20S-CHEM20B-1 Exam 2
AN LE

TOTAL POINTS

97 /100

QUESTION 1
120 pts

111.i10/10
v +10 pts Correct; $$
(P,V,T)_g=(1atm,2.26m"3,276K) $$ and $$
(T,Phase)_w=(276K,liquid)$$
+2pts $$ q_g=q_w$$ or $$ q_g + g_w=0%$$
+2pts $$ q_g=n_gC_P(T_{eq}-T_g)$$
+ 4 pts $$g9_w= m_w \Delta H_{fus} o +
m_wC_s(T_{eq}-T_i)$$
- 2 pts Math or unit error

+ 0 pts Incorrect

1.2 1.ii10/10

v +10 pts Correct, $$ \Delta S_{univ} = 2.33 \frac
{JXK}>0%$$, so spontaneous

+ 2 pts $$ \Delta S_{sys}= \Delta S_1+\Delta
S_2+\Delta S_3%$$

+ 4 pts $$ \Delta S_{sys}= \frac {m_i\Delta
H_{fus}*o}{T_m}Hm_iC_s*In(T_{eq)/T_i)+n_gC_P*In(T_{
eql/T_g)$$

+ 2 pts $$\Delta S_{sur}=0$$

- 2 pts Math or unit error

+ 0 pts Incorrect

QUESTION 2
220 pts

212.i6/6
v + 6 pts Correct, $$ \Delta S_{univ}=1.97 \frac
{JX{molK}>0$$, so spontaneous
+ 2 pts $$\Delta S_{sys}=\Delta S_r"0$$
+ 2 pts $$\Delta S_{sur}=\frac {-\Delta
H_ro}T_{sur}$$

- 2 pts Math or unit error

+ 0 pts Incorrect

222ii6/6
v + 6 pts Correct, $$ \Delta G_r = \Delta G_r"o =
-586 \frac {J{mol}<0%$$, so spontaneous
+1 pts Under standard conditions, $$Q=1$$
+ 2 pts $$ \Delta G_r =\Delta G_r"0$$
+ 2 pts $$ \Delta G_r"o=\Delta H_r"0-298K\Delta
S_rro%$$

- 2 pts Math or unit error

232liis/8

v + 8 pts Correct, $$ \Delta G_r=4566 \frac
{JXmol}>0$$, so the forward reaction is not
spontaneous; or $$Q>K$$, so the forward reaction is
not spontaneous

+2pts $$ Q=8 $$

+ 3 pts $$ \Delta G_r=\Delta G_r"o +
R(298K)*In(Q)$$ or $$K=exp(-\Delta G_r"o/RT)$$ and
$$ \Delta G_r=RT*In(Q/K)$$

- 2 pts Math or unit error

+ 0 pts Incorrect

QUESTION 3

3317/20
v + 0 pts Correct conclusion, $$ \Delta
S_{univl=nR*In(V_f/V_i)>0$%$$, so spontaneous
v + 2 pts $$w=-P_{ext}dV=0%$, since $$P_{ext}=0$$
v + 2 pts Isothermal, so $$\Delta T \propto \Delta
U=0$$
v + 2 pts $$ \Delta U = g+w$$, so $$q=-w=0%$$
v + 2 pts $$\Delta S_{sur}=q/T=0%$$

+ 2 pts Use reversible, isothermal process to

calculate $$ \Delta S_{sys}=\int dg/T $$ since Sis a

state function (second law)



+1 pts $$q_{rev,iso}=-w=nRT*In(V_f/V_i)$$
v + 5 pts $$\Delta S_{sys}=q/T=nR*In(V_f/V_i)$$
v + 3 pts However, systems state has changed since
$$ V_>V_i$$, $$In(V_f/V_i) >0$$ (or $$
In\Omega_f\Omega_i) > 0$$ if relevant)
v + 1 pts $$\Delta S_{universe} = \Delta S_{sys} +
\Delta S_{surr} $$

+ 6 pts Concluded $$\Delta S_{surr} = 0 $$ by other
means

+10 pts Arrived at correct conclusion for $$\Delta
S_{sys} > 0%$$ using $$ \Omega_{ideal} \propto V N
$$, and $$ S = k_b In(\Omega) $$

+ 6 pts Qualitative only argument for $$ \Delta
S_{sys} $$ is positively correlated with $$V$$

+ 0 pts No credit

QUESTION 4

4416/16

v + 16 pts Correct, $$[C]=0.726M$$ or
$$[C]<0.726M$$ for spontaneity

+ 3 pts $$ \Delta G_r"o=\Delta H_r"o -(300K)\Delta
S_rro%$$

+ 6 pts For spontaneity, $$ \Delta G_r = \Delta
G_r*o+RT*In(Q)<0 $$

+ 4 pts $$Q=[C]$$

- 3 pts Math or unit error

QUESTION 5
524 pts

515.i11/11

v + 11 pts Correct, $$P_B=1.31atm$$,
$$P_A=0.186atm$$

+ 2 pts $$ \Delta G_r"o=\Delta H_r"o -(600K)\Delta
S_rro%$$

+ 2 pts $$ K=exp(-\Delta G_r"o/RT)$$

+ 2 pts $$K=\frac (1}{P_AP_B}$$

+2 pts $$ P_T=1.5atm=P_A+P_B$$

- 3 pts Math or unit error

525.i6/6
v + 6 pts Correct, $$\Delta G_r=\Delta G_r"o =-7000

Page 2

\frac {J{mol}<0$$, so the forward rxn is spontaneous
+ 2 pts Under standard conditions, $$ Q=1$$
+ 2 pts $$ \Delta G_r = \Delta G_r*o+RT*In(Q)$$

- 2 pts Math or unit error

535.ii7/7
v + 7 pts Correct, $$ \Delta G_r=15972 \frac
{JXmol}>0$$, so the reverse rxn is spontaneous
+2 pts $$ Q=100$$
+ 2 pts $$ \Delta G_r = \Delta G_r*o+RT*In(Q)$$
+ 1 pts Correct direction based on calculation

- 2 pts Math or unit error
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111.i10/10
v +10 pts Correct; $$ (P,V,T)_g=(1atm,2.26m"3,276K) $$ and $$ (T,Phase)_w=(276K,liquid)$$
+2pts $$ q_g=q_w$$ or $$ q_g + g_w=0%$$
+2pts $$ q_g=n_gC_P(T_{eq}-T_g)$$
+ 4 pts $$g_w= m_w \Delta H_{fus}*o + m_wC_s(T_{eq}-T_i)$$
- 2 pts Math or unit error

+ 0 pts Incorrect
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1.21.ii10/10
v +10 pts Correct, $$ \Delta S_{univ} = 2.33 \frac {J)}K}>0$$, so spontaneous
+ 2 pts $$ \Delta S_{sys}= \Delta S_1+\Delta S_2+\Delta S_3%$$
+ 4 pts $$ \Delta S_{sys}= \frac {m_i\Delta H_{fus}*o}{T_m}+m_iC_s*In(T_{eq)/T_i)+n_gC_P*In(T_{eq)/T_g)$$
+ 2 pts $$\Delta S_{sur}=0$$
- 2 pts Math or unit error

+ 0 pts Incorrect
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a: Problem #2

}‘

A(g) + 28(9‘) e 36(3) ¥ AH® S IOJ/Mall AS® = ZJ/MOI"(@ 298 K

| 1) ASymi= gy, + ASqu,

= AS°= 2 J/mol-k

>

v
L
<
i
t

- -aH® = (10d/mo)
AS;MW: if-l:l{_: ™~ = -(—293 K) = ‘o-oz%J/VMo"k

ASyni = 2 Jmol-k = 0.0349 I/mol-kk =|1-966J/mel-Ic > 0 spontaneous

W) 86 = AR -TAS® = a6 =(10g/me1) = (292 K)(24/mo(-K)

AG= =586 fmol < O, sponttmeous

m@mmmu»— SESNRES

"
>

W) a= (r) = (e5am)’

(rh)i (pe>z (O.ZS'M"M) (o.ZS'MW\)?'

Z(-5F6 /mey/ (8314 el D 2ATK) ) o

o

AG = gTLn(%) T (g'g'qn%a\"h (248 K)L"('-—fﬁ’)

forward rxn NOT vpontaneouns

AG= 4566 Jf/mel >0
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212.i6/6
v + 6 pts Correct, $$ \Delta S_{univ}=1.97 \frac {J}{molK}>0$$, so spontaneous
+ 2 pts $$\Delta S_{sys}=\Delta S_r"0$$
+ 2 pts $$\Delta S_{sur)=\frac {-\Delta H_r*o}{T_{sur}}$$
- 2 pts Math or unit error

+ 0 pts Incorrect
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a: Problem #2
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>

v
L
<
i
t

- -aH® = (10d/mo)
AS;MW: if-l:l{_: ™~ = -(—293 K) = ‘o-oz%J/VMo"k

ASyni = 2 Jmol-k = 0.0349 I/mol-kk =|1-966J/mel-Ic > 0 spontaneous

W) 86 = AR -TAS® = a6 =(10g/me1) = (292 K)(24/mo(-K)

AG= =586 fmol < O, sponttmeous

m@mmmu»— SESNRES

"
>

W) a= (r) = (e5am)’

(rh)i (pe>z (O.ZS'M"M) (o.ZS'MW\)?'

Z(-5F6 /mey/ (8314 el D 2ATK) ) o

o

AG = gTLn(%) T (g'g'qn%a\"h (248 K)L"('-—fﬁ’)

forward rxn NOT vpontaneouns

AG= 4566 Jf/mel >0
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222ii6/6
v + 6 pts Correct, $$ \Delta G_r = \Delta G_r"o = -586 \frac {J}{mol}<0$$, so spontaneous
+1 pts Under standard conditions, $$Q=1$$
+ 2 pts $$ \Delta G_r = \Delta G_r"0$$
+ 2 pts $$ \Delta G_r*o=\Delta H_r"0-298K\Delta S_r"0$$

- 2 pts Math or unit error
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>
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2.32iiig/s
v + 8 pts Correct, $$ \Delta G_r=4566 \frac {J}mol}>0$$, so the forward reaction is not spontaneous; or
$$Q>K$$, so the forward reaction is not spontaneous
+2pts $$ Q=8 $$
+ 3 pts $$ \Delta G_r=\Delta G_r"o + R(298K)*In(Q)$$ or $$K=exp(-\Delta G_r"o/RT)$$ and $$ \Delta
G_r=RT*In(Q/K)$$
- 2 pts Math or unit error

+ 0 pts Incorrect
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Problem 3

Sing Poxy =0, W=0 becanre W==-[rdV

Fov oan wothermal process AT =0

AU = %—'V\KAT = %n@(o) =0 - AU=0 ”V*w —-)q’:-w

AS = ASS\/J + ASIurr

—~9 =W T o
Agxuwr = _11'- = B T T - Assmrr:o

a8 = neLa ()

Expansion So wk Can affunme V> V¢

If Vg > Vi y LH(%) will be a positive number — Lin (_V\('ﬁ) >0

N#
Tl'wlS, AS;\,J nkin ("J:) 20 = Sponimhéows

ASyu; = ASsys ¥ %r = AS:V; >0 V
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3317/20
v + 0 pts Correct conclusion, $$ \Delta S_{univ}=nR*In(V_f/V_i)>0$$, so spontaneous
v + 2 pts $$w=-P_{ext}dV=0$%$$, since $$P_{ext}=0$$
v + 2 pts Isothermal, so $$\Delta T \propto \Delta U=0$$
v + 2 pts $$ \Delta U = g+w$$, so $$q=-w=0%$$
v + 2 pts $$\Delta S_{sur}=q/T=0%$$
+ 2 pts Use reversible, isothermal process to calculate $$ \Delta S_{sys)=\int dg/T $$ since S is a state function
(second law)
+1 pts $$q_{rev,iso}=-w=nRT*In(V_f/V_i)$$
v + 5 pts $$\Delta S_{sys}=q/T=nR*In(V_f/V_i)$$
v + 3 pts However, systems state has changed since $$ V_f>V_i$$, $$In(V_f/V_i) >0$$ (or $$
In(\Omega_f/\Omega_i) > 0%$$ if relevant)
v + 1 pts $$\Delta S_{universe} = \Delta S_{sys} + \Delta S_{surr} $$
+ 6 pts Concluded $$\Delta S_{surr} = 0 $$ by other means
+10 pts Arrived at correct conclusion for $$\Delta S_{sys} > 0$$ using $$ \Omega_{ideal} \propto V N $$, and
$$ S =k_b In\Omega) $$
+ 6 pts Qualitative only argument for $$ \Delta S_{sys} $$ is positively correlated with $$V$$
+ 0 pts No credit
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 Problem H4

AG"= AH® - TAS® = (2000 Jfmet) - (500 k) (4dlmot-k) = 800 Jmal

a= [c] = [A]) and [€]) - &= [¢]

[a]%[6] MR

: To be Jpontaneo ws AG <0 (fornan rxn)

| AG=AG " + RTLln@ <0 — RTLn@ < -44°

| Ln@ < ~A6G"  — Ln[C] < -;4(;,° = [c] * e—M"‘D/R'r

RT RT

[c] & e-(EDOJ/MDI)/(&ZI"IJ/WI'/C)[SOO <) [c] N 226 M

ZA((ML) t g(q.l) ?‘: C(q?) . AH‘,“‘t ZkJ/moll ASG‘HJ/W"/(@ 300 <
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4416/16
v + 16 pts Correct, $$[C]=0.726M$$ or $$[C]<0.726M$$ for spontaneity
+ 3 pts $$ \Delta G_r"o=\Delta H_r"o -(300K)\Delta S_r"0$$
+ 6 pts For spontaneity, $$ \Delta G_r = \Delta G_r"o+RT*In(Q)<0 $$
+ 4 pts $$Q=[C]$$
- 3 pts Math or unit error

Page 16



T b S

e s

=
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; PVUUCM Hs
{ -
5—)4 Ay * By = C,o , 600 K aH°= S k)/mo(  aS°= 20 J[mol-k
L A) AG°s AHe -TAC” = (S’DOOJ/ml) (600 K)(20)/mal-K) = =F000 J/mol

‘35 - YRT = ~(- e 9I/n2l-k) o
E K= e A(°/RT - . (-%o00J l)/(& ~mo (60 n) '-f 0638
4.06§ = | = Pz 1S atm = Pa P @ equilibiam
m)m) b fpsls - fg

(Pa) (%) = .1069 =0.24p — (1-5-F5)(Pg) = 0-246

.60 - bg*—0,246 =0 — |FPg= 1.313 atm Pap= 0.15F atn

\
i) standark conditions = FP=1atn, M=IM= =T =

K=4,06§ = Q<K ot reactuntt Hhan Eouwhwld at ¢q -

LV\(%) ¢0o = AG <O .F,,./waﬂ‘ rXin s fponf‘in&o'u.f

AG = (2214 J/md'l()(boo k) LV\(?'%ZX) = ~6999.4§ J/mel <O v/

M)a: | :; | = 100

—

(Pa) (P5) (1 atm) (0-01 ay)

K=4.068 = Q7K,6 rmeot ,ovootuutr +hon czou\./'no“ld ﬂ"‘eq/

%) S0 D ARTO | Hverde FXn ¥ ﬂoor\‘l'mmuf\

oo

AG = (8.314 [[mo)- ) (foo k) L (,_, ) = 15932 /ot >0 V



Smallpdf User
Free hand


515.011/11
v + 11 pts Correct, $$P_B=1.31atm$$, $$P_A=0.186atm$$
+ 2 pts $$ \Delta G_r"o=\Delta H_r"o -(600K)\Delta S_r"0$$
+ 2 pts $$ K=exp(-\Delta G_r"o/RT)$$
+ 2 pts $$K=\frac (TP_AP_B}$$
+ 2 pts $$ P_T=1.5atm=P_A+P_B$$

- 3 pts Math or unit error
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\
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Smallpdf User
Free hand


525.i6/6
v + 6 pts Correct, $$\Delta G_r=\Delta G_r"o = -7000 \frac {J}{mol}<0$$, so the forward rxn is spontaneous
+ 2 pts Under standard conditions, $$ Q=1$$
+ 2 pts $$ \Delta G_r = \Delta G_r*o+RT*In(Q)$$

- 2 pts Math or unit error
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E K= e A(°/RT - . (-%o00J l)/(& ~mo (60 n) '-f 0638
4.06§ = | = Pz 1S atm = Pa P @ equilibiam
m)m) b fpsls - fg
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\
i) standark conditions = FP=1atn, M=IM= =T =
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M)a: | :; | = 100
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(Pa) (P5) (1 atm) (0-01 ay)
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5.35.iii7/7
v + 7 pts Correct, $$ \Delta G_r=15972 \frac {J{mol}>0%$$, so the reverse rxn is spontaneous
+2 pts $$ Q=100$$
+ 2 pts $$ \Delta G_r = \Delta G_r*o+RT*In(Q)$$
+ 1 pts Correct direction based on calculation

- 2 pts Math or unit error
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