• .an4 · by4r&tfoli eaer9y .. 

, ' •;9'JiPiliiJncwhy we see eneig)( beincJ r~leased cir absorb~~ in the ll)ixi'rig of 
·>tbese .sal.t!i with· water·.· . . . . . . . ' .... .. . . ··-:.' 

:·: ·: . .. \ · .. ::. :: ... , . : ·. . . ..• 
. , . : .. . . :. . ·,.: 

·, .. ;;,.:·< 
. ·. ·:: . .. . · : ·.· . 

. . . 
'··<. 

... . . ; .. ~. : ... 
...... ::.: : ~: 

·:..-·,: ·: ... 
·•. ·... ··,·. ... . . ···· 

,: : ·:-.: :°· .. . ···.:·,. .... .. 
· .. . :.: 

:~: :· . ·.·. .• . 

,· ........ ,,,·:· 

: . :· .. 
:· .· . .. 

··,· ... 

. ~· . .. ... ; . .• 

. . . ~ · . 
·, . 
·; .. :.>:: 

· .... 

.. • 

,. 
.:. 

:- ~ 

: .. : 

: . :. ·~·· 

.. : .. :· ·~. 

. :~:. \. , ... , 

... : : .·. 
.:• : .~:. . . ,.,. 

··': : ... ··. : ,:. :···· 
.... ·:·.·. 

:.$oiui:.±oiii:{,L.atiorlito~Y. . . . ·~· .. : ···:. : .. ' . 
···.:' .·. ·~ ... ......... ... ..::· 

·.:·~. :.: . 
· ... . :·· :·:<. 

.. . :.. : .··:· .. ·. ·. : ... ·.' , 

.,. .· . 
.. . · ... 

. .. · .. '.,. .. · 

... ... 

·.·. 
•. ··· .. ":. 

-~· ..:. ..·.· · .. ·• 

.. ·· .. .... · ·. , 
: .. . "·· 

· .... · . ..,: 

..... ':' 

,. How does C~C12 exist in solution? (Hint: Figure 2). 

5. What periodic p~operties/concept. explain the for.ation 
of an ionic comP9und7 

6. Which salts produced endothermic mixing and which produced 
exothermic mixing? XD tar.. o~ lattIce a.ergy aDd hydration energy 
eDltln why We See .merg¥ being released or absorbed in the mixing of 
theee salta with water. 

" 
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·,., .. 

··.· 

;i.ire:labOra to:ry Exerc;Ls-e .· . . : .·. . . . .. . . . . . . 

... 
;.·· · ... :~. ;. 

.. 
.. · ... , 

:·. 
: · .. 

'· ... ··: 

. ···'· .. ,, 

· .. ~ ·: .... · .. •\"... . ··.~,:,. .. 

wti~t~s ~~cf ci,i(£e'r~nc$9 b~tw~eri ,a ' so1ut.i~n . anci mi~ture? ·· ; : . ·~ 

~ .. ·.::: ·:.· 
, .. ,· .. 

·:· . , 

·~· :. ·.; .·· 

·,. 

. . :· ·: . 
..... ~. 

. ··.· 
· ... • 

... 
.' 

~at · iii. the purpose· ~i t~e 1iqiit e?li~~t.lili) : dlode 

~ .. 
·. . ., .. . .. : : ... 

· .. ··:: . 
',' . 

. · .... · . ,.· ·· . 
t·. ...... · ~· What is the 

. :·· 

: :·,: .. 
.. : .. 

:•' .. 

·•·. .. : .: .·. ;·· . ..... 
. ~. 

. .. ·· 

·· .. 

. . .... 
· ... . ... ~ 

.. ·· 
··.·· 

"·· .. 
. ·. :, 

..•. · 

. ..... 

·:·· 

. .... 

intiiis exper il"nent? •. 

··•. 

.·. 
; 

·. 
. :.' 
····.·::· .. 

. :. ~ . :· 

·· .. · 
.,.; 

. . . ....... 

·· .. : ~; ~ii't•,s ~h~ ; ~ii.feren.~~' bat~;~n ··~~·· ~nc~~1ierJ\11c .mix~li9 preicess. }!lnd an 
; ·· '41ixothe1"111ic .• 111~1'inq pr~c~ss? . .. . :· ..... ... ·... .. · ....... · . 

. ·/ 
:.· 

", 

. ... 
:·· . . ·· . · 

" : : .... 3:. ··:·,· .. · 

.. ,· .. , 
.... 
. ·'·····: .... · . ,;. 
·~· . · .... . ... :.·; 

.... : , . .. . . 
,.· .. .. ... . ·, 

:. ,, .: . .•. . 
. ... 

';' ·:•· 

.. •. 

· .. 

,·· .·.·· 

·,,.· 

.. :.:· 

. ~ ... :· . '· 

• ... • •• ·! •. 

... : .. ~ .. 

. :: :; .: 

. . ·: -
· .... .. · 

·.:·:· . : .... ' 
=···· 

.. •'. ·· ... 
·~ .. ··,.· . , ··· ... 

··: : : . 

. '·· ~ . ·., 
. ; . 

$8i~~io~s I..a.~!)f~toiy .. · 11 ... :· : ·:~·:.· .·: . . . .. . .':,: . •. . {'.::.·. .. ~ .. ··.: 
... . ....... . 

..... 

·:. 

·., 

.• . .. ·. 
..... 
. ': .. · ... 

•.. ·.· .. 

: .. 

.· .. 

. , .. ·•.: .:·: .. · 

.·· , . 

..· . 

.. ·. 

.. ·· 

·'·· 
· .. ··.;. 

.'i ...... 

·:· .. .., . 

pr.laboratory EXdrC1se 

1. What's the differences between a solution and mixture? 

2. What is the driving torce in the dissolution process? 

3. What is the purpose ot the liqht e~ittinq diode in this experiment? 

4. What is the therMistor used tor in part "B"? 

5. What's the difference bRtwRe~ an endothermic .ixinq process and an 
exothermic mixing process? 
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ACID RAIN 
cboiatry 

131 

97 

. · .. 

The incre;u ;ed acid i ty of l a kea and nat:Gral wato.rways i:1 recen!: 
years due t o a c id rain ia a. uajor concer n in the United Stat:?S . Canada 
~nd several European nat.ioir;s. Acid r ain li; generated when q<1s~s :such l!.S 
sul fu.r dl.oxide: {SC2) an4 11.i~:rogen d.ioxide (NOz) .are hydrol:J·z~~d in we.ter .. 
The hi9h il,c:l.¢1 r.~onto1mt of clo.uds end w~ter..iay·s h;.s d &l)Ja>Jed fo~-~~sts •'1nd 
the abil-ity of lakes tc i:ustain aquatic life, · 

I n this experiment, you will investigate . ·th'e eft'ects of thes,,. 
pol l utant qaseG and 11.:lt.ur ally occu:t·rlng carbon diox ide (002) on the .1cid 
content of water. This will ti!! don'I\ qualitatively Ysing Y..~:iad~ 
indicator in water Ps a p:::obe for cnan9es in hydroqen loo con:.:,, ·4

. • 3tic-n . 
You wi l l al~o quantitatively dete:t'lllin~ the effe=ts of each qas '' 
titrilt.tng wa ter acidified by. t he . gases t o deteniino the acid <.. _ ·,~ - ' !: 
pr.oduc~d. · · 

.... :· 

O!l.f:i.llii tiou• 

A&li[: Fo1· thi• lab, we wi ll ds f ine an acid as a ny subsl.:ar_ce. t hi'tt 
d i ssociates in water to g i ve hydr09en ions, ff•. 

Aci d Conant.: Acid content i• ll neasure of ~he •)tolchi::>l!V"tr:i.o 
numba r o .f hydroc;en icns &vaillllll• f i-0111 an acid. Nit:t'l.c: acid , HN0 3 , C<'tn 
provide only one l\ydroqen· ion per JDo lecule e f ac'id, while s1>.lit1'>:'i<: a cid, 
lf :.,SO ~, pr~Jut~e.a t wo :t'iydro.;en ions per aohu:qle of a ieid , ... ·~. . . .. 

Ac id c:orite11t. ilay be ma;u~•~i·Eid l n aever 11l ways, · !nd.icatOl."8 ar.i· •Zh>-'mic:a.ls 
vhich resP<;;nd· to the , hydr&.]~n . lon11 in • ol1ition by changing color, 
providin<J vi•msl 11.ssessiumt of hydroqen 1on . concentra~iori. A 111uch .r.ioro 
a ccurate l!Hlal!lur •ment can be 11aaa by ·"titrating" the sol ution. •rl~is is 
done b y 1:1eas11rinq th• amOU"nt of a ba1H1 (of ltnovn concontt·ation) required 
to compl etely react with the acid. You vil l · uze both methods. in this 
lab. 

·: . . •.···. 

·.• . 

. ··:... ·:· : .... 
. ·: . 

11InO.m!C'!IQIj 

11.1;1111 RAIN 
ch .. htry ... 

" 

'Th.e i ncrtl«liOd. aoc idity a t: l a.k •• and natural watnt'Wilys in l-ecen':: 
'fears due to a c l!J rain i. /I _jar c"ne e r n in the Unit.ed States , Ca nada 
e nd ~.veral European ~Iltinns. Aoi d r ai n IG generat~~ ~hen gases ~u~h ~s 
sulfur dioxi de (SO!) a nd n1tr09'8n dioxide ( NO l l arv hydnl l .v:.rnl. i n water , 
The h it~h acid content ot c l oud\i and ,,«r,n.-ways has rJ a ~l "g .. d fm"cst" .. m \! 
the ab1Jity ot lakv. t o £U6tain aquatic lite. 

In this "Jq)Clri_nt , l'a " wil l i nvcsr iql>te t he e ttcctIJ ot: ~h .:!I ~ 
pol l utant qa&~11 and. n<:o t 1!r ally uccurdng carDon dlo:dcle (00 ,) on t h s ')'c ; d 
conten.t o-{ wa ter. Thi. will b e dol'W qualitativel y vsing 'i-""""h 
in<S i cator in water I' JI It. p:-obe f o r chan98' in byd r09illl 10" c o n ..: ., ~_ • .• tlNI. 
tou will alao quantitatively det.rai n. t he of(.=t. ot . ach q as " 
titrlltinq ... ,. tec ac id.iri .. d b). ths '3'0 ••• t o det"l"1II l n .. Uta acid c. . • ~ _. t 
p~od"c:stl. 

T"OU 

AW: For th i . lab, we '01111 datine an acid ... s a l"\}' aubal:a r.cc th .. t 
d i • • oc t .tea i n water to qlve hyd~n iona, H' , 

Acid Qgntt~: Acid con tent i .. ... s uc e of ~e ato~ chio~tc~c 
nWllba c ot hv.:1rOogsn i .. ns a v allUl. f .-o •• n ac i d, NItric ac1<.I. , Ht'OI , C~'m 
pr ov ide ~n1v one hydroqan i on per a ol.cu1. (If ac id, ",hUe £\l1:\,.d (: (l. c l d, 
f-IllSO" ~co.1uc ... t.IlO hydrogen iona pe-r . 01.mule u f OlI c i d . 

Ac id content _.V be __ s >.l ced in uavs~al w.ve. rndieat ors a r .. <:h"mi"" l ll 
whl oh c"spend to the hydcQ9an ion. i n aolution by ehaoqin; col or , 
pr"CIVidlnq viall'!l •••• aDlent of l\ydr0gen ion conc .. ntc ation . A lOuch Q '~.(I 
a ccurate .... wr • • ent can be ... 4e by · ·titrat1ng~ the 50lut ian . Th i s i . 
dons bV a aaaur ing the a.ount af • be •• fot known col"\Contrat ian) raqul.-cd 
to oomplet~ly reaot with the acid. . You '01111 UDe both .ath ods in t h i n 
lib. 
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..·: 

·,._ .. , . ·. . 

;< "eaet~tlOrl ·~.f G : .. •·· . .. · ...•... ·' .... .. . . . . · ... 

J(f~~r;&tj dioxide; sulfur dJ.~x~d(!; . and nitrogen ~O~o~ide, ma; be f~rmed by 
; ~·~c:ti~g·. certain aqlieous salts . with art . ilcld.:. Generation .. of each qas. 
7 o.cc~:j:s Y~a a complex c.heit\ical meqlianislli~ . The purpose of . t .nis experiment 
'·: is .. not to :i'nveiitigate these. ••chi!lliisms but to: investiqate die ertect 
: .. eaC:J.i' of. ~hese :ctases has c>n .. water. · · · · · · · · · 

:;:.caibi:indioid,de; ci>; • . wiii b~. ciene~ated .· by . re~cting . a soluti<m of . sOdium . 
. . ¢arbonate, Na2C03, W:ith nitric acid, HNOJ. Ih solution; sodium ; · 

tarbonate. ·exists ·~ s.odiliirl ions and. carbonate ions: . 

... . ·. 

· .... 

'··.' 

>.·: • . . . N.~~co3,~, · ·· .. » 2j~·<~•> + co3;·1.q1 · c1> 
·;..· .. :·:, .•. ·.•.t1.·.no .. ~n< acldid ~~l~tioh, : the carbonat~ ion ~ill 'combine. with hydrogen ii£ns ···.· 

foJ:.· the liiore · lit~le .carbonic • aicid: ·· 
::·.:· .. ,, ;. . . . 

. . .: · .. · ... :·.: :·: ·. . . . . . . CO 2 • •. •+ 2H~ · ··.· ]Ii . H 00 ·: . . 
:-. ..... 3 .. C.• 'q'I •.:. ... l•'ll .: .· . . :· 2 :il(aqJ · 

>" 

(2) ..... 
. : . 
. . ': ... : ·, .. . . 

'. .• _ ... ·.-·:·· ... ·.·.)fh.f. o.· ~. ii a sc)lutfon of :~arboni~ acid is. llill~e .aore acidic, .it decomposes to ... 
.... carbon dicixidti and. vat4Jr: . 

.. ' : . ~·. . .· .. . .. :: . ' . . :, . . ... · .... 
, .. , 
' .. 

. .. 

{-·~o - tn~r~~ .. ~~e acidity. pr ·· tll~ lfa,eo, ~~iutfon~ ·· a ·atronq acid ·cilNo:i) is 
•. acld~i!; :and t~e .cj~s~ · C()2; . _,ls. re!eaii~... SulfUr dioxide .and nftrotjeJ.1 

:·':.:aon0xide, will. be. pr"4i,icjad in· a !li.-11•1':' :.fashion. I .n the natural .· 
·.c:!9nvii:oil)liei:lt; tib.ese.;gase• are qene~ated by a variety of sources. ·.. . · •. ·, •. •. 

,: ,;. However~, tile gaseii are identical to those gen_era:ted . in .this exper~ment. 
;:."'.' ·.· . ·.. . . . . . . . . . . ., . .. . . . 

.. · 

{U.·~e b~~~nc~il ~qllatioils . fo:t the CJe~eratit:a~ of _co, ( '' from sodiUll: ' 
<>;,.c•rl>onat11vand .:so21:;.) . fro• . aodlua •ulfit.~ show. that dif'fere~t numbers .Qf' 
~c.• i\U>le.s o.t . gas• are produced .th:ir.n the. nu~r of .iaole~ of 'NQ < • 1 •produced · · 
... ~rom sc;diwa nltrit;e•. · tor ev~cy J.'Ole. of Na;iCO,, , one 1ilole Qf CO·i ' is .. · 
;d i>ro.d.uced~ F.or ei(iery ~olif or· Nil)SOa~ . ione •ol~. of so, . is produced. . .. 
,'"' lfOJiever~ .~ foi' ·~very .3 aolei1 .o.t J(aNQ2; onl:Y° .2 .itoles of NO is. produced> , . . . 

\ : TO hrimp.re . tliil i!icld content p~~ucfid in vat~~ fr~m each .. oi: •. th~s~ CJ~Se~, . 
;: y®·;n~ed to .insurtt that •ciU•:I, :•ole9 ot :CJ•.• · ate produce<l i~ 'your . · .. 
. :, ;ext)•rim•nt; · You viil . dclt.hi• by df.lutinq the. aqueous solutions of t:he 
•' <. ·AltiJ bali•d on . the bala:~ced i::heaical . equatio~s·. . . . 
:: • ·:: · l. :·.. • • 

. .'. 

: : . · ... 

· .. ·. . . < . ··:·_; · . 
. · .... · .. · ... · . 

·.· .... 

. ··:. 

. '. . . . ,. 

. . : .·. ·., . 

: ... 

.· ... 
:·~ 

·. >:.: 

. .· ... : 
.. · . . . .. ···.· . 

" 
Ge.eration of 0. ••• 

Carbon dioxide, Bulfur dioxide, and nitroqen monoxide, Day be tormed by 
reacting certain aqueous salts with an acid. Generation of each gas 
occurs via a complex chemical mechanism. The purpose of this experiment 
is not to investigate the ••• echaniams but to investigate the efrect 
each of th ••• gases has on water. 

Carbon dioxide, CO " will be generated by reacting a solution of sodium 
carbonate, Na,003, with nitric acid, RNO,. In solution, sodlu. 
carbonate exists as sodium ions and carbonate ions: 

( ., 
11\ an 801d1<; .elution, the carbonat. ion will combine with hydroqen ions 
to for. the aore atable carbonic acid: 

(" 

When a solution of carbonic acid is •• de Dore acidic, it decomposes to 
for. carbon dioxi~ and water: 

p, 

To inore ... the acidity of the aalCOl solution, a stronq acid (KNOll is 
ad4.d, and the 9a., COl. is released. Sultur dioxide and nitrogen 
aonoxide will be produced in e si.llar t.ahion. In the natural 
anvironment, the .. 9.ses are qenerated by • variety at sources. 
However, the 9ases are identical to those generated in this experiment. 

CoDaeD~r.~lo. of aaaa. 

The balanced equation. for the gen.ration of COl (,) froll. sodiuu: 
carbonate and 50,(, ) fra. s04iua sulfita show that different numbers of 
molee of gas are produced than the nuaber of ~lea of NO(.) produced 
troll. sodium nitrite. For every aole of lIa2CO., one mole of CO 2 is 
produced. For every .ole of lIa,80" one II.Ole of SO, is produced. 
However, tor every] .oles of .aaO., only 2 aole. of NO is produced. 

TO campare the acid content produced in watsr from each at these 9ases, 
you need to insure that equal ..,le. of 9as are produced in your 
experiment. You will do thi. by diluting the aqueous solutions ot the 
.. Ita bas.c1 on the balanced che.ical equation.. 
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. :···:. ... . . ..... 
.. ·'·, . 

.· . · ... .. :· . ... 
.... .......... •. . '·· .. , .. ·.···· 

··.:-. : . . ' : : . 
; . 
: : ~·. ;. . ' . 

··••· ~f~~ct ~f . Gase~ ~n lia~er 
, ' The gas.es that you g~rterat~ .will ~eact ~fth wa~er in a drop Of ~aiiiada 
· l.n<ii<:ator to produce acids as · follows: · .. . . . ·, ... · '.. . .·. : ·:. 

,· . . ·· ·: . .... · 
·.: :· 

... ,. 
('4) . ·: . 

.. ;'' .. · .. · .. 
· (~bte: '.l'his is .:the t!!~erse '.of :equa~ion '.;. > . · .· 

. iam'ad~ ind.icator willbe violet to blue. coicired if the solution is 
J:i.a~ic~ green for neqtral solutions.~; am! yellow to i'ed fOr acidic . ·. 
scllUtio:ils. · : .... · . 

. sulfur ·dioxide·· :riea¢ts• in a: similar fashion to form sulfurous aci.d:. 
: ... ·. : . . . ' .,., 

. . . . < . 
. . :. :·. . ..... ·. :' . 

(5) .· .• 

. '.·: 

· .. 
. : ·. 

•' . ..... ; . 

' . 
. :·. 
. ·~· 

. . . ~ : . 

we'll not consider the effect of nitro~~~moi:i~xide O.n watei'be'-:alis~ it '. 
quickly reacts, with.'oxygei\ in the air to fol')ll nitrogen dioxide • . ··· · · · · · ··· 

. ,, : '::!1~~ge~ .. dio~~de the~ react• with water .f .ormincj n~~.ri~ ~cid .and rlitro\.is • 

·.'::: .... '·.,. 

... , : : .. .: . (6) •· 
·.· 

.··,· 

. . :: 
.··· .· .. . . :: ... 

.. ... · 
~~~~ration of 11~ifliric Aeid ·. ' . . · . i 

. A curre~~- ar~<tof sclenti~l~study- is ho~ ;s~~fµric acid is forme~ · in . tti~ 
a'tJtiospliere. · .~o: hYi>o~be~es. .have been idc:'ntified~ .. The first . states .that 
sulfuJ;"ic:.. :acid forms litithiJ.l· ,water •droplets: when surf~r.ous acid . is 
C>l(iiiized by ni,~roi.ls ·acid: · • · · · · ·· 

: ..: ... : . ·:. . ; . . . ' ' 

.. :nt:;soa 1:~·"' + 2HN0~1•~> ..,; __ .;..;.> 21i.2so:. 1.<i 1 .. + N;o~~q' +>e.:2or1i (7) .· 

. ~h~ · sec~nd hyp~tl\esi~ : 1~ .th~t~uiturous ~~id i~ .simply-~xidi~ed t.~ · . 
. •.• ,.sijlfuri.c aC::id .by at~ospheric 4:1xyg~n. Thedif~e.rence . iri ' ttiese tw.o 

·. :hypotheses is the pi:'~ISence of nitrous ~Cid • . :YoU. Wil1 desiiJl'i . an ; 
.· expetiment :to 'test ·each hypotbliisis; and .draw your .. own conclusions~ . . . . . . . . .·.·· ·.. . . . 

···~ · .. · .. 

···~ .. . : ~:. 
.. . · .... 

: .. : .. . 
: , .. 

•'. 

:.:· :· 

· ... 

. . 
'· ,: . .. . . . ,, : ·,.: ... ,·,· ... · .. · ....... : · .. 

. . . : ...... . ,..:; ·: . , . . .. 

. .... .... ·. ,..,.. 

·. : .. 
· .... ~ 

... . 
·, . 

. ~· . : ........ . ·<·: . . 
:.: ... . 

·: < • . . ·. . .; ·· .. 
. ; . : ·.·. ._, 

. ~¢:ro ~IN P;i.ge 3 . . . . 
· .... · .. :.:.:· .· ..... · .. 

'·: ·:· 

: ·:. 

. . :. · .. 
,· 

. . . : . ~ . 

... 
.· 

, .... : : 

. . ~: : : . 
· .. ..• . 

·.· 

···. 

.. ·:· 

. ) . 

·:. , .. 

.,,,. 

. .: : . ::~·:·~· 
. ..... ,. . .·. 

.:·· >. :··.'. . ·. ·. 
~·: ·. 

:!· 

. ·~. . . . ..... -~. ·/ . 
. ·· .. ; . ·. . . .'.:::· .. ··.· 

.: : •. ·..... . ... ·. ·'"· .·. . . ·:: ·> . . .. : : ~ :· 

...... 

.:: .. : . : ·.: . . ;· ... · .... 

The gases that you generate will react with water in a drop of Yamada 
indicator to produce acid~ as follows: 

(' ) 

(Note: This is the reverse or equation 3.) 

Yamada indicator will be violet to blue colored if the solution is 
basic, green for neutral solutions, and yellow to red for acidic 
solutions. 

Sulfur dioxide reacts in a similar fashion to form sulfurous acid: 

(5) 

we'll not consider the effect of nitroqen monoxide on water because it 
quicklY reacts with oxygen in the air to form nitrogen dioxide. 
Nitrogen dioxide then reacts with water forming nitric acid and nitrous 
acid: 

(6) 

GeneratioD of Bulfurio Acid 

A current area of soientific study is how sulfuric acid is formed in the 
atmosphere. Two hypotheses have been identified. The first states that 
sulfuric acid forms within water droplets When sulfurous ecid is 
oxidi~ed by nitrous acid: 

The second hypothesis is that sulfurous acid is simply oxidized to 
sulfuric acid by atmospheric oxygen. The difference in these two 
hypothe.es i. the presence of nitrous ecid. You will design en 
experiment to test each hypothesis, and draw your own conclusions. 
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S.~~t\/:..t~:::'(. :.' .. · ,, ':·,,,: :;·,, ·'· .. \ ·:.·: •' •.· ··,' ''. ·': ..... •:._;·. ' ~, ........ ·.·. '. ' . ·'· 
- ' ; . , : '' .• ' '.;; . :. ' '-- _:: ' . . . . : .'. ' '. - :- 1!10 

. : ~ ... . · ·:. ::.:::.: . . . · .. · ·.. . . . .. '• ., . .. ,: . . . ·.· . . . . 
::: . ,. ·:·,, ·:. . .. :.·. :.. . , . ·,.. .·. ·'. 

J:?·~·. :: ... ,,.· · ..• · ·.·., .· .. · ... , .. ·:·.·. 

<'.~·tu~ ... ~£, .. ,>~. ·:·. :·, :.' ,,:· .. :-··>:·· ; ••.. : ;-· ' 
~ '- ~:. ··- -~_oMc~nu'1't~~: o~ oAls,a .q~~~Ta~ ': . 0 ,· .'·: . . ' :" 
:: •:; .' >< ··i; ,', .:~olili>a~~;;_ti\'~: liailiht-:~ci: :e~~.,;.ioz:i~ . (6r: . 94J!n:e.~atin~ co~ ; .so 2 ;/ and. ~o-• ·: • 
.·•: .ft9n;.tti,,ir ·resp~ctive aCJl.:lec>.us · iSiil:ti!l'.· ·· ... Th~ ' b-..1ariced eqµatiori ;for, CO.i !'las_.• 
. ·• ~e~Ji; P.:i:oyt~e.d feq'u,ti:ons .1 ~J) • : ; .1{qi1 .. mus.t. W.r,ite and . t>a 1a'rice ·.£iqu<t.tf ons, > f Pt: .·.. . . , 
;· :~P: . and NO, ( s,e_e ::par:agi.aphs > c .. l: ~ a~d D<' La · .. be! ov.) •.. Base~:.on t~ese . , · .···. 
: . ~~ationS., ·.!;l~tet.mln~ · the· rat_io ;pt. iitr>les .9 t iiiJile~iJs ~· ~alt. t(> li\ol~s 'o,f. 9a:~ ·• .. · 
.:; P,ro1.~u~~"-·· ~~Q.1111411lf:!h salt~ .. Jou mu.st adjust t}le c~n-=~nt~at1ions. of. the salt . ·:: > 
·'."$0 .1,1tl'9il$ to.·•· .nsut~' th~ siune .. n\Jlnb!!r: o.f Jit!:i.leS.: of ;gal? w:i.-1 ·•.be .p:t:od.uc:ed il'l 
'.//.~J...~<t.ttr.ee cjts·~~; · wtf~e<::ttie .i.~~i~~ i>e1cw :< · . '. · ··: .• · , ·· ·· · ·· · · . · 

:··~,: ·;· ... · ... , · .. ·: . : . ·.:' ·. :· .. ·,. .. .: . . · .. ; . . :··· .. :.: .. . :: ... '.. . . .· ': . . . . ...... .. . 
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:· .. · .. : .. 

.: . 

,:,:, .. · · .. ·.·_..... '. 
, .... 

:.::·,· 

. ·. -:·. ~ .. , 

.;, 

· ... 
: : : 

. , .. : .. 
: . ;. . . . ...... : '·: -~. ·,, . ... ::. . . 

·: .. ::;: . > ·~· : . . ... · 

. '• 

. . ·. . ~ . 
·;. 
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. ··. :: i . .. ·, ... : ... : .. ·.:: 
.,.. : .. ·· .... 

. ; .... .-:;:_. 
~· .... 

IUllUKlIl'UL 

1. - Compare the balanced, equations for generating COl, SO~. and NO 
from their respective aqueous salts. The balanced equation for C0 1 has 
been provided (equations 1-3). You Must write and balance equations for 
SOl and. NO (s .... par.sraphs C.l. • .. nd ·D.l. .. below). Based on these 
equations, determine the ratio of moles of aqueous_salt to moles of gas 
produced frOD each salt. You must adjust the concentrations of the salt 
solutions to insure the same number of moles of gas will be produced in 
all three cases. Write the ratios below: 

" 

2. Your ratios should indicate that Bodium Bulfite and sodium 
carbonate produce the same amount of 9BS, while sOdium nitrite produces 
comparatively less. Both the Bodiu.carbonate and sodium sulfite must 
be diluted to produce the same amount of gas as sodium nitrite. Based 
on the ratios from parilgraph A.l., calculate the new concentration (in 
molarity) of sodium carbonate and sodium sulfite solutions nseded (the 
stock solutions are all 1.0 M): 

Nav lIa 2oo, 
Coneentrat1on 

lIev lIa2503 
Cone.ntration 
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.· .·.·· 
. · ... ·· 

··:·.:·· .. . . . . 
.. : 

. . 

.. 
··'· 

. .. 

. •. :: .. 
. · . . ~· : . 

.. : 

.... 

: .-:> : . ~ . 
··~.. .· ..... .. ..... 

. .. . ·: .. > : .•.::: .. 
. .•. : : 

.. · .··· . ::•. . · ... .... · .. . :· . 

·::· 

... · ... .··. 

, ... ·.· .. ·· 
. , ,. 

. .... 
.· .. . · ..... . 

.. : · ... .· .. 
...... 

. . , . 

. . · .. ~. . l•wa or· co ·. oil nTiia . . ..· ·. • •... ·. · · . . • ' . 
(,, ·., : .1 ~ • Dil~t~ ;our st~ck ' so],iition of BOdi\,im . ea~bo11~te. a_!! det;;ri;;i;,_~<i ·-:i:,y 
:: .. the. above ctllciilations . tc»_ obtain ·the . nece•saey Qoncentration ~ . .o~· this. • . 
/ .. bY..·piacinq severai drop• Of : YO~r: 1,;o· M stcick solution: (In a . (lie~n area· of ' 

. the reaCtlon .surfaeji! •and. add the correct i\U:ml>er of. drops ·of deii)nizec1 .·.• . wate.r. . · " · · · · . . . ··. · · .. · ·: .. . . . . . .. . . . . · 
. '-... . . . . ~ . ·. :. . . : . . . 

. ~ . ._ ; :.2. . ··Piac~ two ci:top~ ~i ¥am&;da .J.h~1~at~r: in the tiet~i dis~~ : ' · '.: 

.: ..•• . 3 ~ Rfn~e itn'•\in1ah~~ed niicrciburet< s°~;,ral times with d~lonlzed .. <·· : : 
.. water and t.heJ) use it .tq.'trans.f'e~ your. dll,\iteci Na2Cb3; . Pl.ace two •.drops .•.. 
. of .the dililt.ed Na ~C03 ·. neair •. but: no.t · touchinq . .' the: drop of .. iridi(;:a tQr. arid : ;.. ·.:. : 
• :cover the ifish~ · . it .will: be: import.arit . to. have tt\~ . same c1ri:ip .l!lize in ea.ch 

· .. section so the .Ylll!t u.nlabel9!i .mic.r;obur.et must be .. u.sed each ; time. · · .· · .· . . 

:. . " ~~ '. t~ref~~J.y lift 'an;:edCJ4l1;,6f t}i~ -li~i ~;.d ~dd one . cii~P;·Of 3 .~ H~6;; 
' .di~e'ctly on .top of the. drop of Na2COi; .. Dli!!SQ;l.'i};le.: wh;:1t happens to .b,oth · 

· ... ·. • ;lir!>ps~ · ·•· cd.ntin~e to ma~ obse.tvations. f9r. a"t:.. lea-st two minu~es • .. • .· .. . 

.. . . . . •.. : . . . · ·. ; ~; · ·Evoi~ti;n;)o:i .ca~b?.n. i:iio~icie ~i:p, ii~ · i.nchc~t~d :b.Y. .1;h~ . . .. . 
. .. , ·':'PP~~.J::~nc4l•; 9fbubbles (t;gui.ltj,ol\s ' }:-Ji~ · The,.co~o.r change ·of the ... · • . . . 

: .1,~d.icat1;1~ :.i.s d_"1.• to ~he f'or111at1.on ~f ;car~0;i..u;: ac~d . as the car~on . di~xide 
.,.; ·::a~sl3o1v.es int9 .~e .drop and • re~cts . w.1;th the water~ ... ·.· ·: . . · ; •.. · . . ·... . 

... · · >:· · ... · 'b; · c~rbdnic·•ii'~id :1a .·a::Weak ·~ci1a; This ~~lln~ tha~ it ~oesn~:;;: · · 

. .:'! :'~.iss'i:>cl:ate:•.coiiipi~t~iy tc{ qive •;1.'0Q\ ·hyc:t'rO,rifym.· cli}o•f io.ris •. and.'bi.cai:'bonate .•.. 
1·< ··; <".C6~:J · loris. tnste.a<1; ·· ;it par.ti;1lly . dissociates;··••nd• ~n :equilibrium .is ·. , 
~ · ~.9:.~a~l~shed: ',' ·' ; ;'·· · •. '.>;·· •··· ·· ·. .J( ,.· · · ... (•: 

· • • : · . • · • .:Aero RAiN 1'~ge .) · · • . \ ;:'.•• . •';'''• .. :· ,·· ·~·:: . . ... ·. •. . . · .. ·· . . . .':·. .. . .. .. ;·.:· ·> .. ··. ·: ·. t.. . .. • . . . . : ·~··· :·, ::. · ... ;,. ·:: · .. : .. ·. : :·· . . ·-~.. .::· ..... :. '·: 
.. ··. , .. · :-:·· •.. · ..... :: . :.~· " . ···y·· .....•..... ·. ·... . . . : ' • .·.: • . .. :····· . , . : . . : ·, .. ;·. ·::: .... ·: .• ·... . . . . . .. ~. ·. .· .. ·. ... ' 

I 

'"' 
a. Now U$f! the relationship, M, Vl .. H1V" to calculate the number 

or drops of aqueous salt solution and deionized water that must be mixed 
to obtain the required concentrations. Recall that M is molarity of the 
solution, set V,-l drop and solve for V2' V2 is the new total volume 
(in drops) required to obtain the appropriate concentration. By usi ng 
V,-l drop, you will obtain the number of drops of water to add to d i lute 
the solution (the -1 accounts for your initial drop ot solution). For 
both Na,C03 and Ma,SO,,_ IiIhow V" the number of drops of 1.0 M stock 
solution, and the number of drops of deionized water mixed to obtain the 
correct concentration: 

Dilution 
Dau. H.,CO, Dilution 

Data II. , SO, 

1. Dilute your stock solution ot sodium carbonate as determined by 
the above calc~lations to obtain the necesssry concentration. Co this 
by placinq several drops of your 1.0 M stack solution on a olean area of 
the reaction surface and add the correct number of drops of deionized 
water. 

2. Place two drops of Yamada indicator in the petri dish. 

3. Rin •• an unlabeled microburet several times with deionized 
water and then use it to transfer your diluted Ha2CO). Place two drops 
of the diluted Na~OO" near but not touchinq the drop of indioator and 
caver the dish. It will be important to have the same drop size in eaoh 
seotion BO the ~ unlabeled microburet must be used each time. 

4. Carefully lift an edge of the lid and add one drop of 3 M HHO, 
directly on top of the drop of Ha2CO,. Describe What happens to both 
drops. Continue to make observations for at least two minutes. 

a. Evolution of carbon dioxide will be indicated by the 
appearance of bubbles (equations 1-J). The color change of the 
indioator is due to the tor.ation ot carbonio acid as the oarbon dioxide 
dissolves into the drop and reacts with the water. 

b. Carbonic acid is a weak acid. This means that it doesn't 
"dissociate camplstslyto give 100' hydronium (B, O·) ions and bicarbonate 
(BCO,") ions. Instead, it partially dissociates, and an equilibrium is 
established: 
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. ' . :. ·. .· .. : ·.·. ·.· :. : .. , 

io~ 

·.: ' ·:· .. ·.·· 

,: . . ' ·. H;C.o3(oq) ~ H~Q( ~ i . ?. ,. H~o·(~~i + :HC03~ (aqj (8) 
·,: ... ~ :· :: ·; : .:::' :. . .. , . :. . .,· ., ·~ : ... 
. , 5 .' Repeat steps 2 '-4 using 15_.20: drops of 'freshly dra.wn deion.ized .·. 
'.' •W:a:tei: 'instead of the indicator~ Rinse out .an unlabeled. m.icroburet with . 
· de:i.onized water. After: two,·minutesj insert yoµr .cleaned, . unlabeled. . . 
. ;microbu~et .th:rou9h .. the .. entry p~rt. to. remove eome of the a<; i difled 'water . .. 

· ;Place three drops of .. this solution. on the -reaction surface ar:ld add one ·.· 
· . d:rop .of indicator to it~ , , . · < · 
' ' ·..• 6. ! ~i~i:at~ this ~olution of. aqueous carbonic aci~ to d~t~rmin~ hQ.w 

. much ·acid was .produced by .the carb.on .dioxide ·gas. The. pr.oc.edure • t.o · 
· · titrate is: · · · · · · · · · · · · ·· · · 

··: ..... . ··.:. : . .· ...... · 

>·. . . .. -.~ First .empty .an unlabeiea microb~re°t ~rtd r-inse it s~verai 
·t.bn-eli ·. with :deionized · water+ · .. · . . . · 

. ·,b .' .. Plac; 10,-15 , d~ops i;,f ~res~l.}' dra~n .o. 001 1!1 .. sodium .. 
hydrcxid~ (NaOK) onto the reaction surface and siphon it up with. the . 

· ' c.leari; unlab,eled <micr.obur.~t. Alv .. ys transt.er .the acidi~ied water. and · 
NaOH' with 'the ••• iliicrobure.t .to .ensure .the drop· sizes .are always the · . same. We' ~iii assume that, OD• 4rop ba• • . vol.um• .of 2.oli:.10.:. s L.~ . 

.. : 

! .· . : c . . C!lrefuily add the base (!{~OJI) oiie drop at a ~lnie .fa) thie . 
;- • ... aci.~ifiec:l. watet on your .rt!acti.o.n sur.face ; · .continue .to carefully add : ... 

. ,4ropwise . until .the in.clicator .turns 9re,n firtdicatinq · the so1ution · is no . 
lonqer acidic)• count .. the, number. of d;ropa added; At this "equivalence . 

•' point~, the ~ nµliber .of iDoles o.t t>ase addl!ld .egualiS . th.e number .of mole£> of. 
hyd;r~eri ionB. p;re~ent<in,• so.1ution. · · ......... ·· · · .. • · .. · · .. . · 

. ·; '· . 
. •·· · .. ·•.•· . > ' ct~ ·. If. the .indicator. tut"nt!d. ti1ue; you :have pa!'Jsecl the.. . 
oqiiivaienc:e po.int~ Assume• that. 1 / 2. of a drop of' base would have · yielded . ' ·. 

••• tlt.89Z'eeJ'l .. COl01'., . then, total •the . number. Of . dr.ops· of. base .added.. . .· 
' '· • • • <. • • 

~<· · , . . ~~ . R~i;:Prd the coior°fi Qt .you~ ~c1cl1f1ed ;water with ~ndi~~t~r 
.•.. befor~'. .afici after · the titration~·• Also recoi:d.· the. nuinber of'. . drCips· .NaO.H · · 
· added~ .··· · 

... :·· .. . ·.,:. 
. ·:. 
... 

. :· ... · . .·.,Co~~~ ~f: adfdlfiius wat~~ fro~ tjenerjlti..on: of C02 ··:.· . ; . 

. . ,. 

: :.:·.·. 
. ·.· :. '· 
: '> :,: ... . .. ~ . 

: . ... :. · . 
~ ..... 

. :. 
. '· . . . , .. · 

' .·· 
.'.· ..... ' .... · ·.·· .. ·,, ., .. ·'· .. ··. . . . 

·:. ·,~~iiti~if ~.t 'drop~ : o ~.o.~ i. ·;~ · iia~~ ~d~~d: ·.·•.··. 
··: 

.. .. . .·:. . '·. . ' . : ... . . . . 
. ·.; ~·: , . :.. . .; .:·. ., .· .· 

·.;>: , ·· ·· .. 7;~ : . Clea.Ii and. drjr tbe . pot~i. di·h~ ·· 
. .. . .. . . ~· .. . . .. 

,: . 

•'· ' .':. •' :;. : ...... 
; .. 

.. : ........ 
··:: :, ... :· ::···.::·· ... ; :· . . 

· ACID · ~:I~ · Page··.~ ·.· .. ·.· .. :·· 
.. ,·· ..... ·.:~ 

.,·. . ... .. ' 

. :. 

. ... 

:·. .... ., .. 
..... 

.· .. 

. ·: .. : )_;· 
~ : 

:. : . 
... ··. 

.. · ..... < .. 

,. 

5. Repeat steps 2-4 using 15-20 drops of freshly drawn deionized 
water instead ot the indicator. Rinse out an unlabeled microburet with 
de10n1zed water. After two minutes, insert your cleaned, unlabeled 
.icroburet through the entry port to remove Borne of the acidified water. 
Plac~ three drops ot this solution on the reaction surface and add one 
drop of indicator to it. 

6. Titrate this solution of aqueous carbonic 
.uch Bcid WBS produced by the oarbon dioxide gss. 
titrate Is: 

acid to determine 
The procedure to 

how 

B. Yirst empty an unlabeled microburet snd rinse it several 
times with deionized water. 

b. Place 10-15 drops of freshly drawn 0.001 M sodium 
hydroxide (MaOK) onto the reaction surface and siphon it up with the 
clean, unlabeled microburet. Always transrer the acidiried water and 
NaOH with the .... microburet to ensure the drop sizes are always the 
aame. We will aasume that 0 •• drop ba. a yolua. or 2.0K10~S L. 

c. Carerully add the base (NaOH) one drop at a time to the 
acidified water on your reaction aurrace. Continue to carefully add 
dropVi •• until the indicator turns gr •• n (indicating the sOlution is no 
longer acidic). Count the number or drop. added. At this "equivalence 
point", the nu~er or .ales or base added equals the number or moles or 
hydrogen ions pressnt in solution. 

d. If the indicator turned blue, you have passed the 
equiValence point. Assume that 1/. of a drop at base would have yielded 
the green color, then, total the number. of drops of bage added. 

e. Record the colors ot your acidiried water with indicator 
before and arter the titration. Also record the nUaber of drops NaOH 
added. 

Color of acidified water from generation of CO2 

lefore 

Nuaber of drops 0.001 M NaOH added: 

7. Clean and dry the petri dish. 
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<. c. 7~F~~c'l' ~~: s; ~ : o"; 1t~~~~ , .. . :_. , 
· !. · · -1; · Usie sodium .sulfite .. (N.a;:Sb3) to .peitorin an ~xpe~i~erit sh~wing' .. ··: 

tlle' ei.'fept ,of .5(!2 on wat:er~:: . r.ollo.w: the same .proce(ltire as . you used in' · · .·. 
·"sh,o~l.ncj ·the effe¢~ '. of, CO:i on· water. (scictiQllJJ); :(Remember . to. ch·a'rige ~he 

.··.' ·.· cond~n .t r 'iit·Lci n io( >y6ur ~i:.oci.k · .solu ~Lon t~ id low'· for 
0

gener.a ti on •ot .e°;zuai 
· 1J10.l.c~ <if so.2; coz:; . iiin<f .-f!O. J . . · . ·.· .· · · . . .. '. 
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C. E~~ECT OF 802 OK WATER 

1. Use sodium sulfite (N8.,S03) to perfer. an experiment showing 
the effect of 502 on water. Follow the same procedure as you used in 
showing the effect of C02 on water (section 5). (R .. memb e r to c haos" the 
conc~ntr.tion oC your stoc k solution to allow (or g . n.rat Lon of equal 
1101"5 of S02, C02, .ond HO.) 

caUTIO.1 U.OY. DD'rULl:IB 'l'BlII PO:I8ONOIJ'B B02 BY ADD%HG 3.0 M 
UKOIfIUJl HYDROZIDE (0.08' '1'0 'l'IlB UTIU D:l8. PR:IOR '1'0 llBMOV:IllG '!'Hill LID 
AND VTER TOO' BAVii IlEKOVED YOUR AC%DJ:FJ:IID 8JU1l'LJ:. 

a. The reaction of Na1SoJ and acid is similar to the reaction 
of acid and Na,CO, (equations . 1-3). Write the che.leal equations tor 
the generation of .SOle., trom Na ZS03(.q): 

b. What acid is formed when SOz di •• olves in water? 
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'· . 
, .· ... 
,. ' t • .·,. . 
•. ,.··:· . 
~. : . · :• ·, t£: .::. The 
~ ··of carl)onic .~did. 
> : formation o~. ·a¢ id 

ronat:io~ ~~':t;his acid i~_' ~~~l~ous, .to th£{ rd~~tion 
' Write ·the .. ·che:mical reactiorf ·.that desc ribes . th.El-:· 
lfh~n· water ,reacts:· wi th SCf2 •.. ,: . · · , 

_, . '. 
' . ~ .. . . ,. . ~ 

.. -. 

·, . 
. . . · . . 

. . ·. ·;: ·::.:-.. 
-; . -~ . 

. .. 
: ·'' .. ·· . .... 

' . 
. .. . . 

,__~· ~· .;,....~....;.~~~ ...... --~~~~~~....;.· -·· ~· ~._~~~~----' 
. . . . . ·~ 

; .. . . --·' .. ' . . :· . " . . . ' ~. . 
".:. d. After diluting yaur .stock solution of sodium sulfit,, · . 

. transfer. :tl!O . (frops o f the· ·dilute.d solu.tion with an unlabeled microburet 
·(don't forg~t to r.i!'l•e it fii'st witti deionized water) to the .petri dish. 

·· Add· n i tric acid· to 9~nerate. 802 .and ah!)W its .effect ·on a drop of Yamada 
indicator. ·REMEMBER TO 'NEUTRALJ:ZE THE so 2 ~FORE 'LIFTING THE LII) . OFF! . ' ~ . . . . ' 

. 
:.'.• 
.:.~_ .. \. .. •, ... ... , . ' ... 
'·'·, 
r ., .. . . , .. 

' ~ ... :.- '•,' 

' ' ;'. . 

. . ' . 2. . ·Jtepea~ the cjene~a~ion . of so 2 "ueing . fr~-hly drawn' deionl zed 
,._; · ·water and· YOl.\r diluted Na2so3 · • . 11,•• th~ t!•ma amoti11t of deioniz•d wat;er 

.. ' aa.' ytni: use~:·in B.5.b: · COllec:t;: a · sample aft• r °!:lfo·:minutes and titrate "' 
: .· ' this : ~aniPl~ ,\,J$..;119 o. 001 . I'! !:fa~~~ . The ·t~tJ;'•t.J,.o,ri. pJ"opaduJ;"e is ou~l.ined , in 
:;: . par!lgrapha .s,. 6. a - 8 , 6. a.· . ~n 'fO. DUT.RALX'B " rlD 80 2 I Re~r4 . your 
;: : rii•11l ~a lie low i . · · ' · · · · · · 

,., ' ' ' - : ··' ' · .: ·: 
1 -

~ -.-. -/·' 
-~ . ~lOJ:' chanqe: 

y 
. . . 

: .. KUJlbar o~ drops base added: 
.. > . ' 

3 • •.• ·. Cl«tan an~ dry the .'pet'r l di•h. . . ' . . . ·' ..:: .; . . 
:. ·D •.. ·,ll'JIC'J' .qJ\ .lfOz Olf ~ria• .. : ;<, .. ; .. ' ' . : ·· .... 

. .. 
. ,, .,,· ' 

; ;~:~'.• .' ' ' . ,:· ·,.·:··:··.-· .... ;'. ·. ' . _.:. .. ,._: ...... ·:~ ~ ·_. ' ' 

_;., :: , ... : ·1. ·-:· f~t·~~Pli a1f e~p~ri.;~nti ·la: show th•' e(fe.ct·._of nitroqe~ · dio~tde 
;, . . : (NOi ) . on ' water :uain9 1. o .M NAll02. · 1'0U1· K1J8'.l' .. Uftll.Ll:IB 'l'BJ· 110/JIO, ' 
' ' ' ltincaIMIXG Ill Tllll H'.Hl:l DID WI'ill D 40JU . • ·/ . · . ' . •, : , . . .. . ·. . ... . - . . . -.... 

- ,. . . 

.. ', ... ' 
~ · ~·. :>. ... ,. 

· ..... • < 
• I • 0 " 

r ... -. .,,. , \'~ ~ 
·~~-.-:.. . . 

.: ... . :~-.. 
.- .• 

..·:· . ,.• .... 
\, .· . ". 

'· _,· '1> •• , • •• •••• ,,, ... ~ 

.. :·': ::::: 

·. 

· . 

•'I 

C. The 
,of ca~bonle acid. 
!cr..ticn of acid 

, .. 
fo~tion of this acid i. analogous to the formation 
Write the chemical reaetion that d~.crlbeB the 
wh~n ' vat.r react. with S02' 

- d. After dUuting yoUr stock solution of .041u. BulUte, 
traru.:tar two drops of t.he dUll_ted _lut.ion with an unlabaled. -.icrotNret 

'. "(don't forqet to rin .. it first with dalonhed ".tar) to the .pe.tri dish . 
- Md nitric acid to 9!lnarata SOl and. shOW it.. _.ffect. on a drop of y ... da 

indicator. REMEMB!R TO IfEUTRALIZB 'niB SOl BZFORE LIFrlItG 7'HE LID Or,. 1 

, 

2:. Repeat the 9.~r.tlon of S0 2 using freshly dnwn deionizllid 
vatar and your dilutad .alSO,_ u •• tha •••• a.aunt. of d.ianl~ed watar 
ea.- you used in B.5.D. Collect iI •• apla aftar two stnut • • and titrate ' 
thi. ,.ample using O.OOl , ~ NaOH. The t~tr.tion procedure i. outlinad in 
para9raphs 8,.6 •• - 1!I.6... ... ..... to nl!'l'R&Lx •• 'J'DI ao,1 .aaord YO"'" 
'H._Jt. bal_1 

Color chanqal 

~r ot drops.,... • .so.csl 

l. Claan -.nd dry the petri 4i.h. 

D. ,i:I'''Ict' 01' ItOz 0)1 .... '1'Ii. 

1. Pertor. an experiment to .how the aftact ot nitrogan dioxide 
: (~,) o.n water uain9 1.0 M NaMO,. TOO' Il1Ift' •• O'l'DLl.I 'fl. MO/m, 
-..... t.IXG t. 'l'IIII """1 Dt .. non: ".081 

. . . 
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"' .. · . • . .. ... · . :· .· . .... 
. . •.. . .. ··· .. : . . .... . . 

· ... 
· ... . . ·., .... · ... . l ()5 . ::·. 

·' 
'· 

; > . ·.· ... · a. it.e to11ow;n9 i wo eq.:i.itiO:ns have 
: .·. Fill .. in t .he last. ectu~tiofl for 'the .forma.tiori of 

i:>f :water: ... 

been fill~d in for y;;;u ~ ,. 
NO in an aciditied .drop • ·. 

. .. 
. . :~ 

. . ,.. _.;.,.;.-.,........;..•' _.,.._,;.;........;.. ________ _.; ________ .... . ':: 

.: ... lfallOi . ···· 31 . ~a~i•iil ·+. N02~·t•lll .· 

1102 ~ l•<il f H' (Oq) C at HNP21 oq) 

( )! ~0.1s1 + l:l2D1i1 
. ·' 

. . . . .· . 
. . . ... ~- .,. · writd! the eqiia~lon tor tti• r.•actl~rt of No;an<lwater; 
:: .... ' 

.. :. 
. '· 

. . 

. ~ . 

. c~ 
: .. you see: . 

: . . 
·. ·... : . . 

, . 

·,. · ... 

.' .... . ..... . . 

. .. ·: .. 
·. ,:.::· 

:.· . 

. , 

. . : , : .. 

' 
... 

:.··.· 

. .. .. . . ·. :d. Th• brown i::olore.d gas p~~c~ i• No 2 • ?fitrOCJ'en aonoxide ·· · 
(NO) is .a:n unstable gas; :~.,,~ i• lllinedia.tell( oX:idizec,i, t .9 N0.2 by. . · . . 

. at11106phei:'i~ cixygeit . .111 .the · petri dish •. • Nit;rogei'I . c,i~o~ide · illi . a poisojious ·.' : • · 
•gas • . -IT TOO MQST 8B NEtrrRALl:Z£0 8Y AODXNG Nll40H TO THE :P.ETR:l DISH~ '. 

" • followed b.Y. a wait of appll'O~iillatel)'. thirty seconds • . : .. · · · · · ·· 

· ·~~sh.2. ,A.tt•r .. neutr~lizing any exe~sa No2,:;.C:1ean and d~ th~ ~et~i •·•• -

, .. , . . . . 3 ~ ·. ~ti~at• a . p~mP.~~ .of '-'ater: ac~~i ti9d with ~o i. • Record . your . . . : · 
i;e13u1ts J:i.elow. : .R£HE.KBER TO NEUTRALIZE THE PQISONOUS NOi GAS USING NH40H . 

" .. AF,TBR REMOVJ:NG .:YOUR ACIDIFl.ED WATER SAMPLE, · BUT ltRJ:Olt TO. RBMOVING THE . : .. 
' PETRI DISH LID! . . . . . . . ' ' . . . . . . . 

-.. ·.·• ' ·~ c1 .. e:n and ~cy th" 'petri ~is)l. . 
·.,: 

· .. · .·.· •.. ··: .. ·:. .. . .: .. • · .. · .. :. ...... . ··' : ': 
. ...... 

. . ·'. 
. · .. ·~ .. 
.. ···. 

, :: . .. .,. , ,;:: .:. . . '. ·' .. .· .. 

: .. 
. .. .. ·. . :;. ·. · .... 

. · .. 
. :. : ... · : ;,··. . .': 

·· .... ·.: 

. . . '· 
. . · ... 

·'':· . 
·,;· .. ·~ - . ~· . :: ' .... ·:··· .. . : . ,.:· 

105 

a. The tollowing two equation& have been filled in for you. 
Fill in the la&t equation tor the tormation at NO in an acidified drop 
ot water: 

IfO~ - I.qJ + H· ( .~)" ~ IIIfO~( •• ) 

I it NO(~) + n,On) + RNO" •• ) 

b. write the equation for the raaction of NO, and water. 

c. Generate NO to show ita .ffect on water. Deacrib. what 
you see: 

d. The brown colored gas produced i. NO~. Nitroqen IIOnoxide 
(NO) is an unstable ga., and i. i"adiataly oxidized to NO, by 
atmospheric oxygen in the petri dish. Hitroqen dioxide i. a poisonous 
gas. IT TOO MUST BE NEUTRALIZED BY ADDIHG NH.OH TO THE PETRI DISH, 
followed by a wait of approximately thirty seconds. 

2. Aftar neutralizing any excess H0 2, clean and dry the petri 
dish. 

of water acidified with HO,. Record your 
NEUTRALIZE THE POISONOUS NO~ GAS USING NH,OH 

WATER SAMPLE, BUT ... :1:0. TO Rl'!MOVING THE 

4. Clean and. dry the petri dish. 

ACID RAIN page 9 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.. : :, :· :: ··· .. . ·, :.:. ·:, .. . :.: . . : . .:· . 
. .. : . · ... 

. ~· 

: ~ :· ... : . ·. · .. 
. '. :. ;. · .... 

..... 

:. 11 •.. ;~O..,.TIQH 6.~ atULl'URIC ACID . . . • 

. . . . .. 6e$i(ji{ an ~,ipe~ibient t~ te~~ tlie ~1110 hy~~thes~s about 'the ; roi.-m~tion : · 
C: of ;sulf\iric acid in a rain 'drop. The experiment should have at le.as.t : '· · 
, t:hre.e p~t'tii: · · , · · 

: ••· ·· ·. ·· a • ' Proce<!u~e • (e~perimental). Outline you~ prc~e~ure t~ ~llusttate · ••··· 
.: wh~t yoiLwill 4<>~ Prawinqs may ~ helpful~· .. • .. ~ 

~ . . . . . . .. . . 

; ' b. •· pbserva:ti~ril!i (re;;.iilt~). ·. -Cpl,lect your obseriationi:; .in a way 
. that i& ~a!"f,l.y rel-.te'4 to ypur proce(l\iJ:e. . . . . . ..... 

·: .. : : . . , 
" . .· .. o. ¢oncl~~ions • . •:Evalu~te ~~h hypa'th~si& in . light of the .· ... 

, Q.bae~ationil ma,de dU:rfnq Y,OUr experiment. ; .. · . . · . 

• ·: . T~ h~lp you CJ~t started, you ha~e b~en prpvide~ with ~~l M . 
•ea (MO 3 ) 2 , ·.· This . will be. used as a .probe to det.ect the presetl,ce c) f so 4 

2 • 

.: . .bt ~i"ing • white precipitate, indicating the formation of sulfurlc >acid 

.. .•• ~ppoaed fij 'au.lfurpu• acid. ·.·. . . . .. 
. . :·- .. .. .' . 

, >. 

·~ . 

. · .. . .. . . 

. · :. ::'.:. ,: .. 

·. ·.:/:· ... :.· 
<. ·,. 

. . ~ . 

. . · .. · 

. ... . . · ... . 
:.: · .................. . 

. .. · . 

... 
·' . 

····.·.· 

: z 

.· . 

·.• .. ·. 

. . · : 

.. · .. · .. ... · . 

.... -
:. ' .. 

. . . .; . · . 
.... 

·.· .. · 

. . ,: .. 
... .. 

. .. ' . 

• >. . .·. 

. . . . . 

. . 

·~ . 

. . .. 

·. ·, 

. - ·:: 

. ... 

. · ... 

·. 
'· 

·, . 

. ., 
>. 

...• >- ; ,A~tei: c6in~letln9 y6ur exp~riment .•nd• receitclinq all neceS:S:atY. : . ·... . 
:·;. '.ii'lformat:ic:i.if; clean. and dry .tbe. p~t;ri . dis.h and reaction ·· surface. .Rinse.·· 
·· .. out:.: the .unlabeled miC:toburet several times with deionized .. water~. arid .. ·.· 
:: pertoi:ili. ariy other n~ce.li~~ri lab cleari ,ip. .. . 
. ~ .. · ... :;>· . .,... .,:· ..... ' ... t ••• • 

·.>~~. :::·: .. ;·.: .• :.· •• ·.' . . · .·.. . .: : ·: .. · .. : . . . . : . . .. ~. '· . . . · .. : , . 
_:;::· ; . ": .· . . . •. . . · ...... ; .. 
.... • •. · ...• --· ·: ... ···.; ... · .. . ....... · <.A. clo .. ~JN ;. i>.aii¢ 10 '· 
.. .. . .... . ·.•.·.· .•.. :. .... . . . .. .·:: . . · .. ·.· . : : 

.. . ... : .... . .·,· . 

. ... . ... , . 

~· ... . ·· .. . :: :. : . 
: ,., .. . ... . . . . ··.···· . . -~ . : , . 

. .. ' 

:. ;. 

\ () 6 

•• 1'0llllA'1'J:OH OJ' aULPURJ:C ACJ:O 

Design an experiment to test the two hypotheses about the rormatio n 
ot sUlfuric acid in a rain -drop. The experiment should have at least 
three par't.: 

a. Procedure (experimental). 
you will do. Drawings may be 

Outline 
helpful. 

your procedu re t o il l ustrate 

b. Observations (results). Collect your observations in a way 
that is easily related to your procedure. 

c. Conclusions. Evaluate each hypothesis in light o r the 
ob.ervations ~lIde during your experi.ent. 

To help you get started, you have been provided with 0.1 M 
8II(HO.I,. This will be used as a probe to detect the presence of so. " 
by giving a whita precipitate, indicating the tormation of sulfuric a c id 
as opposed to sulfurous acid. 

Aftar completing your experiment and recording all necessary 
information, clean and dry the p a tri dish and reaction surf ace. Rinse 
out the unlabeled .icroburet several times with deionized wa ter, and 
pertora any other necessary lab clean up. 

AeJ:D RAIN Page 10 
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. •' . 
. • 

.. l. · Calc~late the nu~er of molea of adid proc;l\tced from tl'ie 
generation ' of each gas. Use ·· the data from each titration that you 
performed, and recall that at the equivalencl!· point, the number of molf!S. 
of acid ·present equals the number of mol•• base added . · 

a. .Froa C02: 

: .. · 

2, Make a table · li•tin9· .each ~as, tM acid content produced, and the. 
indicator .. colora at .th• ~qinnin9 and end of each titration. What · 
comparison.a can be made concerning the capability of each gas to affect 
the environment? · 

.. ·. ·.: 

ACiQ .RA~N Page. 11 
.. ·. ··. ·.· 

' 

'" 
gapLU 

1. Calculate th_ nulllb.r of 11101 • • of iIIe1d prod1J.ced trom the 
qentl rlltion of .ach 9a. . Use the data frolll each t itration t ha t y ou 
p a rCor..d, and recall that at the .qu lvalenc~ point , the nUmber o f moles 
o f acid present e qua l s the number of .ola. base addad . 

i!I. P~C02: 

b. Pro. 80, 1 

c. Prca lfO.r 

2. Make a table Ii_tine; .ach y •• ' the a,,14 content pn'''l,lced, 
indicator colora at ~h. beqinn nq and and Of each titration. 
c omparl.ona can ba .. de concerning ~ capability of a ach gas 
the environaent? 

ACID RAIN Pa;_ 11 

and. the , 
What 
to .ftect 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. . 

' . .. : 

. " 

.. 
·' 

. ' 

1. 
incre.ase 

' . 
.-

-· 

What can 
the acid 

'· 

.._,.-=: 
. · 

be·:.concltided ·about 
~~ntent of · w:ater :i' 

., .. . 

·:·. :.: ....... ·- · 

.. 
.. 

'· 

, . 

" 

-.: 

··.,. :· 

··:·.;~.. . 
. . . . : ::· 

'• ,· 

• ! 

.. 
108 

' 

,. 

.. -,:'.. 

2. Wri te balanced equation• to· explain h01il each gas "forms an ac i d 
water. · .-with 

' 
·' . 

.-
' .. ., L 

., . .. 
.· .... •.·.:' 

. ' 

'· 

.. ...... 
.... :-.. .... , ·/,'~ --

··· . 
'·' .. · 

:,.: ' ':· .. : 
:), . What · e:a-~· be ;~onciuded " abciut ~h- -~~ta'i~y -~f all -rai n 
·c arbo.n <aioxicle is a · naturally. occiirrinc):qas? ' 

water· 9ive~ ~; .. . '•': .. • 
··.'' that 

.. ,. 
. ·; . . . ,. ,.,.,. ' . 

<· . ·. 
'• 

•. ·. 
'. 

4 . "Explain .why ,acid .rain i s pri 111ariiy a ·probl e111 in the Eastern 
u n_itad states •nd C(nac,ta as oppos.ed to ·.th.e western .United states. 

'-.' ·. .. 
: . ;, 
. "· <; 

.. 
'. ·. ' ;l.;, 

., " ' 

·c . l ong 

,. .. 
·-·-~~· 

~ ... •. ' 
',"). 

~ :.' " 
.. . ,· . ' .. 

" 

.( 

'· . r"' 

: - .-:. .. ~·· .. 
' . 

:.·. ··•''· 

. •: ·-·· 
. ·~ . : .:·, ..· 

···:: 
.. ·. .• 

.,_. 

,. 

do . yo~--~i~ - c:an . iioive tlie ac::i~ rain probl- ~~r 'the · .. 

·-

.. - " / 

_ ... -~--. .­
~ .. ·-

. ;.·· ...... 
• .. . ·r · • 

'·'·.· .. -.•.·_ .... ,,: ... · 
- - ·~:.; 

,• 

' 

·-

·~CID '.RAIN ~9_8 ~12 .... ·::·· 
.... '( · . .; ... 

.,. ·. :.:. 
' .· ... _·.·._. ,_: · .. · ..... ·•· .. 

·•.''. 
' . 

-~-- ..... ·.:····· 1 :~ •• 

·-

" 
·· . 

·' 

•• . •· .. . 

, . 
. -

,, ;.· 

• 
! . 

. .. 
. ,"'; .. · ... -~ ... ~ .. 

.':·: · ... 
..· :' ··: . 

. ·~ ::· .· . 
'; •,, -· .. . , , ;, 

.. 

• $ 

., . 

COIICLpllOll 

•• 
inor~lI.a 

.. 
Whllt can be concludlld abOut th. capability of allc h 911. to 
tha IIcid oontent ot 'watar? 

2. writ.1I balance4 IIq\WItionS to ' explain boW each 9all to .... an acid 
. with ..,.tar. 

3. Nbat can be concluded ' about the acidity of all ,rain watar qiven 
that ~ar~n dioxida i. a naturally oocurring qlls? 

4. £xplain wby acid rain 1. priaarily II prebl •• in tha Ea.tarn 
unitad Stata. and Canada aa oppoaad to the We.tarn Vnit.d stat •• , 

s. ' How do you think _ <lan . aolva ttia lI<li4 rain prObl_ tor 'the 
long tar.l 
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.• :P~t: LAB EXERCISf< ·• · 
.. .. : 

1 . · ' List those 9ases that teact with atmospheric water to .cause it to be 
acidic. 

. . .' 
·.· . . 

2• Write the equation 
water -_(hyclr0lyzea)': · 

for the·. fonat i on ~t "~cid when S0 1 reacts .with 

·-
: 

... · 
... · .. ·· 

·" .. -; 

3. What ia "acid content"? 

. :~ 
·' 

• .. 
-'·. 

·. 

•, I 

4. 

,. .. .. ' 

·:. 
Do HCl ancl· H2 SO, have .the••- acid content? 

·-:: 

' 
' 

. "< :· .. : .. ·' :~ 
··.:,. 

. .. 

.. 
' -

·· •.. . · .. 

' . .~.' ·' 

··. A~J:I). ~IN P!llJEI 13 .. 
: • • ·' ••• •• ,·.:.. • ~. t 

,· ..... 

' . 

. .·· 

· .. ·. :; 

' .. 

·. 
. . .. 

'" 
PRE LAB EXERClSE 

1. List those '1 •••• that react with at..,spharic wate r to caulle it to b4t 
ac1<11c. 

2 . Writa the aq\latlon tor the ror.at:lon of aold "han SO l reacts with 
water - (hydrolyze.): 

4. Do He.l and H,SO. ha". the .... acid content? 

, 

ACID _~I)f Page 13 , 
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' SPECTRO"ETlt~C DETElt"INATION 
·OF· AN EQUILIBltlUK CONSTANT' 
' cb .. i•try 131 -. 

... NTROQUCT I ON '. 

Do· all chemi6a:l rel!ctions qo to completion? Do they proqress 
· until •11 of one teactant is completely ueed _up or do they proceed 
·to only a limited _ex.tent; or. for that matter not at all? · These are 

' important questions · concerninq ·chemical equilibria which will be 
·discussed in this laboratory. . . · 

· A condition of equili brium exists in. ;a chemic•l system when two 
opposing reactions occur simultaneously at the same rate. As a 
result , products are ~einq formed frOlll reactants as qui~kly as 
reactant• are being produced from products. It is important to note 
that after equilibrium has been established, there will be some 
products formed and some reactants re111aininq. · · 

Not all reactions go to completion. An example of one that 
does qo to completion is the dissociation of ·a strong ac id, such as 
HCl,, in water: · · 

.. ·,·,· 
(i) 

'!'he , single arrow ind~~ates -practically complete product formation 
.(H3o• and Cl -i ; we would expect no aignificant amount 'of reactants 
·to remain if one mole of HCl is reacted with one mole of water. 

On the other hand, a system at equilibrium ·such as the reaction 
of iron(III) ion with the thiocyanate ion: 

Fe
3

• 1•• 1 ·+ sex-"••> ... ~r::=:i~~ (2) 

" 

11 l ,, 

''· 

· .... · 

is expressed using two arr~• pointing in opposite direc t ions to 
'indicate a atate of equilibrium• ; . ·. . . '· 

. . .~ . 

' Equation' (2) ::;1.:;a: -net ionic equation \iih~r~ Fe'• and soN-
: represent . the ., reac~~~ts and FeSCN2 ~ repre'sents the product. Y.ou 
cannot ' aimply. 90 to the corner atore and pick .up some Fe 3

• or scN­
ions: In this lab thef . F~ 3 • ' ion comes from an Fe(N03 ) 3 (iron (III) 
nitrate) s olution .and the sCN- ion comes from a KSCN (potassium 
th~ocyanate) ~olutio~. Nhen these species are· 111ixed in an aqueous 
•olution, the 'foll9w1n9 ions :form:· 

' , ·,.: 

' ' - ~QUJLIBRIU" CONSTl'NT ',~age l ' 

,, .. ~.; ·; .· · ... : •' '• , 

·' .. 
·. ·.: 

--~-

I"TlgpUctION 

S~EeT'O~TRle D~T~.KI •• Tlo. 
OF .M IQUILI •• IUM CONST.NT 

Cb_istry 131 -

DO all chemical reactions go to completion? Do they progress 
until all or one reactant 1a completely uaed up or do they proceed 
to only a li.ited extent, or for that matter not: at all? Th ••• are 
iaportant qu •• tions concerninq 'chaMlcal equilibria ~hich will be 
discus.ed in this laboratory. 

A condition of equillbriua exists in « chealcal system When two 
opposing r eactions occur .1.ult.~Wlly at the lIame rate . Ato. 
c .. ult, products are being tor.ed troa reactants as qul~kly • • 
r.actanta ara being produc ed tro. products. It is i.portant to not. 
that .tter equilibriua haa been established, there will be ao •• 
product. to~d and so.e reactant. r ••• inlnq. 

Mot all reactions qo to coaple tion. An example of one that 
do.. 90 to compl.tion ia the di.sociation at a atrong aCid, auch aa 
HCl, in vat.r: 

'" 
The aingl. arrow indicat •• practically compl.te product formation 
(H,O' .nd Cl-): ve would exp.ct no .ignificant amount of reaetants 
to r ••• Ln if ana .ala of HCl i. r.ac t.d with one mol. of water. 

On the other hand, •• y.ta. at .qullibriWl -.uch •• tha raaction 
of iron(lll) ion with t~ thiocyanate ion: 

, " 
i •• xpr. ••• d ~.ing two .rrow. pointing 1n opposite dir.ctions to 
indioata a stat. of .quilibriWl. 

£quatlon(2} ia a n.t ionic .quation where Fe" and SCM ­
represent the reactants aDd F.SCH l • r.presents the product. You 
cannot si.ply go to the corn.r store and ~ick up aome Fa" or SCH­
ions. In this lab the r.~· ion oo..s tro. an FeCHO,) , (iron (III) 
nitrat.) .olution and the SeN - ion coaea troe a KSCN (pot ••• ium 
thiocyanat.) .olution. Wh.n tb4 ••• paci •• are m1x~ in an aquaous 
.olutien, the -'tollowing iOfUl tor. : 

on 
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The K•(aq) and No,- (aq) ions remain in solution unchanged . from 
reactants:.to ·products. rons ' that remain unchanged in the over.all 
reaction · are'..«knowh as spe·ctator ions and are·: no.t shown in the·: n•t 
ionic equation. 

You can. derive 
for equation (2) :· 

(products) 
IC - -• {reactants] 

the correct equilibriWll constant expression, 

{FeSCN2 • J 
{ Fe''l { sc111 

(3) 

Kc is the ratio of equilibrium product concentrations (the brackets 
denote ·cdncentration• in 111olarity) to equil,ibrium reactant ·. • .• 
concentrations. Eacb concentration term is raised to a power· .given 
by the nulilber of • oles of tliat substance appearinq in the bala·ncad 
che•ical equation. In equation (J), all iaolar coefficients are 
equal to 1. 

OBJECTIVES 

There are three thi~s you should accomplish during this 
laboratory: 

i ·; Learn how a . standard l,aborato.fy· instrument, in this 
a apectro•eter, is used· ·to collect data« on chemical . reactions. 

2. Determine the . equilibrium conatant for a chemical 
reaction. 

3. Determine .. e,as, and aG for a chemical reaction. 

BACKGROUND 

,; In this experi•ent you ·will determine the . val,ue of the 
: equiiibrium c~i:istant · (Kc l for ... the reaction.: ; · 

. :. · .. 

Unfortunately for us, we do not k.now the equilibriua 
co!'lcentrations. of Pe 3 •, SCH-, or PeScx2 •, but only the initial 
concentrations of the two reactants, Pes• and sCN-. The equilibrium 
concentrations of FeSCN2 • is determined colorimetrically using the 
apect.rometer. rron(I:Ir) ,thiocyanate ion is a red-oran~e color and 

·the intensi'j;y of color increases. with . incre.asinq FeSCN • 
concentration .in solution . .. :.·.To determine the«"equilibrium ·:·, 

, .. : concentration:il· of Fe9 + ·and' SCtr, . we use the ·fact that Fe 3·• and: SCN-
., can exist efther as uricompiexed '(free) ions or as complexed Fe:SCN 2 • • · 

' . :The equilibrium concentrations of Fe 3 • and SCN" are found by the 

,\ . 

(·'!'.\ 

),.,·. . . 

difference between the initial concentration of ion added to the 
•~lution and ·the ·concentration of complexed ion ( FeSCN 2 • ). 

, ·:.· 

·112 

• 

The X·Caq) and NO, - (aq) 10ns r ... in in so1utlon unchanged from 
reactants to products. IonG that re.ain unchanged in the overall 
reaetion are known .e .pectator ions and are not shown in tho net: 
ionic equation. ' 

You ciln derive 
for equation (2j= 

{products} 

'. - -(reacunu) 

the correct aqul11brlu. constant • • pre.sion, k • • 

IF_sOt" ) 

I h'1 {sCM1 
(3) 

K. ia the ratio of .quilibrlu~ produ~c concentrations (the brackets 
denote concentrations In molarity) to equilibrium r •• ctant 
concentration.. Each concentration tar. 1. rai •• d to II power given 
by the number ot 801 •• of that substance appearlnq 1n the balanced 
ctwI.ical equation. In aquation P). all 1I01ar coefficients are 
aqua I to 1. 

oe.l~C"UES 

There are thr •• things you should accoaplish durlnq this 
laboratory: 

1. Learn hov a standard laboratory in.tru.ent, in this 
ea.e e speetroaeter, is ueed to collect data on eh •• ieal reactione, 

2. o.ter-ine the equilibriua constant. for a che.ieal. 

In this experi.ent you vill deter-ine the val.ue Of the 
equ.ilibrium conetant ' Ik.) f'or the reaction: 

, .-• (oq) • • 
Unfortunately for us, we do not know the equilibriu. 

cOf'Centratione of Pe", SClf", or FeSCN 2., but only the init.l,i,l. 
c0f'Q8ntrationa of the tlofO reactllnts, Pel. end SOl " . The equilibriull 
cOf'Centrations of FeSeN)' is deter-ined colorimetrically usinq the 
epectroaeter. Iron(lll) thiocyanate ion ie a red-oranye color and 
the intensity of oolor increases with increasinq FaSON • 
conoantration in solution. To deter-ine the equilibrium 
oonoentrations of Fe" and SON ", "e u.e the :fact thllt Fe" and SCR" 
can !l'xiet. either •• uncomplexed (free) ion. or lie couoplexed FeSCR" , 
The equ.ilibriua concentrations of Fe" end SeN" are tound by the 
ditterence between the initial concentration of ion addad to the 
~lution and the concentration of eo.plexed ion (Fes~2'). 
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. . · ·' .. . .. . .Y: ·.~. ·~ ;.. .. .·~ ~· . . · .... ,,, 
' . <,".: . :" .. ~ . 

··· . . . ~ . . ·. 
.... : i . . 

~~... ·.• 

·. • .. 
·'" ' · 

·, 

i . . » 

.. · 
. . , . . . Thi~ re~ctibn. lliust be conduct~d in ~: moderately 
> · 'so.1µ,tion .to prevent ·. the formatiol} .o f theo F.ii:oU 2 + . . ion: 

stron•;i_ ac~·ii · · : · 
·.,. ::"; • • ¢ . • • r, . . . • . . ·,. . .. . ·.,. . ·;.' . • . .:·. •. . . 

. ·. ~ .. 
'' 

, ... - F~~.<~q 1 ·+ H20< 1 , ~ • >,' :FeoH2+ 1 .·~>:'. + w1.q ); •. '. · 

'. .. . T.he feOH 2 + lrin. a·bsorba0 ii9ht . at ~he ·~ama· w.;velength as ~eS.CN 2 ~ . To 
. . have ;FeOH2 -0: .: present . would cau~e · considerable ·experimental . error. . . 

'~cc~rding :·.b:.> Le Chatelier'~ pr.~neip~e, ··a~dition of H• . shi"f.t s .. ~his •. 
> •:: ~q\lilibrium to ttie ~eft , Diihimizin9 the f~n:mat,ion of FeOH2 • . ·· . . . - .. . .. . ~ ·.;. . . ·, . . .,.,. 

., . '.: .: Y<$u- wil l use :a ~pe~t~~~ic 2.o: spect~o~eter ' t~ measU:°r~ .the alilQU~~ 
. Qf ,t19ht :~~sorbeli '(absorl:ian(;e) .·by the ··.Fe.$.CN2 + solutii:m; :._,Th!i! : · •. · ,.. 

, 'ribsor~arice , · .A·, .,of the solution is propo~io~al to .·the .. FeSCN 2 • · 
conceritratio;rl;. ( [.Fe'S('.N.2 • }) acc~r~in9 t o· th~ .' t'pllowin9 equation: . ~~. ·~ : . . . . .. . . . . . . . . 

. -··. 
·, .. . .· ' 
. .;. ', 

· ... ., 
( 4 } ·.:. 

wi\~~~ ·.-., and" t are empi~ica1fy tie~ermin~d ~-Q.n~~ants. This . . 
. relationship .is ·k nown a.a. B.•lt'r; • .Law: .: . · i~ t he .molar absorptivi~y,, ·an 
· .inte.n~i ye pr,op~rey ·of t:t\e. liCJ.ht absorb.i n9 ·~peci~s , and .t is:: the · , 
.. ,.~ffec1'ive: path length , or ·distari.!=e : tt:te l i9ht »tue;t · travel through· tht? 

., 

•. 

' ~olUtiori i n .. the. .spectrometexi . . For. aqueous solutions . of F.eSCN2 •, the·.-
. liiolar ·a b!!orptivity $,s • "7. ·~ . 70 .. x 10 .3 M- .1cm- 1 at. the wavelength of ·· 
. max i mun\. absor l;ialice , ( ~.4.7 nm) ; • .. . The p~th l~ngth is . t he . i,ntern.al '_ ·. , , 

.• ' diameter of t he•. speo;i,al· tube-.:(euvette) .·used · to hol d the ·solu1;l.on. 
·. You. w.t.11 _use ~a. cuvett;~ with' l .• . i •. 1:;:. cm . . Thus·f f or aqu~()us .· .. · • · 
.· liolut;i.ons ' o~ fe.S<;N2t- "tjie 'concentra.tion .o·f ,FeSCN2 • : 1~ give n . by: ~. ... . ··:· ~·-:· ·. 

. ' ·· ..... .. ~··· '· -.:.. ·~,:: .. . 

.. . ·• 
• . . •• ' />.· 

v ·[FeSi::N2+J • -
. . - .t 
~.. ~ . -· . , ,. .. 

. ~ . ~ . . 
'· .... ·. 

, · A ..... __, _____ ..,.. .. . , 

5. SO .X 103 , H' 

.. · · .:. 

, -: _.:<s>. . 
.. ·.·' • 

•. ,. . . .. ' 
J\1ttioui;h \11bs~~b~-~~e' ~an b.~ ' read cf i itictly; the . scal e . is :. , .·. ':.. . , . 

•· ,,,nonli;;$~r.. .This !l)!lkes· 'it . . diffi~µlt to· :i:ead; and ·very··,eaf;!y .. tp reci:)r"' 
· :· .intjorrec:t . d.ata~ : I:ns~ead,. ' use the percent·· trans111itt·ance~ (tT) / "scaie· 
· . . since· it 'is: linear and· ·ea-sier .to -read . · · · · · ···· · · 
.~ ~·. 

" ' 
·,; , ."· . · --x~u ·nay. ·then. ciete~ine ·th~· ~bsorbance : 

~· .. ' ' . . . ,· . .. ~ •.• . . . ' .. :. . '"· 
., .. - . . .a,.«,.; -:1eg: ir ·· " c6> ·. , · ., ... ·::· ·. · 
.: .. cii~\ei :,: u.;e .;~ i~ :~~;:tt~~ :6· ~n~ 'tti,t i T.~:.)°·: .. ,.· sa;;~:L~ ·o'f very h~gn · 

(?olor intensity., :absorbs '(irtµally all • t;he .. 1i9ht frt?ni : the: . . . . . .. 
speetr:oa~t~~. - . T~Ji; qlv:es o:t. · trari$1111i~t:a!ic• : or _infinito absorbishce •. -: . 

', .. >'C:Qnvetsely.; . .; as . the ·sam.p1e s.olµt'i on b,e:comes more dilµt~ • . ~o.re li,ght <. 
; · .. ,ifi ttarismitted .t h r°-uqh · t ne sol.ution~· .At' zero concentration tbe . ., · •· ' . ~ .. ,·: 
.; . :transmittarice .of ... l 'ight 'is .'J,ciO~ - .'(~lj ii~,' t)'le aJ,>sprbanbe j,s:· ~~ro • . ·.' , '..• 
··~~: · ·· ·. M •'.:-. '•;: • • • . -.;· • · , ·. ·.~· ~· · 0 .. ~ ·~· .· ·;: · .:. : • • • · :, 0 • . .. ,· 0 0 • ·: • • • •• 

·.: . .;. . : :· .. : .. ·'::, . / ' .. · .... ~ , ·. ,_. •·.·. : .. ·.~ . ·'~. :·:-.: 
··: ~«~;::;~:· ·.; .. ':--·:. !• : ' ·· . •. _.,, .... :-· • • . : 

.. : .. . ,. 
·.•• , .. 

. ,. . , · 
·.• , 

:·. 
··· · . .. : .. _ :~~, 

::· 

.. , 

This reaction must be conducted in a ~oderat.ly strong acid 
solution to prevent the form~tion of the FeoH?' ion: 

The FeOH 2+ ion absorb., light at the slIome .... avelength as FeSCN" , '1'0 
have FeOIl" present .... ould c ause consider~ble experimental error. 

'According to Le Chatelier's principle , ~ddition of H+ shifts this 
equ1libriuRi to the let't , minimizing the formation of FeOH". 

You will u s e a Spectronic 20 spectrooeter to Deasure the amou nt 
ot light absorbed (absorbance) by the FRSCN" solution. 'l'hE! . 
absorbance, A, of the solution is proportional to the FeSCN " 
concentration ([FeScn "]) according t o the follow i ng equllotion: 

"J 
.... here ~ and l are empirically dete~ined con~tants. This 
relationship is known as B.er ' . Law: • is the molar absorptivity, an 
intensive property of the light absorbing species, and t is the 
e ffoctive path lenqth , or distance th .. light .us t travel through the 
solution in the spectromete r . For aqueous solutions of FeSCN", the 
molar absorptivity is • ~ ~ . 70 X 10 l M- 1em- 1 at the wa velength of 
maximum absorbance (447 rum). The path l ength i& the internal 
d i ameter o f the s pecial tube (cuvette) used to h o ld the s o lution. 
You will us~ a cuvett~ with ( - 1.17 cm. Thus , f or aqueous 
solutions o f FeSCN '· the concentration of FeSCN'· i& given by: 

• ., 5.50" 10' If 
• 'SJ -

Although absorbance can be read directly, the scale ie 
nonlinear. This makes it difficult to read, and very eaey to record 
i ncorrect data, xnstcad, Use the per c ent tran •• ittance , (tTl , ecale 
eince it i& linear and easier to read, 

YOU may then determine the absorbanc e: 

• _ ' 109 T (6) 

(Note: USC'! T in equat ion 6 and not' T-.) A sample of very high 
color intensity ~b8orbs virtually all - the l ight LroD the 
.pectro~eter . This give. 0\ tran •• ittance or infinite absorbance. 
Convereely, as the s ample s o lut"ion becCRlee r:lore dilute, .... ore light 
is transmitted through the eolution. At zero concentration the 
tranemittance of _light ie 100' (Tal) and -the absorbance is. ~ero. 
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·:·: ,' ' : . . .. ·. .· ... ,, : 

.

..... : .. .. ·.: •' . :.. . · .. . 
. . .. '·:· .... . · ....... .. 

,:,; .: \•,.. . . ' .. '·... . . •.... ·.·.: ·.: .. · ·. " .. . ;:·· .. 

<.'..·H ~~ou .·~~.~.·~~ow ho~to c4\l~~;~t•t~o~~Qor.~a~ca , (e~ation ~) <llld . flt, · 
., . '.thus/ you use this numbeic. to .. dete'i:mine .the equil ib]:'ium concentration 

~. :of. FeS.cir2 • · (e<p.1atiori S)• Fiom ~qtia.:tion (2); we know ·that; the 
· · .. eqiJi:l.ib.riijll'I concei'itrii,tion . of Fe 3 • ( [.Fe 3 ~] .'~) ,:may .be. found by: · 

:.:H · . · [~e~·1 ~q :~ · ~r:e~~Ji,nitl•: I · ;. , [FeSCN2 ~1.~ .·· .. f7) .. · ' ... 
. :. 

· .... 

' < TEkPERRTO~lt EFFECTS . . . 

.. ".; .•.. ·. ·. ~he d~~~nde~~e 0.f the. ~quilibriilm co~st~rit on tem.per~tur~ ' . . .•... 
·.· indicatert.,.hether the r~a:tion. is endothermic or exothermic.. .I .f the .·· 
.'- ~quj.:L.ibriWll cop~til.nt de.creases ;t_s . :the tempel.'.ature .is increased, . we 

.. ; knp-W tha.t :. forination'. of -the 'prc)ducts i;:ompar~d .to . thl!! reactants _is '.· 
· ·· ... .lle&s favo.red at this.: tei~perature .. tha.n at. the. lower temperature: . 

·· .thus; . accordincj t(! Le ·Chatelier's priflciple, the ~eaction .i,s . .. . 
·· ·exothermic< By ~ similar pri:!ces$ c)f ded12ct;ion,. we col.lld conclude ' : 
'.' .·· that if. t;he< egliil'il)riuni con&t;ant inere~ses asi the temperature ... '. 

· incre~ses: • .. the i e11ction. ll\ust<be ·endati:ie,rmic .•. · ·· · ·· · · 

· '., >·. · . ~~~al,i irom. yci~l: s t~dy' O.f. thermo~p,mistrY, that: 

<· (8) . . ...... . . .... 
•: """ : "· ". : .," '". 'a."n· :d-:'. • . . .... 
.. ··. ,, ·.. . . . 

.. . :· ··. :·. : . . ... 
/ . ·. ~~- _;;.. -R'.f ln Kc · . . ... . . · ·· (9) 

; ... From ~ata .. lio~ ~~i1e~t .. .in.t.h:1,s ex~eriment: Y.ou can. solv• tor . a11 
these thetmocheiuical. parameters: .. . 

:}' > .. i./ By ~eas~i;i.~9 tr~iismittance and ca1cuiatih9 equilibrium , 
coricientrat .. ions, you •can. find the val.ue .for i.<~ ·and · f:i:'otil this you c;an 

',;:.· ijolyiB tot 11G using equation 9. ·.. . . . . . . . 

';':· · ·-.:.. i i : --~~-... ~tu.:tyin~ · ~~~ - ~eac:ti~n , at · ~iff~~e~t · .. temp~ratures' •and . 
i ;.: ;cal!:.ulatinq the eq1iilibrii.im c¢nst~nt; . it is possible to ca.lculat.e .· 
I :':;~JJ.e ~eat :ot tea7~1on, L 11~ ; :an~ ~he chan~e in erttropy .os , .. ··.. , .· 

i . ':· ~Y su.))stituti:.;g tiie. val~e Ci.t ~G tr.on; · equation .9 ,into. ~qliation . 8 yC:iu 
,: >. obtain: · · · ·. · · · · ·· · · ·· · · · · · · · · 

·;, < : ··iti- iri ~ . - .o.li • 1-as . · · . •, i.o ..• >. '._ 

:. • . . . . . . . ·f! . . .· . . . : . . . . .. 

r;:· .•.. ~i:;~ili~ ~oth sid•~ · by -~~ 'yo~ ~i)tain: ... 

[ .. ·; ' '. [·aH 1 f ·1 ) .;.il I> ..... 1n ic:. - · - ·T J" t,~ ·r+. P. 
I :··. ':•• : 

:····: ·. . .: : ·.. . . . . . ... :. ·,· ... 
. ... . .... · .. , .· .. · ·. 
'.;.·: . : :·. . : 

· ... 

... ·. 

: ... 

. ........ : · .••. · ;.< ; .' 
.... . . .. : ... 

.... . :·· ... · . .. . 
·:' :"·. :· 

.. . . · .. . · ... ·. 
··,. ···~ .. : .. ... 

....... ' ·. ""· ·: :·:···.·,: ·_:..... : ......... ,. 
•• •• .: •• ·.: : •••• •:. • • • •! 

. .... < EQUl.L0l.Ri))~; CON~TANT '.'polt:<Je '. 4 ·, ', .. 
... 

·· .. , .. ,;·· ·:· .. 
··: .: .·. 

· .. r :<.· ::· .· .. · .. 

1F1.:_,, .. :-···,. :'.' 
: . ...... 

.,.: .. 

(11) 

· .... .. . .. 

·. :· 

·:: ... 
· .. ··: 

. .. 
· .. ,. ... 

!• ···' 

. : · .. 

~ .. 
: .,··· 

.·,· . 

.. , 

... '. 

. · ..• 
..:·· 

i ' , 

YOU now know how to caleulat. tho absorbaneo (equation ~) and 
thus, you use this nuJrtber to det.n:mine the equilibrium concentration 
of FeSCN'· (equation 5). From equation (2), we know that the 
equilibriu~ concentration of Fe i • ([Fe'+l.q) may be found by: 

T£HPERATURE EFFECTS 

The dependence of the equilibrium constant on temperature 
indicates whether the r~A~tion is endothermic or exothermic. If the 
equilibrium constant decreases as the temperature is increased, we 
know that formation of the prodUcts compared to the rea ctants is 
less favored at this temperature than at the lower temperature; 
thus, according to Le Chatelior's principle, the reaction is 
exothermic. By a similar procass Of deduction, we could conclude 
that if the equilibrium constant increases as the temperature 
increases, the reaction must be endothermic. 

Recall from your study of thermochemistry that: 

(') 

.0" 
.ro - -RT In ICe (9) 

From data you collect in this experiment, you can solve for all 
these thermochemical parameters: 

1 . By measuring transmittance and calculating equilibrium 
concentrations, YOIl can find t.he value :for IC, and frolll this you can 
solve for bG using equation 9. 

2. By studying the reaction at different temperatures and 
calculating the equilibriu. con$tant, it is possible to calcQlate 
the heat ot reacti on, bH, and the change in entropy .. s. 

By .. llbst.ituting the value of "G :from equation 9 into equation 8 you 
obt. .. inl 

-R1" In Ke _.oR - lAS (10) 

Dividinq both side. by -RT you obtain: 

'"',- -[·:],I-t ]· -'-'­, 

EQ~ILIBRIU" CONSTANT Page 4 
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. . : ... . , ... . .... . . •.: .... .;, . >. 
. . . 

·. ·, 

.. 

: .. 

. .. ·.: ..... : :· 
. . ·. . .. · 

.. : ·.: 
. . 

. . . . : . · Tlli~ · e~~ti~n i .s ·in thQ form ~f .y :~ nix + .· b in w~ich • .· 

y • lnK<; x • 1/T~ ~ - .!§ and ;,;- w - .!!!. • . ··· 
· R R .... . . :~: 

·~·: . 

The .reci.p.:.::.ci~ai • ot th~ - t~mper~ture . (l/T) . in .x~t...;.i.n ~iott¢d v~,;S:~s th~ 
.. natural io<Jarit'.~ ~f ;the ·equilibrium constant ·.(In Xe),. should .be a 

. ., &ti:aJ;ght line .with ll .slope of .. .;&H/R . where R is the gas constant, · 

:.: .. 

· ·· 8.314 J/(mole I<) and .ail is .the heat .of · i:'eactJ.,on • . · Whiit does :the .· 
. slope of this . line .tell yC,u ;;;bout the exothermicity or . · ... 

· e.ndothernii~itY of tl:ie re,9ti0n? .· ·· · · 
.. :, 

. : .·. 

. : ~·: . . 
. . ·. 

~ .. 

•·. . .· . 
. · ..... 

.: · ... . ·'·· 

; . . . •3;; o~~e aG artd 41( ar~ c~lcul~t~i:l, itUs a .sim'ple matter to 
. '. 'AS fr.On! Equ!!ltion (S}: .·· You uy also det.~n.ine 6$ frf>.m tl:ie . . .·· 
· y .:intercept of the .. graph mentioned. in J:>l\\ritgraph 2 (.y"'intercept 

... •q.,tals . .e.S/.R):. · · 

.. Ex~EltlttENTAL .. . . 
. :.··· 

., .·· ..... : .. . : 
' . · .. 

. : . : .. · .. 
. ··:·· .. 

· .. ·. ·:·. . . 

.• 

.. 

·: ' : .· . . i> · Thoroui:JJ:l1.y·; ciean) rinse ahd dry :eight 25.0. ~i. or io~ mL ·.· .. ·: • . 
. l;>~jlkers • . -~er the be;;t:kers ,one ~rough. eight with a grease penciil. . 
: RenieJl!ber, .i\J). of. you:r ,sa:l.ution.s . wi1:1 h,ave . the . same vol.um'e of .• 

. ' 40.:00 r,DL, . . .. · . . . · ' . . ;> · · · · _ ;: 

·.·. < 2.• tis~l\g it!cle~ri ·b~ilker, ; ol:itain -~b~u~ 100. mL .of. 0 :((020~ · M •. 
KSC?N s.tcic~ · 11101.ution ·· froJli the 1;1J.de • 'shelf~·· . :rn . ano.ther beaker • Obta.~'1 
about ioo . •L. of )1 mi~ed . aoi11t1¢in . ..;tiich. is 0~00300 M wit~ re•p•ct to .. : 

. ... 

Fe:(NoS-)<3 and . 2 ~09 M )fith · reape~t .·to . HMO~. • .:~ec:oi'.4. ·the e:Kact · · · · 
.concei:itrat.ion. ot the. sto.c)_t solution& ul!ed~ . . . ; 

· ....• •.···.· .. 3. . ·~l;ii 'y~'ur qieaii •and n,tarke!f beakers with. thea~ 'reag~~ts in .. 
. . • . !!C:cordanc:e . ;Wi tlL.~able : 1; ... Us-lit -~ gtadu<;t!ld ciy_l .ind~r .. to lileasuE:e the · · · · 

.. : ~·•.;.~-n·ts .' aiid. ,:4~~l~'1i.~e~:· wa:t.e·r:~·:·· ·. ~:· :.: ; .. .' - · · · · · .. ··· ··. ·:·· 
. . . .. . . . . . . . . . ·~ ::·.. . ... · .. 

: . . . . . :::.: ... : .. 
·.• .. 

. . ~. . . : ·.~ 

·. 
. · .. : . ::.::: .. ·,· . .. · ... . ·. 

. :<: · .. ;.: .. 

:· £0(11~··•itiu~ · 1.:o~s~~~; ~49~ .s 

: . . ~ .... : .: · ... 

·: .. ,·. 
··.:.·. : .;.::. 

.,·. .. . 
·. ·. ·. ,:·:. 

: .•. 
. ... :· .. .. · .. ··,·,. 

. :·. 

. ..... 
. ...... :· 

, ... ,. 

. .. ·. 
·. · ......... 

.. . . 
·'· ··' .· 

.. , .. 

, . 

Thiu equation is in the form ot y _ mx + b in which 

y ~ inK,; x _ liT; b _..!! and ... _ . AH • 

• • 
The reciprocal of the temperature (lIT) in Kelvin plotted versus the 
natural loqaritJuo. ot .theequilibrium constant (In X.I, should be a 
&tralght line with II slope ot -.e.H/R where R is the gas constant, 
8.314 J/(lIIol0 Ie) and 4" is th<l heat of reaction. What does the 
slope of this line tell you about the exoth.r.icity or 
endothermicity ot the reaction? 

3. Once 4G and AU are calculated, it's .. simple matter to find 
.e.S trom Equation (8). You lIlilY .. 180 deter:mine AS fr01ll. the 
y-intercept of the graph mentioned in paragraph 2 (y-intercept 
equals ",S/R). 

EXPE!!HENT"L 

NOTI: Pe(HO,I. IS ACIDIC. 
WILL STAIR THh LAB BENCHES. 

BOTH Pe{MO.). and KSCH 
II! CAIlEFUL VITH THilSI! 

SOLUTIOHS MID VIPE UP YOU2 SPIU-S IMKKDIATELY. 
SPOHGES, CLEAIISEit AHD ELIIOV GOAlIE AIlE THE ONLY 
METHOD YOU VllL USE TO CL£AlI THE LAB aEII'CHI!S. 

1iIo. PART 11 TRANSM I TTIiioNCE MEASUREMENT 

1. Thorough1y c1ean, rinse and dry eight 250 mL or 100 mL 
beskerll. NUmber the beakers one through eight with a grease pencil. 
Rems.sber, ,,11 01' your 1I01utiona wi11 have the same v01ume of' 
40.00 mL. 

2. Using a clean beaker, obtain about 100 mL of 0.00200 M 
KSCN stook $olution f'ro. the side She1f'. In another beaker obtain 
about 100 .L ot a mixed solution Which i. 0.00300 M with respect to 
Fe(NO~l. and 2.00 M with respect to RHo •• RecoTd the exact 
oonoentration of' the stock solutions used. 

3. Fill your o1ean and marked beakers with these reagents in 
accordance with Table 1. Use a graduated cylinder to 1IIeasure the 
raaq.nts and d.-ioni~ed water. 
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TABLE 1 
.. .. . . 

· ·81-EK F•(NOs)z/llllo, .!!£!! ne- loniced Total 
H

2
o·· yoWME 

1 10.00 llL . 4. 00 llL 26.00 llL 40 . 00 Ill. 

.2 10.00 llL 6 .00 llL 24.00 llL 40.00 Ill. 

' 3 10.00 Ill. 1 . 00 llL 22.00 ·.x. 40. ()() llL 

... 
' .'~ 4 10.00 Ill. 10.00 aL 20.00 ;llL 40 . 00 llL 

···. ... 
. . s '· 10.00 IOI. 

. . . .. . 
12. bo ·llL 111.oa· iiiL 40 .00 id. 

6 10.00 llL 14. 00 llL 16.00 llL 40. 00 llL 

7 10 •. 00 llL . 16. 00 !IL 14. 00 llL 40: 00 ..i;: 

8 10 . 00 ml. 18. 00 aL 12. 00 1IL 40.00 !IL 

4. ~ix each s olution with a clean, dry stirrinq rod; rinse ·and 
dry your stirring ·rod after. each solution •. Record the actual . 
volumes .used. · .. · · 

. ·.· '• 

. 5. ee ~ure that the waV:e1en9th is set t~ 447 niii on the SPEC 
20. Calibrate the Spec 20 using the instructions on the last page 
of this handout. How you are ready to 111easure th~ percent 
trar:is111ittance of th• solutions.· 

6. Measure the te•perature of one of the' solutions. .Assume 
that the te111perature is th~ silllle for all beakers. Record the · 
teinperature below. 

: .... 
i. Obtain a .cuvette :f::t"~in your inatrjictor . 

8. Be '. sure the cuvette ' is clean. Fill ·the c\ivette up to ;the 
bol:.tOID. of the .-f .rosted circle· with solution f:t:Om beaker 1. 

' 9. Place the cuvette in the SPBC 20 with the frosted circle 
aligned with the mark on the SPEC 20 . Close the cover over the 
·cuvette . 

the 
lO. Record the percent transmittance. 

pereent: ·trans111ittanee. 
Use TAaLE a to record 

~ .... ~ . . ': 

._; :·NOT.Ei Don•t .. ~ll~ .the c:;uvei~e<to repi.ain in •.the SPEC 20 for iln 
extended pe'iiPcl for it wi.11 'War111 the solution · and change the · ·• 
r~a~ing .• 

. ::'; 
EQO IL I BR I UH CONSTANT PalJ~f .6 · 

' ' (.. . . ~··.: : ·:·. .. . ': :: ·•. . · .. ·: 

,. , .;. · . ::\ ~· -
., . /. 

•,'•' 

·:' 

·116 

T ..... , 

UAl!i11 ".(IIO,l,/IDiO, IiSCII h - ioni.ed TotAl ",. 'tOWl!E 

1 10. /1(1 .... 4.00 .... 2'.00 Ill. 40 , 00 -'.. 

2 10.00 ... 6 . 00 .... 24. 00 ... .0. 00 .... 

, 10 .00 .... ' . 011 .. 22.00 od.. 40 . 00 .z.. 

• 10 . 00 .... 10 .00 aL 20.00 ~ 40. 00 aoL 

, 10 . 00 ooL t:1.Wat. HI.OO ~ 40 . 00 IlL , IO . GO Ill. 14 . 00 .r.. 16.00 ... 40. 00 .... 

, 10 •. 00 .... 16 . 00111. 14 . 00 ... 100. 00 ... -

• 10. 00 Ill. n .GO ... 12 . 00.&. 40. 00 aL 

4. Mix each solution with. c l •• n, dry &tirrinw rod; rinse and. 
dry your atirring rod artar .ach .olution. Record the a c tual 
volull •• used. 

5. Be 8ura that the wavelength Is B.t to 447 n. on the SPEC 
20. Calibrate the Spec 20 using the inatruetiona on the l.at paqe 
of this handout. Mow you are nady to _ •• ure the peroant 
tran-alttance of the solutiona. 

6. Measure the t.~ratur. of on. of the solution •• . Aaaume 
that the teaperatura ia the Baae for .U beakera. RecOrd Ule 
te.peratur. below . 

7. Obtain _ ,cuvette fra.your , instruotor. 

8. Be Bure the cuvette is e).aan. Fill tha cuvetta up to tha 
bo~to. ot the troated eire).e with aolution tro. baeket 1 . 

9. PJ.ace the C\Jvette in the SPEC 
eli9J'8d, with tha .ark on u.. SPEC 20 . 
cuvette. 

20 with the tro.ted circle 
Close the covar over the 

10. Record the parcent tran .. ittance. u.s T~'L' • to record 
tha pareent tran •• ittanea. 

NOTIII Don't allow tha ClIvette to rauin in the SPEC 20 tor an 
axtanclad periOd tor it will wa:nll the. solution, and chanqa tha 
rs .• ding. 
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. ~-~ . ·' . . . . ~ . ' . ,:. ·, . ~ .· , ' . . . 
·~· ~ ·· ~: . :"~ :• ··.·': . . ~;.:~ ·-~· ,'!, ... , .. '.!':·~.::. .. ·~ . . ,. . .: ·.':""· :~.:· . :::: · . . < •. 

/ .. ' ~ ... ~· .. . .. ~· : : .... ..... ..~. · ... 
· ~.... .. .. . ' _...... .···:. ' · ·, ~"'.." :• . ~·. ' :i.. .. ...... .. ~··.': · · ~ .~ >;-:-; : · ,~; .,~: ·:~·· 

..... . . '; . . ; . . ' . " , .. ·'·. " ." 11,7 .. '."'." 
.. . · 

., ' ,; . ~; ._·,, . .. .:... . ' . .. 
"< ~. ·• ~:· . ,, .• ,;., ... ~:: . .-; . • .......... . '.'.·.~· ·.•· '• ·:,. '• -~ • ·;·· 

-' ';,._:;''( it. "'nemav~ 'the euvette form 'the SPEC ,20 ~ Discar4 the'" iiol~t,i~n .. ·:·:-,, 
.. '.: do:Wh ·the ·sinit;· · ·= · ·' · ' -.. · .. -;.. ,.. -- , · · .. , · · -- .. . ... ---

. _· :· ·,.r·, :. l,2 ;, . -~i-~~~ · t~~' ch~ett~ ~{ti\.'~ ~~alf · (l~ss·~ than 1 mL) : a~ount ~-f/ i , ':, • 

.. ·solµt_ion from ".the·:· next ' bealc¢r~ ' DisC:ai;d' the rinse. spl"ution : . -Fill. : 
-:-_.' 't~e ~cuve~~~ 1'ii~ ''tr~sb '.soiutiop from th~ -sa~e _ beake~' ·an~' ine~sµre . the , ·· ·• ·· 
· _, per.cE1nt::-~·ra~t1Jmittance ' as ·1r. st.ep1f_9 '-throµ9h~:11 • . . · · · .. · ·. , . • . .... , ·/" ., ·: ' 
·:. ;.·· ." -;·; . .',· .... ···.>:,· .·~: .. • . .. . ·., • ' • :, . ~ •. : • ~·· ....... .\ .;~.. . : ' : ... • 

:. , . . .• Nf)T~: : 'ee .sure t,o . rlns~ : p~t, the cuvej:t;e' :witl) th•- •olutlon· you, ' 
~" are''Cjoi"rig to ml!asure< nex.t~" · This will :~void ·contamination· of: :the neiti · . 

_-; >,~6~,uti.on ~O bQ !ie~sur•d\by the •previous ' So,lution:' .·Also,, ~O!\'.t,~ r~nse ''':· .. , , 
:" the':cuve'tte with .water 'between ·measureiilents: · lingeiin9 -water will .: , · 

.. 'dilute' the ·solution to ·be measureii .resu'ltlncj in ·an in.:::orr'ect ... . . 
. :::readi~·~ -._, '. ._ ' .,·· ;··_-,:':·. :·: •• ,_ .. :-_ · . ·· ·, '_ :. ·· · _ .. ,· . ._ _,_, . _," .~;.;: 

. . _ ..• l,3. ·.Repeat the p~ocedu_re in 'step 12 for. f;be remail)iri'9 baa_kers . . ,_. 
:'.' .. nW!lbered ' :i'•"through .. · ~ .. :: · ·· _. .- · ' · ·" . , . ..; , '·: : .... · _::. . .-. ' . ··- .. -· ' .• , . ·:: 

.· So ,.-;__R-t;· 2 i •· 'TE"!'E8AT.U-RE ·~~~-~OE~CE · OF".ic:·c: . '. . : .. ; ;:'_ 
" ... 

.; ~:.~ .. ,, -··:.. ,.,,., ' . ·.; ... · . . -_: ' :· ' , -.,,.. 

· '· ·· 1 . ' Set· up, a· -~old· and. a. hot, . water bath._ · ,. · ' 
.'>; ~: ., • • ·:'- . .. ·._ '·;·\; ... . • ' •· ·• • ·'· '.~- ._ . ~ -. ·: · ,- :~ 

" .>? 2. · Fili' th~ ·bi;,.e.'1>neiiaidfic ·t:roiilJh -.,;ttti:-.!'·n · ice ~ater 'solution; .. _·, .. < 
·· .('Ac;!d appro;icimately one. 400 ·mL ·beaker of· ice.) . '· · · . :-. .. _· .. · .. ,,. ... . . . ,. ·: ·· .. ·: .. · ., ~> -~-.-~-,:-· ~ . . -· ... '.':·~ ., ,;;_ ... ·· ...... ·!'.·, ···,,, ·:·-:-··.. . ~ -.! .: ' ~· -.- - .... • 

'· .- ·3 .• , Fill . ano~h~f-, j>neWlta~ic .. \:,rougli w.J.~~hot . tap w~ter.., :.-.·· · , 

, ; 'i 4 .', ... Pla~ ~i~~r: ;_i · th;~u~h :. . .i'n:.'t~e~ ~old . ~~th ; tor : a.f l~afit. "ten ... . i~ 
,.; ·. ~·~· •iiiotEtS'! ·· · . . .:: ,,. : .. : . ,· .. ·· ... · . ·~. ·.<·= . :.~-. · ·~ . ·~. ' ... -·_. '~. · . 
• .:,; •• <' · ~'. .. . -~ :~;,::· .; '.~./·:: · • •• •• : ~; . ·:·.::'.::~ ~ /. ; ~ •• ~. ~· •• ..... . .... . ·.: : : ....... . • • •• ·:~····:·.·~ ::·; •',:' • • 

:' · . <:/ · .. '. -!i· · Plac• . . beakercs .. s through a J.n·- t;tie hot .water bath tc>r '.at . · , 
-. ·· least .t~n;-.mi~u't~s. \ ' ·,,:;;c. .. , .... · ,,:. ,. ·· · ,_ ·· ... .. 
· .. ·:.'': ;" ··_"NoTi:: . ~: ~~xi: step~-:~~s_t ' iie · ~ari.ied· ou~ ·in ; ~lMELY FASH I OR \. '§'. 

·· .: to pr~ve~t :jar9e temperature . chapqes , ~~om occurring. ~ :- -~- ,_ -··· ::.: 0 , , 

. ; . . . . :' . ···-.;·. ~:, . ·.· ... . :·,.'. '.::·_.~· ... ·.:·.' ~ .··:. ·"-; ·. :,· : ... , ... __ -· - ... · .. : .. . ·:. ... . . . .. ... .':··. . :·· ...... ;. ~ .. - ........ ~ . 

-. '. ::· ';:- 6 • .. '. Remove: beaker' 5 '.tro111· the -.bqt'. water bath. · At thi!'I · time_ _, . 
. :- · s*e~aure :. the' tem.11!trat"!ir4iLc!f . the,·so1ution\.: ·Record th'is temperatl,lre . ; 
·. - .·~_e_10w •. ;·:! .. -..... ~:.·~ ... ·.<.· • • · ·.-··,_:_·. ·:·'· .•.•.• , '·~·· .-~:·· :..: .. ;·.' . · · · • ~ · - . ·_. _ · ·, · · •. ·. , . . ·=··> ·· ~··· 

• -- .-. ·.~ ., . . : .... -. . : . .. . -·r·· :-
. ,. '· _ ...... _ · .... ':'",;,_ ... '.';' .· · . . .. ·> ·'· ~ : ',,;: . ..:· : ' ... ' .. ~. . . · . ·.~ 

.•; ·~, • •,; •;: ;; •:~. •, ••· ::- . --:· " '•', ·~":., " ' • •, < . : ."'· ~ •, • I,. •.,: .... • 

;" ,_._ : ·,_ ,:-,-~iii tti~ 1~~~~t.;~ ~r1a' ~&:s~~Z.t~e , per~~~t ·~-r~n~~~~~~ri~~; ~:s . · /·-_'. 
·y~u. c!id · in ' P:Atrt.·'.1.· · Recprd -.t,he perc;ient ~-transmittanc_e. ·;·, ;• ·" .. , " :·._:; . "'° 

... . .. ~.·~ · · , . . . :.: .!·.·"";.:: .· · ':~· ':;·· . · ~ .. ,. ;•. •" :-<~· · . . . · : ... ~~.., .. . . .. · ., .· ~ · · .~·:. ;:~· · · .. 

. : :,-, e.;··, Rej)ec,.t: s€eps "6~ arid ·7 _. witl(·beltkers 6' through . 8 • . 
0

Be<,8ure to · .- , 
\. ~l.nse"-'€he .c1,1v~tte' w·it!£ .the.· s?1~t'io.n .. ~•~~re · ~as\irin9 _the · pe~c:ent •. -.,, , .... : , 

·· '.'<._trans~ltt~nqa ·of~'.,the 5.olutiori. '·'- ,:,~. " ··· ,. ' ' · '·' .. : · · · · . -· .. . ': '· · .· ·'. ·. :· . . 
··::.···~\~;.:~: ::-. :.'.> :. .: · : ·· ·~ .. : ,:, ~·'.: .. ·~·~· .. · ::':": .. ;··~~>~., :~ :.::: .. ~· ... ~· · .·!. .·: . •5:.~ : · .... :: ... ,,::::.{ ·.: ':";;:·:·.": .. ~ . . '.:, .. ··~:: · · ·:.;. ~ .;~ .. 
, :<:.,:. . ; .. !) ; / Jtow you. cap°'.meiulure t.hEi -~rcent ·;trans!Dittance;_of. tie~kers . l ' ' " ; . . 
' . . .. ~th;rou9h;-.4, :: in-.'the;' oold wat-er- bl!l~~; ~- tollt>w_ing.: the procedure' in, this -. .· :-~ .. 
~,; .;;~art: 's1:~~~'--.6 '_~~f~u9h· i(;_ · .·-; .. ·;, : :•· ; .. •. ,~, · -~. .. < • • :: .. - ,:, _.'.~._' ~'. < · \<"i 

~··· ' 'f.··~;. / ,;_'.~·· · ··::.~ . . :--;,-. ·:·: :~ ·;:-~·.\~:~·.~·;··:· ·~~.:·~·.- · ·.· .:. · ·~~.; , · .,, , .... . :;; .. :.,: ....... :~~ -...:·, :=: ·.>-~.·:'"::f:·: 
., ~:'. · '·:.· .,..,; ·· .~ ,.:::r·: ·_·,.~· . -,.. . ., . ,, . · ·:·· , .,--. .... ~.. ~.·..,··r>·;·· .. ·.·~·· 

'~'.:;, · :,,;,_:/'! .. '.:''" ~" 1 + .~.;- :. }-. "-'·~-- ·X; -~ -, . .. - , ..... ·. ':+'/~~f?~;: 
'_. .. . ..,~. ,<".:.·:_ '.: ... .... --~4,·u,-~,_-.,_a._ •. ~,_~R_.-.• _i_ u_·." i-·_·~.:oN_S_ T,A_ .MT.· _P .. a_' 9.·.'e ,,_7_ ;. '"''-' . ... x .j' ... :;: ' ":; ... ,;.:: 
.;:._ .... · .. · · .·.;;, . _.,.· ,. . . . . . ~ ·:·.-·,., . ... ··· ._.:_·-•.. ::·_· .. _ .. --·· ..• •.·_·· .. ,.; 
~,.·,·_._>.:.-=_.iL- ,. • . . -- - . -. - - '._- _- ~ - . - .. ~. -· ·~~ ..... 7~~::-.. · :. ' ".". -,~-. ,- ·,; ':_.·.·:;· ~ -:. :· .. ;·.:-· ·;:· ';· :··-~. ·~~ •'.<. . .._ .... ~r~.·,:.··. ~··- . '< .. .. · • r:. . . \, :-,,;.. . • .. ~;: .. : '·.·:, 

...... ;.,._.: .. ;._ ·--~(. . ·-·· ; : . .._. ~· ·,. . ;;,. ·.··: .: ..• · ... . -~--;·- ·,1_. : ' •\_ :· :~· ~· ~ . . ,;:.. ·,-<_-:::.;;. .. _-..,_: ';_/,!: : 

il. Remove the cuvette ~or. the SPEC 20. Discard the solution 
dcnm the sink. 

12. Rinse the euvette with a s~.ll II ••• than 1 ~L) amount o~ 
solution from the next beaker. Discard the rinse solution. Fill 
ths cuvette with treah solution troll the same beaker and measure the 
percent transmittancs as in steps -9 through 11. 

NOTE: Be aure to riftae out the cuvette with the solution you 
are qoing to measure next,. This will avoid contamination at _the new 
solution to be measured by the previous solution. Also, don't rinse 
the cuvatte with water -between measurements: lingering water will 
dilute the solution to be measured resultinq in an incorrect 

-reading'. 

13. Repeat the procedure in step 12 for the remaining beakers 
n~red 3 through 8. 

•• ~".T 11 TEM~E."TU.E DEPENDENCE 01" K < 

1. set up a cold and a hot water bath. 

2. Fill the blue pneumatic -trough with an ice water solution. 
IAdd approximately one 400 mL beaker at ice.) 

3. Fill another pneUlllBtic, trough with. hot tap water. 

4 . Place beakers 1 through 4 in the cold bath' for at least ten 
.inutes. 

5. Place beai.e. 5 throuqh 8 In the hot water bath tor at 
leaat ten minutes. 

NOTE: The next steps DUst be carried out in a TIMELY FASHION 
to prevent larqe temperature changes trom occurring. 

6. Remove beaker 5 trom the hot water bath. At this ti _ 
_ asure the t ... paratur.. or the -clution.- Record this temperature 
below. 

, . 
you did 

Fill the cuvette and measure the percant tranaaittance as 
in Part 1. Record the percent ,transmittance. 

8. Repeat steps 6 and 7 with beak .. rs 6 through 8. 
rinse th .. cuvette with the solution befor. measuring: the 
transmittance of the solution. 

Be ,Bure 

percent 
to 

9. NOw you can lIleaBUre 
,,_throuqb 4, in 'the cold water 
., part steps' 6 throll9b 8. 

the percent transmittance of beaker. 1 
bath, ' followinq the procedure in this 

EqUILI8_R_IUH CONSTANT Page 7 , 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.. ' 

TABLE 2 
ROOM TEMPERATURE: TEMPERA· I-
BEA I . I NITIAL 
KER 'llT A '1 fFe3• J - [SCN-] jcte,.J 

1 ' · 
I I ·., I I 

I I I I .. 1 . 
2 1. I . .. i I ' · .. f . I 
3 I L ... I I 
4 

., 
I I 

.. ·I I 5 
I · I 

I I . 
I I 

6 
I I 

I I I I 
7 I I 

I I I I I I I I I 

.COLD TEMPERATURE: TEMPERATURE- •c 
1 I 

l I 

41 
I 
I . 

-·:: I 
.1 
r 
I 

HOT TEHPERATUU: TEMPERATURE- •c 
r;: : " : I : I 

I I I . I I 

61 1-- I · 1 I , 
7·1 r I . :·. I I • . : : 
8 I 

.. 
i ... ' I ·'. I 

•c 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

I 
I 

: 
I 

I 
I 

EQUILIBRIUM 
[feSCN2•) [SCH-] 

.. 

I 
I . 

. ·.· I .. 
·. , .. 

I 
.. , : . 
I 

. , 
I .. 
I 

.. :· . , ·. 

i 
I 

I 
J . .. 

. I . .· ,. . 

ll8 

I 

\ l{c 

I . :.· .. 

T 
I 

. ; ·. . ,::: 
. .·, 

I 
I 
I 
I 
I 
I 

: 
I 

I 
I 
' .. ·: 

•' .· 
·3 . . 

: . :_: .· 
·~ .. ·.· 

". 

-rtf:""" • , 'J~ 
, . 
~ i ,. 

i j I 
I I , 
I 

, 
I , 

I I I I , 
I 

--' 
• I I 
7 

, 
• I I 

COLD T!IIPERATUR! n:KP!tATtIl! ·c , -, , 

" : ~ 
, ; , , 

l: : , ; , , 
" 

, , , , , , , , , 

J401" b ..... J:IlATUIl£ ' n..!RATtJU-o " 
: 

• ; ; I ; 
7 

• ~ 
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. . . :·, . 
. . .. , . . : . ,;·:· 

.: . . : :., ·. ~ ·;· ··: . . · .. ::· . .. 
. . ·,. , .'· .: ~·~:: ··.· · :. : . . ... ... , ... :·· .. : ·.; .. .. ·:·· . 

· .. ·::., . 

. .. . .... . : . 

·. ·· . 

. ·. :; 
., 
··>: .. : : .. 

.· .. .. . ;. . : .. : : . : . 

...... . ·<· 

.' . 
'"•: ·. ·: .... 

·.··.: 
... ·~ 

L~'OW.TOR'REPORT IEOUI"""IS 

The lab report muat include the followlnq= 

1. State.ent otobjective 

2. Theory (1-2 paqus) 

3. Rer;;ultll - Sin<:!e there are many calculations that must be 
made on this lab, the use of a spreadsheet prOgram is recommended. 
Using the data collected from Part 1 and Part 2 calculate the 
following and include it in Table 2. 

s. Abaorbance from the transmittanee data (show a sample 
calculation below) : 

b. Initial concentrations ot Fe 3., and SCN- (show a 
aaDPle calculation below): 

(show a 
c. Equilibrium concentrations ,of Fe'·, SCN", and FeSCN 2+ 

sa~le calculation): 

•• equation (2) 
Equilibrium constant at all three te.peratures for 

(show ••• apia calculation): 

e. The averaqe ~. at .ach t.~er.tur.. 
K. at rQa. te~rature: 
X. at cold te~r.ture: 
X< at hot teMPeratur.= 

f!. .l.G using equation (9): 

g_ .l.H using a graph of! 1/T versus ln J{< and using 
equation 11. 

h. IoS:trOll the y-inteLocept of! the Slllllt! graph' _« frOll 
equation (11): 

Place thi. data into Table 2. :U you ,use a ca.puter based 
spreadsheet, you may substitute • printout of your data for this 
table. Be aura to indicate that a spreadsheet is attached 
containing yoUr data. 
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ROOK TEMPE~TuRE:: 
..· ... ·· ... · TABLE . 2 
. ·TEHPERATuRE- · 0 c 

.BEA 
KE.R 

-· I'.. . ·. JNlTJAL · · 1 , EQUILIBRIUM • . · I 
"Ti A. '1[Fe~•j ' [~CN";) · jlF.e 3~) · I 1scN-T/FeSCN'~11 '« 

I . •· .. '1 .. I .. 1 I I : I - . I I . . 

.··,·.3 
.. 

1
1 f I , :I , I . .L I 1. 

I i .1 .. I I I ' I 
· I. · J .j .1 I .t I .. t 

.;..· ..,. 4-;;.I· ;...· _.1_· ·......;1_• __ .._·~1_,. ___ . .;..l...:...._...:......,..;..I ..... ...:...."'-fl-· -...-......:....-·-1-1 ~-I · . . 
I I I I , I I I · 1 

.5 I I. I I I I . . ! I 
I I · I!... ,·1 , . ·I 1 · 6
: l · : I I : I 

.·-7 ·1· I . I 
I I . . I ' I I I . ·a' .. o · I • . · •·. I I i I · 

coi.i> .TEMPERATURE: 
. . I . 

1 I 

-. 
: 3 ·1 

I 
51 

I 
..; .6 ·' . 

,. 

I ' 
.81 

, .. 

·' ,· 

.. 
/ .· 

..... 
: : . 

. .'·. 

. ! 'l :. ; 

; r · .. I. 
. • I:. . 

. I . ·I :·· 
. i :: • 

;-. ,. 

., 1· 
.. ; 

. . :·: 

.. I . L . , .... 
! 

:. ·. 

· .. 

. . . ·· 
·'· 

..·· 

~ ... 

..'.::' . : , 

.-, 
· .. " 

'} .. 
I 

. 1 

. I 
I 
• 

. .. 1· 

I 
. I ·.··.· 
I .... ·, . 

' .· 

··· . 

. ·,.:. 

• .. 

I · ·., 
I· 
I 

·· I 
.. , 
1 ·· 

· 1· 

I . 
.· I 

I 
I 

.. ~ ,· 

.. ~. 

. "J 
. ' . 

l · , ...... 
·. I .. 

i 
I ... 

·.r 

. I 

. 1 · 

..... 
I 

• . ·. 1 
. . I 

.·:. 

-·. 

. ' 
. ·.' .. ::• 

I ., . 

.. I 
I 

I ·. 
.I : 

I 
I 
I . 

I 
I ' .. ' . 

. ·, 

•• • I 
·' 

I 

• 
I 

. I 

. I . 

I 
1· . 

. I 

. r 
··•·· 

. •/ . . .. ' . 

·· ... 

·:.·· 

. ::: : . . 

· .. · .. : .. · .... 
., ··.·•. 

·.,· ·.:. ·. ~· .. :·.. ~:. · .. 

. EQUil.iBRl!:I~·: co~~TANT' P~qe :ioi .. . . . . . , . . . : ~ . 

·· .. ··' . 
..... 

: .. (· 
' · ..... , ;.•. ···. 

·. : ~ .. 
: . '. · ..... ·:· 

·· .. ·· .. . ~:. 

,, 
:'· : 

· ... 

. . 
.· 

: 12.0-. . 

· .. · 

·.: 

·' ... 

·.: 

. . ,,. 

. ·. ,,· 

'" 

rt!t'I'~~ 
-., 
'J i " 

TABLE 2 

I , , 
I 

, , , , I 
• , , , 

-' 
, 

, 
, : 

, -COLO TEMPERATURE TEMPERATURE ·C , , 
" ; ; , , , , , , , , : , 

L " , , , , 
" 

, , , , , , , , 
HOT T£MPEKATU liE; ron- • TEMPERA , , 

51 I I I I I , , 
" 

, , , , , , 
" , , I , , 
,I , : : 
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,: .·· 
. · .. ·~ : .. . . ,: ~.-.;. 

·> . · .. . : 
.·• 

: . . .. . 

··· ··1~1 ·.·· ... , .. 
···.;.:,:. ·.• 

. :· . ·. \ 

. ·. 
· .. :: ., 

4 •. .CONCLUS.1 ON.:.. c;ompal:e .. your 6H~ • 
fr,c>m t;he cec ilan<1bool( C@. .298 Xl• · 

~.G anci 6S 'l.lith the :. f~.i1cii.<1~9 data ··,· . 

.. · 

. : ..... ·. 

.. ~ 
.... ,, 

.. 
• .•. · 6t1i(. ··~··) ·.· ···.···~o,( iL) 

· • ... DC!l. ·· · · .. · mol ·. .. 
... · .. 

· . .·• · .. , 

sc1r(a~) 

Fe~"(~q). 

..: . 76.44 

.. FeSCN2 ~(~q) . 2.3:43 • 

. ~· .. : 

· · Exper~•erital . 
c:Rc .. 

. . . 
. ·,.. Error .... . :·· 

?.2,68 

·. •.• · ••· ~ 4; iio .. · 
. 7(13 .. 

4s[· . f . ·. . . 
;:, ·. 1·· 
~ti · 

•·. 

. . 144 · 

' ;,16 

-.130 

. .. s . ·. 
.. . · r.xn 

.· . 

Note: Tbese .theo°retl~ai ~al~es . will. .probably. 
'..•~:t:1meiita1 v.a1ues vert,. c;iio5elY• · · · · · 

i?..ot match Y.OUr 

,· 

. ·, 

..... 

:~ .. 
·,,,::' 

\ ·:· .. 
.•· 

... · 

.: . 

: : .. : 
:, :· 

. . . .. 
: .. . ·· 

... ' 

. ·' .. 
·~ .. ,;" 
:. ' ·:·. ·. 

. ; 

. :. ,: 

·: ... 

·.·. 

... 
. · .. ,·· 

·., 

. .. . 
'· 

.... ·. 

. .. , '• 

: ::: .. : . .. : 

·' . ··. 
.. · 

. , .. ·,, .::·· 

. .. : ... ~ . 

. ·; 

·.·· 

·'· 

.. 

.... 

: : . 

. .'. 

... · . . 

·.. . :,: 

. : . 

. '· · .. · 

.'. 

·.-. 
. .•.· 

. :: 
~:· .. :: .. · ~ .•· 

EQU'•.L.•. l!'i..• l.IH. ~.ONSTA.NJ' . .Page:J1 . .. . . : . . . ·. :.~ . . . . : . . .. ~ .. ·· .. · ·,.. . : . . .. . 
· ..... :.·· . .. ~ .. ·· ... 

.. .. 

. ·. ·. 

. \ 

. . . . . ~ 

... · 

. :, . . .. 

. ... 
; . ... .. 

. , . . ::~. ~ . 

.: . 

··:· 

.. '. 

:. , . 

·.' 

.. •· 

: ~:· .. 
·.· 

.··. 

4. CONCLUSION: Compare your 6H, 6G and 6S with tbe fol.l.owing data 
frolll the CRC handbook " 298 XI. 

, •• [ ~ J .. , 6G r [ !L ] .. , .s,( .':1 i:] 
SCII-(aq) 7( •• 44 92.68 .144 

F .. 1~{aq) -48.53 - 4.60 -.316 

FaSCN'+(aq) 23.43 71.13 -.130 

,.. Error 

Note: These theoretical values will probably not lIIatcb your 
eXperi.ental values very closely. 
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··.•: 
; . . ::: .. 

·. '· · .. .. . ·· .. 
.. :: . 

. , . :: :. · . ;. : : 

. :·: . . :·: ;: . 

iii .. 
. . ·. 

·. .INS'l'.'!tU~TION~ f"O~ '.'!'HE O~ER~T;:~N OF THE . SP.E.C. 20 . :·. 

, _ 1~ . Be ~ure ~h~t ·the · instriment l~ p}uqqed in and tUj:ne~ ~n~ 
2 • ·l'l the··SPEC 20 is n~t ~ri, turtj i .t on by rotatinC;J th~ ~ower knob 
.ig :~:u~:!t:t~r:~!.f:;~<:of th~ Spec. 20, c.1.ockwise. :rt wil~ then take .· 

.. :. J • .. ~et; ~he : correct wavei~rigth usin9 the wavel~ngth adjustment ~~ob ' .. 
· . (on the upper f .ace; J;"i9ht hand side: of the instru!llent) • . The dial is 
.• <calibrated in · nanoi:ileters. • . Reme.JDPer . to, interiiolate . biitweel'! two scale 

markings to ,Set the ri9ht wavelength. . Ask your .in&truc.tor if yo1.lr 
nc;>t sure, how to. set it correctly • .. · . · · · 

·:. ~. ·. :. 
· •· 4. Make· sur~ that tiie samp}e compartment is empty and the cover 

. c1oseif~ · Adjust . ;,;he power knot>, st.111 keeping :the power on, so that 
' the meter reads· 0, transmittance. . . . . ' . 

. . ·. · .·; NOTEi •.· To avoid ~~r1111a)i erro~ in y~ur readii;i9 o~ the needl~; 
move your head so· that::.the ·needle · and:.its refl.ectiori in the mi·r.ror, · 

. :~e,,::·:::~
0

:::~ ~vet~.e to tli~ b~ttom of th~ •frosted circl~ wi~h ·· •·· 
· de-icin'iied . water. Wipe the. o:utside of tl::ie c1c1v.ette iol,ith ~ tissue and 

... i.lake sure tfiat it is tree of fingerprints. ·· Place the .cuvette· in the 
' · compar.tment making sure tli~t the . rine .on the ci.ivette is aili;Jned -With . 

. the.iirie on tlie trorit. of the sample. compartment. Close the lid: over the . sample compar.tm~rit:~ • . . . . . . . : . .· . . . 

. §; . :U~e the knob :on thi 'riqht_ front hand face of the spec ?o ~o 
;lld:J\llit the needle so that it .reads. 100.t transmittance~ .· . . . 

. ··, 

.. ·., 7.. · .. R~peat the .~bov.e ste~s 4~6, until t}le Spe~. 20 i~ callbrated. 

'. ' 8. M.;,ke 11nir~ ttu~t the outside of the' cuvette, is .clean and dry; ;h~ 
··:·cuvette· itl!itiolf. ahould be· rinsed :with a portion• of· the sample· you. · .:: 
: 1o1lsh to meailui:'.e the percent: .. ~ra~slili ttaiic~ · o .f. · · · - •. 

>-<9-. F~ll th.; r.i~s~ C:livette :to t~e b~tt9iii of the fros.ted circle -;;ith · ·· 
· .. i;tie •.~iii.Pie yciu;wish to measure .the. perce, n. t tra.n .. ··smit .. tan .. ce Of Ory .... · · 

·t:he exter.ior 'of the ci.i~et:t~~ · · . ~ . · · ··. ; · 

to~ ;·P,1ace ttie clivette;.iri the' sampie ~oiilpart~nt as befi;;re with the 
. 1ine ()n the cuv~tte a.l,i9f'l~d with the line on t.he fron.t of the. sampl~ • 

·· · compllirtunt:. · · · · · · · · · · ' 

"'ii. c~ios~ th~ 1ic1 on ~h! saihple c~partmeht and rea~ ti.~ perc~~t . ·'. 
· t:ransmittanc.e • . · .... 

: : 

. ·. -

· ....... . , ···.:.: 
. ·:. : ............. . 
.. · .. ·: 

. .. ~. :: ..... 

. ·· .... '. ' .. · ·. . ·.:: .. : 

·.··· . :. 

: : ····• . : . \ . 

. . . . 
. . .. . · ... 

··., . 
··· .. 

.· .... 
.. ·. : .. 

.. ·. •.. . 
... . . . . · .•. ·: 
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; .: : ... ,, · .. 

.~ :.. ..... ' .. 

· ... 

. ·.· 

. :. . . . 
.. . :· 

. ':·· 

. : .. 

. .· 
...... . . : 

,·· 

,. 

···. 

' . 

INSTRUCTIONS FOR THE OPERATION OF THE SPEC ao 

1. Be sure that the instru.ent is pluqqGd in and turnGd on. 

<I. If th.SPEC 20 is not on, turn it on by rotatinq the power knob 
on the left front face ot the Spec 20, clockwise. It will then take 
10 minutes to war. up. 

J. sat the correct wavelength usinq the wavelenqth adjustment knob 
(on the upper face, right biilmd side of the instrument). The dial is 
calibrated i n nanometers. Remember to interpolate between two scale 
markinqs to set the riqht wavelenqth. Ask your instructor if your 
not sur. how to s.t it correctly. 

4. Maka sure tbat the sample compartment is empty and the cover 
closed. Adjust the power knob, still keepinq the pavor on, aO that 
the meter reads 0\ trans~ittance. 

NOTE: To avoid parallax error in your reading of the needle, 
move your head so that the needle and its reflection in the mirror, 
are superimposed. 

5. NOW till the cuvette to the bottom ot the frosted circle with 
de-ionized water. Wipe the outside of the cuvette with II. tissue and 
make sure that it is free of fingerprints. Place the cuvette in the 
compartment making sure that the line on the cuvette is aligned with 
the line on the tront of the .salllple compartment. Close the lid over 
the sample compartment. 

6. Use the knob on the riqt1t front hand face of the spec 20 to 
adjust the n •• dle so thst it reads 100\ transmittance. 

7. Repeat the above steps 4-6, until the Spec 20 is calibrated. 

8. Make aure that the outside of the cuvette is clean and dry. The 
cuvette it •• l! .. hould be rineed with a portion of the aalllPle you 
wieb to lIIeaaure the percent transmittance of. 

9. Fill the rinSed cuvette to the bottom of the frosted circle with 
the .... mpl. you wi .. h to _aaUre the percent transmittance of. Dry 
the exterior at the cuvette. 

10. Ple.ce the cuvette in the sample compart_nt .Il before with the 
line on the cuvette aligned with the line on the front of the sample 
cOlllplllirt_nt. 

11. Close the lid on the sample compartment and read the percent 
transmittance. 
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. . ··· ... : ...... , ... ·.: ·:·· . .. : .. · 

.·' .· 

.. . 
......... ·.>.. . . · .. : .. 

· .. : 
. ,. . ,, . 

. \···· , .. ·· 
·.:· ::· .· 

;l 

• ... , .. ,·.' 
. ' •.. ···.·.·•.·••···· · ..... . 

·.: 
:'• . ....... , ·. :: .. : . . :· ........... ·: : : . 

r·· .... ··: . ... : . ": ·. 
,,·:. . . . ' acto ml!l''ftTU.Ttoil · . 

.. , • ; . c1lealatr7 13~ · 

:;.. 
., 

~.. '. .. : . .:: . ·~·: .. : :· 

.·. · .. ·. :. ... . , . 
. ··.' . .· . . ·: ; · .. : _::.· . . : . ·.:. ·:·:: ....... . 

·'. ·' •• : • • •. • ::>' ••• · ~xnllooue<rtox :· · .. ·;· . 
' . " . ' Analy~{s of an -~~~n~~ a~~d- c:on~~tt~tion i~ oft~n dete~t~~tf . ,;: ~., •. · 

. ·'· . ,. .·., ...... 

..• ·· tiy 11titr~tingn th~ \lnknoWrt acid with a krtown .airiount .of ba~e~ . rn .·· 
, .. •• •.•. t,his ; experimept you . w.ill: perfor'!ll il- ti.t::ratiori <)f a · s:tr<!ng ·acid ; (HCl.) ' . 

··: i.f,i-th ; a stroriq:)lase (lJaQHfath. nciyoi,l w,il:l; .also perfori •a• .titration of a : . . J 
w~~k acid~. (acetip . ac~d): .wi ·~ .. strong base · (N~OH) ~ · · . · · 
. . . .. . ~··. . . .:. ·:.: ·.: . .: : :. · . 

• H <oB.JICt:wiri , ·· , • . . H • • •• •• • 

i ' ti~d~;~tand tile ~~~~~~~ .ot th~. ~i~~~i:tor{ of weak c:anci stt-o.n4 ~ci~s ; _·. · . 
· '. with .a. stt'onq base. · · · · .; . . , <: · 

· / 2~ ··:r~~~bc!tice thi!. ·.1.aborato~y. .te-c~n.i~e af ~i~r.ati~n~ • ·. . .. • :· .. · ·· :-:_ · ,:· 
: ,~~ay _'H, ':_··: <<' .:.-····· ·: ••.• ··,: ... :.·:· •. ··'.. .·) 

·.... · aeter~cit:e.Xt,tiook .!or . trie ~cinip:1et.e t~eou · ot- iicid,:base ··· · · .. • ,.· ·· · ·.;, 
. ' tit'ratiQnS (!:!ection 1s.i; Hcbgistrv, " Mastert"o~ and. Hurley); The '> ' . -

followi.ng. is a brle~ re\iiew. of ~h~ thti!~ry • . ·.·.· · · · · · · : . : · · · 
: . . . . ·,·· · .. , . . .. 

.. ·· .. '.',: : T1'~ ' bet'. i~rii~~ ecni~tioh f9r . the r~aeiJ.on between a · stro~g ~~ia ·• .··:: ... 
.. , ishd~st.~on~·: l)as.~i!s : as.;· fo1ic).w~: .. :·'.'.' > '. '> •. .. < :•: 

_::· ··. :: .. •,.··· · .. ': ~·<~ei, \ '6'~; «~1Ii . ~a;o : . . , -... ,1, ,. ' .. 
, :.- :~he ~clu,ll~~J;'tulli ~~nst~li~ for ·'t:Iiis:<re~i:t.icjn .;is: approxiiiia~ely ) :O 1.'; 'so.· ... '·'.> 
·. :: :that {or ail: prac;:ticai .purposes•. this.·reactiori CJoes. to. complet.ion .~. · . · · · · · 

· • ·. {> · ;· -~ .typi~~·r ~~~~~9 ~-~{ci/~ti:~ri;:: 11~~-: i1 tr~~1~i ~urve i~ ;'$ilo\in ,. · · 
, ... ':, ·belc?w~ ~e voi'!im~ of: titrarit: :.is •Jllo,¥t~d '. v~i-s\ls ttie!' pH . of ' the ,, • .· .·: .' 

. .. . solu.tion~ TJie . ¢qu;i;valefi.c;:~ po,irit. ·pn th' titration .curve ~epre&ents ·. ':: · 
the po~nt .at ·whicli the .t.h~ moles .. of. ~ase .(titra"t> ~dd.ed 1.s •. :• ·. : :. •., · .·· 

;, . ; eqlii va.J:ent ~o .. th~' nlillib.er/ of mol!BB . !lf ~ci.~ \ ln. :your ' ~nltn~n ~ol..u~ ion. :: 
· >. ffCitii;~ tfia:t : ~he pH'. is/ 7 at, ;the' eqliival.~nc;~ point f~r ·a st~pn9\· ··· · 

.~; :acld/stri>.ng .baae' titration. ;:. · · ··· · ·· · . · · · · . :. · .: 
:·.· ........ ·.:··. ·.. . .... ~· .. ·, ... ;: ... ,,. : ~· ·. ": .. :· . •·. ·.,_. ' .. '· · .. '::·. . '. ., 

. ·~ .. · .;. :· . : · .. · ·.·· ·. . . . . :·: . ·.. . : .. ,, :: .. . .. ·... . . . . : . '· ... ·. ·~7· .. · .. . . :· : . : .'... '.·. . .. : .. ~ ~~., .. . . ~ . . . . . . . . .... ,· . ·.:. : ;: : . < . ·. 
·~· ,,:, ·:·:·' : ..... · . ~ . ·, .: . · .. .. : . . . : .. .. . . . . . 

. ..... , 
•' ., . .. . .. /·. ·. . .. , ', . . . · .. ·.;. . . .· ... :: .· .:·. :: . . .... . . :·· ··.· .•. ··'. ..:, . . ........ ·;·.~ ·.. . . .. . ·· .... · ····~. .. . . . '::: ... ··>: .. : : ... :~·· · .. · . .. '; .'. · . ...- . . . . .. · · .. ::.:·. . :·~ .. . . · .... : 

:·,· · ....... • .. ·.·~·.:.::, ·: : ..... ·~· ..... ,:·. ···' ... -:·. .·.. :· .. ::: .... : . . ..·· .. · . 
. . .·, . ' ·'· ... ·. ·:.·. . ..... , .. :. . .. : .... <.. ·:. ·. :: : .:> 

... ·,:· ... ,....... . .. ·, ·-:: •,:· ~ .. . .. • .. ;::. . :. . . ·.· .. ·· . 
. ' . ·~··. ,: .. · : . . . . . · .... · . 

. :;" .. ·;.\'>. ' •.• •• •.. . ':· . . ·. ·•· . . . ~: . .. · .. · ·· ~ . . · .. · ;, .. · .. ··· . . ·:: : . . ·. . ~ .. :· ,. .,. . ··, 
·. '. '.· ·:: :· · ... ·.··· · .. :, . . :. :· 

.'f•. , . . . .. , . . ·.,. ~ .. ~.: 
:.: :. : , ,~.:. ·, .. . 
'~· ... } ;: :-:\<~ ..... · 
·.· .. :. ,. .. : ·: ·, : : ... :·, ·,. : .... :~: 

.:·.:. :·· ·: : • :· > ·.;.:. ..... ·. ' . 
. . :' •: .. 

: ·:'··(·, 

. ... '··· ,. ·"· 
, :<' ~ ... 

.•. 

1:ICTRODOC'.r:I:OII 

ACID .uB'l'ITD'l'IOli 
~iatry 131 

Analysis of an unknown acid concentration is often determined 
by "titrating" the unknown acid with a kt'J.own amount of base. In 
thi s experiment you will perform • titration of a strong acid (Hel) 
with a strong base (NaOH) and you will also perform a titration of a 
weak acid (acetic acid) with a strong base (NaOH). 

OBJICTIVI 

L Understand the concept of the titration of weak and strong acids 
with a strong base. 

2. Introduce the laboratory technique ~f titration. 

TDoax 

Refer to textbook for the co.plete theory of acid base 
titrations (Section 15.2; Chemistry, Masterton and Hurley). The 
following is a brief review of the theo~. 

The net ionic equation for the reaction between a strong acid 
and a strong base is as follows: 

( ') 

The equilibrium constant for this reaction is. approximately 10", so 
that for all practical purposes this reaction goes to completion. 

A typical strong acid/at rang baae titration curve i. shown 
below. The volume of titrant is plotted versus the pH of the 
solution. The equivalence point on the titration curve represents 
the point at which the tbe moles of bas. (titrant) added i. 
equivalent to the number of moles of acid in your unknown solution. 
Notice that the pH i. 7 at the equivalence point for a strong 
acid/strong base titration. 
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...... ·:·! ·:·· ··. ·" . . : ·.· . , . ··., ·. . .,... . ... . .. ···" ·.:· ·· . :·· . 
• ;\ •• ;.".' ·.·· ••• •• • • <" > .. . .. : .f •• , ". :· .• • •• • • • •• • •• •• ···: • •• , •• ••• •:. • • •• •,• •• ··\,. ·:, . .. . . . . . . .. . . : . ·:.: .... ··.·, .. . ... · 
: ·.~··\: ;•.• ··;····:.• :.·"·:.•. :~:·:·· . ·'·: ··' ·:····.. . . ·.·. . . . .. :·.: . . :.; . ::.:.., . .. .. . ~: :·: ~··; 
:.~~.;:.~-: :.• · .. :· . . :·. ·:·. . :t· : ,. . ..... ,, ····· : .. , ... : .·· ........ ·•· ·.~· . : .... :::·. . . . . . .... : .... · ..... · : · .. ·-: . .'· . .... _·.·· .. •.· · .... : ·· .. ·· .. ···· ... : .. · .. ·.'.·l')o, . .. ; .,:: •.. · ~-. : . 
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Since we will not knoW the pH of the solution in our strong 
acid/at'rong- balle titration, how clln we detena.ine the equivalence 
point? The a,Dswer ia quite simple. w. will use an indicator. 

An indicator is 1ust II very weak acid that cfianqes color at 
different pH ranges. ' The indicator that we will use for the stronq 
acid/strong base titration ill phenolphthalein. Phenolphthalein 
changesft"om clear to red around pH g. You lIIaY ask why are we using 
an- indicator that chang-esooior at pH 9 when the equivalence point 
occurs at" pH 7. ' Notice that the titration curve is very steep both 
before and after the equiValence point. In fact, the line 1& aillost 
Vertical between pH " and pH 10. Because the line is vertical 

" between pH ,. and pH 10, there is very little change in the volume of 
NaOH added in this ranqe. Thus, any indicator that changes color in 
the vertical portion of the strong acid/strong base tifration curve 
i& acceptable. 

, 
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. , . , ';'.·,···-~ .wea~ ilti~/~tr~~CJ base titrati6~ i~ qui~~ dlff~re:t '.th~~ a, •.. : 
' stro[ig ~ei<l/st.r.ong b.iis~ ti tta1;i()~ .i;iui:'Ve' •. Let's cansid~r . th~ ..•. ' 

· .. ,t~~i;ati~n _ '?~ ~~e!:ic acid wlthNa~H~ ··• ·•··· • . , 
. H. c · .• ;< ql.f,sc:o ~H(~q> + oli~(~q> · ., •·· :~ <:e;co;~ c~qj . + ,,11.20 · c2 > 

. ... . . 

· ;orh~~ ~~ilfbrf,tim• i;;i>nst~n~ fo~ . thi~··re~ction: · is appr.oximat~iy ... );69.; ~o;• 
·<.J;.t tQ~ 9oes ~o completion: .Let's cons.ider' how pa ch.anges during: t.he . : ·· 

~ :tit.:ration ',its . ~ilown in t.he .followin9 t:.it~ation curve : · ·· · · > .. 
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-.;. · '.: Nd~i~~ "t~a~;. the :P~:· sta~t~ ~t! about .2.4· :and rises ~a~i~1y. . . 
.·;About ltalfVay to· the equivalence point the ·pH changes very si~w):.}'; . 

. . .. In. this :tegio.i:i you have a · buffer aystem.:.-acetic . acid an4 th.e acetate 

··, 
. :· 

>. 'iq,i;i's.'. produ¢~4 by ~thilt a4ditioll of OH' J~~ show in• eqliiation 2) ~ ' A.t . . 
·•·,., the •· ii!qU.ivalerice ·poi·nt ·· the pH is greater tban 7. because ·in. this · .. : .•· ... · . < 
: · .. ~--~~~:ioti::~h$r~ :1s ;/nO. ace~f9 a~ld , le_ ft :~n; .~ol:ution, b\lt on:~-~ .qeta~e; :'. . 
:.; ~:.i:oi:i;.,.w}'iic.h .J.S ;,a ~~a~ ;l>a11e• 'Noti~e. ·a:uio . .that th.e .c.urv~ :a,.s .~ot. near~:y .•: · •· · 

•·. <~s..:.verti.cal '~r."o.u.bd .tl)e ~~quival~hcie< pc:>it;ii a·j; it' was . with ·.a str~rt.g · · · · · :: 
... ·acid/str.opq bas~ .t:itrjiti.on.· Therefo;r~, we must. carefully cho0se an . 

.. in'dicat;er· wh'i.ch ' changes: coloi:;- ·veey clo!>e to .. the equivalence, point. _. •<' •' 
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. A weak "cid/strong b"se titration is 
strongacid/stronq base titration curve. 
titration ot acetic acid with NaOH. 

quite 
Let's 

different than a 
consider the 

CH,C0 2H(aq) + OH " (aq) .-~CH,C02-(aq) + H20 " ) 

The equilibrium constant for this reaction is approKimately 10 9, so 
it too qoes to completion. Let's consider how pH changes during the 
titration "s IIhown in the following titration curve. 

• " 
• , 

• • 

• 
" • 

• 
, 

• 

11'~~\I ••• f $0.00 .L 
.f .k. v •• t .ell KC 2K3 0 z 
[1 . 000 MJ vi •• · 1.000 " N.OK. 

/ 

Po "" ... , 
, 

./ 

. 

" " " ... 

Notice that the pH starts at about 2.4 and rises rapidly. 
,About halfway to the equivalence point the pH changes very slowly. 
In this r~gion you have a buffer .ystem--acetic acid and the acetate 
ions produced by that addition of OH- (as shown in equation 2). At 
the equivalence point the pH is greater than 7 because in this 

., region there is no acetic acid left in solution, but only acetate 
~ ion, Which is " weak base. Notice also that the curve ill not nearly 

as vertical around the equivalence point as it was with a strong 
acid/stronq base titration. Therefore, we .uat carefully choose an 
indicator Which chanqes color very close to the equivalence point. 

Acid Base Titration Paga J 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

l :t6 • 

Before we start any titrations, however, a chemist .needs to 
make sure that the concentration of the titrant is known exactly. 
The concentration of ·the sodium hydroxide solution may change with 
time. If .C02 is ab.sorbed by the NaOH solution, this would result in 

... formation of carbonic acid which would neutraliz.• some of the NaOH; ... 
· · · To deter111ine the ex~ct :concentration of the. N.aOH solution, · 

,, ... · 

~· .. : 

t .herefore, we mu~t .0 $tandardize" it against a -_ known concentr ation of., 
acid. The acid that we will use to . standardize the NaOH is 
potassium hydrocje.n p!lthalate (lGIP) .. It reacts with the NaOH 
according to the follo~ing reaction. 

0 
I 
C-OK 

~~ + NaOH(aq)~ 
C-OH 

(3) 

The procM1ur• for ·standardizing the NaOH is . to measure out a certain •· 
amount of J.(JIP, disso.1ve it :1,n water and titrate with NaOH to the 
equivalence point. ·.· Usl.nCJ t;he following reiationE!hip, . .. . ..... 

Molarity.,.•• • ·volume~ ••• • moles of iaiP (4) 

you' can determ~ne the exact molarity of the NaOH splution. 

IRQCBDVBI 

<•0~•1 Your in•trUctor vil.1 41.rect you on th• proper titratio.D 
teahn.ique priar to perfor'll!ill9 the lab. _I:f you h&Y• any questions 
pl.•••• .••kl, 

' 1. Thi• lab will be. conducted in pairs and written up independently. 
All c:ioll.&))oration·:1111at . II• cloouaeDteG. · 

2. Weiq,h 2 sampl~s , of ,:'appro~imately ·o.4 <i°ra~s" of solid potassium <, ·· .. · 
hydrogen phthalate' (l<Hi:>) afl4 dissolve ea'ch iil 50 .mL of deionized water 
in a 200 or ·250 mL Erlenmeyer . fl ask. ·Add 5•6 -drops of a 0.1 ·t 
phenophthalein indl·cator solution to each flask . and then titrate the .. 
. solution' to a faint-. pink endpoint. Use these data to standardize the 
NaOH solution. ' · . • · 

. J, Once the NaOH solution i• standardizect, . determine the molarity 
of an unknown hydrochloric acid aolution by titratlng approximately 
10 •L of the unknown acid with the standardized NaOH solution. 
Perform two replicates usinq a phenolphthalein endpoint . 

4 ·. Determine the molarity of an unxnown acetic acid solution by 
titrat,inq approxi11at~ly 10 mL of the unknown ·with NaOH to a 

.. ·. 

. ~ ·: 
·:.·.Acid Base Ti tr at ion Pa!i'e":• 4 

: ... · 
.. · .. ·· 

·· ..... · .. · 

'" 

.Before W. start- any tit:rations, however, a cheldst ne eds to 
make sure that "the concentration of the titrant is known exactly. 
The oonoentration of the sodlu~ hydroxide solution may chen;e with 
time. It .C02 1s absorbed by the NaOH solution, this would result in 
for .. tion of carbonic acid which would neutralize so •• ot the NaOH. 
To dotura!ne the exact concentration of the NaOH solution, 
thertof'ore, we lIlust "standarcUz.- it aqainst a known concontration ot' 
acid. The acid that we will use to standardize the NaOIl 1. 
pota •• iulli hydrog8.n phthillate lXHP). rt react .. with the NaOH 
according to the following reac tlon. 

p, 

The procedure tor standardizin9 the NaOB ia to measure out a certain 
amount of KKP, dissolve it in vatar and titrate with NaOH to tha 
equivalence point. Using the following relationship, 

MolaritY1> •••• VolWlla~ ••• _ lIIol •• of lCHP (4) 

IIQQIDRU 

U'otal Tour i.,tnactor v.tll &tr.ot roll 
teobDlqua prior to per!or.lag ~e lab. 
plea'e a.kll 

OD t.e proper titratloD 
:n )'OQ MYe _Y 4'le.tiolUl 

1. Thi. lab will b. conducted in pairs and written up indepondently. 
all oollabaratloa .ust ba dO~DteO. 

~. Weigh 2 samples of approximately 0.4 grams of solid potassium 
hydrogen phthalate (KHP) and dissolve each 1n 50 mL of deionized water 
in a 200 or 250 mL Erlenm,yer f1aak. Add 5-6 drops of a 0.1 , 
phanophthalein indicator .olution to each flask and then titrate the 
.01ution to a faint pink endpoint. Us, these data to s tandardize the 
lfaOH .olution. 

3. Once the KaOH solution i •• tandardi~ad. 4eter.ine the molarity 
o( an unknown hydrochloric aoi~ aolution by titrating approximately 
10 aL of the unknown acid with the standardized KaOH solution. 
Perfor. two replicate' usinq a ~nolphthalein endpoint . 

4 '. oatenin. the :aolarity of an unknown acetic acid solution by 
titrating approximately 10 mL of the unknown with NeOH to • 
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' . ····. 

•... phenbiphth~:iein endpoint.>. Perfdrm tw.o ~ep~icate~ with .the · 
>. ph~n~lphthalein iiu:Ii¢ator~ ·. · · · · ·. · · · · · 

5 ~ ~ext ti tra~e the sa~e unknown acetic ~ci~ so;~tion usi~~ methyl . . . 
· :orange as al\ indfc:ator:; •· Perfor111. the . titration only once. . . 

>:~ ...• YtlUJ:- i~str:µctbr wili dire~t . t~! ~ntire, clisss, to perform a pff · 
> ti.trati<?ri .of the unkn.own acetic acid .solution us1n9 NaQH arid. ·n.q . · 

indicator. .Th41! data from thi;s . titrat1on wil,l .be supplied to the · 
whol~ .class. The proceciure .for the pH titrat.ion i .s as follo)llsi ·. • . . . . . . .. . . 

• ·a~ • .~easur~ .th~ pH of the so1i.ition before. ad~in9 t.i~rarit. 
·.: ii. .,.da a' saiaii ~01ume :ot t1f.~ant. ·. sto~~ .record. vo1umE! adde.d, · 
· measur.e and r,e90rd the pJI •. · · . · · · · .. ·· 

; ~~ Rep~at stiap "b'' u~t~i within ' ~bout 2:.0 lliL Of the equiv~l~nce 
' point or use· voiume im::i:-E!111ent$ that 9iye approximateiy 0.2 .... 0~3 t>H 
unit·.chan.qe&i · · · · · · · · · · · · · ·· · 

' .. 

. ... 

. ·. d . . J;n fire ~ie:_inity of.~th~ equival~nce pain~, many dat.\i poihts are.• 
<:needed, s.o t~~e plf r~adit.iqs a:,fter .every 0.10 ~ titrant ~s .added. ·. 

. · .. , ··. 

., 

',. ,.e ~ .. After . tlle .. equiva,leri~ point, • continµe taklnq .teadlnq!!J (at . i.;, 2 mL 
. · ·. iii(?re~nt.s ). \int.11. at l.eas.t · 5 mL . beyoiJd the equivalence point. 
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phenolphthalein endpoint. Perform two replicates with the 
phenolphthalein indicator. 

5. Next titrate the same unknown acetic acid solution using methyl 
orange as an indicator. Perform the titration only once. 

6. Your instructor will direct the entire class to perform a pH 
titration of the unknown acetic acid solution usinq NaOR and nQ 
indicator. The data frON this titration will be supplied to the 
whole class. The procedure for the pH titration is as follows: 

a. Measure the pH of the solution before adding titrant. 

'" 

b. Add a SMall volume of titrant. Stop, reco~ volume added, 
measure and record the pH. 

c. Repeat step "b" until within about 2.0 _L of the equivalence 
point or use volume increments that give approximately 0.2-0.3 pH 
unit changes. 

d. In the vicinity of the equivalence point, many data points are 
needed, BO take pH readings after every 0.10 mL titrant is added. 

e. After the equivalence point, continue taking readings (at 1-2 mL 
increMents) until at least 5 mL beyond the equivalence point. 
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1. What i. the average molarity of the HaOH solution? 

2. What i. the average aolarity of ~ unknoWn Hel solution? 

3. What i •. tho av~a9' .olarity of the unknown acetic acid solution 
using phenolphthalein as an IncUcator? 

, 
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4. What is the molarity or the unknown acetic acid solution usin~ 
the methyl orange indicator? Is it different than the titration 
using the phenol~~thalein endpoint? If so, why? 

5. Plot the pH 
using Quattro. 

titration data of 
(Attach the graph 

the unknown 
to thi5 lab 

acetic 
alsol) 

acid with NaOH 

s. What is the equivalence point in mL NaOH? (Mark it on the graph 
a1.o. ) 

b. What is the pH half way to the equivalence'polnt? 

c. What is the pH of the solution at the equivalence point? 

d. What is 
indicator? 

the .ffective pH range of phenolphthalein 
(Highlight this range on the graph.) 

as an 

e. What is the effective pH range of methyl orange as an indicator? 
(Highliqht this rang. on the graph also.) 

• 
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. ., .. 
. ~ . 

· . .. 

. .. 
, . . ·:. 

: :· ··, ... 

: ·.~. 

·.:· .. .·,;. 

··' .. 
.... · . 

la• ;Wh~~ is t~~ -~~ of. a i .ooL ~. i ~ ~~etic acid 'so.iutio"? · · 
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, . \ iDL of . O .~ .1 M .NaOH solution'.? 
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· · >:, .· ·c~-· ~~t {~ . the :Jm ~of ibti ~b.()v9, s01~~i~n :a'tte~ ·. i~ >has tieeti: .titrat~it ' 
. with · 0.1 .. M •Naoa ;to . it~. ~ival!ence polnt? 

\ ... 

·., 

. ~· 

:•.•:.,· 

.... . ·. :-: : 
-~ .. ..... 

·.··· 

: ... · 
. :··· ... ,: . 

. ' ': f" 
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pup- IDBCIII 

1. Draw II typical weak acid stranq base titration curve. Label the 
axes and equivalence point. 

2.. Define equivalence point. 

la. What is the pH or a 1.00L 0.1 M acetic acid solution? 

b. What i. the pH or the above solution after the addition of 500 
.L ot 0.1 M "8oOK solution? 

c. What i. the pH of the aboVe solution after it has been titrated 
with 0.1 H NaCH to its equivalence point? 

d. What ie the pH of the above solution arter addition of 1.01 L 
of .1 II HaOH? 

Acid 8a •• Titration Page 9 

• 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

: .. 

i. 32 

1ggo4yqi;lop 

l'JIO'IOGUl'BY 
c::lleai • tZT ia 1 · 

The followin9 appeared in the Gazette de France on 6 January 
1839: · "An impo~tant , discovery by our famous :painter of the Diora1Da, ... , 
M. Da9uerre·. · The·' d ·isc::overy partak~s of the::pro.digious. It upsets, .. · · 
a~l scientific .the.or.ies· of light and optics~. and will revolutionize .. 
tlie ·art of d;rawlri9~ ~:> The au.thor was descr.ibirifj a pai;ier ·presented by , 
Daguerre at· the N!'J.t·ional Academy of sc;ience ·on· how 119ht was used to : 
"make" pictures~ .Thts w~s the start of .Photography. 

Photography is a true blend of art and science. In its 
be9inni n9 a photographer .was more s~ientist and experimenter than 

.artist. He had to prepare his film and development procedures from 
scratch. There were no off-the-shelf film or ·24 hour development 
labs . Every part of. photography was done by the photographer. 
Today modern scienc:e and technology provide· us with very 

· sophisticated camera& and film capable of recording ima9es and . 
detail as never before. But hi9h techriology is only a beginning for 
gQOd photographs. Juxtaposition ·of subject elements, perspective, 
light and shadows-•these are the thinqs the photoqrapher. must apply 
arti•tie talent in o.rder t:o create superior · ·Photoqraphs. Today we 
will not be ·concer,nei;I .. abOut · photo quality.·.-·.:Instead we will concern 
out:se,lves pl;')Jl!ilr.i~t .. about the che1,11istry }>f photor;t.raphy. • .. 

.. ' 

.· : 

• .. ..... .:·. 

Q1>1eatiye 

· 1. To understand .the chemical principles involved in photQgraphic 
paper development. 

_2. Reinforce the 'principles of acid ba- reactions, precipitation 
reactions, oxidation .reduction. reactions and equilibrium. 

· ueon1 

, ,.. The basic .Pr.incipie of photoqraphy . is tha~ J.iqht is focused .on .. · 
photoqraphic paper r;:i!r1';.ainin9 silvel;' halide~· This liqht forms an. : 

.. . inv:isible ;i.•ai.Je . c;a'J.lied a . •1atent imai.Je" .·.' The latent image process '. •. 
' · is: just a vi;ory .aijjpl• e>.xidation reduction t-•llct:.ion. · First the 
. halide (Cl.-, Br- , or· 'I ~ ) "bsorbs a photon ot· .. l .i9ht (hv) and releases 

an electron in· an oxidation reaction . (1) • . The electron released . 
·'· from the bali:le reduees the siiver ion• to form metallic silver c'21. 

- T~i• .. tallic silver .is the ba•i• of the latent image. 

1 . lunt 1 ng , lloger; The Cbemiatrv 2' Photography; .198.7; (Portionll of 
.· the theory copied_ ~ith per-.isaion of Professor Bunting.) 

,, ·-. : ~ .._ ....... 
:.~ .. :. {, . ,\ . · 

' . ,. 
.:;. . ·.· 

' ·.··. 
~ ~~ .· .. ·~··; .. ,,~·. : ".' ·" .. .:, :~ ·: : . ·.:: .:: . '· . 

'· 
.· '· ... 

Phot0graphy·· ;t:: ·: ..':·: 
,•• ' ,• . ··~.. ':. . .. 

:;. 

. ·. 

ltIIOJo_anY 
CllmSacq 131 

Th. rollowing appe&red in the Gazatte de France on 6 Janu&ry 
1839. "An illlportant discovery by our ralllous painter of the Diora_. 
N. Daguerr •• ' The discovery parCak •• or the prodigious. IC up •• C. 
all .oientific theories of llqht and optics. and will revolutionize 
ttie art of drawinq.R The author was dascribing a paper presented by 
Dag-uerra at the National ACII'de.y of sciance on how light was "!!led to 
"lUke" pictureI'!. Tllil'! was the 8tart of photography. 

l't'Iotoqraphy i,. a true bland ot art. and scien<::e. In its 
begirming a photographer was _I:e scient.ist lind experi_ntal: than 
IIct.i . t . He ha4 to prepare hI s UI_ and develOJm..nt pr'OCe dur<:Is troe 
.en-t.eh. Thace wel:a no off-the-shelt' fU .• 01: :l4 hcul: developeent 
lab,. . Every pert ot photoqraphy was dona by the phot09l:aphe r. 
To4ay .odern acience and technoloqy provide us with vary 
aophisticated ca .... ras lind rila capable of recording i_gee and. 
datail a. nevar befora. But hlg-h tachnoloqy is only a 1:>aqinnirl9 :for 
g-ood photographs. Juxtaposition o:f .ubjact alaaants. p.rspaotive, 
lig-ht an4 shadowa--thas. are the things the photographer Gust apply 
artistic talent in ordel: to create suparior photoql:apha. Today we 
will not ba conc.rned about ' photo qu~lity_ rnstead we will concern 
ouraelva. pr,imarily about the che.iatry ot photography. 

OD1 .. t,1ye 

1_ TO und.ratand. the cha.ical principlea involved in photographic 
palMlr .sa.velopaant. 

a. ..iotoJ:Qa tha principlea of .oid ba •• reaction., prec ipit.tion 
reactiona, oxidation reduction ceaction. and equi1ibl:iu • • 

DM"' 

The ba.ic principle or photogl:aphy ia that light i. tocu.ed on 
photographic paper containing ailver helide._ Thi. light rorlllS an 
invisible i.age called a -latent l __ ge-. The latent image prcces. 
ia' ju.t II v~ry eiaple oxidation reduction raaction_ ' Firat the 
halide (Cl " , Br- 01: r-) abaol:ba a photon ot light Ih~) and rale •• ea 
an alactron in lin oxidation re.et,ion (1). The electron rele •• ed 
tro. tha hllll~e I:educes tha ailvar ion. to fora .. tallie ailvar (21_ 
Thia .. tal lie silver ia the b.eis o:f the latent i .. ge_ 

tho 
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light (hv) + Br- -----> Dr + e ''l 
Aq· + e- -----> Ag(s) ", 

This latent image is magni~ied during the development prO~GSS 
via a number or chemical reactions and the result is a negative 
photograph _ The magnified image on the photo paper appears opposite 
that ot the real object_ That is the light parts or the object 
appear dark and the dark parts of the object appear light. The 
reason for this is that the reduced silver on the photo paper is 
£or~ed in very emaIl, evenly dispersed particlee. When light hits 
the reduced silver, the small particles diffract the light and make 
it appear dark. The unexposed portion of the photo paper 
correspond .. to the dark parts of the object. However, since there 
is no unreduced silver particles on the unexposed photo paper this 
region appears light. The chemistry of the negative development 
process is described below. 

Photographic Paper 

The eSsence of photographic paper ie a layer of silver halide 
(AgCI, AgBr, and Agr) on a cIsar plastic support. The silver 
halide., principally bromide, is a tine powder and must be somehow 
fixed to the surface ot the plastic base. The material used to bind 
the silver halide to this support must be transparent to allow light 
to reaQh the silver halide grains; it must be fairly riqid to 
prevent particle movement which wou14 blur the image; yet it lIlust 
not be brittle 110 all to craek When the film is flexed. Finally. and 
or utmost importance, it must allow water and solutions to penetrate 
it so that the reacting chemicals lIIay reach the silver halide in the 
processing steps. 

The material which meets all of these require.ents i8 the same 
II.S that used in fruit flavored "je110" desllerts---gelatin. Gelatin 
i .. a very complex and indefinite 1Il01ecu1ar str~~t:ure. I:t i. a 
protein material and is made up of amino aci4s. The.e molecul.s are 
typically made up of long chainll ot 300 to 900 atoms (where n ~ 
100-300) as shown in the following fiqure. 

, , H , , , , , 
H , 

" • /C_
OH , 

H-CII/ n/ 'C '-," ''l / I I , I 
H R H 0 • 

" 
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The symbol· R is shown to represent some group of carbon atoms 
of unspeci£ied length or structure. · In pr0 teins these· R groups may 
co~tain occasional·atoms of· nitrogen, oxygen, sulfur or phosphorous. 
The composition of these R groups have a profound effect on the 
properties of the film. For t:his lab we will not discuss any of 
those effects. · 

Now let's consider the preparation of the silver halide, which 
must be suspended in the gelatin. One way to form it would be to 
react silver with bromine to form silver bromide according to the 
following. 

2Ag(s) + Br2 (t) -----> 2AgBr($) (4) 

If we drop a chunk of silver into bromine liquid we will only 
fo11:111 A9Br on the "outside" of the chunk. For the purpose o~ film, 

·this is not an accep~able way to incorporate AgBr in the gelatin. 
Recalling your solubility rules, a better procedure would be to take 
a.solution of AgHO:i and mix some lCBr solution with it. The reaction 
is as follows 

AgNO, (aq) + lCBr(aq) -----> AqBr(s) + I<NO:i (aq) (5) 

Commercially the procedure for making f il• is to take AgN0 3 and 
mix it with various halide salts (lCBr, KI, KCl) in a liquid gelatin 
at a temperature of so-so• C for 1-2 hours. (The KI and KCl is used 
to vary film sensitivity and grain size.) The solution is quick 
chilled, solidified, shredded and washed to remove the KBr, KI, and 
KCl. Finally it is remelted and.spread on a film or photographic· 
paper in a very thin and precisely uniform layer. 

Optics 

J:n a typical 35 - camera, the image if focused through a: lens. 
as· shown in the ·ro11owin9 diagram. 

r---------------. . 
• • 

,. --

... -
I focal: 
: platia 

. • of. !Ajns 
: 1u.: · · . · ···-···f ··--···4 

35- ca.era Box 

Pbotographyl 

Source 
Object 
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The symbol R is shown to represent sollie group of carbon atoms 
of unspecifiedlenqth or structure. In proteins these R groups may 
contain occasional atoms of nitrogen, oxygen, sulfur or phosphorous. 
The composition of these R groups have a profound effect on the 
properties of the film. For this lab we will not discuss any of 
those effects, 

Now let's consider the preparation of the silver halide, which 
must be suspended in the gelatin. One way to form it would be to 
react silver with bromine to form silver bromide according to the 
following. 

2Ag(s) + Brl(t) -----> 2AgBr($) ,., 
If we drop a chunk ot silv",r into brOlllin", liquid we will only 

fora ~Br on the "outside" of the ohunk. For the purpose of film, 
this is not an .ccep~able way to incorporate AgBr in the gelatin. 
Recalling your solubility rules, a better procedure would be to take 
a.solution of AgNO. and mix some XBr solution with it, The reaction 
is as follows 

AgNO.(aq) + KBr(aq) -----> AgBr(s) + KNo,(aq) co, 
C01llllercially the procedure for making film is to take AgNO. and 

lIlix it with various halide salts (KBr, !Cr, XCI) in a liquid gelatin 
at a temperature of .50-80· C for 1-2 hours •. (The K1 and XCI is used 
to vary film sensitivity and grain size.) The solution is quick 
chilled, solidified, shredded and washed to relllove the KBr, XI, and 
KCl. Finally it is remelted and spread on a film or photographic 
paper in a very thin and precisely uniform layer. 

In a typical 35 .. call1era, the image if focused through a lens 
as shown in the following diagram. 

r--------------·, 
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Camera lens nor111ally contain a diaphra.gin--a device to p.rov.i.de a 

circular hole of variable diameter. The diaphragm is known ·a!! t-J>.<j 
. · : aperture an~ its principle function is to ·control the intensity of 

. · light which passes through· the lens to the f ilrn. Adjusting the 
"f-stop" or "f-number" ·on a camera lens is just making a variation 

·: ."' ln the _aperture ·.diameter. !I'he £-number is equal to 

. , 

··~: 

: £-number= foca;i. ,1en9th/aperture diameter (6) 

. As. you can see, for a ca111era ·with_a . fixed focal. length, thf' 
.smaller the t"-number the larger the aperture diameter. The other 
adjustable settings on a camera is the shut.ter speed. The faster 
the .shutter ~peed, the iess light reaches the film and the slower 
the shutter speed, the ~ore light reaches the film. 

·with our pin-hole cameras, the optics are very simple. The 
camera has no lens, but has a pin hole which allows liqht to enter 
in and exp"ose the film. 

·' 

. . . . -·-··· ··----····-······"-·-· ·-+ . . Photographic · 
paper · · ·' · - . . -~~ -~ -~ -~ -_, -, ~, ~ ~ ~ ~ ._ '- '- ._ .._ ;. :; "- ~ ~ ._;: ;: :;: s£., .. 

. 1' .. 
C-ra bGx 

Pin hole Obj~et 
(being 
photop-aphed) 

::. . . To vary the amount of light that reaches the photographic paper 
· ...... there ·are only two controls: 

., 

·· 1. Size of the hole. 

2. Len9th ~f time film is e~osed·. 
; ~ 

The . apacif.i,cs . of. hole size and film expoaure· time . is discussed ·•. 
·in procedure section. 

D••·~~~in~ th• 1 .. ge · 

.; · J:n oro;!er to produce a visible i111a9~ on an ·exposed fi;l.111, 

:~· .. 

additional silver aust be deposited in the vicinity of each of the 
·•l!lall silver spec~ that make .up .. the latent . image. This is· brouqht 

·.:. about ' by .the development process·. · · · 

Photographic developers contain chemicals that are redu~inq 
agents • . These reducing agents readily 9ive up electrons to ·reduce 

, ""tbe .silver ions in the· silver halide to metallic silver • 
. -

~·; :·. : .· 

!'\:· .~ 
1 ~· <.: 
I· ... 
!· · ~ ,. . ,: . 

·' ... 
:.· 

. ' 

. .. 

.. · 
'· . . 'Photogpa(>Jly 4 . . -- ...... _; _..: . ·~,, . . ... 
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Camera lens normally contain a diaphragm--a d~vice to provido a 
circular hole of variable diarn(!ter. The diaphragm is known as +-1'>,-, 
aperture and its principle function is to control the intensity Of 
light which passes through the lens to the film. Adjusting the 
"f-stop" or Nf-number" on a ca:mera lens is just making a variation 
in the aperture diametQr. The i-number is equal to 

i-nullllJer ~ focal length/aperture diameter (6) 

As you can see, 1'or a c,Ullera with a tixed 1'oca1 length, thO" 
snaller the £-number the larger the aperture dia:meter. The other 
adjustable settings on a camera is the shutter speed. The iaster 
the shutter speed, the less light reaches the tilm and the slower 
the shutter speed, the lIore light reach ... the fiIll!. 

With our pin-hole cameras, the optics are very simple. The 
caaera has no lens, but has a pin hole Which allows light to enter 
ih and expose the film. 

TO vary the amount 01' light that reaches the photographio paper 
there are only two controls, 

1. Size at the hole. 

2. Length of time film i .. exposed. 

The specitic .. at hole eize and film exposure time i .. discussed 
in prOOedUre section. 

O ••• lapi_... th. I __ g. 

In order to produce a visible image on an exposed 1'ilm, 
additional silver .ust be deposited in the vicinity 01' each of the 
8111.all silver specks t.hat. .ake up t.he lat.ent illlaqe. This is brought 
about by the development process. 

Photographic developers contain chelllicals that are reducing 
agents. These reducing agents readily give up electrons to reduce 
the silver ions in the silver halide to •• tallic eilver. 
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What sort of materials can serve as dev~loping agents? A 
logical 9uess would be some other metal more active than ·silver .. A 
metal . that is "moie active" ii;: one . that can q.j.ve up .!.ts electrons . 
mor.e readily .t~an silver (i.e~ , has a h'igher oxidation potential). 

' Mercury is an example. It .is.slightly more active than silver, and 
so can .. react with a.silver halide as the following equation showsr 

Hg(~) + AqBr(s) --~~-> Hq~r(s) + Ag(s) (7) 

B.ro111ide is· just a spectator ion and it 
through the process. '' 

remains unchanged 

.: . 
· Mercury metal once was used ·as adevelopinq, aqeht .in just this . 

manner~ Its effects .were discovered quite accidentally by Daguerre 
in 1835. Daguerr.e· prepared silver iodide· emillsiOl\S, exposed them in 

. a Ca'Qlera and then st0red th~ exposed plate.s near some spilled· 
mercury from ~ broken thermometer. The result was: that the m·ercury 
developed bis exp.osed film (containing a latent image) into a 
.visible imaqe. · These ·phcitographs· lat~~ be~ame knoloin . as 
"da~errotypes." · 

..• \ 

The reducing agents.in developers in use today are all organic 
compounds soluble in .water •. In solution the molecules have the 
necessary mobility to get ' in contact with the insoluble silver 
.halide in order to reduce the silver in the fi·lm emul.sion·. The most· 

" widely used redu~in9 agent in photography tOd~y is hydroquinone 
c,H.(OH)z. Hydroquinone is a weak acid that di~sociates according 
to the f.ol.J.owing reaction: · · · ·. 

(8) 

·, . Since this equilibrium lies far to the left .we must add a . 
, .ch~ical in o,:der to "·ac*ivate" hydroquinone. The. chemical which 
activates hydraquinoile" is hydroxide. · When a ba~e ia a 'dded the 

, ·h:yd;roxide reacts .with ~e two· protons on hy~roquinone ·to for111 the 
·:..· 

.. . 
. . . ' 

·~ ··~ ', 

:··· .. . ~. 
·}. 

:,: 

.,. . »' 

'· 
: .. ..• ·~ 

~ ... :•. . .•' ,~ . .;:. 

.·,. 

,/ 

.· , . . .. 
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What sort of materials can serve as developing agents? A 
logioal guess would be some other metal more active than silver. A 
metal that is "mor .. active" is one that· can give up its electrons 
more readily than silver (i .... , has a higher oxidation pote ntial). 
Mercury is an example. It is slightly more active than silver, and 
so can react with a silver halide as the following equation shows, 

Kg(l) + AgBr(s) -----> HqBr{s) + Ag(s) 

aro.ide is just a spectator ion and it remains unchanged 
through the process. 

Mercury metal once was used as a developing agent in just this 
manner. Its effects Were discovered quite accidentally by Daguerre 
in 1835. Daguerre prepared silver iodide emulsions, exposed them in 
a camera and then stored the exposed plates near some spilled 
mercury from a broken thermometer. The result was that the mercury 
developed his exposed film (containing a latent image) into a 
visible image. These photographs later becaae known as 
"daquerrotypes. " 

The reducing agents in developers in use today are all organic 
compounds soluble in water. In solution the molecules have the 
necessary 1IIObility to get in contact with the insoluble silver 
halide in order to reduce the silver in the film emulsion, The most 
widely used reducing agent in photography today is hydroquinone 
C, K.(OH),. Hydroquinone is a weak acid that dissociates accordinq 
to the following reaction: 

00 0-

,r ,r 
• ',0 ~ H,O' ( •• ) • (0' ~ 

"'- "'- (.q) 

OM 

Since thi .. equilibriulII li8. :tar to the left we must add a 
chemical in order to "activate" hydroquinone. The chemical which 
activates hydroquinone· is hydroxide. When a base 1 .. added the 
hydroxide reacts with the two· protonD on hydroquinone to form the 
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d'ian:i.on of hydroqulnonf;t accordinq to the followin.q reaction: ,, 

'· 

. -· 

., 

OH 

··~. 

·Oii 
(hydroqulnone) 

.. 
... o-

;., :.·.· 

o_ 
(hydroqu.!.none dlanlon). 

,. 
rn the presence· of Ag•, acts as a .reducing agent and 

... ~ 

. ' ... o_ 
"becomes oxidi.zed accorditiCJ to the following half 'reactions: 

; .•. ~· 

. ·.· -.. 
:~· .... : 

, 

' 

: ~ 

o_ 
'(hydroq\iinone · dianion) . . . · . 

.... . . 
.Ag• Caql +. 

•' 
·:. 

" 
. ·. · 

. ., 
. - ·~·; 

·.: .... · . .; .. 
.. · .. 

~<~:~ 
. ~~-. ;,;. ·: ..... 

·: ... .~ ..... . .•. :· {: 

.. . .. . . .,_ 
' -· 

, . 
.. 0 

., 

·-
+ 2.,-· (Oxidation hal.f reaction) 

A 

0 

(qu.inone) ., 

~-:; 

.. . . 

•,: 

e 7 -----» Ag(s) (reduction 

' 

. .. 
·: 

.... 
.; . 

·' 

. ... 

;;,, 

reaction) 

.. 

·· . . -:· 

.. . ... 

. ... ... 
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(9) 

"· 

(10) 

(11) 

.,· 

., 

... 
,. 

dian ion o~ hydroquinona a~~ordinq to the fol.l.owinq rca~tion: 

o. 

O. 
(hydroqulnone) 

0_ 

(bydroquinone dienlon) 

rn the presence of Aq+, I acts a .. a reducing agent and 
">,-" 

o 
beca.es oxidized according to the ~ollowinq half rea~tionB: 

0-

o 
(hydroquinone dianion) 

o 
(quinone) 

+ 2.- (Oxidation hal.~ reaction) 

Aq~(aq) + e -----> Ages) (reduction hal~ 
rea~tion) 
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'Thus the overall reaction is: 

o_ 

I . • ·2Ag·(•q) _ .. _ > 
(aq) 

0 

0 

I + 2Ag(s) 
(aq) 

The pH range of all developer solutions is always basic. 
Normally the pH range ie 10-12 using Na 2co, as the base. 

(l2) 

Up to this point we have ignored an obvious. question regarding 
the de\telopment reaction. Why is it that the reduction of· silver in 
the emulsion occurs only in the vicinity of the silver particles of 
the latent i mage? Why aren"t all the silver ions r educed? The 

·answer to this question is that the rate of reaction of the silver 
near the latent image is much greater than the rate of reaction of 
silver n2t near the latent image. The developer ca\1 and w.ill reduce 
all the silver ions in the film and if development is extended for 
too long a time the entire emµlsion will turn black. The reason we 
can use the development reaction to produce an i•age is that. 
reduction occurs faster near the silver particles. So we can 
develop a fil111 or print until the image sufficient.ly darkens, but 
stop the developlllent before the slower reactinq s ilver halide is 
reduced; The silver metal of the latent i1111age act.a as a catalyst 
f or reduction of the silver ions with which it is i n contact. 
Chemical development would not be possible if it. were not for this 
catalyst. 

atop Bath 

When the development process is completed - that is when 
sufficient silver . has been reduced to give the desired image density 
- the film is placed into a stop bath. The purpose of the stop bath 
is to prevent any further reduction of silver ions. Si.nee the 
developer. solution is only activated at pK ranges above 7, · then o ne 
way to sto p the development process is to "wash" the film in an 
acidic bath and in so d.oinCJ shift the equilibrium o f the develope.r 
solution from quinone :to hydroqu.inona. 

Phot09raphy 7 
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+ 2 At:. ( •• I,) --"-- > 
(aq) 

0. 

The pI! rillnge o~ all 
Normally ~he pH rillnge ia 

~veloper aolutions is always basic. 
10-12 usinq _ .. ,00, as the baae. 

(12) 

Up to this point we have iqnored an obviou& question regarding 
~he develop_nt. reaction. Why i. it that the ruduction or .ilver in 
the e!Wleion occura only in the vicinity or the .Uver par~icles of 
the latent iaage? Why aren't all the .ilver ions reduced? The 
an .. ver to t.hi. ques~ion i. that the rate of re!lction of the silver 
nllilr the latent image i. lIluch gre!lter than the rat. ot rei!'_ction o t 
.ilver n2t ne.r the latent image. The developer ell'" And w.ill roduce 
All the ailvtir ions in t:he til. and it developm.nt i .. elo:tsnded tor 
too long .. ti .. the entire emulsion will turn blaok. The reason we 
can use the devslop-.nt reaction to produce an i_98 ie that 
reduction occur .. "a .. ~er Mar the silver paorticlee. So we can 
develop a fil_ or print until the i.aqe Bufticiently darken_, but. 
atop the develop ... nt before the alower reacting ailver halide i. 
reduced. The .. iiver lIIet.l of the latent i.age .. ot. a .. a cat .. ly.t 
tor reduction ot the .!lver ion. with whiCh it i .. in contact. 
Chemical development would not be poesible if it were not tor thi .. 
catalyst. 

atop 8et.b 

Nben the developlll8nt proce&s is e08pleted - that is when 
eUfficient eilver h ... been reduced to 9ive the deaired iaag8 dqnaity 
- the fillll ie pl .. ced into a stop bath. The purpo •• ot the atop bath 
i .. to prevent any further reduction of .. ilver iona. Si.nce the 
d.veloper .olution i9 only .. ctiv .. te4 .. t pH ranges above 7, - then onlll 
w.y to stop the developwent proces .. ,. to ·wash" the tila in an 
.cidic bath .. nd in eo doinq .~ift the equilibriua of the developer 
eolut.lon fro. quinone to hydroquino .... 
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By adding acid, the H• will r e act with the exces s OH - in the 
deve loper t~ fonu wat er. Since the r e i s no hydroxide to "activate" 
the hydroqui.none, development can not occur. 

:Pi.Keir 

After the reac tion is stopped, we are left with a s ilver image 
superimposed on a background of pale yellow silver halide. This 
ailver halide whic h was not reduced in development must be removed 
by t h e fixing process. If not , a print would ulti mately darken due 
to gradual reduction of more silver f r om exposure to l ight. Fixing 
is a process by which the remaihing ins oluble silver halide i~ 
c o nverted to a soluble aaterial which c an be washed out of the 
emulsion. A great many substances, bo th negative ions and neutral 
molecules, have since been found which will complex silver ions. 
Allllllonia, for example, is a molecule that can dissolve s i lver 
chloride by bonding to it to produce a complex posit5 v~ i on. 

AgCl(s) + 2NH, (aq) -----> Ag(NH,)2•(aq) + Cl " (aq) (1J) 

The ~aterials c o11J11only used in photographic Cixing 
today ar.e salts containing the thiosulfate ion s 2o, 2 - . 
u sed in this lab i s a11J11onium thJ.osulfate or (NH 4 ) 2 S 20 3 • 
a c t i on of thiosulfate on silver bromide is as follows: 

s olutions 
The fixer 

The fixing 

AgBr(s) + 2S20~ 2 -(aq) -----> Ag(S20,)2 3"(aq) + er- (14) 

Th.losulfate dissolves the silver bromide and the aD11Donium ion can 
dissolve the silver chloride. 

Ag CJ. { s) + 2NH·~ • (aq} -----> A<J(HHJ) 2 • {aq) + 2u• (aq) + Cl - (aq) ( 15) 

. Developinq, stopping, and fixing are the three s e quential steps 
that must be perf or111ed in the standard processing of a ll black and 
white photoqraphic materials. Following these three steps it is 
necessaey to thoroughly rinse a fil.m or print before drying. If any 
thiosulfate ia left in the emulsion the image will not be pepnanent. 
Excess thiosulfate in the eaulsion will turn the photo yellow and 
eventually cause the image to fade. 

a.versa1 Proaeaalng 

In order to obtain a positive image, the reversal process ~s 
used. Recall that the latent image ia 111ada of reduc ed silver and 
appears dark, even t hough that ·it represents the "light" part of the 
object. The unreduc ed silver on the photo paper appears light and 
represents the "dark" part of the object. :In order to reverse this, 
the latent image is b l eached and washed out, and the unreduced 
silver is exposed to light. This produces a photo in which light 
parts appear light and dark parts appear dark. 

The procedure for th. i s is quite simple. The photo . paper is placed 
i nt.o the developer and left there until the latent image is formed . 
The paper is then placed into a bleach bilth of .potassiWll d i chromate 
to oxidize the silver from the latent image. The phot09raphic paper 
is washed to remov e the bleach and the d i ssolved (oxidized) silver, 
and then exposed to light so the r e mai ning silver hali de forllls the 
pos itive latent i mage. The photo paper is then developed, washed, 

' rinsed and dried. 

Photography a 

By addin~ acid, thft H' viII reac t with the eXCeSS OK ' in the 
devftloper to t"Onll .... ter. Since there is no hydroxide to -activate" 
the hydroquinone, development can not occur . 

ri.e" 

After the reaction is stopped, ... e are left with •• i I ver ima~e 
.uperi~posed on a background or pal. yellow silver h allde. This 
.ilve r halide which WaS not reduced in devel<>pment must bo re.wved 
by the rixing process. Ir not, a print would ulti .. tely darken due 
to qradual reduction of more slIver from exposure to liqht. ~ix1n~ 
is .. process by which the re.aihi"9 insolUble silver halide i~ 
converted to .. solUble .. tarial which c an be vashed out or the 
e~ulsion. A qreat eany substances, both negative ions and neutral 
.01ecu1 •• , hava sinc. baen round vhich viII complex silver ions. 
~nia, ror example. is a molecula that can dissolve .ilver 
chloride by bonding to it to produce . complex posit lv~ ion. 

Agel(,",) + 2tfH ~ (agl -- ---> A9(NH.I.·(aq) + cl ' Caq) (13) 

The Jrc"terials coaaonly used 1n photographic rixing 
today are .... It. c ontaininq tbe thio.ultate ion s,o. ) ' . 
uaed in this lab i. a_oniUII thlosQlfate or (tfH 4 1.S,0 •• 
action or thiosultate on .ilver bro.ide is "s rollOVSI 

a olutions 
Th .. tixer 

Th .. t'ixinq 

AqBr(sl + 2& ,0~>- (aq) - ----> "9(S.0,»~-("q) + Sr ' (I") 

Thiosultate di.solve. the silv.r broeide and the amaonlue Ion can 
dissolve the silver chloride. 

Developinq, atoppinq. arut tixino; .re the three sequential step .. 
that mtI .. t be perroraad in the .tandard proces .. inq or .11 black end 
... hit. photoqr.phic aat.rials. Following these three st.p. it is 
n.e •••• rt to thoroughly rinse III fil. or print berore drying. It any 
thio.ultate i. left in the eSQlsion the i .. ~e viII not be pe~ .. nent. 
Exe •• a thiosulfate in the e.ulsion viII turn the photo yellov and 
.v.ntually cause the i."ge to tada. 

In order to Obtain a poeitt"e 1_9_. toM rever.el proc:eaa ' ... 
used:, Racall that the. latent i.ag8 is .. de of reduced sil"er and 
epp.ars dark , ."en though that "it r.pre .. nts the -li9ht- part of the 
Object. The Qnreducad s il"er on the photo paper eppear. li~ht and 
repres.nts the -dark- part of the object. xn order to re"erse this, 
the latent i"'ge ,_ bleached and vaahed out, and the unreduced 
silvar i s exposed to light. Thi. produce. a photo in which liqht 
part_ appear light and dark parte appear dark. 

T~e procedure Cor thie i. qu~ta ai.ple. The photo paper i s placed 
into the dev.~~r and left thers until the latent i.age is formed. 
The paper is then plaCad intv a ble.ch bath of potassiu. dichro~ats 
to oxidize th. aUveX" fl:otI Ute latent i~e. The photographic papsr 
is va.hed to re.ave the bleach and the die.olved (oxidh:ed) silvllr, 
and than exposed to light so the remai ning silVer hal ida (oras the 
positive latent i~ge. The photo paper is then de"aloped . waShed, 

' rineed and dried. 

Photoqnphy a 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

l~O 
Procedure 

l. Build a pin hole camera. If you have any questions about the 
construction, see your instructor. Cut a 1 cm x 1 cm hole in the 
side of the box. On the inside of the box, ·tape a piece of aluminum 
foil over the hole. With a paper clip punch a hole (the smallest 
hole possible) in the foil. On the outside of the box, cover the 
hole with electrical tape. Under safe li9ht conditions, insert the 
photographic paper into your box and tape it a9ainst the inside of 
the box directly opposite the pin hole. Tape the box shut so that 
it is light tight. 

2. Expose the paper to your subject for approximately l second (on 
a sunny day) and for 3-5 seconds (on a cloudy day). The sun must be 
to your back to avoid overexposinq the paper. 

3. Under safelight conditions, develop your photographic paper. For 
negative processing, place the paper into the developer. Gently 
agitate the paper while it is submerged in the developer. When your 
image bec.Jins to appear remove the paper. Some development will occur 
after the paper has been removed from the developer. When the image 
is developed, place the paper in the acid stop bath for about l 
minute. Next, place the paper in the a11U11onium thiosulfate (NH,) 25 2 0 3 
fixer for about a minute. Rinse the paper completely with tap water 
and allow to dry. · 

4. For reversal processinq, place the paper in the developer. 
Gently a9itate the papar while it is sQbmerged in the developer and 
slightly overdevelop your image. Place the paper in the K2Cr2o 7 
bleaching solution. Your image will disappear as all of the 
metallic Ag is dissolved. Rinse your paper and tu~n on the lights. 
Place the paper back into the daveloper and the positive image will 
appear. Rinse the paper completely and allow to dry. 

Photoqraphy 9 

1. Build a pin hole camera. If you have any questions about the 
construction, see your instructor. Cut a 1 cm x 1 Cll hole in the 
side of the box. On the inside of the box,tape a piece of aluminum 
toil over the hole. With a paper clip punch a hole (the smallest 
hole possible) in the toil. On the outside of the box, cover the 
hole with electrical tape. under safe liqht conditions, insert the 
photographic paper into your box and tape it against the inside ot 
the box directly opposite the pin hole. Tape the box shut so that 
it is light tight. 

2. Expose the paper to your subject for approximately 1 second (on 
a Bunny day) and tor 3-5 seconds (on a cloudy day). The sun must be 
to your back to avoid overexposing the paper. 

3. Under safelight conditions, develOp your photographic paper. For 
negative processing, place the paper into the developer. Gently 
agitate the paper while it is submerged in the developer. When your 
illage beqins to appear remove the paper. Some developIllent will occur 
atter the paper has been removed from the developer. When the image 
i. developed, place the paper in the acid stop bath tor about 1 
:minute. Next, place the paper in the a\1llQonium thiosultat .. (NH4) ,s,o, 
fixer for about a minute. Rinse the pap .. r compl .. tely with tap water 
and allCIW to dry. 

4. For reversal processing, place the paper in the developer. 
Gently agitate the paper while it is submerged in the developer and 
sli9'htly overdevelop your imag.. Place the paper in the K,cr,o, 
bleaching solution. Your i:ma9'e will disappear as allot the 
metallic A9 is dissolved. Rinse your paper and tu~n on the li9'hts. 
Place the paper back into the daveloper and the positive imaqe will 
appear. Rinse the pap.r completely and allow to dry. 
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1. What is the pH of a 0.1 M hydraquinone solution (Ka ~ 4.S x 
10·11)? 

2.· ·What "activates• hydroqulnone to be a developin9 solution? 

3. TYPically hydroqulnone ls placed in Na 2C03 butter solution. 
What is the pH of a buffer solution containin9 0.15 M Na2CO, and 
0.10 M.H2C03? Zt tho effective pH range for hydroquinone 
development solution is 11.0 or greater, would the above buffer be 
adequate? 

4. For Br· to be oxidized to Br requires a photon with an ener9Y of 
at least 2.58 x 101' J, What wavelength of electromagnetic 
radiation does this correspond? Xt the aafeli9ht emits in the red 
region at 750 1111, would the sateli9ht effect the photo paper? 

5. DurihCJ negative proceasin9, why au.t photo paper . .,. placed in 
the •tixer•? 

Photography 10 
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copaludope 

1. What 18 the pH of a 0.1 M hydroquinone solution (Xa _ 4.5 x 
10- 11 )? 

2 _ -What "act1vates· hydroqu1none to be a developinq eolut10n? 

3. TYPieally hydroqu1nOne is placed in Na,003 bufter solution. 
What i. the pH of a buffer solution contain1nq 0_15 M Na,CO. and 
0.10 M .H,C0 3? If tho effective pH ranqe for hydroquinone 
development solution is 11_0 or qrsilter, would the above butter be 
adequate? 

4_ For Br- to be oxidized to Br requires a photon with an energy or 
at least 2_58 x 101 ' J. What wavelength or electromagnetic 
radiation does this correspond? :If the aafelight e.ita in the red 
reqion at 750 na, would the sateliqht err.nt the photo paper? 

5. Durinq neqative processing, why .u.t photo paper be placed in 
the "tixer"? 

Photography lQ 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6a. Given that [Ag•] ~ 0.0025 M in a 4 liters of spent fixing 
solution, how many qrams of silver is in· the solution? 

6b. Bow .. ny grams of NaCl should be a4de4 to the sol.ution to 
nduce the (.AIJ•l to l.;o x l.o-• M? 

. ec. How auch silver was. recovered in this proces•? 

7. .Explain why the developer reduces silver a.round the latent i•age 
an4 not in the unexposed areas. 

Phot09raphy 11 
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611. Given that (Ag+] _ 0.0025 M in II 4 liters of spent fixing 
solution, how .any grams or silver is in the solution? 

fib. How .. ny qra •• of NaCl should. be added to the solution to 
reduce the [Ag+] to 1.0 X 10 - 1 H? 

fiC. HOW _uob silver vas recovered in this proc:: ••• ? 

7. Explain wby the developer reduce. silver lI.round the latent i_age 
and not In the unexpotled areas. 

. . 
Photography 11 
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Ba. Potasaiuill d!chromate is used to bleach ·out (oxidize) the silver 
froa the latent imaqe in revers.al pr~eaainq. The folJ.owinq 
·represents the overall unbalanced redox equation. Balance the 
equation. 

ab. When the bleaching solution beco~e• •weak• a small amount of 
sulfuric acid is added. Why? 

·'· What is the result ot overeicposed photo paper? 

· 10 •. Attach your photo to tl)e lab. What could you have done during 
this lab to iaprove your photo? 

Phot09;raphy 1.2 

la. Potassiu~ dichromate is used to bleach out (oxidi~e) the silver 
~ro. the latent imaqe in reversal proce~~inq. The ~ollowinq 
represents the overa ll unbalanced redox equation. Balance the 
equation. 

Aq(s) + K,Cr,O,(aq) + H,SO.(aq) -----> Aq,SO.(aq) + Cr,(SO.).(aq) + K,SO.(aq) 

ab. When the bleaching 
sulfuric acid is added. 

solution becoa.s ·weak~ a small amount o~ 
Why? 

9. What is the result ot overeXposed photo paper? 

10. Attach your photo to the lab. What could you have done during 
this lab to i~rDVe your photo? 

Photography 12 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

:·· 

. . ·· 

.· .. . . 
; . 

; ~ .. ··. 
, < •r•~.i:iorato.~ . s.•r~l'•• , 

~&c>~;:i; ~~~r.1 {J;n~i~ii~; · 
:.· .. 

.. ;:.• ·;, :·· ,,: . ..< 
·: .. ];~, ;' iiW. doe151 ·lfqbt exiil)se -bli'ii::k :a11a-. white 
. . , cjiemj.c~l' ti!q.iations. ~J. . : . .. ' • ·.• .• . . . : . . • . · ..• 

~ ·.~ ~~ .... . ·: ··.··- . ·· 

. • 
·-. 

;. 

· .. .•·. 

.. . · 

. \ .. : . . · .. 

··• .. 

.. 

Why~~esi:educe~ silyer.appe;.r~i~~k .onphoto paper? 
. .. ::.: .·. -:: ·:· .. . ~ . 

,.·. . . ·::. : . 
.·, 

· .. · ... :_ ... ·. : ... ,: :· .. · .. 

··.· .. 
.. . . ...... . ·.., ... 

• ... 
... , ·· .. : ·' . .... :'" 

.... : . .':"·.. . ..... '. . , . . 

3~; Xf ar-~~s 0~{~1~~d : ~81;.~: ins~~ad o~ jusi ei'.t .• ~iit 
that'.iiitve on';ijle .•fo~~ii>~. of' ~~tent imac,ie~ . 

•,:, .. ··.'· .. .. ::· "·'.· . ···:· .. ·:, . ·. 
. :: :· . :: 

·.·' .:···· '·' 
...... : · .. :. : 

· .. ~ ... .. · .. 

·. ·. 
.· .. 

··~·. 

·:. : .. :. 

,· · .. .:,:.;· 

.'.· 

·., 

":. ! ,· · ·•· 

, 4~.:: WJi:Y i1fge1.~tin · us~,'}~sj:.Jie' liat'E-.ix ~or 
•••• ·f. .. .,· ••• ... .. 

'· ·. :, 
..• 

·.·· : : 

··' ... ' · 

.: .. 

.. · 
. ·.· '· 

. '• 

·:, 

. , : 

·, .. 

... · 

. ~· : 
·· ... 

·:· ·' 

.. ,. ,. . 

. . .i 
.··. '·. 

~ .. 

·.·• 

· ... 

.• ; £ • 

ef . .feci; .Jliight:. 

· ... 
· .. • 

:.• 

. . ·. 

'·,:. 
·· .... 

.. · ... 

.•.. 
• :· 

:· . 

. .' 

. .. ; 

• .. · 

. .. ;, 

., 
·.~ ., 

.. :. 

:'.' 

·· ..... · 
:' ,:: 

., . 

... ~. 
. .:· 

., .. 
... ·. ··•·· '·' , .... 

· ... . ...... ·: :: ... ·.~.·. . •. 
·.' . , .. ··,· ... ... ·~ ·.· .,.,. ··'· . . . ~. . ' 

~: 

,. '.··~··· 
., .... . . . .. 
9b¥ ' i _ii, •C:ititic ·a~ld·' \J•ea .~in. tli• 

. .. : 
~~,.,atb? .; . 

. ' . . . . ·_. .. 
•. 

·' 
... 

... , .. .· .. , .. 
···.,· .. 

·~: ,; .. 
·. :·:~· ... '.>·:: 

..... ~ ... ··~· . 
; 
: · . . 

. .~: 
· .. · 

.... 

·.· .. 
. ·:: .. . ~ . 
. ; .· .... : .•.. 

. :. · ... : 
·:· 
·:• 

.<. 
·. ··' . .. ··.:· .: 

.. · 
··::· . ; ·.·; •'. 

'.' 

·::·. 

:;. 'i.,: 
.·•.· 

: ~·,:. 

. ::·' ··. ~:.. ·. : ... . ; ,. 

.. 
·' 

.. , ... 

· ..... 

. . . . ·.:. 
' ··:·.{·. 

·. '.:. 

·· . .. '.· 

.. .. 

'· .. . ·. ' 

·.·: 

·,..: 

.. 
··.· ··.: 

. ,· 

· ... ...... 

·. : .. · ... ·;.: .. 
... 

·· .. : 
: .·· 

··.· 
..,, ·· 

·. ' . 
·· .. · ·; .·· 

..... 
.•· · . 

< 

·' 
·.' ., .-..·· 

·.·· 
. ' .. :· 

···' '· 

: :·:~·.:: 
.:' :·· 

.. · .. ;. · ... 
: .. 

:·:·: 

'· . 

.. 

·.·.,· 
··:,· 

:.·: 

Pr.l~rat.ory hareta. 

1. How doelll light expos. -bi",ck "'nd-_ .... hite photo paper? (Include 
. che.ic",l equations.) --

2. Why does reduced silver appear black on photo paper? 

3 :- 1:f Sr- .... a. ; oxidized - to Sr •. instead ot: just Br, whilt e t't'ect might ­
that have on the ' t:onaation bt: ,latentimag'e. 

Why iii" 

5. Why is acetic acid- UIIM 'in the atop bath? 
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.... 

::·:.::::. :l ·IJ''9PJ£r;go'l'· · · · :· . · · . · .. 

. . Q\iaiita~i.ve ~nalysis i~ th~ process of identifying ttie content 
·o.f .a sample with . regard to tti:e chemical species present. :. J<o' 
·· assesslli¢.ht Of ·.the amount .. of .·. thf!! . Cbeillic.als • present is reciu ired • 

. ·• ·.·.. This lab is. th~ c~lmination of. y~u:i i:.h~mistry experietice . for the. 
semester. · you have learned about chemical reactions and the behavior 
of . chemicil.1 . species, th$ •properties. ot' solutions, complex ions, .. and 
.sol'id&.: Now: .you 'must lriteqrate all· tties.e coneep~s~ selectively usirni 
.each ·. tool ·· of knowledge · to.· analyze ·. qualitatively unknown chemical. : 

··.·.samples~ · ·· · · · · · . . .. 

. . : ONSCZl·DI : . ·' 

· . Y.our.: qoai:l in th.is lilb is .to successfully identify the. pation and . · ·· 
· anion .in five ~eparati! ·unkn(;jwns. · You will. do .this in two parts. The . 

•·. t ,tr.s.t part of · th~ l..ab consists of creating a "reaction matrixn by 
• · niixinl:J. known chemicals an!! · observ.in9 arid recording the. product· of any 
· .. re&;(ltiCin~ rn the second part, . yoii will jdent,ity the urikriowns.: · You .. 

. will be required to perform the second part wipi~1,tt any colla.borati!Ori 
··.'from any' source e.iccept your written notes .from your reaction lliatrix,·: 

yo!lr knowled9.0' of .. chemistry, and this · laboratory llando.ut ; · . . . . . . . . . 
. . '.. . ·... . . . . : .. . :. : . : . . :":. : . . .. . . :. : . . 

•. 'fJJBQRj. • . . . . 

···•. ·.··.·. rein~ ·· .in ;soiui.1on . (wb~the~ . cation ~r anion) .·have ciistlnctiv~ · 
·. properties which. os'11,ow .tQem to. be ·. identified by controll.in9 the · · 
.. exp~rimental coilditiori.& .• • · •• cer.tairi'.ions form precipitates •based ·on. the · .. 

so.llibility product constant • .. l(sp; 0£ any -resul~ing .species .formed • ... . 
others may. 1111dergo oxid!ltion.;;reduqtiori :reac.~ioris that produce g;ises 
(visible as bubbles. in ·. sol.ution) .or changes in . color. of •the solut.ion • . 

. . Sci.iile ionsi·: £on eomplex .ion~ .with distinctive colors. ' , Finally, riOi!le 
, ions .react .with ~e water t.o r~sult . in . either &a~ic, Cir ·acidi,c;: · · .. ·. .... · · 
. tiolutioris.. You nave obseE:ve~ :ai.J: these chemi.cal · character.istics., in 

previous labs .arid .as dl'!lileinstr~tions during .~his sem~ster; 

· . s~1ts ~r~ ~ompouncis; tllai are ~cs~· troiil cations and anicin~~ . 1:.n 
.. ' s~lution, . these .. ion.!i .diiisociate .into in4ivi.c1uaf .species tbat po~sess . 

'.. : unique _Characteristics.; .. ri.rst~ ·. let's practice with .the .ions ' produced . . . 
' .. by ~alts. > Below is: a ·table of six saltli .i!lild the resul~inq ions / .. 

priJdu,ced. complete -the t·abl.~ by .filling in the bl.ankB: · ... · .. · "· ·~ > . . . . . . . . . . . . . . . . . .. . . , . . . · .. 

.. ·.:. : 
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XIITIOPJlC'J'XOR 

gOALrTATxv. ~Y.X. 
XDBMTxrXC~TXOM or CBBKXCAL OONPOUHDS 

Cbeabtry 131 

Qualitative analysis is the process of identifying the content 
of a sample with regard to the chemical species ~resent. No 
assessment of the amount of the chemicals present is required. 

This lab is the culmination of your chemistry experience for the 
semeeter. You have learned about ch~mical reactions and the behavior 
of chemical specie., the properties of solutions, complex ions, and 
solids. Naw you must integrate all these concepts, selectively using 
each tool of knowledge to analyze qualitatively unknown chemical 
samples. 

°N'C'J'XUI 

Your goal in this lab is to successfully identify the cation and 
anion in five separate unknowns. You will do this in two parts. The 
first part of the lab consists of creating a "reaction matrix" by 
mixing known chemicals and observing and recording the product of any 
reaction. In the second part, you will identify the unknowns. You 
will be required to perform the second part without any collaboration 
from any source except your written notes from your reaction matrix, 
your knowledge of chemistry , and this laboratory handout. 

'UBOBY 

Ion. in soiution (whether cation or anion) have disti nctive 
properties which allow them to be identified by controlling the 
experimental conditions. Certain ions form precipitates based on the 
so.lubility product constant, l(sp, of any resulting species formed. 
Others may undergo oxidation-reduction reactions that produce gases 
(visible as bubbles in solution) or changes in color of the solution. 
Some ions form complex ions with distinctive colors. Finally, some 
ions react with ~e waLer to result in .ither basic or acidic 
solutions. You have observed all these chemical Characteristics in 
previous labs and as demonstrations during this semester. 

Salts are compounds that are made trom cations and anions. In 
solution, these ions dissociate into individual species that possess 
unique characteristics. First, let's practice with the ions produced 
by salts. Below is a table. of six .alt. and the resulting ions 
produced. Complete the table by filling in the blanks: 
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Salt ._ Cations Anlo.ns .. 
.. .. 
· AgC.J. .· ' 

·'· 
llR•llO!I 

9~2:. ,, ' v-

:· ·. :, . 

'·. . . 
. FeS04 a.z+ !!!-'°• 

2nS .... 

• .. 

•. iteiiieniher that . an · ion 1itay h.ave various . oxidation states., but th• . 
; o;,erall charge.on 'thei ne1Jtra1 . aalt :must . eqiiar. zero. . 

.··• : A p~ven way of approaci\1119. this proble11 is. to first° identify 
. the cation in -,n unknOwll.. Four "at9qk" ,reagents. wil1 be prq:vided 

··. that give dis~inctive inf(>"'a~iori 'about. tlje catt.o.n • . They are. . .· -. 
alilmQn,ium hydroxide, . hydr.oo.~loric acid~ s®iWD hy'c1roxide; a.rid • . 

... 

potassiwil permanganate. once the. cat.ion ia .p.ositively i,dentified; 
the anie>n. ia identi.fied by perf'ormin9 similar tests • . · )l'ou .will also .. · use twelve different 1111.lts . that .contain all . the cati9nsyoli will ·see 

·· in the.·unk.11.owns.. Reactin9 . the saits to<Jether provid9s a data ba.s• .of · . 
. . obs.erva.tion to correctly identify the cation:. It is cr\lcial. that you · 
.. record detailed observations . of. the ealt · ·reacti<:-nii.. . · · ·. ·. . . · · 

·_ . ' . ;ti o~vlou~ f~ct that is o~ten ove~lookf!d is thett ttie .. samp;e .. 
,; coa\pound mus1;- be vatcn; so:J:uble •.. ;lf no:t~ you r.rould obserife a solid in· 

yourlinknown; .. Uiiin9 ·the .ao1ubility ru1e11 ·nari:'owsy.our investigation 
by reduciriq> th~ rllnge of possible coapounds. . . . . . . 

.. ' sal.511• -•ly~i• .. '. . · ·. · · . . . , 

• ; ~t•s work through a ~~mp~e ~al(tat~~e analysis. our .uilknown .. 
· ...•.. is ci ~lea:i;, co~c;irles~ l~ci'114 • . Mixing vit;h a drop of hydrocbioric · . 

·. ·• . ac-id. gives a whitf;! p:c:ecipitate, .as· does mi,xing with a drop of .. sodium. · 
· hydroxide ancf alliiiioni~ liyi:lroxide~ · i:>Qtassiilll permanqanate .proilucii?s no < . o.bs~rif"l:>ie cli•nq~; · · · · · · · · · · · · · ·· · ·· · · · · · 

· •.•... A .:(jos:i.tive rea~tio.n ¥Jth :hydrochloric>acid 'iaaY. ind~cil:t.e .. ttie. · . • '. . 
• . presence of a base: .but our U:nkri.own also reacts witn .the bases sodi!lill 
· hydroxide! .and. a~nium hydroxide~ . Sirice a wh.ite. precfpitate ·f'OraB; · .. · 

::1et•s J"efer to.: the sobibl.lity: rules for lielp. : · · · ·· · . , · · 
:·· ·• . 

.... ·.: ~· . : ·:. 

·.'/·: : ... ' :· 
·.· ·. 

; : . 

,: · · ·: ~~~i,1 tatii ve Jfua1ysis • .. .. . :·.:;::· ... ·· ... ··· ... ; .: :· . · .. ·· , .. 
·,· · •. : . ··~ : ., 

... • • : <. ::: .;, : • ..... :: .. ·· .. ·. : , ;\; ..... ..... 
.·' 

···, 

·.:··. ·. 

.... 
·· .. ·· .. . . . ... . .~ .. 

. ··.: 

. . · .. 

. . ·· .. 

·'' . 
· .. : : 

··. ·' 
'· 

··.· ... 

... · 

Salt CatiOlI • Anionl 

.. " 
WH.lIOt .... ,-
PeSO. .. .. .. ,-• 
"" 

Remember that ~n ion .. y have various oxidation stat •• , but the 
overall charqe on the neutral aalt .uat equal zero. 

'" 

A proven way of approachinq thi8 prabl •• i. to first identify 
the cation in an unknown. Four ·stock" reagent. vill be provided 
that give distinctive information about the cation. Thay are 
ammonium hydroxide, hydrochloric acid, sodium hydroxide, and 
potassium permanganate. Once the cation is positively identified, 
the anion is identi.fied by perforwinq similar teats. YoU will also 
use twelve different salt. that contain all the cations you will Bee 
in the unknowns. Reacting the salta together provid •• a data ba •• of 
observation to correctly identify the cation. It 1s crucial that you 
racord detailed observations of the salt reacti~n •• 

An obvious f~ct th~t is often overlooked is that the sample 
co_pound ~ust be water soluble. If not, you would observe a solid in 
your unknown. Usinq the solubility rules narroW's your investigation 
by reducing the range of possible co~undB. 

Let's work through II sa~ple qualitative analysis. OUr unknown 
is a clear, colorless liquid. Mixing with a drop of hydrochloric 
acid gives a white precipitate, as does _ixing with a drop of sodiu_ 
hydroxide and ammonium hydroxide. Potassium permanganate prOduces no 
observable change. 

A positive reaction with hydrochloric acid may indicate the 
presence of a bas.; but our unknown also reacts with the bases sodium 
hydroxide and aamonium hydroxide. Since a white precipitate for-s, 
let's rerer to the solubility rules for help. 
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·.·· . '·· .. ·. ..· · .. · . : . 
..... · · ...... ,, : 

· .. ~~LB 11 .All ~l~r•~•• c~3 ~, •r• 8oluble~ 
~~ ~ 

: ,· 

our µ"kn9wn J~ ~~lµ~l~ .~ it may be a · nitr~t~~ -. Jfowe;;;er, . non~ of . 
: th~ pre¢ipitat;ea toned a.re n~tfa'tes. · . .· · 

.RULE Z:. ~ii iali:lorld•li~ · ,;io11Jideil; ~~ i!:idiGes •re soJ..Ul:lle •J:x'CBPT . 
' ; ;t:holse .of lfilV.er, a•rcuryC:I) I all lea4. CopPer :i94ldi is aiso 
. :·:.:iilil.~lub1•· . .. . .. ·. ·:, .> . . . ··. 

. .. .· ... 

. . ·. 

. · . Qu~ :unknown . could. be. one of the sotu~!.e . hali~es~ Bµt~ ttie: 
· addition of chloride (f~o'-' the HCl) .resulted in _formation of .a: · .· . 
pre·c_ipitat4t • . '.'.l')ius, our (:ation is either silver; mercury., 'or lead ; . -

, au[B ;·i · All . • ~if~~ •• :c1104 2" ) . ~r.. iiolid>i• ' ncept l~aGi a~:liontiwll; . 
• ,bilri,um; 'ca10.1u.; ·alict -..ro11ry(:r:1). · 81lvt!r iaulfat• · l•.:spariniJiy. -
· >: sol.ubl.e~··. · · · · · · ·· ' ·· · · · 

· ..... · ... pur ~Ji)triow11 · C:out•d aqainbe :a . s9iUbl~ sulfate. • However~ since we 

.·. 

. l)avl;'! already .Iimited our choice .. of • cations t .o ·. silver, •. Diercury(I). and •. , , 
. · lead,; we ·can. ~le .: out lead suif'a:te. and pi,'obably . silver. sulfate; . <:. · , . . . . . . . . . . . . . . . . . . . . 

··.· RULB c 1 &1 . .t o!l~D•ti9 c co~ 2 - , : phoapJia.te.~ c.P:o, i -) , an4 ebroma tee -
(C,rO~ 2 7-f ilre . i:Diio1Ubltl uciipt tbe alJtali" !Utalii a114 ~.U.oni:wit. · • .: . . . . . . . . . . .. ·.: 

. . ... i.ittle ' tiere. ~xcept tliat the cation could be :an a:ikal,1 metal or .. · 
. ammoriilil!I but. we a1nady know .it .is not.. .·.. ·... . ... ·.. ·. . . . ... ..· ·. ·. ·. . . ... · · ·~~~~- ~· ! ·.·. A1i ~~~oxi4•• - <o.~-, •~· •u1ti~es(82 -)ani. :1.il;oi\ib1• •.Kc•p~ 

·.' · •. tlie. a.l.ICali li.etal• -d ·ei;ap;,i.Ulll• . Calciluit.-4 ~•riuia aulf:l.~9s ..• ·· 
_ · . ~;4ro~yl~ in, wa~t to .• rozm l!.ydrojii:l.Giil!. : · · · 

: ; 6'ir urtkn~w~ ~orm~a ~ '~~lid wlt'1 ~yd~~xi4~ <<inl~oJ{ .~~ NaoH) ~ . . .. 
. One.;. again·; · ~e ciatio11 cannot b.e. an al~a.11 metal or ammonium~ '. ' .. . :: : . . .. . . .. :·.> ····.; 

: ... · .. 8;isea o~· tlieiJ~ t~~ts{ we: hii.v~ ·n~t-~~~ci ~~r cation t~ tiire~ · 
. . 1>011sible .ions: . l~ad~ . &ilver, and llie:rcury(t). we neeci more ·d!lta; · 

. ' '. • .. 

7 

By :r~a~tt~cj ~his ~nlcni:iwn '!(it~ o.ur foui: other .unkttqwns~ w~ e~n . 
. buiid a .sillal1e.:- reacti()n matrix . similar; to the .one '. you w.ill. build 'in 

. Part· A •. · Now the .ctet.ailed obseriiatioris of that· reaction lil.atrix .are · . .. · ··· 
used~ . we riotlc.e that .'onli 'of tn& reactions . is• '.ai111i1ar.. to .. that bet.Weer\ .··• 

. sodb1m io\iide' a.fui leac!.{ti) . nitrate, · ;fotmiii9 •the ye1i0.w 'precipit:i!it:e; ·.· .. · · 
'Lea~ (IJ:) iodi(le,; . ~inj::e. 11\erQ_Uey 'iii ,not; lnclµded ;in' the' rea(ition .. · 

, miltri:\(, . Joie elJiiiinate .J;t •s a :poi;sibility • .. Silver. do.es ni;Jt give: a · .·. · .. 
. ·.·.·· ·yell9w precipit!lte ~ith ieidide •.. we now ean assign our first ~atiori .. ·. 

·'· 

•• ·1 • ., 

. ~. 
~ .. 

• as . lead(II)•·- · •, - · . - · .. 

·_ -. . .. naV.'.~iicj i~e.nti£i~ci ~~~ - ~at:i~n a.& ~;:., w~ 1l~:;1 pu~sue '·-~he i~ion~ ·· .·. · •· 
. . . . . . : ~ :: . . ...... ,., .. : .. ~. . . " .· .... :.· .. · . . : .. 

. ·..:: .. : :' . . .. . 
. . . 

:.• .... · .. · ; .•.... 
.:, : . 

·.:·: · .. · ... 
·· ......... . : : . . .. . : .. :~ ·. . . 

, ··. . . ·. 

. ; . . 

. . •:. .. : ....... ' . . ·,·· 

;:• , ~~ii~ativl! •A~ili;~i~ · :•.·.·•·.·.···· ·. : ... 
·•.•' ... : .•. . :· .. · . . f : .. 

.. ·. ... 
. . ·.:·. · .. : .. :. : · . : : . 

. . . · . . . ~ .. . .. ·. . . , . 
. . .., . 

·.··.·.:.· :Page 3 .. ·· • .. · 

.... . . ,, . ..... :.' . 

'" 
ROLE 11 All nitrat •• (*0, - ) ara solubl •• 

Our unknown is soluble - it nay be a nitrate. However, none of 
the precipitates formad ara nitrates. 

RULE 21 All chlorid •• , ~roa14 •• , and 10414 •• are soluble EXCBPT 
tho •• of silver, •• rcuryl:I). _41 •• 4. Coppar i04i4& i. also 
insoluble. 

OUr unknown could be ons of the solub~e halides. But. the 
addition of chloride (fro. the Hel) resulted in formation of a 
precipitate. Thus, our cation is either silver, mercury, or lead. 

RULli 31 All Bultat •• 1804~-' ar. sOluble _c~t laa4. strontiUII, 
bariu.. caloiua, aDd .. rcury(:II). 8ilvar aulfate i. sparingly 
solubl •• 

Our unknown could aqain be a soluble SUlfate. However, since we 
have already limited our choice of cations to silver, mercury(I) and 
lead, wa can rule out lead sulrate and probably silver Bultate. 

Ali ca~Data. 100. 2-" pho.phat •• IPO.~ - ). a~4 chromates 
ar. l~aolabla .. c.pt tha alkali .. tals a.4 a..o~iua_ 

Little here except that the cation could be an alkali .etal or 
ammoniulII but "a already know it is not_ 

RULB 51 All hyGzoxi ... IOK-, aDd aultida. (8 2- , are i.solubl. axcapt 
tha alkali •• tala aDd ... oniua. Calciua aDd bariua .ulridaa 
hydroly •• iD .ater to for. hydroxid ••• 

OUr unknown formad a solid with hydroxide (NH.OH and MaOR). 
Once again, the cation cannot be an alkali metal or ammoniulII. 

Based on these tests, we have narrowed our cation to three 
possible ions: lead, silver, and mercury(r)_ We need lIIore data. 

By reacting this unknown with our tour other unknowns, we can 
build a s.aller reaction aatrix similar to the one you will build in 
Part A. Now the detailed ob.ervationa ot that reaction matrix are 
used. W. notic. that one of the reactions is siMilar to that between 
sodium iodide a.nd lead(rr) -nitrate, tot"lllinq tha yellow precipitate, 
Lead (rr) iodide. Since _rcury ie. not inCluded in the reaction 
.atrix, we eliminate it a. II. possibility. Silver does not give a 
yellow precipitate with iodide. We now can assign our first cation 
a. leaden). 

Havinq identified our cation a. Pb2~, wa now pursue the anion. 
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· ... ·:· ·· .. · ..... ·. ... ,:· . .... 

.. '. 
.. 148" .· 

: : using: ~ $1aii1a~ · iaeth~ of d.eauctive i:'easo~1~4 ~u:id eliminaticin, th~ ···.··.· .. 
) (niori is.i~·J'.i~ltie(f . as nitrate ; ~Oj~ ~, (.It ~s the only anion in the . . 

; reacti,on,.matr.ix with which lead is . soluble.) · · 

. -nl11rlnm; -
.. : 

. · .· .... · 
·. · ... . ~·· 

., ·.·.. ... in the fir.at part of till• ,t.ati you;ll de~~~~P a reaction Jl!at~i~ . 
. by .r.eactin<J. several s .alt.. 1101utions . wi1;h foµr atarida>ri;l reaqentff (the. 

·· •t()Ck solutions}: . HCl, • liaOH,. Nli,9i1; and JqfnO.t• .·Yoii'll .also :reat;it 
' : each . s!J:lt .sol1,1tion with all the ~her !ialt solutions.; 

··:: 

··. .. . 1. (),J.ac~ i2 :aropa of each ctocic.· soltition ,oii the acetatt1 . 
. reaction surface~ .. You should lay. out. theeie solutions· to mimic the 

· .·· Reaction Matrix oit pa9e .7; 111liking th~· coiiect.ion ot .data easier; . . ' .. . .. . ' . . . . . . .. 

.. . · : . . ·2. Add cme drpp Of ~·ch salt , s~lution t_O a &~par~te drop Of .. 

. . ~ . 

. ':stock· aolutiop. Ca.r~JullY rec;iord .your obser.;,ati0ns 0n the Rellc.tiori . 
>. Hat'rix ~ Pay. 'clliretu;l attention to co.lo.r, ge"eral appearance, .reaction . · · -
·; . times. b~b.l•si •etc. 'itO,u will .use only observations for ; : . 

. ; • .de.tetill.inatl:on<ot t _he uri'?'ovJ:is in Part B~ . . . · · . · · 

/ .. · ·· ~ ~ ·•. No~ · cplnplet~ .th~ l ieactlori ~a~~ix by ~~a~~i~g on~ cif;,;. of · 
·; •etach salt with ~ drop of all the .. ~t~8L'. salts. ACJ.a.in,. ca:ref1Jlly .. ·. •• 
.: o~seri.e and -rec.ord any, changes ~at · occµr. . · 

: ~. Po~ ~a~b-.mi~tu~e; whi~h r~acta: y(lu should ·~e able to .•.•.•..•. ·:· .. ·• ·. 
::: ·. . id~ntU:y · "'hat ·.occurred. ·• . For : 19xa111ple ~ •ixin9 AgNO i arid . NaCl ·produces · 

·:. a : wttite pre¢,lpitatei you should .be able :to identify; the pte¢ ipitate ·. 
. . .. aislc:AgCl • .. Silver .·chloride lihouid .form; when any soluble .silver · ·: •··. .. 
. · · colftJ>O~nd .anci .solubl19 chloride. c:;o.mpol.ind eire 11ixe4 • . · .· :Identify · reaction · 

products . on .tile Reaetion ·Matr.J,x wherever ·pOflSible. · 

;:.'·~:: .· .• · .. : ·s • . u,sing ;a .1~11~-r ~Jli·t~cSc1olpcJy ~ . yiu sh~lild b• . able to' tdentiiy · .. ·. 
:~ · any P~t1cip~tatl01' r.eoi:::tl~n.11 .that are riot Pt4'di(:ted, . or expe¢te"; ·· · 
.... usirl.cj the . s.olubilitY. r'1leil. cerefi,Jlly look ~ver your Reacti.on • ... 

<· -.. !fa;:rix~ .. Note belo•. any .precipita,tiori reac~ion that tb• ilo1ubility • · .. ·· 
>: rules :would not P.rU.ict: .. · · . .•• · . · ·. ··• 
.... ·: .. : . '.. . 

.; ... ; ... · ·. :: . 
.. ;,· ~' .· . ·. - ·. . .· .:~; . 
. . :· .·.' . 

: :.:· .. 

.. •.· .... 

. ·:. ··': .. . : ....... : . 
··.: ...... . 

. . . . 

·. · .... ::.•. .. ... :, .. · 

.· .. 

. .. ... · . ,_ 

: .. ,· ... 

·.: 

•. · .. · ,. 

.. 
. :·· . ·~· . · .. 

·'·· .. ·. ·.·.· ... . . ' . ::· .... 
. . . . :. ,.: · .. 

.\.: 

. , .. 

. . · . 
·,. 

. . ~ .. '.: 
· .. · .. .··. ·r 

. .. . .. · .. 
·: 

•' .· 

.· . 

. ··. · .. 
. :·· . : .. '· .. : : : . ,:·: .. : : .. 

. '·· :·: · ... · i ·· .. ~. ::. · ... 
. .. 

;. , · ..... ·~ · .. 
· i>a9 e-. • .. •· · 

··:· . . ·: ·' .. 
· ... •.· 

. : . · .. ·.: . ........ ' 
·.·: .. : .. :· ... ' .. 

using a similar method. of deductive t"easoninq and elilllinllt.ion, the 
anion 1s identified as nitrate, .NO,-. (It is the only anlon in the 
reaction •• trix with which lead is soluble.) 

InllIMIII'VtL 

In the first part ot this lab you'll develop a reaction =atrix 
by reacting several salt solutions with tour standard reagents (the 
.tock solutiona): HCI, NaOH, NH.OH, and KKnO •• You'll also react 
each salt solution with all the other .alt solutions. 

1. Place 12 drop. of .ach !Stock solution on the acetate 
reaction surface. You should layout theB. solutions to mimic the 
Reaction Matrix on page 7, .aking the collection ot data easier. 

'" 

2. Add one drop Dt each •• It solution to « .eparate drop of 
stock solution. Carefully record your observations on the Reaction 
Matrix. Pay careful attention to color. general appearance. reaction 
ti.... bubble.. etc. You will use only observations tor 
detet1llination of the unknowns in Fart B. 

3. Now complete the Reaction Matrix by reacting one drop of 
each aalt with a drop of all the other salt.. Again, carefully 
ob.erve and record any changes that occur. 

4. Por each .ixture which react., you Cahould be able to 
identity what occurred. For axa.ple, .ixinq AgNO) and NaCl produces 
a white precipitate, you ahould ba able to idantify the p~ecipitate 
as Agel. Silver chloride ahould tor. when any aoluble ailver 
compound and soluble Chloride compound are .ixed. Identify rsaction 
prodUcts on the Reaction Matrix wherever possible. 

5. Uaing a si.ilar .ethodology. you ahould be able to identify 
any precipitation reactions that are not predicted, or expected, 
using the solubility rules. Carefully look over your Reaction 
Matrix. Hote belOW any precipitation reaction that the solubility 
rule. would not predict; 
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· · · · · · · 6~ Now ~eek tile t~ble for any p~ecipit~tio~ reaction th~t you 
;.,cruld. ~ave pre,(iicted based; ori the ·soliliiility rliles that did not ·. , 

.. t19~ur •. Record' these -b!!low (i:diow . the exp~ted precipitate· a.s well as 
reactants) : · · · · · · 

.. :·. 

. .·. . .. 

. · .. . ... 

. ' 

7. • Afte~ Jiiakin~ all obsei::vattons, .clean your reaction ~urface .. · 
.. and .return the salt .solutions to their appropria~e trays. Xeep. the · .. four stock solutions. . ·· · 

. ; 
B. 

A~ic y9ur lii~tru~to:t for you~ five unknow. solutions. 

· •. .. ..... .. . · ·.··• a. P.~om. tilit:i ~oment to.rwa~d •. you ar.~ not at1~wed any . 
. . colla.boration with .any sour.ca. Do not .ta.lk to your classmates. Do 

n6t consult any te:ic:t;boolcs or.notes except. those you h~ve written iri .. 
. this l .ab. handout • . Your .instructor .will discuss the ¢henlistry of < 

reactiorill of compounds', but will riot be able to answer any. questions 
·. ·.• coriceriiing idEIJttifyiri(j the .unknoWns. ' ' • . ' . . . 

·.·. . b. ¥,our unknoWn:s.are not' necesi;art1y the same saits as you . 
. used i .n Part • .I\'~ .. However; . OJ)ly th• ions .in Part A are cont.ained in . 
t.hi:~e un~owns~ .. ilaki~g 9. ~dssible cat,ioi:\& (Ai 3 

•, Ba Z+·' ·- Cu2 ~, 
2 
!e"•; .. 

Fe . ; .. Pb · ·, Mn:, . , Aq, , · Na ) . anc:J. 5. ,possible anions (No,, ·. , · ·So .• , , . : co. 2 - • c1., and 1 -) ·. · · · · · · - · -. · . ·~ .. , .. . , . . . 
: .· ·. c •. ~ake iilltial ob~erv~tiOD · C~ncerning thieSe five un}Qlo~ns~ 

. Record. tbe numbers oh !Bach micro~uret which iclentifies .. the linknown. on 
. the ,unkriown Rea:ction J.latrlx <P9 8); c:ar.&;fuily record tieiow the · · 

· .physical characteristi.cs of your ~knowns · (color; presence of . · · · 
· precipitate; etc.).:· · · · · · · 

... 
' . 

. :"1Ni<Nowif tJ:: . 

··wfQfowN . #~: 

uNKNOWN 13: 

. UKJQlo~>~4: 
µillOl~~ 15: 

· .. ·.·,.: . 

...... 
. : : 

. · . . . 

· .. ·. 
··.' 

., ·. 

· .. P~~~s . 
.. , ' . 

. ... : . ·::· 

. .. · 

.. ::· .. 

. ·.· 

: :·:<:·:. 
. ··' 

'" 
6. Now check the table tor any precipitation reaction th ... t you 

would have predicted based on the ~olUbillty rules that did not 
oecur. Record these below (Hhow the expected precipitate as well as 
reactants) : 

7. After making all observations, clean your reaction surface 
and return the salt solutions to their appropriate trays. Keep the 
four stock solutions. 

B. XDBaTXPXCA7XOM OP D.~8 

1. Ask your instructor for your five unknown solutions. 

a. From this mo.ent forward, you are not allowed any 
collaboration with Ilny source. Do not talk to your classmates. 00 
not consult any textbooks or notes except those you have written in 
this lab handout. Your instructor will discuss the chemistry of 
reactions of compounds, but will not be able to answer any questions 
concerning identifying the unknowns. 

b. Your unknowns are not necessarily the same salts as you 
used in Part A. However, only the ions in Part A are contained in 
these unknowns, .akinq 9 possible cations (AI 3 ., aa 2 ., cu'·, Fe'·, 
Fe'·, Pb'·, Mn'·, Aq·, Na·) and 5 possible anions (NO,-, $0. 2 -, 
CO,I'-, Cl-, !Iond :1 - ). 

c. Make initial observation concerninq these rive unknowns. 
Record the nuabers on each microburet which identiries the unknown on 
the Unknown Reaction Matrix (pq 8). Carefully record below the 
physical characteristics or your unknowns (color, presence of 
precipitate, etc.): 

UNKllOWll 'I: 

","",OWN '2: 

"'""'OWN 'J: 

UNKNOWN' 14: 

UNI<llOWll ,s: 

Qualitative Analysis Paqe 5 

• 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. React each unknown with the four stock solutions and record 
any observations on the Unknown Reaction Matrix. 

3. React the five unknowns together, again recording your 
observations on the Unknown Reaction Matrix. 

4. Using the data you gathered i n the first part, your 
knowledge of chemistry, solubility rul es, etc., identify the ions 
present in your unknowns. Each unknown contains only one cation and 
one anion. · 

a. THINK! I Ask yourself if the co.mbination of ions is 
reasonable •.. :For example, could AgCl be one ._of your unknown 
solutions? A quick review of the solubility rules will answer this 
one. 

b. RELAX!l Use a process of elimination to narrow your 
possible ions. 

Your analysis and identification of the five unknowns (ten total 
ion•) •ust be completed prior to the end of the .laboratory period. 
Your grade for this lab will be based on correctly identifying the 
ten unJcnown ions, each worth'. ten points (loo .points total for the 
lab). NO OTHER WORJC IS REQUIRED. 

Qualitative Analysis Paqe 6 . 

l 50 

2. React each unknown with the tour s tock solutions and record 
any observations on the Unknown Reaction Matrix. 

3. React the five unknowns together, again recording your 
ob.ervations on the Unknown Reaction Matrix. 

4. Using the data you gathered i n the fir&~ part. your 
knowledge of chemistry, solubility ru le., etc., identify the ions 
present in your unknowns. Each unknown contains only one cation and 
one anion. 

•• 
n.sonable. 
solutions? 
one. 

THINk I I Ask yourself it the combination of ions is 
For exa_ple, could Agel be one ot your unknown 

A quick review ot the solubility rules will answer thi~ 

b. RELAXll Us. a proc_s of elimination to narrow your 
poasible 10ns. 

Your analysis and identification of the five unknowns (ten total 
iona, auat ~ completed prior to the end of the laboratory period. 
Your grade for this lab will be based on correctly identifying the 
ten unknown ions, each worth ten pOints (100 pointa total tor the 
lab) . NO OTHER WORK IS REQUIRED. 
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CBBIGCAL.' ltlllBTICS 
.Cb-iatry 131 

.. ·· 

·.·we l!la·y .ask tour bas.le questic:ms · ~bout a .chemical process. 
First, is the reaction spontaneous? T11.!rlliodynamics allows us .to 
.dete.rmine· :the · conditions , under which spontaneity : occurs •.... : se·cond, · 

· ·, how .. fast· will ·the· reac.tion .. Proceed? · Th·ird0 what is the "sequence" · 
of forming the .products? .··· Chemical kin~tics .provides answers to how 
fast and gives insi9ht to t .he reaction me.chanism. · .I.astly, how far ·. 
wil.l the rea:ct!on go before :t:eachin9 a state. c~ equilibrium? study 

. o:f: .the equillbriWD. constant, . K~ q, may .answer triis question. You . 
have studied thermodynamics and equilibria in . previous labs. }loW. 

· let.'s take .a iook; · at t~e Ji.l.net:J.cs · of a reaction.. · 

... · Kinetics is import~itt becaus~ it allows us to determ.ine the 
rate of . the reaction • .. · Experiment~ 'have showri that the rate Of a 
cb~Jljic111reacti9n is dependent on sever:al. · fact9rs. The four most 
important are: (1) . nature of the reactants, (2) concentration .of the 

... reactant:s. (3) temperatul:.e, and (4) catalystit~ . . 

.. . . The pui:-p~se of this experlm~~t is to exa.Jnine the effe~ts of 
· · thes~ factl)rs on a che~ical re.action. ·.in the first experiment, ¥au: 
.. will observe the .effects of concentr.,.tion by reacting var,ious · · · • .. 

conceritra:tions .of hydrochloric acid with zinc and aluminum met.al~ 
I .•.•. To observe . the effect Of temperature, you will repeat the 

' experi111ents on ice . c$.es. · · · · ' · 

. · .. 

, In the .secondpart ofthelcicb, y9u totill study the reaction of 
]lydrogen peroxide and iOdide . iri acidic .solution: 

~ 1) 

~ouwlll observe the .effects of the change of reactant 
concentrations to ' dete:rm:.ine tbe rate law of the reaction • . From th.e 

· rate law, wew!ll. :make predictionscioricerning the. mechanisin' by .which 
the . products are foriied. . . . . . . .. ·~ . 

·. ~J:OB UTBS. 

... • 

We can quantitatively eXp:i-ess .the rate of a reaction in tems · 
O.f -rate,i; of change in concentration of . the c.beinical species present . · · 

·,. 'in .the reaction. This c))anqe is either. w:i::i.tten .. in · terms of the 
·· dis.sppearailce 0£ .a· .reac~.tn~ or .the app6ar:anc.e .of a . product. ·. J:or 
.. xa111p1e; the famous reaction of A and &to form c could have the ·· 

.; i:ate ex.t)i:e&Se!d . three 1.fays. · . ~· Of the!Je Wa:fS ~re: 

..... : 

.> •.. . . ;.: ·. Kin~tics P~9e 1 ·' . ... . : ... . . ~ 
. .... 

, ... 
·:.·. 

· .. ·· · ... ··· ·,. 
... '. 

CIIlIIll:CAL KI"'1':l:C8 
Ch.a1.try 131 

'" 

We ~ay ask four basic questions ?~out a chemical process. 
Pirst, is the reaction spontaneous? T, .. !rmodynamics allows us to 
determine the conditions under which spontaneity occurs. Second, 
how fast will the reaction proceed? Third, what is the "sequence" 
of foming the products? Chemical kinetics provides answers to how 
fast and gives insight to the reaction mechanism. r~stly. how far 
will the reaction go before reaching II state o~ equilibrium? Study 
of the equilibri~ constant, K. q • may answer tnis question. You 
have studied thermodynamics and equilibria in previous labs. Now 
let's take a look, at the &Jnetlcs of a reaction. 

Kinetics is important because it allows us to determine the 
rate of the reaction. Expe~i=ents have shown that the ~ata of a 
chemical ~.action is dependent on sBVe~al factors. The four most 
important are: (1) nature or the reactants, (2) concentration of the 
reactants, (3) t~perat~rB, and (4) catalysts. 

The p~rpose of this experiment is to examine the etfects ot 
these factors on II chemical reaction. In the first experiment, you 
will observe the ettects at concentration by reacting various 
concentrations ot' hydrochloric acid with zinc and aluminum metal. 
To observe the effect at temperature, you will repeat the 
experiments on ice cubes. 

In the second part ot the lab, you will study the reaction ot 
hydrogen peroxide snd iodide in acidic solution: 

f" 

You will observe the effects at the change of reactant 
concentrations to determine the rate law of the reaction. From the 
rate law, we will make predictions concerning the mechanism by which 
the products are tormed. 

We can quantitatively express the rate ot a reaction in terms 
of rate. of change in concentration ot the chemical species present 
in the reaction. Thi. change i. either written in terms ot the 
dlsapp~arane. of II r~.er.nt or the appa.ranee ot a product. For 
example, the famous reaction of A and B to for. C could have the 
rate expressed three waYI;I. Two ot these ways are: 

Kinetics Page 1 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A + ·a 

rate of dtsappear.nc• 
of A 

rate of appearanca 
of C -

- 4(AJ . · - - . 4t 

ns· CQLLI•IOJr WI' 

1S5 

· .. 

. - d1~1 

- +di~' 

For lilCist che•ical reactions, the individ~al cheaical etep~ 
that make -.U:p the JUtchenism of the reaction cannot be observed. The 
mechanism is really a theory about what occurs step- by- step as the 
reac tants are converted to products . Tb• slove•t step in a reaotion 
aec1l&J1i- 4•t•raine• t1l• overel.l rat• of reectioa. ·. 

Factors Which attect the rate ot reaction are explained by the 
collision theory. 'l'he collision theory siaply states that for a 
reaction to occur, the species •ust collide with enough kinetic 

· ·energy and in · the correct. orientation. By increasing the . . 
concentration ot the reac~aitt.s, you increas•. the nUJlber of. · . .. · 
collisions. .You can increa•• the nWlber of·: cpllisiona by increasing 
th• surface ·area of a •olid. reactant and increasing the temp.erature . 
Inci:easinq the temper&tura of the reaction also increases the 
kinetic energy ot th• collision. Th• reactants must have .the proper 
orientation for an 'ettective collision. This is necessary to break 
exist.in9 bonds 1110 n- ones tora. 

' •, .~ 

Let's look at the reaction of hydrogen peroxide and iodide in 
aqueous aol.ution to produce l 3 - · . Fr01ll our diseus•ion above, . the 
rate may !:>f! ~r•s••d as: · 

l 
l 

d ( r - J 1 . d[H+J 
dt - -2 dt 

Th• rate law for the appearance of product&. is: 

rate• k[H202J• (I-JY (H•}• 

where x, .y, and z are the reaction orders an4 k is the rate 
constant~ .. · 

. . ' Kinetics Pa9e 2 ·. ... 
. ·: 

A + II .. C 

~.t. of dt •• ppeacanc • 
• fA 

• 
• .f.(CI .. 

For .oat eb •• loal reactIon., tbe indIvidual cha.ical atapa 
that .a~ up the .. c~nl •• of t~ r.aetlon cannot ~e observed. The 

", 

• .chani •• i. really a theory about what occur. step-by-step aa the 
r_ctantJI are evnvarted to preduct.. ft. a1 __ t ata. 1a a r •• ctiOD 
• .011_1_ 4et.ara1 ... tu _arall rata of r.aotio .... 

ractora whien .tfect the rat. of reaction are explained by tha 
co111810n theory. ~ co111810n theory .i~ly atat •• that tor a 
re.c tion to occur, the epeeies .ust collide with anou;h kinetic 
energy and in tbe correct orientatIon. By 1nor ••• 1nq the 
concentratIon of tha reactante, You Incr •••• the nwd:lar of 
col11.iona. You can 1ncr •••• tha n~r of co111.iona by increaainq 
t~ aurtaee ar •• of • solid reactant and incr.asing the tesperature. 
In<lr_alnlJ the t • .perature of the r •• ctiOll a1.0 incr ••••• the 
klMtic energy of the col11.iOll. 11M re .. ctants .ust have .the pl."op.r 
orl.nt.tiOll for an effeetiv. colli.ion. Thi. i. nec .... ry to bre.k 
s:dating bonda so _ one. fol'll. 

Lat'a look at th. reaction 
aqueous solution to producs r 3 - • 

r.t. m.y be expr •••• d a.: 

1 
1 

d[J"] • 

" 
1 , d[H'J 

" 

of hydrog.n peroxide 
Fro. our diseu •• ion 

• 

The rat. law fOr the &~r&hQS of products iSl 

and iod1de 
abov., the 

wber. X, y, and z ar. the reaction ordar. ao4 k i. the rate 
con.tant. 
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. Expris~inq t.t.e r~f:e by mea~uri~CJ the fornlation of products results 

. ·in: · · 

rate • dfI 3 ~ l · 
dt .· 

· .. combining these two expresi:>ions gives us the 9ener~i rate law for. 
reaction . ( 1) : 

d[I - I · 3 ,; k(il 0 ]" [K+]Y .( r )' (2) _d_t_ . 2 1 . 

xin9I 1 I describes two possible reaction mechanisms• The first' 
mechanism is dependent ~n H• and .is descri.bed by 

( 3) fai;;t 

. . ki . . . 
HOOH + ; r .. HzO + HOI ... 

2 .. k_.1 . . . 
(4) ·.sloli · 

:. k .. · 
. 2 .• 

. HOJ + H~ ~ H~OI · {S) fast . 

(6) fast 

(7} fast 

H~02 + 2ti• • 3X- - 2ti~O .+ I, -

. . . . . Rec~ll that the rate deter111inin9 s~ep is the slow step in the 
· m~ehanls•~ The reactinij' sJiecies are obtained from the slowest step . 

··. but tl)e rate law may . be e>[pressed .only in terms of. the ovi;frall· 
.. reactants • . 8,:ise~ on this mechanistic path; what is th..!.. rate law for . 
. the reaction? · · 

.· .. 

(1 ) ·· ·Xinq, .E• .L·: ., uow cilemtcal Reactions occur, . .w. A ~ · 'Benjamin i:i:ic~ ,• 
. pp 80-:83, 1963. 

·' . 
·• . .' Kinet:~cs l>aqe 3 

. -: .. ··· 

Expr£ssinq the rate by ~ea5urinq the formation of products results 
in: 

• , d[",O) 

" 
Combining these two expres>lions gives us the general rate law for 
reaction (1): 

d[I , - ) _ 
k[H,O,]- [H· ]Y [1 - )' (2) 

" 
Xing(l) describe. two possible reaction mechanis~s. The first 
mechanism is dependent on H· and is described by 

tJecbaniu 1 : 

" HOOK,· .• 1- ~ H20 + HOI .. , 
" . ... , + H+ ~ H20I 

• H,OI 

" . 

(3) rut 

(4) do ... 

(5) fast 

(6) fast 

0) fast 

Recall that the rate determining step is the slow step in the 
nachani.m. The reacting species are obtained from the slowest step 
but the rate law may be expressed only in terms of the overall 
reactants. Based on this mechanistic path, what is the rate law for 
the reaction? 

(1) XinqL.~E~.!L:.~.:JH.O~W;;::<Ch;;;';'~IC9;'~1;::'R"~'~9"t~j.o~n~';::.Qc;;;9;U~r~.;-CW;:.-;A~.:-;B;.;n;;jj;,;O:jin Inc., 
'pp 80-83~ 19153. 
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·' 
l.57 

,, 
·~ : '. 

·;;. 

i'.&,J\other possible :lliechanism for this J:'eaction does not involve H•. 
· .This· llechanism ·can be des9ribed by: 

. ... Meqbaniaa 2 :. 

J. 

'': 

·' 

·-

H202 +r )IOH- + HOI (12) slov 

OH- + H+ )I H20 (13) fast 

HOI + ff• 91 H;OI ( 14)- fast 

H;o1 + r )I I 
2 + H· O 2 (15) .fast 

I + r 2 . ill 1, - (16) fast 

Based on this r.eaction,.path, what is the rate laiw expressidn . for the 
reaction? 

'. 

·-
:-

.. · . 

.... ··~ 

.... .. 
. i 

'· Notice. that the first reaction mechanism results ·in a rate· law -that 
is c1ependen1: on ·[ff•]. _A straiqhtfi:>rward way to, determine which 

· °!Dechan.l,sm i .s valid would· be to do several z:eactions while changing 
the 'acidity ot; .the solution. · 1f no· cha119e in. the rate occurs, ·· we· 
kriow that the rate ·.i•' independent of fH•J (Y = o ·for equation 2) ~ 

,.. In order .to visuali~e ·the reaction, you must think about the 
·molecular interactions. For example, when the iodide ion reacts 

. w.i1:h the peroxide ,in acidic solution, equations 3 and 4-, tne 
·~. sequence of reactions mi9ht -appear as .~oll~s: 

.. 
. ... 

,. .... . . ~· .. =~ ·· .. 

. - • < ;: . 
. ··: ·- ~ . 

.. , 
·' 

'· Kinetics Pa9e 4 · 
... ·:= .... 

Another possible mechanism for this reaction does not involve H+. 
This mechanism can be ae&cribea by: 

Mechanip 2; 

Hl 01 -+- I~ ~ OU- , "'" (12) $lov 

0..- , H' ~ H2O (13) fut 

"'" , .. 31 H;OI (14) fut 

, 
H201 .,- . , , , H,O ( 15) h.$t 

" ' ,- • , - (16) fast , 

Based on this reaction path, what is the rate law expression for the 
reaction? 

Notice that the first reaction mechanism results in a rate law that 
i. aependent on [8+]. A Btraiqhtforward way to aetermine which 
mechanism i. valid woula be to ao several reactions while chanqing 
the acidity of the solution. tf no change in the rate occurs,we 
know that the rats i. independent of [H"] (y .. 0 for equation 2). 

tn order to visualize the reaction, you must think about the 
mOlecular interactions. For example, when the iodide ion reacts 
with the peroxide in acidic solution, equations 3 and 4, the 
sequence of reactions miqht appear as follOWS: 

Klnetlce Page 4 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

·-
· : '~. 

· .. 
Ii 

... : / 
. 0-c): /•• .. fast 

. , . H 

.. 
H--0: 

' ~ 
+ ·.a•. 

H 
./ 

+ :0 ., 
.H 

slow -· 

. ·. 

• . 

fast 

B + 

··[H~z]+ 
. :i: . .. 

H 
I 

- o: / .. 
.R 

. , fast 

... .. 
=!=!: + :J: - [ ,;·~~ 1-:1: :i: .. .. 

fast 

'i'.ibat is ,the· rate .law for the reaction? 

·-

. . 
~emeiiiber, th.e rate of a reaction is. i.lffec;:ted not only by the 

concentration of the reactants but also .by the .' orientation -of the 
molecules. and ~eir kinetic energy- The orie~tation and spatial 
rel~tionship of the molecules are easier to visualize if .you use 

· .. VSEPR ttieory: ' . 
'· 

·.· 
.... 

. ····· ·' 

..... lCinetic;s. -Page 5 
. .. 

.. "~· . ·. ·~ .. 
. . ..:_ 

-. 

H 
.. / 
0-0: + / .. 

H 

:1:1: + :1: 

.' :;;<~. [~-~. f 
H 

H 
I 
0' / .. 

H 

:1' 

'0: ,. 
H 

/ ..... 
[

'i. 1 
.... '!' :~ 

H 
./ 

+ l?, 
H 

What 1. tbe rate law for the reaction? 

fast 

.l~ 

fast 

fast 

R~emher, the rate of a reaction is affected not only by the 
concentration of the reactants but also by the orientation of the 
aolecules and thair kinetie energy. The orientation and spatial 
relationship of the mOlecules are easier to visualize if you use 
VSEPR. theory. 

Kinetics Page 5 
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DU II TllPIRUVRI •rHCTI 

1. For thi• experiment you will need aluminum foil and zinc. 
First, place four squares of zinc and four squares ot aluminum on 
the reaction surface. Place five to ten drops of 0.01 M HCl on one 
square of zinc, five to · ten drops of O.l H HCl on the second square, 
five to ten drops of l.O M HCl on the third, and five to ten drops 
of 6.0 M HCl on the last square of zinc. Repeat for the ~luminum . 
Record your observations below. Include a description of the 
reaction and tia•• from addition .of reactants to f i rst observable 
reactions · 

6.0 M HCl 

1.0 M HCl· 

0.1 M HCl 

0.01 II HCl 

Zinc AlWlinum 

2. Repeat the above experiment but add one drop of CU(N03 ) 2 
to the HCl (place the HCl on the me~al first). Record your 
observations. 

CU(!fOJ) 1/ 
6.0 M HCl 

CU(H0,)1/ 
1.0 M HCl 

CU(N03)1/ 
0.1 II HCl 

·> • 

CU(N03)2/ 
0.01 II HCl 

Zina AlmainWI 

159 

boas CU(N0,) 2 act as a catalyst? (Re .. lllher a catalyst aust increase 
the rate of the au& rea4?tion) 

' 

.. : 

na II ,.uBlTVM .rrlC"l'1 

1 . Por this experiwent you will need aluminum toil and zinc. 
First, place ~our equares of zinc and four squar •• of alUMinum on 
the reaotion surtaee. Place riVe to t en drops of 0.01 M Hel on one 
square of zino, five to ten drops of 0.1 " Hel on the second ~quare, 
five to ton drope of 1.0 M He l on the ~hird. and tive to ten drops 
of 6.0 )I Hel on the last equare of zinc . Repeat for the alu~inuo. 
Record your otJa.rvations belOW. Inclu40 a description of the 
reaction and tUM. troll addition ,of reactAnts to first Observable 
reactions . 

"no AllDlinwo. 

6.0" Hel 

1.011 Hel ' 

0.1 II Hel 

0.01 II Hel 

2. Repeat tha aboVe experlllent but add one drop of euCHO,) 2 
to the Hel (place tha Hel on tha Ile~al firat). Record your 
ob-.rvatione. 

CU{tIOJ) ,1 
6.0 K Hcl 

CU()IO,) 21 
1.0 " Hel 

CU(RO,) ,j 
0.1 II Hel 

CUellO,) 2/ 
0.01 )I HCl 

..no 

'" 

Does CU(IfO,) 2 act •• a catalyat1 IlI:_aber a cataly.t IN.t inerea5e 
the -rate of the .... reaction) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Now place the metals on an i c e 
or experilllents (without the Cu(N93 )2 ) • 

6.0 K HCl 

1.0 M HCl 

0 . 1 M HCl 

0.01 M HCl 

Zinc 

QR'f IIs COIClltDATIOll IRICTI 

~. Iat:ro4act:o.iy l'rocedur•• 

cube and r.epeat the first series 
Record your observations below. 

Aluminum 

160 

1. You wi ll use the digital ' volt- ohlll •eter (d-VOH) for this 
part of the experiment. If you have any questi ons regarding the use 
of the d-VOH, as~ your instructor. The procedure to set up the 
d-VOM for use is: 

a. Turn the main switch to ohms Q. 

b·. Press the oval button until "1<0° is d isp l ayed. 

c. Plug the BIAClC lead .into the hole marked COM. Plug 
the RED lead into . t~e bole marked v . 

connect the leads to the cadllliwa sulfi de (CdS} photoelectric cell . 
The eds Cell is encased in a plastic support, and the support 
i nserted into one o! the wells of a 96 cell tray. The top of the 
cell will be used as your reaction surface, and should be as level 
as possible. 

2. The eds cell responds to changes in light intensity with a 
change in resist•nce. i:.t i• INort:&At that the uKn,µ1.t: or liqht 
reacll.iD9 1:11• oell .r ... ia ccaataat t:llrouqllout tbe experi•ent. 

a. Place your hand over the CdS cell. Did the resistance 
decrease or increase? . · . · 

This ·is similar. to Wb'at occurs as the I 3 - concentration 
iricre•ses. The. change in res istance · is directly related 
to t~e change in concentration (rate of formation) of 1 3 -. 
1 1 - is a yellow species which absorbs light, r educing the 
amount of light reaching the ~dS cell. You muat be very 
careful in oont.rollillg tbe j!rop size of your reactants. 
While the rate law is dependent on· the concentration of 
the reactants, the photoelectric cell is reac t ing to the 
amount or· light which reaches the cell. The greater the 
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). How place the metals on an i ce cube and repeat the first seri.s 

ot experilnenta(ylthout tu Cu(NO~).) . 'Aecord your ob.ervations below, 

6.0 II Hel 

1.0 II Hel 

0 . 1 II Hel 

0.01 II Hel 

un II i CQII£IJ'13UIQM IRICTI 

JIr,. :Zstr04_t0rJ' ft_e4u.r •• 

"" 

1. You ~il1 u •• the digital volt-ohm .etee (d-VOH) for this 
part of the experia*"t. If you have any questions regarding the use 
of the d-VOtt, asJ( your inatn>etor. The procedure to .et up the 
d-VOK for use is: 

., Turn the lIain Bvitch to oh •• O. 

b. pr ••• the oval button until ~kgn i. dieplayed. 

c. Pluq tM BLAeJt 1_4 into the ho.l. sarked. COM. Plug 
tbe RED lead into the bole _eked V. 

Connect the l •• d. to the cadaiu. Bultide (CdS) photoeleotric cell . 
The CdS Cell 1. ene •• ed in a plastic support, and the support 
inserted into one ot the veIl. of a 96 cell tray. The top of the 
cell will be us.d a. your reaction surrace, and should be aa level 
as possible. 

2. -The CdS cell respond. to chang •• in light intensity with a 
chanqe in resi.tance. Xt ie t.pGrtaat t.at tb. a.Gv.t or liqht 
re_lI.iItv t .. _11 ~ia __ t_t tbrouq1l.out; tbe expert-at. 

•. Place your 
decr~as. or increaae7 

band over the CdS cell. Did the resistance 

This i. al.11ar to what occurs •• the 1:, - concentration 
increall.a. Th., chans,. in r •• latance is direotly related 
to the change 1n concentration (rate or formation) of 1:~-. 
1, - i •• ' yellow .-pecies which absorbs light, reducing the 
a.aunt or light reacbing- the CdS cell. you. auat be very 
car.rul ia ooatrolliDg' the 41'01' .ise of yo",r re.eta.ta. 
Whil. the rate la" is dependent on- the concentration of 
the reactante, the photoelectric cell ill reacting- to the 
aaount o~ light which reach •• the .cell.. The 'Jreater the 
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depth of the reaction solution, the lower . the 
transmittance. This phenomenon is described by Beer's 
uiw. · This law states that the light transmitted through a 
solut1Qn decreases as the concentration of light absorbing 
material. in the solution increases'. We will express· this 
aa: 

A -~t[X] 

where A is the absorbance of the solution, E is a constant 
known as the molar absorptivity, . L !s tl;le effect! ve path 
lenqth that the light travels through the solution, and 
[X] is the concentration of the light absorbing material. 
You can see how the ~rop size will ef(ect t. 

•· Deteralnatioa of •tteot of aoi4 concentration 

161 . 

1. Place one drop of 1 M H202, two drop~ of buffer PH .l, and 
one drop 2 M Nal on top of the photoelectric cell. A44 tbe Nal last 
and record the initital resistance reading. Continue to record the 
resi&tanc. every 115 seconds for 5 •inutes. 

2. Repeat thi• el<periment but use, the buf"~er pH J with t.he l M 
H2o 2 and 2 M Har. Rec:ord your result•• 

. ' 

JCinetics Page a 
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·· . 

depth ot the reaction solution, the lower the 
tran8~lttance. This phenomenon is described by Beer's 
Law. This law states that the light transmitted through a 
solution dec rea ••• as the concentration ot light absorbing 
material in the solution increases. We will express this 
as: 

A - ~([X] 

where A is the absorbance of the solution, E is a constant 
Mown as the .alar absorptivity. L ls the err ective path 
length that the light travels through the solution, and 
(X] is the concentration of the light absorbing .ateria!. 
You can ••• how the drop size will effect t. 

'" 

1. Place one drop ot 1 M H,02. two drops of butter pH 1, and 
one drop 2 M Halon top of the photoelectric cell. Ad4 the Hal l.st 
and record the inltital resl.tlllne. readil'l9. Continue to record the 
resistance every 15 seconds for 5 .inutes. 

2. Repeat tbi. experi .. nt but use the butfer pH 1 with tbe 1 M 
H202 and 2 K Nar. Record your r.su1ts. 

Kinetics Page 8 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Aqain, repeat this e.xperiiaent but use the buffer pH 6 with 
the 1 M H202 and .2 H NaI. Record your results. 

c. Initial Rat• Determination 

l 62 

1. In class , -we have discussed using the initial rate method 
to determine the rate law from experimentally measured data. Devise 
an. experiment in which you can determine the rate law by varying the 
concentrations of Na! and H20 ~. Use the buffer pH 6 for each 
e:xPeriment·. The table below is probably a good starting point . .You 
must determine the rate from the data you collect. 

Trial Run 

l 

2 

3 

·. 

Drops 
Nal 

Initial 
[Na I I 

Kinetics Page 9 

Drops 
pH6 

Rate of 
Formation 

I -3 

3. Aqain. repeat: this experi.ant but use the burfer pH 6 with 
the 1 " K~02 and 2 K Mar. Record your results. 

c. l.l~lal Rat. o.terai •• tloD 

'" 

1 . In claas, we have dl.eu •• ~ using the initial rate a.thod 
to dataraine the rate law fros sxpsri .. ntally measured data. Devise 
an expari .. nt 1n which you can dotaruine the rat. law by varying the 
concentrations of Mar and HzO:. U •• the buffer pH 6 tor .ach 
e~rll1ant. The table billow 1s probably II good &tarting point:. -You 
must detar-i ne the rate from the data you collect:. 

Trhl Ilu" 

1 

, 

, 

Drop. .. , Initial 
[NaIl 

Drop" ,,, Rau of 
For.atlon , -, 
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QQllQLOIIOJJI 

1. Graph time vs. ·resistance for the 1 H H 2o 2 , 2 M NaI and buffer 
with pHs 1, 3, and 6. Place these graphs on the same gr aph paper. 
Use .of a spreadsheet will be very helpful here. 

a. · 'lrihat do these graphs tell you a.bout the etfect of acid 
concentration on the rate of reacti on of i odide with hydrogen 
peroxide? 

b. Write the rate law for thi• reaction bas ed on whether path . 
1 or path 2 is supported by your data: 

2 , Graph time vs. resiatance for the three experiments· you 
con4ucted in the Initial Rate aection of the lab. You may also 
place the&~ graphs on the 11.ame sheet of graph paper. 

J . What is the initial rate of each trial in question 2 . You may 
deteniine this from your CJJ°aphs by tak.inq the slope of your c~:rve at 
time= o (use only the first few data points). Recall that .the rate 
of change of 'your mea•ured resiatance is equal to the rate of .change 
in concentration of Is "· · 

Kinetics Pa9• 10 '. 

gPMCWIIQMII 

1. Graph time VII. '.: •• istance for tbs 1 M H 20 2, 2 H Na! and buttor 
with pHs 1, 3, and 6. Place these qraphs on the same qraph paper. 
U •• ot a spreadah.at viII be very helpful here. 

iI.. tlhat de theae qraphs hll you 4I.bcn.tt. tM affect of acid 
concllnttation en the rata of reaction of iodide with h1drogen 
peroKld&? 

b. Write tb. rat.. lav tor thi. reaction based on whether path 
1 or path 2 i. "ppctrted by your datal 

2. Graph ti_ Viii. resistance tor the three exper1_nta you 
conductad in the Initial Rat ••• otion of the lab. You may a15D 
plllCII theae graph. cn the 1111_ ah.at of graph paper. 

163 

l . What i. the lnltial rate of each trial in qu •• tion 2. You IIIl1y 
d.atandne this fro. your graphs by tak,inq the slope Of your curve ilt 
ti~. - 0 (u •• only tb. first tev dat. points). Recall that the rate 
of ChllD98 of your __ aurad resi.tane:. 1. equal to the l"ate of chang. 
in concentl"atlon ot I I -. ' 
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4, Using the inital rate data, determine the order of each reactant 
'in your rate law for ·the reaction of. sodiu.m iodide and hydrogen 
peroxide. Write the rate law: 

5. Determine the rate constant tor the rate law. Use the rate 
exp~ssion developed above. 

' Kinetics Page 11 

'" 
4. Ulling the inital rate d.ata, detent!n. the order ot eac h reactant 
'in your rate 111111' rot' the reaction ot , sodiu.m iodide and hydrogen 
peroxide. writ. the rate l~"': 

5. DIItel'll!n. tbe rat. const .. nt tor the rat. law. u •• the rate 
expr. •• ion dev.l~d above. 
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tut..u PBOD!tl!U 

i.. Using Lewis 
2~ eq; 12. 

structures, draw a possible reaction for mechanism 
' •, 

.... 
.. .. 

· ~.. What color is the !3 - ion? 

. ,:, ·, 

'. 

3. Write a balanced redox equation. for the reaction of Al metal 
with HCl: 

·, 

.. • 
4. According . to 'the CollisiQn 'Theory, ·what two condition.s must be 
met . for a · reaction " to occur? · -

'' .. 
·:· .. 

" 

is What t)le 
.,. ·,._ 

general r•te law· fci.,r the following r~a~iion? 
' . 

.. ih02 . . + 2H• + 3i· ·~i - + 2H20 >·~:· .• ···· '. .. " 
.... . .. . 

"· ... ··:'· 

'· ... 
··,, 

· ~ ,:.::. :< . . .' '~·.. . ': 

" . ··~ 
' ' 

.' 

lb'.> 

" .... 
' ' 

,, 

·' 

" 
' 

lULU PRQBt.P!1fI 

1. Using Lewis structures, draw a possible reaction for mechanism 
2, eq. 12. 

2. What color is the 11- ion? 

3. Write a balanced redox equation for the reaction ot Al metal 
with Hel: 

4. Act:ordinq to the Collision Theory, what two conditions must be 
met tor a reaction to occur? 

5. What is the general rate law for the following reaction? 

.H202 + 2H' + 31- ---.1,- + 2H20 

Kinetics Page 12 
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.BLllCT1"'CJ111.Ml8TRY 

cli-l•tq . .t3 :a. 

· .. El~i::troch:emistey,. · :whlch deals with the convers.ion ·between 
e;l.ectr-ical energy·· and chemical enerqy. is . an important . area of 
chemistry tha·t touches 111a·ny .aspects ot. our lives. -.. ~ere it not :for 
an applti.cation of electroche111istry in the form· of batteries, we 

·would still band. crank ~ur . car&tQ start then and wear windup · 
watch~s • .. on . thie other ha~d, we would use ··slide rul.es ;rather than. 

· . calculators. ,,Other applications af.:fe-cting our daily lives iricllJ'ie. · 
.··. electropl°'ting and corrosion of metals.. Electrochemical· measul;'em,ent 

·techniques ·are used routinely, to determine extremely . low ·:. · 
concentrations of ions in solut.ions:,. identify unknown c:ompounds, . 

· .. monitor rea~t.ion rat~s; ·.~nd . study_ a ·whole ,host of other. phenoillena • 
. . 

, :vol\>a:lo ·cell• ,. 

To c6nvert the ~ner'C)y· fro~ a. chemi~l reaction to electricity, 
,a voltaic ~r galvanic ce,ll (C:o111110nly known as a battery) is U:sed. A 
voltaic cell operates on spontaneous oxidation-reduotion reactions. 
The transfer ··of electrons between substances produces the · 
e,lectri~ity~ · · · 

i ~ 

. . Voltaic· cells ar~· constructed to separate. the' oxid!lti~n half' 
· . reac:tion fro• the reduoti.onoha~.f-:reac:t;ion • . This ·separation force• .. 

electrons to flow through an. external· circµit where they can do · 
w.or~.. ·.We can ' construct ·ii., ctal. vanic-,·~ll . using the sp~ntaneous, , " 

·reaction .c;f copper .metal and Ag• ions • . . ·J:n the reaction, el.ectrons 
·al:'.• traiuiferred from th• .C:.opper, metal ·tg ·the silver ions• 

<. . • • • .. • • 

·. The bal•nc:.iiid net ' ionic e~at ... on. for .this :reac;:tion is: . .. . 
.. ~ . .. ' . 

:. ;i; ~cia2•(.q 1 + 2Ag~.1 · (lf ... 
... 

' .. 'Which· can b• ·divided · tnto · ~xidatiop and reduction half-reactions: 
. ·~· 

·-
!' ~ ···:'. . 

Cuj •) . • "~ . c..2+ (aq) . . ~ .2.-
-.. .,, 

2Aa• (•q) + 2e- : -~ .. ·.:2Ag(· •• 
•:. ... ·:-·. 

·, .·· ·'· 

... . ... 

.. 
-...... .... . 

. ,:· 
., . 

. ·, ·.' 

! 

.,-,. 

,, 

:~ ...... . 
·, .. 

·.~. · ~· . 

' · 

.. , 

· .. ·' 

... 

. ·~· 

-· 

;. 

.. ;. . . . ,: 

(2) 

(3) . 
..: 

·~ · .. 
: :-: . 

,:, .·· 
., 

., 

.,. 

·-·· 

· .. ·. 

·,. 
;.· 

. ~·. 

,.: 

.•. . ... .~~·;,,. 

• 
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Electrochemistry, ' which deals with the conversion between 
electrical energy and chemical energy, is an important area or 
chemistry that tOUChes many aspects of our lives. Were it not for 
an application ot electrochemi.t~ in the forn of batt.riBs, WB 
would .till hand crank our cars to start then and wear windup 
watChes. on thia other hand, we would use slide rules rather than 
calculators. Other applications affecting our daily lives inClude 
electroplating and corrosion of metals. Electrochemical measurement 
techniques are used routinely to determine extremely low 
concentrations of ions in solutions, identify unknown compounds, 
Donitor reaction rates, and study a whole host of other phenomena. 

Volt_io 0.11. 

To convert the energy trom II eh.mie.1 reliction to e1ectrieity, 
a vo1taie or galvllnie cell (coJU\Only known as a battery) is ul5ed. " 
voltllie cell oparlltes on spontaneous oxidation-reduction reactions. 
The transrer of electrons between substances produces the 
e1.ectricity. 

Voltllic cells lire constructed to separate the oxidation ha1r 
reaction rro. the reduction halt-reaction. This separlltion forcee 
e1.ectrons to flow through an externa1 circuit where they can do 
work. We can construct II ga1vllnic cell using the spontaneous 
reaction ot copper metal lind Ag' ion.. In the reaction, e1.ectrons 
lire transferred trom the copper metal to the silv.r ions, 

The ba1.anced net ionic equation for this reaction is: 

" 
-~->o,,, At; (.q) + cu(.) ~ u (aq) , 'J 

Which can be divided into oxidation and reduction ha1r-reactions: 

'" 
'" 
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·~quations 2 ·and .J 
copper· are u~ed by Ag• 
'into solution • . Fi9~re 

show what happened, The electrons lost from 
ions to for111 silver metal while cu 2 • goes 
1 . shows a, voltaic cel·l using . these reactions ... 

· ·., 

_ We use a standard notation to describe iJalvanic:' cells • . For .. the 
copper/silver cell. "this notation ia: · . . . 

... ... ,;.::, . 
... 

'. ··: 

·' 

The slashed lines represent phase bou:ndaries, the two solid lines 
represent half cell boundarie&. By conventi.;m, the anode (oxidation 
reaction) is written first_. , .. 

.. 

. 

... '.·~ · .... . ,,,. 
. Cu(•) /~7+(aq) ll· ~s•(aq) /1.gCs) 

.. .. 

·:;. 

.. :· 
. ~ ~ . 

Voltaic Cell 

Figuz'e. · 1. • 
, . 

Acco~incJ ~o, equation ··2 I the ; Oi. metal '.' loses electrons 
.:· . ..(oxidation) .forming cu 2 • ions. .T)leae ' !'lost" electrons travel 
' · throu9h the wire to · tbe ,Ag metal., :. and coinbine with · the 1'>9 • -: ions ' 
, (reduction) ~in soluti~n, arid Aq is plate!! out on the ' Ag - electrod!!~ 

, ,The sa_J c. br·Jilge coiq>lete•· the eircuit bY. allo~i~g'. inert ions such as' · · 
. , ~ Na• and N03 : to travel through the .. salt bridge ·anCI maintain. '_ . . 
. iol'!i.c-ne\ltrality of'. the !1,0lution ~ : -Without -a salt brid9e, no ·· c:u·rr~nt 

can flw tJec:1tu&e . as .A9• :~oii• le.ave solution the r•m111-inin9. $olution 
."' · 'fifl: liave ,·too ·many negatively· charqed nitrate ion•, ' No, - • ;teft. By 
» ,''· "J:.riterc;epting" the, flo,ior" of •1ectrons . outsi'c.te ' o·f . the ce11·, we can .use. 
, ,; th.em . .to drive a .llotor"and pzt04uce work or .. light I!' lamp, or power. a_ 

''calculator. This vill cause a · po•itive deflectio.n Q.n a voltmeter, 
'.· .. · V,erifyin_cj curr~nt, flow as · •~own above, Oidcf11tJon 9c:curs- at; tne " . 
, ,::;. itnod•, re.du.;tlon ·at the catllodoil, , .1µ1 easy way to remember this: . b.otti. · 
· .: \.oxi4ation an~ anod_, b,_egi,n .. wlth vow~la'. while :reduction and ca~hode. < . 
~:c,;··' peCJi'1 · witi:t\ con.son•nt•.·" · ,. ,, ' 'C 

~.:.~·-:(; .~. ..-. ' '~ ·' , . .., ·( ... · . '! 
'· ........ 
~-. ;,,·';,:, ,: ·, .... 

·.•; .... . .: 

Equation. 2 and J show what happened. The electrons lost from 
copper are ueed by Ag· ions to form silver .etal while cu,· goes 
into solution. Figure 1 shows a voltaic cell using these reactions. 

We use. standard notation to d.scrib. galvanic cells. For the 
copper/silver cell, this not.tion 1.: 

The sl.shed lines repr .. ent phase boundaries, the two solid lines 
represent half cell boundari... By convention, the anode (oxi4ation 
reaction) is written lirst. 

Voltaic C"U 

Filure 1 

(+) Ag 

~ 

'" 

According to equation 2, the CU •• t.l loses electrons 
(ox14.t10n) 1'onl1n9 CU U iens. These "lost" electrons travel 
throuqh the wire to the A9 metal, and combine with the A9+ ions 
(reduction) in solution, and A9 is plated out on the A9 electrode. 
The saltbrJdge ca.plet •• the circuit byallovinq inert ions sueh as 
Na· and NO l - to travel through the salt bridqe and lIIaintain 
ionic-neutrality of the solution. Without a salt bridqe, no current 
c.n flow becau •• a. Ag+ iona l.ave solution the remaininq solution 
viII have too .any negatively charged nitrate ions, NOl-, left. By 
"intercepting" the flow of el.etron. outside of the eell, we can use 
them to drive a.otor and produea work or light a la.p or power a 
ealculator. This viII cause a positive defleetion on a voltmeter, 
verifying eurrent flow e •• hown .bove_ OKJd.tJon occurs at the 
"nod., ... d"ctlon .t the ".thod •. An easy v.y to remember this: both 
oxidation and an~ begin with vowel. while reduction and cathode 
begin with consonanta. 
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Bleotrolytio call• 

An electrolytic cell is similar to a galvanic cell, but instead 
of obtaining electr1cal energy frOlll spontaneous reactions, an 
electric. source is attached to the electrodes "forcin9° electrons to 
move in the opposite direction. Thus a non-spontaneons reaction can 
be forced to occur by supplying electrical current. some uses of 
electrolytic cells include electroplating metals onto other metals, 
refininq or purifying metals, charging "rechar9eable" batteries (car 
batteries, niokel./cadmium bat.teries, etc.), decomposing water, and 
obtaining pure =etals from their ores. 

Thia last application is extremely important in the production 
ot aluminum from its ore, Al 1 0 1 • Hall discovered thi.s electrolytic 
process while still a colle9e student in 1886. Before his 
discovery, aluminum was so expensive that the rich would flaunt 
their wealth by throwincJ dinner parties usinq aluminum utensils. 
Taday, production of one mole of aluminum from its ore requires 
30,000 joules of enerqy. Recycling aluminum reguires only 26.l 
joules per mole (the amount of energy required to melt aluminum}. 
Thus, the emphasis on recycling aluminum rather than producing it 
fro• its ore ia quite obvious. 

St8Jl4ar4 VoteDti&l• aa4 •e Calculation• 

By using half-cell potentials, you can deterilline the voltage 
(potential) that any two half-reactions will produce. The 
potentials are not an absolute figure, but are meaGured relative to 
a reference half-reaction. Th• •tandard reduction potentials we see 
in tables in cur book and on the classroom wall are measured against 
the Normal Hydroqen Electrode (NHE) which has a reduction 
half-reaction: 

(4) 

The NHB ha• bean as•igned an E0 or volta9e of o.oo v. Actually 
any reaction could be used as the reference but since hydrogen has 
been chosen, we still continue with it. The symbol E 0 means 
standard half-reaction or "halt-cell" potential in which the 
reactant and product solution• are 1.00 M (l atm for 9ases) and the 
111.et:al11 are ~ cry11tal111. For con·venienca, wa normally tabulate the 
zv values at 25~c, but it's not necessary. T11is 111.ethod enables us 
to d•termine the potential for numeroua half-reactions. By listing 
all half-reaction• as reduction half-reactions, we 9enerate a table 
of standard reduction potentials. 

A tabla of standard reduction pot•ntiala enabl•s us to 
·determine the potential of a redox reaction, determine the c-rder of 
reactivity of some specie• toward• others, and to determine which cf 
two •peeie• i• more susceptible towards reduction or oxidation in a 

'" 
.laotrolrtio Cell. 

An electrolytic cell is aimilar to II galvanic cell., but instead 
o:f obtaining electl"ical enerqy trOtrl spontaneous reactions, an 
electric source is attached to the eleotrodes "forcing" electrons to 
move in the opposite direction. Thus a non-spontaneol1s reactien can 
be forced to occur by supplying electrical current. some USeS of 
electrolytic cells include electroplating metals onto other metal~, 
refining or purifyinq Iletals, charqing "rechargeable" batteries (car 
batteries, nicke1/clldRiuJD. bat.teries, etc.l. decomposing' water, and 
obtaining pure ... tals from their ores. 

Thi. last applicati<m 11;. uxtrelllely important in the production 
ot aluminum from its are, Al,O, . Hall discovered this electrolytic 
process while still a college student in 1886. Before his 
discovery, alu~inum was so expensive that the rich would fl~unt 
their weAlth by throwinq dinner parties using alWllinum utensils. 
Today, production of one ~ole of aluminum from its are requir<ols 
30,000 joules of energy. Recycling alu~inum requires only 26.1 
joules per mole (the amount of energy reqUired to melt aluminum). 
Thus, the emphasis on recycling aluminum rather than producing it 
from its ore i. quite obvious . 

• tandard VoteDtiale and •• Caloulations 

By using half-cell potentials, you can determine the voltage 
(potential) that any two half-reactions will produce. The 
potentials are not an absolute figure, but are aeasured relative to 
a reference half-reaction. Tha standard reduction potentials we see 
in tables in our book and on the classroom wall are measured against 
the Normal Hydrogen Electrode (NHE) Which has a reduction 
half-reaetion: 

(' ) 

The HH. has b.en assigned an EO or voltage of 0.00 V. Actually 
any reaotion oould be used as ths reference but since hydrogen has 
been choaen, we still continue with it. The symbol EO means 
standard half-rsaotion or "halt-cell" potential in which the 
raactant and product solutions are 1.00 M (1 at. for gases) and the 
... etal .. are ~ cryetals. For oonll ... n1.>I'Ic ........ no"",ally tabulat .. th .. 
E g values at 25~C, but it's not necessary. This method enables us 
to detarmine the potentisl for numerous halt-reactions. By listing 
all half-reaction ••• reduction half-reactions, we qenerate a table 
ot standard reduction potentials. 

A table ot standard rsdut:tion potentials enables u .. to 
deter-ina the potential ot a redox reaction, determine the ~rder of 
reactivity of so •• species towards others. and to deter.ine whiCh of 
two spacias is lIIore .u.ceptible towards reduction or oxidation in a 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

spontaneous redox reaction. A positive E0 value indicates that the 
substance will spontaneously· reduce relative· to equation 4, .while 
neqative values mean a spontaneous oxidation will oecur relative·to 
equation 4. By simply adding the E0 ,. and Erod values, you can 
obtain E0

• The E0 value for reaction 1 is simply the s11111 of the E• 
values for reactions 2 and 3. Remember E"oK = -E"r•d for a 
particular half-reaction. 

E 0 
• E"oxl4~····~ +.E"rod~••lon = -0.337 Y + 0.7994 V - .462V 15) 

Note that the 8 0 ,. anc:1·Ero<1 values are an multiplied by the 
.stoic:hiometrix coefficients used to balance the redox equation. 

lltinst •qwat:lo11 
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Xn the late 18001 &, a German chemist named Walter Nernst was 
studyin9 the theraodynamics of electrolytic solutions. Through his 
research he developed a formula to.calculate the potential of a cell 
that was not at stanc:lard temperature, pressure.and concentration. 
It is called the Nernst equation. Using equations we covered in 
this and earlier chapter•, we can arrive at this equation. Gibbs 
standard. free energies (aG) are given by equations ·6 and 7. 

aG 0 
• -nl'B 0 

aG •.-nn 

Here n equals the.•oles of electrons(•") transferred in the 
rea~ion and Fi• Faraday's Constant (96,485 Coulombs/mole. e·). 
Gibbs free energy is also given by equation a. 

aG - aG0 + RT ln Q. 

(6) 

(7) 

(8) 

where Ria the 9as constant (8.314 J K" 1mole" 1 ), T the temperature 
in gelvin, and Q the reaction quotient ([Products]/[Reactants)). 
S~betituting equations 6 and 7 into equation 8 we obtain equation 9. 

-nPB • -nFE0 + RT ln Q 

Dividing both sides by -nP we obtain equation 10, which is the 
Nernst equation. 

E - £ 0 + (RT/-nP) ln Q 

(9) 

(10) 

Since we usually conduct redox reactions at roo~ temperature (298K), 
· the quantity (RT/nF) conveniently becomes 0.0257/n and the .Nernst 

equation at these conditions beCOBeS 

E • E0 
- (0.0257/nj·ln Q (11) 

no 

spontaneous redox re~ction. A positive EO value indicates that the 
SUbstance will spontaneously red~ce relative to equation 4, while 
negative values mean a spontaneous oxidation will occur relative to 
equation 4. By simply adding the Eo~ and E •• ~ values, you can 
obtain EO. The EO value for reaction 1 is simply the s~ of the E" 
valuee for reaot-iona 2 and 3. Re_lIlber E O

oK ... -Eocod for II. 
particular halt-reaction. 

Hote that the I!:OK and I!:<od values ~re .an lIIultiplied by the 
atQichioaetrix coefficient. u.ed to balance the redox equation • 

• "mst _quatloa 

In the late 1800's, a Ge~an chsmist named Walter Nernst was 
studying the thermodynamics of electrolytic solutions. Through his 
re.earch he developed a foraula tQ calculate the potential of a cell 
that was not at standard temperature, pressure and concentration, 
It i. called the Hernst equation, Using equations we covered in 
this and earlier chapters, we can arrive at this equation. Gibbs 
standard tree energies (as) are qiven by equations 6 and 7. 

aG ... -nn 

Here n equals the mole. of electrons (e') tran.ferred in the 
reaction and F i. Faraday's constant (96,485 Coulombs/mole .'), 
Gibbs free energy is also qiven by equation 8. 

aG ... aGo + RT In Q 

(6' 

'" 
,., 

where R i. the 9a. constant (8.314 J 1t- l llole- 1). T the temperature 
in Kelvin, and Q the reaction quotient ([Products]/[Reactants)). 
Substituting equations 6 and 7 into aquation 8 we obtain equation 9. 

-nFE ... -oFE" + RT 1n Q 

Dividing both .ida. by -nF we obtain equation 10, which is the 
Hemet equation. 

E ... EO + (RT/-nF) In Q 

(9' 

(10) 

Since we usually conduct ~o~ reactions at roo~ temperature (298K), 
the quantity (RT/nF) conveniently becom •• O,0257/n and thaNernst 
equation at th ... conditions become. 

E ... EO - (O,D257/nJ 1n Q (11) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

corro•ioll/Corro•ioa -•roteotion 

Corrosion is -t·a1 deterioration. It's mainly an 
.electrochemical process, and under the right conditions, it occurs 
spontaneously in nature. The coast to the U.S. economy in 1984 due 
to 111etallic corrosion alone was over $80 bi1lion. 1 Thus, corrosion 
is a significant problem. with so many airer.aft constantly exposed 
to the ele111ents, .cor·rosion is also a 111ajor Ai.r Force concern. 

Before we cane~aaine ways to protect againa~ corrosion, we 
mur;Jt . first .understand wh,t happens during corrosion. Corrosion 
results from' the operation of spontaneous electrochemical cells on 
the surface ot the metal being considered.. We'll limit our. 
discussion here to steel (iron) samples. YO~ might wish to imagine 

·the body of a new autoaobile or a Soviet Mig 25 during the following 
.d iscusaion. 

As in all elect.rocheaical react.ions, oxidation happens at the 
anode . This occurs because the anode is more easily oxidized than 
·the other metal in the cell. For soli.d llletal, oxidation f orms metal 
cations which are . soluble in water. So how does a steel car body 
rust it it conai•~• only of steel? 

Well, i n order ro~ c.orros.ion to occur, wate~ 111.ust be present. 
Dissolved i n .the wate.:i:-. is o:icytJen, whicll undercjoes the: following 
reduction half-reaction: · 

o, + 2Hi0 + 4e"· .------> 40H" 
•. 

'·· 

The other ha.lf-reacti~n i~ the oxidation of iron: 

Fe 1 • 1 ------> Pe 2•c •q > + 2e· 

Write the overall oxidation/ reduction reaction that occurs during 
the formation C•f rust: 

.::. Thu$ cars "rust""q\lt.;:' because of the air. .Of co:urse the proceE;s 
-happens rapidly i~ certain other conditions are present. You mus~ 
· have some contact between -the solutions of reactants . Water works 
best for this. T:lle w'-tet:"" works better if some . ions present are . 
already in solµtion :(what does this provide?)' . Some states sprinkle 
rock salt on snowy ro~da. Thi• provides all ·of the requirements . A · 
small scratch in ~he paint, 11<>isture, and an ionic solution, and the 
res ult is rus t on you~ new car. 

.,:.: 

----------------~-------------------------------------------------
1. Ch a n a . • . ,Cll•Mlscry , 3r .~ ed .. ,Rand o rri Hou•e- , Inc. ,N ev Yo rk,l,11, 
p p. 78 4 -715 . . 

'· '' •, 

.... ; . : .EµICTROCllBNI8'1'1l'I' Pacje>:,_s ..•• 
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cozroeiOG/Corrosioa -.roteotioa 

Corrosion is .. tal detsrlora~ion. It's aainly an 
.eleetroebe.ical proccss, ~nd under ~he right conditions , it occurs 
spontaneously in nature. Th. co.t to the U.S. 8COnODY in 199" due 
to .. tallic corrosion alan. was ov.r $80 billion. 1 Thus, corr08ion 
is a aigniricant prable.. with.o .any aircrart eonstantly exposed 
to the elellents, corrosion is also a .ajor Air Force concern. 

seroes we can exaain. ways to protect against corrosion, we 
must ' tirst understand What happens during corrosion. corrosion 
results trca the operation or spontaneous electrochemical cells on 
the surtace of the .. tal beinq considered. we'll liait our. 
discussion here to steel (iron) _-.plee. You .ight wish to laaqine 
th. body Of a n_ auto.obile or a Soviet Mig 25 during the following 
discuseion. 

Aa in all electroch •• lcal r..ctlOlUl, oxidation happena at tha 
anode . Thia oeeurs because trnt anods is acre easily oxidized than 
th. other aeul in th. cell. "or aol l d setal, oxidation fonna ma tal 
cationa which are soluble 1n water. 1;;) how does a at.al ear body 
rust it i~ conaista only of at.el? 

Wall, in order ror carro. ion to oecur, water Bust be prea.nt. 
Dissolved in ,the water is oX1gen, which undergoes the ' following 
reduction halt-reaction: 

The other he.lf-reaction ie the oxidation of iron: 

"aco, -----> Fe ' ·, •• , + 2a-

Write the oVarall oxidation/reduction reaetion that occur. during 
the tot'llation t.t nIoBt; 

ThU$ car. "rust-out" bec.ause at the air. Of cours. the process 
happana rapidly if certain otbar conditions are present. You must 
havlI .Ollla cont.ct between the solu~ions at reactant.s. Water workB 
best tor this. The water work. tI'atter it &0_ ions pre.ent are 
alre.dy in solution (what doe. this provide?). Saa. atate. sprinkl e 
r ock ealt on enavy roade. Thi. provide. all of the require_nts. A 
s .. ll scratch 1n the paint, acisture, and an ionic solution, and t he 
result 1_ rust on your new car. 

-----------------.-----------------------------------------------
• . c ". " • • ~ ., C ••• I •• rT.' •••• • • Il . . .... M . ....... .. .... , • • k.1 t tt, 
" .1 1 •• "5 . 
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: ·:.<:': .. :· A~·-.y~i: re~all;,. E.6 .· va1ues_. dp~l~ ~llY t~- ~~ crystaliine -~et~'i ·. ,· .. 
· :: sa:111ple.s; ~oi;it' ste~l i:il.\mp~es :do ii!)t . ~.ave a · ~niform crystalline ·. • . ·• 

'..·" '.' stz>uc.t:1Jre;; instead, .tJief ha:ve· n11iny .Eililllll .area:s. of 'diff.eri;tg . crystal · 
. : .;s'tr:\Seturejlue 'to stresses tJlat occur 'during processing of .th~ . · · .. · 

. .. ~· 

'. · ;.·111etai•• Tbese_;dit;t'erent r~qi,:cins have, different · E.0 values and this . . . . 
:·: .. . res\(lt!!i .in ·the : formatibn Of .a NO:J;taic cell, Thus, . in ste41!1 samples, 
·'. <'so1.11e of 'these -recjioni!I serve cis. Cathodes while .others 'ser.Ve .as . 
;'ii' ancides• -. Th.ise~laina why rust· oc<:\lrs at sei;>ar.!lte~ di.stiilct _ poi~ts ·· 

· .. all ov.er the metal surtace'. instead o.f .covering the ent.ire meta.l. · · .. · · 
•. surface: uiiifor:'Jnly < . >. , . . . . ·. . . . . .. . . . . . 

. ··H·~ ~ o~~- oh~io~s lioiU:titm '. to' ' tti.is ptoblel)iis "f.o p~oduC.e · steel)~itp .• . 
. :.; one .uniform ccyst;a11ine .. structure • . TeebnQloqlcally, · this wou.ld. be 
· · . extrem~ly,, .~xpeJ1!Jive;~_>ff i:icit 'impossible .at ;this. time~ . The:ic~tore.1 ·•· 

... :•ome: ottler. iliea.:1'111 -of .. protec~i,nq ,.stee], {iron) stJ;uct11res . llli,ist b.e . 
.. ; dev'.ise.et .. ... Spme., of ;tne ·.simp.ler ,'and·; :tess -eff~ctiv:e. of these rne.an.s 

· ;' .i.n~li.ld~ sur.ta.ce ¢overlnr;js · (pai~t, ·;e:b::i.) .tnd passivation • . ; • .·. ·.· 
'i:' Pllt1is.iyat;H>n'.is·. t;hl!!I· ;proce11s of .co~tin9 t~e: ~ur:fai;i.e of ' the s.te.19.l. 
·• .. : &llJnpl,.e :wJ;tb· ano.t:h•~ metal,; (usually le11.• r~active .. or not, .as e~s1J:y 
· ,;. o*i.dized _as steel'~) · ·ijo_t11 of, tfi~~e. m~ttio.ds prote~t .. ttie. !;teel by 
· · / 4;:Clv.er.in9 . it• ,"l:Jl)fortunatelY, once :.the .. sur.f~ce coating ~s ~emoved .or . · 

; sc::ratched ·off •. rust.; d~velops~· . . . . :· .•.... '.. . · ... : . ' . . . .. i . . : : .: · .. 

" 

·_.· · ' ' ~~:tiet~~r ;~ay· to ~r~t'ec~ t;he .iteel wo~ld be j;o .~:~~~1cii11y .... ·· 

., :. c~nne~t ·the steel to be prot~cted . to a mQre active. (more easil¥ '· ·. · 

:;·::~!::~!:~ ~:t;!<1. ~:~ ·:~e ~::;::~!:~; h!~6;:~~~::r:.5_~~;i~~:t!J.~; · .. ·: , ..• · · 
· ~ .. ~n.ode ~ ' Thit5 process is known as cathodic. pro~ecti,on. . .In or(ier .to .. 
: :> :::in~r:P.Ora:te . cilthodi.c proted.ti(!p, tlie li:!lcri:ticlal ·meta.l 111utit. have.' 11 .. < \!. ~o:tfel: T.ecluctio~ ·.i;o~n~+•1\~~-~ th~. Jile~~l •to .be· prD.tected• · · 

., . . . ,:. ··. .. . . . .. . /. ...... :. :··· . · .. '. ·.·.· .. 
;.:·~. : .. . : · . . . . . .:·::· ·,.·: \: .. : ' : . 

,·,· .::/ ... · .. ·.· ...... . :/:: .•··. .. ··,,·· , ...... : .. ·:·:'·:: .... . ... .. : ... · .. ... .. 
.·., 

. .. 

. · .. ·.;. 
: · .... .' · . 

... ~ . . ... ·. ~ . ' 
·~ .. ··,. . ·.· .. " .... ;, .. : :. : 

.. . ; .. . : .. ::. :, :: . : 
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As you recall, EO values apply only to I!!lU crystalline Tr.etal 
sa~ple5. MoSt steel samples do not have a uniform crystalline 
structure I instead, they have many small areas of differing crystal 
structure due to stresses that occur during processing of the 
lIIetala. These diffet"ent regions have different EO values and this 
results in the for.ation of a voltaic cell. Thus, in steel samples, 
&~e of these regions serve as cathodes while others serve as 

' anodes. This eXplains why nlst occur5 at separate, distinct points 
allover the metal surface instead of covering the entire metal 
surface uniformly, . 

One obvious solution to this problem Is to produce steel with 
one unifor. crystalline structure. Technoloqically, this would be 
extrelllely. expensive, it not impossible at this time. Therefore, 
some other means ot protectinq steel (iron) structures ~ust be 
devised. Some ot the simpler and less effective ot these means 
include surtace coverinqs (paint, etc.) and passivation. 
Pa.sivation is the process ot coatinq the surface ot the steel 
sampl. with another metal (usually le •• reactive or not as easily 
oxidized aa ateel.) Both ot these methods protect the steel by 
covering it. Untortunately, once the BUrtace coatinq i. removed or 
scratched otf, rust develops. 

A better way to protect the st.el would be to electrically 
connect the steel to be protected to a more active (more easily 
oxidizable) .. tal, such as maqnesi~. In this way, the steel 
becomes the cathode and. the maqnes'iu. becomes the "sacrificial" 
anode. This process is known aa cathodic protection. In ordsr to 
incorporate cathodic protection, the sacrificial metal must have a 
lower reduction potential than the ~al to be protected. 

'" 
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: ' ·:i~: :v'o~~•io · ~•i1~ c8~t:te~i·•>: . .. ; . - ; · -> < 
,' ,: .. : ;:in ~hi.~ ~~erll)le!\t.; : ~o~ J<iill 'a¢t · up , volt~j_o ' cells, as in Fi;gµ~e •. 
< 1, but .on. a· mfcro'.""sc~le~ :. Refer to f'.ig!lre i oft.en :to.1dentify. the · · · · 
' ·. _.-::i>ar~_ir,:o.t .th4! c:ie.il with ¥,pur'. setup •. ', . . . : , ' .. · · .•. ' ·. ; . · . 

. '.: : ~. 

. · .. 

:•. 

·.· 
· '; : -i, .. ... c:iit a: .. i;i~ce of . re~t~n9ui~:r ; tilter paper 111' half so ycni ha.v~ · · ... • • · , .. 

···'· :t~- s(Jlla.'r~s;. · Folci -it iri f_o~~tti~ ai.1d. cut it t .oJorm a::"+", .as . . • . ·: . ~~=~~~~~a~e~ by y~ur in~tructor. Save th~ ~eftover .P.J..eces . for P~rt~ .·. , · ; 

· .... :::.::·~·; :• ~~~e :,-~:,;111~ ; of : the ' ~oppet'.; ' zi:ric-.,: l~ad: and . i:e:.ori arici i.l9ti~iY. .~. 
. ~~rid. ~ff 1;he oxii!e iayer on theni~ . .·. :. . . ··:., . . .. . . . . 
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A. v01t.io C.11. I •• tt.~i •• ': 

In this experiment, you will set up voltaic cells, as in Figure 
1, but on ill micro-scale. Reter to Figure 1 often to identify the 
parts .. of the cell with your setup. 

1. aut a piece of rectangular filter paper in half so you have 
two squares. Pold it in fourths end cut it to form a "+", as 
de.onstrated by your instructor. Save the leftover pieces for Parts 
c and D. 

2. Take Bome of the copper, ~inc, lead, and iron and lightly 
sand off the oxide layer on them • 

.a~.~ad Steps 3-5 before perfo~ing them, because you'll 
want to take quick measurements for more accurate results. 

3. Place 
filter paper. 
middle ot the 

the four metals at different corners of your newly cut' 
Place 5-10 drops of 0.10 " NaNO, solution in the 

filter paper. What function does the NaNO. perform? 

•• Place a te" drop. of 0.10 M CUCHO,) 2 to the side of or 
undern_th the copp.r. Do the sallie with the 0.10 M f'e50 •• 0 .. 10 M 
Pb(NO,)2, 'and 0.10 M Zn(HO.) 2 .olutions and their respective metals. 
Th. drops of solution must touch their metals and these solutions 
mUBt just touch the HaNO, solution. 

5. 'Takia your multi_ter and !lele-ct DC volts (VOC) and measure 
the Voltage between the following: 

a. -Make sure your lead. touch bare metal and are not 
th •••• lv.s illllll8rsed into the solution. 

b; switch lead. from your lIIultimeter on the metals if you 
g.t a negative voltage (you want a positive voltage indioating a 

-spontaneous reaction) • 

E(V) E(V) 

au ' snd ~2n ____ _ cu. and Fe _ ____ ~ 

au snd Pb ' ___ _ 
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' 
6. Why are these value• recorded as E and not E 0 ? 

. . l I 
-. 
·. ~ ... " . 

. 7. · Calcu.latEi th~ th~oretical E 0 values- for .the three voltaic 
'.'., . ceJ,.l• you con•tructe\1 (us,J.n9 a Table of .s.tand\lrd ~eduction ' 

1 'Pot;.entlals) and: lii-'ite the two half-reactions fQr each cell as tli.y '. 
.·:?: ;C?ccurred. · ' · · .. • 

·-

.. :··. 

-· 

-

. ·,, 

' . . . 
. 

" . 
._. 

·• 

a. cu and z~ 

Reduction Half~reaction: 

oxidation Half-reaction: 

Measured ·E ~ __ ...;....·_.: _:·~---

' ' b. Cu -~c1· lib 

Red~ct.ionHalf.,reaotion: 

dxidation Half~reaction: 

Measured B • --'----......;... 

o. cu a114. · ~ 

Reduction H.lf..:react;.lon: ·• 

. . ··· 
oxid~tion · ililil.-reac~ion: 

. ·:. 

'. 

Measured E ·---~--~---

. , 
• 

'" . 

... 
N 

..... 

Theo~eticar E0 .. .;..._ ________ __.. 

"' :·. 

.·· .. 
. ~:-· . 

Theoretical . E 0 
· · ---------

,:". 

·.'. : . 
,··· 

Theoretical E0 
- ----~--~--

' 

. . ::: 
··:.·· : .. , 

. ' ' : 

' . " .. " 

, 

I I 
, 1. CalQulate the thaoratigal E" values tor the threo volt.de 

,call. roy con.tructad (ualnq a Tabl. of standard Reducticn 
potent ale) and wrIt. tiM. t'olO hal t-ructions for each call .s they 
,?ccurrK. 

a. CU and Zn 

~uctlon H.lf~r •• ctlonl 

OXidation Half-reaction: 

.... urad 11: ... _____ _ 

b. CU and Pb 

OXidation Half-reaction: 

lMaaured B ... ____ _ 

c . CU and PtI 

aeduction Halt-reaction l 

O¥ldation Half-reaction: 

Mr •• urN Z ... _____ _ 

'" 
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· : ~. :· 1te"11uc"t-1~n Pcitentlil1•( < · .· · .: · ·_ 
. ·•·. '.;: .As you r~6all, the standard ·~~dliCtio~ pot~ntials of: all . elemi;!nts •. 
. . are measur~d ~elatlve to the reduction' of the. following' r¢ac~ion: • .. ·. 

2~•<•cii + ~e.:. ... ..,,;-.:..:..'."'> !!•1 &l · :it• ..: 0.~oQ v,c>1t~ ·. · .. · .. · ·. r12r 
. in -~his pi!irt o:f ~t;le -i~b· you wiil constr.uct a tabl~ of red~ction 

... potentials for some inf.!!tala,; but you Will . use the 1'ollowiri9 as the > 
·referemce: . •.· · .. ·. · . · · • · ·. · .· ·· · .·· ·. ,,:·. 

Pb~ .. ( aq i ..;: 28~ ... __ .::.:.> Pb( I ) . ~· ;,. Q ~ 00 Vo). ts (13) : ' 

.. .:: . ·.: . ; Jfot•1 . :R~C.ox . proees;e$ couiesjie ~~~sured ~gainst any refe~~nc~ 
as_ lOi\.9. _as ~}ley're all measur~~ aqain~~ that same reference. 

·:. :' 

. .· : . . : l •· .. usf j,q ·.th•. saiii~ . s~tup ~~-.·before; J!iea~ii~e .tile . pi:>ten~iili of the . ' .• 
· · follow:ing metal•' an11.:thieJ,r o.1Q M so1utiQns against ·the Pb/Pb. 2. ~ · 

·.' .. system.: .. ·. · · ·· · .... · , .. , · · · · , ··.•· .. 
~ ;:. 

> _ ··· ·· ·A~, 6u~ Fe; ~~ Mq; zn; 
.. ·," 

. ; •• . < : a~ Base'2 o~ y9ur k~owledqe of 1:he ta»~e Of ~t.~da~4 
· ~e"4uct.lon po'!ientiala, preclict the order of reduction potentials vs- .:· 
·. •. l'.b t>ef.oE'e. you m~asur.e th~m • . . . ;,: ... ·. , . 

·' ··· , .. · · •... ·. · .•... b~ ; ~k~ ~tire •~o\i ·first. ·saiicl ~ny oid.de layers off. .the . · 
.. ·. metals .~ .. ·TO look: at the :E:ed\{Ctioh hal,f.;.reactj;orie .. f .or t:he _iiietals, put 

·• thE!·. rie<Jative · . (black) ···.·le~cl _on ·the· l>b/~b2 · .: e,lec.trode ;; ' ·. T}le .. riegativ.e ·. · · 
·; lead is the sou;:C:;e of electrons; therefore with the black' lead tin 
·· :: Pb, you :know Pb is being oxidi~ed. ' · ·· · 

.. ,~ . ' 

... · 
· .. 

· ..... : 

. ~,. .. 
. . .. 

. · ... 

. ··:' 

..... 
. . : .. ·. 

. : . ~ . . . , . 

.. .. . · ...•... ··.··•·· ..•...• cf . :tn i!iiikirtg r:i>u~_:_t:~tii~. r~port al.l vaiues. (~ven th& :· .•.... :_-•. · .. · .... ·• ·. 
·.· ne<jative ones); rarik.; i;lrder : all ;pot.entials.~ . aJ'.ld write hai~:..reaction~ .· .. 

as r .ed\lctiori reactions. •. . . . . . ',' .• 
. . .. :_ .. •. ·. ·.·· · .. · .'· ·. 

·.·· .· .·• .·. ' .. 
·'· .. 

... .. : ..... · .. ··.' . 
,. · .. :: ·.···,:·: 
,• . . ~' 

.. ....... 
... · 

. . . . . ~. : : . . . 
> ' ~-········ ·. < • 

: : ..... , : . : .. 
· ..... : . · : 

.~ · .... ·. · .... ' . 
. .... . ·: . 
. : .... , ... ·. .· .. : .. 

··;~. ··: . : . :' ·'. .. . . .. :.·· 

: .. 
: . . ,, •.. . .:· . ·~ .. ' 

.. .:. ~.·.:... . . 
-:·. , 

.· .... 
·. ·. 

·.·. : ··. · . 

. ; .':·.·: . 
.. . . ·.· 

·,: . . . . , · .. 

:· .... , .. 

··· .. . . . ; . .. :> 

.lii.B~~cila~IJ.TiY P~~e ·'.~ ; · .. 
. . ;· .. 

. ~· : . 

·.,. . : ..... .. . . . 
. . ;. ; .. : ·· ... ··. 

. : : ., ·. 

.. '· 
. . : : .:. . .·, :. .·.· 

. ·,: ..... . 

·.~: .. . ·. :./.' . 

8. Why does the llleasured E not equal the theoretical EO? 

. As you recall, the standard reduction potentials ot all elements 
are lIIeasured relative to the reduction of the following reaction: 

(12 ) 

In this part of the -lab you will construct a table of reduc tion 
potentials tor SOllIe metals, but you will use the following as the 
refersnce: 

•• 

Pb2+('~l + 2e- -----> Pb ( , ) E ' - 0.00 Volts ell ) 

Redox processes could be aeasured against any reference 
they're all aeasured against that same reference . 

1. Using the sa. e setup a. before, me as ure the potential of the ' 
following _tala and their 0.10 M solutions against the Pb/Pb~+ 
syste. : 

Al, CU, Fe, Pb, Mg, Zn. 

a. Basad on your knowladg'a of tha table of at_dard 
reduction potentiala, predict the order ot reduction potentials vs. 
Pb before you measure them. 

b. ', Make sure you first sand any oxide layers ott the 
metals. To look at the reduction halt-reactions for the lIIetals, put 
the negative (black) lead on the Pb/Pb~+ electrode. The negative 
lead is the sou;cce of electrons; thersfore with the black lead on 
Pb, you know Pb is being oxidized. 

c. In .aking Tour t.bJ~. report all values (even the 
negative ones). rank order all pot,ential s, and write hal f -reactions 
as reduction reactions. 
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·.· .. \ .. 

... · 
:·.··· 

. · .. 

. ; 

. . ; : .. 

Al. 

C\I 

• . Fe; 

P1)I . 

·· Kg 
· .. 

. -· ... 

• .. 

~· . 

. ,. 

. ··. ~· .· . 
·:: ::.·. ·: ··. .:· .. : ... . ·. · .. : . :. . 

t°~d~~uon . P!ii:ential . vs .. · Pb/Pb2~ • 

: . . 

.... 
·.: :· 

.. .'. 

.. ..... : 

zft° . ·.. .. . ·;. . . : . . .. . . .. 

'·.·· . ~ .. 
.176. 

. ~ : . 
·. :~: ·. 

; . · 

. : : . 

Uslnq ·this . information, . .wr::t.te yo~r Tabl~ ,ofs~~ridard Reduction -

: .• ~~i~t~;l:Tt~=D · JH~~i~~~~~:~o;RE~::~=:~: · · •i>13· .• NO.T USE 
·: ' .. · 

· ... , .. . ·.· .. \. 

·:: · .. ,~d~~t.ion.· ffa1.f..:a~a¢t10D .. .... ·. . .. . . . 
·, .. · 

~· :· 

·::; 

.. · .. 
•. 

. . . · 
.~ .... , . ··· .. . •· 

• .. 

. ·. 
. ... . ... . · .. 

· .. · 
... . ... . .. 

; . ·: ..• · .. : 

. · ·. c-~ .. ._ems~ zP-a~i~iu 

·. 
· . 

. .. · 
; . 

··· ... ·· . -: 

. . · ... 

. : i '.. ~stng · tile -~~e procedur~ a• .iri :Pi.rt . A; set 
c.opper :and.·J.eil'ci vol.taic cell: · ... 

"· :· ~b(ail Pb2'(aq: 0.1() K) .. 11 C.u2<:a~·:·~.10.i~t cu 1 • 1 -~·_. .. 
·:.. ...... . ;. . : '.. . ·. . ·. 

~· . .. . . . .... · ... 
·.·· .. :.:(! .. . ·, ·.· .... :.: . 

;. 

.... 

· if~aiiiit:~:·E ' i~r: thljl ceil. •. · 
·.... ···."'. 
. ! . .·· • . 

:E = -· ·-· ....._....:,,;.· ·. -· _._. ·.,....;· ... "-'-'··_ . ..;. ... 
. ·: .. : 

·· ... . . ·. :~ 
· .... ·: ··.: 

·.:...·. 

. · ... . ··: ~ .. 

.··:-,:·· ·. 
:·· 

< . . .. ...• ~ ·:· .. 

. .. '· ~. 

. . : . · .. 
..... 

,· .... 

. : .. 

.. ~. 
: .. ·. 

. · . 

.·.· 

· .... 

.·• 
.J 

· ...... 

.. :· 

~p ' th~ . f~li~~i~g 
.... ·• .. 

. .... 

·' 
:,· 

.:.: 
.... · . 

.,· 

.. .. 

. - .. ... ·:: .. r ·, 
: .. .... 

· ... : .. ::·. 

Ketal Reduction Potential vs. Pb/Pb 2 • .. 
, . 
.. 

Usinq this information, write your Table of: Standard Reduction 
Potentials below. THIS IS DATA FROM YOu. EXPERIMENTS. DO NOT USE A 
TABLE OF STANDARD REDUCTION POTENTIALS FOR THIS TABLE. 

Reduction Half Ruction •• (Yolts) 

C. ..~t I1lI1IatiOJu . 

1. Usinq the aallle proeedure aa in Part A, set up the followinq 
copper and lead Yoltaic cell: 

•. • Measure E for this cell • . "----

IILIIC'1'RCicBBlltU'J'RY .paqel 0 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

·· .. '. ·:·····. 
· ... :.: .: ... ·. 

. ·. : .. 
:· : : : . .. .,, 

·.::.· .. : .. ·.•· .: . : 

.. ··.·· . .' ... ·.: 

· i:;; · · ea1~uiate f;~' for tliis .. cfitll us:iriq .a t~bie ~f . st:~~d~r~ 
Reduction i>t)tentj,,~1s ~ · . ~· ... . . . 

.·, . 

. ,: 
:.:: 

... ·, 
: .: ~.· 

~ .... ... 
.... . .. , . 

. : .. . 

Uflinq :tlte ~e~s~ •qilati~h;; 
.. ;· . .::· 

.•: 

. ·· .. : ·· '·> d. ·. Doe$ tlieca.· 1~1a,. tedE,f.~r the o~~ ,~ cei1 . 
the statidai:d · 1; o M .. ce~l. , 11.hY • . 

equal · .the-· .. E:~ ·. for: . 

,.· 

. i(>~oti ~~~~ure E ·~s the CC)nCeJltrati~~s ~~ P~2 • ~nd - Cu2 • aie 
l;:hanged~ ·· FilloU:t . the . table a~d f.ihow .yo\ircalc9lation5,. for the E . 

,_ values : .use ieftover filt~r papar :pieces '. from P.art ~. 

;: -Jsu2.•r ' i~b2 •r :. · E~ •• ~;•<V.> . . Be~1.<V~ 
. :.. . :· ... :.·.:::·: 

; 1~(10 .··~· . ,·· 

: ; . 

..... · 
.. ~., 

. :·.·.' 

. ' 

. · .. 

. '· 

. . . · .. · .. ,·.-: .... '· . ~·::·· .. · ... · 
· .. ;:: 

·. ·: . '~ . 
.· .,t. 

. · . · ..... : .. ; .. 
.. •:.·· 

·.•· . ;; .. .. ...... . . ~ :· 

0.10 .if ·.··· 

.. ·. o.Q.OlQ 'M., . 

.·, 

. . .. .. ·.• ... · 

..... 
, :· ... 

'. ·,. 

. :: ' 

.. ' . 

. .' 
· .. ·. 

'.· 
· .. 

·.>· . ·' . 

,· . .. ,.· 
• ·· .. 

: .... ' 

;. 

. .· 
.. •... . ._._·_,__ __ ""--_ ·. . . . · .. . 

;.. 1. 00 .Jc : a~Ci fPb2.•1 .iE : o •io ~: .. · ..... ·· 
· .. -

:~ .. 
. • . · ... 

.. · 

..., 
. : : . 
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··, .·: ·.:: 

l ·l ····•.·· ...... . ·., 
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·.'. 
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.. : .... 
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b. calculate EO for this cell using a table of Standard 
Reduction PQtentials. 

c. Using the Nernst equation, calculate E for the 0.10 M cell. 

d. Does the calculated E for the 0.1 M clilOll eqUal the Ee for 
the standard 1.0 M cell? Why? 

2. Now measure E as the concentrations ot Pb~· and Cu?' are 
changed. Fill out the table and show yO\1r calculations for the E 
values. Use lettover tilter paper piece. from Part A. 

E •••• (V) £ <al«VI 

1.00 M 0.10 M 

1.00 M 0.0010 II 

Calculations for E when [CU~·] - 1.00 M and [Pb~·l - 0.10 M: 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. .. . . ·: .. . : :· . 
\:. 

.. ·· ..... ' ·. ·:· ·: .. . ·. : ·>.:'. 
:; . ... 

. .· .. 
.. .... . 

'·: . · .. ; ·, .. 
~. . . .. . .. . . . ;.: . . . .... . . . :·. 

. : , ~:.i;:a·l.?~a.tloris . ~or E wh~~; ( .cu2t J =/ i~ CJo:.~ ~hcl .£Pb 2 • l : = 
...... :._; :: ::· . . . , . . . . . . . 

··:· .... . . ·:· ;. . · ~ · ·: . ·. ·:· .... : .· .:: . ··.. : '::> ' . .. . .: ~ . ' 

: .. · . : · .... . .. · .. .. 
:• .. '. 

·'. · .. : . 

0~0010 .M: ·. ;··. ;··· 
.: .... · . 

.. ~ . :·.··. . .. ·.:: .. :.:: . ... . . . ~ . . ' .. 
. ·· .. -... ·'·· .. : 

·::: ':j : ;. j~ J:t is possible,:to ~et .up .a V~ltaiC · cell ttuit i$· driv<':,; ~y a . , 
, . ·. , concentration difference. . A potential will continue . to exist 

·.·. ; .bf)jt.wE!efi< ~b,e tW.d ha1f c:i~l).s until• ·their concentrations ar:e . equ~l.. .. 
· ·· .. : Inv~s~iqa{:~ this by se~ting up · the following ceil: . 

:. ·. y .·~ :C~j.~ > i~u2•<~~. ~·; u;itj 11 cu2;{aq, J. ot<M) l c~1 • 1 . 

. ;\ ••• ~- " Measure t for t~is c~i1. < (Re~ruber t~. switch 
;; U ;ril!eded to .c;t;)te1in a 11ositive . volt~ge.) . .. ' .. 
. ··:·:·. ,·· . .. ... '::· . . . .. . : . . . . .. . .. . . 

.. '·' 

. : . ·:·: . ... · 
·.E '. '- ·· 

~------

. ·~ t. ~ / V~der:'..~~~l'idllrd .~~i\d~tions, ~liat .,.;ciµ:ld 8°. for .this ce.li. b~~ · .... 
. '·. . . ·. ·:.~ . .. ; . . . . 

. :. ·.. . . : ·.~ ·~ . . . . '· ·' f 

\ ........ ·~.'. .. ,1··· .. · : . ' ... :,·: ' ' . ' .. :. ·;~ .. <: · · ·~ ·.·.· .. ·1 ... :•·.· .. ........ : ... :::· .. : :·: · ..... · ... : . ·:. . . . . .... ·:·:· .. : :' " . 
. .. : .:.. : .. :. :: .. ::.. . .:. :·:~~ . . .. ... :·· ...... 

·.;. 

·,:: 

. . : 

. . 

.. > 
.. . : . . ·. :; 

. ; . 
·.··• 

... ·'' ··' .. · 
.. ··.'· . . :·. ·, · .. 

.. ·~ 

· .. '.:: / 
.. 

· .. . ::~ .. .·.· 

. ····· .· .. · ·:: 

·.·· · .. ::·:·.: . 
.. 

. . ·. ··.· . 

. ·: ... ·. . · ..... 
. ·, . . •/ : .... ..: .. · .. ' 

... 
.. . : . . :: :-:~;. .. . . · .. · 

. . ··· ·. .... . ... ~ ·. .. ::·,. ·. 

: · . 

• 

J. :It is possible to set up a voltaic cell that is driw _, by a 
concentration differenee. A potential will continue to exist 
.between the two half cella until their concentrations are equal. 
Investigate this by setting up the following cell: 

n" 

B. Measure E for this cell. (R.me~er to switch the meter leads 
it needed to obtain a positive voltage.) 

E- ___ _ 

b. Under standard conditions, w~at would E- for this cell be? 

I I 
c. Deviation. frca standard conditions lone Bolar concentration 

for ions, one atmOsphere presBure, and standard phases at Z5 ° CJ 
cause the deviation of, your ob •• rv~ E in paragraph C.l.a. frOB E O, 
Use the Nsrnet Equation to calculate E for this cell. Compare your 
measured and calculated value. tor E. 

d. Are there otr..r C(HIcU.tion. btI.ides standard conditions that 
will , glv. an Z-O ror thi. cell? What are thay? 

. . 
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· o. •l•ct:ro17tic ·cell•: 

. l. Electrolysis or copper: 

a. 
M Cu(NOJ)z. 
it into ~he 

Partial.ly .. fill one ·well i n your reaction tray with 1 . 00 
- Clean the . oxide layer off a nail with 1 M HCl and p~ace 
lilolut~~n. wait for· about 30 seconds. What occurred? 

\ ··· 
.· .. · 

::: 

b. Write the balanced -redox equ~tion .for the reaction you 
· just observed: 

c. Jteaove tb9 nail fro• solution and des.crib .. -i t • 
. -

d. ~t is the, coatinq on the nail? 
· ... , 

e. · ~t iia:itireacitiom1. took pla~e t~ produce this coatinq? 
. . ·. •.:· .· 

Oxidation halt-reaction: 

Reduction balf~reaction: 

t. Sinc·e . we didn't add any energy to make this reac tion 
·occur, it's a : spontanaous proc~•• · A• in Part A, we could have 
·separated the ·two balf-reaction• or· the .abov.e. redox :r::eaction and 
produced a 9aivanic. cB.ll; however,_ we•11 ·now ·•ake an electrolytic 
call and ·rav·erse t _his _spont·aneou• process. · T.o do this, hook up tl:\e 

•.· 

·· .. 

···' .9•volt battery ·to .~e ' nail and to a C)raph~t~ . electrode, ttien immerse . 
both in the _i-•. oo ' IJ: CUfN~~) a so\ution. Will, ... you need to hook u p ' the .. ·· 

·· . positive 9r n_ega~~Y• 1:';acs t;~ the nail? 'W}\Yi: ... (liint, the positive · · . ; •. ' 
, l .ead vithdratl(s eJeet,r~~s in.to the battery whil~ the negativ~ lead ' 
·."pumps" electronii;, ·:fro~ the· bat:tery._) ·· Stop the experiment shortly 
after. the nail begin•. to bubble violently. B@{ore s i;.opping the 

·experiment, 'obser.Ve. the nail in the · solution. Does anything happen.· 
when you withdraw ·it from the solution?· ·10-15 seconds after that? 

g. To show that the Cl.l(N03 ) 2 solution will not r eact 
·. spo~taneously. with tlie graphite, plac e a .p l ace of graphite in -the 
. solution 'for .about· one- minute. . Wi thdraw the graphite and describe 

. · si9nificant chanqes,. if any. · 
~ . . ~ 

.. 
.... 

·"l •• 
·.~·. ·t', 

~.- \: .. ;,,• .-, 

.. .. , 
··· ·: 

·- .. ~ 

..-, ~: 

;' , . ·,~LBC'nOCllaNiftRY P,aqe 1.3 '. . : 
.' '~ :., . :···· . .. ··: 

. .. : .. :· 
. . : ... : 

•••••• f 

'" 
D. .1HtrolytLo Cella; 

1. Blectrolyah or Copper: 

a . Partially Ul1 on. '_II in your reaction tray .... Lth 1.00 
H Cu(NO,) J • • Claan the oxide lIIyar ott a nail with 1 M HCl e.nd place 
it into the lIo1ution. Wait tor about 30 •• COMS. What oceul;"rad? 

b. 'writ. tbe balanced redox aquil.tion for the r eaction you 
,ullt ob •• rYed: 

C. ___ a tile naU frote ,",lution and de&c:rlb .. it . 

d. What b the Cloatil'l9 on the nail? 

e. What half-r.aotiona took place to produce tnLII coatinq? 

oxl~tlon ball-r •• otion: 

t. Sinee _ didn't add any ane1"9Y to make thb reaction 
occur. Lt' ••• pont ......... pro .::. .. . ..a 1n Part A, va could hava 
•• parat_ t:te two I:).alt-r •• etiona ot the above redox reaction and 
pr04uce4 • galvanic call; howaver, ".'11 now .aka an electrolytic 
call and raver •• thl. apont'anecua 'proc.... To do thie, hook up the 
9-volt battery to the nail and to a graphite electrode, then imMerse 
both in the 1.00 II CU(NO.) z .olution. Will you ne.d to hook up the 
po.itive or negative lead to the nail? Why? (Hint, the po.itive 
l ,e.d vithch·.w. electron. , into the b.ttery while the negative lead 
wp~mpe. electrone from the' battery . ) Stop the experim.nt ahortly 
.rter th4 nail begin. 'to bubble violently. Before .toppi ng the 

-.xperiment, Obeerve the nail 1n the .ol~tion. Does anyth ing happen -
vhen you withdr.w it rro. the eolution? 10-15 aaconde .rter that? 

Q. 'l'o ahow that tha CU(IIO, )l aolution vU.l not r e aet 
sponton.oualy with the graphite, pla~. a piece or 9t'apb1te 1n th-e 
IJOltltlon "tor about one ainute. Withdraw the. gr<1lphita and deecribe 
.19n~rlcant changea, it any. 

- ZUCftOCBUInay Page 13 
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h. Did your electrolytic c e l l cause·. the spontaneous 
. reaction above -(steps 2-6 ) to be reversed? EXplain how you know 
this .· 

. ~ecohds 
.1. • . Why ·did the nail z:egain the CQppch.' color about 5-10 
after withdraw,inq it from solution?. 

. .': 

j . Write the half-reaction which occurred on the graphi te. 

k. Did your- nail perfora a• an anode or cathode? Explain 
your · answer • 

1. 
the plated 

. Write : the ha;Lf-reaotion whj.ch cecurred on the nail once · 
metal· ·,wi=s ,:relilovad . ' 

. ··.·.···".· .. : ::· ' .. . :.:; . 

; . 
2 . ElectrolY.sis o~ Water 

Hydroqen is an exc~llent fuel that someday •ay be used in place 
of jot fuel f or ·aii:;c·ra.tt or '9aeoli~ for .cars. Now i t is used in 

· the space proqram to··propel th• Space Shuttle into orbit . Hydrogen 
. though, does not exi~t by itself in abundant quantities on earth 

(most of it has escaped the earth's gra~itationa+ pull over the . 
· : ages). One 11\ethod o~ producin'1 it i• through the electro lysis of 
-water, :that is, usi11CJ• el!Bctrici ty to break · wate·r .into H 2 and o 2 • 

.. : 

.. · 

. : .:.·. 
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h. Old your electrolytic call cause the 5pont~n80ua 
t-eaetion above -(steps 2-ti l to b. rsvara.d? Explain hov you know 
th i s . 

i. Why did the nall r.gain the copper color about 5-10 
Beconde attar withdravlnq it trom solution? 

j _ H:r:-ltl! the halt-raaotion ",hic:h occurred on the g:r:-aphlta _ 

k. Did yCMU" nail. perten •• an a~. or cathode? &xpll\in 
your ans".r . 

1-
plat. d 

Writa the half-raaotion 
netal vas raaoved . 

1. Elec trolysis at Natar 

which occurred on the nail once 

- lI~O 

Hydroqan is an excallent fual that someday aay b. used in pl ace 
o f jot fual f or -aircratt or 9asollne for cars . Now i t is used in 
tho apaca proqra. to ·propel ~a Spaca Shuttle into orbit. Hydrogan 
though. does not exist by itaelf in abun4&nt quantitl •• on ear th 
(~o.t ef it has escaped tha .. rth'. gravitational pull ovar tha 
aqeej _ One •• thod of produci"9 it ia throuqh the elactrolyai. of 
lIIater , that ia, using el.ctrioity to bl:'eak water into "1 and 0 t_ 
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~. Make an electrolytic cel1 usinq your 9-volt battery and 
graphite electrodes to electrolyze water. Use 0.10 M NaNOl solution 
and add 4-6 drops ot Yamada indicatoJ;". Why must you Uf:le water with 
.10 M NaNOI in it? 

b. Connect the battery and list your observations. 

c. What is the color around the cathode? What gas is evolving 
from the cathode? (Hint:. To deteraine which electrode is the 
cathode, look at the oxidation and reduction halt-reactions tor the 
electrolysis of ~at.r in your text. u •• the color of Yamada 
indicator to dot.rlllln. "hieh halt-reaction i. being produced at each 
electrode. Remember that Yaaada gives red in acid and blue Ln 
ba$". ) 

d. Write the halt-re"etfon occurrinq at the cathode. 

e. What color exiat. at the anode and what gas evolves there? 
-Write the halt-reaetion oceurrinq at the anode. 

1. Which ot the .. tala you have been qiven could be used to 
cathodically protect ' an iron nail? (Which .etals oxidize easisr 
than iron?) 

2. Of these metals, which do you think would b •• t protect iron 
from corrosion? 

3. Wrap a piecs of the .. tal you identified in paraqraph E.2. 
around ~e head of a nail. " Placa an ·unprotactad"" nail and ths 
"protected" nail in plastic cups containinq enough de-ionized H20 to 
cover "the naila completely and add-4-6 drop. of Ya.ada indioator. 
What happens? (The reaction may take up" to 10 minuta. to occur.) 

." 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Repeat this for another one of the metals identifi/i!d in 
paragraph E . .1. Observations? 

P. applioatioD -.peri.eDt.: 

1. RecoVering' l04in. Prolll. Solution 

Given an aqueous solutitm of HaI, we can set up an electrolytic 
cell to collect .12. 

a. When Na1 is placed into water it dissociates into what 
iona? 

I I 
b. He want to convert the iodide ion, I·, to I 2 . Write the 

half-reaction for this process. Is thie an oxidation or reduction 
reaction? 

I I 
c. In order to .. ke the electrolytic cell, you'll use two 

graphite ~lec:trOdea connected to the battery. 'Js. the graphite 
electrOdes fro. "the electrolysis experiDent. Do not uae the Yamada 
indicator in this experiment. (Graphite is a c~on "inert" 
electrode. It playa no ~rt in the balanced redox equation: it 
simply lIets as a reaction aurfac.,- allowinq the electrons to tlow in 
the cell.) 

d. 
will' caus. 

Which electrode on tite battery ,(positive 
the hslf-reaction in paragraph r.1.b.? 

e. will it be the anode or cathode? Wl1y? 

I 
, 

,; ' ". 
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f. Perform the experimen~ usinq 0.10 M NaI. Report your 
procedure, observations and results. 

'l'he blaclt color emanatinq from one of the electrodes is the 1 2 • 
The yellow .color is I1 - (which you saw in previous experiments.) 

2. Optional Experiments. Additional experimentation is allowed if 
cleared by . your instructor.. Use the next paqe to design your 
experiment before you ask your instructor's permission. Your 
experimental design must include a background statement (what 
chemical theory do you plan to use), exp~rimental sec t i on detailing 
what you ~ill do, and a conclusion section. Some ideas to help you 
qet started: 

a. El,ectroplate. an object:. What v.ol taqe is produ.:;oed dur.tng 
your experi•ent? 

b. Voltaic cells in series vs. sinqle cells. 

-c. Voltaic call• connected in parallel° vs. single cells or 
series cells. 

•W~19ftY Page 17 

.. 

183 

r. Pel:for. the experi_nt. u.1119 0.10 "lfal . Report your 
procedure, -ob8ervatLona and result •• 

The black color ... n.tl~ f~. one of the elactl:od •• 1. the 1 2' 
Th. yellow -color 1. I, ' (which you ••• in previous experiments.) 

2. optional hpari_nt.. Additiond experi.enhUon h allowed .if 
cl •• ~d by your instructor. Use tb. next page to d •• lgn your 
.xperL~ent befgr. you •• k your instructor's permission. Your 
experimental dealg" lI.uat include II backQround statemant (what 
chemical theory do you plan to u .. ) •• ~r1mental aection detailing 
"hat you will do, and II conclUsion •• Cltion. 80_ id ••• to help yeo 
gat started: 

III. Electroplate. an object. What voltage i. produ~ .. d dur.t1l9 
your .xperi .. nt7 

b. Voltaic cell. in .. ri •• va. einqla cella. 

·c. Voltaiei ~ll. connecteel In parallel va. aln91. c.lls or' 
•• ri •• c.lls, 

'" 
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··.:·. :,, .. ··'·. .. . .·.· ...... ..:·. ·:: .· . . ·.. . .. :' :::::.. ., .. , .. ·, .. 
. J8S .. : 

. ·. ., . . ·· .. :· .. :. · ... :: . . 
, .· .. 1>1ocusswu . · .... · .. · ... ·. · .· ·· ....... -.. · . 
·. i ;< .. lf .;,e; .. wEire ~~ · cons~ruc{ a batt~ry in ~~ich t'1e oxidation of Pb .··· 

· ••would b~ .one. halt:·t~action; which' me~al iif ·YOOR 'l'ABLB · ot 
·· ha~f;..re{'o.ctioi\s "!Q~ld 9iveustl'ie • hiqh~stvolta9e? Justify y9ur 

:. atiswer; ·· · · · ·· · · · ·· · · · · · · · . ::: . :: . 
' ... 

~ •. .u5iJ:i9 ·your !iata col leete<t tor the .cu and Pb ga1;_.a~ie eel i-, ii raw 
·· a: !Chema~~i:: .of this. c.f!l~~ Label. ,all ~mportant; par.ts, '1~ve th~ . 
... ox1datiol')an.<1; redu.ction .halt'•reactions f.or the. appropr1a:te 
.. · .. ele<;trodeit . and show the c:orrect .. flow of electrons ai\d ioi'ls. . Draw . 

the line .nc>tati9n for th4! cell; :.ile~er .. to Figure l ~and/or your. text . 
for help+:·. fYO.u can d;i::aw it lik<i Figure 1 or draw a s,ide view .of · 

· yoµr eXperiiient. )·' · .. 
. . ·· .... · 

•· ... · . . . , : 
.. · . 

' .... . . ·'. 

,. . 
...... : 

... 
: .· . : . . ; . 

. . . . -. 
. ·' ·' · ·.' . ·.· : ... · .... 

.. ' .· .. : 

.. ' 

<. 3. ,''. ~firie ati.~dard si~tt! ioi:- a 11olid, .1£quid/ gaa, .arid ion in : 
. solution~> .~re . we· :ju19t.ifl'd ln QOmpOi'ft)g .the' experimental results to . 

· '·<· tt.te ;.theoreticlil . value• ·for E0 ? · · Ex.J)l&in· yo~r li~swer • . · · · 
· ... : . . .·' 

:: . ·. . .. -. 

.·· 

; · 4• Ba~-~ o~ 'yon fui.11 o;' ~t:~nd~~~ Rftduc~iori Poteritialsi . ,. . · .. 

. a •. Whi~~ 11•tei b~j th• ~reat:est •p~t~ni.;t•1 .·to be oxicliz~d? .. · 

>·, .·· .. ti- NJlicb met~i . bas . t.11 • . 1ov•at pptentiai to be oxid'i.ied? · .. . 

. ; c. ·. ~i~e an e~ampl. whet~ th~se m~t~i• a~~ us~d ~y. ~oclety . .. J)o .. 
th• app1ieati,ons •fi,t: the . b&hil,\tior ·. o:~ t:he .•ittlll t~wa:c:d :oxidati.o.n? _; .· .. 

. , (See Chapter 22 . in· the · ~ext , tor .a . diacu•aion on . the uses of thes.e . 
: l,iet~i.- .. J ·. · . : ·· · · ·· :: . · · :. 
· .. ~: .. ::.. ····.•. · ...... ~.·· . :. . ·:,_ .. · .. ·;.: ·. '. ·.•· 

;:·. ·:~ .. ~ . 
'· .. . ·. .. . ·.·. 

. . · . ·.:::. ·. 
::· . : :: .. · .. ; · ... 
:·.:;, : ... : :· . : ~ . . : :.: ~ ..... ' .... 

. ·.:.:· .. ,. ·,· 

.:-.: 
:"·.· ,·. 

...... ' 
··' 

:: . 

~ .. 

· .. 

.. · .... 
. ... . . . . ·: ·. 
;. .· 

. . ' . 

·. ·. 

. '. . .·· . 
.... :· ... ' . ' . 
,·. 

. . ... ·:·< 

. . : . . . 
·. : .· 

. : 

, ... ... :· ·.... . .. . . , . : . . ·; ... 

·· .. 

.. ...... 

: .. : 

: .· 
... : 

: . . :· .. 

·. ·. 

;. : ... · ... : . . · .' .: . . • z.Lir~~s~a'Y: J,-aqe .19.: :. : .. :::· .. · :. :. ,. •· . ·.· .. ... :. . . . .: . :·· ... : . 
:: .. ; .. ; .: : .. 

': ... , : 

·,., .. '·· ': , .. . ;:.: .. 

· 
DJ'CU8SIQK; 

1. It ve ware to construct a battery in which the oxidation of Pb 
would be one half-nuu:;tion, which _t.el in yoaR 'l'ABLE of 
halt-re~ctions would give us the highest voltage? Justify your 
answer. 

2. Using your data collected tor the eu and Pb 9alva~lc cell, draw 
a .eh.~atic of this cell. Label all important parts, give the 
oxidation and reduction half-reactions tor the appropriate 
electrodes and show the correct flow of electrons and ions. Draw 
the line notation tor the cell. Refer to Figure 1 and/or your text 
tor help. (You can draw it like Figure 1 or draw a side view of 
your experi.ent.) 

l. Define standard .tat. tor a solid, liquid, gas, and ion in 
solution. Are we justified in c~perinq the experimental results to 
the theoreticel valu •• "for EO? Explain your a~.war. 

... hs.!! on YOn ~ ... of standard Rllduction Potentiale = 

a. Which .. tal has tha greate.t ·potential to be oxidized? 

b. which .etal baa the 10veat potential to be oxidized? 

c. Give an exa.ple where theae .etala are uaed by aociety. 00 
the applications fit tbe b~avior of the .etal toward oxidation? 
(See Chapter 22 in the text for a diecussion on the uses of these 
.etala.) 
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5. Acids can oxidize SOllie l!Iet/lls. Based on oxidation potentials, 
would Hel oxidize Mg and Zn? Justity your answer using halt 
reactions. 

6. For the voltaic cell 11'1 Figure 1, would you expect the mass of 
the CU electrode to incr.alle or decrease? Would the mass ot the Ag 
electrode increa.e or decrea.e? EXplain. 

7. Brietly describe the di~ference. between a voltaic cell and an 
electrolytic cell. 

8. Why were there difterence. bet .... een your measured E and the 
calCulated E-ln Part C? 
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9. it we b~bbled Cl, gas t~rough our 0. 10 M Na J:. solution, could we 
obtain r,? ' Explain using concepts you have learned i ,n 
electroehelllistry. ' 

10. .Explain how the Kernet" Equation can be used to determine the 
equilibriua eon.tant tor a balanc~> redox reaction. 

11'. Should a chanwa in t...,eratur. aft.ct E· tor a cell? -Why? 

" 
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BLBCTROCUIOSTRY 8DLL-sciLB LAB 
»RBI.AB ~U~8TXOB8 

These questions must ba completed bB~'vi!E coming to lab. I t you 
cannot answer all of them, reread this handout, · and try them again. 

1. a. What . ie ·oxidation? 

b . . Reduction?.:· 
·.···· 

2. a. Draw a Voltaic Cell baaed on the foliowing: . . 

.. , 
·: 

b. Label ti!.• anode, cat:ttocle, salt bridge and indicate the 
flow of electrons and iona. 

c . Write the oxidation and reduction reac~ions. 

d . Write the overall net reaction. 

3. Calculate the volt.age you could get out of a voltaic cell made 
of silver with its . ion, Ag+, and tin with its . ion, sn 2 •. (llinj;: You 

.do 'n2t. need to bala·nce the redox reaction. ·:use the standard 
'Jiteduction Potentia.ls T.able on page 740 of your:. text. 

a. writ~ th• ;r~ducti.on halt-reQctiohs • . · .. -· 

Reduction Half-reactign E~ (V) 

Silver: 

Tin: 

18.9 

.. · ... 

.·.: . 

> • 

_, .. 

·"' . ··~:.: : ' . 

. ·:" .... 

.LBCI'ROCIlUJlITal' aw.LL-8CALB LAD 
••• r,a. CIII'~TIO •• 

These quest.iona .uat ba coapl~t.(l lIiH' .. U: coning to lab. 
cannot anawer all o i the~. reread this handout, -and try 

1. •. What: is oxidation? 

b. , aeduction? 

2. •• Draw a Voltaic Call ba •• d on the rol1owing: 

Zn(oJ I Zn(NOJh c •• , II CU(KO)IIl" ) / CU e . ) 

It yo u 
them again. 

b. :r.bel tha .. n~. c.th~ ••• It brid<Je and indi c ate the 
flow of electron. and ion •• 

C . writ. the oxidation and reduction r_c t '!ona. 

3. Calculate the voltage you could get out: ot II voltaic ca ll made 
ot allvar with ita ion, Aq', and tin with ita ion, Sn", (Uiat. You 
do ~ n •• 4 to balancB the redox reaction. u .. the standard 
Reduction Potentiale Tabl. on pag_ 740 of your text. 

a. writ. the r~uction halt- reactions. 

Reduction Half-reactipn 

SilvaI': 

Tinl 

", 
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b. Write the oxi dation and r eduction reac t ions that occur i n 
t his c ell. 

Oxi dation reaction: 
.. 

Reduction re~ction·: 

c. Write,:thl,'! overall net reaction . 

d. calcui~te E.0 ~ 

·your E0 should be positive since this is a spontaneous 
elect r ochemical cell.. If it is not, you need to switch the 
dir ection of your oxidation and reduction reactions . 

:·. 

. . 
. . 

·:. 

. . 

. .... 

' . 
. . ... 

~ ., 
.·. 

··' 

. ·.: ... 

.· .. 

:.£LBC'1':80CBBJIJ;&DY Ptlq~ ~4 . 
;:. . ... ·. 

. ' 

. . . 
. ·, · .. :· . 

. :_: ... · 

··. : 

b . write the o~ldation s nd r e duc tio n reactio n& tha t occur i n 
t h is cell . 

oxi dation reaction: 

Re4uction reaction: 

c. write the overall net reac tion. 

d. Calculate EO, 

Your ft " should b. positive since this i •• spontaneous 
el ec troche.i c al cell. It it i. not, you need to switc h the 
directio n ot y~r ovid.tiDn a nd reduction reactions. 

'.0 
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OJ\GlUllc · ~RATOllY . 

ch-i•trr ' 131 

I \11 

· Organic chemistry is the chemistry of carbon c0mpounds: Prior to 
1ll~8, · the term "orqanic" was used to desc.ribe chemical s that had come 
from animals or plants. In that· year, Friedrich Wohler showed that 
o~qanic chemicals could tie · synthesize.d from inor5anic sources. -: He 
synthesized urea simply by heatinq the salt a111J11onium cyanate . 

0 
I 

NH4 0CN ~ H2M·C·NH2 
" (inorganic) . (organic) 

Organic chemistry is a ·very iarqe field of chemistry. Over 7 
•illion orqanic chemic~ls are known • . our lives are surrounded by, and' 
eustained by orqariic che•istry. For this reason it is· al~o referred' to 
a~ the che•istry of l ife. The farqe number o·f .or·ganic compounds can b~ 

.. understOod more eas.ily by subdividinq the• into ·groups. These group!> 
can arise from the classification of organic compounds based on their · 
phyaical ·characteriatics and reactions. These two factors are 
influenced by the 1ttuncti.onal groups" within each molecule. 

·, 

, A functional group is a group of atoms that act as a site where 
c hemical reactions may· occur. Reactions may also occur in the 
pro.xiii.ity. of functional groups. :In this lab, you .wi ll investigate 
9everal important functional groups . These include aminee, carboxylic 
acid•~ alcohols, . aldetiydes, ketone.•, 8nd esters. Examples of each are 
sho¥n in Figure l. · These eight funotiorull CJroups are found in the 
aajority of organic compounds in your body and in natur e. 

.. 

H 
I 

· R· ll·ff 

AMIR 

•• I " . 
R· C·Oll 

I . •• • 

ALOOllOL 

0 
II 

R·C7H 
Ai.lllliYDI 

. 0 
II 

R·C·Oll 

CAlllOXYLIC : . 

~CU> 

.ii 0 
I. II 

1-1-c-1:: 
Nlll>I 

0 
II 

R·C·R' 
nroin: 

0 
II 

R~C·OR' 

151'0. 

0 

I 
. R•C•X 

ACl1> HALID~ 

· rxa•· 1 
or.i .. 10. :ruDa~ional . Clroup• 

or9anic Laborotoi-y PaCJti ·. 1 .. · 

IITBODQCTtOIl 
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. Organic che.ai.t~y ia the ellsllll_try ot carbon cOmpounds. Prior to 
11!12;8, - the terJI "0Iq&n1c" was used to describe chemicals t.hat had co_ 
tro. ani .• a1s or plants. In that year, Friedrich Wohler shoved that 
organic ehealeals oould be -synthesized ~ra. inor5anie sources. He 
synthesized ura .. aiaply by heatinq tb. salt a.~nlu. cyanate . 

o , 
NH.OCJiI --+ H211·C-IIH~ • 

(Inftrganlc) ,or,anie) 

Organic ch •• lst"t'y i. ill very i.r .... t~.l.<i of ch •• i"try. ""-er 7 
.Illion organic chamlce1a are known. OUr lives are surrounded by, and. 
sustained by or9anic che.iatry. ror this reason It I. al~o referred to 
•• th4I ch •• i.try or 1 Ue. The larg. nu.t>el" o-t -orqanic compounds can be 
und.eratood 1II0re ••• 11y by 8ubdlvicJinql the. into groupe;. These qroupfl 
can ariae froa the classification o f o~anlc co.poun~s based an their 
physical -characterietics and reaction.. Thas. two factors are 
i nfluenced by the "functional q~up." within each molecule. 

. A functional 9rouP is a group of ato •• that act as a .ite "'hQre 
cha.lcal reaction •• ay ' occur. Reaction •• ay al.o oceur in the 
prcudlliity_ of functional Vroupol. :In this lab, you .Ul invastiqata 
.. v.ral iaportant fUnctional qroupa. Ttla •• inclucla •• 1na., carboxYUc 
acids, alcohol., ald.eiydas, k.tOfMlS, and •• tars. r;.allPl_ of each are 
shown in FICJUr. 1. ".. ••• 1Ii19ht functional group. sra found. in ths 
"jorlty of orqanie co.poUnd. In your body and in natura. 

H 
I , .·.·M 
~ 

" , 
I.·C·OR 

I 

" 
"""""" 

0 

" I.-C7" 

-""" 
• • I.·C-Ia 

"...".,." 
ACIP 

H' 
I H 

I.-.-C·.' 
Mila 

pxeva J. 

o 

" II-C-Il.' 

,,, ... 
o 

" I.-C-al' 

o 

• _.·c_. 
ACIP JW.IPI. 

0rv .. l0 PuDatl ... 1 . G~oup. 

Orqanic La'bor.t~ry Paqs 1 
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'" 
~iQ •• are characterized as bases, ~nd generally are polar. This 

polarity is due to a lone pair of electrons on the nitrogen and 
differences in the electronegativities of other substituents on the 
nitrogen. All aRino acids contain an amine group (as well as a 
carboxylic acid grQup). Many pharmaceuticals also contain amines. An 
e~ample is ampheta~ine (e.g., a-methylbenzeneethanamine), Which 
stimulates the' central nervous system and is addictive. 

~ . Methylbenzeneeth.na-!ne 

• 
An i.PQ~ant reaction ot •• in.. i. 

with carboxylic acids te.. (Onl an .eide. 
produce polyWeric chains such .s nylon: 

the conden •• tion reaction 
This reaction can be us.d 

o , 
1.'K~-C-Ofl 

• , 
+ H-II-CH~-CIl, 

o • , , 
~ aI,-C-II-cJt"2-Cll, • 

to 

Aleohols are ca..on organic substanc.. that are encountered 
everyday. Ethyl alcohol (grain alcohol) is ~ound 1n beverages, over 
the counter drllCJs, and cos_ties_ lIethyl alcohol (wood alcohol) is 
used ••• ~u.l. secondary alcc)hola react to tor. ketones in the 
<presence o~ oxidizing aqents. PotassilDl dichroaate .ay be ussd .s the 
oxidizing agent and the reaction is acca.panied by • color change 
because dichroaate is reduced to Cr'·. The general reaction is: 

... , 
R-Qt-.' 

o , 
R-C-. • 

This reaction will be done. asa deGnstration during this lab 
using isopropyl alcohol (rubbing alcohol) and acetane (the di .. thyl 
ketone used in ~inqernail polish re.averl. You should note this is 
an oxidation-reduction reaction. What ia _being reduced? Write the 
reduction hal~-reaction in the box belowl 

.a.14eh7d •• are good solvents for polar substances such as 
alcohols. For.aldehyde i. a gas that i. used in aqueous solutions 
called tormalin. Foraaldehyde 1. used. toprese:rve biological 

organic Laboratory Page 2 
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·. · .. :9~~~ime~~ ··~~d :J~ ti-u! ba~i~ ~f m~ny glue~, ~esh1s, an~ p~lylliers.': ... 193, ;,, . 
Acetald!;iby~~'· is used . iri it.s. trimer.ic form as a sedative. Aldehyde$ '. 
renc.t • .t,o foril oarboxyl:ic acids. iri the pres~nce of oxidizing agents . . · 

.·A .quil.1itative 'test ;tor .. aidehydes. is-' the\ Toll,ens tes.t~ • Toliens ··.· .. ··• .. 
~eag~nt: c;oiij;ains t~e silver· atrinionitnn ion, . !'9CNH3) 2' ; · ai:id . wi:11 · :· 

·.:; 

· dis,;t:l.ngu1sh' an ,aldehyde_ from a • ~etone, even · though their , funct.lo.na.l · :: . 
'.'.., c;ir:o~rs )u:e similiar:• ·A!3 t~e aldehyde is .oxidized, .the .silver. is.• .. 

. . · reduced:• to .a solid. A !lil ver mirror will tlien form . on t.he surfac£i of' 
::::.:the t~!lt .·,tube .(if ·. ttie glass.: is. cl.earii . · ·A · f.inely ·divided biack · · 
· .. precipitate of .. sitve.r. appe:itrs l:t ttie glass isn't. clean. ·· •. Tne ·. generaJ · 

. ;. re~c,tioi'i . is i · ' · · · · : · · · · ·· · · · · · 

•.. ·.····.·.·.... ~ < . o ' ·. :.•·: o.···_.:·. 
•:· . . . . ··.: · .. · ... 

k.:~~n .+2 ~~{NH'jj~ ... ; :lciil- <, ,. R·~-o- + 2 Ag1~ 1 +. '4 NH3+ iH20 · 

.· ·' .. 

: .......... :~ .. ·· . .;. . ..... · 

. . . .••• ciarb~lc).110. acil!S• ~av~ char~cte;isti~ally ~<:i~r tast~.~ ~~d od~rr,;.~ ....... . 
\ ' . Ac.etic: aC:id iS. an .el(ample .of. a carboxylic acid, and .is .primarily . . 

.... resporisible fol.' ·. the · i;;meli . o~ vinegar~ . Carl,)oxylJc ac_:ids. ·are ··easily . 
. . Cci1iverted to, esters . (R~CO'"O.'-R I) ' which .have characteri:stj:cally : .. ·. 

• ple~siriCJ odors~ .·.·.·. .. . .. . . . ... . . . . . . . " . . . .• 

; ;. .. se~er~l ~u~~tl~n!'i qr~~ps are cias~ifl~~ i~ d~r.iv{ltiveii• of . ..·. . 
• ; c~fboii.yl ic ;acids; ,,-hese include. •esters .. .. ar111ides, ' acid. cJ:ilorides/ arid. 
... acid anhydride&; . . . . . . . . . . ' .• 

.. :~ ·. ·• . < ~iii~•r.a ·~re./~ft.e . c~mm~ri i~: nat~re-_ and ~re ~~si~~ ldenti.fi ed · .. b;· ... ·_ • 
·. ,., ... the.ir .. µ~iqµe .odot:s •. ,; .. 1s·9,amy.1 acetate',bas a banana smell, while, methyl 
.. ·.·:;butyrat,:,. .smell,i(li)Ce apples~ Ethyl' butyrate, ~S Very° structurally 
'· .. ~' s.t:m:~lar t~ m~thyl b.Utyr,•te, but ,smells · like pin.eapples instead of . ;· . · 

·.· api:)les ~.: > ~ht:ee>;qtll~r e11~er~ ::Wit,:h d1'stiri¢t: Odors <ire i:Sob~tyl .. ·. . · .. 
. ; propionate, .n.:..propyl a~et;ate; and octyl .acet·at,e which ll:aeJ.1 like rtilli, .... 

.. '" pears. and or.a.niJes :r.esp!(!ct.1,vel]r'; . . • . . ··. .. . . . . . ·.. : ... ···• ·. ' 

. ' .Ail})i~in cilc~tylsai:i:cyl0i<: .ic'.i.d); an ~ster, is perhapiii . the nio~t: 
. '!ideiy useci ;iinig ii:( the .wo:rid i Since 11199, wJien ' aspirir). was' 
' iritrod~eed : as a 'mit<i . <irial9esic: and aritlpyret,t.c. :it !,\as b~come the ·. > ··: ... : . 

·; .. ".·layman•~ first •. line :cof 'defense •agairi~t ir,io11t '.lilinor .dis9omfo~s s.u9h . aS-
·" ·: co~as ·and h~adachea:: . 1.t halli; fou.r tieJ:pf~l effects: . · · · , 

·:·:: : ;, . . · .. : ·::. ... . ·.,, ... : . .. . :.· ... 

: .:_ :::. , . 1• :· ~rialqe'i;.ic~ >' 'it ~~iiev~s· pa.±.·n ·rapidly,• inaxp.~nsiver:y.· ;: _arid ··.•·~ · .. 
effect:ively~ · ; · · ··· .. 

•'. · · ·, -· · 2. • • Al)tipyret;;i;~• -~~iJmearis it bri~g~:'dQwn~ fe~~r :bi 1~.c~~~'~in~ · .: 
, :: lllW~~tiJig ilr.M:l til~ , flJ='.~ of b.~ood near:;0 ttie. :. ~kiil13 B~rface. · ·• .. ; . . . . <:' 
·· c. ·· ........ • ~-····· .An~irh~umatic'~, •. ft. : z'~d~~es .the inflami'li~tion ·of · anil pain.in·:· . . . 

.f the joints~ pei:iliittif.\9 ·ill.ol>il:ity. . ·. ·· : . 
.. . . : ·, ,, . . .. ) ... : . : '···. . . .. . ;... : ... · .. ,:; .. : . . : ·. ·· ... ~' 

.·.,.· 
:·. ·~:.; ,::: . .. ....... . 

' :· 

. ·'· 

.. :·· . ... . . ";: .. :· . . 
. \: 

. : .. ; 
·. · ... · 

. .. ' . ··.:·., ... :•: ·.:., . . .· .:: • .. . ·; . ~. . .·. :,.:· ~ ·,: . . .: · .. : . 
< •• 

:.~, . .. . . .. ;. .... ;. :,::· 
~.~.·:.··.: :.· .. ··s~ ··· .. ·•···. : ·: ... ·· ...... . 
· ·~ '··. ;·~· · ... . 

.···· ... : .: . . 
: ::.~ 

. .... . ; .. :· 
. :. :: 

. . . ,· . 
: ... :· . •·;· .. ,· ; . 

. ~ ' . 

.:•. 

specimens and as the basis of many glues, resins, and polyJri .. rs. 
Acetaldehyde is used in its trillleric (orm as a sedative. Aldehydes 
reD.ct to form carboxylic acids in the presence of oxidizing agents . 

I ]J 

A qualitative test for aldehydes is the Tollens test. Tollens 
Reagent contains the silver ammoniulII ion, Ag(NH,) , ' , and will 
distinguish an _aldehyde from a ketone, even though their functionul 
groups are simi liar. As the aldehyde is oxidized, the silver is 
reduced to a solid. A sUver lD-irror will then form on the surface of 
the test tube (if the glass ' is clean). A finely divided black 
precipitate of silver appears if the glass isn't clean. The general 
reaction is; 

o 

• 
o 
• 

R-C - II + 2 Ag(KII.,,> + 3 OW-------3P R-C-O - + 2 Ag r.! + 4 NH3 + 2 H,O 

carbo.ylic acida have characteristically sour tastes and odors. 
Acetic acid is an example of a carboxylic aoid, and is prilllarily 
responsible for the smell of vinegar_ Carboxylic acids are easily 
converted to esters (R-CO-O-R') which have characteristically 
pleasing odors. 

Several functional groups are classified as derivatives of 
carboxylic acids. These inClude esters, a.ides, acid cl:1lorides,. and 
acid anhydridee. 

Kstera are quite common in nature and are easily identified by 
tbeir unique odot-s_ Isoamyl acetate has a banana smell, .... hile metbyl 
butyrate smells like apples. Ethyl butyrate is very structurally 
aimilar to methyl butyrate, but smells like pineapples instead of 
apples. Three other esters with distinct odors are isobutyl 
propionate, n-propyl acetate, and octyl acetate which .aell like rUm, 
pears, and oranges respectively. 

Aspirin (aoetylsalicylic acid), an ester, is perhaps the lIIost 
widely used drug in the world. Since 1899, w~en aspirin was 
introduced as a lIIild analgesic and antipyretic, it has becollle the 
layaan's tirst line of defense against lIIoat minor discomtorts such as 
colds and headaches-. It ha. four helpful effects; 

1. Analgesic. 
effectively. 

2_ Antipyretic. 
sweating and the flow 

It relieves pain rapidly, ineXpensiVely, and 

This means it brings down fever by increasing 
Of blood near, the skin'3 surface. 

l_ Antirheuaatic. It reduces the inflslllllation at and pain in 
the joints, permlttirg mobility_ 

,. Organic Laboratory Page 1 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Uricosuric. 
the joints~ 

194 

It decreases the deposits of urate that form ~n 

.Upirla 

. The reaction between carboxylio aoidC' and alcohols is a si111.ple 
way to prepare e•ters·. An •x~mple reaction is shown below. . Wat:er ls 
lost to yield the ••tar. 

Aal4tl•• Acet9inopherl is an amide mor~: co-only known by the 
" trade namea __ T.ylanol and Datrll. i:t has important .pain relief· and 

fever reduotlon· propertles, but. does not reliaya infllllmlation _a .. does 
aspirin. Its structure is: · 

One .of the m!IRY u11e•·, cit" acl4 ,ablorl4ea ,(and in qeneral any acid · 
.. h,alide)- fil . in <;:ondenaation' re{lt:~ions with amin.es to for111 pol,ymers., 

During the· polymer delllOnstration your ir;atructor will make nylon 
uainq an _acid chloride (ad·ipoyl: chloride) and an amine (hexamethylenia· 
d iami ne) • . ' Tha conden•ation . reaction ha• the· 9eneral form: 

, ' 

0 .. 

II " 
R·C·Cl + llO·R' ----:>~ 

0 
. II 

. lt·C-Oll 1 + ltCl 

The c;ondensa:tion polymerizat,ion of ny,i.on i19:· 
,:"'-. . ·.·. .,, H ' H 

. . I I 
Cl ~C-(CH ) ·C·Cl + H M·(CH ) ·NH - ---:>;> ·( ·C~ (CH ) •C·l·(CH ) · R-} -

·" · ... 

II . . 2. ~ II 2 . 2 6 2 . II 2 4 II 2 • n 

o: · O 0 0 

" ,. .... 

h ....... tJl yl@.~• 

d t a• tD e 

o.:-9~ni~· Labotatocy 
. . .. ~ ' 

•Y~lon 6 ... 6 

po1y••1dc 

'~ .. 
Pac}e:,42 · 

:: ' ·-' ··. .. ·, 

' -
+ HCl 

·"' • ,··t 

... 
4 . Uricosuric . It decreases the deposita or urate that:. tor. in 

the joints. 

The rellction bet" •• " carboxylic acldr and alcohol. i •• si<aple 
way to prepare eater.. AD aX8l1Pl. reaction 1. shown balow. Water 1. 
~o.t to yield ~ •• ter. 

• • I I 
QI,. C-CM .. IIDCR~ o()o OI,'C-OOI, -t- H20 

.. 1"., Ac.t~inophen i. I" •• 11le aore co.aonly kn~ by the 
trade na_. Tylenol and o.tril. It haa i1lportant pain relief and 
taver reduction pr0p4rti •• , but doea not relieve Infla..ation a. doe • 
•• pirln. It. structure ia: 

One of the _ny u ••• of acid elal.d .••• (and in venerel IIny acid 
halide) ia in cornlen •• tien re.~t:.ion. with a.ine .. to fOnl poly:llera. 
Ourinq the pol~r d..onatrllltion your l"atructor will aeke nylon 
0.11\9 .~ acid chlorIde Cadipoyl chIO.dele) and en •• ina (hexaaethy.le'" 
4 1 •• 1ne,. The conden •• tion reaction ba. the gen.r.l to~: 

• • I -C-Cl + 110-1 ' • 
• 
" I.-C-~' + Ittl 

The condensation pol~.rization o f nyl on is: 

H H , , 
Cl-~-(CH2).-~-Cl + " •• _(CH.)._ •• - ,"" •• - (-~; (CH2).-~-.-(CH2).-.-}. -

o 0 0 0 

.... . " ,. 'or.h ..... _.h,h.ior 

'10 ...... 
.,.1 .. a _a 
p ol .. o.,h 
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... ·.<f· ''.·:.:· ... • ... : .. : -: :·. ..:··.>:... . ·· .. ; . ... ,. . .. -... ~:: :::··:.. . . · .. .: :· .. . ... 

· ·l-itB:r~tiDL:~: .'.' . , '.·. · .. · ' ···· · i~s .· . 

. : ' ~~~ ~-.~~iit~a~ioisl ·. ~-~~n . .; • P#ep~ratl~n P;iioil an llo~~~l , · · 
. ~· ... , :~. 

.. -:> . ~:· .Yo~f. ,instructoi :~iiJ. d~m~h~~r't~ th~ ~~idati.on of ·i~opt;pyl · 
:~~ ::~icoho,i to acetone u(iing . potassilllli cllcbroma:te. in sulfilri'c acid •. ·.·• ~he . 
·;: -~n6al•.Ji9•d react1on is.: •... ·. ·.. . . . . . . : .. · . . . ' . : . . 

;; .• ··.< ~ : 

.. ·: .· . 

. " ....... ,. 

. H c~~-CH · +. er .o 2- ·•:; :~~ . 
3 .. 3 2 7 

. i _. .-.. H'· :.•_ .. •. :_· 
.... . :;. ·.:.. . 

·.: ·.·· : ~. . · .. 

.... 

.. · ... · · ........... · ..•..•. ou·.•· .. •• .. · .. •.. . . ·'.·•: .. . · ... · : .. , .. . ·.:· .... · .. · , ·.'::'.·: .. . 

]l! · •. cn9 ~-C·CJls +. er + H2o ..... . .. : ... : . . '. 

.. .... · 
.. 
!'.· .. . ... , : .· .. 

· .. :· ·.: . . ~.. .. .. . 
· .. ·· .. : .'. . . . . ··· .... :.' .... 

· .. ·. 

( . :•·. 2/ .. ~~t ~.;10.; ~hong~ did . you'9.~e? . What:: chang~iJ:n ~~lc;lat::ion : ..•... \ ... 
' ': '1uinl>er ,ls ' tbis col.or chan<Je ~u• t;o? ; ' ,· , 

: ... ;. · •. :.:.·:·:.... . .. . .. '. . . . . . . . .. . . . . . . . . . . . . : · ... 
· . . ·.: . ··' . . :·~. :. . . 

; :. ·. 

. : 

,. 
·.· .. · ·· .. · 3: ·.· writ'~ ·th~ · ~ai~nC:~ci ·~~a~1~ri· u~irtg .th~ --- ~dox;·half·.:::~eaC:ti~~ --· 
me:t.liod • . ·.·. Yol.l .wili _, ri~e.i:l . tc:iJtiloW' :that. tli_e .'central . oaib()n 'atom .in 
:~l!iCIP..~oP.yt alcoh(>l Jias ~.'l. _oxidation st.ate ~1 o. (zero).; while the same . 
(l~~);>OI} ' J,I} ~ceto~e h~s a.~ .~xld~ti~n .s,t.ate of +~ ~ , , .: . 

:: ' " 
;, ' 

,.. . .. ·, .. 
.. ·.,. :· ... . . ~. . 

.· '• .... ·, .. :. 
. . . ' ·· .. : ... 

: .. 

. : . 

. . . ... : ... : 
. ·.:: :. ·.: ·; ... · . 

. ·, .... : ··;. 

·'· 

. .' . 

.. . 
··. ·. :. : 

: ...... : .. 

. :·· .. 
.,·. 

'.:: .. ... · 
'" '· .. ·· . ...... 

. .... : 
1: 

: ,: ..... .· .. .. •. 
.• : . . 

~(; .. :· · ..... 
.· .. . · .. . : . 

. · .. . : . 
. ... ; .. 

.' 

, 

IIURIKlIITAL 

L Your instructor vi11 , demonstrate the oxidation of isopropyl 
alcohol to acetone using potassi~ dichromate in SUlfuric acid. The 
unbalanced reaction is: 

"" , 
H G-G-CR - + , , ' 

H 

Gr 0 2_ , , 
o 
• + H' +GrJ++HO , 

2. What color chanqc did _you ... ? What chan9_ in oxidation 
number is this color change due to? 

3. write the balanoad ' aqua~ion using the redox half-reaction 
method. _ You vill need to know that the central carbon atOll in 
;aopropyl alCOhol has an oxidation state of 0 (zero), while the same 
carbon in aceton. has an oxidation state of +2. 

1 . Synthesis of Methyl Salicylate: Condensation of a 
cilrboxyli,~ acid .with an alcohol. 

'" 

a. Plaoe a •• all amount (about the BizB of an sepirin 
tablet) ot aal.icyl.ic acid in a la11le 'teat tube. Add 5 mL of methanol ­
.c!=AUT:IOII': methanol is tla1llllable) and two drops of concentrated . ' 
sulfuric .. cid. 

b. Heat in a water bath eat up by your inetructor for 
three to fiVe .inutes. For safety considerationa, no flame ~hould be 
used to ",ani the reactant •• 

c. Carefully -saall. the produot. It naeded, the odor may 
be .ade more apparent by pOUring the 'product onto 25 mL of ice. 
Dascri~e the s.ell. 

, .. 
.-, . . ." 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

< . ': . 
:; 

. ( ', .-. .: .,, . .-~ -
.· ... . .. 196 .. ; ..... : . 

-.. ~.· d: Complete 
~a,lic;:ylit: acid: · · 

.:: .. : 

the followin9 reaction of methanol. an¢! 
. -· 

,.. . ·---. ________ ...;.... __ _ 
'"· ;. 

». .. . · 

-. 

-. 

. ... ,. ·' . :•. 

+: at
3
olf ,· H·_~; 

: ~. .· . . 
'· 

. ... 

· .:2. " sy~tb~sis of J:soamyl. Aceta~e: 
.. 

a. Place ~hree dr~ps of isoamyl alcohol (CAUTION: 
· flammable;; ., two drops of .glacial. acetic acid, and one drop of 3.0 M· 

1• ' sulfuric: acid into· a test tube. (~AUTION:· These · are .concentrated 
·acidis» avoid . •Jc.in . cant;i.ct) " ·. - ' 

.~:. 

.-
b~- Carehlly heat the teat tube in a · hot water bath · fC)r 

. tbre.e ~o five ·111in1,1te11. · (CAUTION: · Keep the '. flammabl.e solution away 
.~::.· from ·flame .' Hot · aulfuri~ acid is ·extremely . con;-os~ve •. ) · '·· · . ....... .. . ' . . . ... 
::.. _ ·. ·. c. · caref-.llY _,•••Jl· the· pr~uc:it. .Record th41 s~l.1 .'below: 

··~ · ·'' ..... 
. :, .... 

. - ., ".• .•. 
d. . coillplet.e ·t .he following 
done:' - · · . · .•. . ... 

t:eact,ion tor the -synthesis. you , 

. . ~ . 

.. ; . ·. ., 

'·'' CH.;, ··o ;. , ... . · ;-.11· -·. + .. 
. H C· CH ·-Cli ··CH·OH ' ;f. HO-C--CH • H "' •' 3 2 2 . · .. 31 

. - . .-
.. 

~ ..•. 
\.,:';;;::·;-~··~~-L,~-•. ~--------'··c;_· ;_-----"""----'----~-~-~-------'-------J " 
~ ~ · ~· ·~ ' :·<' . .. 

1
3 ~ '. synthesi;- ·of n-ilropyl .,Ace:tate; 

. .. ... .. . '. .; .. '.: .... ;· :: : . '· '.· · '• . . .,, ~-;. ' . . . . . . 
·· ·-: .. .. ·a. :'.Add one ·mL of ·n.;.prop•nol, ·(.C!l,CH2 CH 20H) to one mi; ac:eti~ 

acict to this .. acid in a test tul)e·. ·:· Add thre• drbPB, of 3.o' M sul:fu·rtc 
'(~:;;· miXt~~e. · . ·. ,. ' . ' . < · ,.~. 
·:.: ::. ·. ~: ,_ ... . '·· .. - . 

. . .,, . . · 1:1. < ifeat tli~ 1(01.u~ion ·1n boirin.g water 
i:';_. il,lin~tes. · (CA'l,JTIQ~: . t<:~ep .the flail!ma~~e sQlution 
(';~ <, .. ot'·sul:{uric acid ,is ·e>1;tre111ely "cQri:'oi;Jive.) '.;; 

:::~~~~}~··\· ·. • •• '• • v• _; ; ~ •• ~~ '..··· ... ; • .; • • ·,;· • ; • ••• ~ ~ • ~ • .-, v., ,;: 

,. "• ·~ :~· ·.;.. · =~·~~· ;"l'. 

~~:~· :~::~.:.:; ·:· •!;,. .-> .· ~ · ·~ .··-: , .. 

. " .. . ··:.~· . ... . ·... ,: ,. . .. . . . 
'\:. ·~ ":> "· " ·~·: '•".. ,., 

· , ·· ·· ' .- .or911ni._~ Llllbor~tory;· P~ge_' 6 · · 

. ~··~ ·· . 

.. 

. . ... . ··.~ .. ··. . ... 
i'c)r three ·to five. 
11way !rq111 thJF flaiii.e •. 

.· ···. ... 
,. 

., . 
· .. :·,,· :· '-·~ . 

:·· .... 

.. 

:.; 

:,- . 

.:·' . •. 

' -.. · 

•' ~ '··· 
' ·- ' . , • • .';>: •• ·~<:; : .. .': .... . :.··· ··:. ·::: . 

··"-··· .. 
. ·,. ... . ·.~· -.. . . .~ .. . ·'· ···" ... ~ 

d. Complete the following reaction of methanol and 
salicylic acid: 

o , 
o:.C-OH + 

OH 

2. Synthesis of Isoamyl Acetate: 

•• Place three drops of isoamyl alcohol (CAUTION: 
flammable;, two dropllof glacial acetic acid, and one drop of 3.0 M 
SUlfuric acid into a test tube. (CAUTION: These are concentrated 
acids, avoid skin contact) 

b. Carefully heat the t •• t tube in a hot vater bath 
three to five minutes. (CAUTION: ~ep the flammable solution 
from flame. Hot sulfuric acid is extremely co~o.ive.) 

.or 
away 

c. Carefully ••• 11 the product. Record the smell below: 

d. Complete the following reaction tor the synthesis you 
have just done: 

3. Synthesis of n-Propyl ACetate: 

'" 

ac::id in 1I 
mixture. 

•• Add one mL of n-propanol (CH,au,CH,OH) to 
test tube. Add three drops of 3.0 M SUlfuric 

one lII.L ac::etic:: 
ac::id, to this 

b. Heat the solution in boiling water tor three to tive 
min~tes. (CAUTION, Reep the tlammable solution away trolll the flame. 
Hot SUlfuric:: ac::id is extra.ely corrosive.) 
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.. ·~ , :, , , ....... .. ·. · .. ·.• . . . ·. . . :."·. . . ~ . . . . . .. ' . . . '... . . . . . .· ... ::; ... ··:·:: 
. ... :/ '·. . . . . .. ···.: ., . . ._., / . . ·. .. . : . ·: . · ... ·. .. . . . . . '' . . .. . . . · .. · .:· · ...... ~... .· .. . .. . . . ... , ' ... . . ' . .. .... : :, ;:·. . ... . 

·· ... > ·"· .. · ~) ¢~~~~~iiy; snirr ~e ;p:rcJt~6t~. Record the' sm~1·1 i>~id~ ~ 1 ~ 7 .~/ .... ·. . .... ·.·' ·.:.· . . .·.:, . . . . . . . . . . ... . . . . . . .. . . . . . ·. ·: ., . . . .. ' :. . ·.' . . . ·;·: .. ::· . . . '•.. . . . ...... : ~· . . . . . . . . '. 
·:·~· ... · .... ·.· .... · ... :·_ ~··.·· ... ,···.,·.·.'· .. ·.··.· 

·.•. . .. ! ·. . . . ·. .. . . 

. : ... .. : ·,::··:. ... . , ....... • ·. ... .. .~ .. : .... · '···· ·. ..... ·.: ·.· ..... ;. 

~.·· :'.'.' ... ·. ,. · .... ·.:.a. :;: writ.e :1:ii~·;i:o~enii~t~6n . :t••~tion . betwe~ri · acetlc°'. a:~id and •· ···>. . . . ... . .. . l 1 · . .. ...: . b . . . bel . ' . . :, . . .. . . . · ... : .... · . . ., .,.;· .. : .. : : , .•. ·:·~n-p!":op .. ,no. .:n::·"•.·~ ·;•. ox .. · .. ·.ow.: · .. ·· · · .-: :·· ·· . ;- · ·;· ·· . . . . ·.' ., . . . .. .. . . .... ·:,"·~ . . ·., :·. .. 
. :·· ................... ·; . .'· ... .,._ : :· ... :·. .. ·. .. ·:.. .... . . ; . 

<.:-1 • ••• ... · •... 
~ .·. -~· ·. 

~: . 

.. . : :~· .· 

:. :: .;· ·: .. · .. 

·:- · ... :. 

. . ........ · ... ·· ..... ·.: : : . :,: . ···. ··:: 
'·.· 

·· .. · 

. ... 

. ·: ~ . . ·' .. 
·" .. · 

··'·· . 

'·. 
. . · .. . ··: . . . . 

: ·. ·~ . : . 

. ',. ,: . 
.; . . .:' ........ · .. . . . . . : .:::·. :··· . " ' ........ ~ . :· ··:·· 

. : .. · .. ·:. 
.·; : .. .. :·:. ... · 

. .. · .. . ''· .. . , ,.· . ··.: ··:. 
·· . .:; 

. . . ~· ·~ : :; .;_. .... ,. 

'. 
·:.• 

·' 
·· .. 

;, ·~. .:. : :: 
·., . 

~~ .. ~·. :. ,.·· 
·: · .. ~ ··:.>~. ··.:· ., : . · .. '\, .. . . ··. ': . .:; . ·.· ... . .: .. ,.,.: . ··: ' ..... 

. ·~ .. .· .. :·.,, . .·.,. .... 
. ' .. ··. ·.·. . ' : ; . . ,.:: ... 

·.:.: :; . . . :, 
,. : .. ,. . . . . 

,-" 

. 

. 

'" c. Caret'ully sni:rr t!'e products. Record-the smell below: 

d. 
n-propanol in 

Write the condensation 
the . box below: 

reaction betwaen acetic acid and 

L-_~ __________ ~ .... _ .. _ 

4. To11enll Test: Detection ot Aldehydes 

II. Add. one _L ot 5' silver nitrate solution (CAUTION: Do 
not get .ilv~~ nitrate on your skin) to II clean test tub~. -Add one 
drop of 1.,0 ll1IOd1 .... hydroxide_ to the ail.ver nitrate. A brown 
preclpitat. cit' silver, oxide should to~. 

b. writ. the reaction tor the tQraation of' this brown 
precipitate: 

c. Now add thr .. drops of' 6.0 II ... oni .... hydroxide to the 
tube. Swirl the te.t ' tu~ (careful nOt to spill any solution) until 
all ' of' the precipitate ie dill.olved. Thill i. the Toll .. ns Reagent. _ 

d ; Perf'on. ~h. : 'l'oll.n .• te.t t'or 
drop of' tono_lln to the Tollens Reagent. 

an ald.hyde by adding one 
Describe what _haPPEOned: 

" e. When Tollens Raa9'l!!nt reacts with rOrilaIin, an' 
o.id.atipn-reduot~on occurs. ',' 

What i~ tbe reduction haIr-reaction? 

, ,,' 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!" .. ·._,,. ,, ,·. 

·:;: ·.. ·' ·' ... ·. 

- ' ; .. s~iff Tea.ts of O~h~r ofqahic i:~mp~unds~ 

. " . .. :'~ . 

... 
'· .. 

.. .•.. :. a~ ~-r~~)ll:ly. s~e;l saepleis of cinnam{c aldehy~e, .. · 
·benzaldehyde; .ancl.:JD•thYl:· benzoi!te. · oesc)o:ib~. the smell of each. 
~ompouni;i beio)r • . Try to relate the smel.l to a nat~.rally oceurrin9 

. s~stance; · · · · · · · · · 
•·'· 

\'. 

·· :( l:) · c1nriil.1c . aldellyde. 

. :: . . (2) ~~zai~eycle • 
... 

· ;: . .13.> Me~lfl. h9~z~te. '" 

" · .. :; ·. ·•·. · .. · .. ·.•. · •· ·. . b. ~let• t.h~; folic;,,1~.j r••e~i~n 
· . 1.~btity:r propionate: · · · · · · · · 

for. the sy~tbeeis C.f • 

-" 
,.: ... .. :~ . 

: ... 
; .. · . ... 

·., . 

. .. . .. 
~· . 

•• " ·,,.· .·,, . : .. 
". 

..,··: 

·· .. ·· ·.· ··.··· ··. C1)' ->C&retuily s~ltt. : a .sample Of is~ty], propio~t:.·. e: 
.. · · R~c~l:d your ·irit4!fiiJ>ret&t:iori .o~ .tl;i~ Odo!.'. .,_1°"'.~ . 

" . 

·~· . · . ..:. 
·~ ::::· ,. 

. " . ; . 

" ... ,.·. 

·.,· .. ·· .. ·· 
. •: 

- . 

. ~· 
" ·· ·. · · .· · .. ·, :·:e ~· . ~OilPlet:e t:he •. ioli~irig .• ~. aC:;t~ot. .· fc:ir 'the ... •:. eth l •.. y .. bu~yrat•.: · · ... .· ~: 

~ .. : 
..... : .. ~: 

198 . 

.. ,,_.,,,_,.....-~,.-"---·~.,....-~...,,._,_~-· ... _~···-·· .. ------ --·-··-· · __ ._ .. _· -~~· "": ·_"_:·-~-.;--~-"'..-~.,.;--~--"·_· _. :_ .,....., . ~ . 

. ;.· ., . 

. ··:·:· .. 

'" ····. 

. ·, .. ., 

:·. 

" 

. .. , 

. :. . ·' :.: : .. :. t·: .. 

,,. : 

. ·: 

·.· .. ':.;. /'.. • < ••• 
· .. ,·· 

.... . . / 
· .. : .:·:: . . ; ·. . '· 

·. ·,:· 

. . 

.··. 

. " 
" 

" . 
" 

. .... 
'! 

::.: . . 

5. sni~~ Te*ts of Other organic co.pounds: 

a. Carefully smell a.aples of cinnamic aldehyde, 
ben~aldehyde, and •• thyl ban~oata. Describe the smell of each 
compound belo¥. Try to relate the saell to a naturally occurring 
substance. 

(1) Cinnaaic aldehyde. 

(2) BlllDzaLdey4e. 

13) _thyl bena_t •• 

b. coaplete the tol1awinq reaction for the synthesis ot 
isobutyl propionat.~ 

~. 0 
I • 

H~C-CH-CR2-OH + BO-C-CH2-CHI~ 

(11 Cll.rerully snitf a aaapla of hobutyl propionate. 
Record your intarpret.tion ot the odor below: 

c. Coaplete the ~ollowinq reaction tor the synthesis of 
ethyl butyrate: 

... 

~--~------------~------, 
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19 9 
(1) . Hawe tha alc oho l and a c id rea c tants : 

.· ·, 

·,:·: 
---------~~~'--.7--~4~,....,-----------.---·-~-~~~~~-----·-·...--· .. ------~----" ,. 

., 
d*•crlbe it 

,. 

,J 

<2> :c•fetu1-1y 
below: · · 

... ·; ... 

. . .. 

«;. 

· .. > 

·.··· 

' ' 

•niff 

. .. , 

th• odor.'C>f ethyl 

.. ,. 
" 

. ';.: 
'·' :: 

:-<: 

' . 

,, 

butyrat e 

.... 

"·.· 

and 

'. 

..... . .. . .~ 

.,. 

·'. 
·: ., 

'•. 

··:·, .·,, 

~ ... ·· 
·, .· 

• 

(1) Na~ tha alcohol and acld reactant.: 

(2) caretully 
below: 
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. . 
:· · ... l •. 

·: 

" 
" 

. ' 
. . ~: ": . .. . 

·. 

" . 
circle. ·.~he- · functiol\Jll . g r oups; on the toll0win9· mo.lec,111~s·: . .. 

· . .. 
ifexalilethyletiediamine . . .. . · . . 

·.·· 
·• .. :. · .. ,:: ... ' .: .: :.... .r .. 

0 
. , .. ·. 

·, 

" HzH...C1H,~c-O-CH2-CH, 

11enaoCia1ne 

BUtyric Acid 
. ..... 

·.: .. 

' II 

- c-c~c.a,-c~o~CH2-c:H z-o-) n- . 

Mylar , .. 

' . . - . 

'. 

200 · 
~ .. 

. 

,., ·. 
, .. 

:.:• . . • '/ 

',·.·,,,·,: . . · .. · ... . · .......... 

·-·-

2. R•fer to . table . ,26 .• 4 ,1.n your text to . iden.ti,ty an eater that could 
be :•••ociated 1(it~- the follovin9 co,rrespondi~ odor: . ' 

~--- .. 
·~ .- -=- i 

" 

. '. 
,. 

• 

~ 

Pi~e;.,P~~ . 

·· .. · 
" 

. .; 

" 

.· .• ...,, 
· ....• 
·•· , . _, . 

.. : 

i- :· :- . . ., . . ,.. /. ·,_ ~-:\ . .. : •: 

. .. . ·.· .. 
. .. 

. - .. ~ 
... 

. ·~~ lh'~v tbe con4ensatlon pol~~iaation of . nylon rrO. hexamethylen~ 
d,i•.•lne ·and . adi~l -~lorid8: . · · • . 

. ·· . 

... " ~ .. ' 

' . 
. ~ . 

... ··'. .. 
..: 

"'..! •• • 

.··,:.: . 

, 
~. •' 

. ' 
'.'·• 

' " 

-~·· 

' 
l · 

... 
..... .: .~ ·-

.... 

:.: i: 
· . .' .. : .. . : 

: 

•. ,. ... . ···.: ,. 
.. ·:·,· 
. . . 
·:; .. :. . ·'~ 

.. .. 
··1. 

-· ·. 

•.). 

: ... · 
., 

·.·.:; .. :,. 

.. ' 

..·, 

:· .· 

. -~ 

,~. 

':. 

,· 
. ' 
' " 

.. ~ · 

•' . ·' .. ·.· · 

. .. 

··: ..• · 
:::-:.·. '• , ,, 

.;· ·-:·· 

. ... - ·, 

..:· ··- :· 
,,,. _.· - · .. ·. ··"·' 

'.t - "~ /! ~ ... '.". '~;,.:,/ . 
•J''" . •.'' ... · . :./ '··:. ; .: . ·.: . .:' 

' I 7'' .,\ • '''·,,:,,::' • '' • :. ·:,: .. :;-::·:.:: 

-'., 

" K Jlf-(CH 21,-rflf 2 

H.xam.thyl.n. di •• in. 

o , 
H JN~ .H.7C-o-cH2-CHI 

lIen.ocalrw. 

CIt 3 - CH 2 -CH 2-COOK 

8u.tyric Acid 

o 
• 

o 
• 

2. R.t.r to table 26.4 in YCIU.:' t.xt tv id.ntity an _t. r that OO\Ii4 
be a • .oclate<l with · the t01low1119 c:ol'rallPOfld,lng odor: 

-....... .... 
Pin.appl. 

Apricot 

IIi" 

• 
. 1. ~_ ttMo Cond ...... tion po1v-rl.ation vt nylon tn. ha .... thyl.ne 
, d .i • . 1!11 .... "and. ..sipoyl -ch1orida t " 

' .. 
_ ___ . ___ _.,_'i_ ,_ 

. , 

" '. 

, 
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. 9s~f ~} r.}/;,r··~~~: ::-. ;?'i';[f t,1 

. ,,_ 
... ,_ : .· ..... . ; 

.,·, . '~ ·: 
.. , 

·.·>· 
·" 

. , ... ·~·:. 
·:~ ' . . 
·;·. '· 

.. ,,· 

• , 

. 

" :: 

,-', 

,.' ,,'-1. 

, , 
' . ' -

• 
• 

C)' v 

CHEMTRAILS 

• 
• , 

, , , 
I 

CHEMIsTaY 131 MANUAL Pan 1990 
J)CparOnenl, of Chcffiisb'y -
U:S: Air Force Academy . 

- "-', 

'0, ;" 

'" - c' ,...,- ,'CPMRlETED 
0,,- '''''-
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