AP® CHEMISTRY

2006 SCORING GUIDELINES (Form B)

Question 3

Reaction X: %Iz(s) + %Cl2(g) 2 ICg)  AH®

Reaction Y: %Iz(s) + %Brz(l) 2 IBr(g) AH;>

18 kJ mol™!, AS%,

41 kKJ mol~!, ASS,

3. Answer the following questions about the thermodynamics of the reactions represented below.

78 J K mol™!

124 T K ! mol™!

(a) Isreaction X, represented above, spontaneous under standard conditions? Justify your answer

with a calculation.

AG® = AH° — TAS°
= (18 kI mol™!) — ( 298 K)(0.078 kJ mol™' K1) = —5 kJ mol~!

Reaction is spontaneous because AG° < 0.

One point is earned for the
correct value of AG°.

One point is earned for a
correct justification of

spontaneity.
(b) Calculate the value of the equilibrium constant, Keq , for reaction X at 25°C.
o _ _ AG®
AG® = —-RT aneq = aneq = - RT
(=5 kI mol 103 T kI ™) One point is earned for the correct
In Keq = - — = 2.019 answer.
(8.31 Jmol™ K™ )(298 K)
Keq = ¢2019 = (75314) = 8

(c) What effect will an increase in temperature have on the equilibrium constant for reaction X ?

Explain your answer.

_AH® + AS°

RT R
Since AH ° is positive, an increase in 7' will cause —AH °/RT to
become a smaller negative number, therefore Keq will increase.
OR

AG® = -RT InK,,=AH®°-TAS®* = InK,, =

The reaction is endothermic (AH = +18 kJ mol~!); an increase in
temperature shifts the reaction to favor more products relative to the
reactants, resulting in an increase in the value of Keq .

One point is earned for
the correct choice with a
correct explanation.
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AP® CHEMISTRY
2006 SCORING GUIDELINES (Form B)

Question 3 (continued)

(d) Explain why the standard entropy change is greater for reaction Y than for reaction X .

Both reaction X and reaction Y have solid iodine as a reactant, but the
second reactant in reaction X is chlorine gas whereas the second reactant
in reaction Y is liquid bromine. Liquids have lower entropies than
gases, thus in reaction Y the reactants are more ordered (and have lower
entropies) than in reaction X . The products of both reaction X and
reaction Y have about the same disorder, so the change in entropy from
reactants to products is greater in reaction Y than in reaction X.

One point is earned for
a correct explanation.

(e) Above what temperature will the value of the equilibrium constant for reaction Y be greater than 1.0 ?
Justify your answer with calculations.

AG°® = AH° — TAS®

K,, = 1 when AG° =0 = TAS®° = AH° = One point is earned for AG° = 0.
o -1
T = AH = 41k mol_l — = 330K One point is earned for
AS 0.124 kJmol "K the correct temperature.

Sowhen 7 > 330K, AG® < 0kl mol™! = Keq > 1.0

(f) For the vaporization of solid iodine, I,(s) — 1,(g), the value of AH is 62kJ mol . Using this

information, calculate the value of AH,,

g tor the reaction represented below.

L(g) + Cli(g) &2 2ICI(g)

L(s) + Cly(g) 2 21CKg) AH® = 2 % 18 kJ mol™! One point is earned for AH,, of

298

L(g) 2 L) AHS. =— 62 kJ mol™! either the first or second equation.
298

One point is earned for the
L(g) + Cly(g) & 21Cl(g) AH, =26 kJ mol™! correct sum of the AH;

g Vvalues.
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3. Answer the following questions about the thermodynamics of the reactions represented below. T\ \

18 kJ mol~!, AS5, = 78 JK! mol™!

. 1 1 o
Reaction X: Elz(s) + —2-C12(g) 2 ICIy) AH?

41K mol™!, ASg, = 124 JK ™' mol™!

1
It

. 1 1
Reaction Y 512(3) + ‘i‘Brz(l) < IBr(g) AH?
(a) Is reaction X, represented above, spontaneous under standard conditions? Justify your answer
with a calculation.
(b) Calculate the value of the equilibrium constant, K, for reaction X at 25°C.

(c) What effect will an increase in temperature have on the equilibrium constant for reaction X ?
"~ Explain your answer.

{d) Explain why the standard entropy change is greater for reaction Y than for reaction X .

(e) Above what temperature will the value of the equilibrium constant for reaction Y be greater than 1.0 ?
Justify your answer with calculations.

(f) For the vaporization of solid iodine, I,(s) — L) (g), the value of AH. 208 18 62 KJ mol~!. Using this

information, calculate the value of AHj,, for the reaction represented below.

L(g) + Cly(g) 2 2ICIg)

(6) AG"= AH=TAS= 18kl /el - 298K - BT /k-nd - I072K]/7
= -E5.2 kJ/NLq (0

- Sinte  AGTL0, it is SpPontaneous .

(b) G = =RT fnkKeg = =5-2x 033 o4
&;’

Ke%: ¢ R 8.2

Q) NLE

Hx° ' A
K e - 6~ E‘F’T‘*@tFtoL-*Aé(%g"'-;~*—~6cft-¥ﬂ€¥eﬁ€e-—t\-%&~—;[w oy

|

7 \ AG° I
result (n a JdéCrease N — PT S, WA wWOsuict

Il ] 1} J/
Fesatt e smalter Key

() Tn reaction X . Qqas is present in ot the reactants

¥ < ‘\ ) 6\‘/6 0- o e [~]
wmore  Aas thar reactoets.

GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 3. 5{

(A] Contmued ) However , in reackion {, none of the reactests

are a+ 4a5 'D!qu, and 1 molle WF ,3“5 are P*Dduc:&

agp‘l' er +Ee resction

2G° s , L
(6) Sonee Karm @ FT 2 st e raller e

zece e’ Keg 4o be srecter thon 1.0

T AGTE A =T AL <o

A kT /usd = T- 124T /K-wod- 10KI/T <o

LT Y22 K

£ I (= Ta(s) * AHbe = —62kT /w0 (reaction A)

CLL(g)«L IaB)— 2TA () @ AHiep= DO £1/mef (reocti-nB)

RF@C‘Han 8 23 J@*?VGJ .P"“M reaction X .

0\40’ reackion A and  réaction 1 .

Lalg)t Cla(g) = 2ICl(g) AHLqp = ~ 26k /]

AH % qp=—26 kI /m. L

STOP

If you finish before time is called, you may check your work on this part only.
Do not turn to the other part of the test until you are told to do so.
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3. Answer the following questions about the thermodynamics of the reactions represented below. 1

18 kI mol™!, ASg, = 78 JK ! mol!

. 1 1. ‘o
Reaction X: —2-12(5) + -2—C12(g) 2 ICg) AH?

124 TK ! mol™!

Reaction ¥: %Iz(s) + 2B 2 Bre)  AH; = 4l mol, AS,

(a) Is reaction X, represented above, spontaneous under standard conditions? Justify your answer
with a calculation.

(b) Calculate the value of the equilibrium constant, Keq , for reaction X at 25°C.

(c) What effect will an increase in temperature have on the equilibrium constant for reaction X ?
Explain your answer.

(d) Explain why the standard entropy change is greater for reaction Y than for reaction X .

(e) Above what temperature will the value of the equilibrium constant for reaction ¥ be greater than 1.0 ?
Justify your answer with calculations.

(f) For the vaporization of solid iodine, I,(s) — I,(g), the value of AH, is 62 kJ mol . Using this

information, calculate the value of AHS, for the reaction represented below.

L) + Clhie) 2 21CKg)
i A& Ay —Tes

=2 Q? K

R /XL; = /R 10(87‘ r\g T -gz4d \)

Sinee e (ah)s  free ppogey i< megah¥,  reachon

X i< sporkaneaus

k) 6L —Rilnk .

1‘3.3\-)/7110”( XJQXK \nK w)

OL0 (e () —S2t) o k] 83
K: e_acn lory - @‘:3".‘\2 . .

WO \pcrensl berougd  werengeilia Yempovatare will faver

feword eackon  cgince 4 s eadodneeva , go v wal

LR Lrease . Hoe (‘()V\fo»o(-f‘dhoh of T/ thig weauns fhat

Ke% y which e%th fo (1cl] ) will waens,
! !
GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 3.

d . Ehwmge in.. evdoopd wegrs. Hhe Change n e asowd
o déomls/t N s g@g\@aﬂd ® o rgm'&ov\ X,

whch hag  goseoss realdont  omed Prodect, e repdion
X Say was ohd_ord bgvid for s veostomds  Vefach

the” chawge whe Sy woud be panch gregdor tacen hot of
TEQCJWN\ X

[ Ze%: o = >( ,

> -’;\—; lnl:0
A0 o MO AL 4oud)
—RISO

ancd R 3s LTSS fwve |

ot o) dowperder, the €@ wib b~

coﬁéMYVL ot recu;‘( won m\{\ e l{oé.@, Vhoun, \ 20

£. Tat  Cla (e1) = _T»ch) AT =34 ’Q ol
15: ll (61) é le'\k 6>K\) /w\-;'\
.o gé\éljwwl—— 2 %) /]

Y Y2
—26¥] ot )
STOP

If you finish before time is called, you may check your work on this part only
Do not turn to the other part of the test until you are told to do so
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3. Answer the following questions about the thermodynamics of the reactions represented below. 3

Reaction X:  2L(s) + 3ClL(g) & ICllg)  AH; 78 J K™ mol ™!

18 kI mol™!, ASS,

124 T K1 mot-!

Reaction Y: %Iz(s) + Br2(I) Br(g)  AH? = 41kImol™, ASg,

Ab= lr% - .

(a) Isreaction X, represented above, spontaneous under standard conditions? Justify your answer
with a calculation.

(b) Calculate the value of the equilibrium constant, X g for reaction X at 25°C.

(c) What effect will an increase in temperature have on the equilibrium constant for reaction X ?
Explain your answer.

(d) Explain why the standard entropy change is greater for reaction Y than for reaction X .

(e) Above what tempetature will the value of the equilibrium constant for reaction Y be greater than 1.0 ?
Justify your answer with calculations.

(f) For the vaporization of solid iodine, I(s) — L,(g), the value of AHS, is 62 kI mol~!. Using this

information, calculate the value of AHj, for the reaction represented below.

L(g) + Cli(g) 2 21ICig)

(W. AG= H- TaS . f aG<0  #i5 spmianesns

=19 -T.18
_ Because T is prpiting, 206G s negative Tharefre, Xre ig Spantaneews.
r4a\ a
v/ - [ICI]
1 Cdzj.
£\
.

- , SHETD"
Because AH.C‘ is endothermic, ( AHﬁ» F?zo)

increase in tempecatule will halp 4o make mare omelw}s

Increase  n  comentratm of  produds  increase Kea ( Keq- CLIJSW\

@4 En+rv€(,! ans  hew -dea Xfrms can  rmve .

In Xree, gas chahdes +o  gas

(ch) &)

Ia Yrvc/. lTqud chandes +y g4s.

( st) . — (Igr)

GO ON TO THE NEXT PAGE.
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3¢,

ADDITIONAL PAGE FOR ANSWERING QUESTION 3.

Chamge of ?hme (fcheases +he en-}rnp({ rmére
s is why _emropy  of Yree is  greathur than that of Xree

[~

&) T have Foq  greater +han 10, pmacins  shedd shify 3= (lght
™ _order 4y malo.‘ AN Pmeo{-s wmipare 4o vagetant,

This  preation is  olso  emdoturmic |, which neans  hTghur
temperadwe will  make  more  preducks,

Thare £ne , 4empe ratune chould pe higher +hoan  eguilib(iom
T temperatyce,

. \S) S
(5. Io— I aH= 62 KJ /mod
) (9Tatecla=—2ICk  aM'= 18x2 &J/mil

L@ 2@ > Ta(9)  dH= -6 K5 /mad
To_add () +@), B
me  got I @ = LG oH: —62
ui (D+Ch = 2IC1 oK 3% .

i+ Ol > ek ohle 30 3 /mad= 30¥T /o
3 ) v

STOP

If you finish before time is called, you may check your work on this part only.
Do not turn to the other part of the test until you are told to do so.
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AP® CHEMISTRY
2006 SCORING COMMENTARY (Form B)

Question 3

Sample: 3A
Score: 8

This excellent response earned 8 out of 9 possible points: 2 points for part (a), 1 point for part (b), 1 point for part
(d), 2 points for part (e), and 2 points for part (f). The point was not earned in part (c) because K, q would increase,

not decrease; the argument presented is not valid because AG itself changes with temperature.

Sample: 3B
Score: 6

The point was not earned in part (a)(i) because the number of significant figures in the calculated value of AG®° is
too large by more than one, and the units are incorrect. The points were not earned in part (e).

Sample: 3C
Score: 4

Only 1 point was earned in part (a) because the justification is not adequate (AG is not actually calculated). The
point was not earned in part (b), nor were the points earned in part (e). In part (f) 1 point was earned for a correct

AH 544 , but the second point was not earned because of the math error and incorrect sign.
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