CHEMISTRY 104 — Summer 2025
Hour Exam | Answers

Multiple Choice (3 points each)

1. A 14. B
2. A 15. C
3. D 16. A
4. E 17. D
5; B 18. C
6. B 19. E
7. E 20. C
8. E 21. D
9. C 22, D
10. C 23, A
11, B 24. D
12. E 25. B
13. & 26. E

27, A
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WRITTEN OUT PROBLEMS - Show all work for partial credit.

28.  Consider the following reaction and data:

(12 pts.)

b)

DHO = S48 pd — S A et

2502(g) + O2(g) = 250s(g) ©“ =g g* — ©
bHS s SP“-J S‘Sreac"’
Compound AH{ Se
SOs(g) —396 kJ/mol 257 J/Kemol
SO:(g) =297 kJ/mol 248 J/Kemol
O2(g) 205 J/Kemol

70
. ‘
AG° = AH® - Tas®
Calculate the value of AG® for the reaction at 25°C.

AH® = [2-390)] ~ La(=293) ] = -198 kI
AC® = C25R) - £20248) + (2os)] = =18F Tk

Aé’a - ~(9gky = (298 k)&-o.(??- "'S/k)
AGS = —198kT + 551 k3 :C'/‘/lk:?

Assuming AH® and AS°® are temperature independent, calculate the temperatures at
which this reaction is spontaneous (assuming all gases are at 1 atm).

Aﬁ*’ fc]u't ‘,i l)r)uM/ AG" =0 («4 S*Lc«.v\cQa.mQ ConCeni:Ii?ons)'
Ab=0 = AHCLTASQ/ Al-f=T4S, T= Ace

1= s ed = [ 060 s 15 Hee "‘cMPQra:‘rure where A6 :o.
/

Stuce both AH° andk A%" cre NECe o.‘hv'(r%s Feeection
. _ L%‘lo - beers ..[_Q( ‘éW(‘C{,h {ﬁ Al/
willbe sPoutarestval O et il dominake,
At standard conditions, this reaction is allowed T0 react to reach equilibrium. 'ﬁ, at
equilibrium, the partial pressures of O2(g) and SO3(g) are 0.50 atm and 2.0 atm
respectively, calculate the equilibrium partial pressure of SO2(g). Note: T =25°C

49 = -PT ou kb Dok = =267 -(-M20con) 33l
A WK, LnE RT _;8_‘_3;_“5/3;'(2%15)
Cmo

5731 _

K:C = F.36 K(Og‘f

2—
= Psi:s F.76K(0 " = (ol __

= = ,Pg ) PS;; (@.50:-}»-\)

C2

. = o2
Solving (Pso, = [.© €O gty
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29.  Consider the following equilibrium constant vs. temperature data for some reaction:
(7 pts)
k- Temp ¢ 3 5% &

2.54x 10 109°C AG L O

5.04 x 107 225°C K, 5e

6.33 x 10! 303°C

2.25x 10~ 412°C Vs o AGSD

3.03x 1073 539°C 3 l / >

a) Is this reaction spontaneous at standard concentrations and T = 25°C? Explain.

. €,
Prem &c&‘al e % +QWLP erw‘»vrej &ec,rtusf f!‘@m 303 C/

K. increeses fo [cu‘qve«r Aol ers Greater Hhao [ So

a{—"f‘ :,15"9 K. > twhich means 4604@4 So

¢ _
SBS, Y:’QC(S l‘dac:"?‘m& TVS QPGM‘(-aweeus a:(’ T = ;5 C (aSSUMiul
54-auﬂcw& Con Ccu:h‘o.“—‘( ehs) ]

b) Predict the signs of AH® and AS° for the reaction. Explain.

AS "'eMjb@ra‘(ure [ ncreaeses, nd“*ﬁ et *‘/(\Q Lo
Sc\,aw,s %«+ /4- 5085 H(rem a_ V\umher 5r~c@'{~ev~ ‘Hpia(,\
| +o =« velue [ess Hevo [ Thas Tndicates

ol as femperalvre increeses, B6° goes
‘é‘em Ch f’\tega,"(:lu( VOL[UG +D aC fO.S;‘l:lVQ
\/‘a.[ue,

A6° = 64 -T8s”
Tfus Can ém%‘e @xp(cdneoQ € lm‘d'\

A HO and 45° @ce /\ej a:"‘lue 'VQ\UGS«

to been Hwﬁs is He wm case, N 1S
y\ejc;hu«e 6%[9' Bé(@ou some4€MAcm~(w< Ca__q
wé heaoue ‘\erﬁ),



CHEMISTRY 104 Summer 2025
Hour Exam I Page 10

30.  The gas arsine, AsHs, decomposes by the following reaction:
(8 pts) Le+ CAs ”’3]0 =inih el concendretion o£ 74514_3
2 AsHi(g) = 2 As(s) + 3 Hag)

In an experiment, pure AsHs(g) of unknown initial concentration is placed intoa 2.0 L
container. After equilibrium is reached, 6.0 moles of Hz(g) is produced and 12.0 moles
of AsHs(g) is also present. Determine the initial concentration of AsHs(g) before the

reaction took place ([AsHs]initiat = 7). Also, calculate the value of the equilibrium constant
for this reaction (K = ?). Show all work for credit.

2 hsi; g} = 2fcc) + 3 49(33
T LA —
c ~H
F f_'A,S,LJj]o'Qy

O
— +3x
— 33X

[l roélew\f _
FfOM ‘ P___ é.OMoj —:—SDM = 3?( X FIOM
H)]C 2.0L J
1 2.0 mmol

Eﬂsujjcz):;qs{-l}l———]xf— 2.0 L
AR —2x =6oem, CAsi, ] -2(10) =b.om

Cpsy] = 6O+ 2.0

3
ZHJ]S — 3"O>

—

/4 = ) (69
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31. A 0.10 M solution of the salt NaX has a pH of 11.50. Calculate the pH of a 1.0 M
solution of HX.

X B MUS"" k‘ﬁ N Lu’c.;;kr 5@.&{ S l:)LX (S e wmkaé\cﬁ,
I v @,.Qe,{(c S@luf SGIW “'&é P‘ﬂ G( H’X S@('uc‘é‘lo::dzu Q_B"\fch
+O &e#grmiue ;/\R {29,. ‘HK. we will Le S 9_

Soluiué, for k‘.b for X7«

(6 pts)

CHxACoHD)
K=+ Moo = HX +of ko= Trxd
. @ 0
T oUD A
. —K
F 0.9~ Ko 11.50=256
Lz ot = 1¢ —I1:50=7226
Fr‘bm Pwaélem' PH’ILSOISOP~3
3= = o =316 wETM
OHO = =~ A\ Z _
. 2 (3./6%(03) L, =[orO !
- X = o altxes) b
Ky = oo 0.l9-3. 1O

._l‘/ (O
. s [oxl® | — (©O%
So Ko Falx= T T w0

v~ ke=lo0 w0

| “O O
T [.©
. —x +rx
X *
E L@”\‘( 2 2.
—-lo -—-)S—-—/ = .—X———
2 _lewb = lo-x 1.0
G

= LONOTTm

go(kﬁ"“& ( ol .
P SU”‘jf”tiifszj P{,l - ’/@;U'O (6%
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32.  Consider 1.0 L of a solution composed of 1.60 A HONH2 (Ky = 1.1 x 107%) and 0.80 M
HONH3NOs3. 1fuis 15 bofLev SC\V+l0\ ceadtainin O w(—’a

(8 pts) &)usCCH’OIUH) Q l‘lS Ce:wt\s 3@“‘6 @l C [‘%O U{-{3

a) Calculate the pH of thls solutlon
Cbuse] i [xio /LOB
PH"Pk‘L‘LI'QQ—{,C ledfurno‘* * QL(

Pﬁ'; éﬂ‘-f!—l@gl = (.64 + ©.30 :

b) In order for this 1.0 L of solution to have pH = pKa, would you add HCI or KOH?
What quantity (moles) of HCl or KOH would you add to the solution in order to get
pH pKa k & ( +
T ol e~ Lo PH’ = PFa, W€ nee & Solotion

Where CHomd 3 =fflonHf), Wwe nreed o
‘,Qwea» e &Qw“z Concedratton. anld rMreige

“/-/QA.Z HO M{“(‘g C.awcen“((‘a‘“on “‘fﬁ?g C,U}(( ecce i~
| £ pse-we 629 s%ohj aad (Hco)?

HY + polH, —> Homd

Mol HolH, {@Lxléo—J’ 1.6O ol
noe | &ek&ls -[@Lx 9802"4’ = @%’Qw,

Led = mol U 29del oo HC X
H+ o+ Hocuﬂ %Hafuf{s

cC —% — X +x
A © l.6® =¥ O O+ X

e want SHAUH S = £H©“H33 whic h sl
e ccor whew prol o, = nol #OMH+

(60X =0.90+K, 25080, k=040 ual H
@@ ho! HDKAUS‘(“\Q adIed Jmadawgloht = pke,




g@f S S“{”ré ackcﬂ {“ '(‘V&‘f*f& &3 a < ‘{“Nw‘?‘ fomS €,
pH = Feo «*"r‘gl 29 vivalenc € poiu

CHEMISTRY 104 Velum¢ Ceto u\ 2 o reach gguv ,Nr loopwl. Summer 2025

Hour Exam I - Page 13

O,IQMCKCOH)Z——CDcz@M OH &

33. Consider the titration of 200.0 mL of 0.10 A HNOs titrated by 0.10 M Ca(OH),. Sketch the
titration curve for this titration. On your plot, label the axis and indicate the pH and volume
of the equivalence point. Also indicate the initial pH before any Ca(OH); has been added as
well as the pH at 150.0 mL of Ca(OH); added.

(9 pts)
T nihial PH LH?'KM f;‘“”jil Pht _[@ (gﬁco)

L4

PH of (50.04mk1 c“(gg)La_QzQecQ..

= | HY ikl
200. 0 wL(0- (OMm) = 20 mue it 3%

wd
|50.0mL (©-29 "—‘ﬁ'—e’f"'> 20 Mmme| OFf

Ht o+ ot —> {,0

T 20 20 ::;
(. —20 —20 -

(0 ol
A O

|Owmuol O 5 g xis™m

Z&H’L’““S = eoomLtlSooml
o (280wi67) = 159, PHTITT e,
P@H J' w e MUS'J‘

[0(«( @lt\l {
090) u 20 M(M_ar\ @” [‘) L\ OCCuvrs a;(' 60@.0%"&166“)1
aC (aP,

added

[L%é

l@OML \50 'V\,L_ £
\fe[Uw\.L C—a_,ceu")zr CLS (<



