CHEMISTRY 104 - Summer 2024
Hour Exam | Answers

Multiple Choice (3 points each)

1. E 14. E
2. D 15. D
3 C 16. E
4. D 17. D
5. A 18, E
6. D 19. C
i A 20. B
8. C 21. B
9, A 22. B
10. B 23, A
11. C 24. C
12, A 25; E
13. B
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Written out problems — Show all work for partial credit.

26.  Ammonia (NH3) is produced commercially for the following reaction. Utilizing the
thermodynamic data given, answer the following five questions.

(15 pts.)
Na(g) + 3Hag) = 2NHs(g)
o) o
AH? (kV/mol) 7 —46
S° (J/Kemol) - 192 131 - 193

a) Calculate AH® and AS® for this reaction.

e b4 = Cacie] - 19 3el] = 12D
2pk A= (20193/e)] = [10a2T1e) Al

zp“s'S b) Calculate AG® for this reaction at 25° C.

AG® = AH-TAS" == qakS - _(a2qgk)(—el1i M/Q

3. Fky =337

AL°= -92kT + 593k = —_3.3%(0'T

" ¢) Anindustrial engineer is designing a plant to produce ammonia. Two important
5 P+ < conditions to examine are temperature and pressure dependence of this reaction.

Assuming standard pressures (PN =P = PNH =1.00 atm) and assuming that AH®
2 2 3

and AS°® do not depend on temperature, what temperature conditions should be
designed for in the plant? Be specific, i.e., give specific temperatures. \[—L X
(bes S

v kand AS are bo”« heqadive Ve
Bretifc{ife«fw?l( be spor Jauecrs below Se)m-( +empem4-ur(,

A" = o= aM ° T As’ , Al =TA£/ T= Z&
T= g TerF
iS rea,dt'o"‘

j/"t/\é(ﬁ# Saf’ﬁdrcam“w stxalfxloe be frvn a | AL{éOk,
( H 3 >
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d) As mentioned previously, pressure dependence of this reaction is another important

consideration. To examine this dependence, two experiments were run at two
different initial conditions. They are:

Experiment 1: T = 25°C; P, =P =P

= 1.00 atm
) H2 NH 4
Experiment 2: T = 25°C, P, =P = PNH‘ =10.0 atm

Calculate AG for each of these experiments. 3145 \ R,::
o _ Y g.314 L —5~
AG = A6 +RTLAQ == 33%O° T +";2'T«T:I—I(*lqgk P, ¥ P

4 —_ ¢ @ e a__’\“ 54’“"“&&“& COWCen\"r“t?&VLSI So
nP‘\( E?‘P ’ ° g‘e’l ¢ en& 5 CKVL&Q Aé) =Aé' = -3,_3‘(\[0
- 2

(000"
FZ P5 £ A() =—33 )({o"sT + 8.3145021 %’\ 2 [0.0/0.0)>
LIS § ¢ -

l.l
2> Ak == 330 T = LH XOT—— p
oo — 4 [0 =7
(A—g;; —yyy xlo® T

e) When designing the ammonia plant, should the reaction be run at high pressure or at
7,?‘\'5 low pressure? Explain. Hint: look at your answer to part d.

From e rescHsin Eyp2 O:\_L\“jkew/breSSureS, Hixs
I“eac‘he‘/o. 1S5 mere Laverable (more nfqa‘hue A&) as +he

PI’GSSure} JhCreasSe, SO }\i‘jker‘ IQ(‘eSSC:;-( canﬂ]‘h:}\,s
@V‘e— Q»verable er ‘Pe\?S f@ﬁ-*f‘ lower ,Qr;ssure/
M?Ca[
s reacfion |5 Jess favoreble *‘Kérw‘g}“a 1=

6(‘4& mu& even [)e Come nens)ban‘fauee"ﬁ (46 >®\ o
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(
27.  Impure nickel (nickel that contains impurities) is converted into pure nickel by the Mond
process. The equilibrium reaction involved in the Mond process is:
(10 pts.)

Ni(CO)4(g) = Ni(s) +4 CO(g)

The Mond process consists of two steps. They are:

Step 1: Car}ygrtsig% the nickel in the impure nickel sample to N1(CO)4 at T 25°C ld o(’

@ +he Meverse MNRacHonm occw~ reM
kv ( %,5 verq s Mﬂ(l MoS‘f- .Sdfraefr Se«_‘ia‘f“e o,llbrw»)
Step 2: Separatmg out t'the 1(CO)4 formed from the ﬁr& step, - then incre ing the)wiych § 5 wha
temperature to 227°C. w e want,

The standard free energy changes (AG®) for the above reaction at 25°C and at 227°C are:

AG° =78kJatT=25°C; AG] = —38kJ at T =227°C

Dk = 2

Y P#S a) Calculate K for this re-gctlon at 25°C and at 227°C.

~(78,000%) - _ =385 Y 9ce,
ec Pk =TS0 o 34305 K= e = i A5°C
QidoF S o

227°C Lnk= 8. z./qs(s‘eo k)

~b) Why is the temperature increased in the second step of the Mond process? & 4’
QDFA> specific. Tn ‘he Second s+ ep, we woant 4o Corwardl reacton
do ominate since wewant {o convert Re Mi 11 A
Mt (co)y Yty ASRREEAI® so I AMis B+ AT T
e Loy e ttas e TESSTION
Haod IL Vs Mw ﬂreder w. ( fndlicudt vy

i reflocks at Egtﬁ(ihﬂﬂm. Yhe
leo dains mas F
.6::\ Ef‘a‘"vfe 1.$ Mcfeastﬁ in M—C Sﬂw»«ﬁ '{-e'O &o ,‘,Q\(

Mlpv\a:’-e Feac i@v\ (,LJA. €S 7(""0"\4—4:{6:,(/\6.\/;7‘5(
reactron ,w\,\lo Wérww& reacttonm, S o
resv(t, pore NMi(s) is Foru~e

3 dg o) Is the Mond process reaction exothermic or endothermic? Explaln your reasoning.
/_560 = AH® —TAS e Lrom Heo AG° valves i s
rCa.c.“"'O"\ bewmes SPOn“‘akeous ca+- S‘l‘an&arc/q .
concend Jrafions) when Hlhe femperatore }CfézSiA

i fiv 1 er_boY
This s CQVL$’5+4-“’+ W‘#L osi: 41 S‘§ 2 PPy
AH auv»Q 48 HQV\C( "’e"e réactvion
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28. Consider a weak acid. HX. If a 0.10 M solution of HX has a pH of 5.83 at 25°C, calculate
AGP® for the acid’s dissociation reaction at 25°C.
(6 pts)

HX(aq) = H'(ag)+ X" (aq) AG® = ?
T elom 1O

E olo-¥ ¥ ><
Ly _ /
‘ka_: % ®.10" -X
oblewis . _ 5,83 -
Fre #P;‘zs s H3=x=10 = 5% M
P

2 I
_Q_Eil?_——)/ A 25 %10

Km; o.10~L Sy(0®

RV ,,Q"\K @i“{s‘ v 299K ¥ fn(2.25¢10 )

@éﬁ S
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29.  Consider the following solutions for the next three questions.
(13 pts) !
1. 100.0 mL of 0.50 M (C2Hs)sN (Ks for (C2Hs)sN = 4.0 x 107%) w ek bees€
II. 50.0mL of 0.30 M HCIO4 S4reng ach

II1. 50.0 mL of 0.30 MKOH S4renqbese

. _
IV. 100.0 mL of 0.50 M (CHs)aNHI —» (¢, H),NH" L o
w eak acil J J

_ @ci
3p45 @) Calculate the pH of solution IV. (€ Hg) i 1= e f’f“& "jf‘e
ol a wek bes<e, So1f 18 @ wee aé;/ _ lﬁlg-{j

t kv - —
(CZ-HSB_;NH* — (czusﬁsw + :}0 Vo= Eu  woxio?
€T © 5emMm ©

£O—¥ % X

0. -

= - ) Sl s W

ko= 25010 = g50-x 050

¥ =LH3= Voso(z.5xo™) = 3,54\l D P (AssW/n\ms joecQ.)
’PH:—IG}(&f)H‘[IDFé) = ;

b) Calculate the pH of the resulting solution when solutions I, 111, and IV are mixed
gP% together ‘
. _ ., ¢
Mol (G HS‘)_;N = Mw\ol(gzl-]s)sbﬂ = le@-QML('D. 5-0M\ = 5P, pwmo
mmel OH = 5@:0 ML{@.ZOM\’ (Smmo( ©oH

‘\ ' -P(A Bes4 GLC?Q Presew‘(' o Lem,ﬁt€¥;0% .
[eec s Wi

@ﬁ- \M + H O
: '__—9[6—7,”'5 3 2
| . C ) MY O animol
@[ H l'l' ((; SSOSMW‘ +5( 5
:f SMW ’ls és MWl
gf P zgmw\ {M
y ~all
A buféer Lolotion 15 resef\t o;ae
U i =it €gun ton - » 3
- «', 'uSlnj i ) /v
OH rescts Choses - —[93,(2.5¥10 ) 4 [o}m

== lLa.'(" l&g,[_ﬂw‘} — :
) ‘ oy
p#: 10.60 +[09,(%3 - [0.60 +0.27F [0.€
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29.  Consider the following solutions for the next three questions.

(cont.) .
= 4y weak hase
I.  100.0 mL of 0.50 M (C2Hs):N (K for (C2Hs)sN = 4.0 }_ITOS )& ar L“ﬂ Z ok

I 50.0mL of 0.30 MHCIOs = H*+ €& ; 10y L
- £ o
Il 50.0mL of 030 MKOH —> L+ + 7, F' s a garbege Tea

IV. 100.0 mL of 0.50 M (CzHs):NHI => (c,jlsﬁjwl* + T I“‘i“"”‘ﬁf fo4

6‘ P_\, 3 ¢) Calculate the pH of the resulting solution when solutions L, 11, I11, and IV are mixed

together. | n
100.0ml x 0.50m =aste go.mmel ((H) N (solod )

= ,5 MW\Ol H+ (Sd’[u‘h'en)—)
| off" ¢ solo dion3)

o.Omb » 630
( (¢ HS)L) Kt (So(whan‘?;).

5@.(9»»;}_. S @,$0M
X ©.50M = 5Q. mwme
Clen coer I'PLOL‘,JQ/G"‘G’H~ are prEsEr { base,
&-L‘r “@ ts .
%QM~€?.AS‘L zﬁa;ig— 54',0“?} 1S rea,cf»(mj,a.s.so‘“ﬁ

. <4 e
Also, becevs® Lo cemp[tf»?efrl.

4by reaction gees
Ht « oH —= H,0

= |5 mmo

[(QC0.0ML

(S mamol }5 nasel -
e =I5 =3 —
e 7 NOH areqout
] N “ug,
.4"’1!‘ V‘Ca,ohem, all mc“l"echz ';iwj aon ‘345
bese 255
W e have « weak 4 PRENEIY

(o ngrgate ccr . [((GHVH] prese=
Sew~@ *JL‘(m,e (wi‘uf\ Sem e jarba?i\(:ws'
l}u‘ﬁ-ﬁeu'. US?'\;‘_#-H eguTt V\;
o e < oo 1 f5D) <0
F - ]

Ase¥“6€c+e§‘r£i; g\fooeakbase andl confvge
e?ua

). we have

becaws€ye hove an
te

Conce

&C(LCQ ’5 rc&e“:l}
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: 4o reach L”QU‘:Va{an( poi n‘\"

Consider the titration 50.0 mL of 0.100 M HClO4 by 0.0500 A/ KOH. Determine the pH

at the halfway point to equivalence and the pH at the equivalence point. Also sketch

the general shape of each titration curve showing the volume and pH of the two points

that you calculated. Determine all pH values to 2 decimal places.

(9 pts) T"t\‘\g Se & §+FOK3_ &L‘\& {:‘\~ra-l»ey\ L&} a S*—rav\a’LaS(s

30.

N Wek ‘ |
X/% [60.0 ml of [LoH s F€quﬂt& do reach the éqv:f)'a(evﬁc%
Ze P@M{ , So S5.omlL ket addel s re.‘uz,.“Q {o reach yLwa? ,ooml.
Minel H? = 50.0mLx OlO0OM = 5.00 muol H*

X9

R

mmmel O~ = 50.0mlL xO.0500m = 2,50 maol o ff

a&&étﬁ
HY ¢+ el — H.0

a—

1 5900\40»01 2‘5‘9‘““‘4 —
¢ -250 —-250 _
A 2.50 mmol o

_ 2.50mmal . _ o o5 M
Avﬁ# er- eac‘hﬁ"l, T H43 a (59,9+ 50.0) ml ©

bty 0015\ = (GO
—_ [ ron oot at-he

N Oin H+au& QH— wi ‘ - A
A’* gﬂﬂ_‘_/ﬁ_(_w—p———i/ _ {a‘p#_ a'_ejarfnje jons CCWq O-‘-&Q#“'X m&é’

Cane Fruue, AHM‘ ¢ u‘rvaleu,c€f07n4‘ (lOO-OMLko““
ln Ouc,:"eﬂ Sba 67
1

L

P‘l‘&' ¥¢@0"
.60

SP“JS

S
M

i

i
ldQML-

50
Valome OH ad el
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31. Consider the reaction:
2CO(g) +0s(g) <> 2COx(g) K=20

An equilibrium mixture contains 4.0 A/ COz and 2.0 M Oz in a 3.0 L container. How
many moles of CO are present in this equilibrium mixture?

I
CC,@Q,]i — _L_L,‘;'Lg-é-—/
K =20 = fcorite3 £¢03°(20)

e = = Lo

£C o3 = (2220

2" iwz: m —d.oM

D
- 2 9L Z:O“'W[CCQ = QO Mﬁ( C
'LP‘\' P\/\O[CO 3/—-‘[-)"/‘/




