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Chemistry 121 includes both lecture and laboratory work. To better:
understand chemistry, we believe you should become acquainted with
fundamental principles and concepts and be able tc apply them in the
labeoratory.: Our goals in this course are to:

1} traim you to think scientifically {dgveiop curiosity),
2) train you to think analytically (solive problems) ,

3) provide you with scientific information of professional and
" soclal value,

4} prepare you for future science and engineering courses,

5)  teach you hasic-chEmimnl principles,

6) develop your zbility to communicate scientific infarmatinn,
?} provide you with laboratory exp&riénce.

ks 1n most science or engineering courses, General Chemistry is
difficult.  Teo be successful, yocu must commit yourselves to acadenic
.excellence. Yom must diligently prepare Ffor each class by reading the
assigned portions of the text and working as many of the homework
problens as. you can, be attentive in class, and be willing to ask
gquestions and seek extra inatruction. You were =elected for this
course on Yyour past academic experience and  performance on the
chemistry placement exam = you have the ability te do well in this
course.  The Chemistry faculty is here to assist you 1n doing the best
vou Ccan. -

Kaep in nind that Chemistry is a 2 course unit, 6 memester hour oourse.
" You will receive twice. the credit for this course as you would for the
-most of your other courses. You should therefore expect to spend twice
as wuch time in preparation for Chenistry 131.

We hope you find thie course interesting and informative; we know vou
will find it challenging. :



 GENERAL: POLICIES AND PROCEDURES

1. . The schedule for Chemistry 131 is significantly different -than '

- otheér courses &t thé Academy.  Check the syllabus daily. In general,

“you will have lectures on Monday, Wednesday, and Friday, one .2 hour lab

"'on Tuesday and a 2 hour recitation on Thursday..  If you have a

. question, be. sure to consult your syllabus. or ‘ask your instructor.. . If

. in-doubt, go ta your classroom during the assigned peried and check. -
~...Your instructor uill clarify the schedule during the first lesson.

e Do not schedule any. appo;ntmonta (dental medical EI ‘tailor shop;.

fjgetc Y dnring any clals or lab period.

R It you ' know you will miss a class, infotm your instructor at least
~one lesson in advance and submit a Form 78 before your absence if .
- poasible. You. are responsible for all work assigned during your

" ‘absence. ‘If you miss a GR, yoi must take the make-up exam. If you

- will miss a GR due to a- trip, -inform your instructor at least a week in
- .advance so he can coordinate with the OIC or OR ror a make-up- exam to.
-be administered on the trip. : 34 . A5 g g

jj4. You munt kaep up with tho course work even 1t you are hospitalizadt
-or on bedrest. . If you need EI, notify the hospital liason officer to
rrange EI with your  instructor, or just call the Chenmisty’ Department
{x%2960).. Your instructer will give you BI if you are hospitallzed ror

©. an axtended period. ’

& 5.: Do not leave the cla-lroou or lab until you urc disnissed hy your.!
-instructor.‘ 7,

7356. Pleala kanp the cla-sroom and coat closet clean and neat. Keep the .

' doors to the coat closet closed when not -in use - if you are the last
© .to use it, claose them. ..All outer garmants (jackets, parkas, overcoats,

-.ovarshoeﬁ, caps, etc.) nust ‘be neatly hung or stored in the. coat cloaet_f
- they are not pornitted in the clansroo-. :

; _7§: Bection Harcher Reapansihilxtien:

- ' a._ Before c1ass.: Huintain order in the classroam Enﬁu:é the
- classroom and, closet are neat and orderly. cqllect any asgignnpnts due

:; before tha start of . class.

b. start of. CInss.- Call the clasu to attontion, réndé: §a1ﬁ£§'

“fand .report the clasa ready for instruction, and give your instructor

" all homework due. If your. instructor does net - arrive within 5 minutes
‘after .the -start: of class, rtport, tp__thq' Chqpistry~ Depart@eng :o:

'fgfurther 1nstructlona.._.

e "¢, . buring EXIDI. It tha instructor is ahsent dur;nq an exam,*
;_Umaintain ordexr and give the . command, "Cease, Work, " when. the time has -
+ expired. for the exam.  The time should be written on tha blackboard.g.
223 Any cadet may g;va “cQase work' when the timﬂ expiras. :



8. Classroom Materials. To each lecture class, you must bring vour
textbook, 3 ring binder, paper for taking notes, a pencil or pen, and a
calculateor (you will not be permitted teo share calculators during
quizzes or GRs). To each laboratory period, you wust bring a pen (all
experimental data wmust ke recorded in ink) and your lab manual or
handout for the lab.

9., Homework. In general, homework will not he collected or graded.
Your instructor, however, has the option of collecting and grading your
homework. The problems assigned indicate the knowledge level and
proficiency expected of you. At laast §0% of all guestions on the OR=
and quizsses wili ba homawork probleams.

10. Extra Instruction. Understanding of the material assigned is cof
the wtmost importance. If you have difficulty, you should seek help
immediately from the EI room (Room 2C56) or your instructor. The EI
room is open from 0800 to 1600 every day unless otherwise noted. It
will be closed during period H-5 and lunch.

11. Laboratory Experiments. Lab experiments supplement and reinforce
the concepts covered in the classroom. They give you the opportunity
to see chemistry in action. Here at the Academy, we do experiments in
‘ways unfamiliaxr ¢€o you. Our experimpents are performed at the
microscale. with these experiments, we minimize student exposure to
hazardous and toxic materials and reduce chemical waste. We are also
able to perform more experimental work. While performing experiments,
give BAFETY primary consideration.  THINK BEFORE YOU ACT, ASK IF IN
DOURBRT. ;

LAB REFORT FQRMAT:
A. All labs will include the following on the first page:

Collaboraticon Ptatement: State who you collaborated with on the lab.
I1f no cellaboraticon, state NO COLLABORATION. FAILURE TO HRVE THIS
SECTION WILL RESULT IN A 25% CUT ON THE LAB.

B. For the Emission Labk, Enthalpy Lak, and the Spectrometric
Determination of an Eguilibrium Constant lLab the following format will
be used:

collaboration Stsatsmant: State who you collabarated with on the
lab. If no collaboration, state NO COLLABORATION.

Objective: State the purpose or abjactive of the experiment in
one s&entenca. The objective is chemical in nature; the objective i=s
rnot to learn how to use an instrument.

Theory: Iin at least one full page (the equivalent of 1 full,
typed double spaced page) discuss the theory governing the results of
the experiment. The section generally begins with a short introducticn
detalling why you are doing this experiment, £follcocwed by a discussion
of tha procedures used to obtain the necessary data. To adequataly
write this section, you shcould congsult your handout and/or textbook.



“1_Hurds*

Do ot smply cupy unuthar suurr:a. _c-:iinp'dhq tﬁis theory m yﬁui:.fnﬂ_ﬁ i

Diiuulliun cf Rllultlt hnswar the quaatinns in tha handout--

e Ennululiﬁnl- Hhat can’ rau concluda about the exparlmenf? GiVﬁ an
g numarical rnuults in thn cnnclunian and errur analyeis, ; '

-_ﬂc._ For. tht rtmnining 7% pclnt 1nbu the prtlah exercise will hn fillad_{-
- out -BEFORE caming to. claas, the lab will be f£ill out during class and

the conclusions  will answered. Unless. directad otherwise by ynur":

*instruﬂtnr, all lab rapnrts will be due the Honday fnlluwinq tha lab

'3sﬂay. Only 4 of the 10 {75 peint labks) will be graded. Howevar, all -

. must be. cnmplatﬂd and turned in ‘or you w111 recaive an. IHCGHPLETE PﬂRlﬂL
:THE CUURBEd- : iz ; ! e . : : :

' ,13,.' Latn HbrkL -Hliiaaﬂiﬁnad'ﬁbrk'is.ﬂua_ﬁt tha'haginﬁingquftma'f
"E*.:ind.- Late penaltiss will be assessed according to the schedule
belows i ST N SR I TS T e s

< 1 lesson late . - 5%
< 2 leszong late - 50%
} 2 1essnn= 1atn jy 1nut

H'Einci Chnmistrr 131 dons nat fullow the nornal HfT—Dny achadule, éqdh}ﬁ*

. class mesting (lecture or lab) is one lesscn.

'fISLT.Cnnputﬁr Aidud In:truﬂtion. Yo lhould havn heen lsmund thran S
conputer disks with chemistry computar aided instruction snftwara. SThe

H-__inntructinn prngrum dﬂﬂnriptian- are listed balow.

i e Ihg_ﬂlgmgnii Pnrindic Tahla, Hnmenclatura of tha

"Elenents, Ilntnp-lfhtnnic wWelights, Prnperties af Some-':'
Eiemsnts, Hyitlry Elnmnnt Quiz :

i Ingxggnig_ﬂnngngln;uzﬁf Binnry saltl. vnriable Dxidatiﬂn ; 31
. State Salts, Binary. COMpuunds of Two Honmetals, Acida,
: ﬂauaa, Tﬁrnary Eultu, neview Prnhlema. : i

'-ﬂEglu:iﬁnﬁ{' snluhility, Snluhility Expnrimant Fraazing e
- Points, Molacular Weight Datarminatiun Experimant Héight i
i'Pﬂrcanti, Holnrity, Dilutions _ R D b ; ]

2 atomlc Fermula and Melecular Weishis: chemical Formulas, .
- Atomic Welighta, Molecular Fnrmulasfweightn, Gram Hulacular
: Heights,_aramjuble Prnhlens : : bRt el ;

o : B 3. an : -1-1 Intruduntinn,,
-,_,Parugnt Cumpnaition. Empirical Farnulas, Hg-Hﬂl Exparimant
'-Empiriual Fnrmula Pruhlems i e al : i :

_M}:ffghgn;ﬂnig hruadﬂ ntrln qa-a tunting your knowleﬂge nf
‘”f_ﬁfbhenical reactians s :
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: Chemical Formulas,

Chepical Formpulas and Equations
Chemical Equations, Writing Chemical Equations, Balnncing

Ch-llnal Equations, Review Frnhlena

: PH, Water, strnnq Acids and .

Bases, Measuring pH, Neutralization, Acid-Base Titrations, -
Titration Exparin-nt, Strong ve Weak Acids

: | Prefixes, Temperature, Volume, Weight,
Concentration, Density, Special Symbols and Functions

Additional CAI is iyhiithn on tha VAX-A computer via Falconnet.
The programs and descriptions are as follows:

Ereoaram Rescxiption

Math
Logs
Hanes
Namagame
Mole
‘Limit
Thermo
Atom

. Force

Gas

PH
Acid
EMF
Qual
Redox
Chart
Alchemy

Tutorial on math and sclentific notation
Tutorial and drill on logarithms

Drill on chemical nomenclature :
Arcade-gtyle nomenclature game (Bonus Polntse)
Mole concept and molecular weights

Tutorial and drill on limiting reagent prnhltnl

Tutorial

Tutorial

Tutorial
Tutorial

Tutorial

Tuturial

and drill

and darill

and drill

and drill

and drill
and drill

an

on
omn

' Th¢rIndynun1c concepts and problems

electronic structure
intermolecular forces
gas laws

PH problems

strong and weak acids
electrochemical concepts

Dry run of qualitative lnulytl- before the lab
Tutorial and drill en redox reactions

Tutorial on the periodic table, elements, etc.

A chemical knowledgs adventure qaﬁt-{hnHUI Ioint-]

We- Hill give you 1n£ornnt1un detailing thn ntip! necuuunry tu ACCess
the CAI luftﬂlrl on the vnx—n..

15.

2 lunul Pninta from CLI.
. .pointa are available when playing
. Collaboration is permitted when using CAIL.

"be awarded for these two,

g INDIVIDUAL EFFORT iz required.
- are available for use throughout the year, however, you may
points only during certain dates.

information during the semester.
playing these games.

Al.fﬁu mny'hn#a nnticadlfrﬁn”nhnvn, bonus -
NAMEGAME l'l'ld.' ALCHEMY .

Normally, Full-
since points may
These games
earn bonus
We will give you additional -
Read 1thctinns carefully when .

However,



NAMEGAME is an arcade—atyle quiz where you give the correct

name or chemical formula for elements and compounds. You are

awarded 10 points for each correct answer and penalized 4

peints for each wrong answer. You can play the game as many

times as you desire, only your top score counts. . Bonus
. points will be awarded to the top 30 scorers. NAMEGAME will
" be stopped at the end of Lesson T-21.

ALCHEMY is an arcade-style adventure gaua where you work your
way through the land of Alchemy by overcoming adversaries
. with your knowledge of chemistry. ALCHEMY has ten levels you
can progress through during the semester, earning up to 35
points for each successful completion of a lavel. The number
- of points you earn depends on the number of questions missed.
~You lose 10 points for the first guestion missed ("fatal
‘encounter®) and 5 pointa for subsequent missed gquestions.
After missing a question, you’re removed from the game. and
must reenter. If you miss more than 5 questions but finally
complete the level, you earn 5 bonus points. Levels will be
open for bonus points as we enter the block of material that
is "tested"™ in them. Alchemy will be stopped at the end of

Lesson T-42. . The following is the schedule ror the 10 levels
" of alchemy:

Level Number Opened | Closed
p & 10 Aug 17 Ang
2 10 Aug 24 Mug
3 24 Aug - 7 Sept
4 7 Bept 21 Sept

. 21 Sept. 5 oct
6 5 Oct 1% Oct
T 19 Oct 2 Nov
8 .2 Nov 16 Nov
o e 16 Nov © 30 Nov
10 : Ll 30 Nov 11 Dec

REMINDER: SINCE ALCHEMY AND NAMEGAME ARE PLAYED FOR POINTS, YOU MUST
WORK ALONE. - TR ; !
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GRADING:

4 GRs (300 pts/each) ' 1200
B Course Quizzes (30 pts/each) 240
2 Instructor Pop Quizzes (30 pts/each) 60 -
Lab Reports: 4 8 100 pts/aach R 400

(Emissien, Enthalpy,
Determination of Ke,
Qualitativae Analysis)

4 @ 75 pts/each 300
{4 of the remaining 10
iabz will be graded
-randomly.)

Final : _800

m-tr-_-------t--¢¢-r--nf--rlti.iqttc§m

Points for Prog

2 GRs 600

2 100 pt labs 200

2 75 pt labs 150

3 quizzes _90

Prag foints 1040 (35% of points)
guarantesd Grade Cuts

Above 88% " Out of Final Exam (Including Alchemy and

Namegame) ’ W R

Above 0% A

Below 0% = F



DFC COLLABORATIOR STATEMENT FOR INTRODUCTORY COURSED

PULL COLLABORATION: cCellaboration is defined here to mean persons
working together in joint intellectual effort. Collaberation does not
include copying another’s work. These assignments, prepared sither
insids or outsids of class, may reflect collaboration with fellow
students, faculty, or use of other gources. All such collaboration
mizat be documented. i '

THE DEPARTHENT OF EﬁEHIﬂTRI DOES HOT ACCEPT QOPIED=ﬂﬂﬂK¢
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Chemistry 131 BYLLABUB Fall 1990

Lessan Mo,
Week Date USAFA 131 Topic Reading Homewvork
14,16 ,20, 28,34
1. 9 Aug M-1 HMatter and Measurement P-41.5 35,42,61
1,2,6,08,12.18
10 Aug T-1 Atoms and Molecules £ i-z.6 23,38,40,49,58
2. LAB: Sclentifie Hethod ; Quiz #1 - 16 Aug
13 Aug M-2 Chemical Formulas 3.1-2.5 3,5,12,17,22,30
15 Aug M-3 4 Chemical Formulas 3.6-1.8 31,32,38,43,49,51
17 Aug M-4& Cases 4.1-4.4 5,1%,19, 28, 38,40,
AFACT; Bl-67 44
3. LAR ; Data Analyses
20 Aug T-4 Casex 4£,5-4.6 45,48,56,62,71
AFACT: B9-92
22 Aug T-5 Electronle Structure 5.1-5.3 4%,8,11,14,20,27
24 Aug T-6 Electronic Structure 5.4-5.6 26, 30,36, 38,45
4B, 54
i LAE Emission; Quiz #2 - 30 ﬁug
27 Aug M-7 g Electronle Strusture 5.7 b4 ,56,68,78
AFACT: 133-150
29 Aug M-8 10 Perlodic Table 6.1-6.4 5,6,11,14,16,22,24
31 Aug M-9 11 Pariodic Tablae 6.5-6.6 28, 30,48,42,60,63
5. LAR: HCRE; GR #1 on Vednaaday 5 Sep 90 (Chap 1-8}
5 Sep M-10 12 Thetmochemiztry 7.1-7.2 4,B,10,14,18
& Sep T-10 13 Thermochemistry 7.3-7.4 20, 2%5,30,32, 34,40
7 Sep H-11 14 Thermochemistry 7.5-7.7% 49,50,55,56, 60,08
6. LAB: Enthalpy
10 Sep T-11 15 Spontaneity of Reactlons 20,1-20.4 1,3,6,10,16, 24, 30,
: 34 .
12 Sep T-12 1A Spantanaity of Reactlons 20.5-20.8 36,46,50,52,73
2,12,14,18,20,22,
14 Sep T-13 17 Covalent RBonding 8.1-8.3 26,278, 34,42 48,60




Enerpgy Simnlator, Bring Geometry Kits to Lesture; Quiz #3 - 20 Sep

1. LAR:
17 Sep H-14 1B Molecular Structure 9.1-9.2 2,6,10,14, 24,28
19 Sep M-15 19 "Molecular Structure 9.3-9.5 32,37,40,44, 46
21 Sap M-18 20 Liquids and Scliids 10.1-10.2 £,%,6,8,15,16, 20
¥ LAB: Geometry, Bring Geometry ¥Kits to Lab; Dr. Bartlett 25 Eep 90, 1900
24 Sep T-16 21 LiqulAs and Solids 10,3-10.5% 22,24 ,37,32 34,38,
- : 38
26 Sap T-17 22 Liquids and Solids 10,6-10.7 40,46,48,50,61,70
28 Sep T-18 23 Solutions 11.1-11.2 4,6,.8,11,13, 14,20
9, LAR; Solutions; GR # 2 on Tuesday 2 Oct 90 {Chap 7-10, 20}
300t MA200 24 SelAELons - 11.3-11.4  28,32,35,38,62,46
& Oct T-20 25 | Air Poellution/Acid Rain 19.5 ~ 46,47,83,64
2,4,6,8,13,14,16,
S Qct M-21 26 Anqueous Reactlons 12.1-12.13 18,22
1o, LAB: Acid Rain ; Cuiz # & - 11 Oct 90
10 Qct M-22 27 Aqueous Reactlons 12.4-12.5 26,28 ,36,38 47 48,
12 Oet M-23 28 Gaszsesus Equilibrium 13.1-13.3 ??2,!,5,8.12.1&,15
11. LAB: Deternination of K ; Qulz # 5 - 18 Dot 90
15 Oct T-23 .29 Gaseous Equilibrium 13.4-13.5 18,28,36,38,43, 44,
20.7 5%,55,56,58
i7 Get T-24 30 Aclds and Baaes 14.1-14.2 5.6,12,16, 24, 28,30
38,44,50,55,56,63,
19 Cet T-25° 11 Acids mnd Bases 14.3-14.5 69,78
12. LAB: Acld Base Titration; GR # 3 on Friday 26 Oct S0 (Chaps 11;15. 19,5)
22 Oct H-26 32 Acld Base/PPT Equilibria 15.1-15.2 6,68,14, 20,22, 34
24 Oet H-27 313 Arid Pase/FPT Equilibriz 15.3 'Eﬁ,BB,ﬁﬁ,ﬁz,Sﬁ,ﬁﬂ
26 Oct H-28 34 Chemlstry of Photography Handour




11 Dec

13 LAB: Photography
29 Oct T-28 35, Oualitative Analysls 17.1-17.13 1,2,3,6,12,16
31 Oek T-29 136 Qualitative Analysis 17,4-17.5  22,24,28.36,45.32
2,4,10, 14, 24 28
Z Hov T-30 37 Rate of Reaction ia.1-18.2 36, 40,44
14, iﬂn: Qualitative Analysis; GQuiz # 6 - 8 Nov 90
5 Nev  M-31 238 Rutl& of Reaction 18.3-18.5 46, 48,50
7 Haw H-32 39 RBate of Reaction 18.6-18.7 52,58,62,64
© 33,34,30,48,58,
9 Now M-33 &0 Atmosphere 19.1-19.4 67
15, LAB: Kinetlca; Quiz # 7 - 15 Hev 90
14 Newv N-34 41 Electrochemistry 21.1-21.2  2,4,18,22,24,34
i6 Hev M-35 42 Electrochemistry 21.3-21.4 46,48, 58
16, LAB: None
19 Hov T-35 43 Elecirochenistry 21.5-21.6 &£0,67,68, 69
; , 21.7 20,29,42
£l Now T-36 a4 Electrochesistry AFACT: 20-23°
1?.. LAB: Electrochemistry; CR # & on Priday 30 Nov ﬁﬂ (Chap 17-19,21)
26 Fuv H-37 &5 Organic Chamistry 26.1-26.2 1,3,4,7,14
- 28 Nov M-38 46 Organic Chemistry 26.3-26.4 16,45,46,50
30 Fov M-39 47 Ocgeanlc Chemistry 26.5-26. 5 35,36, 38,40 42
ie. LAB; Organic; Quiz # 8 - 6 Dec 50
3 Dec T-39 48 = Polywmers 27.1-27.2 2,4,6,8,10,12
5 Dae T-40 4% Polymsrs 27.3-27.5% 15,18, 74
7 Dec T-41 50 Applied Chemistry Option |
19. LaB: None
10 Dec M-42 51 Applied Chemistry Optiom
T=42 Clean-up-
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Late Penalty:

Chemistry 131 Labs Fall 1990

LABR

Haone ([Transition Week)

Scientific Method
Data Analyses
Emission

NHone (Labor Day)
Enthalpy

Energy Simulator
Geometry

Solutions

Acid Rain
Determination of K.
Acid Base Titratien
Photography
Qualitative Analysis
Kinetics

Hone {Thnnksgifing}
Electrochenmistry

Organic

o - Optional
N - No
Y - Yes

< 1 lesson late 25%
< 2 lessons late 50%

> 2 lessona lata 100%

TYPE GRADED™

Micro
In-Class
Macro
Macro
DEMO
In-Class
Hicro
Micro
Macro
Macro
Macro
Miero

Micro

]

0 ¥ O 0 = 0 O € = =

13

75
15

100

100

75
75
75
100
75
75
100

75

75

75
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INORGANIC NOMENCLATURE
Chamistry 131

Chemistry is a lot like living in a foreign country. If you
.apeak the language, life is more fun! ILearning inorganic
nomenclature is the first step toward learning the language of
chemlistry. Learning the relationship between chemical formulas and
chemical names is essential for understanding chemical problems.
Inorganic nemenclature is a systematic way of naming the thousands of
inerganic compounds which we encounter.

Your textbook discusses nomenclature of inorganic compounds on
pages 72«78, This handout is inteided to supplement and complement
your book. Another source of nomenclature rules and practice in the
CAI lesson NAMES. Contact your instructor if you want a copy.

BEFORE WE GET STARTED . . .

There are certain elements, cations, and anions that you MUST
‘know before you get started. MEMORIZE these names and formulas; it’s
as simple as that! For any name you should be able to write the
formula and for any formula you should be able to write the name
(including spelling.)

1. The first 36 elements and Au, U, Ag, 5n, Hg, and Fb.
2. Comppounds with common names

HzO — watear

H,0, - hydrogen peroxide

NH; - ammonia

3. Cations

Names Synmbol

Lithium ion, sodium ion, etc. Li*, Na*, K*, Rb*, cs*
Beryllium ion, magnesium ion, etc. Be?l*, Hg5+, ca?*, Sr?*,pa?*t
Hydronium ion H*

Aluminum{III) AL+

Iron{II), Iron(III) Fe?*, Fe?*

Copper(l), Copperi{Il) cu*, cui*

Silver(l) Ag*

Mercury(l), Mercury{II) Hg,?*, Hg?*



& Laad(t:], Laad{Ivj
3 Ammonium @ -

| Cyanide © - SOWTs
. Perchlorate - £l04,°
;Thiucyanate T SCN-.

":_Patassium hydroxide

Hydride C m

Fluoride P~
. Chloride . Ci-
-;'Brumidc .'3Br

Parmanganate MnO,~
Hydroxide =~ “OH™

:ncids

.CDIHDH anatumic hninns

' Name - © svibel | s

; jcnﬂnun Pulyatuuic hniuns {
'zﬂitrnta . NOsT

Y gulfarie. . H.80,
. - Phosphoric . HaPOa,

‘Nitric . "HNO 3
-Hydruchlnric - HC1

 Bases

Lithium hydroxide -
" Sodium hydroxide

Cesium Hydroxide

{-Rubidlun hydrnxide

Thara are fuur main classas of innrganic cumpnunﬂs we w111 1aarn e

;;:hnw tn name.'

- LioH
Haol

CelH -
.'RhﬂH .

Ph2t, Pb4*

Todide . .I- -

- Oxide - o £
- Sulfide. -~ 8%~

Two or mora atoms}

A .]'_.ﬁ'_.

Sulfate  80,%-
Carbonate COz%"
‘Chromate = . .CrD.%-

‘Phosphate PO’

Peroxide - 0;°7
_Chlorate  ClO;~

. Perchlorie HClO,
‘Chloric = HC1O0;

‘Hydrobromic HBr
Hydroiodic  HI

Hagnﬂsiuu hydruxidn
-Calcium hydroxide

'Strontium hydroxide

- 1.¥ COmpnunds mada frum aingle valanna metals.; _
. 2.. Compounds made from multivalent metals.
3. JCompounds cuntaining nnly nnnmatallic elamenta.

N TS hc:di.

Mg (OH) , -
cafom) ;-
SF(OH) 7 -
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COMFOUNDS MADE FROM SINGLE VALENCE METALS

In ganeral, these compounds are made using at least one of the
matals in Groups IA a2nd ITA. These metals donate electrons readily
(chey have & low ionization energy) and always have oxidation nunmbers
corresponding te their group number. For example, K, Na, Cs, ete.,
have oxidation numbers of +1 only. All we have to do is specify the
cation (the icnic metal] followed by the anion. We must also ensure
that the sum of the oxidation numbers is zero {(for we are dealing
with neutral molecules). Hers are some exanpless

NaH godium hydride
Cs,0 cesium oxide

BaP; barium fluoride
HCN hydrogen cyanide
SrsNs strontium nitride

Ca {OH) » calcium hvdroxide

LisPOy 1ith;um phosphate

MgB0, --naﬁnﬂpiuu sl fate
Now, you try a qaupla!

a. Ha zcml

b. magnesium fluoride

In gquestion (a), the cation Is Na* (socdium) and the anion is Cro,*-
(chromate). Thue, the compound is ;nﬂi%g_gh;gmggg. In quesation (b},
magnesium exists in compound form as Mg®~". Fluoride is the P~ anilon.
To make the coppound neutral, we need two F ’s. Therefore, the
formila for magnesivm fluoride is MgF..

If we have an ionic compound that containz hydrogen aleng with
the cation, then we need to specify the number of hydrogen atoms in
the compound. For inatance,

NustiCo 5 sodium hydrogen carbonate
Na HPO sodlum monohydregen phosphate
HaM PO, sodium dihyvdrogen phoaphate

In the akove examples, we use Greek prefix before the word "hydrogen®



to. ﬂpacify tha number nf hydrogans. In case you’ve fordotten, here-
are the prefixes.-: i el e LRI Rk e

mono-—
Coodie

. otri-
‘tetra- -

. penta- .
hexa-
hepta-
octa=.

Y ndnas=-
- deca=.

.{bmittad if np_nfhg; prefixes are used)

Ly ..
DORNANE WA

.. - Notice that for NaHCOs;, the number of hydrogens is not specified.

. This is because carbonate has a -2 chafgaf if sodium (Na*) cnmhiﬁas o
. with :€D122", there iz only *ruam" for one hydrugen.' Thus, the mono-—

R X - inferred in this casaﬁ'

| ":CDHPOUHDS MADE rnnn nuurivannnr HETALS :srncx SEBTEHJ

o Nonionic natnlu :un uaually have nore than dne oxidatlon state.
‘Iron, for instance, can be found as Fe?* and as Fel Most other -
transition metals can alsc assume more than one uxidation stata. Thg

- way we distinguish between compounds which differ in oxidation
. numbersg is by using Roman numerals, which is known as the Stock
. pystem. . The Roman numeral indicates the oxidation number of the

. cation and is enclosed in parentheses: iumadiataly after the metal
-._nama Take a 1ouk nt thnlt lxnnplnh. 1

: "FaBﬂ; ' - iron(II) sulfate e
C o PeE{804)3 ;. . iron(III) sulfate -
‘PbOs; - ] .. leaad(IV) oxide L
C8n(NOj3) 2 .. .  ein{II) nitrate
CUCN . .. 7 copper{l) cyanide
Hg [ GH} 2. . . mercury(LI } hydrnxiﬂe

i3, _ Hnta the sum ol tha oxidatian nunhara{s) -aof tha metal axautly
i..unnccli the sum of the negative chnrgetﬂ} -of the anion. HNote also

- i:thnt you néed not memorize the oxidation number of .the metal because
.you can always back calculate its value by knowing the charge . on the

.-anion: In other wnrda, mnnuriaa tha aninns, both name and charqe._:_
,"f_ th'l trr a cnuplel ' |

Cl.l504

..Z?h} irun{III] :nrhnnnt. =
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In {(a), remember to koy off the anion! Since youfve already
memorized {?) the anions, you know that sulfate has a -2 charge. Teo
make the compound neutral, you know that copper must have a +2
charge. Since copper is multivalent, we will express its oxidation
state wvhen we name the compound: gorpper(Il) sul;a;%. For (b), the
{III) tells us that the iron is in the +3 state (Fe '}. We knnw from
cur memorized list of anions that carbonate has a -2 charge (C0;?°).
To make a neutral iron{III) carbonate formula, we must bulunua the
negative and positive charge. Two Fe’*’s and three CO;’"’'s would
balance the charga at +6 and ~6: Fe;(C0a)a.

As with most teopics in chemistry, there are always some
exceptions. A number of metals exist which are not in Groups I or II
and have one oxidation state. For these compounds you do pnot specify
the oxidation state in parentheais. The exceptions you should know
are Ag(+1), Ni{+2), Zn(+2), and Al (+3). Here’s some examples of
what we’re talking about:

AgMnO , silver permanganate
Ni(cloy); nickel perchlorate
AlH, aluminum hydrcide

Remember, we used no Roman numerals in naming these exceptions. Note
alwo that most transition metals can exhibit a +2 ion due to
ionization of the 28 electrons.

COMPOUNDS CONTAINING ONLY WHONMETALLIC ELEMENTS

Let’s move tcoc the opposite end of the periodic table. Hers we
find the nonmetallic slements which are defined a= having a high
(negative) electron affinity. 1In general, the nonmetallic elements
include those elements to the right and above the dark, solid
stair-step line on the periodic table that form= a diagonal from
boren (B) to astatine (At). Compounds formed solely from these
elements will be covalent in nature, When naming these molecules, we
use Greek prefixes because the oxidation number cor each element is
not alwayas obvious. The compound name begins with the most
electropositive atom (the least electronegative] and then the other
alement is named {(once again with thes "ids" ending as in the anion).
Lat’s look at soma examples:

CBr ; carbon tetrabromide
PF3 phesphorua triflucride
N0 dinitrogen pentoxide
HaP, xenon hexafluoride

Here are a coupla for you to tryl

a. ¥NO







ROMENCLATURE WORLK BHEET

Row, let's see how much you‘ve learned! Use the feclliowing to
practice your nomenclature skililsiii

Hpme The Iollowing:

{NE ;) 2005

PiOs. .

Al 20y _

Ball

w8

NSO, _

Ty

{HH, ) HPO,

P30

Enfiﬁlﬂﬁ} 2

Give formulas for the following:

smponium auifate

M.

H,80,
Enll 4

HakH

Mng

Bef0,

Hivr

FF s,

Pyl

HC1O,

calcine cxide

potasaiun parmanganate

ailver phosphate

coppar{IT) oxide

magresiur iodide

titaniuniIvy chloride

bavium indide

sodiur sulfide

iron{IX} sulfate

salfur trioxide

alumipung sulfide

M

carbonic acid

vanadlon(V) oxide



Ecientific Hathod
Chasisktry 131

QIIECTIVE

To beccme proficient in using the sclentific method. This lab
will lead you through the scientific methoed of problem solving. You
will make ocbservaticns, examine your observations for patterns, make
and verify hyvpotheses, perform experiwents that were designed for
you, and design your own experiments. Finally, you will be able to
determine the reaction pathway for a "clock reaction.™

IFTRORUCTION

Francis Bacon sugyested centuries ago that as a result of
careful observatlion of phenomena there would always emerge a logical
explanation: others belleve that aimless experimentation without a
preconceived objective leadz nowhere. The scientist works in two
directions: he collects data and from his cbservations he proposes
explaining hypotheses through a process of induction, then he seeks
to verify this explanaticn through a process of deduction. It is the
rare scientist who has encugh imagination to create new valid
hypotheses. Most sclentisgts just "get milesge™ out of somecne elsa’s
hypctheses by doing variations of his expariments. It was ferty
years after noted theoreticianm Albert Einstein proposed the
converaion of mass to energy that the invention of the atomic bomb
validatad his hypothesais.

The inductive method propellad gcience to prominence during the
Enliqghtenzent period of the Renalissance. Praviously the ancient
Cresks worked entirely through deductior and the fiction of the four
"elements® (Earth, Alr, Fire, and Water). Later, the pursuit of the
"Materia Prima®” by Alchemists testified to the futility of a purely
deductive process that beginzs with an idea and danies the results of
any experiment which doas not turn out as gredicted. (1)

Modsrn sclence dates from the sixteenth century when systamatic
chgexvation and experiment developed the inductive part of ths
processg. The formation of a hypothapis iz an attenpt to guase why
something happenz, hence it is inductive. Deductive predicticn of
results leade to verification when the hypothesis is tested.

Repeated cbservatlion-predictien=-verification-ravislion of a hypothesis
leads tc an acceptable sxplanation called a th=cry. This approach,
in its simplest form, conaists of eeveral distinct steps:

1. Makingy cheervations. Thae cbrervations may be gualitative (the
eky is blus, BST i fun) or gquantitative ithe preasure is 1
atmosphere; the temperature is 21° C). Many chemical reactions
invelve chandges in ¢olor, evalution of a gas, or formation of a
precipitate. Howaver, not all reactions ococur instantly, some take
pinutes, hours, days, or even yeare. (2)

2. Looking for patterns is the observation. This process often
results in the formation of a natural or scisntific iaw. For
example, studies of countless chemical reactions have shown that the
substances present after a reaction have ths same total mass as that
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of subatances present before the reaction tock place. These
cbservations can be generalized as the law of conservation of mass.
(2) '

3. PFormulating thescriss. A theory consists of a set of assumptions
put forth to explain the cbserved behavior of matter. At first, the
set of assumptions is called an hypothssis., If the tentative
hypothesis survives the tests of many experimentzs, we galn confidence
in its value and call it a theory. At this time, it is important to
distingulsh between an cbservation and a theory. An observation is a
fact that endures time, wvhile a theory is an interpretatiun and may
change when more facts are knnwn (2}

4+ Dexigning -:p-ri--nt- to tast the th-nrin-. Typically, s:ience

iz self-correcting, continuocusly testing its theories. We must
continue to do exparimenta and refine our theories in light of new
observations if we hope to approach 2 more correct understanding of
natural phencmana. (2}

#hen designing an experiment that inveolves geveral variables,
one must change only ane variable at a time, If you were to change
two variables for the same experiment, it would be impossible to
determine which of the changed parameters cnui-ﬂ the change in the

: obasrvatlion.

The pr-:ading disuussinm describes the ideal scientific method.
Howavar, it is important t¢ understand that science does not always
P ress smoothly and efficiently. Scientists are human: They have
preajudices; they misinterprat data; they become amotionally attached
to thelr thecries and become nen-objective.  The sclientiflc method is
only as effective as the humans using it. It_duan not automatically
iead to progress. '

This experiment is designed to give you some practice in the
vays of scientists. The scientist cbserves results of procedures,
- makes hypotheses to explain these results, verifies the hypotheses,
designs experiments to isolate one variable, and finally assembles a
theoxy about the reactlion. The chemical reaction that we are
investigating is called a "clock reaction.™ Chemicals are mixed and
after an interval of several minutes the sudden appearance of a blue
color signals the completion of the procesa--a chemical reaction has
taken place. You will first carry out some simple combinations of
solutions, record the results, and try to explain in chemical terms
why changes cccur. As successive ateps become more complex, look for
consictent patterns and exceptions, verify changes, and finally try
to put together a daanriptian of the prucnsnes which together maka up
the clock reaction.

txperimental Infoxmation
1. Clean the pipets before and after the lab.
2. Xeep the pipets used for tha lodine solution separated from the

rast, Iodine will stain the pipets and we want to minimize the
number of pipsts we stain.

Page 2



Procedure: ' cE 24
Record all observations and your explanations in the space provided.

Be sure to observe all reactions for at least 10 minutes before

assuming nothing has happened. Do not stir the solutions after
initial mixing.

1.  Place about 3 drops of KI (potassium lodide), KCl (potassium
chloride), (NH,)28;0;, (ammonium peroxydisulfate), Na,5,0; (sodium

" thiosulfate), and 1, on separate locations of your reaction surface.
Add 1 drop of starch solution to each of these solutions. Record
your observations below.

gslution Observation
a. ' KI, starch

b.  KCl, starch

c. (NH,) 25204, starch

d. Ha,5;0;, atarch
e. I,, starch '

Starch indicates the presence of what species?

2. Try varinul_annhinntidns of the solutions used in Step 1, taking
them two at a time (use about 3 drops each). Then add 1 drop of
starch to each. Which combinationa give a positive result :
(appearancea or dllngp-uranua of a blue color)? This is a key $tep in
analyzing the reaction.

Bolution Observation
a. KI, KCl, starch

b. KI, (NH,):8:0,, starch

Q. Kl Hazﬂzﬂ:! atarch

d. KI, I;, atarch

e. KCl, (NH,);5:0,, starch

f. ECl, Na;5:0,, starch

g. ‘KCl, I;, starch

ch.  (NH,) 28;04, leﬂzﬂa, ttnrﬂh

-1- {"Hq.] :Szﬂj, I!; B‘I:lrﬂ-h

Je: Hﬂzﬂ;ﬂ;, I:, ntnr:h

Page 1]



3. On separate areas on the reaction surface place:

{(a) 3 drops of KI
(b) 3 drops of KI and 1 drop of Hﬂzﬁzﬂ;
() 3 drups of EKC1

To each of thena, add 1 drop of starch. Then add 3 drops of
(NH,) 28:;04. Record your results below and explain why ycu think a
 positive result was or was not obtained. Wwhat seemed to be the

. effect of Na,8,0,7
felution ; Obssrvation
a. KI, (NH.)8.0:, starch '

b. KI, Na3S5:03, (NH,)28:0,,
satarch

e. KCl, (NH4) 2820y, starch

Try to verify your hypothesis by experimenting with these solutions.
State clearly the experiment you performed and your conclusions.

Briefly summarize what you think are the roles uf KI, KC1,
(NH,) 8304, Na;5,05, and starch. Show your conclus;anu ta your

25

instructor to have the validity of your nhsarvatinns and hypotheses -

' chackad. _
a. K1
b. KCl

c. (NH,) 28,04
"d. Na,8,0; :

e. =starch

 Page 4






27
Clearly state your experimant and record your observations.

Solution - Time of reactiop Observation

a 0 v w

Step 4

Expllin your results.

7. Temperature Effects, Run the full clock reaction (Step 4) at a
different temperature. Record and explain your resultse. What was
"the temperature, .

Tump-rntﬁreﬁ : Time of reaction:

Cenclusion

Now that you have been guided through = systematic analysis of
chemical reactions, from simple binary combinations to complex
processes, you should be able to suggest the actual reactions taking
place in the “clock”™ reaction. 1In addition, you should be able to
discuse how changes in concentration and temperature affect reaction
- rates. These principles are important and will, therefore, be used

. throughout this course. The key point when designing your own

experiment, as you will do in must nf our labs, is to change only ane
variﬂhla at a time. : g

1. Hanson, Allen L., J. Chnu. Ed'.,. 58, 435 {1'931}

2. Zumdahl, Steven 5., Chemistry. 2 ed, Lexlngtan, MA, D.C. Heath
and company. 1989, pp 2-4

3. Mestertonm, William L., C
Orlando, FL, Saunders College Publishing, 1989.
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'Egghriggn tal Report

1. Tell whlch of the fullnwing reactinns are cnnslstent with your
nhsarvatlnns and whlch are nut.

Consistent (Y/N)

.5203?-_ + 52032- . e e 5“42_

I; + 87082 =om—mw———> 50,2

I™ + 82037 —————wman I + S047%°

2. Devisgeée a reaction echeme (combination of reactions above) which
might explain the results in the expériment.

3. How did changes in cuncantratinn and changes in temperature
affect the rate of reaction? i

. Page 7

IV 4 80?7 oo > Iz + 82057%"
Cl- + 83042 ————=a» €1, * 802"
I, + starch ---—-——-> I,-starch (blue color)

28
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DATA ANALYSIS
Chemistry 131

ION

A common tool used to analyze experimental data is a graph.
Producing a quality graph (or glot] is not as easy as you might
think. Most of you have experience plottirg points on a number line.
Unfortunately, the proper methods may not have been reinforced or
thoroughly developed. This Lab outlines the reguirements for '
creating guality graphs from experimental data, and then discusses
aumahhaqurnund and tools for manlpulatlng data to praduae acceptable
graphs.

THE BASIC REOUIREMENTS OF GRAFHING
If you examine a plece of quality graph paper, you immediately
notice it is divided into several differenft sized grids. Usually
each of these grids i=s denoted by differing darkness of the grid
lines. The purpose of these divisiona ims to help you graph points
accurately, and then extract data from your graph. NEVER use square

ruled paper (usually reserved for enginaering drawings) to produce
graphs. Figure 1 shows the differance between these two types of

. paper.
& :
e 9
25 '?
QUALITY GARBAGE

Figure 1 -
1. 'PROPERLY SCALED lxzs :

The first stap to drawing an acceptable graph is to ‘decide how
the axes should be aligned on the graph paper. You should arrange
the graph so that it f£fills the majority of the paper (nothing is
worse in graphing than a postage stamp sized graph on a sea of empty -
‘paper). But which axis shuuld be the "horizontal" axis, and which
the "vertical"?

E:sy'ennuqh; Those in the know have assigned special names to
data they wish to graph.  All you need to do is follow their lead.
Examine yocur data and decide which set is not affected by th=
“experiment. This is the independenct data, or the independent

GRAPHING 1
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variable. Usually, this is a guantity that you contreol or set during
the experiment, such as temperature, pressure, volume, or an
uncontrollable gquantity, like time. The remaining data is what you
chserved as a result of your experiment. This is the dependent
varlable. ALWAYS plot the dependent variable wvsz. the indespendent

variable. Put another way, the dependent variable is plotted osn the
Y=axiz, while the independent variable is plotted on the X-auis.

Now you are ready to draw the axes on your graph paper. First,
each axis sheould be drawn approximately one lnch from the edge of the
graph, never on the very edge itself. This allows you to write the
scales and titles of each axis on the graph as opposed to writing on
the borders. The secend regquirement is that the X-axiz should always
ke placed so that it runs parallel to the basttoea or right side of the
page, mnaver on the top or left side. Filgure 2 shows eaxamples of the
correct and incorrect manner of placing the axis on the graph paper.

Y-aria
Y-axiy

=A%

CORRECT

rgquri 2

In addition, you should scale the axes so that your plot or line
will £ill wmost of the graph paper. If you can increase the magnitude
of your scale (i.e., spread it ocut) and still f£it the axi= on the
page, DO IT. Examine your data and identify the range of values you
need to plot. For example, your valuss for the Iindependent variable
{(X) range from 400 to 8CD units, and yvour graph paper has 25 major
.divisions along the X—-axis you*ve just drawn. The range of data (400
- BO0 + 400} divided by the numher of major divisions (25) is 16.
Thus, you would "f£ill" the graph if every major division equalled 16
units. Great, but most graph paper has 10 minor divislons per major
divieion (see Figure 3). Using 16 units for a major division is
awkward. Instead, use only 20 major divisions to represent your
range of 4C0 units., Now, the major divisions represent 20 units
each, and you’ve filled your graph paper with graph!

Two other tocls for filling the page are: 1) Do not use zern
as the origin if your data doesn‘t go to zere {(as in ocur above

example), or to rotate the page and place the X-axis along the long
-8lde of the paper.

Finally, the minor divisions of your axis sheuld indicate the
same number of significant figures as your data contains. If your
measured value is 1.93, you have to be able to read 1.92 on your
graph.

GRAFHING 2
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2. AXES LABELS

Both axes must be labeled. The label should be a one or two
word description of the guantity represented by the axis, and the
units of the measured quantity. As an example, assume you have
measured pressure as a function of time. The Y-axlis would be labeled
"Pressure (torr)"(the dependent variable) and the X-axis labeled
"Time (seconds) ™ (the independent variable).

When choosing the labels, it is important to remember the
scaling chosen when you drew the axes. Consider the following set of
data:

TIME (seconds) PRESSURE (torr)
0 750
10 870
50 930
100 1330
150 2010

It may be difficult, and it would be inconvenient, to write the
number 2010 on the Y-axis. Instead, change the number to 2.010 x 10°
and label the axis with single whole numbers. This has been done in
Figure 3, Each whole number on the axis actually represents a much
larger number. You have now chosen a different way to represent the
scale on tha graph.

Note that in order to plot the data as 2 number less than ten,
we multiplied it by 10-?. Thus, any number we read from the plot is
actually ¥ x 10-? = ¥*, where Y’ is the value read from the graph.
The new labal would be "Pressure x 10°? (torr)™, indicating that the
actual value of pressure was multiplied by 10 ? before being plotted.

3. PLOTTING POINTE

Now that you have correctly drawn and labeled each axis, you are
ready to plot the data. Always use a sharp pencil or fine point
writing instrument to place the data points on the graph. Around
each point draw a small geometric figure such as a circle, square,
rectangle, triangle, etc. It is best to use a stencil to do this.
These geometric figures will help to correlate multiple sets of data
on the same graph into groups, as well as help you locate the data
pointe. Each set of data now has its own geometric figure, which you
should list in a legend under the title block of the graph.

4. THE CURVE (OR LINE) -

Plotted data is of little use if soma trend or relationship
cannot be established. To see a trend in the data clearly, we draw a
curve (which may be a straight line) through the data. There are two
general ways for drawing this curve: the "eye-ball" method, and the
mathematical fit method. Let’s first discuss the “eye-ball"™ method.

GRAPHING 3
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Eye-ball Method

HEVER play "connect the dots"™ with your data. The object is to
draw a smooth curve which best represents your data. Two types of
tools are available to help you do this: rulers and French Curves.
Examine your data and determine (by "eye-ball®) if a straight line or
a curved line best matches your data.

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

If you believe a curved line is the answer, then a French Curve
will best sult your needs. Choose the curve that allows you to draw
the best fit to your data (it is not uncommon to use two or three
different French Curves to construct a single curved line). Align
the curve you chose to three data points at a time. It is net
necessary that the curve pass through each point, you might need to
select an "average" position with respect to several data points.
Thie requires that even though you are only matching three points,
you must keep in mind the entire zet of data while constructing your

graph.

If your data doesn’t appear to be either a straight line or a
curvae, of if you’re just not sure, then the next method of fitting
your data to a curve should be used. In this method we use a
mathematical model as the tool to fit the data.

Mathematical Fit Method

There are many methods to mathematically manipulate experimental
data. You may have heard of some of these manipulations as least
squares, power curve, linear regression, etc. Any of these are very
useful tools, though some are much more complicated than others. An
excellant source book is Curve Fitting {or Programmable Calculators
by William M. Kelg. It contains in-depth discussions of several
curve fitting toolg, and programs for programmable calculators (or
personal computers) to do the curve fitting analysis. I will 1limit
this discussion to the most common form, linear regression analysis,

Linear regression analysis, or curve fit, is used when and only
when you are reasonably sura your data represents a straight line of
the form y = mx + b. Many calculators have a linear regression
analysis function built in, or pav be programmed to perform the
analysis using three mathematical formulas. These three formula are
used to determine the slope (m), the y-intercept (b), and the
"goodness" of the fit (r?). The equations are 1ieted below 1f you do
nﬂt hnve a calculator to do this for you.

Exg¥y - I Ey; : {(Zy; - mIx;)
1]

B ? - ()’
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The coefficient of fit, r?, is an indication of how well the
data fits a linear graph. Generally, the ¢loser r? is to 1.00, the
better the fit of the data to a straight line. 1In sach of the:
equations n is the number of data points. Recall that X iz the
-summation symbol. For X = 1,2, and 3; Ix, means 1 + 2 + 3, or 6. Be
careful te note the difference between Ix,? and {3¥x%;)}2. The first
means 17 + 2? + 3? = 14, while the second weuld mean ( 1 + 2 + 312 =
36.

j If your data does not represent a straight line, then you should
resort to the other tools available. Thesge include the least squares

. analysis, logarithmic, power, or polynomial curve fitting models in

order to obtain a mathematical relationship for the data. Detailed

informatien on these tools may be found in many textbooks on

- ptatietics, as well as the source book I’ve already mentioned by W.M.
Kolg.

Computer Based Spreadsheets

Computer based spreadshests make the handling and manipulation
of large amounts of data a breeze. The most useful ones incliude a
graphing package that will take any data you input, and produce
acceptable graphs. During the laboratory period you will make
several plots and perform curve fitting with the aid of a
apreadsheet.

5. TITLE BLOCK

The title block contains at least two parts: the graph title
and data points legend (as =zean in Flgure 3}. Make your title a
. Bhort, clear description of the graph’s contents. This makes it
eagsier to reference in a text, as well as provide the viewer a
starting knowledge of the data portrayed. . Always place the title
klock near the top of your qraph {remember, the X-axis is at the
'hottem}*

GHAPHLING 6
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1. Using a spreadsheet graph the following data set. If the plot
appears linear, find the slope and intercept by curve fitting and
report the egquation of the line in the form y = mx + b. Make sure
you obtain a printout of your data, graph, and curve fit.

‘dependent variable independent variable
i a
7 2
13 "y
22 - 7
31 it
34 11
43 14
46 15
52 17
55 1

2. Now plot the following data on a ﬁeparate graph.

dependent. varimble independent variablnz

5
g
13
40

68
85

125

229

Does the plot appear linear?

LA b B O L MG

ot ot

This data can be fit to the general form y= %" + b. In order to
obtain a linear graph you must take the logarithm of the data points
to make the gsneral form log ¥ = n log x + log b. :

Use the spreadsheet to take the logarithm of your data polnts
Now use the curve fitting routine to find the
slope and intercept of log ¥ = n lag ® + log b. Report the aguation
for the data in the form y = ¥" + b. Make sure you obtain your

and replot the data.

printouts.

GRAPHING 7
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3. We’ll now look at some typical data for a lab you will perform
later this senester - the determination of an eguilibrium constant,
K¢.. Thermodynamic information (aH and s8) can be found by measuring
K. at a known temperature and using the eguation

In K = -aH [l]+n_5
R LT R

.R is the gas constant, 8.31 J/mol K and T is temperature in
Kelvin. :

.Make an appropriate graph for the following data and find sH and

;5.
K, T {°C)
131 21
115 ]
182 37

GRAPHING B



ERELAB GRAPHING ASSIGNMENT

For the following sets of data, produce two plots on the same
piece of graph paper plotting volume as the dependent variable and
temperature as the independent variable. Be sure to draw the
appropriate "emooth curve" through each set of data. If the plot .
apgenrs te be linear, perform a linear regression analysis by hand
using the eguations on p.5 and provide the mathematical relationship
for that set of data. '

Data Set #1 Data Set #2
Volume (ml) Temp (K) Volume {ml) Temp (K)
0.2 298 1.0 292
0.6 304 1.2 302
0.9 314 1.5 312
1.3 . 320 1.6 322
1.7 334 1.8 330
2.0 350 2.0 337
2.2 359 2.2 345
2.3 370 2.3 352
2.4 381 2.5 361
2.5 392 2.7 370

GRAPHING 9
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EMISSION BFECTROBCOPY
Chenistry 131 -

Spectroscopy employs radiation to probe the structure of atoms
and molecules. There are many types of spectroscopy. Each type
probes different limitations. However, visible light spectroscopy
is the easiest because we can use our eyes as the detector.

Joseph Fraunhofer, in 1814, was the first to make spectroscopic
observations while studying the sun. Later, scientist turned the
lgnctrnscnpa to study flames. In 1885, Balmer recorded a series of
visible lines which were emitted from atomic hydrogen. This ;
spectrum was different from other spectra which had been cbserved.
The other spectra contained all of the colors (similar to a rainbow)
while the spectrum of atomic hydrogen only contained a few narrow
(sharp) lines of only a few colors. Analysis of other elements
showed that each type of atom had its own unigue spectrum but each
coneisted only of narrow lines.

In analyzing the visible spectrum of atomic hydrogen, J. R.'
Rydberg devised a mathematical equation which summarized the
observed wavelengths. : ,

o o

2z n, 2
final “lnictlial

In equation (1), A is the wavelength of the observed line (in
meters), Me¢is,a1 = 2, R i a constant which is called the Rydberg
constant (1.09677 x 10" m '), and Nnisicia1 = 3,4,5...where each
value of Ninicia1 Predicted a different .

: Other scientists found other series of lines in the IR and UV
regions of the spectrum. Each series corresponded to an electron
"falling®™ from a higher energy level down to n ;,,; = 3 (IR) and
Neinatl = 1 (UV). Thus, one simplistic egquatiol fully described the
complete spectrum for atomic hydrogen. But what did this say about
what the hydrogen atom was doing? :

Niels Bohr hit upon the model for hydrogen which successfully
accounted for the known experimental results. In analyzing the
visible spectrum of atomic hydroge:i. in 1913, Bohr found that an
energy of an electron in a given orbit is : :

i ey (@)
: |
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where B is a constant egual to =2.179 x 10-!'®* 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, eguation 2 is used.

This results in

AE

Etnitial = Bflnal : (3)

1 n 1

AE -
Dinlstal “r{n.jz

1 (4)

rearranging, =substituting in the constant B, and dropping the A,
equation 4 becomes

E=2.179 x 10°18 [Tl_f = n_l_z {5)
Elnal inltim}

To find E in the common unit of kilojoules per mole, ecuation 5
becomas.

E = 2.179 x i0-14f 6.022 x 1023gyotuns & ey [ 1 - 1
- Fhotonpgie j 103s "'“l'i:-.al_2 "in.in,,u2
1 1 . kJ
E = 1312 [ SRR . z] (6)
Trinal Miattial mole

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

g = b (7)

where h is Planck’s constant (h = 6.63 ¥ 10°%* J.zee¢) and ¢ is the’

speed of light (2.998 x 10° _2-). The freguency (v) can be
determined by making use of the relatiocnships between the speed of

light, wavelength and fregquency.

c = Aw ; (8)
and thus,
E = hv _' (9)

Enission 2
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In summary, the emission levels of hydrogen are the result of an
excited electron from a higher energy level "relaxing" to a lower
~energy level. The energy is released in the form of electromagnetic
radiation. The following diagram shows some of the energy levels
and transitions of the hydrogen atom. Lines in the Balmer zeries
(visible l1light) arise frcm transltluns from upper energy 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 Paschen

-series lines (IR) are the result of transitions from higher energy
Slevels {(n>3) to n=3 level.

. Note that this concept worked well for the hydregen atom, but
not for any other atom at allll '

Enargy Transition of Hfdragan Atom

.jk n=o

n=5
- - =4
. ¢ l Paschen
= ? . Series

EHERIY ) kL a

Balmer

Series
YYVY n=2

Lyman Series

¥YYVY nel

{Cround state)
Bpectroscopes

You have already had experience with various spectroscopic |
devices. Your experiences probably include rainbows and prisms.
From these you should know the names we associate with various
regions of the visible spectrum. You should also recoghize that
cartain procedures are required for proper operation. Obviously the

proper viewing method for. a rainbow is different from the viewing
method fnr a prisn.

The spectroscope. requires a minimum of two components: a
‘dispersive medium to break the light apart by wavelength (oxr
frequency) and a measuring device. Our spectroscope uses a
diffracticn qrating which is a piece of clear plastic with thousands
of microscopic scratches. Our measuring device is a glass rod.

Emission 2
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Both of these are mounted on a cardboard box which allows for proper
control and reliable measurements.

EXPERINENTAL
Purposas

.1] Gain an undefstandinq of instruments by operating a
spectroscope.

2) Understand the operating parameters of -a vlsibla 1light
aspaectroscope. ;

1) Observe, record and analyze atomic spectra.

Frooedura

Your spectroscope box is pre-assembled. The remaining tasks
are to attach the diffraction grating and install the glass

measuring rod.
:JEylpi-nu

!::::::I"' —> CGlass Rod

51lit E

Figure 1. 8pectroscops

If instructed, remove and discard the small piece of
transparent plastic taped over the "eyepiece"™ cpening (see Figure 1)
of your spectroscope. When your instructor gives yvou a new piece of
grating, handle it carefully. Touch only the corners. Touching the
middle allows oil from your fingers to cover the tiny groves.

Attach the grating only after performing the following
procedure. Touching only the corners of the grating, hold the
grating over the “eyepiece" opening. Now point the slit opening
toward a fluorescent light and look through the grating into the
"eyepiece” opening. If your grating is positioned correctly you
should see the visible spectrum spread out to the left or right side
of the slit. If you don’t see the spectrum, rotate your grating 1/4
turn (90°) and look again. When you see the spectrum spread-out as
shown in Figure 2, carefully tape the corners of the grating
in-place. If you still don’t see the spectrum after rotating the
diffraction grating, get help from your instructor.

Emission 4
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£ 7 :

/ . ‘\"blue

orange/vellow

Fiqun 2. Pluorescent Light, Marcury Spactrum

Hext obtain a glass rod from your instructor. The gla=s rod
should have a narrow scratch near the middle. If yvou cannot find
the scratch ask your instructor for 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 verify the scratch on the glass rod ia visible near the spectrum
and that you can move the scratch all the way from the red-end to
the blue-end of the spectrum. HNow you're ready to use your
spectroscope.

Adlusting the Blit

Look closely at the spectrum your spectroscope produces from a
fluorescent lamp. In the fluorescent lamp, mercury atoms are
excited by the flow of electricity through the lamp. Excited
mercury atoms emit photons of light of various energies (or
wavelengths) including UV (ultraviolet). A miwture of powdered
chemicals on the inside surface of the lamp absorbs this light and
emits many different wavelengths. The many wavelengths, combined,
preduce white light = the rainbow like spectrum in your
spectroscope. But included in the spectrum are three of tha
urlglnal mercury lines shining slightly brighter than the rest, sesa

Figure 3.

orange/yellaw Ereen blua
580 nm 546 nm 436 nm

Figure 3. Hercury Calibration Bpectrue

You will use the mercury lines to observe the effect of
changing the width of the slit opening of your spectroscope. Start

Emission 5



by removing the two pieces of black electrical tape from the slit
opening. What happened to the three mercury lines?

Hnﬁ, replace the.electriﬂal tape but make the s5lit as narrow as
possible. Describe the appearance of the three mercury lines.

Now adjust the width of the slit for the best combination of

sharpness and brightness of the mercury lines. Measure and record
‘the width here.

Calibration

o The calibration of your spectroscope simply means measuring how
well your spectroscope separates wavelengths. This is done by
measuring the distance between known emission lines. A convenient

source of emission lines is the mercury fluorescent lamp. Look

through the eyepiece of your spectroscope and find the three mercury

Emnission 6
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lines.  Move the glass rod so that the scratch 'is aligned with one
of the emission lines. Now measure the length of the remaining
glass rod on one side of the box. Align the scratch on the next
emission line. Again, measure the length of the glass rod. (Be sure

to measure from the same side of the box). Repeat this procedure

for the final line. Record the data in the following box.

W 1 ek Glass -
. - Wavels
Hg Emission Line. et Rod
(nn) Distance (mm)

blue ; e 436

green : 546
orange/yellow ' 580

The calibration curve is determined by plotting glass rod
distance (x) versus wavelength (y). This curve will be used to
determine the wavelengths of the hydrogen emission lines and others.
‘Figure 4 shows a callbration curve Hith the hydrogen lines
superimposed on the curve.

Emissinn.?



g uorssyuy

vavelength

700

650

600

500

450

400

extrap lin

SR
Hg data

- - -

H data

L]
L]
L]
L]
]
1
green H 1ine |
& & & = & & = = @ = = :
1
blue H line : '
------ ) : [
»  blue Hg 1line y
| = = | l
25 30 35 40 45

Eod Distance (nm)

Figure &

b

9% .



&1

Hydrogen itnn Emission

_ Look ‘at the hydrogen discharge tube with your spectroscope.
Describe what you see. (Be sure to include the number of lines, the
color of each line, the brightness of each line, the thickness of
each 'line, the rod-position measurement of each line, and any other
“properties you notice.) A sketch may be helpful. Prepare a table

in the space below to collect your data. Leave some space to :
write-in the actual wavelength which you will interpolate from the
calibration graph.

“Helium Atom Emission

Repeat. the. same procedure for the helium discharge tube.

Neon Spectrum

Repeat for neon. You may not be able to record all of the
observed spectrum.

Emission 9
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8rcl; Flame Bpectrum

Repeat for SrCl; Flame Spectrum. Yau'may'nnt be able to record
all of the observed spectrun. -

XCl Flame Bpectrum

Repeat for KCl1 Flame Spectrum. You may not be able to record
all of the observed spectrum. ;

CaCl; Flame Bpectrum

Repeat for CaCl, Flame Spectrum. You may not be able to record
all of the observed spectrunm.

NaCl Flame Spectrum

Repeat for NaCl Flame Spectrum. You may not be able to record
all of the observed spectrum. :

Emission 10
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CONCLUBIONSG

1. Does yuur calibration line have a p051t1ve glope or negative
slope? Does it matter? Why?

2. Does the straight calibration line go through all of the data
peints from the mercury spectrum. If not, why?

3. Calculate the energy assuciatnd for each hydrogen emission line.
(use equation 7).

4. Calculate the Njgiria1 value from eguation 1 for each hydrogen
spectrum line. Does the lowest n;, .y, value result from the
longest wavelength or the shortest wavelength? What is the color of
the line associated with the lowest Nj.i::1.1 value?

5. Calculate the percant error of your experimentally determined
hydrogen emission lines versus the theoretical hydrogen emission
lines.

Emission 11
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Complete the following gquestions bafore ceming to the lab.

Many of the answers will be found in this handout. Your instructoer

may reguire you to hawve this prior to beginning the actual
axparimnent.,

1. Wwhat wavelength corresponds to the low energy end of the
visible spectrum?

2. What wavelength corresponds tce the high energy end of the
visible spectrum? ;

3. What is the function of the diffraction grating on the
spactroscope? :

4, What is the purpose of a calibration graph?

5. The UV emission from what element causes the fluorescent
powders in a fluorescent tube to glow?

Emlssion 12



CALORIMETRY
HEAT OF FORMATION OF MAGNESIUM OXIDE
Chanistry 131

INTRODUCTION

In this laboratory, we will introduce one of the most often-used
technigues in thermochemistry - caleorimetry. Although we often think
of calorimetry in terms of finding the numker of calories in a- certaln
amount of food, calnrlmetry is valuable to the chemist in measuring
basic thermodynamic data. Along with learning calorimetry techniques, -
you will use the data you callect, along with heats of formation and

Hess's law, to determine AH:" for MgO.

THEORY

Az a quick review, remember that the enthalpy change, aH, of a
chemical reaction is called the heat of reaction and represents the .
amcunt of heat gained or lost as the reaction proceeds from reactants
to products., Also, the heat of formation, AH¢?, 1s defined as the
amount .of heat absorbed when one mole of a compound is formed from. its
elements in their standard 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
productzs. This principle is known as Hess’s law and is an example of a
state function. Hess'’s law states 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 determining aH;9 far the fnllnwinq
reactian:

Mgisy + 1/2 Oz(5) — Mg0.,, (1)
.ﬁ.H[O = 7 |

. This reaction is extremely exothermic and too hard to perform
calorimetrically. However, we can find the heat of formation for Mgo
by combining a series of reactions which are much safer and suitable
for a calorimetry experiment. Here is one possible scheme (perhaps you
_ @an think of others): ;

Mg(s) + 2H  (aq) — Ma?*(.q) + Hi(y) T (2)
CAHC= T
MgO(ey + 2H® (4q) —?-_.HE (aa) +H:°th _ {3)
AH = 2 '

ENTHALPY 1
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Hz(g) + 1/2 0z(4) —> Hz0(Q) (4)
AH:? = -285.B kJ/mole

Using Hess’ Law, reactions (2), (3), and (4) can be combined to
give reactieon (1). Work this out for yourself in the box below:

Thus, if the AH for reactions (2), (3), and (4) are available, you
can find AH for reaction (1). You‘’ll use a calorimeter to measure the
enthalpy changes for reactions (2) and (3). aH for reaction (4) is
given so you can find AH for reaction (1), the formation of MgO.

Let’s examine calorimetry in a bit more detail. First, almost any
type of container can be used as a calorimeter, but a well insulated
. container is best., Why? Because we must account for all heat that is
absorbed or evelved by the chemical process. Therefore, we want a
container from which heat cannot escape to the surroundings. A
‘chemical process occurring in such a system is adiabatic; 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 thermos bottle will provide a truly
adiabatic environment.)

From here on out we will be talking about adiabatic processes.
The important thing to remember when conducting thermochemistry
. experiments is that you must account for all heat gained or lost during
. a reaction. For example, if an exothermic 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 calorimeter. Since heat is not transferred between the

ENTHALPY 2



calorimeter and the outside, the following must be true:

heat from _ heat absorbed by , heat absorbed by
reaction calorimeter reaction mixture
er

“Qrxn ™ Gea1 + 9114 (Wwhere g — Jresents heat) (5)

Thus the heat lost by the chemical reaction is exactly equal to
all the heat gained. Why is there a negative sign for g, «n?

Now let’s examine each of the terms in the eguation:

Heat from Reaction (g.yn): If the heat {q) comes from the
enthalpy of a chemical reaction, we can replace g by nAH, where n is
the number of moles of product and AH is the enthalpy change per mole
due to the reaction or phase change. The number of molea of product
will be based on the moles of the limiting reagent.

Heat Adbaorbed by the Calorimetar (g.,;): For our calorimeter, the
heat simply changes the temperature of the calorimeter. We can replace
q by C.AT, where C. is the heat capacity and AT is the temperature
change. MNote that the heat capacity is the amount of heat required to
raise the temperature of the substance by one Kelvin. The units of C_
are usuvally J/K. Thus we need the heat capacity of the calorimeter,
C,, which is specific for each calorimeter. You will find C. for your
calorimeter by performing reaction (7) below for which we have provided -
AH;xn-. You will then use equation (6) on the next page to solve for
C,-

Heat Absorbed by Reactlon Mixture (gii14): This term i= equal to
mC,AT. The mass of the solution is m and is equal to the total volume
of the solution times the density of solution. We simplify by using
density equal to 1.00 g/mL since all the solutions are essentially
agqueous. Although for pure water the heat capacity is 4.184 J/(g °C),
when ions or molecules are dissolved in it the heat capacity changes.
For the NaOH and HCl reaction the heat capacity of the solution, C,, is
equal to 4.025 J/(g °C) while for the Mg reactions, C, equals 3,862

J/(g °C).
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Using these expreeeinhe for g, equetien (5) is rewritten as:
© =nAH = C/AT + mC,AT e el RS
where: ' ' :

n = number of moles of limiting reagent.

AH = heat evolved in the reaction. JEY :
C. = calorimeter constant (specific fer yeur eelerlmeter}
AT = temperature change resulting from the reaetien

m = mass of the solution. :

Cp = specific heat of the solutien.

e Note that we used q = mC,AT for the liguid in the calorimeter
because we know its exact. cump551tlun. For the calorimeter itself,

':.hewever, a heat capacity, C., was used because the exact eempositien of

the calurimeter is=s nnt known.

Now let’s ‘apply the thenry nf calnrimetry to your experiment. To |
find AH for a reaction, all the other values in Equation (6) must be
known. The first objective will be to calibrate the calorimeter to
find C.. This calibration is accomplished by prudueinq a known
guantity of heat from reaction (7) below and measuring AT. Since AH,
the heat capacity, and the cquantities of NaoH and HCl are known
. (assuming that all volumes are additive)}, the only unknown in eguaticn
- {8) is €. which you can now calculate.

.Hﬂ;ﬂ'ﬂ(.q} +- H'I:].'[.q}. —p Hﬂ.*t';q) + C]._.'[,q} + Ha20¢ 0y % (7}

once the value of C, is knewn, 1t can he useﬂ fnr reaetiene [21

'“~and (3) to solve for the unknown aH:.

To use equatinn {E} you will nead AT, the'temperature chanqe_fer'
-"the reaction mixture and the calorimeter.  However, you will not be .
able to simply measure the maxlmun temperature because the temperature

... may never actually reach the maximum. This irregular behavior is due
“ to the calorimeter’s inakility to absorb heat as quickly as the

reaction mixture, - You will use a standard graphing technique to 5,
-extrapolate to the masimam teuperature for eaeh of your experlmente._.

: During this experlment you 11 measure and raecord the temperature
at given time 1nterva1e. You will plot this data on a- qraph like that
‘shown in Figure 1. ' Notice the temperature vs. time plot is irreqular

"o until it stabllizes on a aslowly decreasing temperature line. ' Ideally,

‘you want the maximum temperature that would be produced if the rsaction

f:;heppened instantaneocusly at the time of mixing (time = 0), not some

“" f£ime later when the reaction mixture and the calorimetér tend to cool :
- :slightly. The proper method to obtain AT is depicted in Figure 1. The -
. .rate of cooling is used to extrapolate back to what the maximum i
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temperature should have been. This is the intersection of the
extrapolation line with the y-axis (time = 0). The difference between
the extrapolated maximum, T., and the initial temperature, T;, is AT.

EXPERIMENTAL:
This experiment will be done with a PARTNER.

A. Prelab Caloulations:

The solutions of HC1l and NaOH that you’ll use in your reactions
must be prepared from our stock solutions. You will make 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 Naod solution from a 3.10 M stock solution. Prior to
lab, calculate the volume of each stock solution and H,0 that you’ll
mix together to make your solutions.

To make 100 mL of 1.00 M HCl, start with mL
of 6,20 M HC1l and dilute it in a volumetric flask to a
final volume of ml..

You will need .to repeat this twice since you will need a total of 200
mL 1.00 M HCl. s

To make 100 plL of 1.00 M NaOH, start with mL
of 3.10 M KaCH and dilute it in a volumetriec flask te a
final velume of ml.,

1. Prepare atock sclutions: (One partner should do this while
the other partner is weighing the solid chemicals.) Use two clean 100
mL beakers to get stock =solutiona from the side shelf and mix them with
the calculated amounta of water in 250 mL beakers. Record accurately
the exact molarity of HCl and NaOH as labeled on the containers and the
exact volumes of HCl, NaOH, and water used. You’ll need this data to
- calculate exact concentrations of your solutions.

2. Welgh solid chemicals: (The other partner should do this.
while the first partner is preparing the solutions,) The Mettler
balances are delicate instruments. Do not spill any chemicals on the
balance. If you do spill chemicals, clean them up immediately. To
weigh a chemical, place a clean, small piece of paper on the top of the
bkalance. Press the TARE button to EERO the balance. Add the solid
slowly onto the paper until the proper mass has been welghed.
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a. Weigh 0.20 to 0.30 g of Mg turnings to the nearest
milligram on the Mettler balance. Record the exact mass of Mg used.

j b. Separately weigh 0.50 to 0.60 g Mg0 weighed to the nearest
milligram. Again, record the exact mass.

i. Calorimater Calibration (Finding C.):

| WARNING: The preclsion thermemeters and thermos bottles
ara expensive. Treat them with care. If you break a
thermometer, tell the lab instructor immediarely so the
mercury spill can be cleaned up. Also, HCl stains banch
tops; clean up spills immediately!

1. Record your calcorimeter number and insure the calorimeter and
thermometer are clean and have been rinsed with de-ionized water.

2. Using a 50 mL graduated cylinder, measure 50 mL of your 1 M
HCl solution. Pour the HCl into the calorimeter. Insert the
thermometer assembly and record the temperature when it stabilizes
(This should take less than 3 minutes). Measure all temperatures to
the nearest 0.05°C with the aid of a magnifying glass.

3. Now rinse the graduated cylinder successively with tap water,
de-ionized water, and 5 .i of 1 M NaOH solution. Measure 50 mL of your
'1 M NaOH solution in the graduated cylinder and pour into a small,
clean, dry beaker. Record the stabllized temperature of the NaOH
solution. The average between this temperature and the HCl temperature
in the calorimeter previously recorded is to be used as your initial

temperature (T;).-



-4. Noting the time, pour the NaOH into the calorimeter.
Immediately insert the thermometer assembly and gently swirl the
reactants.  Record the temperatures to the nearest 0.05°C at half-
minute intervals until a maxlmum is reached; then record at one minute
intervals until enoudh data is obtained for an extrapolation {5 to 10
minutes}. Gently swirl the reaction mixture between each reading.

Time Tempermkbure EE : Time Temperature
L ] x 330
30 360
60 . 330
¥O i 420
120 450
150 . 410
l18a ; 3la
2140 ; 40
240 . 310
z70 600

300

ENTHALPY 7
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C. Hesat of Reaction of Mg and HCl:

1. clean and dry your calorimeter and add to it 50 mL of your 1 M
HCl solution and 50 nL of de-ionized water. Record the stabilized
temperature (T,). ;

2. Noting the time (t = 0), drop the Mg into the calorimeter.
Immediately put the thermomater assembly in place and swirl gently.
Recerd temperatures at half-minute intervals until a maximum is
reached; then record at one minute intervals for at least five minutes.
Gently swirl the reaction mixture between each reading.

Time Temperature

an

T0

120

150

130

Z1n

240

270

300

330

A60

420

430

ENTHALFPY &
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D. Heat of Rlﬂctiﬁn of HgO and ECl:

1. Using the same calorimeter, repeat the procedure used in Part ¢
using MgQ in place of Mg. (Note: You must swirl the calorimeter
vigorously while reacting Mg0O and HCl since the Mg0 tends to form lumps
at thz bottom of the calorimeter and fails to dissolve. This could
cause considerable error.} Hold the thermometer assembly in the ;
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 for five minutes, Gently swirl the reaction mixture
between each reading. When it appears that temperature changes have
ceased, dquickly look into the calorimeter. If a white solid remains at
the bottom, the calorimeter must be swirled more vigorously until all
of the Mg0 has dissolved. ;

ENTHALDPY 9



Tima Temperature

120

130

180

210

270

300

380

Iso

420

450

ENTHALPY 10
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28

Ttmperaturt;g
i%c)

24

22

Tlme ve. Temperature Extrapoliactian
Te L =
-k -E-—-——uaﬁ—- — -H..,_:__"g——-—_
R T e o (O
Time Tempsrature TIEEL T
2 o 23.5 il
30 2F .5
}d 60 28,98
50 28. 52
= 120 23.88
150 Z8.%84
180 28 80
Ti™ 210 Z8. 768
g 240 28_72
270 28.68
300 28, 64
] ] |
L+ 55 12¢ 188 240
Time {seconds)
FIGURE 1
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A. Calculationa:

1. Record all volumes and weights of chemicals used and show

calculatjons for all values necessary to report the required values.
Ba sure to include: .

a. ‘Dilution of all stock solutions.
b. For each reaction:

Moles of reactants and products.
Limiting "Reactant®™ calculations

Ca calnr'imei:er caonstant.

d. 'aH for reactions 2 and 3 and aH,° of MgoO.
B. @raphs:

: 1. -In this experiment, a good graph 18 critical to finding the

correct temperature changes for each reaction and is an integral part
of yvour calculations. Without it, your calculations are of no value.
Refer to your "Data Analysis® handuut if you’ve forgotten the proper
way to draw a graph. Label T, and T, on the temperature axis and show
your axtrapolation to find AT. You will probably need to draw each
graph on a separate sheet of graph paper. :

. a. After plotting your data points of temperature vs. time,
draw a smooth curve through these points. Your initial point at time =
0 will have the initial temperature (T;) of the solution prior to
mixing {(refer to Figure 1). Draw a straight line from your
wstahilized" data (data recorded over the one minute intervals) bkback to
"the Temperature axis. This is your extrapolation. The extrapolated
temperature, T., is the temperature where this extrapoclaticen line
intersects the y—axis.

- b. Uae T, from the gxtrapalatinn 1ine, and T; to calculate AT,

ENTHALPY 12
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‘A, Why was it néceﬁsary to use . adiabatic conditions?

B. Is the formation of Mg0 exothermic or endethermic?

C. How does your value of AH:° compare with the actual literature
value? Calculate the percent difference between your value and the
actual literature value. This is: '

DL Eferansa {experimentsl value) - (accual valge]

- X 100
‘factual value)

Comment on possible sources of error.

ENTHAT.PY 113



oil
Coal
Natural
NHuclear

600
525
21.7
a7

2“&

5.9
3.16
7.8

DATA FROH ANALYBIS OF RRESENT
AND TUTDRE ENERGY RESQURCIS

by

' Major Steven E. Dunlap
Department of Chemistry
United States Air Force Academy

CURRENT MAJOR ENERGY SOURCES

43%
23%
Gas 22%
6%

©OIL EESOURCER
WORLD

billion barrels of known reserves :

billion barrels of estimated undicovered recoverable
billion barrels per year current consumption

years remain of known reserves at current
consumption '

billion barrels of known reserves

(4% of world’s, had 15% initially)

billion barrels per year current consumption
billion barrels per year current production

years remain of known reserves at current production

UNITED BTATES INPORTS

2.74 billion barrels per year (46.4%)

19%
10%
10%
20%

7%
13%

Canada 12.8 years remain at current production
U.X. 9.7 ysars remain at current production
Mexico 27.8 years remain at current production
Africa 29.8 years remain at current production
Venazula 39.8 years remain at current production

Middle East



987
G-12

283
0.818
346

2+6
6-12
59/
61

--185
18.2
10.2

4.3
26

12-1%

50-60

WORLD

billioen tons of known reserves

65

trillion tons of estimated undiscovered recoverable

ONITED BTATES

billien tons of known reserves (29% of world’s)
billion tons per year current consumptiaon
ysars remain of known reserves at current
consumption :

HATORAL GAS RESOURCES
ToORLD

gquadrillion SCF known reserves
guadrillion SCF astlmatad undiscovered recaverable

“trillion SCF per year current consumption
‘years remain of known rnserves at current

consumption

UMITED BTATES

trillion SCF knnun reserves (5% of Horld's}

trillion ScCF withdrawalzs per year
years remain of known reserves at current consump.

U.B. IMPORTS
trillion SCF per year

: trilllon.scr per year

URANLUM
WORLD

-million tons under currant mining ¢unstraints

millinp tons technically nbtainahle

ﬂlI!lD STATES

'ynarn under current ninlng practicas nnd planned

consumption
years using all tnnhnically nhtainahla uranium



600
160
240
100
100

332.5.

511.5
101.2
513.9
294.0

ESTIMATION OF OIL REQERVED
BEDINENTARY BASINA
geologically known

productive
non proaductive

unexplored because of hostile conditions

will probably never be explnred because aof

-conditions

HIIIIDDIH OF REBERVES ([(BILLIONE OF BARRELBR)

cumulative pruductiun to date

- Proved .reserves

Inferred reserves
Assassed undiscovered reserves
Estimated undiscovered reserves

FL



OIL RESERVES TERMINOLOGY

ESTIMATED
UNDISCOVERED

&7



9-5'1-2
3.1l6
1.5-4.8

Q.36

1.83

100 

EFFECT OF U.B8. CONSERVATION
TRANSPORTATION
billion barrels potentially saveable annuaily
billion barrels per year current consumption
year extension
. RESIDENTIAL UBAGE
ENERGY USED FOR HEATING
trillion SCF natural gas per year
billion barrels aof oil per year
quadrillion BTU of electricity, 14, power plants
«  ENERGY USED FOR AIRCONDITIOMING
gquadrillion BTU of electricity, 18 power plants
' EHERGI3ﬁSEn FOR APPLIANCES
qﬁadrllliun BT uf elactricity, 74 power plants
CONNERCIAL USAGE

trillion SCF pnatural gas per.raar
billion barrals of oil per year

- guadrillion BTU of electricity, 109 power plants

POTENTIAL BAVINGS

Powar plants

A
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EFFECT OF GROWTH ON WORLD OIL RESERVEE

PERCENT RATE
OF INCREASE

0.00
1.42
2.866
7.00

YEARS
REMAINING
) 27
Projected by EIA 23
Current U.5. 21
U.S. prior to 1570 9

EEQUIREMENTS

Total replacement of present major energy sources.

Solve the problem of the hetercgeneity of current energy

forms.

70

1000=

100,000s

apo

1000

NUCLEAR FUEL FROM REFOCESSING OR

DEEEDER REACTORS
CAPABILITIES

percent of uranium ore’s potential energy is
harnessed by present once=-through reactors

percent of ore’s potential energy cobtainable
using reprocessing or breeders

of years fuel possible at current rate of use
and with present mining practices

years if lower grade ur ' .1 is considered
REQUIREMENTS

additional 1000 MW reactors to replace fossil
fuel generation ;

more 1000 MW reactors to pest total U.S.
energy demand

BEST COPY AVAILABLE
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BTATUDS
France has a 1300 MW breeder on-line.

England should have a large commercial breeder go ﬂn-lint
this year.

Soviets have one breeder under construction and another
planned.

Britain has reprocessed from the start.

France has the world’s . largest reprocessing cantar at
LaHague.

U.S. had an experimental breeder in tha 1950s.

U.S. has a 350 MW breedar reactor on order for Clinch
Rivar, Tn. (constructien subject to resclution of national
policy debate)

U.S. presently has:

1nu operable anct—thrnuqh fission reactors
7 in startup

19 construction permits granted

- 0 on order

d-fpatiar)

CAPADILITIES/REQUIRENENTS

Landmass of Maryland and Connecticut to meet current U.S.
electricity demand. -

Landmass of Nevada or Utah required to meet total U.S.
aenerqgy demand.

0.1 MW facility operated by Alabama Powar Company

660,000 MW current U.S. generating capacity

$10-30 cost of cells per watt would increase alectricity
bills 100 pasrcent.

- $.1+.30 cost per watt presdicted in 19908 by DOE

10 year current cell life

20-30 year call life necessary to make competitive

BEST COPY AVAILABLE
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82
10

17

21
20

1200

4400

3000
. 50
50,000

25,000

5,000

5Q
100,000

5,000
58,000
300

Loy

BIOMABS
Iﬂﬁﬂ
Haa eclipsed nucleatr pnﬂer in the United States
percent of present forest requlrEd to meel current
U.5. electricity demand
p:rcent of U.5. landmnss required to meet total U.S.
anergy demard

years redquired to prnperlr establish a wood fuel
plnntatiun ' ;

FIEL CROFE
percent of Brazil's autnmutive fusl made by
fermenting sugar cane
sugar cane doesn’t grow appreclably in the u.5.
corn gives half the yield of sugar cane
percent of U.S. lnndnnsa ruquir:d to meat automotive
fuel requirement
percent of U.5. landmass cuxrently cultivated
percent of landmrass required by some "hopeful™

future plants
percent of U.S5. landmass required using Calvin'u

Euphurhia Lathyris

; - BDXNYVELS
EPAST AND FREOSENT PRODUCTION
OIL FRON lBlLl

hnrrels per day {nax}. Ecutland 1859=-1962
barrels per day (max), Australla 1B62=195%2
commercial plants, United States, 18359
barrels per day, China, currently

barrels per day, Soviets, currently

barrels per day, U.S5., curresntly

OIL FROM COAL

barreals per day, Scotland, 1850

barrels per ﬂay,-ﬂarnany. WWII, 1/ wartime -
raquirement

barrals per day, SASOL I, 196n-pr-l-nt
barrels per day, SASOL II, in startup
barrels per day, Union Carbide, 1956-19%62

HE.E.T COPY AVAILABLE



BO-600

14-102

0.818
2,19

16%

$2-4

BYNFUEL RESQURCES
BHALE

billion barrels of recoverable shale oil in high
grade deposits of Ceolorado, Utah, and Wyoming
years at current U.S. consumption

CORL -

billion tons per year current consumption

percent rate of increase in usage proposed by Ford
billion tons per year in 18 years

meets 3.28 billion barrels of oil import requirement
at that time :

billion tons per year in 29 years

meets 5.9 billion barrels nf 0il total raquir-nant
in 29 years

years remain at this rate of use

REQUIREMENTS

synfuel plants with a capacity of 58,000 barrels per
day by 2000

billion per plant and 5 years to build each plant

Inmediately begin building pioneer commarcial scale
plants in this country.

STATTE llﬂ'PI!DICTIOHB

C will not meet the gﬁvernnent goal of 0.26 billion harfels
per year (4.5%) by 2000 under the current administration.

$88 billion prngramméd, enly %$13 billion ever appropriated.

With an all out effort could reach 2=-3 billion barrels per
year by 2000 and sustain it for 100-150 years.

BEST COPY AVAILABLE
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: HYDROGEN POR PUEL
1979 Roger Billings marketed hydrogen powered Dodge Omnis

24 ~ commercial airline aircraft designs (twice as affi-
clent, 33 percent increase in payload)
1956 USAF flew a B~57 with one engine operating on
hydrogen.
1500 tons of nickel to meet 1985 gap in supply and demand

for mathane
16,000 tona of nickel produced annually by U.S.

To meet U.S. natural gag demand, a mevare strain
would be placed on domestic nickel preduction.

RECOHMENDATIONR
Synfuels should meet import requirements by 2000.

Nuclear fission with reprocessing or breeders must carry
electrical load by 2040 and entire energy demand by 2100.

Convert to hydrogen sconomy hetween 2040 and 2100 as fossils
are depleted, : ;

Renewables, photovoltaics, and - nuclear fussion ‘can

substitute for some of the above requirements but will not
alter the major periocds of transitieon.

BEST COPY AVAILABLE -
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MOLECULAR QGEOMETRY AND
ELECTRONIC STRUCTURE LABORATORY
Chemiatry 1121

BACKOROUND

Chemists have technigques by which molecular structures can be
determined. Among them are X-ray and neutron diffracticn for
solids, and microwave rotation spectroscopy 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 Alr Force Academy, the Department of
Chemistry and the Frank J. Seiler Research Lab have most of the
gpectroscopic instrumentation necessary to do these analyses.

EXPERIMENTAL

Procedurs

Although YGu'll not experimentally determine the 3-D structure
of any molecule in this course, you’ll become familiar with the many
geometric arrangemente and molecular structures found in simple
molecuoles. One of the easiest ways to do thise is to use models.
The kit you purchased at book issue allows you to build a model of
sach of the geometries found in your text book. Use the various
colored balls to represent the different types of atoms in a
molecule. There are balls available with two (red), four {(blue and
black), five (brown), and six holes [gray) to represent the central
atome for all geometries. Try them cut. Discover the beauty of
three~-dimensional geometries.

Attached to this introductioﬁ is a prelab worksheet. Fill in
each of the columns on it before vou come to the lab, Be sure to
name each molecule. Also attached is a checklist for doing Lewis
structures.

Egquipment
Bring:

1} The completed prelab wnrksheet.

2) Your model kit.

3) Your textbook.

to the lab with you.



A CHECKLIST FOR DRAWING LEWIS S8TRUCTURESB
1. Determine the central atom. The following are guides:
a. The least electronegative element is the central atom,
b. ©Often the unique atom (only eone of it) is the central atom.

v, Sewmetimes the formula is written with the central atom in
thea middie.

2. Arrange the other atoms around the central atom creating a
skeleton.

a. Oxygen rarely bonds to itself except iIn:

1) ©; and O: (ozone}.

2) Percxides, e.g., H:0D,.

3) Supercxides, e.g., NaD;.

b. Fluorine never bonds to more than ons atom.
3. connect all bonded atoms in the skeleton with one bond.
4. Count up the totzl number of valence ¢lectronz. Neormally, we
consider only the = and p orbital @lectrons as valence electrons.

Don’t forget the charge on an ionic¢c species.

5. Subtract the number of electrons already used for the single
bonds.

6. Distribute the remaining electrons in pairs arciind the atoms,
trying to satisfy the octet rule. Assign them to the most
glectronegative atoms first.

7. Tf you run out of electrons hefore every deserving atom has an
ovctet of electrons, you need to form doubls bonds.

B, If you have extra electrons and all of the atoms have an octat,
then put the extra electrons on the central atom arranged as pairs.
If the central atem is in period 3, 4, 5, or & you are allowed to
have more than eight electrons around it.

NOTE: This ig cne of many methods useful when drawing Lewis
structures. If you learnad a different method, use whichever is
easiest for you.



MOLECULAR GEOMETRY WORK SEBSION

Using your own paper as a work sheet, draw the Lewis structure
for each of the molecules listed below. Then tabulate yvour results
in the correct categories on the attached Results Sheets. For
melecules that exhibit resonance, draw all the resonance structures.

"NH, XeF , XeF SF.Cl, ClFQ

HF - 8C1, iFs _ WH ™ PF;~

PFs BeCl: BO, - 50, ' CH3Br
5052 PO4Y " HCN AlCl,

Work out these additional, more difficult molecules.

O co _H,80, Ha.0* F.Co

CzHs; . CO3 [os Pl HaN>
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Lewis
Structure

MOLECULAR- GEOMETEY FRE-LAB WORKSHEET
This papge should be cempleted before you come to class on your scheduled laboratery day.

- Hﬁmhrr of --

Bondling

Unshared

eleceron electron

Palirs

Fairs

Hybridization

Bond
Angles

Falarity

CH

Hame:

BF

Hame |

iF

Hame:

FCI

Hame :
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BOLUTIONS LAB
Chemiatry 131

INTRODUCTION

‘A soclution is a homogenaous mixture &f two or more substances By
homogenaous, we mean that the physical and chemical preperties are
uniform throughout the entire bulk of 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 cannaot
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 micruscope, we see small bubble-like globs of fat,
suspended in a clear fluid. These drops vary in size, and their
composition is quite different from the clear liquid in which they are
found, Milk is a mixture, but it is not homogenecus, and is therefore

‘not a solution. It ies in fact, a heterogeneous mixture.
THEQRY
Solution Formation

; A solution consists of two principal parts: the sclvent and the
solute. The =zolvent is that part of the solution which 1s present in
the greater amount. The solute is that part which is present in the
smaller amount.

We will restrict our discussion of solutions to agueous ionic
solution=. In this case water is the solvent and some ionic molid
{such a3 NacCl) is the sclute. When water and a suitable ionic solid
are mixed together, the solid is seen to disszolve (disappear).

The salt ecrystal is composed of a series of =zodium (Na) and
chlorine (Cl) atoms in a repeating 3-dimensional pattern. The atcoms do
not exist as 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 thizs charge by dgaining or leosing electrons. The loss of an -
electron ylelds a positively charged speu;es, while the gain cof an
electron yields a negatively charged species,  Therefore, table salt
exists as a collection of sodium ions (Na') and chloride jions {C17) as
shown in Figure 1. The reason sodium is a positive ion (catiocn} and
chloride 1s a negative ien (anien) iz due to a transfer of an electron
from the sodium atom to the chlerine atom.  Thesa ions are held together
~in ‘the crystal by electrostatic attraction, due to their individual
charges.  The force of attraction is a function of the magnitudes of the
charges and the distance hetween the lons (the farther apart, the weaker
the interaction). This force of attraction which holds ions together in

a crystal is given the name lattice enerqgy.

Solutions Laboratory 1
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Figure 1: NacCl Structure

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

Are these electron conflgurations special (i.e., ie there anything
significant akout them)?

When M=2Cl crystals are piaced in water, the electrestatic
‘attraction between the iong is broken by the water molecules. This
allows the Bat and €17 jons to move apart, and migrate into the ssa of

Spolutions Laboratory 2



water molecules., Since water molecules are polar (i.e., they have
concantrations of "charge" on different parts of the moleciulse}, they
surround the individual sodium and chloride ions in such a way that
they can still move through the sclution, but do not recombine {chis
statement pertains te an unsaturated solution, which we =zhall discuss
in greater depth in a future lesscon.) Figure 2 shows how this might
logk if we could observe ions and molecules. This interaction between
water molecules and icns is known as hydraticon. In this process, we
_see the "breaking" of ionic forces in the crytal, the breaking of
hydrogen bonds in water and the formation of ion-dipole interactions in
the salution. : '

Figure 2: Na+ and Cl- Hydration Sphere

golubility of Ionis Compounds

" The driving force of the soluticn process is the increase in
Hantropy"™ of the system.. The term "entropy® is used to daescribe the
amount of randomness or disorder of a system. As an example, consider
your dorm room as a system; does your room stay clean all the time or
doez it require constant effort to keep it in good shape? The fact
that it deoes not stay clean and neat is due to the fact that the
entropy of the universe wants to increase and your room is part of the

- universe, therefore, your room will always get messy unless you do

something to prevent it. . '

: In the sclution process, we increase the disorder of the icnic
gollid when we put that solid in the solvent. At the same time, the
attractive forces betwean the solute ions and the solvent melecules.
cause the sclution to become more ordered. The amount of discrder
caused by breaking up the structure of the ionic solid is greater than
the amount of ordering of the salution, resulting in a net increase in
entropy. Based on the above statements, all ionic solids should :
dissclve. However, we all know that this is not trus., The rea=zon  all
ionic seolids do not dissolve is seen to be a function of the lattice
energy. of the scolid and the energy required to hydrate that solid.

Solutions Laboratory 3
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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 in
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 liguid.
Hawever, there comes a point where so much additiocnal enerqgy is needed
to overcome the lattice interactions, that the liquid cannot provide
enough energy and the solid will not dissolve.

You will investigate the energy liberated or absorbed during the
solution process with the aid of a "dicde" attached to a multimeter.
Endothermic mixing causes the meter reading to increase, while
excthermic reactions cauze the meter reading to decrease.

Factors Which Influence Lattice and Hydration Energies

The smaller an ion, the more 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 also expect the =mall ion to interact more intensely with othar
ions in a solid as well. Thus, a small ion will increase both the
hydration and lattice energies.

lons with larger charges 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 energies.

Conductivity

Ions can move in sclution implying that charge (determined 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 leads from a
battery, is brought into contact with an ionic solution, we observe the
movement of ions toward the leadas of the battery. We also observe a
current in the external circuit. 1In this experiment, the external
?ira?it current will be used to illuminate a light emitting diode

LED) .

LAB PROCEDURE
A. Conductivity of Sclutions

(1) Construct your conductivity tester as shown in Flgure 3. Prop the
LED 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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Figure 3: candu¢t1v1ty Testar.

{2} . Place the electrodes in cunta¢t with a small amount of crystalized
Nacl, KC1l and AlClj. )

Does the LED light up?

(1) 'Make a large drop of delonized water on your acetate sheet (the
large drnp should cnnsist of about 4 gmall drops).

.{4} Insart the ends of ynur canductivity teater into the deionized
- water.

Does the LED light up?
Now, make a 2 x 5 matrix of larde drops, as shown in

top row ©0 0O 0 OO

(5) Figure 4.

bottom row oaoao0oao

each circle consists of 4 amall drops

Figure 4: Drop arrangement.

(6) To the top row, sequentlnlly add gne crystal (about the size uf a
period an this page) of NacCl, Kcl, AgCl, CaClz and AlClj3. :
- .{?) To the bottom row, add aeveral g;z_;gl; of each chemical.

Solutions lLaboratory 5.
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(B) The first drop in the top and bottom rows contains NaCl in

sclution. Insert the battery laadl into the top drop and take note uf.
the brightness of the LED.

How bright does it seem?

(9) Wipe off the leads with a paper towel, and place them into the
bottom drop of NaCl solution.

Compare the brightness of the LED in each NaCl case; is there a
difference? 1If so, why do you think there iz 3 difference?

(10) Perform steps (8) and (9) for each of the other sets of drops.
Write your results below.

KCl Agcl cacClz AlCl;
Top Drop

Bottom Drop
Comparison

MOTE: Make sure you wipe off the ends of your leads before you put
them in a new sclution.
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B. Endothermic and Exotharmic Mixing

(1) Set up the meter/dicde test apparatus as shown in Figure 5. &
diode is an electronic device that allows current to flow in only one
direction. You will use a special type of dicde called a thermistor.
A thermistor is a semiconductor material which has resistance

proportional to !/;. Thus you observe increased resistance with
. decreased temperature.

G,

op 5

fiquri 53 EBEquipment Arrahgement

{2) Prior to connecting the meter leads to the diode, turn the meter
to the "kilo-ohms™ setting and press the buttcn in the center of the
dial until "kilo-chms" is displayed with only one space to the right of
the decimal point. After you have set the meter, connect the diode to
the meter leads. ¥You should obtain a reading on the meter. If you
obtain an overload reading on the meter simply reconnect the meter
leads to the oppesite leads of the diode.

(3) Fill one of the wells of the 24-well tray half-full of deionized

water. Place the diode into the water and allow the meter reading to
stop flvituating.

(4) Add a small amount of NH4Cl to the well and observe the change in
the meter reading. Remember that endothermic mixing causea the meter

. reading to increase, while exothermic reacticns cause the meter reading
- to decrease.

(5) Remove the diode from the solution, and thoroughly rinse it with
dejonized water.

(6) Perform the same procedure for NaCl, KCl, MgCla, CacCls, and A'Cl3
and record your resultz in chart form on the following page. Classify
each system as either endothermic or exothermic. ;

Solutions Laboratary 7
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CONCLYUBION

1. All the solids you used are ionic. Identify the ions and give
electron configurations for each ion in the five solids.

2a. Did all the solids disaolve?

ih. If any did not, what might explain the fact that it did not
dissolve? :

3. What would you expect to take place if lmr. Nacl and MgCla were
mixed together in a beaker of water?

Solutions Laboratory 9
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4. How does CaClz exist in solution? (Hint: Figure 2).

5. What pericdic p;upertlesfcuncepts explain the formation
of an ionic compound?

6. Which salts produced endothermic mixing and which produced
exothermic mixing? In terms of lattice energy and hydration energy
‘g¥plain why we see energy being released or absorbed in the mixing of
the=e salts with water.

Solutions Laboratory 10
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Erelabaratary'zxarnisa

1. . What’s the differences between a solution and mixture?

2. What is the driving force in the dissclution process?

3. What is the purpose of the light emitting diode in this experiment?

4. Hhat_is the thermistor used for in part “B*?

5. What's the difference between an éndutharmic mixing process and an
exothermic mixing process? ;

- Solutions Laboratory 11



ACID RAIN
Chenistry
131

INTRODUCTION

The increased acidity of lakes and natural waterways in recen®
vears due to acid rain is a major concerm in the United States, Canada
and zaveral European nations. BAcid rain is generated when gazss such as
sulfur dioxide (50,) and nitrogen dioxide (MNO;) are hydrulvzed in water,
The high acld content of ciouds and waterways has dapaged forests and
the ability of lakes te zustain aguatic life,

In this experiment, you will investigate the effects of thess
pollutant gases and naturally sceourring carbon diorxide (C0;) on the acid
content of water., This will be dene qualitatively using Yamads
indicator in water s a probe for changes in hydrogen lon conu. “ratiecn,
You will also quantitatively determine the cifects of each gas *-
titrating water acidified by the gases to determine the acid < ... ¢
producsd. .

THECGRY
pefinitions

2cid: Por this lab, se will define an acid as any substarce that
dissociates in water to give hydrogen ions, H°.

: Acid content ia a measura of the stoichizmetric
numbar of hydrogen ions availsble from an acid. Nitric acid, HNO;, can
provide only one hydrogen ian par molecule of acid, while sulfuric acid,
H:8G,, produces two hydrogen ions per molecule of acid.

Acid contant may be maeagured in several ways. Indicators are chumicals
which respond to the hydrogen ions in solution by changing color,
providing visual sssesszent of hydrogen ion concentration. A much more
accurate measursment can be made by “titratiang™ the solutien. This is
done by measiuring the amount of a bass (of known concentration) regquired
to complately react with the acid. You will use both methods in this
lab,

ACID RAIN Page L
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Generation of Cases

© Carbon dloxide, sulfur dioxide, and nitrogen monoxide, may be formed by

reacting certain aqueocus salts with an acid. Generation of each gas
occurs via a complex chemical mechanism. The purpose of this experiment
is not to investigate these mechanisms but to investigate the effect
#ach of these gases has on water.

Carbon dioxide, CO,, will be generated by reacting a solution of sedium
carbonate, Na.C0,, with nitric acid, HNO,. In solution, sodium
carbonate existe as sodium ions and carbonate ions: '

Na;COa(,) = 2Na*(,4) + €037 (a4 (1)

-In an acidic solution, the carbonate ion will combine with hydrogen ions
-to form the more stable carbonic acid:

+r:~:1_,,2 + H* — H,CO

“(aq) f29) a(aqg) (2)

When a solution of carbonic acid ise made more acidic, it decomposes to
fortm carbon dioxide and water:

Hzmauq}{—! GOy gy + HaOryy _ {3)

To increass the acidity of the Na,CO0,; solution, a strong acid (HNO,) i=s
added, and the gas, CO0,, is released. Sulfur dioxide and nitrogen
monoxide will be produced in a similar fashion. In the natural
environment, these gases are generated by a variety of sources.

- However, the gases are ldentical to those generated in:this experiment.

Conosatration of Gasen

The balanced eguations for the generation of €0;(,, from sodiux
carbonate and 5034 from sodium sulfite show that different numbers of
-“moles of gas are produced than the number of moles of NO(,.; produced
from sodium nitrite. For every mole of Na,CO,;, one mole of CO; is
produced., For every mole of Na,50;3;, one mole of 50; is produced.
However, for every 3 moles of NaNO;, only 2 moles of NO iz produced,

To compare the acid content produced in water from each of these gases,
" you need to insure that equal mcles of gas are produced in your
experiment. You will do this by diluting the aqueous solutions of the
salts based on the balanced chemical aguations.

ACID RAIN Page 2
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Effact of Gases on Water

The gases that you generate will react with water in a drop of Yamada
indicator to produce acids as follows:

C02(g) + HaO1 @2 Ha004aq) %)

{Note: This is the reverse of equation 3.)

Yamada indicator will be violet to blue colored if the solution is
basic, green for neutral sclutions, and yellow to red for acidic
sclutions.

Sulfur dioxide reacts in a similar fashion to form sulfurocus acid:

S0

200 * —H, 50,

{1}<§_- ajaq) (5)

Wwe’ll not consider the effect of nitrogen monoxide on water because it
quickly reacts with oxygen in the air to form nitrogen dioxide.
Hitrogen dioxide then reacts with water forming nitric acid and nitrous
acid:

WOy F Oy — WO,y

{6]

2ND + H — HHD + HNO

2(%) V1) 3laq) 2taq)

Generation of Bulfuric Acid

A current area of scientific study is how sulfuric acid is formed in the
atmosphere. Two hypotheses have been identified. The first statesz that
sulfuric acid forms within water droplet:s when sulfurous acid is
oxidized by nitrous acid:

ZH?SOE{qu + EHHU?{III} _____ :" ZHZEG‘{.q} + Nzn{aq} + Hzo[l} {?,
The second hypothesis is that sulfurous acid is simply oxidized to
sulfuric acid by atmospheric oxygen. The difference in these two

hypotheses is the presence cof nitrous acid. You will design an
experiment to test each hypothesis, and draw your own conclusions.

ACID RAIN Page 3
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EXPERIMENTAL
"B+ CONCENTRATION OF GAGES GENERATED

‘1. Compare the balanced equations for generating CO,, 50, and NO
from their respective aguecns salts.  The balanced equation for CO, has
been provided (eguations 1-3). Youn must write and balance equations for
80, and NO (see parsgraphs C.l1.& and D.1.a below). Based on these
eguations, determine the ratio of noles of aqueous salt to moles of gas
produced from 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:

82005 1aa) /Py N83505(,4)/505¢4) - NaB0,(,4, /MOy,

, 2. Your ratios should indicate that sodium sulfite and sodium
carbonate produce the same amount of gas, while sodium nitrite produces.
comparatively leas. Both the sodium carbonate and sodium sulfite must
- 'be diluted to produce the same amount of gas as sodium nitrite. Based

" onh the ratios from paragraph A.l., calculate the new concentration (in

molarity) of sodium carbonate and: sndium sulfite solutions neaded (the
.stnck solutions are all 1.0 H}'-

Nev Hazﬂ03 New Ha,50,
Concentration Concentratlion

ACID RAIN Page 4
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a. Now use the relaticnship, M;V; = M.V;, to calculate the number
of drops of agueocus salt solution and deionized water that must be mixed
to obtain the required concentrations. Recall that M is molarity of the
golution, set V,=1 drop and selve for V;. V. is the new total volume
(in drops) required to obtain the appropriate concentration. By using
Vz=1 drop, you will obtain the number of drops of water to add te dilute
the solution (the -1 accounts for your initial drop of solution). For
both Na,C03; and Na;50,;, show V;, the number of drops of 1.0 M stock
solution, and the number of drops of deionized water mixed to obtain the
correct cencentration:

Mlution j Dilution
Data Na,CO, Data Na,50,

B. EFFECT OF CO, ON Ilr!k

1. Dilute your stock sclution of sodium carbonate as determined by
the above calculations to obtain the necessary concentration. Do this
by placing several drops of your 1.0 M stack solution on a clean area of
the reaction surface and add the correct number of drops of deionized
water.

2. Place two drops of Yamada indicator in the patfi dish.

3. Rinse an unlabeled micraoburet several times with deionized
water and then use it to transfer your diluted WNa,C0;. Place two drops
"of the diluted Na,CO0; near but not touching the drop of imdicator and
cover the dish. It will be important to have the same drop size in each
section so the same unlabeled microburet must ke used each time.

4. Carefully lift an edge nf the 1id and add one drop of 3 M HNO,
directly on top of the drop of Na,C0;. 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 (ecuations 1=-3). The color change of the
indicator is due to the formation of carbonic acid as the carbon dioxide
dissolves into the drop and reacts with the water.

: ». Carbonic acid is a weak acid. This means that it doesn’t
dissoclate completely to give 100% hydronium (H3;0*) ions and bicarbonate
{HCO, "} ions. Imstead, 1t partially dissociates, and an eguilibrium is
established: :
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+ -
—= H,0 + HCO (8)

H,Ca (1) v (ag) 3 {ag)

3taqy * H20

5. Repeat steps 2-4 using 15-20 drops of freshly drawn deionized
water instead of the indicator. Rinse out an unlabeled microburet with
deionized water. After two minutes, insert your cleaned, unlabeled
.-microburet through the entry port to remove scme of the acidified water.
Place three drops of this solution on the reaction surface and add one
drop of indicator ¢o it.

6. Titrate this solution of aqueous carbonic acid to determine how
much acid was produced by the carbeon dioxide gas. The procedure to
titrate is: '

a. First empty an unlabeled microburet and rinse it several
times with deionized water.

b. Place 10-15 drops of freshly drawn 0.001 M sodium
hydruxide {NaOH) onto the reaction surface and siphon it up with the
clean, unlabeled microburet. Always transfer the acidified water and
NaOH with the sam# microburet to ensure the drop sizes are always the
game. We will assume that one drop has a voluma of 2.0x10°* L.

©. Carefully add the base (NaOH) one drop at a time to the

" acidified water on your reaction surface. <cContinue to carefully add
dropwise until the indicator turns green (indicating the solutien is no
longer acidic). Count the number of dropa added. At this "equivalence
peint®, the number of moles of base added equals the number of meles of
hydrogen ions present in solution.

d. If the indicator turned blue, you have passed the
equivalence point. Assume that !/; of a drop of base would have yielded
the green color, then, total the number of drops of base added.

¢. Record the colors of your acldified water with indicator
before and after the titration. Also record the number of drops NaOH
added.

Color of acidified watar from generation of CO;

Nuwmber of drops 0.001 M NaOH added:

7. Clean and dry the petri dish.
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c. EE?ECT OF BO. ON WATER

1. Use sndlum sulfite (Na;50:)} to perform an experiment shnw1ng
the effect of S0, on water. Follow the same procedure as you used in
showing tha effect of CO; on water (section B). (Remember to change the
concéntration of your stock solution to allow for generation of egusl
moles of 502, COz; and NO.)

CAUTION: ALWAYS NEUTRALIZE THE POIBONOUS BO; BY ADDING 3.0 M
AMMONIUM HYDROXIDE (NH,CH) TO THE PETRI DISH PRIOR TO REMOVING THE LID
AHD AFTER YOU ERVE REMOVED YEDR ACIDIFIED SAMPLE.

a. The reaction of Ha;sn; and acid is s1m11ar to the reactlon
of acid and Na,C0; {(equations 1=-3). Write the chemical equatlons for
the generatian of SO;(,g) from Na,5803(.,4)% :

‘. What acid is formed when SO, dinnanEﬂ in water?
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. this mample using 0.001 M NaOH..

L04

e ' 2. The fnrnatinn of this acid is analnguus to the formation
o! carbonic acid.

Write the chemical reaction that describes the.
- formation of acid when water reacts with 50:.

-d. After diluting ynﬁr stock solution of sodium sulfite,
transfer two drops of the diluted solution with an unlabeled microburet

{don’'t forget to rinse it first with deionized water) to the petri dish.
Add nitric acid to generate S0O; and show its effect on a drop of Yamada
indicator. REMEMBER TO NEUTRALIZE THE SO, BEFORE LIFTING THE LID OFF!

€. Compare the effect of CO; versus S0; on the indicator,

2. Repeat the generation of 50; using freshly drawn deionized
water and your diluted Na;S80;. Use the same amount of deionized water
-ag you used in B.5.b. Collect a sample after two minutes and titrate

The titration procedure is outlined in
paragraphs B.6.a - B, 6.e. REMENBER TO NEUTRALISE THE S0,! Record your
‘results bslow: : ;

Color change:

Number of drops base added:
3. CIéan'anu dry the petri dish.
N - 1 IFIEET ur NO: ON HITIR

La Perfnrm an experiment to show the effect of nitrngan dioxide

'(NO;) on water using 1.0 M NaNO:. YOU MNUST HEUTILLI!I THE Hﬂfﬂﬂ,
"RENAINING IH THE PETRI DISH WITH NH,OHI
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' a. The following two equatluns have hean filled in for vyou.
F111 in the laet equation for the formation of NO in an acidified drop
of water:

* -
HeHO, ez Na ruigy ¥ NO, (aq}

- + ¢ e—
HO, ey F B (aq) o WHO, (g

== NO ., + H0., + HNO,, .y

b. wWrite the equation for the reaction of NO, and water.

. Generate NO to show its effect on water, Describe what
you see:

d. The brown colored gas produced is NO;. HNitrogen monoxide
{(NO) is an unstable gas, and iz lmmediately oxidized to N0, by
atmospheric oxygen in the petri dish. Nitrogen dioxide is a poisonous
gas. IT TOO MUST BE NHEUTRALIZED 8Y ADDING NH,OH TO THE PETRI DISH,
followed by a walt of approximately thirty seconds,

2. After neutralizing any excess NO;, clean and dry the petri
dish. :

3. Titrate a sample of water acidified with NO,. Racnrd-ynur
resylts below. REMEMBER TO NEUTRALIZE THE POISONOUS MO, GAS UBING NH,0H

AFTER REMOVING YOUR ACIDIFIED HﬁTER SAMPLE, BUT FEIGR TO REMOVING THE
PETRI DISH LID! :

4. Clean and dry the petri dish.
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E. FORMATION OF SULFURIC ACID

Deslign an experimant to test.the two hypotheses about the formation
of sulfuric acid in a rain drop. The experiment szhould have at leaszt
three parts:

a. Procedure {(experimental). Outline your procedure to illustrate
what you will do. Drawings may be helpful. '

h. ©Observations (results). <Collect your observations in a way
that is easily related to your procedure,

¢. Conclusions. Evaluate éach hypothesie in light of the
chaervations made during your experiment.

To help you get started, you have been provided with 0.1 M
Ba{ND:;) 2. This will be used as a probe to detect the presence of 50,%"
by giving a white precipitate, indicating the formation of sulfuric acid
as opposad to sulfurous acid.

After completing your experiment and recording all necessary
Cinformation, clean and dry the petri dish and reaction surface.  Rinse
aut the unlabeled microhuret zeveral times with deionized water, and

perforn any other necessary lab clean up.
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RESULTS

1. Calculate the number of moles of aclid produced from the
generation of each gas. Use the data from each titration that you
performed, and recall that at the egquivalence point, the number of moles
of acid present equals the number of moles base added.

a. From CO3:

b. PFrom S50;:

2. From NO;:

2. Make a table listing each gas, the acid content produced, and the
indicator colors at the beginning and end of each titration. What
comparisons can be made cencerning the capability of each gas to affect
the environment?
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CONCLUSIONS

1. What can be concluded about the capability of each gas to
increase the acid content of water?

2. Write balanced equations to explain how each gas forms an acid
with water. :

3, What can be concluded about the acldity of all rain water given
that carbon dioxide is a naturally occurring gas? : :

4. Explain why acid rain is primarily a problem in the Eastexrn
United Btates and Canada as opposed to the Western United States.

L il 5; How do you think we can solve the acid rain problem for the
long term? -
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FRE LAB EXERCISE

l.i Eiat those gases that react with atmnspherié water to cause it to be
acidic. .

2. VWrite the equation for the formation of acid Hhﬂﬂ.ﬂﬂz reacﬁs with
water (hydrolyzes):

3., What is Facid content"?

4. Do HC1l and H;S0, have the same acid chntﬁnt?
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SPECTROHETRIC DETERHINATION
OF AN EQUILIBRIUN CONSTANT
' Chemistry 131

INTRODUCY I ON

Do all chemical reactions go to completion? Do they progress
until all of one reactant is completely used up or do they proceed
to only a limited extent, or for that matter not at all? These are

important questions concerning chemical equilibria which will be
discussed in this laboratory.

A condition of equilibrium exists in a chemical system when two
" opposing reactions occur simultanecusly at the same rate. As a
result, products are being formed from reactants as quickly as
reactants 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 remaining.

Not all reactions go to completion. An example of one that
does go to completion is the dissociation of a strong acid, such as
HCl, in water:

: g 3
HClegy * M0 s <0 Myl gy €17 4y) (1)

The single arrow indicates practically complete product formation
{(H;0* and Cl°); we would expect no significant 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 -‘.q] + Sﬂl_t'q} ﬁ ?Bsc“z‘[-q} (2)

is expressed usinq_tﬁﬁ arrows pointing in opposite directions to
indicate a state of egquilibrium.

Bquation (2) is a net ionic equation where Fe®* and SCN-
represent the reactants and FeSCN’* represents the product. You
cannot simply go to the corner store and pick up some Fe’* or SCN-
ions. In this lab the Fe?* ion comes from an Fe(NO;); (iron (III)
nitrate) solution and the SCHN- ion comes from a KSCN (potassium
thiocyanate) solution. When these species are mixed in an agueous
solution, the following ions form:

s - - -
Foo! caa). ¥0s (aqy, K'(aq), 80d SCR° .,
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The K*(ag) and NO, (aq) ions remain in solution unchanged from
reactante to products. Ions that remain unchanged in the overall
reaction are known as spectator ions and are not shown in the net
ionic eguation.

You can derive the correct equilibrium constant expression, K.,
for egquation (2):
[ products] [FesSCHN?*]

[reactants) 3 [Fe?*]{SCNT]

(3)

K. i= the ratie of equilibrium preduct concentratione (the brackets
denote concentrations in molarity) to equilibrium reactant
concentrations. Each concentration term is raised to a power given
by the number of moles of that substance appearing in the balanced
chemical equation. In equation (3), all molar coefficients are
equal to 1.

OBJECYIVES

There are three things you should accomplish during this
laboratory: .

1. Learn how a standard laboratory instrument, in this
case a spectrometer, is used to collect data on chemical reactions.

2. Determine the equilibrium constant for a chemical
reaction.

3. Determine aH,s8, and «G for a chemical reaction.
BACKGROUND )

In this experiment you will determine the value of the
equilibrium constant (K.) for the reaction:

3 - 2+
Fe "{“” + SCH (aq) .aﬁ FeSCN Caidh

Unfortunately for us, we do not know the equilibrium
concentrations of Fe’*, SCN-, or FeSCN?*, but only the initial
concentrations of the two reactants, Fe’' and SCN-. The equilibrium
concentrations of FeSCN?* is determined colorimetrically using the
spectrometer, Iron(III) thiocyanate ion is a red-uran?n color and
the intensity of color increases with increasing FeSCN
concentration in nulutinn. To determine the egquilibrium
concentrations of Fe’' and SCN-, we use the fact that Fe’' and ScN-
can exist either as uncomplexed {fr--} ions or as complexed FeSCR?*,
The equilibrium concentrations of Fe®' and SCN- are found by the
difference between the initial concentration of ion ndded to the
solution and the concentration of complexed ion (FeSCNZ*),
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L mhig reaction must be conducted in a mnderattly strnng aaid
salutinn to prevant the fnrmat;un of the FeoH?* ion:

Felv + H,0

2 ; '
(ag} . ““"*Fenﬂ* +H+tnq}'

(1} P Cfaq})

._The FEDH2+ 1nn absnrhs light at the same wavelength as FeSEH’*.' To
have FeOH?' pregent would cause considerabls experimental error.
- Acoording to Le Chatelier’s principle, addition of H* shifts this
. equlllhrlum to the left, minimizinq the formation of FaoH?*.,

You will use a Spectrunlc 20 spectrum&ter to measurs the amount
of light absorbed (absorbance) by the FeScN?' solution,  The .
absorbance, B, of the scolution is propertional to the Fescou?*
.concentratlnn {[FESCH2+]} according to the fnlluwlnq aquatlon

A.;tl[Feéﬂﬂzf} : . . S ;ﬁ}

' whére'e and £ are-empifiaaliy determined constants. This
~relationship is known as Beer's Law; « is the mnlar absorptivity, an

 intensive property of the light asbsorbing species, and L is the

effective path length, or distance the light must travel through the
solution in the apectrumater. For aguecus soluticns of FeSCN*, the
- molar absorptivity is « = 4.70 x 103 M lem ! at the wavelength of
maximum absorbance (447 nmj The path length is the internal
Qiameter of the special tube {cuvette) used to hold the solutlon.-
You will use a cuwvette with £ ow 1,17 cm. Thus, " for agueocus

- solutions of FeSCHN?*t the concantratinn of FESCH?* is given hy'

L i A : A _ i .
.[F_e.st;u’*l e W e—— B}
=
ef s 5 50 x 10 H' £

. Althnuqh absnrbanca Can ha read dlrEctly, the scale is 4
noniinear. This makes it difficult to read, and very easy to record
incorrect data. Instead, use the percent transnlttanﬂe, {(£T), scale
,.since it ia linear and easier tn read.

Yau may then determinn thﬂ ahsurhanca'
A g T e

*ng{ﬂbte" Use T in ;quatinn & and nut T T. } A sampla of very high
O eolor intensity absorbs virtually all the light from the '
- gpectrometer, This gives 0% transmittance or infinite absorbance.
. Conversely, as the sampls solution becomes more dilute, more light
< transmittad thrnugh the solution. At zaro concentration the
g _transmlttanca nf 1ight 15 100% {Tﬂl} and the ahanrhance is EEFD,
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Y¥ou now knew how ta calevlats the absorbance (eguation &) and
thus, you use this number to determine the equilibrium concentration
of FeSCN’* (equation S). From equaticn {2), we know that the
equilibrium concentration of Fe®* [[Fea*],q} may be found by:

(Fe®*1eq = [Fe  Vinitin1 = [(FESCN**).q {7}
TEHNEERATURE EFFECTS

The dependence of the equilibrium constant on temperature
indicates whether the rezaction is endothermic or exothermic. If the
egquilibrium censtant decreases as the temperature 1s increased, we
know that formatien of the products compared to the resctants is
less favored at this temperature than at the lower temperature;
thus, according to Le Chatelier’s principle, the reaction is
sxothermic. By a similar process of deduction, we could conclude
that if the equilibrium constant incresasas as the temperature
incraases, the reaction must be endothermic.

Recall from your study of thermochemistry that:
AG=aH=TA8 : (a)
and
aG = =-RT 1n K. {9)

From data you cellect in thie experiment, you can seoive for all
these thermochemical parameters:

1. By measuring transmittance and calculating equilibrium
concentrations, you can find the walue for K, and from this vou <an
solve for aG using squation 9.

2, By studying the reaction at different temperatures and _
calculating the sguilibrium coenstant, it is possible to calculate
the heat of reaction, aH, and the change in entyopy aS.

By substituoting the value of &G from eguatien 9 into eguation 8 you
obtain:

“ET In K_ = AH - TaS {10)

Dividing both sides by -RT you obtain:
3 ]
i
SN 1 O (S D S SRV {11)
In Kt = JxL T J +

B
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This egquation is in the form of ¥y = mx + b in which

yvlni{c; ®x = 1/T; b=22% andm - ~2H
R R

The reciprocal of the temperaturse (1/T) in Kelvin plotted versus the
natural logarithm of the equilibrium constant (1ln K.), should be a
straight line with a slope of -sH/R where R is the gas censtant,
B.314 J/(mole K) and aH is the heat of reaction. What dees the

gslope of this line tell you about the excthermicity or
endothermicity of the reaction?

3. Once aG and aH are calculated, jitfs a simple matter to find
aS from Equation (8). You may also determine aS from the
y-intercept of the graph mentioned in paragraph 2 (y-intercept
equals aS/R).

EXPERIMENTAL

NOTE: Fe(KQ,), IS ACIDIC. BOTH Fe(K(D,), and KSCN
WILL STAIN THE LAE BENCHES. BE CAREFUL WITH THESE
SBOLUTICHS AND WIPE UP YOUR SPILLS IMMEDIATELY.
SPONCES, CLEANSEER AND ELBOW CREASE ARE THE ONLY
METHOD YOU WILL USE TO CLEAW THE LAB BENCHES.

fH. PART 1: TRANSMITTANCE HEASUREMENT

1. Thoroughly clean, rinse and dry eight 250 mL or 100 mL
beakers. HNumber the beakers one through eight with a grease pencil.
Remember, all of your solutions will have the same volume of
40.00 mL.

2. Using a clean beaker, obtain about 100 al of 0.00200 M
ESCH stock solution from the side shelf. In ancther beaker obtain
about 100 mlL of a mixed soclution which is 0.00300 M with respect to
Fa(NO3;): and 2.00 M with respect to HNO;. Record the exact
concentration of the stock sclutions used.

3. Fill your clean and marked beakers with these reagents in

accordance with Table 1. Use a graduated cylinder to measure the
reagents and de-ionized water.

EQUILIBRIUN CONSTANT Page 5



TABLE 1
BEAKER  Fe(NO,),/HNO, KSCN De- :.];:Sized m
1 10.00 =l 4.00 ml. 26,00 ml 40.00 alL
2 10.00 =L 6.00 m. 24.00 mL 40,00 mlL
3 10.00 ml B.00 mL.  22.00 aml 40.00 =L
4 10.00 mL 10.00 mL.  20.00 mlL 40.00 mL
5 10,00 mL- 12,00 =L 18.00 nl 40,00 ml,
6 10,00 mL 14.00 ml.  16.00 wL 40,00 wl
7 10.00 mL 16.00 mL  14.00 aL 40,00 al
8 10.00 aL 18.00 mL.  12.00 =L 40,00 mL

116

4. Mix each solution with a clean, dry stirring rod: rinsé and

dry your stirring rod after each solution. Record the actual
volumes used.

5. Be sure that the wavelength is set to 447 nm on the SPEC
20. Calibrate the Spec 20 using the instructions on the last page
of this handout. WNow you are ready to measure the percent
transmittance of the solutions.

6. Measure the temperature of one of the solutions. Assume
that the temperature is the same for all h-nknrs. Record the
temperature below.

7. Obtain a cuvette from your instructor.

8. BHe sure the cuvette iz clean. Fill the cuvette uﬁ to the
boitom of the frosted circle with solution from beaker 1.

9. Place the cuvette in the SPEC 20 with the frosted circle
aligned with the mark on tha SPEC 20. Close the cover over the
cuvette.

i0. Record the percent transmittance, Use TABLE 2 to record
the percent transmittance.

NOTE: Don’t -allow the cuvette to remain in the SPEC 20 for an

extended period for it will warm the solution and change the
reading.

EQUILIBRIUA CONSTANT Page 6



i Remnve the cuvette farm the SPEE 20. Discard'fha solution
down the sink. : : : '

12. Rinse tﬁe-cuvétte with.a sm&ii;tl;ss than 1 mL) amount of

2'#n1utiﬁn from the next beaker, Discard the rinse sclution. Fill

- the cuvette with fresh sclution from the same beaker and maasure thé-
_.percent transmittance as in Etﬂpﬂ 9 thrﬂugh 11

‘MOTE: Be sure to rinsa out the cuvatta with the solution rou

are going to measure next. This will avoid contamination of the new

‘solution to be measured by the previous sclution. Also, don’t rinse
' the cuvette with water between measuraments; lingering water will
dilute the- ﬂnlutlun to be mﬂasurad resulting in an inﬁurrect

] readlng

numbered 3 through 8. _ _

:.'_rgnt :z  TEMPERATURE nzpeunsucs OF K.
~1.  Set up a cold and a hot uatnr bathq

i 2 F111 thn hlua pneumatlc trough with an iﬁe water snlutinn.
"{hdd approxzmntely one 400 mL haaker of ice.) ; :

3,- Fill another pneumatic trnugh with hot tap water.

i a. Place-heakgrn 1 thrnuqh 4 1n the cold bath fcr_at leﬁst fan
minutes.

e 5.- Placl hcaktrs 5 thrbugh 8 in the hot water bath for at
_least tan mlnutﬁs._. :

13.: Rapaat tha prnceﬂura in stap 12 for the rena:ning baakars :

HnTE. ‘The next ateps mast be carried uut in a TIHEL? FﬁSHIﬂH i s

.:ta prevent 1arge temperature ahanges from occurring.
6. Remove heaker 5 fren the hot’ water hath. At thiﬁ time

meaaure the tempﬂraturﬁ of the Balutiun.: Record this temperature'
below. . .

?;f Fill tha cuvetta anﬂ maasur& ths percunt transmlttanca as

'ffyau ﬂid in Part 1‘- Racnrd the peruant tranﬂnlttanca.

PRt B. Repeat steps & and ? with heakars 6 thrnugh a. Ea surea tD
- rinse the cuvette with the solution hatort mnaﬂuring the parcnnt
2 transmittanﬁn of ‘the ﬁalutian. ;

i 9.' Haw you can measure the percent transmittance of heakers 1:
ﬁthraugh 4, in the cold water bath, fnlluw1ng the prucadura in thia

;-_“part staps E thrnuqh B.;'
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TABLE 2

INITIAL |
[SCN~] [Fe?*]

TEMPE

1
j[Fe3*]

ROOM TEMPERATURE:

BEA
KER &T A

—r e

5 |

—

TEMPERATURE- °C
*c
T

TEHFERATURE~
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LnnnnnTnnr REPORY REQUIREMENTS
The lab repnrt must include the fnllnwlnq.

1. Statement of objective
2. Theory (1-2 pages)

3. Results -~ Since there are many calculations that must be
uade on this lab, the use of a spreadsheet program is recommended.
Using the data cnllected from Part 1 and Part 2 calculate the
fullow1nq and ineclude it in Table 2.

a. Absorbance from the transmittﬁnce data (show a sample
calculation below):
.~ b. Initial concentratiaons af Fe’*, and SCN- {shaow a
ﬂample calculation below) : 5

¢. Eguilibrium concentrations of Fel*, BCN-, and FeSCN?2*
(show ‘a sample calculation):

: d. Eguilibrium constant at all three temperatures for
equation (2) (show a sample calculation):

e. . The average K. at each temperature.
K. at room temperature:
K. at cold temperature:
K. at hot temperature:

£. 4G using equation (9):

g. sH using a graph of 1/T versue 1ln K. and using
equation 11. : ;

h. a5 from the y-inteicept of the same graph and from
equation (11):

Place this data into Table 2. If you use a computer based
‘spreadsheet, you may substitute a printout of your data for this
.table. Be sure to indicate that a spreadsheet is attached
containing your data.

EQUILIBRIUM CONSTANT Page 9
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TABLE ?

TEMPERATURE=

INITIAL

2

I
1
1 K

[

[SCHN-] [FeSCN2*]

EQUILIBRIUM

e

ROOHM TEMPERATURE:

1

KER &T & ![Fe®*]

[SCH™] ([Fe®*)
I
|

EEA

e

- -

31

]

-

7

.

TEHPERATURE=

COLD TEMPFERATURE:

HOT TEMPERATURE:

°C

TEHPERATURE=

s -
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4. CONCLUSION: Compare your sH, a6 and s5 with the following data
from the CRC handbook (8 29B Kj. ,

nH,[E] aG,[_‘E{, asf[ 2

mal - mol aol K
SCN™{aq) 76,44 32.68 . . 144
Fe'*(ag) -48.53 - 4. 8D -.316
FeSCH’*(aq} 23,43 71.13 -.130
ﬁ:Ht‘ll'l - 'ﬂ'Gl":n a srxn
 Experimental
CRC
_* Error

Note: These theorastical values will probably not match your
experimental values very closely.
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INSTRUCTIONS FOR THE OPERATION OF THE SPEC 20
1. Be sure that the instrument is plugged in and turned on.

2. If the SPEC 20 is not on, turn it on by rufatinq the power knob
on the left front face of thé Spec 20, clockwise. It will then take
10 minutes to warm up. :

3. Set the correct wavelength using the wavelength adjustment knob
{on the upper face, right hand side of the instrument). The dial is
calibrated in nanometers. Remember to interpolate between two scale
markings to set the right wavelength. Ask your instructor if your
not sure how to set it correctly.

4. Make sure that the sample compartment is empty and the cover
closed. Adjust the power knob, still keeping the power on, so that
the meter reads 0% transmittance.

NOTE: To avold parallax error in your reading of the needle,
move your head so that the needle and its reflection in the mirror,
are suparimposed.

5. Now fill the cuvette to the bottom of the frosted circle with
de-ionized water. Wipe the outside of the cuvette with a tizsue 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 front of the sample compartment. Close the 1id over
the sample compartnment.

6. Use the knob on the right front hand face of the Spec 20 to
adjust the needle so that it reads 100% transmittance.

7. Repeat the above steps 4-6, until the Spec 20 is calibrated.

B. HMake sure that the outside of the cuvette is clean and dry. The
cuvette itself should be rinsed with a portion of tha sample you
wish to measure the percent transmittance of.

9. Fill the rinsed cuvette to the bottom of the frosted circle with
the sample you wish to measure the percent transmittance of. Dry
the exterior of the cuvette.

10. Place the cuvetts in the sample compartment ae befcore with the
line on the cuvette aligned with the line on the front of the sample
compartment.

11. Close the lid on the sample compartment and read the percent
transmittance.

EQUILIBRIUM CONSTANT Page 12
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ACID BASE TITRATION
Chamiatry 131

INTRODUCTYON

Analysis of an unknown acid concentratien is often determined
by "titrating® the unknown acid with a known amount of bage. In
this experiment you will perform a titration of a strong acid (HC1l)
with a strong base {(NaOH) and you will also perform a titration of a
weak acld (acetic acld) with a strong base (NaOH).

QBJECTIVE

1. Understand the concept of the titration of weak and strong acids
with a strong base.

2. Introduce the laboratory technique cf titration.
HEDR

Refer to textbook for the complete theory of acid base
titrations (Section 15.2; Chemistyy, Masterton and Hurley). The
following is a brief review of the theory.

The net ionic equation for the reaction between a strong acid
and a strong base is as follows:

H*({aq) + OH (ayg) —=H,0 (1)

.The equilibrium constant for this reaction ia approximately 10'*, so
‘that for all practical purposes this reaction goes to completion.

A typical strong acid/strong base titration curve is 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 the moles of base (titrant) added is
equivalent to the number of moles of acid in your unknown solution.
-Notice that the pH is 7 at the equivalence point for a strnng
acid/etrong base titration.

Acid Base Titration Pagas 1
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Titratien of 50,00 mL I\i'
of 1,000 M HEL with

1.000 K NaOH.

L1 25 50 - 100
mL NaON sdded

.Sipne we will not know the pH of the solution in our strong
“acid/strong base titration, how can we determine the equivalence
point? The answer ise gquite simple. We will use an indicator. -

_ An indicator is just a very weak acid that changes color at
different pH ranges. The indicator that we will use for the strong
-acid/strong base titration is phenolphthalein. Phenolphthalein

changes  from clear to red around pH 9. You may ask why are we uslng'

an indicator that changes color at pH 9 when the equlvalence point

- ‘pccurs at pH 7.  Notice that the titration curve is very steep both
- before and after the equivalence point. In fact, the line is almost
vertical between pH 4 and pH 10. Because the line is vertical

' between pH 4 and pH 10, there is very little change in the volume uf:

‘NaOH added in this range. Thus, any indicator that changes color in
_the vertical portion of the strnng ac1dfstrnnq base titratiun curve
. is acceptable.

‘Acid Pase Titration Page 2.



A weak acld/streng base titration is quite different than a
strong acid/strong base titration curve. Let’s consider the
titration of acetic acid with NaoOH. : :

CH3C0H(ag) + OH™ {aq) = QHaCO, (ag) + H,0 (2)

The equilibrium constant for this reaction is approximately 10°, so
it tuo goes to cnmpletion. Lat’s consider how pH changes durlng the
titration as shown in the following titration curve.

Titratlen of 50.00 mL \\

of the weak acid Hﬂzﬂﬂﬂz

[1.000 M) with 1.9000 M NaOH.
14—

12

ln_E.q.l.Li_ll
Poln
Anziic

[.]

pH

L 41 30 735 igo

Wl NaOH added

\

Notice that the pH startsz at about 2.4 and rises rapidly.
‘About halfway to the equivalence point the pH changes very slowly.
In this region you have a buffer system--acetic acid and the acetate
iocns produced by that addition of OH- (as shown in equation 2). At
the equlvalence point the pH i=s qreatar than 7 becaute in this
_region there is no acetic acid left in solution, but only acetate

125

ion, which is a weak bage. Notice also that the curve is not neariy

as. vertical around the equivalence point as it was with a strong
. acid/strong base titration. Therefore, we must carefully choose an
indicator which changes color very close to the equivalence. point.

Acid Base Titratiun'Page 3



126

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 CO; is absorbed by the NaOH solution, this would result in
formation of carbonic acid which would neutralize some of the NaCOH.
To determine the exact concentration of the NaOH solution,
therefore, we must "standardize" 1t against a known concentration of
acid. The acid that we will use to standardize the NaOH is
potassium hydrogen phthalate (KHP). It reacts with the NaOH
according to the following reaction.

0 0
i i
C-0K C-0-K
(3
<I? + HaOH(aq)—> .ir, + B0 }
C-0OH C-0-Ha

The procedure for standardizing the NaOH is toc measure out a certain
amount of KHP, dissolve it in water and titrate with NaOH to the
equivalence point. Using the following relationship,

Molarityp,.. * Volumey,,, = moles of KHP (4)
you can determine the exact molarity of the NaOH solution.

(Note: Your instructor will dirsct you on the proper titration
technique prior to perferming the lab. If you hava any questions
plaase askl)

1. This lab will ke conducted in pairs and written up independently.
All collaboration must be documented.

2. Weigh 2 samples of approximately 0.4 grams of solid potassium
hydrogen phthalate (KHP) and dissolve each in 50 mL of deionized water
"in a 200 or 250 mL Erlenmeyer flask. Add 5-6 drops of a 0.1 %
phenophthalein indicator solution to each flask and then titrate the
solution to a faint pink endpoint. Use these data to standardize the
NaOH solution.

- 3. Once the NaOH solution is standardized, determine the molarity
of an unknown hydrochloric acid solution by titrating approximately
10 mL of the unknown acid with the standardized NaOH soclution.
Perform two replicates using a phenolphthalein endpoint.

- 4. Determine the mnlaritj of an unknown acetic acid solution by
titrating approximately 10 mL of the unknown with NaOH to a

Acid Base Titration Page &
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phenolphthalein endpoint. Perform two replicates with the
phenclphthalein indicator.

5. Next titrate the same unknown acetic acid solution using methyl
orange as an indicator. Perform the titration only cnce.

6. Your instructor will direct the entire class to perform a pRE
titration of the unknown acetic acid solution using NaoH and no
indicator. The data from 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, record volume added,
measure and recerd the pH.

G. Repeat step "b" until within about 2.0 mL of the eguivalence

peint 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, =o take pH readings after every 0.10 mL titrant is added.

e@. After the equivalence point, continue taking readings (at 1-2 nL
increments) until at least 5 nL beyond the equivalence point.

Acid Baee Titration Page &
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1. What js the average molarity of the NaOH solution?

2. What is the average molarity of the unknown HCl solution?

3. What is the average molarity of the unknown acetic acid solution
uzing phenclphthalein as an indicator? -

Acid Base Titration Fage 7
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4. fﬂhat.is the molarity of the unknown acetic acid soluticn using
the methyl orange indlcator? 1Is it different than the titration
using the phenolphthalein endpoint? If so, why?

S.  Plot the pH titration data qf.the unknown acetic acid with NaOH
using Quattro. (Attach the graph to this lab also!)

a. What is the egquivalence point in mL NaOH? (Mark it on the graph
also.) '

b. What is the pH half way to the equivalence point?

c. What is the pH of the solution at the equivalence point?

d. What is the effective pH range of phenolphthalein as an
indicator? (Highlight this range on the graph.}

é. What is the affective pH range of methyl orange as an indicator?
(Highlight this range on the graph also.} - :

Acid Base Titration Page 8
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PRELAD EXERCIOE

1. Draw a typical weak acid strong base titration curve. Label the
axes and quivalence point.

2. Define equivalence point.

3a. What is the pH of a 1.00L 0.1 M acetic acid solution?

b. What is the pH of the above solution after the addition of 500
nl of 0.1 M NaOH eolution?

"'@¢. What is the pH of the above solution after it has been titrated
with 0.1 M NaOH to its equivalence point?

d. What is the pH of the above solution after addition of 1.01 L
of .1 M MaOH? :

Acid Base Titration Page 9
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Cheaistry 131

Introduction

The following appeared in the Gazette de France on 6 January
1839: "An important discovery by our famous painter of the Diorama,
M. Daguerre. The discovery partakes of the prodigious. It upsets
all sclentific theories of light and optics, and will revolutionize
the art of dArawing.” The author was describing a paper presented by
Daguerre at the National Academy of Science on how light was used to
"make" pictures. This was the start of photography.

Photography is a true blend of art and science. 1In its
beginning a photographer was more scientist 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 science and technology provide us with very
sophisticated cameras and film capable of recording images and
detail as never before. But high technology is only a beginning for
good photographs. Juxtaposition of subject elements, perspective,
light and shadows—--these are the things the photographer must apply
artistic talent in order to create superior photographs. Today we
will not be ceoncerned about photo guality. Instead we will concern
ourselves primarily about the chemistry of photography.

Objective
1. To understand the chemical principles involved in photographic
paper developunent.

2. Reinforce the principles of acid base reactions, precipitation
reactions, oxidation reduction reactions and sguilibrium.

Theory'

The basic principle of photography is that light is focused on
photographic paper containing sllver halides. This light forms an
invisible image called a "latent image®. The latent image process
is just a very simple oxidation reduction reaction. First the
halide (Cl-, Br- or I ) absorbz a photon of light (hv) and releases
an electron in an oxidation reaction (1). The electron released
from the halide reduces the silver ions to form metallic silver (2}).
This metallic silver is the basis of the latent image.

1. Bunting, Roger; The Chemistry of Photography; 1987; (Portions of
the theory copied with permission of Professor Bunting.)

Photography 1
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light {hv) + Br- -———- > Br + e* (1)

Agt + @ ——=== > Ag(=) (2}

_ This latent image is magnified during the development process
via a number of chemical reactions and the result is a negative
photograph. The magnified image on the photo paper appears opposite
that of the real object. That iz the light parts of the object
appedar dark and the dark parts of the object appear light. The
reason for this is that the reduced silver on the photo paper is
formed in very small, evenly diapersed particles. When light hits
the reduced silver, the small particles diffract the light and make
it appear dark. The unexposed portion of the photo paper
correcponds 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 chenmistry of the negative development
process is described below.

Photographic Papar

The sssence of photographic paper is a layer of silver halide
{AgCl, AgBr, &and AgTI) on a clear plastic support. The s=ilver
halide, principally bromide, is a fine powder and must be somahow
fixed to the surface of the plastic base. The material used to bind
the ailver halide to this support must be transparent to allow light
to reach the silver halide grains; it must be fairly rigid to
prevent particle movement which would blur the image; yet it must
not be brittle so as to crack when the film is flexed. Finally, and
of utmost importance, it must allow water and solutions to penetrate

it o that the reacting chemicals may reach the silver halide in the
processing steps. - .

The material which mectz all of these regquirements is the same
as that used in fruit flavored "jello" desserts—--gelatin. Gelatin
is a very complex and indefinite molecular structure. It is a
protein material and is made up of amino acids. These molecules are
typically made up of long chains of 300 to 500 atoms (where n =
100-3200) az shown in the following figure.

0 R H 0
2 I 1 i
E C CcH N C
A TroH
\H— cu‘, H/ \c o CH {3)
F AR W \ | I I
H R H a R
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The symbol R i shown to represent some group of carbon atoms
of unspecified length or structure. In proteins these R groups may
contain occcasional 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
'thnse effects, : ' : :

Row let's consider the preparation of the silver halide, which
must he suspended in the gelatin.  One way to form it would be to
react silver with hromlne to form silver bromide acceording te the
fnllnwing.

2Ag(s) + Bri(t) ---——- >'23gnr{s} ; (4)

If we drop a chunk of silver into bromine liquid we will only
form AgBr on the "outside" of the chunk. For the purpose of Eilm,
"this is not an accepitable 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 KBr solution with it. The reactian
is as follows

_Agﬂoaiaqj + KBr(aq) ~----> AgBr(s) + KNO;(ag) (5)

Commercilally the procedure for making film iz to take AgNO; and
mix it with varioua halide salts (KBr, KI, KC1) in a liquid gelatin
at a temperature of 50=-80° C for 1-2 hours. (The KI and KCl1 is used
to vary film sensitivity and grain size.)} The solution is guick
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

In a typical 25 mm camera, the image if focused through a lens
ae ghown in the following diagram.

Source
Object

Photography. 3



Camera lens npormally contain a diaphragm—--a device to provide a

circular hole of variabhle diameter., The diaphragm iz known as tho
‘aperture and its principle function iz to control the intensity of
light which passes through the lens to the film. Adjusting the
"f-stop" or "f-number"™ on a camera lens is just making a variaticn
in the aperture diameter. The f-numbher is aqual to

f-number = focal length/aperture diameter (6)

As you can see, for a camera with a fixed focal length, the
-spalier the {-number the larger the aperture diameter. The other
adjustable settings on a camera is the shutter speed. The faster
the shutter speed, the less light reaches the film and the slower
the shutter speed, the more 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 light to enter
in and expose the film.

Phntugraphin N,
el O
T Bource
| PFin hele Object
T : {baing :
Camesa: Bax photographed)

Ta vary the amount of light that reaches the photographic paper
there are only two controls:

1. §Size of the hole.

2. Length of time film is expusea.

The apecifics of hole size and film exposure time is dizcussaed
in procedure section. '

Daveloping the Image

In order to produce a visible image on an exposed film,
additional silver must be deposited in the vicinity of each of the

-amall silver specks that make up the latent image. This iz brought
~about by the development process.

Photographic developers contain chemicals that are reducing
agentse. These reducing agents readily give up electrone to reduce
the silver ions in th& silver halide to metallic silver.

Photography 4

135




What szort of materials can serve as developing agents? A _
logical guess would be some other metal more active than silver. A
metal that is "more active" is one that can give up its electrons
more readily than silver (i.e., has a higher oxidation potential].
‘Marcury is an example. It . i= slightly more active than silver, and
80 can react with a silver halide as the following egquation shows:

Hg(l) + AQBr(s) —=———- > HgBr(s) + Ag(s) (7)

: _ Bromide is just a spectator ion and it remains unchangeﬂ
through the process.

Mercury metal once was used as a developing agent in Jjuat this
manner. Its effects were discoversd quite accidentally by Daguerre
in 1835. Daguerre prepared silver jiodide emulszions, axposed them in
a camera and then stored the exposed plates near some spilled
mercury from a broken thermometer. The result was that the mercury
developad his exposed film (containing a latent image) into a
visible image. ‘These photographs later became known as
"daguarrotypes." ;

The raduc1nq agents in devalopars in u=e tnday ara all organic
compounds soluble in water. . In sclution the molecules have the
necessary mobility to get in contact with the insoluble silver

halide in order to reduce the =ilver in the £film emulsion. The most

widely used reducing agent in photography today 1s hydroquinone
CeH,{0H) ;. Hydroguinone is a weak acid that dissnciates according
to the fnllawing reaatinn*

OH o~

'y : (8)
{aq)

-
+ H,0 2 H0*

' QH . OH

Since this eqguilibrium lies far to the left we must add a
chemical in order to Mactivate® hydrogquinone. The chemical which
activates hydroquinone is hydroxide. When a base 1s added the
hydroxide reacts with the two protons on hydroguinone to form the

Photography 5
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; 137
dianion ef hydroquinone according to the following reaction:

CH : _ _ 0"
+ J0H™ _— + 2!{20
(3)
OH G
{ hydroquinone) {hydroquinone dianion)
o=
In the presence of Ag?*, E Il acts as a reducing agent and
0
"becomes oxidized according to the following half reactions:
Q- 0
e + 2o (Oxidation half réaction] - {10)
o 0
'{hgdrnquinuna dianion) - {(guinone)
Ag*{aq) + e —-———- > Ag(s) {feductiun half
: : reaction) ' : . (11)

Photugraphy 6



Thus the overall reaction is:

+ 28g*(aq) —— > + 2Ag(s) (12)
(aq) {ag)

The pH range of all developer solutiones is always basic.
Normally the pH range is 10~12 using Na,CO,; as the base.

Up to this point we have ignored an ocbhvious gquestion regarding
the development reaction. Why is it that the reduction of silver in
the emulsion cccurs only in the vicinity of the silver particles of
the latent image? Why aren’t all the silver ions reduced? 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
sgilver not near the latent image. The develcper can and will reduce
all the silver ions in the film and if development is extended for
too long a time the entire emulsion will turn black. The reason we
can use the develapment reaction to produce an image is that
reduction occurs faster near the silver particles. So we can
develop a film or print until the image sufficiently darkens, but
stop the development before the slower reacting silver halide is
reduced, The silver metal of the latent image acts as a catalyst
for reduction of the sgilver ions with which it is in contact.
Chemical development would not be possible if it were not for this
catalyst. : :

8top Bath

When the development process is completed - that is when

138

sufficient silver has been reduced to give the desired image density

- the film is placed into a stop kath. The purpose of the sastop bath
is to prevent any further reduction of silver icone. Since the
developer solution is only activated at pH ranges above 7, then one
way to stop the development process is to "wash™ the film in an
acidic bath and in so doing shift the equilibrium of the developer
solution from guinone te hydroguinone.

Phetography 7
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By adding acid, the H* will react with the excess OH™ in the

developer to form water. Since there ias no hydroxide to "activate"
the hydroguinone, development c¢an not occur.

Fixer

After the reaction is stopped, we are left with a silver image
superimposed on a background of pale yellow silver halide. This
silver halide which was not reduced in develcpment must be remcved
by the fixing process. If not, a print would ultimately darken due
to gradual reduction of more silver from exposure to light., Fixing
is a process by which the remaihing insoluble silver halide is
converted to a scluble mwaterial which can be washed out of the
emulsion. A great many substances, both negative ions and neutral
molecules, have since hesn found which will complex silver ions.
Ammonia, for example, iz a molacule that can dissolve silver
chloride by bonding to it to produce a complex positivs ion.

AgCl(s) + 2NH,(aq) —----=-> Ag(NH;):"(ag) + Cl1~ (aq) (13)

The rmaterials commonly used in photographic fixing solutions
today are salts containing the thiosulfate ion S,0,? . The fixer
used in this lab is ammonium thjiosulfate or (NH.);5;0;. The fixing
action of thiosulfate on ailver bromide is as follows:

AgBr(s) + 28,057 (aq)} ====- > Ag{5:03)27 " (aq) + Br- (14)

Thiosulfate dissolves the silver bromide and the ammonjium ion can
dissolve the silver chloride.

AgCl(s) + 2NH,®(aqg) =-----> Ag(NH,;)."(aq) + 2H"{aqg) + C17(aq) (15)

Developing, stopping, and fixking are the three sequential steps
that must be performed in the standard processing of all black and
white photographic materials. Following these three stepa it is
necessary to thoroughly ringe a film or print before drying. If any
thiosulfate is left in the emulsion the image will not be permanent.
Excess thiosulfate in the emulsion will turn the photo yellow and
eventually cause the image to fade.

Revarsal Processing

In ordar to obtain a positive image, the reversal process iz
used. Recall that the latent image is made of reduced silver and
appears dark, even though that it represents the "light" part of the
object. The unreduced silver on the photo paper appears light and
represenis the "dark" part of the object. In order to reverse this,
the latent image is bleached and washed out, and the unreduced
gilver 1z exposed to light. This produces a photo in which light
parts appsar light and dark parxrts appear dark.

The procadure for this is gquite simple. The photo paper is placed
into the developer and left there until the latent image is formed.
The paper is then placed into a bleach bath of potassium dichromate
to oxidize the silver from the latent image. The photographic paper
is washed to remove the bhleach and the dissolved (oxidized) silver,
and then exposed to light so the remaining silver halide forms the
positive latent image. The photo paper is then developed, washed,
rinsed and dried. : -

Photography 8



1A

Frocadure

1. Build a pin hole camera. If you have any questions about the
construction, see your instructor. Cut a 1 ¢cm x 1 cm heole 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 hecle (the smallest
hole possible) in the foil. On the ocutside of the box, cover the
hole with electrical tape. YUnder safe lignt conditions, insert the
photographic paper into your box and tape it against the inside of
the box directly opposite the pin hole. Tape the box shut so that
it i=s l1light tight.

2. Expose the paper to your subject for approximately 1 second (on
a sunny day) and for 3-5 seaconds (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 inte the developer. Gently
agitate the paper while it is submerged in the develeoper. When your
image begins 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 1
minnte. Next, place the paper in the ammonium thiosulfate (NH,) ;5:;0;
fixer for about a minute. Rinse the paper completely with tap water
and allow to dry.

4, For reversal processing, place the paper in the developer.
cently agitate the paper while it iz submerged in the developer and
2lightly overdevelop your image. Place the paper in the X.Cr,0,
bleaching solution. Your image will disappear as all of the
metallic Ay ia dissolved. Rinse your paper and turn on the lights.
Place the paper back inte the developer and the positive image will
appear. Rinse the paper completely and allow to dry.

Photography 9
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conclusions

1. 1izi'hat is the pH of a 0.1 M hydruqulnnne solution (Ka = 4 S x
10°+%)7

2. What Mactivates" hydroguinone to be a developing solution?

3, Typically hydroguinone iz placed in Na;C0,; buffer solution.
What is the pH of a buffer solution containing 0.15 M Na C0; and
0.10 M H,C03? If the effective pH range for hydroquinona
development solution is 11.0 or greater, would the above buffer be
adeguate? '

4. For Br  to be oxidized to Br regquirez a photon with an enexrgy of
at least 2.58 x 101? J. What wavelength of electromagnetic
radiation does this correspond? If the safelight emits in the red
region at 750 nm, would the safelight effect the photo paper?

s B Durinq neqntive processing, why must photo paper be placed in
- the "fixer*?

Photography 10
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' 6a. Given that [Ag ] = 06,0025 K in a 4 liters of spent fixing
gsolution, how rany grams of gilver is in the 501ut1nn7 :

. 6b. How many grams of Nacl should be added to the solution to
reduce the [Ag*] to 1.0 x 10" * M?

&2,  Bow much silver was recovered in this process?

-.Explain why the davaloper reduces silver arcund the latent inage
nnd not in the unexposed areas.

Photography 11
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Ba. Potassium dichrﬁmate is used to bleach out {oxidize) the silver
from the latent image in reversal procesasing. The following

represents the overall unbalanced redox equation., Balance the
equation.

Ag{s} + K,Cr:0;(aq) + H;SD;(&QJ wew==> Ag:504{ag) + Cr;(50.:}a(aqg) + K,50,(aq}

Bb. Hhsn the hleaching snlutinn becomes "weak™ a small amount of
sulfuric acld is added. th’

:9- What iz the result of overexposed photo paper?

"10. Attach fnur photo to the lakh. What could ydu have done during
thisz lab to improve your photo?

Photography 12
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QU!LITATI?E ANALYSIS
ID!HTIFIC!TIDH OF CHEMICAL COMPOUNDS
Chemiatry 131

INTRODUCTIOR

Qualitative analysis is the process of identifying the content
of a sample with regard to the chemical species present. HNo
assessment of the amount of the chemicals present is required.

This lak is the culmination of your chemistry experience for the
semester. You have learned about chemical reactions and the behavior
of chemical specles, the properties of sclutions, complex ions, and
golids. Now you must integrate all these concepts, selectively using
each tool of knowledge to analyze qualitatively unknown chemical.
samples.

OBJECTIVES

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 seccnd 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.

Ione in solution (whether cation or anion) have distinctive
properties which allow them to be identified by controlling the
experimental conditions. Certain ions form precipitates based on the
solubility product constent, Ksp, of any resulting species formed.
Others may undergo coxidation-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.
lons react with the water to result in either basic or acidic
solutions. You have cbserved all these chemical characteristics in
previous labs and as demonztrations during this semester.

- Balts are compounds that are made from 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 salts and the resulting ions
produced. Complete the table by filling in the klanks:
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Salt Cations Anlons
AgCl '
FH_NO, 0 F*
Fel0, -

Ba’* Pﬂ43'
Zns

Remember that an ion may have various oxidation states, but the
overall charge on the neutral salt must equal zera. ]

A proven way of approaching this problem is to first identify
the cation in an unknown. Four "stock" reagents will be provided
that give distinctive information about the cation. They are
ammonium hydroxide, hydrochleoric acid, sodium hydroxide, and
potassium permanganate. Once the catlon is peositively identified,
the anion is identified by performing similar tests, You will also
- use twelve different salte that contain all the cations you will see
in the unknowns. Reacting the salts together provides a data base of
obeervation to correctly identify the cation. It is crucial that you
. record detailed cbservations of the salt reacti-ns.

An obvioua fact that is often overlocked is that the sample
compound must be water soluble. If not, you would observe a solid in
your unknown. Using the solubility rules narrows your investigation
by reducing the range of possible compounds.

Bample Anazlysis

~ Let’s work through a sample gualitative analysis. Our unknown
iz a clear, colorleas liquid. Mixing with a drop ¢f hydrochloric
acid gives a white precipitate, as does mixing with a drop of sodium
hydroxide and ammonium hydroxide. Potassium permanganate produces no
cbaervable change, :

A positive reaction with hydrochloric acid may indicate the
presence of a base; but our unknown alsoc reacts with the bases sodium
hydroxide and ammonium hydroxide. Since a white precipitate forms,
let’s refer to the solubility rules for help.

Qualitative Analysis : : ' Page 2
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RULE 1: All nitrates (¥0;-) are soluble.

our unknown is soluble - it ma? be a nitrate. _Hnweﬁer, none of
the precipitates formed are nitrates.

RULE 2: 111 chlorides, bromides, and iodides are soluble EXCEPT
those of silver, mercury(I}, and lead. Copper iodide is also
insoluble.

Cur unknown could be one of the solub’e halides. But, the
addition of chloride (from the HCl) resulted in formation of a
precipitate. Thus, our cation is either silver, mercury, or lead.

_ RULE 3: All sulfates (80,2} are solubla except lead, strontium,

barium, calciua, and mercury(II). Bilver sulfate is sparingly
soluble.

Our unknown could agajn be a soluble sulfate. However, since wé
have already limited our choice of cations to silver, mercury(I) and
lead, we c¢an rule ocut lead sulfate and probably silver sulfate.

RULE 4: All carbonatss (C0,;2"), pheaphates (P0O,>"), and chromates
tcrn. ") ars insoluble except the alkili xetals and ammonium.

Little_here except that the cation could be an alkall metal or
- ammonium but we already know it is not.

RULE 5: All hrdroﬁidll {OH") and sulfides (8%°) are insoluble exceaept
the alkall metals and ammonium. Calcium and harium sulfides
hydrolyze in water to form hydroxides.

: our unknoewn formed a solid with hydroxide [(NH.,0H and NaOH) .
Dnce again, the cation cannot be an alkali metal or ammonium.

Eased on these tests, we have naerWEd our cation to three
possible ions: lead, silver, and mercury(I)}). We need more data.

: By reacting this unknown with our four other unknowns, we can
build a smaller reaction matrix similar to the one you will build in
Part A. HNow the detailed cbservations of that reaction matrix are
uged. We notice that ona of the reactions is similar to that between
sodium iodide and lead(II) nitrate, forming the yellow precipitate,
Lead {II} iodide. Since mercury is not. included in the reaction
matrix, we eliminate it as a poesibility. Silver does not give a
yellow precipitate with indida. We now can assign our first cation
‘as lead{II).

Having identified our cation as Pb?', we now pursue the anion.

- Qualitative Analysis . ] Page 3



. Using a similar method of deductive reasoning and elimination, the
anion is identified as nitrate, NDi-. (It is the only anlen in the
reaction matrix with which lead is soluble.) .

EXPERIMENTAL
| A. REACTION MATRIX

In the first part of this lab you’ll develop a reaction matrix
by reacting several salt solutione with four standard reagents (the

stock solutions)}: HCl, NaOH, NH,0H, and KMnO,. Youfll alsco react
each salt soluticn with all the other salt solutions.

1. Place 12 drops of each s&tock solution on the acetate
reaction surface. You should lay out these solutions to mimic the
Reaction Matrix on page 7, making the collection of data easier.

i 2. Add one drop of each salt solution to a separate drop of
stock solution. Carefully record your ohservations on the Reaction
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Matrix. Pay careful attention to color, general appearance, reacticn

times, bubbles, etc. You will use only observations for
determination of the unknowns in Part B.

3. Now complete the Reaction Matrix by reacting one drop of
each ‘salt with a drop of all the other salts. Agaln, carefully
observe and record any changes that occur.

4. Por each mixture which reacts, you should be able to
identify what occurred. For example, wmixing AgNO; and NaCl produces
a white precipitate; you should be able to identify the precipitate
as AgCl. Silver chloride should form when any soluble silver
compound and soluble chloride compound are mixed. Identify reaction
products on the Reaction Matrix wherever possible.

5. Using.a similar methodelogy, you should be able to identify
any precipitation reactions that are not predicted, or expected,
us:ng the solubility rules, Carefully look over your Reaction
Matrix. Note below any precipitation reaction that thl solubility
rules would not predict:

Qualitative Analysis _ ! Pﬁga_{
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6. MNow check the table for any precipitation reaction that you
would have predicted based on the solubllity rules that did not

accur. Record these below {(show 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. IDENTIFICATION OF UURENOWNE
1. Ask your instructor for your five unknown solutions.

a. From this moment forward, you are not allowed any
cullabaratinn with any source. Do not talk to your classmates. Do
not consult any textbooks or notes except those you have written in
this lab handout. Your instructer will discuss the chemistry of
reactione of compounds, but will not be able to answer any gquestions
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, making 9 possible cations (Al?**, Ba?*, cu?*, Fe?*,
Fe?*, PbZ*, Mn?*, Ag*, Na*) and 5 pnssihle anions (NO3;~, S0,%-,
cqaﬂ', ¢l-, and I°).

¢. Make initial cobservation concerning these five unknowns.
Record the numbers on each microburet which identifies the unknown on
the Unknown Reaction Matrix (pg 8). Carefully record below the
.physaical characteristics of your unknowns (color, presence of
precipitate, etc.):

UNKNOWN #1:
UNKNOWN #2:
UNKNOWN #3:
UNKNOWN #4:

UNKNOWN §#5:

gualitative Analysis _ - Page 5
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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 in the first part, your
knowledge of chemistry, solubility rules, etc., identify the ions

present in your unknowns. Each unknown contains only one cation and
one anion.

. a. THINK!! Ask yourself if the combination of ions is
reasonable. For example, could AgCl be one of your unknown

solutiona? A quick review of the solubility rules will answer this
one.

b. RELAX!! Use a process of elimination to narrow your
possible ions.

Your analysis and identification of the five unknowns (ten total
ions) must be completed prior to the end of the laboratery period.
Your grade for thias lab will be based on correctly identifying the
ten unknown ions, each worth ten points (100 points total for the
lab). HNO OTHER WORK IS REQUIRED.

Qualitative Analysis Page 6
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3
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NaCOH

NH‘DH
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Ba{NO, ),
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Fe{NO,)
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UNKNOWN REACTION MATRIX (PART B)

&

HCL

NaOH

NH ,OH

KMaO, |

UHKROWN LETTER _

RESULTS

UNENOWN
HUMBER

CATION

ANION
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CHEMICAL KIKETICS
Chamistry 131

INTRODUCTION

We may ask four basic questions sbout a chemical process.
First, is the reaction spontaneous? Tuermodynamics allows us to
determine the conditions under which spontaneity occcurs. Second,
how fast will the reaction proceed? Third, what is the "seguence"
of forming the preducts? Chemical kinetics provides answers to how
fast and gives insight to the reaction mechanism. Lastly, how far
will the reaction go before reaching a state ¢% equilibrium? Study
of the equilibrium constant, K:4q, may answer tnis gquestion. You
have studied thermodynamics and eguilibria in previous labs. HNow
let’s take a look, at the kinetics of a reaction.

Kineticse is important because it allows us to determine the
rate of the reaction. Experiments have shown that the rate of a
chemical reaction is dependent on several factors. The four most
important are: (1) nature of the reactants, (2) concentraticon of the
reactants, (3} temperature, and (4) catalysts.

The purpose of thie experiment is to examine the effects of
these factors on a chemical reaction. In the first experiment, vou
will observe the effects of concentration by reacting various
concentrations of hydrochloric acid with zinc and aluminum metal.
To obsexyve the effect of temperature, you will repeat the
experiments on ice cubes.

In the second part of the lab, you will study the reaction of
hydrogen peroxide and fodide in acidic solution:

H;0, + 2H* + 31" 313~ + 2H,0 (1)

You will ohserve the effecte of 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 formed.

REACTION RATES

; We can gquantitatively express the rate of a reaction in terms
of rates of change in concentration of the chemical species present
in the reaction. This change is either written in terms of the

di sappearance of a reactant or the sppearance of a product. Feor

example, the famous reaction of A and B to form C could have the

rate expressed three ways. Two of these ways are:

Kinetics Page 1
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A+ BorpC

rate of disappearance i -8[A] _ -ﬂ!ﬁl
of A At t
rate of appearance +A[C]

- ﬂggl
of C At t

THE COLLISION THEORY

For most chemical reactlons, the individual chemical steps
that make up the mechanism of the reaction cannot be observed. The
mechanism i= really a theory about what occurs step~by-step as the
reactants are converted to products. Ths slovest step in a reaction
mechanism determines the overall rate of reaction.

Factors which affect the rate of reaction are explained by the
collision theory. The collislon theory simply states that for a
reaction to occur, the species must collide with enough kinetic
energy and in the correct orientation. By increasing the
concentration of the reactants, you increase the number of
collisions. You can increase the number of collisions by increasing
the surface area of a solid reactant and increasing the temperature.
Increasing the temperature of the reaction also increases the
kinetic energy of the collision. The reactants must have the proper
orientation for an effective collision. This is necessary to break
exlsting bonds so new cnes form.

Let’s look at the reaction of hydrogen peroxide and iodide in
agueous sclution to produce I, . From our @iscussion above, the
rate may be expressed as:

1 dlI"] 1 d[Ht]  -d{H0,]
L 3 dt 2 ac dt

The rate law for the appearance of producta is:
rate = K[H;0:2)* (I7)Y (H*]F

where x, v, and 2 are the reaction orders and k is the rate
constant. ;

Kinetice Page 2



Express=ing the rate by measuring the formation of products results
in:

rate « dlI,7] o 1 d[H,0]

dt 2 dt

Combining these two expreszions gives us the general rate law for
reaction (1):
diIL.”
—[d-"—] = k{H,0,]* [H*]Y [17]® (2)
. 2

King'!! describes two possible reaction mechanisms. The first
mechanism is dependent on H* and is described by

Mechanism 1:
k
r
H* + H,0, = HOOH, (3} fast
kI"
k.'l.
HOOH,* + I—af1H2ﬂ + HOI {4) slaw
kz +
HOT + H* - H,0I {5) fast
+ i EB
H O + I = K,0 + 1, (6) fast
kl
I, + 17 =1, (7) fast

H,0, + 2H* + 31" = 20,0 + 1,”

Recall that the rate determining step is the =slow step in the
mechanism. The reacting specieas 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) Xing, E. L., How Chemical Reactions Occur, W. A. Benjamin Inc.,

pp 80-83, 1963.

Kineticz Page 3
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Another possible mechanism for thie reaction does not involve H'.
This mechanism can be described by:

Mechaniom 2:
H,0, + I- — 3 OH" + HOI (12) slow
CR” + H*—* H,0 (13) fast
HOI + H* H;.OI {14) .fast
HyoI + 11, + H,0 (15) fast
I, + I"—»1," {16) fast

Hy0, + 2H* + 31" —3 2H,0 + I,

Based on this reaction path, what 1s the rate law expression for the
reaction?

Notice that the first reaction mechanism results in a rate law that
is dependent on [H']. A straightforward way to determine which
mechanism is valid would be to do several reactions while changing
the acidity of the solution. If no change in the rate occurs, we
know that the rate is independent of [H*] (y = 0 for squation 2).

In order to visuallize 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 might appear as follows:
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£ by T -
L g O—0-- H fast
o—0: 5 H+'1--f_ Jle
. " ;
H :
+ B H
\'i-. I/
— 0. + O slow
| N\
H H
H
. +
o : fast
H—: it - o . [H—0: ;
A + —_— —‘0\
L T
B .+ .H
: L] | - -
H—O: + [] . 0 . fast
I H
am an am - "f‘
WL+ I Tf’d\EB fast

What is the rate law for the reaction?

Remember, the rata of a reaction is affected not only by the
concentration of the reactante but also by the orientation of the
molecules and thelir kinetic energy. The orientation and spatial
relationship of the molecules are easier to visualize if jyou use
VSEPR theory. : ' '
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PART 1: TEMPERAIURE EFPECTS

1. For this experiment you will need aluminum foil and zine.
First, place four squares of zinc and four squares of 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 0.1 M HC1l on the second square,
five to ten drops of 1.0 M HCl1l on the third, and five te ten drops
of 6.0 M HC1 on the last square of zinc. Repeat for the aluminum.
Record your cobservations below. Include a description of the
reactinn and times from addition of reactants to first observable
reaction:

Zinc Aluminum
6.0 M HC1
.;.u M HCl
0.1 M HCl

0.01 M HC1

2. Repeat the above experiment but add cone drop of Cu(NO;):
to the HCl (place the HCl on the me*tal first). Record your
observations.

Zinc Aluminum

Cu(NO3) 3/
6.0 M HC]

Cu(NOs) 2/
1.0 ¥ HC1

Cu(RO;) 2/
0.1 M HC1

Cu(No) 3/
0.01 M HC1

Does Cu(NO3): act as a catalyst? (Remember a catalyst must increase
the rate of the gams reaction)

Kinetics Page 6
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3. Now place the metals on an ice cube and repeat the first series
of experiments(without the Cu(NO,),) . Record your observations below.

Zinc : Aluminum
6.0 M HCl1
1.0 M HC1
0.1 M HC1

0.01 M HC1

PART II: CORCENTRATION EFFECTS
A, Introductory Procsdures

1. You will use the digital volt-chm meter (d-VOM) for this
part of the experiment. If you have any questions regarding the use
of the d-VOM, ask your instructor. The procedure te set up the
d-VOM for use is:

a.  Turn the main switch to ohms 2.
b. Press the oval button until "ka" is displayed.

Plug the BLACK lead into the hole marked COM. Plug
the RED laaﬂ into the hole marked V.

Connect the leads to the cadmium sulfide (Cds) photoelectric cell.
The CdS Cell is encased in a plastic support, and the support
inserted into one of the wells of a 96 cell tray. The top of the
cell will be used ae your reaction surface, and should be as level
as possible.

2. The CdS celli responds to changes in light intensity with a
change in resistance. It is important that the amount of light
reaching the cell remain constant throughout the experiment.

a. Place your hand over the CdS cell. Did the resistance
decrease or increase?

This is similar to what occurs as the I, concentration
increases. The change in resistance is directly related
to the change in concentration (rate of formation) of I;-.
I~ is a yellow species which absorbs light, reducing the
amount of light reaching the CdS cell. You must ba very
carsful in contrelling the drop size of your reactants.
While the rate law is dependent on the concentration of
the reactants, the photoelectric cell is reacting to the
amount of light which reaches the cell. The greater the
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depth of the reaction solution, the lower the
transmittance. This phenomenon is described by Beer’s

Law.

This law states that the light transwmitted through a

seolution decreases as the concentration of light absorbing
material in the solution increases. We will express this

aB:

A = «{[X]

where A i the absorbance of the soluticn, ¢ is a constant
known as the molar abscorptivity, [ is the effective path
length that the light travels through the soluticn, and
[X] is the concentratiocn of the light absorbing matarial.
You can see how the drop size will effect (.

' B. Determinaticn of Effect of Acid Concentration

1.

Flace one drcp of 1 M H;0,;, two drops of buffer pH 1, and

one drop 2 M NaI on top of the photoelectric cell. Add tha Nal last
and record the initital resistance reading. Continue to record the
resistance every 15 seconds for 5 minutes. i

2.

Rapaat thias !xplriMdnt but use the buffer pH 3 with the 1M

H;D; and 2 K NaI. Record your results,

Kinetics Page 8
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3. MAgain, repeat this experiment but use the buffer pH 6 with
the 1 M H;0; and 2 M NaI. Record your results.

C. Initial Rate Determination

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 Nal and H;0:;. Use the buffer pH 6 for each
experiment. The table below is probably a good starting point. You
must determine the rate from the data you collect.

Trial Hun Drops Imitial Drops Initial Lrops Rate of
H.0, [H,0,] NaX [Nal] pH6 Fnrmnt.iun
Ey
1
2
3

Kinetics Page 9
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CONCLUGIONS

' 1. Graph time vs. resistance for the 1 M H;0:, 2 M Nal and buffer
with pHs 1, 3, and 6. Place these graphs on the same graph paper.
Use of a spreadsheet will be very helpful here.

a. What do these graphs tell you about the effect of acid
concentration on the rate of reaction of iodide with hydrogen
peroxide?

b. Write the rate law for this reaction based on whether path
1 or path 2 is supported by your data:

2, Graph time vs. resistance for the three experiments you
conducted in the Initial Rate section of the lab. You may also
place these graphs on the same sheet of graph paper. '

3. What is the initial rate of each trial in question 2. You may
determine this from your graphs by taking the slope of your curve at
time = 0 (use only the first few data points}. Recall that the rate
of change of your measured resistance is equal to the rate of change
in concentration of 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 sodium icdide and hydrogen
peroxide. Write the rate law:

5. Determine the rate constant for the rate 1aw. Use the rate
expression developed above.
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PRELAD PROBLEMS

1. Using Lewis structures, draw a possible reaction for mechanism
' 2; Eqr 12- ; .

2. What color is the I;~ ion?

3. Write a balanced redox equation for the reaction of Al metal
with HCl: _ .

4. Hcturding to the Collision Theory, what two conditions must be
met for a reaction to occur?

5: What is the general rate law for the following reaction?

HsO0z + 2H* + 31" ——3uIa2" + 2H;0

Kinetics Page 12
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ELECTROCHENIBTRY
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INTRODUCTION

. Electrochemistry, which deals with the conversion between
electrical energy and chemical energy, is-an important area of
chemistry that touches many aspects of our lives. Were it not fer
an application of electrochemistry in the form of batteries, we
would still hand crank our cars to start them and wear windup
watches, oOn the 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
concentrationa of ions in colutions, identify unknown compounds,
monltor reaction rateas; and study a whole host of other phenomena.

?ﬁlttiu Cells

To convert the energy from a chemical reaction to electricity,
a voltaic or galvanic cell (commonly known as a battery) is used., A
voltaic cell operates on spontanecus oxidation-reduction reactions.
The transfer of electronz bhetween substances produces the
electricity. . s

Valtaic cells are constructed to separate the oxidation halr
‘reaction from the reduction half-reaction. This separation forces
electrone to flow through an external circuit where they can do
work. We can construct a galvanic cell using the spontanecus.
-reaction of copper metal and Ag® ions. - In the reaction, electrons
are trangferred from the copper metal to the silver ions.

The balanced net ionic equation for this reaction is: -
; : 2 . '
_2"'.3*th1 * Bupyy > ™) x 2084 (1)
Which can be divided into oxidation and reduction half-reactions:
c‘f';t-} > Cuf*

uay K287 ()

() ¢ 20T > 2, R
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Equations 2 and .3 show what happened. The electrons lost from
copper are used by Ag* ions to form silver metal while Cu?* goes
into solution. Figure 1 shows a voltaic cell using these reactions.

We use a atandard nntatian to describe galvanic cells. For the
-copper/silver cell, this notation is:

Cu(s) / Cu®*(aq) 11 Ag*(aq) s Ag(s)

The slashed lines represent phase boundaries, the two solid lines
represent half cell boundaries. By conventlion, the anode {oxidatiun
reaction) is written first. -

Cel

. - %)
Cu (- i - j/ |
3 +} Ag
{anodea) (Nat)—3» (g.{cathude]
¥ RIS AN, -
RS X CF,

Gul{!lﬂ.a}z\ T ”, AgNHO.,
Culs} / Cu*{aq) || Ap*(ag) / Ag(s)

VYoltalc Cell
Figure 1

N\
!
S

5

According to equation 2, the Cu metal loses electrons
(oxidation) forming Cu?* 1nns. These "lost" electrons travel
through the wire to the Ag metal, and combine with the Ag® lons
(reduction) in solution, and Ag is plated cut on the Ag electrode.
The salt bridge completes the circuit by allowing inert lons such as
Na* and NOs; to travel through the salt bhridge and maintain
ionic-neutrality of the solution. Without ‘a salt bridge, no current
can flow because as Ag* lons leave solution the remaining solution
will have too many negatively charged nitrate ions, NO,;~, left., By
*intercepting” the flow of slectrons outside of the cell, we can use
them to drive a motor and produce work or light a lamp or power a
calculator. This will cause a positive deflaction on a voltmeter,
verifying current flow as shown above. Oxidation cccurs at the
apode, reduction at the cathode. An easy way to remember this: both

oxidation and anode begin with vowels while reduction and cathnde
beqin with cnnsannntl.

ELECTROCHEKIBTRY Page 2
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Elactrolytic Callas

An alectrolytic cell is sgimilar to a galvanic cell, but instead
of obtaining electrical energy from spontaneous reacticons. an
eloctric source 1ls attached to the slectrodes "forcing" electrons te
move in the opposite direction. Thus a non-spontanecins reacticn can
be forced to occur by supplying electrical current. Some uses of
electrolytic cells include electroplating metals onto other metals,
refining or purifying metals, charging "rechargeable" batteries (car
batteries, nickel/cadmium batteries, etc.), decomposing water, and
obtaining pure metals from their ores.

This lazt application is extremely important in the producticn
of aluminum from its ore, A1:0,. Hall discovered this electrolytic
process while atill a college student in 1886. Befeore his
dizcovery, aluminum was so expensive that the rich would flaunt
their wealth by throwing dinner parties using aluminum utensils.
Today, production eof one mole of aluminum from its ore reguires
30,000 joules of energy. Recycling aluminum reguires only 26.1
joules per mele (the amount of energy required to melt aluminum).
Thus, the enphasies on recycling aluminum rather than producing it
from ita ore ia quite abvisus.

standard Potentiels and E° Calculations

By using half-cell potentials, you can determine the voltage
(potential) that any two half-reacticons will produce. The
potentials are not an absolute figure, but are measured relative to
a reference half-reaction. The standard reductien potentilals we see
in tables in cur bhook and on the classroom wall are measured against
the Normal Hydrogen Electrode {NHE) which has a reduction
half-reaction: '

2H* (44y + 28" ———m=e—- > Ha(y) {4}

The NHE has been assigned an E° or voltage of 0.00 V. Actually
any reaction could be used as the reference but since hydrogen has
been chosen, we still continue with it. The symbol E° means
standaré half-reaction or "half-cell” potential in which the
reactant and product solutiona are 1.00 M (1 atm for gases) and the
metales are purg crystals. For convenience, we normally tabulate the
E° values at 25°C, but f{t’s not necessary. This method enables us
to determine the potential for numerouws half-reactions. By listing
all half-reactions as raduction half-reactions, we generate a tabie
af standard reduction potentials.

_ A table of standard reduction potentials anhables us to
determine the potential of a redox reactiomn, datermine the order of
reactivity of poma ppocies towardse others, and to determine which of
two spacies is more suaceptible towards reduction or oxidation in a

ELECTROCHENMIOTRY Page 3



spontanecus redox reaction. A positive E° walue indicates that the
substance will spontanecusly reduce relative to eguation 4, while
negative values mean a spontaneous oxidation will occur relative to -
equation 4. By simply adding the E,, and E,.yq values, you can
obtain E°®, The E° value for reaction 1 is simply the sum of the E°

- values for reactions 2 and 3. Remember E°,, = -E°%,,q4 for a
particular half-reaction. -

E® = E’axtdation * E%caducrion = =0.337 V + 0.7994 V = .462V (5)

Note that the B, and E.,s values are ot miltiplied by the
.stoichiometrix coefficlents used to balance the redox equation.

Hernst Egquation

In the late 180078, a German chemist named Walter Nernst was
studying the thermodynamics of electrolytic solutions. Through his
research he developed a formula te calculate the potential of a cell
that was not at standard temperature, pressure and concentration.

It is called the Fernst egquatlion. Using equations we covered in
this and earlier chapters, we can arrive at this equation. Gibbs
standard free energiea (aG) are given by equations & and 7.

4G® = -nFE® - (6)

4G = -nFE CAT)
Here n eguals the moles of electrons (e°} transferrad in the
reaction and F is Faraday’s Constant (96,485 Coulombs/mole 7).
Gibbs free energy is also given by equation 8.
aG = aG® + RT 1n Q. : ' : (8]
where R is the gas constant (8.314 J K 'mole!), T the temperature
in Kelvin, and @ the reaction quotient ([Products]/[Reactants}}. :
Substituting equations 6 and 7 into equation 8 we obtain equation 8.

"~ -nFE = -nFE® + RT )n Q (2}

Dividing bnth sides by -nF we obtain equatiun 10, which is the
Nernsat egquation.

£ = E° + {(RT/-0F) 1n Q ' | {10)
Sinca we ununlly cnnduct redox reactions at room temperature {29BEK),
" the guantity (RT/nF) conveniently becomes 0.0257/n and the Nernst
'equatiun at these conditions becomes

E = E° - (0.0257/n) 1n Q ' : {11)_
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Corrosion/Corrosion Protection

Corrosion is metal deterioration. It’s mainly an
electrochemical process, a2nd under the right conditions, it cccurs
spontaneocusly in nature. The cost to the U.S. economy in 1984 due
to metallic corrosion alone was over $80 billion.! Thus, corrosion
is a significant problem. With so many aircraft constantly exposed
to the elements, corrosion is also a major Air Force concern.

Before we can examine ways to protect against corrosion, we
‘must first understand what happens during corrosion. Corrosion
results from the operation of spontaneous electrochemical cells on
the surface of the metal being considered. We’ll limit our
discussion here to steel (iron) samples. You might wish to imagine

171

the body of a new automohile or a Soviet Mig 25 during the following -

discussion.

As in all electrochemical reactions, oxidation happens at the
ancde. This occurs because the anode is more easily oxidized than
the other metal in the cell. For solid metal, oxidation forms metal
cations which are soluble in water. £o how does a steel car body
rust if it consists only of steel?

Well, in order for corrosion to occur, water must be present.
Dissolved in the water is oxygen, which undergaes the following
reduction half-reaction:

Oy + ZH;0 + 4@ ==—===> 40H"
The other half-reaction is the oxidation of iron:

F'.-l‘]; ----- } Fﬂ?’."i} + 2.'

Write the overall oxidation/reduction reaction that occurs during
the formation of rust:

Thus cars "rust-out" because of the air. Of course the process
happens rapidly if certain other conditions are present. You must
have some contact between the solutions of reactants. Water works
best for this. The water works better if some ions present are
already in solution (what does this provide?). Some states sprinkle
rock salt on snowy roada. This provides all of the requirements. 2
emall scratch in the paint, moisture, and an ienic solution, and the
result is rust on your new car.

i  — — —— — ————————

1. Chang, R, Chemistry,3rd wd. Random House,Ine. ,Hew York,1088,
PP-TEA4=-TRS5.
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As you recall, E° values apply only to pure crystalline metal

. samples. Most steel samples do not have a uniform crystalline
structure;' instead, they have many small areas of differing crystal
“structure due to stresses that occur during processing of the

- metals. These different regions have different E° values and this
results in the formation of a voltaic cell. Thus, in steel samples,
someé of these reglons serve as cathodes while others serve as

anodes. This explains why rust coccurs at separate, distinct points
all over the metal surface instead of covering the entire metal
surface uniformly.

~ One cobvious solution to this problem is to produce steel with
one uniform crystalline structure. Technologlcally, this would be
extremely expensive, if not impossible at this time. Therefore,
some other means of protecting steel {iron) structures must be
devised, Some of the simpler and less effactive of these means
include surface coverings (paint, ete.) and passivation.
Pagsgivation is the process of caating the surface of the steal
sample with another metal (usually less reactive or not as easily
oxidized as steel.) Both of these methods protect the steel by
covering it. Unfortunately, once the surface coating is removed or

scratched off, rust develops.

A better way to protect the steel would be to electrically
connect the steel to be protected to a more active (more easily
oxidizable) metal, such as magnesium. In this way, the steel
‘becomes the cathude and the magnesium becomes the “sacrificial"
“anode. . This process is known as cathodic protection. In order to
incorporate cathodic protection, the sacrificial metal must have a
- lowar reduction potential than the metal to be protected.
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EXPERIMENTAL
A. Voltaic Cells (Batteries):

In this experiment,'ynu will set up vnltaic'cells, as in Fiqufe
1, but ¢n a micro-scale. Refer to Figure 1 often to identify the
parts of the cell with your setup.

1. cCut a piece of rectangular filter paper in half so you have
two squares, Fold it in fourths and cut it to form a "+", as
demonstrated by your instructor. Save the leftover pienes for Parts
€ and D.

2. Take some of the copper, zinc, lead, and iron and lightly
- sand off the oxide layer on them.

“FOTE: Read Steps 3-5 before performing them, because you’ll
want to take quick measurements for more accurate results.

-+ 3.  Place the four metals at different corners of ynur newly cut
filter paper. Place 5-10 drops of 0.10 M NaNO: solution in the
middle ﬂf the filter paper. What function dees the NaNO,; perform?

4. Place a few drops of 0.10 M Cu(NO3); to the side of or
underneath the cepper. Do the same with the 0,10 M FeS0,, 0.10 M
Pb(NOs) 2, and 0.10 M Zn(NO;}, solutions and their respective metals,
The drops of solution muat touch their metals and these solutions
‘must ]uat touch the NaHO,; solution.

, 5. Take your miltimeter and select DC vnlts [vDE} and measure
the vnltage between the following:

a. - Make sure your leads touch hare matal and are not
thansalvas immersed into the solution. -

b. Switch leads from your multimeter on the metals if you
get a negative voltage (you want a positive voltage indicating a
‘spentaneous reaction). :

E(V) ' s _Em

ﬁu nnd Zn ' - Cu and Fe

. Cu and Pb’

ELECTROCHEMIBTRY Page 7
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6. Why are these values recorded as E and not E®?

7. Calculate the theoretical E° values for the three voltaic
cells iau constructed (using a Table of Standard Reduction
Potentials) and write the two half-reactions for each cell as they
occurred.

a. Cu and Zn . E2(V)

Reduction Half-reaction:
oxidation Half-reaction:

Measured E = Theoretical E° =

b. Cu and Tb _ E°(V)
Reduction Half-reaction:

oxidation Half-reaction:

Measured E = Theoretical E° =

c. Cu and Fa EZ(V)

Reduction Half-reaction:
oxidation Half-reaction:

Measured E = Theoretical E® =

ELGCTROCHEMIATRY Page 8
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B. Why does the measured E not equal the theoretical E®?

B. Reduction Potentials:

-As you recall, the standard reduction potentials of all elements
are measured relative to the reduction of the following reaction:

2H*(aq) + 2@ =-———- > Hy(gy E° = 0.00 Volts (123"

In this part of the lab you will construct a table of reduction
potentials for some metals, but you will use the following as the
reference: -

PB3*(aq) + 2@ =m——- > Pb¢,y E° = 0.00 Volts L (13)

Note: Redox processes could be measured against any reference
as long as they’re all measured against that same referenca.

1. Using the same Eetup ags before, measure the potential of the
following metals and their 0.10 M solutions against the Pb/Ph3*
system:

Al, Cu, Fe, Fb, Mg, Zn.

" a. Based on your knowledge of the table of standard
reduction potentials, predict the order of reduction potentials vs.
Pb before you measure them.

b. - Make sure you first sand any oxide layers off the
metals. To look at the reduction half-reactions for the metals, put
the negative (black) lead on the Pb/Pb?* electrode. The negative
lead is the source of electrons: therefore with the black lead on
Fb, you know Fb is being oxidized.

¢. In making your table, report all values (even the

negative ones), rank order all potentials; and write half-reactions
as reduction reactions. :

ELECTROCHEMIBTRY Page 9
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Al

Cu

Fe

b

Mg

in
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Reduction Potential vs. Pb/Pb?+*

Using this information, write your Table of Standard Reduction

Fotentials below.

THIS IS DATA FROM YOUR EXPERIMENTS. DO NOT USE A

TABLE OF STANDARD REDUCTION POTENTIALS FOR THIS TAELE.

TAELE OF STANDARD REDUCTTOR POTENTTALS

BReductjon Half-Reaction E° (volts)

Ca Hnrﬁnt Equation:

1.

Using the same procedure as in Part A, set up the following
copper and lead voltaic cell:

Pb;,,/ Pb¥*{aq, 0.10 M) || Cu®'{aq, 0.10M}/ Cu,,

-
L

Measure E for this cell.

ELECTROCHENISTRY Page 10
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b. Caleculate E° for this cell using a table of Standard
Reduction Potentials.:

€. Using the Nernst equation, calculate E for the 0.10 M cell.

d. Does the calculated E for the 0.1 M c¢cell equal the E® for
the standard 1.0 M cell? Why?

Now measure E as the concentrations of Pb?* and Cu?* are

2.
changed. Fill out the table and show your calculations for the E
values. Usa laftover filter paper pieces from Part A. ,
[Cu?*] [Pb?*] Eneax (V) Beaic(V)
1.00 M 0.10 M
1.00 M C.0010 H

calculations for E when [Cu?’] = 1.00 M and [Pb2*] = 0.10 M:

ELECTROCHEMISTRY Page 11



178

_.Calculations for E when [Cu?*} = 1.00 M and [Pb**] = 0.0010 M:

3., It is possible to set up a voltaic cell that is drive . by a
concentration difference. A potential will continue to exist
between the two half cells until their concentrations are equal.
Investigate this by setting up the following cell:

U,y /Cu?*{aq, 0,108} I Cu?’(aq, 1.00 M) /Cu .,

; a, Measure E for this cell. (Remenber to switch the meter leads
if needed to obtain a pesitive voltage.)

b. Under standard conditions, what would E° for this cell be?

¢, Deviations from standard conditions {(one molar concentration
for ions, one atmoaphere pressure, and standard phases at 25° C)
cause the deviation of your observed E in paragraph C.3.a. from E°.
Use the Nernst Ecquation to calculate E for this cell. Comparé your
neasured and calculated: valuesa for E.

d. Are tharn other conditione besides standard conditions that
will giva an E-n for this cell? What are they?

ELECTROCHEMISTRY Page 12
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D. Elactrolytic Calls:
1. Electrolysis of Copper:

a. Partially fill one well in your reaction tray with 1.00
M Cu(NO,3) ;. -Clean the oxide layer off a nail with 1 M HCl and place
it into the solution. Wait for about 30 seconds. What occurred?

b, Write the balanced redox equation for the reaction you
just observed: :

¢. Reamove the nail from solution and describe it.
d. What is the coating on the nail?

a. What halféranntinnu'tunx pla&e to produce this coating?
Oxidation half-ruactiun:
Reduction half-reaction:

. Since we didn’t add any energy to make this reaction
occur, it’s a spontaneous process. As in Part A, we could have
separated the two half-reactions of the above redox reaction and
produced a galvanic cell; however, we'’ll now make an electrolytic
cell and reverse this spontaneous process. To do this, hook up the
9=yolt battery to the nail and to a graphite electrode, then immerse
both in the 1.00 M Cu(NOj); solution, Will you need to hook up the
positive or negative lead to the nail? Why? (Hint, the positive
lead withdraws electrons into the battery while the negative lead
"pumps" electrons from the battery.) Stop the experiment shortiy
after the nail begins to bubble violently. Before stopping the ;
experiment, observe the nall in the solution. Does anything happen
when you withdraw it from the solution? 10-15 seconds after that?

. g. To show that the Cu(NO3); solution will not react
spontanecusly with the graphite, place a plece of graphite in the
solution for about one minute. Withdraw the graphite and describe

gignificant changes, if any. :

' BLECTROCHEMISTRY Page 13
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h. Did your electrolytic cell cause the spontaneous
t&iatian above (steps 2=-€) to be reversed? Explain how you know
this.

i. WwWhy did the nall regain the coppar color about 5-10
seconds after withdrawing it from sclutian?

j. Write the half-reaction which occurred on the graphite.

k. Did your nail perform as an anode or cathode? Explain
your answer.

1. wWrite the half-reaction which cccurred on the nail once
the plated metal was removed.

2. Electrolysis of Water

Hydrogen is an excellent fuel that someday may be used in place
of jet fuel for aircraft or gasoline for cars. Wow it is used in
the space program to propel the ce Shuttle into orbit. Hydrogen
though, does not exist by itself in abundant guantities on earth
(most of it has escaped the sarth’s gravitational pull over the
ages). One method of producing it is through the electrolysis of
water, that is, using electricity to break water into H; and 0;.
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Z. Make an electrolytic cell using your 9-volt battery and

: graphite elactrodes to nlectrnlyze water. Use 0.10 M NaNO; -socluticn
and add 4-6 drnps of Yamada indicatar. Why must you use water with:
10 M NaMNO; 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 determine which electrode is the:
cathode, look at the oxidation and reduction half-reacticns for the’
electrolysis of water in your text. Use the color of Yamada
indicator to determine which half-reaction is being produced at each
glectrode.  Remembar that Yamada glves red in acid and blue in
basea.) ;

d. Write the halt-reaction occurring at the cathode.

e. What color exists at the anode and what gas evolves there?
Write the half-reaction occurring at the anode.

E, cathqdiu Protaction:

1. Which of the metals you have heén given could hé used to
cathodically prntact an iron nail? - (Which metals oxidize sasier
than lrun?]

2. Df these metals, which dn you think would best prntect iren
from corrosion?

3. Wrap a plece of the metal you identified in paragraph E.2
arcund the head of a nail. Place an "unprotected” nail and the
‘"protected" nail in plastic cups containing enough de-ionized H;0 to
cover the nails completely and add-4-6 drops of Yamada indicator.
What happens? (The reaction may take up tc 10 minutes to occur.)

'IILHCTHQCH!HIBTRY Page 15



4. Repeat this for another one of the metals identified in
paragraph E.1. Observations?

F. applicatiomn ;zpnri:nntn:-
: b Recuvering Iodine Prom Solutiocn

Given an aqueocus solution of HaI we can set up an alectrulytlc
cell tn collect I;.

a. When Nal ia placed into water it dlssuclates intu what
ions?

-

b. We want to convert the iodide ion, I, to I,. Write the

‘half-reaction for this prucess. Is this an oxidation or reduction
reactinn? .

¢. In order to make the electrolytic cell, you’ll use two
graphite electrodes connected to the battery. 'Ise the graphite
electrodes from the electrolysis experiment. Do not use the Yamada
indigator in this experiment. (Graphite i= a common "inert"
~electrode. It plays no part in the bhalanced redox equation: ‘it :
simply acta as a r:actian surface, allowing the electrnns to flow in
the cell.)

d. Which alcctrndt on the hattary (posit;ve or negative)
will cause the half-reactinn in paragraph F.1.b.7

e.  Will it be the anode or cathode? Why?

. ELECTROCHEMIBTRY Page 16
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f. Perform the experiment using 0.10 M NaI. Report your
procedure, cbservations and results.

The black color emanating from one of the electrodes is the I,.
The yellow color is Iy  {which you saw in previous experiments.}

2. Optional Experiments. Additional experimentation is allowed if
cleared by your instructor. Use the next page 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), experimental section detailing
what you will do, and a conclusion section. Soma ideas to help you
get started:

a. Electroplate an nhjént. What voltage is produced during
your experiment?

b. Voltaic cells in series vs. Bingle cells.

¢. Voltaic cells connected in parallel va. single cells or
series cells.,

ELECTROCHENIBTRY Page 17
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DISCUSAION:
1. If we were to construct a battery in which the oxidation of Ph
would be one half-reaction, which metal in YOUR TABLE of

half-reactions wuuld give us the highest voltage? Justify your
answer. :

2. Using your data collected for the Cu and Pb galvanic cell, draw
a schematic of this cell. Label all important parts, give the
oxidation and reduction half-reactions for the appropriate
electrodes and show the correct flow of electrons and ions. Draw
the line notation for the cell. Refer to Figure 1 and/or your text
for help. (You can draw it like Figure 1 or draw a side view of
your experiment.) -

3. Define standard state for a solid, liquid, gas, and ion in
solution. Are we justified in comparing the experimental results to
the theoretical values for E°? Explain your answver.

4. Based on YOUR TABLE of.stnndard Reduction Potentials:

a. Which metal has the greatest potential to be oxidized?

b. Which metal has the lovest potential to be oxidized?

€. CGive an example where these metals are used by saciety. Do
- the applications fit the behavior of the metal toward oxidation?

- {Sea Chapter 22 In the text for a discusaion on the uses of these
metals.)

BLECTROCHENISBTRY Page 19



5. ‘Acids can oxidize some metals. Based on oxidation potentials,
would HCl1l oxidize Mg and Zn? Justify your answer using half
reactions.

6. For the voltaic cell in Figure 1, would you expect the mass of

the Cu electrode te increase or decrease? Would the mass of the Ag
electrode increase or decrease? Explain.

7. Briefly describe the differences between a voltaic ¢ell and an
electrolytic cell.

‘8. Why were there differences between your measured E and the
calculated E® in Part C?

'ELECTROCHEMIBTRY Pagea 20
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9. If we bubbled Cl. gas tﬁrﬁugh our 0.10 M Nal sclution, could we
obtain I;? Explain using concepts you have learned in :
electrochemistry.

10. Explain how the Nernst Equatinn ¢an be used to determine the
Equilihriun conastant for a balanced redox reaction.

11. Should a change in temperature affect E° for a cell? -Why?

ELECTROCHENISTRY Page 21
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ELECTROCHENISTRY SMALL-SCALE LAB
PRELAB JUSATIONB

These questions must ba completed EiruiE coming to lab. If you
cannot answer all of them, reread this handout, and try them again.

8 a. What is oxidation?
b.  Reduction?

2 a. Draw a Voltaic Cell based on the following:

Znis) / Zn{NO3)z2(aq) || CU(NO3)2(aq) / Cu(s)

b. Labeal the anode, cathode, salt bridge and indicate the
flow of electrons and ions.

€. Write the oxidation and reduction reactions.

d. Write the ovarall net reaction.
3. Calculate the voltage you could get out of a voltaic cell made
of silver with ita ion, Ag', and tin with its ion, Sn?*, (Hint: You
do pot need to balance the redox reaction. Use the Standard
Reduction Potentials Table on page 740 of your text,

a. Write the reduction half-reactions.

Reduction Half-reaction E° (V)

Bilver:

Tin:

ELECTROCHEMIBTRY Page 23
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b. HWrite the cxidation and reduction reactions that occur in
this cell.

Oxidation reaction:

Reduction reaction:

C. Write the overall net reaction.

d. Calculate E°.

Your E° should be positive since this is a spontaneous
electrochemical cell. If it is not, you need to switch the
direction of your oxidation and reduction reactions.

-E“ﬂlﬂﬂ!lﬂ!ﬂﬂ: Page 24
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ORGANIC LABORATORY.
Chemistry 131

INTRODUCTION

- Organic chemistry is the chemistry of carbon compounds. Prior to
182B, the term "organic" was used to describe chemicals that had come
from animais or plants. In that year, Friedrich Wohler showed that
organic chemicals could be synthesized from inorganic sourcez=. - He
synthesized urea simply by heating the salt ammonium cyanate.

0
]

NH,OCK =~=3» H_N-C-NH,
A

{inorganic) & (organic)

Organic chemistry is a very large field of chemistry. Over 7
million organic chemicels are known. Qur lives are surrounded by, and
sustained by organic chemistry. For this reason it is alco referred to
ags the chemistry of life. The large number of organic compounds can be
understood more easily by subdividing them inte groups. Thesa groups
can arise from the classification of organic compounds based on their
physical characteristics and reactions. These two factors are
influenced by the "functional groups" within each molecule.

A functional group is a group of atoms that act as a site where
chemical reactlions may occur. Reactlons may also occur in the
proximity of functional groups. 1In this lab, you will investigate
several important functional groups. These include amines, carboxylic
acidse, mlcohols, aldehydes, katones, and esters. Examples of each are

shown in Pigure 1. These eight functional groups are found in the
majority of organic compounds in your body and in nature.

H R ; o
I ' . It
" R-N-H l C-H BR-C-R*
ANTNE ALDEHYDE KETONE
R (] 5]
| ] ]
R-C-OH R-C-08 R-C-OR"
| _ :
R . CARBOXYLIC : ESTER
ALOOHOL ACID '
_i-l 4} 0
(! . |
R-N-C-R’ _R-C=X
ANIDE ACID HALIDE
FIGQURE 1

nrqlnin_runntinnll.dgaup-
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"Amines are characterized as bases, and generally are polar. This
polarity is dus to a lone pair of electrons on the nitrogen and
differences in the electronegativities of other substituenis on the
nitrogen. ' All amino acids contain an amine group (a3 well as a :
carboxylic acid group). Many pharmaceuticals alse contain amines. An
example ls amphetamine {e.q., o-methylbenzeneethanamine), which '
stimulates the central nervous system and is addictiwve. -

H CH
E..?,_r-’ 3

H]'i2

e - Methylbenzeneathanamine

An important reactionh of amines is the condensation reaction
with carboxylic acids tc form .an amide. This reaction can be used to
produce polysweric chains such as nylon: :

o Ko oH
" | 5 )

.L'I'Ia-ﬁ-ﬂﬂ + H-R-CH,-CH, —i} CHy-C-H-CH,-CH, + H.O

pcetlc amcld tthyl amine ‘#thyl acstamids

Alcohols are common organic substances that are encounterad
averyday. Ethyl alcohel (grain alcohol) iz found in beverages, over
the counter drugs, and cosmetics. Methyl alcochol (wood alcohol) is
used as a fuel. Secondary alcohols react to fore ketones in the
presence of oxidizing agents. Potassium dichromate may be used as the
oxidizing agent and the reaction is accompanied by a color change
because dichromate is reduced to cr?*. The general reaction ia:

oH - O

i X
. : ..“.:-F"g??_f"r_“;ﬂa. : B-CoR”

- This reaction will be done as a demonstration during this l1ab

ueing isopropyl alcohol (rubbing alcchol) and acetons (the dimethyl
ketone used in fingernall polish remover). You should note this is
an oxidation-reduction reaction. What is heing reduced? Write the
reduction half-reaction in the box below:

Liﬂ-hydtl are good Enlvants for polar substances such as
alcohols. Formaldehyde is a gas that is used in agueous solutions
“galled formalin. Formaldehyde is used to preserve biological
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: 193
specimens and as the basis of many glues, resins, and polymers.
Acetaldehyde is used in its trimeric form as a sedative. Aldehydes
react to form carboxylic acids in the presence of oxidizing agents.
A gqualitative test for aldehydes is the Tollens test. Tollens
Reagent contains the silver ammonium ion, Ag(NH,).*, and will
distinguish an aldehyde from a ketone, even though their functional
groups are similiar. As the aldehyde is oxidized, %the silver is
reduced to a solid. A silver mirror will then furm on the surface of
the test tube (if the glass is clean). A finely divided black
preaipltata of silver appears if the glass isn’t c¢lean. The general
reaction is:

0 _ 0
I [
B-C-H + 2 Ag(NH;),* + 3 OB" —=  R-G-07 + Z Ag, ., + & NH, + 2 H,0

Carboxylic acids have characteristically sour tastes and odors.
Acetic acid 4= an example of a carboxylic acid, and is primarily
responsible for the smell of vinegar. Carboxylic acids are easily
converted to esters (R-CO-D-R’) which have characteristically
pleasing odors.

Several functional groups are classified as derivatives of
carboxylic acids. These include esters, amidezs, acid chlorides, and
-acid anhydrides.

Esters are guite common in nature and are easily identified by
their unique odors. Isoamyl acetate has a banana smell, while methyl
butyrate smells like apples. Ethyl butyrate is wery structurally
similar to methyl butyrate, but smells like pineapples instead of
apples. Three other esters with distinct odors are isobutyl
proplonate, n-propyl acetate, and octyl acetate which smell like rum,
pears, and oranges respectively.

Aepirin (acetylisalicylic acid), an ester, is perhaps the most

~ widely used drug in the world. Since 1899, when aspirin was
introduced as a mild analgesic and antipyretic, it has become the
layman’s first line of defense against most minor discomforts such as
coldas and headaches, It has four helpful effects:

1. Analgesic. It relieves pain rapidly, inexpensively, and
effectively.

2. Antipyretic. This means it brings down fever by increasing
sweating and the flow of blood near the skin’s surface.

3. Antirheumatic.: It reduces the inflammation of and pain in
the joints, permittirg mobility.

Organic Laboratory Page 3



194

4. Uricosuric. It decreases the deposits of urate that form in
the joints. -

_ The reaction between carboxylic acidc and alcohols is a simple
way to prepare esters. An example reaction is shown below. Water is
lost to yield the ester.

o 0
i I

CH,-C-DH + HOCH, 4‘5 CH,-C-0CH, + H. O

Amides: An-tulinophan is sn amide more commonly known by the
trade names Tylenol® and Datril It has important pain relief and
fever reduction propertiss, but dnau not relieve inflammation as does
aspirin. Its structure is:

HO

11
HO N-C-CH,

Acetominophen

One of the many uses of acid chlorides {(and in general any acid
halide) is in condensation reactions with amines to form polymers.
puring the polymer demonstration your instructor will make nylon
using an acid chloride (adipoyl chloride) and an amine (hexamethylena
diamine). The condensation reaction has the general form:

o o
1] |
B-C-Cl + HO-R' —  R-C-OR' 4 HCl

The condensation pnlynariiatinn of nylon is:

H H
I |

Gl-c-{ﬂﬂ },-C-C1 + H N-(CH,) -NH, —> -{-?-{cﬂl};-c-u-{cnzii-n-}l- + HC1
] I I 1l

0 L] 4] 4]
adipoyl chloride hexamethylene aylon &-4

diamine  pelyamlde

: ﬁrgénic Laboratory Page 4



EXPERIMENTAL - ' k23
A. ‘Demonstration: Xetons Preparation Prom an Alcchol
1. Your instructor will demonstrate the oxidation of isopropyl

alcohel to acetone using potassium dichrnmate in sulfuric acid. The
unbalanced reaction is:

OoH : o

! 2 * s s
Hac-?-cﬂﬁ + Cr,0.°" + H TN CHy-C-CH; + Cr™" + H,0

H

2. - What color change did you see? What change in oxidation
number i= this color change due to?

3. Write the balanced equation using the redox half-reaction
method.. You will need to know that the central carbon atom in
isopropyl alcohol has an oxidation state of 0 {zeru], while the same
carbon 1n acetane has an oxidation state of +2. :

B. rranndur--

' 1 Eyntheais of Methyl Salicylate: Condensation of a
carhuxyliu acid with an alcohol. ' :

a. 'Place a small amount  (about the gize of an aspirin
tablet) of salicylic acid in a large test tube. Add 5 mL of methancl
(CAUTION: methanol is flammable) and two drops of cuncentrated
sulfuric acid. : .

b. Heat in a water bath set up by your instructor for
thrae to five minutes. For safaty cunsideratinns. no flame shuuld be
uged to warm the reactants..

c. 'Carefully'smell the product. If needed, the odor may

 be made more apparent by pouring the prbduct untu 25 mL of ice.
_Dascrihe the smell.
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d.  Complete the following raaction of mathannl and
salicyllc acid: .

4]
]
c

i |
: H*
 + CH,0H ——=

o

2. Synthesis of Isnamyl lcethte*

a. Place three drops of isocamyl alcohol (CAUTION:
flammahle;, twe drops of glacial acetic acid, and one drop of 3.0 M
sulfuric acid into a test tube. (CAUTION: These are concentrated
acids, avoid skin cantact)

: b. Carafully heat the test tube in a hot water bath for
three to five minutes. (CAUTION: Keep the flammable snlutinn away
from flame. Hot sulfuric acid is extremely corrosive. }

©. Carefully smell the product. Record the smell below:

d. Complete the following rnactinn for the syntheasis you
have just done: :

. cH, -~ © .
- I i
HEGI'ICI-ICHUH+IE'-CCHH-

3. Synthesis of n-Propyl Acetate:

a. Add one mL of n-propanol (CHiCH;CH;COH) to one nL acetic
acid in a test tube. Add three drope of 3.0 M sulfuric acid to this

‘mixture.

'b. Heat the solution in boiling water for three to five
‘minutes, (CAUTION: Keep the flammable sclution away from the flame..
- Hot gulfuric acid iB extremely corrosive.} '
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€. .Carefully aniff the products. Record the smell below:

d.  Write the cnndansatlun rnnctlon between acetic acid and
n—prnpanul in the box below:

4. Tollens Test: Detection of Aldehydes

aA. Add one mL of 5% silver nitrate solution (CAUTION: Do

~not get silver nitrate on your ekin) to a clean teet tube. Add one
drop of 1.0 M sodium hydroxide to the silver nitrate. A brown

precipitate of silver oxide should form.

b. Write the reaction for the formation of this brown
precipitate: '

: c. ‘Now add three drops of 6.0 M ammonium hydroxide to the
tube. Swirl the test tube (careful not to spill any smolution) until
all of the prﬁcipitata iz dissolved. This is the Tollens Reagent.

‘d, Perform the Tollens test for an aldehyde by adding one
drnp of furmalin to the Tollens Reagent. Describe what happened:

: @. When Tollens Reagent reacts with fnrmalin, an
nxidatiun—reduntinn occurs.

What is the reduction half-reaction?

What is fhe'nxidatian_halfvreactlun?

_brganic‘Labo:atnry Phge-?
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5. Sniff Teste of Other Organic Compounds:

a. Carefully smell samplesz of cinnamic aldehyde,

benzaldehyde, and methyl benzoate. Describe the smell of each

compound below. Try to relate the smell to a naturally occurring
eubstance.

(1) Cinnamic aldehyde.
{2) - Benzaldeyde.
{3) HMothyl benzoate.

b, Complete the following reaction for the synthesis of
isobutyl propionate:

cH ' o
E |
i 1
H,C-CH-CH,-OH + BO-C-CH,-CH,— >

{1) Carefully asniff a sample of isahutyl proplonate.
Record your interprstation of thsa odor below:

¢. Complete the following reaction for the synthesie of
ethyl butyrate: :

O
I
H,C-CH,-OH +# HO0-C-CH,-CH,-CH, —>

Organic Laboratory Paﬁe 8



199
(1) Name the alcohol and acid reactants: :

(2) Carefully sniff the odor of ethyl butyrate and
deacribe it below: '

JOrgnhlu Laboratory Page 9
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ORGANIC PRELAB EXERLCISE :

1. Ccircle the functional groupe on the following molecules:
H,N=-(CH,) ¢=NH, ' CH~CH 3~CH ; ~COOH
Hexamethylene di@minq | Butyric Acid

0 R o o
p ; L . m.
H;N~CgH ~C=D=CH:>=CH4 =(~C=C4H=C=0=CH3=CH 3~0~) ,~
Benzocaine Mylar
2.

Refer to table 26.4 in your text to iduntify an eater that could
be associated with the following cotrlipunding odor:

Pin-gppi-
Apricot

3. Draw the condensation pnlylcrt:ntiun of nylon from hnxalatnyiene
-diamine and lﬁipnrl chloride:.

LS GOVEEAENT FREINTING DFYICE: s | Fra.gn|feesd
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