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Chemistry 131 includes both lecture and laboratory work. To better:
understand chemistry, we believe you should become acquainted with
fundamental principles and concepts and be able to apply them in the
labeoratory. Our goals in this course are to:

1} traim you to think scientifically {dgveimg curiosity),
2} train you to think analytically (solve problens),

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

4} prepere you for future scierice and enginsering courses,

5}  teach you hasic.ahemimnl principles,

6) develop your ®rbility to communicate scientific infﬂrmﬂtinn,
?} provide vou with laboratory exp&riénce.

As 1in most science or engineering courses, General Chemistry is
difficult. ' To be successful, you muat commit yourselves to acadenic
.excellence. You must diligently prepare for each class by reading the
assignad portions of the text and working as many of the homework
problems &8 you can, be attentive in clasa, and be willing to ask
questions and seek extra inatruction. You were selected for this
course on your  past academlc experience and performance on the
chemistry placement exam = you have the ability to do well in  this
courge. The Chemistry faculty is here to assist you in doing the best
vou Can.

Kasp in mind that Chemistry is a 2 course unit, 6 semester hour oourse.
" You will ' receive twice. the credit for this course as you would for the
-wmost of your other courses. You eghould therefore expect to spend twica
as wuch time in preparation for Chemistry 131.

We hope you find thie course interesting and informative: we know yon
wil; find it challenging. '
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:i. The BChedule for chemistry 131 . is significantly different than'
" other courses. at the 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... ITf you have a

- question, -be. sure to consult your syllabus. or ‘ask your instructor.. .If
- in-doubt,  go to. your classroom during the - assigned period and check. -

~..-Your instructor will clariry the schedule during the txrst lesson. ~

" ~Do not schedule any. appoxntments (dental medical EI ‘tailor shop,‘

f:;etc ) durinq any class or lab period. -

rohgls It you know yon will miss a class, intorm your instructor at least
-one lesson in advance and. submit a Form 78 before your absence if -
" poasible. You. are reaponsible for all work assigned during. your

' ‘absence. -‘If you wmisé a GR, you 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 tor a make-up exam to,
-‘be administered on the trip. : . Ny e N

j-4. You must keep up with the course work even it you are hospitalizedz
- or on bedrest. . If you need EI, notify the hospital liason officer to
Arrange EI with your  instructor, or juat call the Chemisty: Department
{%2960).., Your instructor - w111 give you BI it you are hospitalxzed tor

Ji'an extended period. ;

5 5.: De not leave the cla-sroon or 1ab until you are dianissed hy your.!
~instructor. ' o,

7156. Please knep the classroom and coat closet clean and neat. Keep the .

" doors to the coat closet closed when not -in use - 1if you are the last”
' .to use it, clase them. ..All outer garments .(jackets, parkas, overcoats,

-.ovexshoes, caps, etc.) must ‘be neatly hung or stored in the . coat cloaet,ﬁ
- they are not pernitted in the clansroon. : : :

?ﬁ_?ﬁf Section Harcher Responsihilxtieaz'

- : a, Before clasn.f uaintain order in the classroom Bnﬁu:e the
. classroom and. closet are neat and orderly. 0911ect any aseignnents due

:; before the start of class.

b. start of. 01ass.~ Call *he class to attontion, render salute“

"fand .report the class ready for instruction, and give your instructor -

" all homework due. If your. instructor ‘does not arrive within 5 -minutes -
"after .the -start: of claas, report. to the Chemistry Department for

”[qfurther instructlona..'.

.,5 "¢, . buring Exnms. It the instructor is absent dut;ng an exam,*
'maintain ordexr and give the .command, "Cease Work," when. the time has -
-+ expired. for the exam. - The time should be written on the blackboard.-.
R Any cadet may gzve ”Cease Work' when the time expires. . :



8. Claszroom Materials. To each lecture ¢lass, you must bring youx
textbook, 3 ring binder, paper for taking notes, a pencil or pen, and a
. calculator ({you will not bhe permitted to share calculators during
quizzes or GRe). To each laboratory period, you wmust bring a pen {(all
experimental data must be recorded in ink) and your lab manaal ov
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
hopework. The problems assigned indicate the knowledge Ilevel and
proficiency expected of you. At least 6§0% of all guestionz om the GRs
and guisses wilil be homework problens.

10. Extra Instruction. Understanding of the material assigned is of
tha wtmost importance. If you have difficulity, you should sesk help
immediately from the EI room (Room 2056} 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.  Laboratery Experiments. Lab experiments supplement and reinforce
the csncepts covered in the classroom. They give you the opportunity
to see chemistry in actien. Here at the Academy, we do experiments in
ways  unfamiliar to you. our eaxperiments are performed at the
microscale. Wwith these experiments, we minimize student exposure to
hazardous and toxic materiale and raduce chemical waste. We are also
able te perform more experimental work. While performing experiments,
give BAFETY primary consideration. - THINK BEFORE YOU ACT, ASK IF IN
DOURBT.

LED REFORT FORMAT:
A. A1l labs will include the following on the firat page:

collaboration Dtatement: State who you collaborated with on the lab.
If ne ceollaboration, state NO COLLABORATION. PAILURE TD HRVE TNIS
BECTION WILL RESULT IN A 255 CUT ONM THEHE LAB.

B. For the Emiesion Tab, Enthalpy Lab, and the Spectrometric
patermination of an Eguilibrium Constant ILab the following format will
be ueed:

Collaborsation Statamsnt: State who you collaborated with on the
lak. If no collabhoration, stats NO COLLABORATION.

tbiactive: State the purpose or objective of the experiment in
one gentenca. The objective is chemical in nature; the objective iz
ot to learn how to use an instrumsnt.

Theory: In at least one full page (the eguivalent of 1 full,
typed double spaced page) discuss the theory governing the results of
the expariment. The section generally begins with a short introduction
datailing why you are doing this experiment.; Zfollowed by a discussion
of tha procedures used to obtain the necessary data. Toe ageguataly
write this section, you should consult your handout and/or textbook,
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Do not simply °°PY another source. Compose this theory in your ‘oun

Dilnullinn ot Rllultll hnswer the quaatinns in tha handout-.

nnnululinh:- Hhat can’ rau COncluda about the axphrlmant? = iwé oy

';:numariﬂal rnuults in thn cnncluninn and nrror analveis,

. '.f.:.. _ For. t‘-ht rtmnining 75 p-umt 1uhu the rulal: exercise will b filled R
_ gut -BEFORE caming to. ¢lass, the lab will be f£ill out during class and

the conclusicns will answered. Unless directad otherwise by yuur';:

*1n=tru¢tnr; all lab reparts will be due the MHonday rullowinq tha lab

'33day. only 4 of the 10 {75 point labs) will be graded. waever,,all:

. must be nnmplatﬂd and turn&d in ‘or you Will recaiva an. IHCGHPLETE Pon:f;
| THE COURSE. = i # . o PR S

',.lzy' Latn HbrkL -HliiasSigned'ﬁbrk'is ﬂua_ﬁt the'haginning;nffthe'f'
"E“.rind.- Late .penaltiss will be assessed according to the schedile
Cbelow: - LA VR i ST A T

< 1 lesson late . . 25%
< 2 lemzons late: L E50%
} 2 lesﬂunn ‘late jg 1nnt

h'sincn Chnmintry 131 dpﬂ: nut ‘follow the nornal H{T—Dny schedule, ﬁadh}ﬁ“

. class westing (lecturs or lab) is one lesson.

:flﬂ.f.cnnputar Aidud Inltruution. - You lhnulﬂ havi hcan lssund thran o
computer disks with chemistry compiutar aided instruction softwara. ~The -

L in:tructiun prngram :‘In#criptinn- are listed. halnw. '

RN R Ihg_ﬂlgmgnti Pﬂrindic Tahla, Hnmanclatura nf tha

o Elements, - Ilutnp-lfhtnnic wWelghts, - Prnpertias of Soma.':'
Ellmti, mury Elmtnt Quiz U _

¥ Ingrggnin_ﬂhngnglgtu:ﬁf Binury Saltu. vnriable nxidatiﬂn . _
. Btate Salts, Binary Compounds of Two Honmatals, hcids, e
y Basaa, Turmlnr Sultn, Review Fruhlems e _ IR

. Solutionm: Snluhilit]r, Solubility Expnrimant Fraazinq SR
- Points, Molacular Weight Determination. Experiment Weight i
i'Purunntn, Holnrity, Dilutions : ST L A0 _ _

g mmmmwm chemical Fo:.-muns.
o Atomic Welghts, Molecular Fnrmulasjweightn, Gram Hulacular
_ Heightn,.cramfﬂble Prnhlens q : Dy rdne

R - : ; 3 ' - Introduﬂtinn, g
-,_,Psrnant chpnaitinn. Empirical Furnulas, Hg-Hcl Exparim&nt
'-Empirinal Fnrmula Prnhlams At A _ _ _

_M};wﬁghgﬁ;ﬂh;! hrcade ntyla gana tanting your knowledge nf
‘”f_f}bhenical raactiuns LR _ ]
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: Chemical Fnrmulas,

, 3 . ;.
_CHEmicnl Equntinns, Writing Chemical Equatiuns, Ealancing

ﬂhEﬂlEal Equatinns, Review Prnblams

W

r: pH, Water, stronq Acids. und S
'_-Bases, Measuring pH,. Heutralizatiun, Acid-Base Tltratlﬂnﬂ,:
Titration Experinant, Strnnq ve Weak Acids

,ng;xigﬁﬁxggﬁn Prafixnn, Temparature, valume, Height
Cuncantratinn, Density, Special symbols and Functions

ﬁdditiunal CAIL i= availahle on tha VAX-A cumputar via Falconnet.'
Tha programs and descriptions are as follows:

Ezns:nm : nﬁnnxinhinn

' Huth

Lngn _'
Names

Hamagama.

"‘Mole -
‘Limit
Thermo
Atom
Force

Gas

PH
Acid
- EME
Qual
Redox
Chart .
ﬁlchnny

Tutnrial on math and ncitntific notatlon
Tutorial ‘and drill on lagarithms

Drill on chemical nomenclature

Arcade-style. nopenclature game {nanu- Enintl]
Mole concept and molecular waights

Tutorial and drill on limiting reagent prublems

Tutorial

Tutorial

Tutorial
Tutorial

~ Tutorlal

Tutorial

and drill

.and arill-

and drill

and drill’

and drill
and érill

an
an

on’

an
on

' Ther-ndynnn1c cnnunptn and problems
on;

electronic structure
intermolecular forces
gn-llawq S
pH problems .
atrong and weak acids
electrochemical concepts

Dry run of hﬁnlitativn analysis before the lab

‘mutorial and drill en redox reactions

Tutnrial on the pariodic tahla, elamanﬁs, atc,
A chemical knuwlﬂdq- ndvantura qama {nnnu- Foint-].

.tha cﬁI antﬂﬂri on the le—h.-

18..

Bonu: Pnints from CLI.

INDIVIDUAL EFFORT is required.

. finfurn;tign during the -semester.
¥ plnying theaa qnmes.

:ﬁa will give yuu 1nformntion detniling thn atnpu necaasary tn access

: A’ you may hnva noticed. from ahnve, bonus
- points are avallable when’ playing NAMEGAME and ALCHEMY.
. Collaboration im permitted when using CAIL.
. “be awarded for these two,
- are avallable for use throughout the year, howvever, .
points. only during certain dates.

WNormally, Full®
since points. may
These games
you may earn hbonus

Wwe wlll gilve you additional -
Read instructiuma carefully when .

However,



NAMEGAME is an arcade-style gquiz where you give the correct
name or chemical formula for elements and compounda. You are
awarded 10 pointas for each correct answer and penalized 4
paints 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 gawme 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
pointe for each successful completion of a level. The number
of points you earn depends on the number of questions misszed.

~You lose 10 points faor the first gueestion missed ("fatal
‘encounter™) and 5 pointa for subsequent missed gquestions.
After missing a question, you’re removed from the game. and
must reenter. If vou miss more than 5 guestions but finally
complete the level, you earn 5 bonus points. Levels will be
open for bonus pnints 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 achedule for the 10 levels
of alchemy:

Level Number Opened i Closad
1 10 Aug 17 Ang
2 10 Aug 24 Mug
3 24 Aug - 7. Sapt
4 7 Bept 21 Sept

5 21 Sept 5 Oct
6 5 . 0Oct 1% Oct
7 1% Oct 2 Nov
8 .2 Nov 16 Nov
9 e .16 Now - 40, Nov
10 : ] 30 Nov. - 11 Dec

REMINDER: SINCE ALCHEMY AND NAMEGAME ARE PLAYED FﬁR POINTS, YOU MUST
WORK ALONE. - i '
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GRADING:

4 GR8 (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/each o 400

(Emission, Enthalpy,
Determination of Ke,
Qualitative Analysis)

4 @ 75 pts/each 300
(4 of the remaining 10
labs will be graded
-Tandonly. )
Final ' _800
:g:!nlitl_.ili!..l-'.ilfilli-ﬁfiI#Itf‘iiil‘ii;ﬂng

Foints for Prog

2 GRe 600
2 100 pt labs 200
2 75 pt labs 150
3 quizzes 90
Frag Doints 1040 (35% of points)
guarantesd Grade Cuts
" Above 28% ' Out of Final Exam (Tncluding Alchemy and
Namegane) M
Above 80% A

Below 0% = F



DFC COLLABORATIOR STATEMENT FOR INTRODUCTORY COURSES

PULL COLLABORATION: cCeollaboration 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 mources. All such collaboration
mizat be documented. '

THE DEPARTHENT OF EﬁEHIﬂTRI DOES HOT ACCEPT QOPIED=ﬂﬁRK.
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Chemistry 131 BYLLABUS Fall 1990

Lessan Mo,
Week Date USAFA 131 Topic Beading Homework
14,16,70,28, 34
1. 9. Aug M-1 1 Matter and Measurement t«1.5 36,42,61
1,2,6,06,12.18
19 Aug T-1 2 Atoms and Molecules 2.3-2.8 253,38,40,49,58
2. LAE: Sclentific Hethod ; Quiz #1 - 16 Aug
13 Aug M-2 3 Chemical Formulas 3.1-3.5 3.5,13,17,22, 30
15 hAug M-3 & Chemical Formulas 3.5-31.8 31,32,38,43,49,51
17 Aug M- g Gases 4.1-4.4 5,1%,19, 20, 38,40,
AFACT; Bl-67 4%
3. LAB; Data Analysas
20 Aug T-4 -] Gasex 4.5-4.6 45,48,56,62,71
AFACT: B9-92
22 hAug T-3 7 ‘Electromic Structure 5.1-5.3 4,8,11,14,20, 22
24 Aug T-& a8 Electronic Structure 5.4-5.6 26, 30,36,38, 45
4B, 54
i, LAE Emisxsion; Quiz #2 - 30 ﬂug
27 Aug M-7 9 Electronlec Structure 5.7 64,56,68,78
AFACT: 133-150
29 Aug M-8 10 Periodic Table 6.1-6.4 5,6,11,14,16,32, 324
31 Aug M-9 11 Pariodic Table 6.5-6.6 28, 30,38,42,60,63
5. LAR: HOYE:; R ¥l on Wedneaday 5 Sep 90 (Chap 1-8}
3 Sep M-10- 12 Thermochemistry 7.1-7.2 4,8,10,14,18
& Sep T-10 13 Thermochemistry 7.3-7.4 200 25,30,32,35,40
7 Sep M-11 14 Thermochemistry 7.5-7.F 49 50,55,56, 60, 68
6. LAB: Enthalpy
1d- Sep T-11 15 Spontaneity of Reactlons 20,1-20.4 1,3,.6,10,16, 24,30,
: 34
12 Sep T-12 1A Spontaneity of Reactlons 20.5-20.8 3p,46,50,52,73
2,12,14,18,20,22,
14 Sep T-13 17 Covalent Bonding 8.1-8.13 26,28 34 42 ,48,60




Energy Slamlator, Bring Geometry Klts to Leeture; Quiz #3 - 20 Sep

7. LAB:
17 Sep M-14 18 Molecular Structure 9.1-9.2 2,6,10,14,24, 28
19 Sep M=-15 19 "Molecular Structure 9.3-9.5 372,37,40, 44 46
21 Sap M-16 20 Liquids and Selids 10.1-10.2 2,5,6,8,19,1a,20
8, LAB: Grometry,  Bring Geometry Kits to Lab; Dr. Bartlett 25 Sep 20, 1900
24 Sep T-16 21 Liqulas and Solids 10.3-10.5 22,24,27,32, 34, 36,
: ' 38
26 Sep T-17 22 Ligquids 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
a3, LAB; Sclutions; GR # 2 on Tuesday 2 Oct 90 {Chap 7-10, 20}
3 Oet. H-?ﬂ 24 Solutions . 11.3-11.4 2B 32,36,38,42,4%
& Qct T-20 25 . Air Pellutien/Acid Raln 192.5  45,47,63,64
2,4,6,B,13,14,16,
5 Oct M-21 26 Agquasus Reactlons 12.1-12.3 18,22
10, LAB: Acld Rafin ; Quiz # 4 - 11 Det 90
10 Oct M-23 27 Aqueous Reactlons 12.4-12.5 26, 20,36,38 42 48,
1?2 Oct M-23 28 Gasesus Equilibrium 13.1-13.2 ??2,3,5,9.12.1&,1&
11. LAR: Deternination of K,; Qulz # 5 - 1B Det 90
15 Oet T-23 .29 Gaseous Equilibrium 13.4-13.5 18,28,36,38,43, 44,
20.7 52.55,56,58
i7 Oet T-24 30 Aclde and Bases 14.1-14.2 5.6,12,16, 24, 28 30
38,446,50,55, 56 63,
19 Cet T-25° 31 Acids and Bases 14.3-14.5 69,78
12. LAR: Acld Base Titration; GR # 3 on Friday 26 Oct 90 ({Chaps 11;15, 19,.5)
22 Oct H-26 32 Acid Pase/FPT Equilibria 15.1-15.2 G,B,16, 20,622, 34
24 Qct H-27 33 Acid Pase/PPT Equilibria i5.3 'EG,BB,ﬁﬁ,ﬂz,Eﬁ,Eﬂ
26. Oct M-28 34 - Chemlstry of Photogrephy Handout
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LAB: Fhutngraﬁhy

29 Oct T-28  35. Oualitative Analysis 17.1-17:1 1,2,2,6, 12,16

31 ﬂct- T-29 36 Gualitaglve Anzlysis 17.4-17.5 22,20, 28,36, 43 5%
. 2,4,10, 14, 24,28
Z Hov T-30 37 Rate of Reaction 1a.1-18.2 36,540,445
14, iﬁﬂ; Qualitative Annlysis: Quiz # 6 - 8 Xov 90¢
S5 How M-31 38 Rate of Reaction 18.3-18.5 . 46, 48,50
7 Nav H-32 3% Bnte of Reaction 18.6-18.7 592, 58,62,64
© . 33,34,38,48, 55,
9 Nav M-33 40 Atmesphere ' 19.1-19.4 e
TAB: Eineticz; Guiz # 7 - 15 Hov 90
14 Hev M-34 4l Electrochenistry 21.1-21_ % 2.&.13,22,2&,3#
16 Hov K-35 42 lectrochemistry 21.3-21.4 46,43 .58
LAB: None
19 Howv T-33 43 Elecirochemistyy | 2} .5-21.6 &£0,67,68, 6%
, _ 21.7 20,129,462
Zl Nov T-36 44 Electrochenistry ~ AFACT: Z20-23°
LAE: Electrﬁche-istrj; CR # & on Friday 30 ¥av dﬂ {Chap 17-19, 21}
76 Huv H-37 45 Organie Chemistry 26, 1-24,.2 1,3,4.,7,14
" 2R Hov M-33. 46 Organic Chomiztry 26.3-26.4 16,45 46,50
30 Fov M-39 47 Crgenic Chemistry 26.5-26. % 35,36,38,40 42
LﬁE: Orgenic; Quiz # 8 - € Dac_?ﬂ
3 Dac T-39 48 Polymers . 27.1-27.2 2.4,6,8,10,12
5 Dec, T-40 49 Polymsts ' 27.3-27.5  15,18,74
7 Dec T-41 50 Applied Chemistry Option |
LA&RK: None
10 Dec H-ﬂz 3l Applied Chemistry Option

11 Dec T-42 Clean-up-



Chemistry 131 Laba Fall 1990

HEEE < LAB No. LAB . RYPE
B | : Nene {Transiticn Week) -
2 s o : Scientific Method Micro.
3 2 _ Data Analyses In-Class
4 3 Emission Macro
B . Hone ([Labor Day) _ -
& 4 | Enthalpy: Macro
7 5 Energy Simuliator ﬁEHD
8 6 Geometry | In-Class
: 9 7 Solutions. Micro
10 g Acid Rain : Micro
11 - - petermination of K. Macro
e V-3 10 Aﬁid Base Titratioen Macro
45 - 1l ﬁhntngraphy' : Macra
14 . 12 Qualitative Analysis Micro
15 13 Kinaticﬁ : - Mlcre
_16; : Hona {Thanksgiﬁing] -
17 14 Electrochemistry " Micro
is 15 Y Organic . Macro

* 0 .- Optional

N - No
Y - Yes
Late Penalty: < 1 lesson late 25%

< 2 lessons late 50%
% 2 legsons late 100%

GRADED" .

=

o

0o o O O =% 0 0 o X K

100

78
75
Fi=
100
15
T8
100

75

T3

75
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INORGANIC NOMENCLATURE
Chamistry 131

Chemigtry is a lot like living in a foreign country. If you
.apeak the language, life iz more fun! Learning inorganic
nomenclature is the firast estep toward learning the language of
chemistry. Learning the relationship between chemical formulas and
chemical names is essential for understanding chemical problems.
Inorganic nomenclature is a systematic way of naming the thousands of
inorganic compounds which we encounter.

¥Your textbook discusses nomenclature of incrganic 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 simpla 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, Sn, Hg, and FPb.
2. Compounds with common names

HzO - water

H,0; - hydrogen peroxide

NH; - ammonia

3. Cations

Names

Lithium ion, sodium ion, etc.
Beryllium ion, magnesium ion, etc.

Hydronium ion
Aluminum{III)

Iron{II}), Iron(LII}
Copper (1), Copper(II)
Silver({I)

Mercury(l), Mercury({II)

Synbol

Lit, Ha*5 E*, Rb*, Cs*
Be?*, Mg?*, ca?*, sr?*,pa?*
Hi"

A13+
Fa2t, Fe?t
Cu*, Cui+
Ag*

Hg22+; Hg-2+



“i Laad(ll], Lﬂad{I?]
o4 Ammonium . -

.CDIHDH anatumic Aninns

Hydride '.:ﬁ'--

Fluoridéa @ F-
. Chloride . oL~
-;'Brumide .'1Br

-:Hitrnta . Nos-

Parmanganata MnO,-

' "’ Hydroxide < oM™

Cyanide 7 . CN" .

.”Par:hlurate ; -C104’-:

" Potassium.hydroxide

{'Rubidlun.hydrnxide

:hcids

';Thiucyanate " SCN- -

‘aulfuric. .  H.S0,

‘Mitric - "HNO 5
-Hyﬂruchloric - HCl

Bases | |
Lithium hydroxide -
" Sodivm hydroxide

Cesium Hydroxide

Thera are faur main classas of innrgunic cumpnunﬂs we will 1aarn s

? 3haw tn name.'

'.gphusphurlc ", HaPOs

- L1OH
WaOH
G CeOH
_ RbCH

P2+, Pbtr

.-"Hﬂlf

Todide .- .I-

o - Oxide - Lo Fo
o Eulfidg: S - L

: fcnuunn Pnlyatnuic hninns ITHD or mnrn atams}

16

Sulfate  80,%-

g Carbonate co3%-

‘Chromate =  CrD.%"

" phosphate Png T

“Peroxide - 0;°°
. Chlorate  ClO;~

. Perchleric  HClO,
‘chlsric = HC1O0,

- Hydrobromic HBr
Hydroiodic  HI

Hngnnsiuu hydruxidt
-Caleium hydroxide

- Strontium hydroxide

'-;1.3 cumpnunds Sk frum simile ‘yalenos metals. .

:  Compounds made from multivalent metals. k
3. ".Compounds cantaining nnly nnnmntallic elementa.

S ncldn.

H&iﬂﬁi;-:'
Ca{QH) > ~
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'?n_qCDHPGUHDE HEDE FRﬂH SIHGLE ?ﬁLEHEE HET&L&
- In genaral these cn!paunds are made using at least une uf the:__

matals in Groups IA and ITA. These metals donnte electrons readily .

- (they have a low ionization energy} and always have oxidation numbers
”unrrenpnndinq to their group number. For sxanple, X, Ha, 08, etel,
- have cxidation numbers of +1 only. All we have to do is specify the

cation (the ionic metal) followed by the anion.  We must also ensure

that the sum of the oxidation nunbers is zero {for we are deallng
fwith neutral mnlaculaa}.- ‘Hers are some examplea. .

’”ffﬁgﬂ f-'?° andium hydridn

_. ¢§}03; i; cuaiun oxide

;J_3$f§: _f. barlun flunridn
.ﬁéﬁ_   '3_hyﬂrqun cyaniﬂa
_#r;ﬁg  :5struntiqm.nitr1d§ff;

ﬁ'{oﬁj',- _calcium hydi*nkidi
© LisPo,  litbium phusphutn _
. t.Hgsu¢ ﬂ;lmﬂﬂﬂﬁliuu nulfata -
.ﬁ Hnw; yuu try & nnuplal .
. a. RMaoros
Hj;f51  nngncliuu tluuzida

.H'In qunstinn (a3, tha cntiun 1“ Na* (Bbﬂiuﬂl !hd the anion. ia Crﬂﬁz'xfi

'":(nhrumata}.. Thue, the compound is - In. guestion {h},-”.

:T 'magna51un exists in compound form as Mg <. Fluurida ‘iz the P~ anian{_'“

ﬁ']Tn make the cowpound neutral, we nesd Lﬂﬂ ¥ 's. Therefora, ‘the
' formuln fnr maqnnuiun flunride 15 qug. ' S '._.

;:~ If wt huva an 1onin cnmpnund that contnins hydrngen nlnng w1th
-”,,the catian, then we heed to. ﬂptcify thn number of hydragen atums in
. '¢thn uu.pnund Fnr instancn, ' . _ o

Nuncu, o audiun hyﬂrug&n cnrbnnata
| Ha HPO, . sodlium meonohydrogen phoaphate
'. HnHzPﬂ4 o sodiun ﬂihyﬂroqnn phuaphate

'"fj71n tha ahbvn nxanplas. HH usa Graek prgfix hafnr& the wurd "hydrugen". o



to. spacify ‘the number of hydrogans. In case you’ve forgotten, here-
-are the praflxes..: ' e R PR

mono-
Coodie
.. tri-
tetra- -
. penta- .
hexa— -
hepta-
octa-.
Y nana=-
- deca=.

_{bmitted if np.ufhzr prefixes are used)

I Y .'
000 AW

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

. ThHis is because carbonate hae a -2 chafgei if sodium (Na*) cnmhiﬁa# L
.. with .€Da?", there is only "ruqm" for one hydrugen.' Thus, the mong— .

’:-is inferred in this case.’

o '-conpwﬂns MADE PRDH MULTIVALENT unmt.s :smcx S‘ESTEH}

o Nonionic nntaln can usually have nore than nne oxidatlnn state.
‘Iron, for instance, can be found as Fe®* and as Fe? Most other
transition metals can alsc assume more than -ene uxidation state. Thg

- way we distinguish between compounds which differ in oxidation |

"numbers 1s by using Roman numerals, which i known as the Stock

i) gystem. The Roman numeral indicates the oxidation number of the

7 cation and is. anclosed in parentheses iumadiataly after the metal
'._nama Taka a 1nuk at thnit ixanplah. T

"FeBﬂ, mh g iron[;t} gulfate R
- Faz{804)31: . iron(III) sulfate -
"Pby - _ . lead(IV) oxide -
CBn(NO3)2 .. .  £in({II) nitrate
CUCN ... 7 copper(I) cyanide
Hg[uﬂ} PR, _-marm:rﬁII} hydrnxiﬂe

e _ Hnta the sum of thn uxidatian numhara{s) of tha metal exactly
',.uancﬁli the sum of the negative chargets] -of the anion. HNote also

'fiuthat you - need nnm memorize the oxidation number of the metal because

.you can alwaye back calculate its value by knowing the chaige . on the
”_aninn. In other Hnrﬂa, mn-uriaa tha aninns,_both name and charqe.___

'T_'Iitt?s try a cpuplq;__,.

Cu504

" rh; irun{IIIj cnrhnnata -
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In {2}, remember to Key off the anion! Since you’ve alresady
memorized {?) the anions, you know that sulfate has a -2 charge. To
make the compound neutral, you know that copper must have a +2
charga. Since copper ie multivalent, we will express its oxidation
state when we name the compound: goppepr(Il} sulfate. For (h), the
{III) tells us that the iron is in the +3 state (Fe®*}. We know from
cur memorized list of anions that carbonate has a -2 charge {(C0;?7).
To make a neutral iron{III) carbonate formula, we must balance the
negative and positive charge. Two Fe?*’s and three CO;”"’s would
balarce the charga at +6 and =~G: Faz:{TDa}a.

Ag with most toplcs in chemistry, there are always sone
axceptions. A nunber of metals exist which are not in Groups I or Il
and have one oxidation state. For these compounds you do not specify
the oxidaztion state in parenthesis. The exceptions ycu should know
are Ag(+l), Ni{+2), Zn(+2), and Al (+3). Here’s some examples of
what we’ra talking about:

AgMRO . silver permanganate
Hi{CLlO,) 3 nickel perchlorate
AlLH aluminum hydride

Remember, we used no Roman numerals in naming these exceptions. HNote
algo that most transition metals can exhibit a +2 ion due to
ionlzation of the 25 ®lectronsx.

COMPOUNDS CONTAINING ONLY HONMETALLIC ELEMENTS

Lat’s move to the oppoeite end of the periedic table. Hers we
£ind the neonmetalilic slements which are defined a= having a high
(negative) electron arffinity. In genaral, the nonmetallic elements
include those elements to the right and above the dark, solid
stajr-atep line on the periodic table that forms a diagonal from
boren (B) to astatine (At). Conpounds formed golely from these
elements will be covalent in nature., Whan naning these molecules, we
use Sresek prefixes because the oxidation number cor aach element is
not alwaya obvious. The compound name begins with the most
electropositive atom {the least electronegatiwve) and then the other
alement is named {once again with ths "ids" ending as in the anionj.
Iet’s look at some examples: :

CBr carbon tetrabromide
PFj phosphorus trifluoride
N0« dinitrogen pentoxide
XeF, wenon hexafluoride

Here are a coupla for you te try!

2. HOQ




Tfh; lulfur hixatluuride

-ﬁﬁgmhn fnrmuln 1h a} is ni;znﬁﬁﬁ;mhngxiﬂi,; If there is nnly une nf thg :
L RN alﬁctrupus tive ntnm:, The Toono-® prafix can be dropped. - The
-u.;'ﬂunu-' prafiv iz always used for thse BOre electronegative atom. In
o fb}, no prefix on tha sulfur implies one sulfur. Hexafluuride neans
fh;lix r 'a. Tharafnra. the furmulu 1u SFE. - - . :

14,f final nut-, pm uhould talk ahaut naning acids. CYou should i
L}bc fanilinr with lﬂll cn!nun nanen, sunh as the fnllnwing" :

B "”H.ﬁnb,' o nitriu acid L

31501 lulfurlc unid

111 uxyncidn {anidl cﬂntﬂining ﬁuyqan} arn namnd after the nama 5,;;i’

jfiaf'th- hniﬁn. For exnnpla,

Hﬂlu. o parchluric auid [frnu pnrnhlarata inn}
CHCLG . chioric acig ifrom chlorate ion)
Hzcr9¢ . nhrblic nnid (fru- uhrnnate inn}'

R nth-r uuidl hnw- “the snin furnuln as some nr tha cnmpnunds
.ﬁj;dianu:snd ‘above but hu?- & di!fnrunt TIBEE .

-'cg:ﬁfﬂcltnq} . hydtﬂchlntiﬂ n¢id
. HBr{ag) = hydrobrosic acid
CHP{ag) hyﬂrufluarlc acid

L.QQLHEH {aq} hydrﬁurnnic acid &__..H

'f'-ﬂuut af the time we will add - the ahhrnviatinn fnr aquanus [aq} after;}.:;'

. the compound to 1ndicatﬂ that it is dissolved in water and is, C
- therafore, an aci#. For instance, HI{ag) would be cnlled hydroiudic -
-Tﬁ;aciﬂ whare 4 HI Huuld be t-rlnd hrdrbgan 1ndida. _ _ n

Homanninturn 1s an important pnrt of the 1anguaqe of chamistr?-  o

f?iiﬂtt wuze te naming these cnlpﬁunﬂl nu'll b unting wuch more nr
';;;thin thr¢u§hnut tha ynar!!! : _- o L . -
RS e nnxt pagn ie & nomsnelature. uurk lh!lt.; U#a thiﬁ_ﬁq'hﬁip_fzx'f'
rgf.yuu prnctict yuur nn-anulaturn ukillnl!! S IV S




ROMENOLATURE WORK BHEET

Bow, let's see how much you've learned! Use the fellowing to

pracgtice your nomenclature skillsitid

¥ame the following:
(%R ;) 2003 ' N0 i

POy - H,5C, :
Alz0, _ S0CL

EacCl Hal . it
Cu ;8 Mns

ENSQ. e DBeS0, __

o4 : HBr

(WM, ) HPD, PFs,

P30y __ P.Oie

Om (Ml ) o HC1G,

Give formuizs for the following:

suponium auifate barivm iodide

calciue oxide sodium aulfide
potasgaiun parvanganaie 1roni{TIX} sulfate
ailver phusphate surliur trioxide
aopper{II} oxide aluminpun sulfide
magrezsiue iodida carhonic acid
titaniuniIv) chloride vanadiomi{V) oxide




BEcilentific Mathod
Chasisiry 131

SRIGCTIIVE

Te beccme proeficient in using the sclentific method. This lab
will lead you through the scientific methoed of problem scolving. You
will wake observasticns, ewxamine your obsexvations for patterns, make
and verify hypotheses, perform esxperiwents that were deaigned for
¥you, and design your own experiments. Finally, vou will bhe able to
determine the reaction pathway for a "“"slock reactisn.™

AFTROPUCT ION

Francis Bacon suggested centuriez ago that ags a result of
caraful observation of phenomena there would always emergs a logical
explanation: others believe that aimless experimentation without a
preconceived chbiective leards nowhere. The scientist works in two
directions: he collects data and from his cbservations he proposes
axplaining hypothezes through a procese of induction, then he seeks
to verify this explanation through a process of deduction. It is the
rare scientist who hae encugh imagination to creats new valld
hypotheses. Most scientists dunt “get milesge” out of someone else’s
hypotheses by doing variations of his expariments. It wan forty
years after noted theoretician Albert Einstein proposed the
convergion of mass to energy that the invention of *he atomic banb
validated his hypothesis.

Tha inductive meithod propelled scienca to prominence during the
Enliaghtensent pericd of the Renalssance. Previousliy the ancient
Gresks worked entirely through deductisn and the fiction of the four
*elepents® (Barth, XRir, Fire, and Water). Later, the pursult af the
"Matexria Prima" by Alchemists testified to the futliity of a purelv
deductive proceszs ihat begins with an idea and denies the results of
any experiment which does not turn out as gredicted. {1}

Modern sclence dates from the sixtsenth century when systematic
chgexvation and experiment developed the inductive part of ths
process. The formation of a hypethzels is an attenpt to gusse why
something happenz, hance it is inductive. Deductive predicticn of
resulits leads to verification when the hypothesis is tested.

Repeated cbservation-prediction-verification-revision of a hypothesis
leads to an acceptable swplanation called a thecry. This approach,
in its simplest form, conaists of several distinct steps:

1. Hakiag cheervations. Ths cbservaticns may be gualitative (the
mky is blus, BCT is fun) or gquantitative ithe preasure is 1
atnosphere; the temperature 1y 21° €). Many chemical r=acticns
invelve changes in ¢oler, evolution of 3 gas, or formation of a
preciplitatre.  Howsver, not all reactions oooup inzxtantly, sone bake
minutes, hours, days, or even yvearsg. {2)

. Deoking for patterns is the obeervation. Thils process often
regults in the formation of a nmtural or scisctifis iaw. For
axanple, studies of countless chemical reactions have shown that the
sukbstances present after a rsacticn havse the same total mass as that



- - | 23
- of nuhstnncas prasent hnfnrl the reactinn took place.f These ' - _
'nhsanvations can hn gﬂnernlizeﬂ ns the law of cnnservatinn af mass..'

1_3. lnrlnllting th-u:i-i.. A th-ory cnnsists of a set of - assumptlnnn
put forth to explain the observed behavior of matter. At first, the

' ‘met of assumptions is called an hypothesis, If the tentative .
. hypothesis survives the tests of many experiments, we galn confidence
o in its wvalue and call it a theory. At this time, it is important to

S distinguish between an uhsarvatiun and a theory. An cbservation is a
fact that endures time, wvhile a theory iz an interpretatlnn and nay
nhnngn Hhen more facts are knnwn. {2} .

4. niqninq -:p-rinlntl ‘to tast the theories. Typinally,-scinnne'

- ig melf-correcting, continucusly testing its theories. We must-
-nnntinun to do experiments and refins our theories in llght of new

;1: observations if we hnpn to npprnunn 2 more currect understanding nf.
~;_.nnturn1 phnnn.nnn (2}

thn dnniqninq BN exparimant thnt invnlvns sevarnl vnrlablns.

. one nunt change only ane variable at a time. If you ware to change

 two variables for the same sxperiment, it would be lmpnnslhln o
‘determine which of the nhangnd paranntern cnus-d the ehanga in thn

”VE_obnnrvatinn.

“Tha prncnding ﬂisuusninn dnscrihes the ideal scinntific mnthud.

'=,Hnﬁnv-r, ‘it is important ¢ understand that science does not always

progress smoothly and efficiently. Scientists are human: They have

. prejudices; they misinterpret datas they become emotionally attached
" to their theoriss and become non-objsctive.  The scientiflc method is

only as effective as. thn hunann ulinq it. It duns not. antanatinally
.lnad to prnqrcnn. . .

This nxpnrinnnt im dnniqnnﬂ tn givn you some prnntice in- the

| ways of scientists. The scientist cbserves results of procedures,
T makes hypnthesnn to explain these results, verifies the hypotheses,
. .designs experipents to isolate one variable, and finally assenbles a

theory about the reaction. The chemical reaction that we are =
investigating is called a wolock reaction.® Chemicals are mixed and

¢ afteér an interval of several minutes the sudden appearance of a blue

coler signals the complestion of the p:ucesnd-a chemical reacticn ham
. taken place.  You will first carry out some sinmple conbinations of
' solutions, recerd the results, and try to explain in chemical terms

- why changes coccuy.  As successlive steps hacoms more cnnplnx, look for
. conaictent patterns and exceptions, verify changes, and finally try

- to put together a dannriptinn of the pronni-en which tngnthnr nnka ap

. .. the cluch rnnntinn.

:gn"'ijynriiintll In!h:-tinn

_ c1¢nn tha pipata bﬁtnrn nnd aftar thc lnh. _ _
2, Kaap ‘the p.i.pn'l:n used fnr tha iodine solution naparatasd from tl_u

;1;“{rnit.- Iodine will steain the pipntn nnd we' Hant to ninimi:e tha
”?:.nunhnr of pipcts we atnin._a o



. Record all observations and your explanations in the spacé provided.
Be sure to observe all reactions for at least 10 minutes before

assuming nothing has happened. Do not stir the =olutions after .
Anitial mixing. : ;

1.  Place about 3 drops of KI (potassium lodide), KCl (pataﬂqlum
chlnrldeJ, {NH,) 2820;,  (ammonium peroxydisulfate), Na,5:0; (scdium
‘thiosulfate), and I, on separate locations of your reaction surface.
Add. 1 drop of starch solution to each of these salutions._ -Record
your cbservations. below.

golution - gbservation

a, KI, starch

b. - KCl, starch

C. (NH,) 25204, starch

e Na;5;0;, starch

a. Is, starch

‘Starch indicates the presence of what species?

2.  Try various combinatiénsa of the snlution: ugaed inh Step 1, taking
them two at a time (use absut 3 drops each). Then add 1 drup of
starch to each. Which combinationa give a positive reault ;
(appearance or disappearance of a blue color)? This is a key step in
nnalyzing the raactinn. ;

a. KI, KCl, starch

b.  KI, (NHy):8:0y, starch

a. EKI, Ha,E;n:, starch

d. KI, Ig, sturch

L e qu' (HH;};S:G.; Etﬂrﬂh

fr Kﬂl,_“&ggzﬂa, Btarnh :

g: KCl, I;, starch

che  (NHa) 2830, Na28,0;3, starch

i I (NH4) 253204, I;,-Btirﬂh

jc: H515103,-I;, starch

Page 13



‘3. On separate areas on the reaction surface place:

{a) 3 drops of KI '
-{b). 3 drops of KI and 1 drop of Na 570
()} 3 drops of KC1 :

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

. affact of Na.8:0,7
felution Obssrvation

a. KI, (NH.i)28,0:, starch

b.  RKI, HazS5;045, (NH, ) 530,
starch

c. KCl, (NHq) 28203, starch

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

Briefly summarize what you think are the roles of KI, KCI,
{(HH,} 28:0,4, Na;5,05;, and starch. Show your conclusions to your

a5

instructor to have the validity of your ohservations and hypotheses

. chackad. :
golution = " Role
as R
B. KCl

C. [Hﬂ4]252da

Bl - I .Hﬁzs.zﬂ.g_

e. starch

- Page 4
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4. ‘Now for the full clock reantiun. Make up two soclutions as
descriked below, -

Solution I: Measure 9 drnps of 0.20M KI, 4 drops of 0. 00SM
Na,8;0,, and 1 drop of starch.

Solution IX: Measure 8 drops of 0.10M (NH,)3:5,0s;. Record the
room . temperature.

Tanparature:

.Qulckly mix anlutian T and II recurﬂing the time of mixing.

When the solution suddenly turns blue record the time. Repeat this
procedure until you get a constant time interval.

Time of faactinn:

5. Refer to your results in-step 3 and verify that they are
consistent with results in Step 4; if not, repeat any part about
which you are unsure. Summarize what you think is occurring.

6. Concentration Effect. The so-called "Law of Mass Action”
suggegts that the rate of a chamical reaction is affected by changes
in the concentration of the reactants. Hypotheaize what you think
the results would be if you were to decrease by one-half the amuunts
of KI, {(NH;):5:04, Na:5:04, and starch?

golution ' Pxedicted Rate

a. KI

b, {NH,) 2820,

c. Wai8 zﬂ_g

dl starch

Now test your hypotheszea by designing an experiment. Remember that
you must changs only ons variable at a time. If, for example, 10
drops of KI are used instead of 20 drops, the total volume will be
less and hence all concentrations would be altered. To remedy this: -
you must replace the missing 10 drops. If this is done with 10 drops

of .deionized water, the correct volume of solution would be cktained.

Page 5
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Clearly state your experiment and record your observations,

YR T -

Step 4

Explain yaur'results.

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

Tﬂmpa;atﬁ;eﬁ ; Time of reaction:

conciusion

Now that you have haan guided thrnugh & systematic analysia of
chemical reactions, from simple binary combinations to complex
processeas, you should be able to suggest the actual reactions taking
place in the ¥clock”™ reaction. In addition, you should be able to
discuss how changes in concentration and temperature affect reaction
~rates. These principles are important and will, therefore, bes used’

" ‘throughout this course. The kKey point when designing your own

experiment, as you will do in most of our labs, is to change only ane
var;abla at a time. : R

Raferencs:
1. Hanszson, Allen L., J. Cham.  Ed. . 58, 4345 (1981)

2+ Zumdahl, Sfevén 8y Chém;g;:z, 2 ad, Lexingtnn, MA, D.C. Heath
. and company, 1989, pp 2-4 : L

AL S HEsEes e HEL e L. Chsmlstrr. Pringi Reactions
Orlando, FL, Saunders College Publishing, 1989. ' i

Page“ﬁ



'Egghriggn tal Report

l. Tell whlch of the falluwing reactinns are cnnslstent with your
nhsarvatlnns and whlch are nut.

Eﬂﬁﬂiﬁnﬂni_iliﬂl

820327 4 8;03%" ==mr———> B0,?"

$,057" # I~ ====m===> 80,27 + I,

Tz + §5;0377 ==ememee-b 17 + 804°°

I™ + 85037 ==ece—wea> T, + 50,47

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

3.  How did changes in concantratiun and changes in temperature
affect the ‘rate of raaction? .

. Page 7

I° + 85047 —=m-———= > Iz + 82047°
Cl- + 83042 —————s» €1, + BO,2~
I, + starch —-———--> I,-starch (blue color)

28
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'DATA ANALYSIS
ﬂhfmintry 131

INTRDDUCTI DH

. A common tool used to analyze experlmnntal data is a graph.
“Producing a gquality graph {or pleot) is not as €asy as you might
think.  Most of you have ‘experience. plettirg points on a number line,
Unfortunately, the proper methods may not have been reinforced or
thoroughly developed. This Lab ocutlines the requirements for
creating guality graphs from experimental data, and then discusses
some background and tools for manipulat1ng data to produce accaptable
graphs. .

AS : ; HT I!'G

If you examine a pleca of quality graph paper, you immediately
- notice it is divided into several different sized grids. Usually
each of these grids is denoted by differing darkness of the grid
lines. The purpeose of thesge divisions is ta help you graph points
accurately, and then extract data from your graph. NEVER use square
ruled paper - (usually reserved for enginzering drawings) to produce
graphs. Figure 1 shnws ‘the diffaranca hatween theae two types of

- paper.
. ._.ﬂ"'"'\___ i
QUALITY S GARBAGE

Figure 1 -
1. PROPERLY SCALED AXES |
The first étap to drawing an acceptable graph is té ‘decide how

the axes sliould be aligned on the graph paper. You should arrange
‘the graph so that it 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®? ; s : :

Easy ‘eniough - Those in the know have assigned special names to
~data they wish to graph.  All vou need to do is follow their lead.

- Examine ¥your data and decide which set is not affected by tha
'_”experiment. This is the independenc ﬂata, or the independent

GRAPHING 1
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variable. Usually, this is a guantity that you contral or set during
the experiment, such as temperature, pressure, volume, or an
uncontrollable guantity, 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 vs. the independent
variable. Put another way, the dependent variakle is plotted on the
Y-axiz, while the independent variable is plotted on the X-axis.

Now you are ready to draw the axes on your graph paper. First,
each axis should be drawn approximately one inch from the edge of the
graph, never on the very edge itself. This allows you o write the
scales and titles of each axis on the graph as opposed to writlng on
the borders. The second regquirement is that the X-axis should always
ke placed so that 1t runs parallel to the bottoam or right side of the
page, mavar on the top or left side. Flgure 2 shows examples of the
corract and incorrect manner of placing the axis on the graph paper.

Y.aria
Y.axiy

CORRECT

rgquri 2

In addition, you should scale the axes so that your plot or line
will £fill wost of the graph paper. If you can increase the magnitude
of your. scale (i.e., spread it out) and still fit the axi= on the
page, DO IT. Examine your data and jdentify the range of values you
need to plot. For example, your values for the independent variable
(X) range from 400 to 8CD units, and your graph paper has 25 major
-divisions along the X—axis you’ve just drawn. The range of data (400
- B0 + 400} divided by the number of major divisions (25) is 1s6.
Thus, you would "fill" the graph if every major divisicon equalled 16
units. Great, but most graph paper has 10 minor divislons per major
division {(=ee Figure 3}). Using 1% units for a major division is
awkward. Instead, use only 20 major divisions to represent your
range of 400 units. Now, the major divisions represent 20 units
each, and you’ve filled vour graph paper with graph!

Two other tocls for f£illing the page are: 1) Do not use zereo
as the origin if your data deesn‘t go to zero {(as in cur above
example), or to rotate the page and place the X-axis alonjy the long
gide of the paper.

Finally, the minor divisions of vour axis should 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 1.93 on your
graph.

GRAFHING 2



2. ‘AXE8 LADBELS

Both axes must be labelad. 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-axls would be labeled
"pPressure (torr)"(the dependent variable) and the X-axis labeled
nTime(saconds) " {the independent variable). :

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

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

It may be difficult, and it would be inconvenlent, 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 the graph.

Note that in order to plot the data as a2 number less than ten,
we multiplied it by 10-%. Thus, any number we read from the plot is
actually ¥ x 10-3 = ¥*, where Y’ is the value read from the graph.
The hew labal would be "Pressure x 10°? (torr)"™, indicating that the
actunal value of pressure was multiplied by 10 ? before being plotted.

3. PLOTTINHG POINTSH

Now that you have correctly drawn and labeled each axis, you are
ready to plot the data. Always use a sharp pencil or fine peoint
writing instrument to place the data peints on the graph. Around
@ach point draw a small gecmetric 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
points. Each set of data now hae its own geometric figura, which: you
should l1list in a legend under the title block of the graph.

4. THE CURVE (OR LINME) -

Plotted data is of little use if somes 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. lLet’s first discuss the "eye-ball" method.

GRAFHING 3
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Eye-ball Method

HEVER play "cennect 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 is 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 alleocws you to draw
the best fit to your data (it 1s 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 not
necessary that the curve pass through each point, you might need to
gselect 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 set of data while constructing vour

graph.

If your data doesn’t appear to be either a straight line or a
curve, of if you’re just not sure, then the next 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
excellent source book is Curve Fitting {or Programmable Calculators
by William M. Kelg. It contains in-depth discussions of several
curve fitting tools, 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 o
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 mav 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
nnt have a calculator to do this for you.

Xy - Ixp Ey; - (Zy; -  mZx;)
1]

By ? - ()’
n

GRAPHING 5
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The coefficient of fit, r?, is an indication of how well the
data fits a linear graph. Generally, the closer r? is to 1.00, the
better the fit of the data to a straight line. In sach of the:
equations n is the number of data points. Recall that X is the
-summation symbol. For X = 1,2, and 3; Ix, means 1 + 2 + 3, or 6. Be
careful ta note the difference between Ix,? and {¥x;}%, The first
means 17 + 27 + 3? = 14, while the second would mean ( 1 + 2 + 3)% =
35. :

: If your data does not represent a straight line, then you should
resort to the other tools available. Thege 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

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

Computer Based Spreadsheets

Computer based spreadsheets make the handling and manipulation
of large amounts of data a breeze. The most useful ones include 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
spreadsheet.

5. TITLE ELOCK

The title block contalns at least two parts: the graph title
and data points legend (as seen in Figure 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
klack near the top of your graph {remember, the X-axis is at the
'hottom]*

GRAPHING 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 equation 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
1 a
7 2

13 &
22 - 7
31 i¢
34 i1
43 ° 14
46 15
52 17
55 18

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

dapendent varieble independent variabl=z

5
8
13
40

68
85

125

L 229

Does the plot appear linear?

WA=k BT LAY

ot ot

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

Use the spreadsheet to take the logarithm of your data points
Now use the curve fitting routine to find the
slope and intercept of log y = n lag x + log b. Report the aguation
for the data in the form vy = ¥™ + 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 aH and

;S.
K, T (°C)
131 21
115 )
182 7

GRATPHING &



PRELAD GRAPHING ASSTGHMMENT

For the following sets of data, produce two plots on the sane
piece of graph paper plotting volume as the depandent variabhle and
temperature as the independent variable. Be sure to draw the
approprlate "smooth curve" through each set of data. If the plot
appears to 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 #l Data Set #32
Volume (ml) Tewp {(K) Volume {ml} Temp. (K}
0.2 293 1.0 292
0.6 304 1.2 302
¢.9 314 1.5 31z
1.3 . 320 1.6 322
1.7 334 1.8 330
2.0 350 2.0 337
2.2 359 2.2 345
2.3 374 2.3 352
2.4 381 2.5 361
2.5 392 2.7 aro

GRAPHING 3
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EMISSION SPECTROBCOPY
Chemistry 131

THEQRY

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

- spectroscope to study flames. In 1885, Balmer recorded a serles 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
consisted only of narrow lines.

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

1 g 1 ) 1 ] ‘_1:;

: .
final Mnteral

In equation (1}, A is the wavelength of the cbserved line (in
meters), Nrisa1 = 2, R is a constant which is called the Rydberg '
.constant (1.09677 x 107 m '), and nisicis1 = 3,4,5...where each
value of Ninicia1 predicted a different .

Other scientista 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
Nejpay = 1 (UV}.  Thus, one simplistic eguatiou fully described tha
complete spectrum for atomic hydrogen. But what did this say about
- what the hydrogen atom was doing? : -

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

=2 =120 @

'_Emissinn 1
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where B is a constant egqual to =2.179 x 10-1°¢ J/photon. To find the
energy of a transition of an electron going from an initial higher

energy level to a final lower energy level, eguation 2 is used.
This results in

AE = Einitial — Eflnal : (3)

1 - 1

.ﬁE=_E 7 7
Qinlstal Neinal

(4)

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

E - 2.179 x 10°18 [—-—1—}- - —1—1] (5)

M inai TR T

To find E in the common unit of kilojoules per mole, equation 5
becomes.

E = 2.179 x 10-18J 6.022 .x 1023photons o L %0 ; 1
' Photon pn1e : 1037 '--rl“ml_2 nin““l?—
1 1 . KJ
"einal Minttial mole

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

E = By : D

where h is Planck’s constant (h = 6.63 x 10" %* J.gee) and ¢ is the
speed of light (2.998 x 10® ). The frequency (v) can be
determined by making use of the relationships between the speed of
light, wavelength and fregquency.

c = Aw " (8)
and thus,
E = hv : (9)

Emission 2
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In. summary, the emission levels of hydrogen are the result of an
excited electron from a higher energy level M"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 series
{visible light) arise frcm transltlnns from upper energy levels
{n>2) to n=2 level. The Lyman sgeries 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
“levels {n>3) to n=3 level.

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

Energy Transition of Hfdragan Atom

.jl n=o

n=5
. n~4
- i l Paschen
e ; . Series
ENERGY : W s
Balmer
Saries
YYVY n=2
Lyman Series
NYVYY nel

(Cround state)
Bpectroscopes

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

proper viewing method for . a rainbow is different from the viewing
method far a prism.

The Sspectroscope. raquires a ninimum of two components: - a
‘dispersive medium to break the light apart by wavelength {(or
frequency) and a measuring device. 'Our spectroscope uses a
diffraction grating which is a piece of clear plastiﬂ with thousands
of microscopic scratches. Our measuring device i3 a glasz rod.

Emission 2
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Both of these are mounted on a Gardhnard box which ‘alleows for prﬂper

- control and reliable wmeasuremants.

EXPERIMENTAL
Purpose

1) Gain an understanding of instruments by operating a
spectroscope.

zi Understand the operating parameters of .a vlslble 1light
spectroscope. :

-3)  Observe, record and analyze atormic spectra.
" Procedure
Your spectroscope box is pre—-assembled. The remalning tasks

are to attach the diffraction grating and install the glass
measur;ng rod.

— Cla=s Rad

Mgure 1. ﬂp.ctroaaupu

If instructed, remove and discard the small piece of
transparent plaﬂtic taped over the "eyepiece" opening (see Figure 1)
of your spectroscope. When your instructor gives you a new piece of
grating, handle it carefully. Touch only the carners. 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 "eyepieca“ opening. Now point the slit opening
toward a fluorescent light and lock through the grating into the
"ayepiece® opening. If your grating 1s positioned correctly you
ghould sece the viasible 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 lock again. When you see the spectrum spread-ocut 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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£1 :

/ . ‘.\'blue

orange/vellow

Fiqun 2. Pluorescent Light, Marcury Spactrum

Hext obtain a glass rod from your instructor. The glaas rod
should have a narrow scratch near the middle. If you cannot find
the scratch ask your instructor for help in creating your. own
scratch. FPlace 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 ¢an move the scratch all the way from the red-end to
the blue—-end of the spectrum. Now you’re ready to use your
spectroscope.

Adjusting 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 wavelangths, combined,
produce white light = the rainbow like spectrum in your
spectroscope. But included in the spectrum are three of tha
arlglnal mercury lines shining slightly brighter than the rest; see

Figure 3.

PR N

orange/yellow Ereen blus
580 nm 546 nm 436 nm

Figure 3. Mercury Calibration Spectrum

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

Emissgion &
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--by remuving the two pieces of black electrical tape from the =lit
opening. What happened to the three mercury lines?

: Now, replace the electrical 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 tha mercury lines., Measure and record
‘the width here.

c:lihrltiun

i The calibration of your spectroscope simply means measuring how
‘well your spectroscopea separates wavelengths. This is done by

o measuring the distance between known emission lines. A canvenient

source of emission lines is the mercury fluorescent lamp. Look
- through the eyepiece of your spectroscope and find the three mercury

Emission &
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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 ng} Repeat this procedure

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

£ 1 th Glass. -
. © Wavelas
Hg Emizsion Line. i Rod
(nn}) Distance (mm)

blue ' £ B 436

green L 545
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 wavelengthas of the hydrogen emiassion lines and others.
‘Figure 4 shows a callbration curve with the hydrogen lines
superimposed on the curve.

Emissiun.?
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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 wilil 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 Epectrum

Repeat for SrcCl, Flame Spectrum. Ynu'may'nut be able to record
all of the observed spectrun. : :

XCl Flame Bpectrunm

Repeat for KCi-Flaue Spectrum. ' You may not be able to record
all of the observed spectrun.

CacCl,; Flame Spectrum

Repeat for CacCl., Flamé’Spectrum. ¥ou may not be able to record
all of the observed spectrum.

NaCl Flame HSpectrum

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

Emissicn 10
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ggmﬂus;gua

-1+ . Does your cal;bratloﬂ line have a positive slope or negative
slope? Does it matter? Why?

2. Does the stra1ght calibration line go through all of the data
points from the mercury spectrum. If not, why? :

3. Calculate the energy assuclatad for each hydrogen enmission line.
{use aguaticn 7).

4. <Calculate the ny, 1.1 value From equatlun 1 for each hydrogen
spectrum line. Does the lowest nin;r;a1 value result from the
longest wavelength or the shortest wavelength? What is the color of
the line associlated with the lowest Ni,;iia1 Value?

5. Calculate the percent error of your experimentally determined

hydrogen emission lines versus the theoretical hydrogen emission
linas. -

Emission ‘11
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P aN
Complete the following guestions before coming to the lab.

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

may regquire you to have this prior to beginning the actual
axperiment,

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

2. What wavelength corresponds to the high energy end of the
vigible 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?

Emission 12



CALORIMETRY
HEAT OF FORMATION OF MAGNESIUM OXIDE
Chanmistry 131

INTRODUCTION

. In this laboratory, we will introduce one of the most often-used
technigues in thermochemistry - calorimetry. Although we often think
of calorimetry in terms of finding the number of calories in a certain
amount of food, calorimetry is valuable to the chemist in measuring
basic thermodynamic data. Along with learning calorimetry techniques, -
you will use the data you cellect, along with heats of formation and
Hess’s law, to determine aAH:" for MgoO.

THEORY

As a quick review, remember that the enthalpy change, aH, of a
chemical reaction is called the heat of reaction.and represents the
amount of heat gained or lost as the reaction proceeds from reactants
to products. Also, the heat of formation, aAH:?, is defined as the
amount of heat absorbed when one mole of a compound i= formed from its
elements in their standard statés. Another important concept is that
the enthalpy change of a reaction is independent of its path and
depends only on the initial and final states of the reactants and
products. This principle is known as Hess’s law and is an example of a
state function. Hess’s law states that the enthalpy change of a
reaction is the same whether it accurs in one step or in many steps,

You will apply Hess’s Law in determining aH;® for the fnlluwing'
reactian: :

Mg(sy + 1/2 Oy — MgO.,, (1)
ﬂ.H[a =7 |

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

Mg(c) + 2H (aq) =3 Mg?*(aq) + Ha(y) - (2)
; CAH =2

MgO ey + 2H (aq) —3» __ng"{-q:u_'l' HaG 1 : {3)
| AH = ? |

ENTHALPY 1



Haee) + 1/2 O2¢q) —> Hz0(1) (4)
AH:? = -285.B kI/mole

Using Hess’ law, reactions {2), (3), and (4) can be combined to
give reaction (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 usa a calorimeter toc 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.

Letfs examine calorimetry in a bit more detail. First, almost any
type of container can be used as a calorimeter, but a well insulated
‘gcontainer is best. Why? Because we must account for all heat that is
absorbad or evolved by the chemical process. Therefore, we want a
container from which heat cannot escape to thé surroundings. A
‘chemical process occurring in such a system is adiabatic; that is, no
heat is exchanged between the container and the surrcundings. You will
use a thermos bottle tu achieve adiabatic conditions. (You may ask
yourself at this peoint if the thermos bottle will provide a truly
adiabatic environmant.)

From here on out we will be talking about adiabatic processas.
~ The important thing teo 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 1= not transferred between the

ENTHALPY 2



calorimeter and the outside, the following must be true:
heat from _ heat absorbad by ; heat absorbed by
reaction calorimeter reaction mixture
or
~Qrxn * Qea1 + 9114 (where g ~ presents heat) (5)

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

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

Heat from Reaction (g.,,): If the heat {gq) comes from the
enthalpy of a chemical reaction, we can replace g by naAH, where n is
the number of moles of product and AH is the enthalpy change per mcle
due to the reaction or phase change. The number of molesz of product
will be based on the moles of the limiring reagent.

Heat Absorbed by the Calorimstar (g.,;): For our calorimeter, the
heat simply changee the temperature of the calorimeter. We can replace
g by C. AT, where C. is the heat capacity and AT is the temperature
change. Note that the heat capacity is the amount of heat required to
ralise the temperature of the substance by one Kelvin. The units of c_
are uswvally J/K. Thue we need the heat capacity of the calorimeter,
Cg, Which i3 specific for each calorimeter. You will find ¢, 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
Ceo

Heat Absorbad by Reaotion Mixtura (di1q): This term i= equal to
mC,AT. The mass of the solution is m and is equal to the total volume
of the sclution times the density of solution. We simplify by using
density equal to 1.00 g/mL since all the solutions are esszentially
agueous.  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 soclution, Cp, is
equal to 4.025 J/(g °C) while for the Mg reactions, C, equals 3.862

I/ (g °C}. :
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Using these expreeeieme for g, equatieu (5) is rewritten as: .
© =nAH = C AT + WCpAT = SRR S (8)

where: ' ' ' ki
n = mupber of moles of limiting reagent.
AH = heat evolved in the reaction. e '
C. = calorimeter constant (specific fer yeur eelerlmeter}
AT = temperature change resulting from the reaetien
m
Cep

= mass of the solution. :
- epeeific ‘heat of the zolution.

Note that we used q = mC,AT for the liguid in the calorimeter

. bacause we know its exact . eempe51tlen. For the calorimeter itself,
- ‘however, a heat capacity, C., was used because the exact eemposition of

the ealerimeter iz not known.

Now let'’s apply the thenry nf calorimetry to your Experiment. To
find aH for a reaction, all the other values in Equation (6) must be
known. The first cbjective will be to calibrate the calorimeter to
find C.. This calibration is accomplished by prndueing a known
guantity of heat from reaction (7) below and measuring AT. Since AH,
“the heat capacity, and the quantities of NaoH and HCl are known
- (dassuming that all volumes aras additive), the only unknown in equation
.2 (e8) is €. which you can now calculate.

-.HﬁﬂH{.-q} + “El't_aq.}- —3 Na'{aq) + Cl7(aqy + H20(L, : (7}
aH,,n = =£7.7 kl/mole

- once the value of C. is knewn, 1t can he ueed fer reaetiene (2]
”-and {3) to eelva for the unknewn AHp .

To use equetien {E} you will need AT, the temperature change for
-"the reaction mixture and the calorimeter. However, you will not be .
able to simply measure the maximum temperature because the temperature

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

reaction mixture. - You will use a standard graphing technique to

.--extrepelate to the max imui temperature for eaeh of your experlmente.p-

: During this experlment yeu 11 measure and record the temperature

c-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 ereqular

- until it stabllizes on a slowly decreasing temperature line. - Ideally,

S syou want the ‘maximum temperature that weuld he produced if the reaction
“happened instantanecusly at the time of mixing (time = 0),; not some

ot time later when the reaction mixture and the calorimeteér tend to cool

:8lightly.  The proper method to obtain AT is depicted in Figure 1. The .
. .rate of cooling is used to extrapolate back to what the maximum g4
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temperature should have been. This is the intersection of the
extrapolation line with the y-axiz (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. Pralab Caloulations:

The solutions of HClL and NaCH 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 selution. You’ll also make 100
mL of a 1.00 M Na0d solution from a 3.10 M stock solution. Prior to
lab, calculate the volume of sach stock solution and H;O that you’ll
mix together to make your solutions.

To make 100 mL of 1.00 M HCl, start with mL
of & 20 M HCl and dilute it in a volumetrie flask to a
final volunme of . mL..
¥You will need .to repeat this twigg aince you will need a tutal of 200

mL 1.00 M HCIl.

To make 100 oL of 1.00 M NaOH, start with ' mL
of 3.10 M NaOH and dilute it in a valumetriec flask to a
final velume of ml.,

1. Prapare 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 =zoluticons from the side shelf and mix them with
the calculated amountz 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 cﬂncentrﬂtinns of your solutlons.

2. Welgh molid chemicals: (The other partner should do this.
while the firest partner is preparing the solutions.) The Mettler
balances are delicate instruments. Do not splll 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
balance. Press the TARE button to 2BERO 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.

b. Separately weigh 0.50 to 0,60 g MgO weighed to the nearest
wmilligram. RAgain, record the exact mass.

h. Calorimater Calibration (Finding C.)!

| ¥ARKING: The preclsion thermometers and thermos bottles
ara expensive. Treat them with care. If you break a
thermometer, tell the lab instructor immediately so the
marcury spill can be cleaned up. . Alse, HCl stains bench
tops; clean up spills inmediately!

1. Record your calerimeter 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 =mall,
¢lean, dry beaker. Record the stabilized temperature of the NaCH
~golution. The average between this temperature and the HCl temperature
in the calorimeter previously recorded is to be used as your initial
temperature (T)-. : : :
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4. NHoting the time, pour the NaQOH 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 enouqh data is obtained for an extrapolation {5 to 10

minutes). Gently swirl the_reactlnn mixture between each reading.

Tims Temperakbture EE . Time Temperature
o ] : 3130
30 2860
[ 1+] . 3%0
O . 420
120 450
150 400
1aa . 31qQ
2140 . 5408
240 . 310
270 €00

300
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C. Hsat of Reaction of Mg and HC1:

1. clean and dry your calorimeter and add to it 50 mL of your 1 M

HCl solution and 50 mL of de-ionized water. Record the stabilized
temperature (T,). :

2. Noting the time (t =:0), drop the Mg into the calecrimeter.
Immediately put the thermometer assembly in place and swirl gently.
Record 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

0

120

159

139

210

240

270

300

330

AED

-390

420

450
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D. Heat of Rlaﬂtiﬁn of MgD and HCl:

1. Using the same calorimeter, repeat the procedure used in Part C
using MgO in place of Mg. (Note: You must swirl the calorimeter
vigorou=sly while reacting Mg0 and HCl since the Mg0 tends to form lumps
at thzs 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 feor five minutes. Gently swirl the reaction mixture
between each reading. When it appears that temperature changes have
ceased, quickly look into the calorimeter. If a white snlid remains at
the bottom, the calorimeter must be swirled more vigorously until all
of the Mg0 has dissolved.
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Timp Temperature

30
&0
0
120
150
180
2in
240 -
270
300
230
160
ER LY
AZ2G

450

ENTHALPY 10



g

g

Ttmperatur¢25
(%c)

24

22

Time vs.

Temperature Extrapolactlian

Te___ "
- —J-E-r;—_ﬂ-ﬁ:TTg____
I A - TP
Time  Temperature B il T
4 o 23.5 fﬂﬁxf
3o 27.5
}u £0 24,98
50 28. 92
= 120 24 .62
150 29.%84
180 249,80
i 210 Z28.7 8
f 240 28 .72
Z70 28. 68
300 28. 64
] ] ] I
[ +] [ 4] 120 1290 240
Time {(seconds)
FIGURE 1
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R
A. Calculationa:

: 1.. Record all volumes and weights of chemicals used and show.
calculatjons for all values necessary to report the required values.
Be sure to includa: .

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

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

¢. Calorimeter constant.
d. 'aH for reactions 2 and 3 and aH:" of MygO.
E. Graphs:

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

correct temperature changes for each reaction and is an integral part
of vour calculations. Without it, your calculatiens are of no value.
Refer to your "Ppata Analysis™ handout if you’ve forgotten the proper
way to draw a graph. Label T; and T, on the temperature axis and show
your extrapolation to find AT. You will probably need to draw each
graph on a separate sheet of graph paper.

. Aa. 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
"ztahilized® data (data recorded over the one minute intervals) back to
‘the Temperature axis. This is your extrapolation. The extrapolated
temperature, T,, is the temperature where this extrapoclation line
intersects the y—axis.

-b. Use T, from the cxtrapalatinn 1ine, and T; to calculate AT,

ENTHALPY 12
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LTy

‘A.  Why was it néaessary to use adiabatic conditions?

B. Is the formation of Mgo exothermic or endothermic?

C. ‘How does your value of AH:” compare with the actual literature
value? Calculate the percent difference between your value and the
actual literature wvalue. Thi=s is: '

(expetiﬁental value) - (actual ﬁalue]

‘% Difference = X100

'{actﬁal value)}

Comment on poszible sources of error.
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ofil
Coal
Natural
Nuclear

600
5d5
21.7
27

TA Y818 OF PRESENT
AND FUTURE ENERGY REBQURCIB
_ S

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

43%
23%
Gas 22%
6%

OIL BESOURCES
WORLD -

billioen barrels of known reserves :

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

years remain of kXnown reserves at current
consumption :

UNITED STATESD

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 recerves at current production

UNITED BTATES IMPORTS

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 years remain a% current production
Mexico 27.8 years remain at current producticn
Africa ¢ 29.8 years repain at current preduction
Venuzula 39.8 years remain at current production

Middle East



9387
G-12

283
0.818
346

2.6
6- 12

6L

185
18.2
10.2

4.3
246

12-1%

50=60

WORLD

billion tons of known reserves

65

trillion tons of estimated undiscovered recoverable

UNITED BTATES

billion tons of Kknown reserves (29% of world’s)
billion tons par year current consumption
ysars remain of known reserves at current
consumpt ion

HATORAL GAS RESOURCES
WoORLD

gquadrillion SCF known reserves
guadrillion SCF estimated undiscovered re:averable

“trillion SCF per year current consumption
‘years remain of known r-serves at current

consumption

UMITED BTATES

-trillion SCF knnuﬁ_reservas {5% of world’s)

trillion SCF withdrawalzs per year :
yeaars remain of known reserves at current consump.

¥.B. IMPORTS
trillion SCF per year

: trilllnn.scr per year

WORLD

‘million tons under current mining ¢onstraints

million tons technically obtainable

- UMITED STATES

'years under cuirrent mining practices and planned

consumption
yeara using all tauhnically 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
noen praductive

unexplored because of hostile conditions

will probahly never be explured because af

- conditions

HREAKDOWN DF REBERVES [BILLIONE OF BARRELD)

Cumulative producticon to date

Proved resarves

Inferred reaserves
Asgesgged undiscovered reserves
Estimated undiscovered reserves

(6
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OIL RESERVES TERMINOLOGY

ESTIMATED
=i FIELDS

UNDISCOVERED

&7



9-5-1-2
3.16
1.5~-4.8

3.6
0.19
e.30

.36

1.53

100

EFFECT OF U.B. 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 par year
billion barrels of oil per year

quadrillion BTU of electricity, 14, powar plants

- ENERGY USED FOR AIRCONDITIONING
gquadrillion BTU of qi-ctricity, 18 power plants
 ENERGY USED FOR APPLIANCES
qﬁadrlllinn BTU of elactricity, 74 power plants
CONMERCIAL USAGE

trillion SCF natural gas par-yaar
billion barrels of oil per year

- quadrillion BTU of electricity, 109 power plants

POTENRTIAL SAVINGS

Power plants

AR
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EFFECT OF GROWTH ON WORLD OIL RESERVEE

PERCENT RATE
OF INCREASE

0.00
1.43
2.&6
7.00

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

REQUIREMENTS

Total replacement of present major energy sources.

Solve the problem of the hetercgeneity of current energy

forms.

70

1000=

100, 000s

ano

1000

NUCLZAR FUEL FROM REPOCESSING OR

DREEDER REMCTORS
CAPABILITIES

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

percent of ore’s potential energy obtainable
using reprocessaing or breeders

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

years if lower grade ur .2 is ceonsidered
REQUIREMENTS

additional 1000 MW reactors to replace fossil
fuel generation '

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

BEST COPY AVAILABLE



0

BTATUS
France has a 1300 MW breader un-line

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

Soviets have one breaader under cunntructiun and =another
planned ' .

Britain has reprocessed from the start,

France has the wvorld’s  largqest reprocessing centar at
LaHague.

U.5. had an exparimental bresder in the 1950s.

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

U.5. presently has:

100  operable ance—thrnuqh fission reactors
-7 in startup

19 conatruction permits granted

¢ on order

FROTOVOLTAICH
n:rmn:nzr:]sfnlnuznlnnuwu

Lanﬂmuss of Maryland and Connecticut to meet current U.S.
electricity demand. :

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

0.1 - MW facility operated by Alabama Powar Company

660,000 MW current U.5. gensrating capacity

$10-30 cost of cells per watt would increass -1nctricity
bills 100 parcent.

- $.1-.30 cost per watt prsdicted in 1990s by DOE

10 ' year current cell life

20-30 year cell life necessary to make coampetitivae

BEST COPY AVAILABLE
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82
10

17

21
20

1200

4400

3000
. 50
50,000
25,000

‘5,000

. 5@
100,000

5,000
58,000
300

i

BIOMABS
'Dﬁﬂ
Has eclipsed nuclear power in the United Statex
percent of present forest required to meet current
0.5, electricity demand :
p:rcent of U.5. lnndmnss required to meet total U.S.
energy demand

years redgquired to properlr establish a wood fuel
plnntatiun ' '

FUEL CROFS
percent of Brazil’'s autnmutive fuel made by
fermenting sugar cane
sugar cane doesn’t grow appreclably in th: U.5.
corn gives half the yield of sugar cane
percent of -U.S. lnndnass raquired to mest automotive
fuel regquirement
percent of U.S5. landmass currently cultivated
percent of landrass required by some "hopeful®™

future plants
percent of U.S. landmass required using Calvin‘a

Euphurhia Lathyris

i - BXNEUELS
EPAST AND PREDENT PRODUCTION
OIL FROM l!lnl

barrels per day {max}, Ecntland 1859=-1962
barrels per day (max), Austral;a, 1862-195%2
commercial plants, United States, 18%9
barrels per day, China, currently

barrels per day, Soviets, currently
barrels per day, U.5., currently

OIL FROM ﬂﬂlL

barrels per day, B:ntlnnﬂ 1850

barrela per day, Gernany. WWII, 1/ Ha:tin- :
raquirement

barrals per day, SASOL I, 195ufpr-l-nt
barrels per day, SASOL II, in startup
barrels per day, Unliaon Carbide, 1956=1962

BEST COPY AVAILABLE



BO-600

14=102

0.818
10
2,19

16%

52-4

BINEUEL RESQURCES
BHALE

billion barrels of recoverable shale oil in high
grade deposits of Colorado, 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 ysars

meets 23.28 billion barrels of oil import requirement
at that time _

billion tons per year in 29 years '
meets 5.9 billion barrels of o0il total requirement
in 29 years ;

years remain at this rate of use

REQUIREMENTS

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

billjon per plant and 5 years to build each plant

Immediately begin building pioneer commercial scale
plants in this country. .

STATUS AND PREDICTIOMES _

© wWill not meet the gﬁuernnent goal of 0.26 billion barfels
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 FOR FUEL
1379 Roger Billings marketed hydrogen powered Dodge Omnis

24  cCcommercial airline aircraft designs (twice as affi-
clent, 33 parcent increase in payload)
1956 USAF flew a B~5%7 with one engina 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 damand, a smevaras strain
would be placed on domestic nickel preoduction.

RECOMMENDATIONS
Synfuels should meet import requirements by 2000.

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

Convert to hydrogen -:nnnmy hetween 2040 and 2100 as foesils
are depleted, .

Renewables, photovoltaics, and - huclear fuscion ‘can

substitute for soma of the above requirements but will not
alter the major pericds of transiticn.

BEST COPY AVAILABLE -
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MOLECULAR GEOMETRY AND
ELECTRONIC BTRUCTURE LABORATORY
Chemistry 131

BACKQROUND

Chemists have technigues by which molecular structures can be
determined. Among them are X-ray and neutron diffraction for
gsolids, 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 Lak have most of the
spectroscopic instrumentation necessary to do these analyses.

EXPERTMENTAL

Procadurs

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

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

Egquipment
Bring:

1) The completed prelab wnrksheet.

2)  Your model kit.

3) Your textbook.

to the lab with you.



A CHECKLIET FOR DRAWING LEWIZ ETRUCTUEES
1. Determine the central atom. The following are guides:
a. The least slectronegative slement is the central atom.
b. ©ften the unigue atom (only one of it) is the central atom.

c. Scmetimes the forpmla is written with the central atom in
tha niddlie.

2. Arranage the other atoms arcund the central atem creating a
skeleton.

a. Oxygen rarely bonds to itself excepkt in:

1} ©O: and Q: {ozone}.

==,

2) Percwides, e.g., H:0;.
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 total number of valence glectronsz Noermally, we
consider only the & and p orbital slectrons as valsm =z electrons.
Don’t ferget the charge on an ionic species.

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

&, Digtribate the remaining slectrons in pairg arcund the atoms,
trying to satisfy the octet rule. Assign them to the most
glectronegative atoms first.

7. If vou run ocut of electrons hefore every deserving atom has an
octet of elecirons, you need to form doublz bonds.

8. If wou have sxtra elsctrons and all of the atoms have an octet,
then put the extra electrons on the central atom arranged as pairs.
If ths central atom is in period 3, 4, 5, or 6 you ars allowed to
have more than eight slectrons arounﬂ it.

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

==l

N -



MOLECULAR GEOMETRY WORK SES8ION

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

"NH, XeF ., XeF SF,Cl, c1F5

HF | - 8C1- iFs . NH,* PFg"

PFs - BeCl; BO, - 50, ' CH,Br
S0,%" PO, HCN AlCl,

Work out these additional, more difficult molecules.

Os co  H,80, H.0* F.C»

C;H, . . CO3 [ols PR H:N»
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BOLUTIONS LAH
Chemiatry 131

INTRODUCTION

‘A solution is a homogensous mixture &f two or more substances. By
homogeneous, we mean that the physical and chemical properties 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 cannot
differentiate one part of the drop from another, even if we use a
microscope. In contrast, examination of milk (cow’s, monkey’s, etc),
using the eye, would lead you to believe that this can be considered a
solution. This, however, is not a correct assumption. - If we examine
milk under a 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

‘mot a solution. It ies in fact, a heterogeneous mixture.
THEQRY
Solution Formation

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

We will restrict our discussion of solutions teo agqueous ionie
solution=. In this case water is the splvent and some ionic solid
{such as NacCl) is the sclute. When water and a suitable ionic solid
are mixed together, the s0lid 1s seen to dissolve (diszappear).

The salt crystal is composed of a series of sodium (Na) and
chlcrine (Cl) atoms in a repeating 3-dimensional pattern. The atoms 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 thiz charge by gaining or losing electrons. The loss of an -
electron yields a positively charged EPEEJEE, while the gain of an
electron yields a negatively charqed species, . Therefore, table salt
exists as a collection of sodium ions (Nat) and chloride jions {Cl7) as
shown in Figure 1. The reason sodium is a positive ion (cation}) and
chloride 1s a negative ion (anien) iz due to a transfer aof an electron
from the sodium atom te the chlarine atom.  These 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 dlstance 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: NaCl Structure

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

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

When Nz2Cl ¢crystals are piaced in water, the electrestatic
‘attraction between the ions is broken by the water molecules. This
allows the Rat and €17 jons to move apart, and migrate into the s=a of

Solutions Laboratory 2



‘water molecules., Since water molecules are polar (i.e., they hava
concentrations of "charge" on different parts of the molecule}), they
surround the individual sodium and chloride ions in such a2 way that
they can still move through the sclution, but do not recambine (i his
statement pertains to an unsaturated solution, which we =hall discuss
in greater depth in a future lesson.) Figure 2 shows how this might
logk i1f we could observe jions and molecules. . This interaction between
water meolecules and icns is known as hydraticon. In this process, we
_see the "breaking" of ionic forces in the crytal, the breaking of
hydregen bonds in water and the formation of ion-dipole 1ntaractians in
the =clution. :

Figure 2: Na+ and Cl; Hydration Sﬁhara

Bolubility of Ioniz Compounds

" The driving force of the soluticon process is the increase in
"entropy"™ of the system.. The term "entropy" is used to describe the
ampunt 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 does not stay clean and neat is due to the fact that the
antropy of the unjiverse wants to increase and your room is part of the

- universe, therefore, your room will alwaya get messy unless you dn

something to pravent it.

: In the sclution process, we increase the disorder of the icnic
solld when we put that =sclid in the solvent. At the same time, the
attractive forces between the solute ions arnd the sclvent melecules.
cause the scolution to become more ordered. The amount ef diadrder
caused by breaking up the structure of the ionic esolid 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 :
dissolve.  However, we all know that this is not true. The rea=zon  all
ionic s0lids do not dissolve is seaen to be a function of the lattice
energy. of the scolid and the .energy required to hydrate that solid.

Solutions Labcratﬁry 3
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In order for a solid to dissolve, the hydration energy must ke
larger than the lattice energy of the solid. This is the case in
systems which yield exothermic mixing of solutions. 1In the case of
endothermic solution processes, additional energy is required to
overcome the lattice energy. This energy is removed from the liguid.
However, there comes a point where so much additional enerqy is needed
to overcome the lattice interactions, that the liquid cannot provide
encugh 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
exothermic reactions cauze the meter reading to decrease.

Factors Which Influence Lattice and Hydration Energiea

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 icns. By the same token, we
would alsc expect the small ion to interact more intensely with othar
iens in a so0lid as well. Thus, a small ion will increase both the
hydration and lattice energies.

Ions 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
gscolution. If an electromotive force, in the form of two leads from a
battery, is brought inte contact with an ionic solution, we observe the
movement of ions toward the leads of the battery. We also observe a
current in the external circuit. 1In this experiment, the external
circult current will be used to illuminate a light emitting diode
(LED) .

LABR PROUEDURE
A. Conductivity of Scolutions

(1} Construct your conductivity tester as shown in Flgqure 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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rinialor'

: : drop
Figure 1: Candu¢t1v1ty Testar.

{2} . Place the electrodes in cnntact with a small amount of crystalized
Nacl, KCl and AlCl;.
Doas the LED light up?

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

'{41 ‘Insert 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 0 0 OO

(5) Figure 4.

bottom row 00o0QO0
aach ecirclea conasists of 4 small drops

Figure 4: Drop arrangement.

(6) To the top row, uequentlally add gne crystal (about the size of a
period an thi=s page) of NacCl, Kcl, AgCl, CaClz and AlClj. :

~.{?7) To the bottom row, add geveral E;I_;glg of each chemical.

Solutiona lLaboratory 5.



. L _ _ =)
(B] The first drﬂp in the top and bqttum ToWs - ﬂantains Nacl in

_ salutiun.: Insert the battery 1aads Lntu the tap drop and take note of
.the hriqhtness of the LED. . :

. How hriﬁht dués.it seéﬁ?

o (8) o Wipe uff the laads with a papnr towel, and placa the- into the
bottum drnp of NaCl salutinn. _

;F compare the brightness uf tﬁe_h!b in ehﬁh_ﬂhﬂl case; is there a
- difference? If so, why do you think there is a difference? ~

t1u1 Perfurm atepn {8} and {9} for each of the other sets of draps.
_ Hritt your results heluw : , i . _

. K€l agel . cacClz ' Alcl
Tb§=nrup. . ' o
Bottom Drop

{ﬂbmﬁarin§n ' :

s IHII Haka sure you. wipa uft the nnﬂs nf your laads hafure ynu put
: .tngn in a new nalutian. . _ .

:f?zgqlugi§ﬁ§ Lahurﬁtﬁ:y 6



92

B. Endothermic and Exotharmic Mixing

{1) Set up the meter/diode test apparatus as shown in Figure 5., A
diode is an electronic device that allows current to flow in only one
direction. You will use a special type of dicde called a thermistor.
A thermistor is a semiconductor material which has resistance
proporticnal to !'/;. Thus you observe increased resistance with

. decreased temperature.

©

Qb

iiguri 53 Equipment Arrangement

{2) Prior to connecting the meter leads ta the dioda, turn the meter
to the "kilo-ohm=" 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 opposite leads of the diode.

{(3) Fill one of the wells of the 24-well tray half-full of deionized
water, Place the diocde into the water and allow the meter reading to
stop flvituating.

(4) Add a small amount of HH4Cl to the well and observe the change in
the meter reading. Remember that endothermic mixing causes the meter

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

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

(6) Perform the sama procedure for NaCl, KCl, MgCla, CaCls, and AlClj

and record your results in chart form on the followirig page. Classify
each sysatem as either endothermic or exothermic. ;

Solutions Laboratory 7



© NH,C1

‘NaCL’

KCL

MgCl,

.c.cli

AlCl,
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CONCLUGION

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 dissolve?

2b, If any did not, what might explain the fact that it did not
dissolva? :

.5. Hhat would you expect to take place if KBr, NaCl and MgCls were
mixed together in a haaker af water?

Solutions Laboratory 9



4. 'How does cCaClz exist in solution? (Hint: Figure 2).

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

6.  Which salts produced endothermic mixing and which produced
exothermic mixing? In terms of lattice snergy and hydration energy

: ; why we see energy being released or absorbed in the mixing of
these salts with water.

Solutions Laboratory 10
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Erelaboratory'zxarnisa

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

2. What is the driving force in the dissolution 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? :

‘Solutiona Laboratory 11



ASID RAIN
Chenistry
131

IHTROCOCTION

The increaped acidity of lakes and natural waterwavs in recen®
years due to acid rain is a wmajer concern in the United States. Canada
apd zmavarsl Eurngnan naticns. Acid rain is generated when gazes such as
sulfur dioxide {£0.) and nitrogen dioxids {NO,) are hydrolvzed in water.
The high acid ‘qntﬂnt of clouds and waterways has damagsd fﬂ?ﬂbLh and
the ability of lakes te zustain aguatic life.

In this experiment, you will investigate the effe“fa ai thases
pollutant gases and naturaily socurring carbon dicwide {(002) on i
content of water, 'This will be deone qualitatively u 1nq kﬂmaﬁ%
indicator in water »s a p"mb& for changes in hydrogen ion conc. “ration.
¥ou will also guant ltﬁLively etermine the aoffects of each gag '
titrating water acidified by tha gases o determine the acid <« . .0 %
produced.

THEGRY
Gefinitions

Acid:  Fov thisx lab, we will dsfine an acid as any substarce that
dissociates in water to qi#a hydrogen ions, HY.

2cid Content: Acid content is a measuras of the atﬂichinmwtraﬂ
rumbar of hydrogen ions availebls from an acid. Nitric acid, HNO:, can
rrovide only one hydrogen ion per molecule of acid, while quaaﬁrir acid,
H 8G,, produces two hypdrogen ions per moslecule of amxﬁq

Acid content may be peagured in several ways. Indicators are chumicals
which respond to the hydrogen iong in golutlon by changing =olor,
providing visual ssseasnent of hydrogen ion concentration. A much more

aceurate measuremant can be mads Ly *titrating® the solution. This is

done by measuring the amount of a bkase {of known concentration) ZEHHL”93
to complately react with the acid. You will use both methods in chi

fab.

BCLID RRAIN Page 1
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Generation of Gases

" Carbon dioxide, 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 ¢f these gases has on water.

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

NaCOa(.) — 2Na®(aq) + €037 (agq) (1)

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

cu,* + Mt P H,CO

T(aq) {29) 3(ag) (2)

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

HiC04 1) o gy * HaO1) . {3}

To increass the acidity of the Na,CO,; 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 identical to those generated in this experiment.

Conosatration of Gasen

The balanced egquations for the generation of €0;(,, from scdiux
carbonate and 5034 from sodium sulfite show that different numbers of
“molas of gas are produced than the number of moles of NO(,.; produced
from sodium nitrite. For every mole of Na,C0,, one mole of CO; is
produced. For every mole of Na,50;, 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 moles of gas are produced in your
experiment. You will do this by diluting the aqueous solutions of the
salts based on the balanced chemical eguations.

ACID RAIN Page 2
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Effect of Gases on Water

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

€025y * H201 =2 H2005 (aq) (4)

(Note: This iz the reverse of equation 3.}

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

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

S0

20y * ——3H,50,

H, {1;q§___ Ifaq) (5)

Wefll not consider the effect of nitrngen monoxide on water because it
quickly reacts= with oxygen in the air to form nitrogen dioxide.
Nitrogen dioxide then reacts with water forming nitric acid and nitrous
acid:

WOy F Qg gy —» W0,y

(6]

2ND + H = HNO, ., + HNO

2(x) il (1) g 2(aq)

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 states that
sulfuric acid forms within water droplets when sulfurous acid is
oxidized by nitrous acid:

EHQSDg{aql + EHHDZ{.‘I} ————— p-J 2H250¢[.q.} + Hzﬂ{aq} + Hzﬂ[ll', {?J
The second hypothesis is that sulfurcus acid is simply oxidized to
sulfuric acid by atmospheric oxygen. The difference in these two

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

ACID RAIN Page 3
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EXPERINENTAL
B+ CONCENTRATION OF GABES GENERATED

‘1. Compare the balanced equations for generating C0,, 50;, and NO°
from their respective agquecdus salts. The balanced equation for €O, has
been provided (equations 1-3).  Youn must write and balance equations for
‘807 and NO (see paragraphs C.l1.& and D.1.a belew). .Based on these
equations, determine the ratio of moles of aqueous salt to moles of gas
produced from each salt. You muet 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:

N820031aa)/a(x)  N23505(4q)/5055) - MaBOy g, /MO(y,

: 2. Your ratios should indicate that sodium sulfite and sodium:

carbonate produce the same amount of gas, while sodium nitrite produces.
comparatively lesa. Both the sodium carbonate and sodium sulfite must
~be diluted to produce the same amount of gas as sodium nitrite. Based

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

molarity) of sodium carbonate and- sndium sulfite solutions naadad (the
.stnck solutions are all 1.0 H}*

Nev Ha,CO, Rev Na,50,
Concantration Concentration

ACID RAIN Page 4
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a.  Now use the relatiocnship, M;V; = M;V:, to calculate the number
of drops of aguecus salt solution and deionized water that must be mixed
to obtain the required concentrations. Recall that M is molarity of the
solution, set V,=1 drop and sclve for V;. V; is the new total volume
(in drops) required to obtain the appropriate concentration. By using
V2-1 drop, you will obtain the number of drops of water to add to dilute
the eolution (the -1 accounts for your initial drop of solution). For
both Na;C0; 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 concentration:

Mlution . Pilution
Data Ma,CO, Data Na,50,

B. EFFECT OF CO, ON WATER

1. Dilute your steck solution 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 microburet several times with deionized
water and then use it to transfer your diluted Na,CO;. Place two drops
~of the diluted Na,CO; near but not touching the drop of indicator 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 lid and add one drop of 3 M HNO,
directly on top of the drop of Na,CD;. Describe what happens to beoth
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 (H;0*) ions and bicarbonate
{HCO, ") ions. Imstead, 1t partially dissociates, and an eguilibrium is
established: :

ACID RAIN Page 5
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+ -
—= H.,0 + HCO (8)

H,C0 (1) 3~ {agq) 3 {ag)

staqy + HO

5. Repeat steps 2-4 using 15-20 drops of freshly drawn deicnized
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 gome of the acidified water.
Place three drops of this solution on the reaction surface and add one
drop of indicator to it.

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

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

b. Place 10-15 draops 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 volums of 2.0x10° L.

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

- acidified water on your reaction surface. Continue to carefully add
dropwiee until the indicator turns green (indicating the solutien is no
longer acidiec). count the number of dropa added. At this "equivalence
point?, the number of moles of base added aguals the number of moles of
hydrogen ions present in solution.

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

e. Record the colors af your acidified water with indicator
before and after the titration. Also record the number of drops NaGOH
added.

Color of acidified water from generation of CO>

NHumber of drops 0.001 M NaOH added:

7. Clean and dry the petri dish.

-ACID RAIN Page 6
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C. EEfECT OF B0, ON WATER

: 1.  Use sodium sulfite (Na.S0;) to perform an experiment showing
the effect of S0: on water. Fellow the same procedure as you used in
showing the effect of CO. on water (section B). (Remember to change the
concentration of your stock solution to allow for generation of equal
moles of 502, CO2, 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
AND AFTER YOU EAVE REMOVED YOUR ACIDIFIED SAMPLE.

a. The reaction of Na,S0; and acid is similar to the reaction
of acid and Na,C0; {equations 1-3). Write the chemical equations for
the generation of S0;(,., from Na803(.4q)% _ '

‘b. What acid is formed when 50, dinnn;ves in water?

ACID RAIN Page 7
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B : n. The fnrmatiun of this acid is analngnus to the formation
of carhunic acid. ' Write the chemical reaction that describes the
- formation of acid when water reacts with $0,.

. d. After diluting ynur stock solution of sodium aulfite,: '
transfar two drops of the diluted solution with an unlabeled microburet

< “{don't forget to rinse 1t firast with deionized water) to the petri dish.
"Add nitric acid to generate S0; and show its effect on a drop of Yamada
indicatnr. REHEHBER TD HEUTE&LIZE THE SO; BEFORE LIFTING THE LID OFF!

a. Cumpare the effect of cn, ver:ua 50z on the indicator.

z. Repaat the qenaration of sn, using freshly drawn dﬂinnizad
water and your diluted Na,80;. Use the same amount of deionized water
-aB you used-in PB.5.b., ' Collect a sample after two minutes and titrate -
.. this.sample using 0.001 M NaOH.  The titration procedure is outlined in

paragraphs B.6.a = B.6.e. REMENBER TO NEUTRALIZE THE S0.! Racord your
‘resultes beslow: . ' : :

Color change:

' Number of drops base added:
3. Clean and dry the petri dish.
. D.. EFFECT OF NO, ON WATER |

: 1. Perfarm an experimant to show the effect of nitrogen dioxide
- {NO3). on watér using 1.0 M NaNO:;. - YOU HUST HEUTRALIZE THE NO/MNO,
"REMATHNING IH THE PETRI DI!H WITH HI;GEI '
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a. The following two eguations have hean filled in for vou.
F111 in the last equation for the formation of NO in an acidified drop
of water: _

* A
HaRO, o Na tagy * W07 10y

- + N
O, faqy + H (4q) e WO, (L4,

=2 NO(,, + M0y, + HNO, .,

b. MWrite 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,. WNitrogen monoxide
(NO) is an unstable gas, and iz Immediately oxidized to NO, by
atmospheric oxygen in the petri dish. Nitrogen dioxide is a poisonous
gas. -IT TOO MUST BE NEUTRALIZED 8Y ADDING NH,O0H 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 NO,; GAS UBING NH,OH

AFTER REMOVING YOUR ACIDIFIED WﬁTER SAMPLE, BUT EEIGR TO REMOVING THE
PETRI DISH LID! .

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

Deslign an experiment to test.the two hypotheses about the formation
“of sulfurlie acid in a rain drop. The experiment should have at least
three parts:

a. Procedure (experimental). Outline your procedure to 111ustrate
what you will do. Drawings may be helpful.

b. Observations (results). <Collect your observations in a way
that is easily ralated to your procedure,

¢. Conclusions. Evaluate each hypothesie in light of the
chaervatione made during your expariment.

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 S0,%"
by giving a white precipitate, indicating the feoermation of sulfuric acid
Aas opposad to sulfurous acid,

After completing your experiment and recording all necessary
information, clean and dry the petri dish and reaction surface. Rinse
aut the unlabelad microburet several times with deionized water, and
perform any other necessary lab clean up.
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RESBULTE
l. " Calculate the numhar of molss of acld produced from the
generation of each gas. Use the data fraom each titration that you
performed, and recall that at the equivalence point, the numbar of moles
of acid present egquals the number of moles base added.

a. Frem CO;:

b. From S_Dz:

c. From HO;:

‘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 concerning the capability of each gas to affect
the environment?

ACID RAIN Page. 11
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CONCLURIONS

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

L 2. Write halanced equatiuns to’ explain how each gas furms an acld
-with watar.

3. What can be concluded about the acidity of all rain water given
that carbon dioxide is a naturally cccurring gas’ : '

4. Explain why acld rain is primarily a problem in the Eastern
Unzted States and Canada as opposed tn the Western United States.

S 5. How do you think we can solve the acid rain prnhlem for the
lnng term? :

ACID RAIN Page 12
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FRE LAB EXERCISE

1. Liat thnsa gases that react with atmaspherlc water to cause it to be
acidic.

2. Write the equation for the formation of acid when SD; reacts with
water - (hydrolyzes):

3. What is "acid content"?

. 4. Do HCl1l and H,S0, have the same acid cﬁntént?

ACID RAIN Paga 13
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SPELCTROCHETRIC DETERHINATION
ﬂF AN EQUILIBRIUH CONSTANT
Chemlistry 131

NTR I

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 concernlng chemical aquilibria 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 ta completion. An exﬁmple of one that
does go to completion is the dissociation of a strong acid, such as
HCl, in water:

. - )
HCL gy ¥ MOy — 3 Hy07 () + €17 L0, (1)

The single arrow indicates practically complete product formation
{(H30* and Cl1°); we would expect no significant amount of reactants
to remaln if one mole of HCl ia reacted with one mole of water.

On the other hand, a Bystem at equilibrium such as the reaction
of iron(III) ion with the thiocyanate ion:

A+ . - =
Fe ' iaqr T 5CH (i) & FeSCN®* | (2)

is expressed using two arrows peointing in opposite directions to
indicate a state of eguilibrium.

Equation (2} is a net ionic equation where Fe®* and sScN-
represent the reactants and FeSCN’* represents the product. You
cannet zimply go to the corner store and pick up some Fe?*' or SCN-
ions.  In this lab the Fe?* jon comes from an Fe(NOi); (iron (III)
nitrate) solution and the SCN- fon comes from a KSCN (potassium
thiccyanate) solution. When these gpecles are mixed in an agueous
snlutian, the following lons form:

34 - * e
Fe™ raq). M0a qagy, K (aq), and SCHT .,

EQUILIBRIUM CONSTANT Page 1_.



The K*{ag) and NO; (ag) ions remain in solution unchanged from
reactants 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, X.,
for equation (2):
[ products) {FeSCNZ+]

K e i -
< [teactants] [Fe?* {SCNT]

(3)

K. is the ratio of equilibrium product concentratione (the brackets
denote concentraticens 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.

OBJECTIVES

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,sS, and a& for a chemical reaction.
BACKGROUND

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

3 - 2
Fe "“q] + SCH (aq) ,ﬂ F_eS{IH *{“”

Unfortunately for us, we do not know the egquilibrium
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. Iren(III) thiocyanate ion ie a red-orange color and
the intensity of color increases with increasing FeSCN?*
concentration in solution. To determine the equilibrium
concentrations of Fe®* and SCN-, we use the fact that Fe?* and SCN-
can exist either as uncomplexed (free) ions or as complexed FeSCN2*.
The equilibrium concentrations of Fe?* and ScN- are found by the
difference between the initial concentration of ion added to the
solution and the concentration of complexed ion (FeScH?*),

"EQUILIPRIUM CONSTANT Page 2
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e This reaction must he conducted in a maderately streng aeid
-eelutian to prevent the fermat;un af the FaeDH?* ion: :

-——-—:- FenH=+ ' + HT

s ,
Fe H HJ B _Iaq}

EHI} {eql:

The FEUH2+ 1en abearﬁs light st the sams wavelength as FeSCH’* i To

'ﬂhave FaOH?* pregent would catse considerable experimental error.

- cAceording to Le Chatelier's principle, addition of H* shifts thxe
=-equ111hr1um to the left, minimizinq the formation of FeOH?’.

You will use & Spectronlc 20 epectreneter to measure the amount
of light absorbed (absorbance) by the PeScN?* solution. The
abgorbance, B, of the sclution is proportional to the FeScu?*
_:encentratlen {[FeSCH’+]} according to the foIIGW1ng equatlon

A -t [Feézcn?*.} e AL .‘-“.3

where € and L are: empirieally determlned eonetants. This

o relationship is known as Beer’s Law! : iz the melar abgorptivity, an:
' intensive property of the light absorbing species, and { 1s the -
effective path length, or distance the light mist travel threugh the
solution in the epectremeter. For agueous solutions of FeSCNZ*, the
 molar absorptivity is « = 4.70 x 103 M iem! at the wavelength of
maximum abscorbance {447 nm] The path length is the internal '
diameter of the special tube {cuvetts) used to hold the selutlnn.-
C¥ou will use a cuvette with [ = 1,17 cm. Thus, for aguecus

- solutions of FeSCHN?* the concentration ef FeSCH" ie given hy*

-[Eesﬂﬂz*l e W e— L {8)
F
!t - X 107 M :

. hlthuugh abeerbance can be read dlreetly, the scale is
nonlinear. This nakss it difficult to read, and wvery eazy to recerﬂ .
incorrect data. Instead, use the percant transnlttanee, {£T7), scale -
_.eince it ie linear and easier te read. ’ o S

You may then ﬂetermine the ahsarbance-

A=clogT o (8)

5.;{“&té*: Use T in equatian & and nat % T } n sample af very high

U eslor inteneity absorbas virtually all the: light from the :
- gpectrometer. This gives 0% transmittance or infinite absorbance.
. Conwvereely, as the sawmpls soiution becomes more dilute, mére light
- im transmitted through the solution. At zero concentration the
E _tranemlttance ef light 15 100% {Thl} and the aheurhance 1e zern.”
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You rnow know how to ¢alculate the absorbance (equation &) and
thue, you use this number to determine the equilibrium concentration
of FeSCN?* (equation S5). From equatlﬂn {2), we know that the
equilibrium concentration of Fe®* ([Fe? *leq) may be found by:

(Fe®'],q = [Fe®*Yjnii5a1 = [FaSCN?*].q (7}
TEHFERATURE EFFECTS

The dependence of the equilibrium constant on temperature
indicates whether the rzacstion iz endothermic or exothermic. If the
egquilibrium censtant decreases as tine 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
exothermic.. By a similar process of deduction, we could conclude
that if the equilibrium constant incresses as the temperature
increases, the reaction must bhe endothermic.

Recall from your study of thermochemistry that:
aG=aH=-TArS : (8)
and
sG = -RT 1n K. (9)

From data you collect in thie experiment, you can soive for all
these thermeochemical parameters:

1. By measuring transmittance and ﬂalculating eguilibrium
concentrations, you can find the walue for K, and from this vou can
solve for aG using equation 9.

2. By studying the reactilon at different temperatures and _
calculating the sguilibrium censtant, it is possible to calculate
the heat of reaction, :H, and the change in entropy aS.

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

-ET Iln K_ = AH - TaS : {1q0)

Dividing both sides by -RT you obtain:
1 )
.

tn K, = - .E%*.jxt_;J+-L;. {11)

!:;QUILEBHiUH CONSTANT Page 4
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This equation is in the form of vy = mx + b in which

y = 1ok ; = = 1/T; b =28 and m - -2H
R R

L J

The recipraocal of the temperature (1/T} in Kelvin plotted versus the
natural logarithm of the equilibrium constant (ln K.), should ke a
straight line with a slope of -sH/R where R is the gas constant,
B,314 J/(mole K} and aH is the heat of reaction. What dees the
glope of this line tell you about the exothermicity or
endothermicity of the reaction?

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

EXPERIMENTAL

NOTE: Fe(KQ,), IS ACIDIC. BOTH Fe(K0,), and KSCN
WILL STAIN THE LAB BENCHES. BE CAREFUL WITH THESE
SOLUTIONS AND WIPE UP YOUR SPILLS IMMEDIATELY.
SPONGES, CLEANSER AND ELBOW GREASE ARE THE OHLY
HETHOD YOU WILL USE TO CLEAN THE LAB BENCHES.

A. PART 1: TRANSMITTANCE HEASUREHENT

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

2. Using a clean beaker, obtain about 100 mL of 0.00200 M
KSCH stock szolution from the side shelf. In another beaker obtain
about 100 mL of a mixed soclution which i=s 0.00300 M with respect to
Fa(NO;)s: and 2.00 M with respect to HNOs;. 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 FPage 5



TABLE 1

Eﬁﬂﬁﬁﬁ Fe{NOg ), /HHO, KSCN De-ionized ‘Total

H,0 YOLUME
1 10,00 =l 4.00 ml. 25;;- mL 40 _ Q0 ml
2 10.00 oL 6.00 ml.  24.00 ml 40,00 nl.
3 10.00 nl B.00 .  22.00 ml 40.00 oL
4 10.00 mL 10,00 al. ~ 20.00 mL 40.00 aL
5 10.00 mL- 12.00 alL  18.00 mL 40,00 nl
6 10.00 mL 14.00 =L - 16.00 wlL 40.00 mL
7 10.00 mL 16.00 al 14.00 nlL 40,00 al;
8 10.00 L 18.00 mL. 12,00 nL 40,00 aL

4. Mix each solution with a clean, dry stirring rod: rinse 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. Now you are ready to measure the percent
transmittance of the solutions,

6.  Measure the temparaturé of one of the solutions.
that the temperature is the same for all benkars.
- temperature below.

Assume
Record the

?.- Obtain a cuvette from your instructor.

8. Be sure the cuvette is clean. Fill the cuvette uﬁ to the
bocitom of the frosted circle with solution from beaker 1.

9. Place thé 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.
the percent transmittance.

Use TABLE 2 to: record

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
readinq.
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SRR & R Remnve the euvette ferm the SPEE 20. Dieeard:the eelutien :
: -dewn the sink. _ . : _ ' IR SR
_'._. 12. ninee the euvette with a emell tleee than 1 mL} ameunt ef
_soluticn from the next beaker. Discard the rinse sclution. Fill

- the cuvette with fresh sclution from the same beaker and measure the'“
:_:pernant ttenﬂmittence as in etepe 9 threugh 11, : .

‘MOTE: Be sure to. rinee out the euvette with tha eelutien reu
'ere guing to measure next. This will avoid contamination of the new
;eelutien to be measured by the previous solution. Also, don’t rinse

© the cuvette with water between measurements; lingering water will

- dilute the- eelet1nn to be meaeured resulting in an ineerreet

. freedlnq. R

S .13.? Repeat the prneedure in etep 12 for the rena1n1ng beakere
numbered 1 thruugh B.c : : :

l..iFﬂiT It TEHFEIﬂTUlE DEFEHDEHGE OF Eﬁ
1, set up a cold and a hot water heth.

' 2 F111 the hlue pneuuetlc trough with. an ice HatEr eelutinn.
‘[Add approximntely one. . 40n mL heaker nf ice.) : s

3,- Fill enether pneumetic treugh with het tep weter.

: 4; Flece beakere 1 threuqh 4 in the eeld bath fer at leaet ten
Hinutee.' .

5. Placl blakers 5 thruugh 8 1n the hnt weter hath fur at
leeet ten mlnutee. "

o HuTE. The next etepe must be carried eut in a TIMELY Fasuluu - jt.i
-jte prevent 1erge tempereture ehangee frnm neeurring. S S

" 6. Remove heaker ‘5 frel the het Heter hath. At this timn

”meeeure the tempernturi of the Balutien. Reeerﬂ thie temperature
"helew.

w1 ?tf Fill the euvette anﬂ meeeure the percent tranem1ttance as
'5fyuu did 1n Part 1‘- Recnrﬂ the peruent trenenlttence. :

B.. Repeat ateps 5 and ? with- heekers 6 thrnugh a. Be sura tD

'7n*rinee the cuvette with the solution herore meeeuring the percent

t._tranemittanee of the solution. o _
' 9. Now you can measure the pereent trenemittenee of beakers i

-.;thrnugh 4, in the cold water bath, fnllewlng the pra:edure in thie :
f-;*pert etepe E thrnugh B.; : Rt _ _ Dl _ '
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|
] [FescNZ*} K,

EQUILIBRIUM

[SCH™

— . ]

°c

TABLE 2

TEMPERATURE=

ROOM TEHFEE&TUEE:

8

*c
°C

TEMPERATURE=
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LnnnnnTnnr nE#nn1 REQUIREMENTS
The 1lab repnrt muet include the fnllnwlng'

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 collected from Part 1 and Part 2 calculate the
fnllow1nq and include it in Table 2.

a. Absorbance from the transmittﬁnce ﬂata (show a sample
calculation below): :
"~ b. Initial concentrations of Fe’*, and SCN- (show a
ﬂample calculation below):

¢. Equilibrium concentrations of Fe’*, SCN-, and FesSCNZ*
(show ‘a sample calculation):

: d. Egquilibrium 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:

£. aG using equation (9):

g. &H using a graph of 1/T versus 1ln K. and using
equation 11. : ;

'h. a8 from the y-intercept 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.

EQUILIERIUM CONSTANT Page 9
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[

I
1
1 K

EQUILIBRIUM
[SCH-] [Fe5CN2*]

2
°c

TABLE
TEMPERATURE=

INITIAL
[5CH™] ([Fe®*)

.|. e
KER &T & ![Fe®*]

7

ROOHM TEMPERATURE:

EEA

-

8|
COLD TEMPERATURE:

°C
°c

TEMPERATIRE=
TEMPERATURE=-
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4. CONCLUSION: Compare your aH,

from the CRC handbook (8 25B Kj).

e )

SCN™{aq) 76, 46

Fe’*{ag) -48.53

FeSCN?*(aq} 23 43

aH

aG and a5

with the following data

so [ K] s K
mol d mol K
32.68 - i4h
=460 =-.316
71.13 -.130
ﬂGI"‘IE a srxn

rXn .

. Experimental
CRC

% EFrror

Note: These theoretical values will probably not match your

experimental values very closely.

EQUILIBRIUM CONSTANT Page 11
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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 =o¢ that the needle and its reflection in the mirreor,
are superimposed.

5. "Now fill the cuvette to the bottom of the frosted circle with
de-ionized water. Wipe the outside of the cuvette with a tissue and
make sure that it is free of fingerprints. Place the cuvette in the
compartment making sure that the line on the cuvette is aligned with
the. line on the 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 stgps 4~6, until the Spec 20 is calibrated.

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

9. Fill the rinsed cuvatte 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 cuvette in the sample compartment as before with the
line on the cuvette aligned with the line on the front of the sample
conpartment.

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

INTRODUCTION

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

QBIECTIVE

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

2. Introduce the laboratory technique cf titration.
HEOR

Refer to textbook for the complete theory of acid base
titrationa (Section 15.2; Chemistry, 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:

B*{aq) + OH  (ayg) —H,0 (1)

-The equilibrium constant for this reaction iz 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 volumeg 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 Paga 1
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Titratien of 50,00 mL '\g_
of 1.000 M HEL with
1.000 K NaOH.

ddr

12

10 e

i igulvl[!!gg_ Gl
Palaf . :

1)
Mautfal

L1 25 50 .75 100
mL NaON added

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

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

changes from clear to red around pH %. You may ask why are we u51nq'

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

- occurs at ‘pH 7.  Notice that the titration curve is very steep both
- ‘before and after the equivalence point. In fact, the line is almost
vartical between pH 4 and pli 10.  Because the line 15 vertical

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

‘NaGH added in this range. Thus, any indicator that changes ceclor in
_the vertical portion of. the strnng ac1df5trnnq base titratian 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 NaCH. : :

CH3CQO H(ag) + OH™ {aq) e CHCO 2 ~ (A&Q) + HL0 (2)

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

Titratlen of 50.00 mL \\

of the weak acid HEEHEDZ

[1.000 M) wirth 1.900 M NaQH.
L4

12

1n_E.II.I.Li_"_I
Foin
Anziic

[.]

pH

Q 25 50 73 100

wl NaOH added

N

Notice that the pH starts at about 2.4 and rises rapidly.
‘About halfway to the equivalence point the pH changes very slowly.
In. this region you have a buffer system--acetic acid and the acetate
ions produced by that addition of OH- (as shown in equatiﬂn 2). At
the aqulvalence point the pH is qreatar than 7 because in this
.reglon there is no acetic acid left in solution, but only acetate
ion, which is a weak base. HNotice also that the curve is not nearly
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 Titratinn'Page 3
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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 NaOH.
To determine the exact concentration of the NaCH solution,
therefore, we must "standardize™ 1t against a known concentration of
acid. The acid that we will use to standardize the NaOH is
potassiun hydrogen phthalate (KHP). It reacts with the NaCH
according te the following reaction.

0 0
1 ¥
C-0K - C-0-K

: (3}
O + HaOH{aq)—>= o + H,0 _ :
1 |
C-OH C-0-Na

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

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

PROCEDURS

(Note: Your instructor will diract you on the proper titration
technique prior to performing the lab. If you hava any queations
plaase ask!)

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

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 280 mL Erlenmeyer £flask. 'Add S-6 drops of a 0.1 %
phenophthalein indicator solution to each flask and then titrate the
golution to a faint pink endpoint. Use these data to standardize the
NaCH solution.

. 3.  Once the NaoOH solution is standardized, determine the molarity
of an unknown hydrochloric acid solution by titrating appraximately
10 mL of the unknown acid with the standardized NaCH snlutlnn.
Perform two replicates using a phenolphthalein endpoint.

4. Determine the mnlarity of an unknown acetic acid sclution by
titrating approximately 10 mL of the unknown with NaOH to a

Acid Base Titration Page 4
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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 once.

6. Your jinstructor will direct the entire class to perform a pE
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. BStop, record volume addeqd,
measure and recerd the pH.

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

point or use volume increments that give appreoximately 0.2-0.3 pH
unit changes.

d. In the vicinity of the equivalence point, many data points are
needed, so take pH readings after every 0.10 mL titrant is added.

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

Acid Baee Titration Page 5
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1. What is the average molarity of the NaOH solution?

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

3, what is the average molarity of the unknown acetic acid solution
vsing phenclphthalein as an indicator? -

Acid Base Titration Page 7
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4.  ﬁhat.is the molarity of the unknown acetic acid solution using
the methyl orange indicator? Is 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!l)

a. What is the equivalence 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.)

e. What is the effective pH range of methyl orange as an indicator?

(Highlight this range on the graph also.)

Acid Base Titration Page 8
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FRELAD EXERCIOE

1.. Draw a typical weak acid strong base titration curve. Label the
axes and equivalence 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 S00
ol of 0.1 M NaOH eolution?

¢. What ias 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 l.ﬁl L
of .1 M MaOH? : '

Acid Base Titration Page 9
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Introduction
The following appeared in the Gazette de France on & January
1239: "An inportant discovery by our famous palnter of the Diorama,

M. Daguerre. The discovery partakes of the prodigiocus. It upsets
all scientific theories of light and optics, and will revolutionize
the art of drawing.® The author was descrlbing a paper presented by
Daguerre at the National Academy of Science on how light was us=ed to
"make" pictures. This was the start of photography.

Photography is a true blend of art and science. In 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 ¢ff-the-shelf film or 24 hour development
labz. 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 he concerned about photo gquality. Instead we will concern
ourselves primarily about the chemistry of photography.

Qgbjective
1. To understand the chemical principles involved in photggraphice
paper developnent.

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

. Theory'

The basic principle of photography is that light is focused on
photographic paper containing silver halides. This light forms an
invisikble image called a "latent image®. The latent image process
is just a very simple oxidation reduction reaction. First the
halide (Cl-, Br- or I~} absorbsz 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 basisz of the latent image.

1. Bunting, Roger; The ghgg;gt;x 2f Photography; 1987; (Portions of
“the theory copied with permission of Professor Bunting.}

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

g + &7 ————— = 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
appear dark and the dark parts of the object appear light. The
reason for this is that the reduced silver on the photo paper is
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
corresponds to the dark parts of the object. However, since there
i= no unreduced =ilver particles on the unexposed photo paper this

region appears light. The chemistry of the negative development
process is describad below.

Photographiec Papar

The essence of photographic paper is a layer of silver halide
(AgCl, AgBr, and 2gT) on a clear plastic support. The silver
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 silver halide to this support must be transparent to allow light
to reach the silver hallde grains; it must be fairly rigid to
prevent particle movement which would blur the image; yet it musat
not be brittle so as to crack when the film is flexed. Finally, and
of utmoet importance, it must allow water and solutionsz to penetrate

it B0 that the reacting chemicals may reach the silver halide in the
processing steps. - - .

The material which nmests all of these regquirements is the same
as that used in fruit flavored "jello* desserts——-gelatin. Gelatin
iz 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=-300) a2 shown in the following figure.

0 R H o
i | i i
E C CH H C
S TToH
\H— cu" 1:/ \:: oo CH {3)
o \I I |
H R H a R
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The symbol R is shown to represent some group of carbon atoms
of unspecified length or structure. In proteins these R groups may
contain occcasiocnal 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
'thDEE effects., ' ' :

How let’s consider the preparation af the silver halide, which
must be suspended in the gelatin.  One way to form it would be to
react silver with hromlne to form silver bromide according teo the
fnllowing. '

2Ag(s) + Bri(t) ---—- > 2AgBr(s) _ (4)

If we drop a chunk of silver into bromine liquid we will only
form AgBr on the "ontside® of the chunk. For the purpose of £ilm,
"this is not an accepiable 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 reaction
is as follows

_Agﬂﬂgtaqj + KBr(ag) =---~-—-> AgBr(s) +.Kﬂ03{aq] (5]

Commerclally the prccedure for making fiim iz to take AgNO,; and
mix it with various halide salts (KBr, KI, KC1) in a liquid gelatin
at a temperature of 50-80° C for 1-2 hours. (The KI and KCl 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 laver.

optics

In a typical 35 mm camera, the image if focuzed through a lens
ae shown in the following diagram.

Source
Object

Photography . 3



Camera len= pormally contain a diaphragm—--a device to provide a

circular hole of variable 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 variation
in the aperture diameter. The f-number is equal to

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

As you can see, for a camera with a fixed focal length, the
-gmalier 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
ih and expose the film.

Phutugtaphin o
o O
T Eource
| Pin hole Object
T : {baing :
Comera box photographed)

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

l. Size of the hole.

2. Length of time film is expuseﬂ.

The specifics of hole size and film exposure time is discussed
in procedure section.

Davsloping 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

emall silver specks that make up the latent image. This iz braught
‘about by the development process.

Fhotographic developers contain chemicals that are reducing

agents. These reducing agents readily give up electrone to reduce
the silver ione in th& silver halide to metallic =ilver.

_Photography 4
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What sort of materials can serve as developing agents? A _
loegical 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).
‘Mercury iz an example. It is slightly more active than silver, and
o can react with a silver halide as the following equation shows:

Hg (1) + AgBr{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 discovered quite accidentally by Daguerre
in 1835. Daguerre prepared silver liodide emulsions, 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
developed his exposed film (containing a latent image) into a
visible image. These photographs later bacame Xnown as
"daguarrotypes." '

The reducing agents in develuparé in usze today are all organic
compounds soluble in water. . In solution the molecules have the
necessary mobility to get in contact with the insoluble silver

halide in order to reduce the silver in the £film emul=sion. The most:

widely used reducing agent in photography today is hydroguinone
CuH,{DH) 2. Hydroguinone is a weak acid that dissnciates according
to the fnllnwing re&ctian*

OH 0~

Ly - "(8)
(aq)

" OH '  OH

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

Photography 5
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dianion of hydrogquinone according te the following reaction:

OH - _ -
+ Z0H7 —_—= + 2H ED
(3)
OH o,
{hydroquinone) {(hydroquinone dianion)
o-

. o~ '
In the presence of hg*,&] acts as a reducing agent and

O

"becomes oxidized according to the following half reactions:

Q- o
—_— + =7 (Oxidation half réactinn] - (10)
D 0
.{hgdruquinuna dianion) - (guinone)
#g* {agq) + e ————-> Ag(s) {feductinn half

reaction) ' : . (11}

Phutugraphy 6



Thu= the overall reaction is:

.+ 2ag*laq) —— > + 2Ag(s} (12)
(aq) _ {agq)

The PH range of all developer solutions is always basic.
Normally the pH range is 10-12 using Na.CO; as the base.

. Up to this point we have ignored an cbvious. guestion reqarding
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? Wwhy aren’t all the silver ions reduced? The
‘answer to thi= question is that the rate of reaction of the =ilver
near the latent image is much greater than the rate of reaction of
2ilver pot near the latent image. The develcoper 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 turh 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
gtop 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 silver ions with which it is in contact.
Chemical development would not be possible if it were not for this
catalyst. T :

Stop Bath

When the development process is completed - that is when

1138

sufficient silver has been reduced to give the desired image density

— the film is placed intc a stop bath. The purpose of the stop bath
is to prevent any further reduction of silver icne. 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 eguilibrium of the developer
solution from gquinone to hydroguinone.

Photography 7



124

By adding acid, the H* will react with the excess OH- in the
developer to forwm water. Since there ia ne hydroxide to "activate"
the hydroguinone, development c¢an not occur.

Fixer

After the reactiocn is stopped, we are left with a silver image
superimposed on a hackground of pale yellow silver halide. This
silver halide which was not reduced in development must be removed
by the fixing process. If not, a print would ultimately darken due
to gradual reduction of more silver from exposure to light, Fixing
iz a process by which the remaihing insoluble silver halide is
converted to a scluble material which can be washed out af the
emilsion. A great many substances, both negative jons and neutral
molecules, have since hean feund which will complex silver ions.
Ammonia, for example, is a molecule that can dissolve silver
chloride by bonding to it to produce a complex positive ion.

#9Cl1 (=} + 2NH,({aq) ----=-> Ag(NH»):;*(ag) + Ci-{aq) (13)

The materials commonly used in photographic fixing salutions
today are aalts contajining the thiosulfate ion S,0,7-, The fixer
used ir this lab is ammonium thiosulfate or (NH,.) 8:0;. The fixing
action of thiosulfate on silver bromide is as follows:

AgBr(s) + 25,03?"(aq) —---=-- > Ag{5:03)27"(aq) + Br- (14)

Thiosulfate dissolves the silver browide and the ammonium ion can
dissolve the silver chloride.

hgCl(s) + 2NH.'(ag} ==---=> Ag(NHj3)."{aq) + 2H'({ag) + C1-(aq) (15)

_ Developing, stopping, and fixing 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 thorocughly rinse a film or print before drying. If any
thiosulfate is left in the smuleion the image will not be permanent.
Excess thiosulfate in the emulsion will turn the photo yellow and
eventually cause the image to fade.

Revarsal Procesaing

In ordar to obtain a poritive image, the reversal process is
used. Recall that the latant 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
rapresents the "dark"™ part of the object. In order to reverse this,
the latent image 18 bleached and washed out, and the unreduced
gilver 1s exposed to light. This produces a photo in which light
parts appsar light and dark parts appear dark.

The procadure for this is quite 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 bleach and the dissolved (oxidized) silver,
and then exposed to light o the remaining silver halide forms the
positive latent image. The photo paper is then developed, washead,
rinsed and dried. ' : -

Photography 8
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Procedure

1. Build a pin hole camera. If you have any gquestions about the
construction, see your instructor. Cut a 1 ¢m x 1 cm hele 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 hele (the smallest
hole possible) in the foil. On the outside of the box, cover the
hole with electrical tape. Under 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 is 1light tight.

2. Expose the paper to your subject for approximately 1 second (on
a sunny day) and for 31-5 gsoconds (on a cloudy day). The sun must be
to your back to avoid overexposing the paper.

3. Under safelight conditions, develop your photographic paper. For
negative processing, place the paper into the developer. Gently
agitate the paper while it is submerged in the 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
iz developed, place the paper in the acid stop bath for about 1
minute. Next, place the paper in the ammonium thiesulfate (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.
Gently aglitate 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 Ag is dissolved. Rinse your paper and turn on the lights.
Place the paper back into the developer and the positive image will
appear. Rinse the paper completely and allow to dry.

Photography 9



conclusions
1. lili'hat is the pH of a 0.1 M hydruqulnune solution (Ka = 4.5 x
10-11}?

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

3, Typically hydroguinone is placed in Na;C0, buffer solution.
What is the pH of a buffer solution containing 0.15 M Na.CO; and
0.10 M H2C03? If the effective pH range for hydroquinone
development solution is 11.0 or greater, would the above buffer be
adequate?

i4al

4. For Br  to be oxidized to Br requires a photon with an energy of

at least 2.58 x 10'? J. wWhat 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?

- Be. Durinq neqative processing, why must photoa paper be placed in
- the "fixer"?

Photography 10
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' 6a. Given that [Ag ] = 0.0025 K in a 4 liters of spent fixing
solution, how many grams of gilver is in the snlut1nn7 :

. 6b. How many qrans of NaCl should be added to the solution to
reduce the [Ag*] to 1.0 x 10°* M?

82, Row much silver was recovered in this process?

-.Explain why the davaloper reduces silver around the latent inage
und not in the unexposed areas.

Photography 11
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Ba. Potasaium dichromate is used to bleach cut {oxidize) the silver
from the latent image in reversal procaessing. The following

represents the overall unbalanced redox equation. Balance the
egquation.

Ag{s} + K,Cr.0;(aq) + Hgsnnfﬂﬁi w-w==> Ag.50.(ag) + Cr:(S0.}a(ag) + K:504(aq)

Bb. Hhen 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 your photo to the lab. What could you have done during
thie lab to improve your phota?

Photography 12
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qunn:wnm:vn ANALYSIS
ID!HTIFICHTIOH OF CHEMICAL COMPOUNDSB
Cheamiatry 121

INTRODUCTION

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 species, the properties of solutions, complex ions, and
solids. 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 c¢reating a "reaction matrix" by
mixing Known chemicals and observing and recording the product of any
reacticen. In the seccnd part, you will identify the unknowns. You
will be recquired 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 oxidatlon-reduction reactions that produce gases
(vizible as bhibbles in scolution) or changes in color of the solution.
Some fons form complex ions with distinctive colors. Finally, scome.
ions react with the water t¢ result in either basic or acidic
solutions. You have cbserved all these chemical characteristics in
previous labs and as demonsgtrations during this semezter.

- Salts are compounds that are made from cations and anions. In
solution, these ions disscciate into individual species that possess
unigque characteristics. First, let’s practice with the ions produced
by salis. Below is a table of =ix salte and the resulting ions
produced.: Complete the table by fillling in the klanks:
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Salt Catlions Anlons
AgGl

FH_ RO, By F‘
FelS0, 5;2* 20,-
Ins

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

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

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

Banple Analysis

. Let’s work through a sample gualitative analysis. Our unknown
iz a clear, colorleas liquid. Mixing with a drop of hydrochloric
acid givea a white precipitate, as does miwing with a drop of sodium
hydroxide and ammonium hydroxide. Potassium permanganate produces no
ocbaervable change, '

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

Qualitative Analyeis : : | Page 2
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RULE 1: All nitrates (¥0;-) are solubla.

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
in=oluble. _

Cur unknown could be one of the soluble 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 31 All sulfates (80,2°) are solubls except lead, strontium,

barium, calciums, and mercury(II). 8ilver sulfate is sparingly
soluble.

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

RULE 41 All carbonatess (CO,?-), phosphates (PO,?"), and chromates
lcrn4 “) ars insoluble except the alkzli metals and ammonium. -

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

RULE 5: All hydroxides (OH") and sulfides (82-) are insoluble except
the alkall metals and ammonium. cCalcium and harium sulfides
hydrolyze in water to form hydroxides.

; our unknown formed a solid with hydroxide (NH,OH and NaOH).
Once again, the cation cannot be an alkali metal or ammonium.

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

. By reacting this unknown with cur four other unknowns, we can
build a .smaller reaction matrix similar to the one you will build in
Part A. Now the detalled observations of that reaction matrix are
used. We notice that ona of the reactions is eimilar to that between
sodium lodide 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 indide. We now can assign our first cation
‘as lead(II).

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

- Qualitative Analysis S ' Page 3



“Using a similar method of deductive reasoning and elimination, the
anion is identified as nitrate, ND; . (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, NaCH, NH,0H, and KMnO,. 7You'll alsc react
each salt solution with all the other salt solutions.

1. Place 12 drops of each etock 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.

_ 2. Add one drop of each salt solution to a.sapuratt drop of
stock solution. Carefully record your observations on the Reaction

L48

Matrix. Pay careful attention te 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.  For each mixture which reacts, you should be able to
identify what occurred. For example, wixing AgNO; and Nall produces
a white precipitate; you should be able to identify the ptrecipitate
as AgCl. Silver chloride should form when any scluble silver
compound and soluble chlorlde compound are mixed. Identify reacticn
products on the Reaction Matrix wherever poszsible.

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

Qualitative Analysis _ : Page 4
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€. Now 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
raactants):

7. After making all cbservations, clean your reaction surface
and return the salt solutions to their appropriate trays. Keep the
four steck solutions.

B, IDENTIFICATION OF UNENMOWHA
1. Ask your instructor for your five unknown solutiaons.

a. From this moment forward, you are not allowed any
cullaburatinn with any source. Do nnt talk to your classmates. Do
not consult any textbooks or notee 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 pussible catione (Al3*, Ba?*, cu?*, Fe3*,
Fel*, Pbi+, Hn5*, Ag*, Na*) and 5 pcssible anions (NO.~, $0,%-,
co,az', Ccl-, and I7).

¢. Make initial obhservation concerning these five unknowns

L]

Record the numbers on each microburet which identifies the unknown on

the Unknown Reaction Matrix (pg 8). Carefully record below the
.phyasical characteristics of your unknowns (color, presence of
precipitate, etc.):

UNKNOWN #1:

UNENOWN $#2:

UNKNOWN #3:

UNKNOWN $#4:

UNENOWR §#5:

gualitative Analysis _ : Paga 5



2. React each unknown with the four stock solutions and record
any observations on the Unknown Reaction Matrix.

3. React the five unknowns together, again recording your
observations on the Unknown Reaction Matrix.

4. Using the data you gathered 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
che anion.

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

solutions? A quick review of the solubility rules will answer this
orne.

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

Your analysis and identification of the five unknowns (ten total
ions) must be completed priocr to the end of the laboratery period.
Your grade for this lab will be based on correctly identifying the
ten unknown ions, each worth ten points (100 points total for the
labj. HO OTHER WORK IS REQUIRED.

Qualitative Analysi=z , Page &
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REACTION MATRIX {FART A)

Bn{Nq}} : FEIH% 5 be“% % Agso Hacl NaH%

AlL{NHO ; Cu[MNQ Fe30 Hn{HO 3 Na CO Hal
3 3 4 | 2 a

HE]

NaQH

NH‘GH

KMnG4

AllNogl,)

Ba(NO,]),
Cu{NO,},
-?-{HGEJ
- 1
FesO,
Ph{HO.],
Mnnms}.T
n;Hua

Ha.CO

HacCl
. Hal

NIHD,
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UNKNOWH REACTION MATRIX (PART B)

A

HC1

NaOH

NH,OR

KO, |

LHKHOWN LETTER _

EESULTS

UNEHOWN
NUMBER

CATION

ANION
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CHEMICAL KIRETICA
Chamistry 131

INTRODUCTION

We may ask four basic guesticns sbout a chemical process.
First, is the reaction spontanecus? Tuermodynamics allows us to
determine the conditions under which spontaneity occurs. Second,
how fast will the reaction proceed? Third, what is the "sequence"
of ferming 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 of equilibrium? Study
of the equilibrium constant, K:q, may answer tnis question. You
have studied thermcdynamics and equilibria in previous labs. Now
let’s take a look, at the kinetics of a reaction.

Kinetice 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) concentration 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. Tn the first expeariment, 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, yvou will repeat the
experiments on ice cubes.

In the second part of the lab, you will study the reaction of
hydrogen peroxide and iodide in acidic solution:

H>0, + 2H* + 31" —»I3" + 2H,0 (1)

You will ohserve the effects 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 quantitatively 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

axample, 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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rate of disappearance - -A[A]

— -df{al
of A At dt
rate of appearance _  +A[C] _  +d[C]
of C At dt

THE COLLISION THEORY

For most chemical reactlons, the individual chewmical steps
that make up the mechanism of the reaction cannot be observed. The
mechanism is really a theory about what occurs step-by-step as the
reactants are converted to products. The slowest stap 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 encugh kinetic
energy and in the correct orientation. By lncreasing 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
existing bonds so new ones form.

Let’s look at the reaction of hydrogen peroxide and iodide in
agueous sclution to produce I,~. From our discussion above, the
rate may be expressed as:

_1 4] 1 d[H'] . -d{H0.]
TAté = "3 Ta 7 "dt at

The rate law for the appearance of producta is:
rate = kK[H2023* {I"]1Y [(H*']*®

where x, ¥y, and z are the reaction orders and k is the rate
conatant. '
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Expressing the rate by measuring the formation of products results
in:

rate » 4dlI[,7] o 1 d[H,0]

dg 2 dt

Combining these two expressions gives us the general rate law for
reaction (1):
41,7 ]
—— k H.}ﬂ x ﬂ+ ¥ I z {21
s {Hy0.71* [H*]" [I7]

King!!') describes two possible reaction mechanisms. The first
mechanism is dependent on H* and is described by

Mechanism 1:
k
f
H* + H,0, » HOCH, {3) fast
kI"'
k1
HOOH," + I” = H,0 + HOI (4) slow
kz +
HOI + H* -~ H,OI {5) fast
* 3 EB
HOLI + I" - KB, 0+ 1, (6) fast
k-l
I, + I = I, (7} fast

H,0, + 2H* + 31 = 20,0 + I,”

Recall that the rate determining step iz the =low step in the
mechanism. The reacting speciez are obtained from the slowest step
but the rate law may be expressed only in terms of the ovaerall

reactants. Based on this mechanistic path, what is the rate law for

the reaction?

(1) King, E. L., How Chemjcal Reactions Occur, W. A. Benjamin Inc.,

Fp 80-83, 1963.

Kinetic= Page 3
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Another possible mechanism for this reaction does not involve H*.
This mechanism can be described by:

Mechaniom 2:
H,0, + I —3OH" + HOI (12) slow
OR™ + H*——3 H,0 (13) fast
HOI + HY — H;_n: (14) .fast
HjoI + I 1, + H,0 (15) fast
I, + I"—31," {16) fast

Hy0, + 2H* + 31" —3 26,0 + 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 ig independent of [H*] (y = 0 for equation 2).

In order to visualize the reaction, you must think about the
molecular interactions. For example, when the iocdide ion reacts
with the peroxide in acidic solution, equations 3 and 4, the
sequence of reactions might appear as follows:

Kineticse Page 4
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H
}/H ] ¥ _
o——0 cmeyy | O—0" - H fast
o—0: + H+'1-—ﬁ_ | ™ .
' H
H _
1 H
* \. /
— o + 0 slow
| N\ '
H H
H
] *
|}
H—0: H* _H—-0 _ fast
i + — —‘0\
E T
H + .H
' .- i - :
H—O: | + [] ' : I It .~ fast
3 B - 0+l
TI: H
o - f"ll‘ foat
H N I B "
11 I: o~ B e as

Wwhat is the rate law for the reaction?

Remember, the rate of a reaction ie affected not unly by the
concentration of the reactants but also by the orientation of the
molecules and thelir kinetic energy. The orientation and spatial
relationship of the molecules are sasier to visualize if you use
?SEPR theory.
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EART I: TEMPERATURE EFPECTS

1. For this experiment you will need aluminum foil and zinc.
First, place four sguares of zinc and four sguares of aluminum on
the reaction surface. FPlace five to ten drops= of 0.01 M HCI on onhe
square of zinc, five to ten drops of 0.1 M HC1l on the second sguare,
five to ten drops of 1.0 M HC1 on the third, and five to ten drops
of 6.0 M HC1 on the last square of zinc. Repeat for the aluminum.
Record your observations below. Include a description of the
reaction and times from addition of reactants to first observable
reaction:

Zzinc Alupinum
6.0 M HC1
-_1.0 M HC1
0.1 M HC1
0.01 M HC1

2. Repeat the above experiment but add one drop of Cu(NO;) ,
to the HCl (place the HCl on the metal first). Record your
obeervations.

Zinc Aluminum

Cu{NO3) ;/
6.0 M HC1

Cu(NOs) 2/
1.0 ¥ HC)

Cu(NO,) 2/
0.1 M HCL

Cu(NO3) 2/
0.01 M HCI

Does Cu(NO;}, act as a catalyst? (Remember a catalyst must increase
the rate of the game reaction)

Kinetics Page &
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3. Now place the metals on an ice cube and repeat the first series
of expériments (vithout the Cu(N0,),}. Recurd your observations below.

Zinc : ~ Aluminum
6.0 M HCL
1.0 M HCl
0.1 M HC1
' 0.01 M HC1

PART JJ1: COHCENTRATION EFFECTS
A. Introductory Proosdurss

1. You will use the digital volt-ohm metexr (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 to zet up the
d-VOM for use is:

a,  Turn the main switch to ohms .
b. Press the oval button until "k4" is displayed.

c. Plug the BLACK lead into the hole marked COM. Pluog
the RED lead into. the hole marked V. :

Connect the leads to the cadmium sulfide (CdS} photoelectric cell.
The €4S 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 as your reaction surface, and should be as. level
as possible.

2. Tha Cd5 celi responds to changes in light intensity with a
change in resistance. It is important that the amount of light
reaching the cell remaln constant throughout the sxperiment.

a, Place your hand over the CdS cell. Did the resistance
ﬁecrpase or increase?

This is eimilar to what occurs as the I,  concentration
increases. The change in resistance is directly relatead
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 muast be 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 i1s reacting to the
amaunt of light which raachas the cell. The greater the

Kinetics Page 7
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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 transmitted through a
sclution decreases as the concentration of light absorbing
material in the =solution increases. We will express- this
E1-H

A= «l[X]

where A is the absorbance of the sclution, ¢ is a constant
known as the molar absorptivity, { is the effective path
length that the light travels through the scluticon, and
[X] is the concentration of the light absgorbing matarjal.
You can see how the drop size will effect (.

' B. Determination of Effect of Acid concintr;tinn
1. PFlace 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. :

2. Repeat this ixp-rimnnt but uge the buffer pH 3 with tha 1M
ng; and 2 M HaX. Record your results,

Kinetics Page 8
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3. 2again, repeat this experiment but use the buffer pH 6 with
the 1 M H;0; and 2 M NaI. Record your results.

€. Initial Rate Determination

1. In class, we have discussed using the initial rate metheod

- 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 tabla below is probably a good starting point. You
must determine the rate from the data you collect.

frial Run Drops  Initlal Drops  Initial Lrops Rate of
.0, [H,0.] Nal [Hall pH6 Farmat{nn
Ly
1
2

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 reacticn 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 Iy~

Kinetics Page 10
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4., Using the inital rate data, determine the order of each reactant
'in your rate law for the reactlon of sodium iodide and hydrogen
peroxide. Write the rate law:

5. Detarmine the rate constant for the rate law.. Use the rate
expression developed above.

Kinetice Page 11
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PRELAD PROBLEMS

1. Using Lewis structures, draw a possible reacticn for mechanisn
' 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. Ectnrdinq 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?

Hz0; + 2H* + 31" — 313" + 2H;0

Kinetics Page 12
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ELECTROCHEMIBTRY
qhillltrr.iai

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 for
an application of electrochemistry in the form of batteries, we
would still hand crank our cars to start them and wear windup
watches, On the other hand, we would use slide rules rather than
¢alculators. Other applications affecting our daily lives include
electroplating and corrosion of metals. Electrochemical measurement
techniques are used routinely to determine extremely low
concentrations of ions in colutions, identify unknown compounds,
monitor reaction ratea; and study a whole host of other phenomena.

vﬁltuiu Cells

Toe convert the energy from a chemical reaction to electricity,
a voltaic er galvanic cell (commonly known as a battery) is used. A
voltaic cell operates on spontanecus oxidation-reduction reactions. '
The transfer of electrons between substances produces the
electricity. . :

Valtajic cells are constructed to separate the oxidation halr
rTeaction from the reduction half-reaction. Thias separation forces
electrons to flow through an external circuit where they can do
work. We can construct a galvanic cell using the spontaneocus.
‘reaction of copper metal and Ag* ions.  In the reaction, electrons
are transferred from the copper metal to the silver ions.

The balanced net ionic equation for this reaction is: -
2AgT gy + Cugyy ——3 CuTt g, M 11% (1)

which can ba divided into oxidation and reduction half-reactions:
c'f';\‘.fl} > Cu?*

(awy ¥ 28T (2)

.Zﬁg*“q} * 207 =3 AR ., : {(3)
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Equations 2 and ) 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 rEEEtlﬂnB{

We use a standard nntatian to describe galvanic calls. For the
-copper/silver cell, this notation is:

Cu(a) / Cu®*(aq) 11 Ag*(aq) / Ag(s)

The slashed lines represent phase boundaries, the two solid lines
represent half cell boundarles. By convention, the anode (oxidation
reactiaon) ia written frirst. :

| - @
Cu (-) ‘ - j’ |
. +} Ag
{anode) (Na*)—2» (g{cathude]
b 2 prlfen I S a ':-'..:. )
:il;:lj}-r.*:-:-;- r ‘-:_

AgNO,

Cu(NO, ),

Cu(s} / Cu?*(aq) | Ag* (aq) / Ag(s)

Voltaic Cell
Flgure 1

According to -quutinn 2, the Cu metal loses electrons
(oxidation) forming Cu?+ inns. These "lost" electrons travel
through the wire to the Ag metal, and combine with the Ag* lons
(reduction) in solution, and Ag is plated ocut on the Ag electrcde.
The salt brldge completes the circuit by allowing inert ions such as
Na* and NO.~  to travel through the salt bridge and maintain .
ionic-neutrality of the solution. Without a salt bridge, no current
can flow because as Ag* ions 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 occurs at the
~anode, reduction at the cathode. An easy way to remember this: both

nxidation and anode begin with vowels while reductiun and cathnde
hegin with cunsannntl.

ELBCTROCHEKISTRY Page 2
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Elactrolytic Calla

An alectrolytic cell is similar to a galvanic cell, but instead
of obtaining electrical energy from spontaneous reactions, an
eloctric source is attached to the electrodes "forcing" electrons teo
move in the opposite direction. Thus a non-spontanecus reacticn can
be forced to occur by supplying electrical current. Some usez eof
electrolytic cells include electroplating metals onto other metals,
refining or purifying metals, charging "rechargeable" hatteries (car
batteries, nickel/cadmnlium batteries, etc.), decomposing water, and
obtaining pure metals from their ores.

This laat applicatlon is extremely iwportant in the production
of aluminum from its ore, Al:0,. Hall discovered this electrolytic
process while atill a college student in 1886. Before his
digcovery, aluminum was so expensive that the rich would flaunt
their wealth by throwing dlnner parties using aluminum utensils.
Taday, production of one mole of aluminum from its ore requires
30,000 joules of energy. Recycling aluminum reguires only 26.1
joules per mcle (the amount of energy required to melt alumlnum).
Thus, the enphasis on recycling aluminum rather than producing it
from ita ore la quite obvicus.

standaxrd ¥otentiels and E° Calculations

By using half-cell potentials, you can determine the voltage
(potential) that any two half-reacticns will produce. The
potentials ara not an absolute fiqure, 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* (, 4y + 28" ———==—=> Hy(4) (4}

The NHE hasa been assigned an E° or voltaga of 0.00 V. Actualiy
any reaction could be used as the reference but since hydrogen has
been chesen, we =2till continue with it. The symbsl E° means
standaré half-reaction or "half-cell® potential in which the
reactant and product solutions are 1.00 M (1 atm for gases) and the
metals are pure crystals. For convenience, we normally tabulate the
E® values at 25°C, but itfs mot necessary. This method enables us
to determine the potential for nmumerouws half-reactions. By li=ting
all half-reactiona as reduction half-reactions, we generate a table
af standard reduction potentials.

_ A table of standard raduction potantialu anables us to

determine the potential of a redox reaction, datermine the crder of
reactivity of poma spocies towards others, and to determine which of
two spacies is more susceptible towards reduction or exidaticon in a

ELECTROCHEMIOTRY Page 3



spontanecus redox reaction. A posltive E® wvalue indicates that the
substance will spontanecusly reduce relative to equation 4, while
negative values mean a spontaneocus oxidation will occur relative to -
agquation 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°..,4 for a
particular half-reaction. :

E® = Euﬁxld_l-tiu_n ""'-Ebr-du:t_jun = =0,337 V + 0.7994 V = .462V {5)

Note that the B, and E;,s values are pot multiplied by the
.stoichiometrix coefticlents used to balance the redox equation.

Nernst Equation

In the late 180073, a German chemist named Walter Nernst was
studying the thermodynamics of electrolytic solutions. Through his=s
research he developed a formula to calculate the potential of a cell
that was not at standard texperature, pressure and concentration.

It is called the Nernst equation. Using egquations we covered in
this and earlier chapters, we can arrive at this equation. Gibbs
standard frae energies (ai) are given by equations -6 and 7.

4G® = -nFE°® - (6)

AG = =nFE )
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.
4G = aG® + RT 1n Q. f ' | (8)
where R is the gas constant (8.314 J K 'mole~!), T the temperature
in EKelvin, and Q@ the reaction quotient {([Products]/[Reactants}}. :
Substituting equations 6 and 7 into equation 8 we obtain equation 8.

' ~nFE = -nFE® + RT 1ln Q {9)

Dividing hnth sides by -nF we ohtain equation 10, which is the
Nernst eguation.

E = E° + {RT/-nF) 1n @ ' | {10)
Since we uiunllf cnnduct redox reactions at room temperature {298K),
' the guantity (RT/nF) conveniently becomes 0.0257/n and the Nernst
'equatiun at these conditiona becomes

E = E® = {D-D;E?;n] in Q ' : [11}_

. ELECTROCHENISTRY Paga 4



Corrosion/Corrosion Protesction

Corrosion is metal deterioration. It’s mainly an
.electrochemical procees, and under the right conditions, it occurs
spontanecusly in nature. The cost to the U.5. economy in 1984 due
to metallic corrosion alone was aver $80 billion.! Thus, corrosion
is a significant problem. With 80 many aircraft constantly exposed
to the elements, corrosion is also a major Air Force concern.

Before we can examine ways to protect agnlnst 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 automobhile or a Soviet Mig 25 during the following -

discussion.

As in all electrochemical reactions, oxidation happens at the
anode. This occurs because the ancde is more easily oxidized than
the other metal in the cell. For solld metal, oxidation forms metal
catione which are soluble in water. £o how does a steel car body
rust if it consists only of steel?

Well, in nrder fnr corrosion to occur, water must be present.
Dissolved in. the water is oxygen, which undergaes the following
.reduction half-reaction:

O + 2H,0 + 48° ———===> 40H"
The other half-reaction iﬁ the oxidation of irxron:

Fe(,) =—-——--=> Fe?*(,,) + 2e-

Write the overall oxidation/reduction reaction that occurs during
the formation of rust:

Thug cars "rust-out" because of the alir. 0Of 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 selution (what does this provide?). Some states sprinkile
rock salt on snowy roada. This provides all of the requirements, 32
small scratch in the paint, moisture, and an ionic solution, and the
result is rust on your new car.

1. Ehan;,n.,chﬂmistry.arﬂ #d. , Random House,Inc. New YTork,lO9ER,
PP.7EB4-785.
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As you recall, E° values apply only to pure crystalline metal

. samples. Most steal samples do not have a uniform crystalline
structure; instead, they have many small areas of differing crystal
“structure dus to ptresses 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,
some of these regions serve as cathodes while others serve as

anodes. This explains why rust occcurs at separate, distinct points
all over the metal surface instead of covering the entire metal
surface uniformly.

~ One obvious solution to this problem is to produce steel with
one uniform crystalline structure. Technoleglcally, this would be
extremely expensive, if not impossikle at this time. Therefore,
some other means of protecting steel (iron) structures must be
deviced. Some of the simpler and less effective cof these means
include surface coverings (paint, etc.) and passivation.
Passivation is the process of coating the surface of the steel
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 tha :athude 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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BAPERIMENTAL
A. Voltaic Cells (Batteries):

In this experiment,'yuu will set up vﬁltaic'cells, as in Figufe
1, but on a micro-acale. Refer to Figure 1 often to identify the
parts of the cell with your setup.

1. cCut a piece of rsctﬁnguiar'filter paper in half so you have
two squares. Fold it in fourths and cut it to form a "+", as
demonstrated by your inastructor. Save the leftover pieces for Parts
C and D.

2. Take_ﬁnme of the copper, zinc, lead, and iron and lightly
~sand off the oxide layer on them.

NOTE: Read Steps 3-5 before performing them, because you’ll
want to take guick 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 cf the filter paper. What functicn dees the NaNQ; perform?

4. Place a few drops of 0.10 M Cu(NO3); to the side of or
underneath the copper. Do the same with the 0.10 M FeS0,, 0.10 M
Pb{NOy) 2, and 0.10 M Zn(NOQ;), solutions and their respective metals,
The drops of solution must touch their metals and these solutions
‘must ]ust touch the NaR0O,; soluticn.

_ 5. Take your multimeter and select DC volts {vDE) and measure
the vultage between the following:

a. - Make sure your leads touch bharse metal and are not
thansalvas immersed into the sclution. :

b. Switch leads from your multimeter on the metals if you
get a negative voltage (you want a positive voltage indicating a
‘spontanecus reaction).

E(V) L B

Cu and -Zn ' - Cao and Fe

-Cu and Pb -

ELECTROCHEMIBTRY Page 7



6. ‘Why are these values recorded as E and not E°?

7. - Calculate the theoretical E° values for the three voltaic
cells you constructed {using a Table of Standard Reduction
Potentiale) and write the two half-reactions for each cell as they
ocourred.

a. Cu and ZIn . E*{V)
Raduction Half=-reaction:

oxidation Half-reaction:

Measured E = Theoretical E° = -

b. Cu and Pb : E2(V}

Reduction Half-reaction:
~Oxidation Half-reaction:

Measured E = : " Theoretical E° =

c. Cu and Fa _ E2(V)

Reduction Half-reaction:

oxidation Half-reaction:

Measured E = ' Thenretical E® =

ELGCTROCHEMIATRY Page 8
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B. = Why does the measured E not egual the theoretical E°?

B. - Raduction Potentials:

- As you recall, the standard reduction potentials of all elements
are measured relative to the reduction of the following reactiocn:

2H+{aq} + 287 ————== > H?{l] E®" = 0.00 Volts (12]

In thiz part of the lab you will construct a table of reduction
potentials for some metals, but you will use the following as the
raference: - .

Pb2* (,q) + 28 ————- > Pb(.; 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 rafarenca.

1. Using the same setup as before, measure the potential of the
following metals and their 0.10 M solutions against the Pb/Pb?*
system: '

Al, Cu, Fe, Pb, 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
Pb, you know PFb is being oxidized.

¢. In making your table, report all values (even the

negative cnes), rank order all potentials; and write half-reactions
as reduction reactions. -

ELECTROCHEMIBTRY Page 9
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Metal : Reduction Potential vs. Pb/Pb?*
ﬁl-

Cu

Fe

b

Mg

in

Using this information, write your Table of Standard Reduction
Potentials below. THIS IS5 DATA FROM YOUR EXPERIMENTS. DO MOT USE A
TABLE OF STANDARD REDUCTION POTENTIALS FOR THIS TAEBLE.

TAELE OF STANDARD REDUCTTON POTENTIALS
Reductjop Half-Reaction E° {volts)

€. Nearnst Eqgquation:

1.  Using the same procedure as in Part A, set up the following
copper and lead voltaic cell:

Pby,,/ Pb2*(aq, 0.10 HY || Cu?®{aq, 0.108)/ Cu

e ‘Measure E for this cell.
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b.  Caleulate E° for this cell using a table of Standard
Reduction Potentials.:

€. Using the Nernst ecuation, calculate E for the (.10 M cell.

d. Does the calculated E for the 0.1 M 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. Use leftover filter paper pieces from Part A.
[cu?*] [Pb?*] Eneas (V) Ecaic(V)
1.00 M 0.10 M
1.00 M 0.0010 H

Calculations for E when [Cu?*] = 1.00 M and [Pb?*] = 0.10 M:

ELECTROCHEMISTRY Page 11
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~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 ¢ell:

Cu (., /Cu?*{aq, 0.10M Il 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 Equation to calculate E for this cell. Comparse your
measured and calculated values for E.

d. Are there other conditions basides standard conditions that
will give an E=O for this cell? What are they? '

ELECTROCHEMISTRY Page 12
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“Da 'llnctrulytiu Calln:
1.  Electrolysis of Copper:

; a. Partially fill one well in your reaction tray with 1.00
M Cu{NO3)} ;. -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: '

c. Remove the naill from sclution and describe it.
d. What is the coating on the nail?

e. What half-reactions tnnk place to produce this coating?

Oxidation half-raactinn:
Reductlon half-reaction:

f. Since we didn’t add any energy to make this reaction
occur, it’s a.spontansous process. As in Part A, we could have
separated the two half-reactions of the above redox reaction and
produced a galvanic cell; howaver, we’ll now make an electrolytic
cell and reverse this spontanecus process. To do this, hook up the
9=volt battery to the nail and te a graphite electrode, then immerse
both in the 1.00 M Cu(R0;),; solution. Will you need to hook up the
positive or negative lead tc 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 viclently. PBefore 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{NOi); solution will not react
-spontaneously with the graphite, place a piece of graphite in the
‘solution for about one minute. Withdraw the graphite and describe
significant changes, if any. - :
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h. Did your electrolytic cell cause the spontansous
reaction above (stepe Z=6} to ke reversed? Explain how vou know

i. Why did the nail regain the coppar caolor shout 5-10
seconds after withdrawing it from sclutian?

j. Write tha half-reaction which osccurred on the graphite.

: k. Did your nail perform as an anode or cathode? Explain
VOur answer.

1. Write the helf-reaction which cccurred on the nail once
the plated metal was remcved.

2. Electrolysis of Water

Hydrogen is an excellent fual that someday may be used In place
of jet fuel for alrcraft or gasoline for carzs. Now it is used in
‘tha& spate program to propel the Space Shuttle into orbit. Hydrogen
though, does not exist by itself in abundant guantities on earth
(most of it has escaped the earth’s gravitational pull over the
ages). One method of producing it is through the electrolysis of
water, that is, using electricity toc 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,; -solution
and add 4-6 drnps of Yamada indicatar. Why must you use water with

.10 M NaMO; in it?

b. Connect the battery and list your observations. -

c. What is the color around the cathode? What gas is evelving
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
indjcator to determine which half-reaction is being produced at each
electrode.  Remember that Yamada glves red in acid and blue in
baza.) :

d. Write the half-reactjon occurring at the cathode.

e. What color exists at the anude_and what gas evoives 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 prutact an iren nail? - (Which matals oxidize esasier
than 1run?1 .

2. Of these metals, which do you think would best protect iron
from corrosion?

3. Wrap a plece of the metal you identified in paragraph E.2z.
around 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 to 10 minutes to occur.)
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4. Repeat this' for another one of the metals ldentified in
paragraph E.1l, 'Observations?

F. application Experimenta:.
1. Recovering Iodine Prom Solution

Given an aqueous solution of HaI, we can set up an alectrulytlc
cell to collect I,.

: a. When NaI is placed into water it dissociates into what
ons? s

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. '"se the graphite
electrodes from the electrolysis experiment. Do not use the Yamada
indicator in this experiment. (Graphite i= a common "inert"
;electrode. It plays no part in the balanced redox equation: it
simply acts as a reaction surface, allowing the electrnnn to flow in
the cell.)

d. Which altctrndn on the battery (positlve or negative)
will cause the half—raactinn in paragraph F.1.b.7?

e.  Will it be the ‘anode or cathode? Why?
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E. Perform the erefiment using ﬂ.lD.H Nal. Report your
procedure, observations and results.

The black ceolor emanating from one of the electrodes is the I,.
The yellow color is I;- {which you saw in previous experimenrts.}

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 ohjéct. What voltage is preoduced during
your sxperiment?

b. Voltaic cells in geries vs. single cells.

€. Voltaic cells connected in parallel va. single cells or
series cells. :
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RIGCUSQION:

l. . 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-recactions would give us the highest voltage? Justify your
answer.

2.  Using your data collected for the Cu and Pb galvanic cell, draw
a sc¢hematic of this cell. Label all important parts, give the
oxidation and reduction half-reactions for the appropriate
elactrodes 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 slde view of
your experiment.)

3. Define atandard 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 answer.

4. Based on TOUR TABLE of Standard Reduction Potentials:

a. Which metal has the greatest potential to be oxidized?

b. Which metal has the lowest potential to be oxidized?

Cc.  Give an example where these metals are used by society. Do
the applicationa fit the beshavior of the metal toward oxidation?

- {Sea Chapter 22 in the text for a discusasion on the uses of these
metals.)
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5. Acids can oxidize some metals. Based on oxidation potentials,
would HCl1 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 cell and an
electrolytic cell.

8. Why were there differences between your measured E and the
calculated E® in Part C?

ELECTROCHEMIBTRY Page 20
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9. If we bubbled Cl: gas tﬁrnugh our 0.10 M Nal solution, could we
obtain I.;? Explain using concepts you have learned in -
electrochemisatry.

10.  Explain how the Nernst Equatian c¢can beé used to determine the
aquilihriun conatant for a balanced redox reaction.

11. should a change in temperature affect E° for a cell? 'why?-_

:’ummcm:mmu Page 21
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ELECTROCHENISTRY SBMALL-SCALE LAR
PRELAB USATIONE

These questions must ba completed EiEruilE coming te lab. If you
cannot answer all of them, reread this handout, and try them again.

1. a. What is oxidation?
b. - Reduction?

2. a. Draw a Voltaic Cell based on the following:

This) / Zn{NO1)2{aq) || CuU(NO3)2(aq) / Cuys)

"b. Label the anode, cathode, salt bridge and indicate the
flow of electrons and ions.

c. Write the oxidation and reduction reactions.

d. Write the overall net reaction.
3. Calculate the voltage you could get out of a voltaic cell made
of silver with itas ion, Ag*, and tin with its ion, Sn?*. (Hint: ¥You
do pot need to balance tha radox reaction. Use the Standard
Reduction Potentials Table on page 740 of your text.

a. Write the reduction half-reactions.

Reduction Half-reaction E® (V)
Sllvear:

Tin:

ELECTROCHEMISTRY Page 23
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lag

b. Write the oxidation and reduction reactions that occur in
this cell.

Oxidation reaction:

Reduction reaction:

C. Write the overall net reaction.

d. Calculate EF.

¥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.
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ORGANIC LABORATORY PR
Chemistry 1i3i

IFTRODUCTION
- Organic chemistry is the chemistry of carbon compounds. Prior to
1828, the term "organic" was used to dascribe chenmicals that had come
from animals or plants. In that year, Friedrich Wohler showed that

organiec chamicals could be synthesized from inorcanic scurces. - He
synthesized urea simply by heating the salt ammonium cyanate.

]
]

NH,OCH =~—m3» H,N-C-NH,
A

{inorganic) = (organie)

Organic chemistry is a very large field of chemistry. Over 7
million organic chemiczls are known. .Our lives are surrounded by, and
sustained by organic chemistry. For this reason it is alco referred to
as the chemistry of life. The large number of organic compounds can be
. understood more easily by subdividing them into groups. These 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 mclecule.

: A functional group is a group of atoms that act as a site where
chemical reactions may occur. Reactions may alse occur in the
proximity of functional groups. 1In this lab, you will investigate
several important functional groups. These include amines, carboxylic
acids, alcohols, aldehydes, ketones, and esters. Examples of each are

shown in Figure 1. Thase eéight functional groups are found in the
majority of organic compounds in your body and in nature.

H o : o
| ' B It
- R-¥-H R-C-H R-C-R'
ANINE ALDEHYDE _ KETONE
o' -0 0
- Ii - I
R-C-OH R-C-0H R-c-om*
i : e
B . CARBDXYLIC . : ESTER
ALCOHOL ACID o :
HO _ .0
LN - ¥
R-N-C-R’ R-C-X
 AMIDE ACID HALIDE
‘PIGURE 1

qulniﬂ_runntibnai.ﬁ:nup-
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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 substituents on the
nitrogen. All amino acids contain an amine group (as well as a ;
carboxylic acid group). Many pharmaceuticals alsc contain amines. An
exanple 1s amphetamine {e.q., oc-methylbenzeneethanamine), which '
stimulates the central nervous system and is addictive.

H CH
l?Hf 3

N,
@ - Mathylbenzenesthanamine

An important reaction of amines is the condensation reaction
with carboxylic aclids to form.-an amide. This reaction can be used to
produce polysweric chains such as nylon: :

o B onH
" | §
CHy-C-OH  + H-B-CHy-CHy —> CHy-C-H-CH,-CHy + H,0

pcecle acld ethyl amine ‘#thyl acetamide

Alocohols are common organic substances that are encounterad
everyday. Ethyl alcohel (grain alcohol) is found in beverages, over
the counter drugs, and cosmetics. Methyl alcochel (wood alcohol} i=s
used as a fuel. Secondary alcohols react to fore ketcnes in the
pregence of oxidizing agents. Potassium dichromate may be used as the
oxidizing agent and the reaction iz accompanied by a color change
because dichromate is reduced te Cr?*'. Th=z general reaction isa:

o S
s K.Cr.0, / H. 80 - b,
E-CH-R et et oy 8 Bl S, 2 S B-C-B

= This reaction will be dene as a demonstration during this lab

ueing isopropyl alcohol (rubbing alcochol) and acetone (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:

v

Liﬂ-hfdll are good énlvantu for polar substances such as
alcohols. : Formaldehyde is a gas that is uszed in aqueous solutions
“called formalin. Formaldehyde is uaed to preserve biological
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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 qualitative 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 form on the surface of
the test tube (if the glass is clean). A finely divided black
precipitate of szilver appears if the glass isn’t clean.  The general
reaction is;

Q _ 0
I [
BR-C-H + 2 Ag(NH;),* '+ 3 OH” —=>  R-G-0™ + 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, amideza, 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 wvery 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 (acetylsalicylic 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 defanse against most minor discomforts such as
colds and headaches, It has four helpful effacts:

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’z surface.

3. Antirheumatic.: It reduces the inflammation of and pain in
the joints, permittirg mobility.
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4. Uricosuric. It decreases the depositas of urate that form in
the joints. ] : .

_ The reaction between carboxylic acide and alcohols iz a sinple
way to prepare esters. An example reaction is shown below. Water is
lost to yield the esater.

o 0
| S ]
3-C-

CH,-C-OH + HOCH, =3 GCH,-C-OCH, + H,0

Amides: Anetaginophan is sn amide more commonly known by the
trade names Tylenol™ and Datril®. It has important pain relief and
fever reduction propertiss, but does not relieve inflammation as does
aspirin. Its structure {a: :

‘H O

S N

ﬁ:etolinn'phen

One of the many uses of aclid chlerides {and in general any acid
halide) is in condensation reactions with amines to form polymers.
During the polymer demonstration your instructor will make nylon
using an acid chloride (adipoyl chloride) and an amine (hexamethylene
diamine). The condensation reaction has the general form:

o b s ]
] il
R-C-Cl + HO-R' —== “R-C-OR' + HC]1

The condensation palymariéatinn of nylon is:

H H
2 : : R I
C1-G-{GH;),-C-Cl + H N-{CH,) -NH; ———>> ~-(-C-(CH,},-C-N-(CH,),-N-} - + HCL ~
TR | : I il firos

o 0 s - 0 0
adipayl chloride He:amathquhe : : . aylon &-&

diamine : : o pelyamlde

Y ﬁrgénic Laboratory Page 4



EXFERINENTAL : 195
A. 'Damonatration: Xetons Preparation From an Alcohol
1. Your instructor will demonstrate the oxidation of isopropyl

alcohol to acetone using potassium dichromate in sulfuric acid. = The
unbalanced reaction is:

OH o
] ; I ;
o : - * - +
H,C ? CH; + Cr,0,%" +H* — = CH,-C-CHy + Cr?* + M0
H

2. What color change did you see? What change in oxidation
number is this color change due to?

3. Write the kalanced equation using the redox half-reaction
method. . You will need to know that the central carkbon atom in
isopropyl alcohol has an oxidation state of 0 (zero), thlE the s=ame
carbon in acetnne has an oxidation state of +2, :

B.: Proocsdures

1. Syntheais of Methyl Salicylate: Condensation of a
carboxyliv: acid with an alcohol.

a. Place a small amcunt (about the gize of an aspirin
tablet) of salleylic acid in a large test tube. Add 5 ml of methancl
(CAUTION: methanol is flammable) and two drops of cnncentrated
sulfuric acid. :

b. Heat in a water bath set up by your inetructor for
three to five minutes. - For safety considerations, no flame should be
used to warm the reactants.

c. -Carefully smell the product. If needed, the odor may

be made more apparent by pouring the product untu 25 mL of ice.
Describe the smell.

Organic Laboratory Page S5



d. Complete the following raaction of methanul and
salicyllc acid: .

1956

4]
1
c

. C-OH :
; H*
4+ ongon—
OH.

2. Synthesis of Isuamyl lcethte*

a. Place threa drops of isocamyl alcchol (CAUTION:
flammahle;, two drops of glacial acetic acid, and one drop of 3.0 M
sulfuric acid into a test tube. (CAUTION: These are concentrated

acids, aveoid ekin contact)

; b. Carefully heat the test tube in a hot water bath for
three to five minutes. (CAUTION: Keep the flammable solutinn away
from flame. Hot sulfuric acid is extremely corrosive. }

©. Carefully smell the product. Record the smell below:

d. Complete the following reactinn for the synthesiz you
have just done: _

_ cH, - o
HGGH CI-I-‘E]*IOH-I-ID-CCH%-

3. Syntheeis of n=Propyl Acetate:

a. Add one mL of n-propanol (CH;CH;CH;CH) to one mL acetic
acid in a test tube. Add three drope of 3.0 M sulfuric acid to this

‘mixture. Lt
'b.  Heat the solution in boiling water for three to five

‘minutes, (CAUTION: Keep the flammable solution away from thE flame..

Hot zulfuric acid iﬂ extremely corrusiva )

.Grganic Laboratory Pada 6



' AR . : t ' T & ¥
€. .Carefully sniff the products. Record the smell below:

d.  Write the cnndansatlun raactlun hetween acetic acid and
n*prnpannl in the box below:

4. Tollens Test: Detection of Aldehydes

aA. Add one mL of 5% silver nitrate solution (CAUTION: Do

-not get silvevr nitrate on your skin) to a clean test 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 asmonium hydroxide to the
tube. Swirl the test tube (careful not to spill any solution) until
all of the prﬁcipitata iz dissolved. Thias is the Tollens Reagent.

“d. Perform the Tollens test for an aldehyde by adding one
drup of formalin to the Tollens Reagent. Describe what happened:

_ @. When Tollens Reagent reacts with fnrmalin, an-
nxidatinn—reductinn occurs.

What ia the reduction half-reaction?

What is the oxidation half-reaction?
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5. Sniff Tests of Other Organic Compounds:

a. Carefully smell samples of cinnamic aldehyde,
benzaldehyde, and methyl benzoate. Describe the smell of each

compound below.  Try to relate the smell to a naturally occurring
substance.

(1) Cinnamic aldehyde.
{2) - Benzaldeyde.
{3) Methyl benzoate.

b. Complets the following reaction for the asynthesis of
isobutyl propionate:

(1) Carefully sniff a sample of isnhutyl propionate.
Record your interpretation of thes odor below:

c. Complete the following reaction for the synthesis of
ethyl butyrate: ;

1
H,C-CH,-OH + #0-C-CH,-CH,-CH, —>

Organic Laboratory Paﬁe 8
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{1) Name the alcohol and acid reactants: :

(2) Carefully s=niff the odor of ethyl butyrate and
describe it below: :
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. DRGANIC PRELAB EXERCISE .

1. Circle the functional groups on the following molecules:

H,N-(CH,) s=NH, -~ .~ . CHa-CH»~CH»-COOH
Hexamethylene di'afminn_ . butyric Acid
.0 e o o
i . . A ’ e " n.
H;H=~CsHy=C-0-CH;~-CH4 _ - [—c—cﬁﬂ..-c-u-cm-t:ﬂ z'ﬂ'} n
Bengocaine . Hylar:

2. Refer to table 26.4 in your text to. i.dnnti.fy an ester that could
- be ansuciated with the folluwing cﬁrrnipnnding odor:

o i 4 A g

Bananas

Pinu-gippit

Apricot

:l Draw the condensation pulylerizatinn of nylan frun hexamethylene
-dianinn and . ad:l.pnrl chloride:.
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