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Dr. McCorkle CHEM 111 — Exam #3A KEY Fall 2014

Multiple Choice — Choose the answer that best completes the question. Use an 815-E
Scantron to record your response. [2 points each]

1.

Which of the following combinations is the best choice for creating a buffer solution with a
pH of 3.50?

A) HNO2/KNO2 B) HCI/NaCl C) NHa/NH.F
D) HCHO,/NaC,Hz0» E) HCIO2/NaClO,

If AS is positive and AH is positive, when is the reaction spontaneous?
A) high temperatures B) low temperatures C) all temperatures
D) never

Which of the following is more soluble in acidic solution than in pure water?
A) AgCl B) MgCOs  C) CaBr; D) Ba(NO3), E) Nal

If the pKa of HCHO: is 3.74 and the pH of an HCHO2/NaCHO: solution is 3.11, which of the
following is true?

A) [HCHO2] < [NaCHO;]

B) [HCHO>] = [NaCHO;]

C) [HCHO2] << [NaCHO2]

D) [HCHO:] > [NaCHO2]

E) Itis not possible to make a buffer of this pH from HCHO, and NaCHO:..

T©
I
a
1

The plot at right illustrates which type of titration?

A) aweak acid titrated with a weak base
B) a weak acid titrated with a strong base
C) astrong base titrated with a weak acid

B B B iy = T can poin(
D) aweak base titrated with a strong acid K
0 :

E) aweak base titrated with a weak acid =

volume titrant (mL)

equivalence

¢ T D] D T DM LT LN L

Without doing any calculations, which of the following processes would you expect to be
spontaneous?

A) 2 KCI(s) + 3 02(g) — 2 KClOs(s)

B) 2 HzS(g) + 3 02(g) — 2 H20(g) + 2 SO2(g)
C) HCI(g) + NH3(g) — NH4CI(g)

D) NaCl(s) — Na(s) + % Cl2(qg)

E) N2(g) + 3 H2(g) — 2 NHaz(Q)
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7.

10.

The Law of Thermodynamics states that for any spontaneous process, the entropy of
the universe increases.

A) Zero B) First C) Second D) Third E) Fourth

A process is always spontaneous under which conditions?

A) positive AS and positive AH

B) negative AS and positive AH

C) positive AS and negative AH

D) negative AS and negative AH

E) no process is always spontaneous

Place the following in increasing order of molar entropy at 298 K: NO, CO, SO

A) NO<CO<SO
B) SO<CO<NO
C) SO<NO<CO
D) CO<SO<NO
E) CO<NO<SO

A reaction that is spontaneous as written

A) has an equilibrium position that lies far to the left
B) is also spontaneous in the reverse direction

C) will proceed without outside intervention

D) is very rapid

E) is very slow
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Calculations — Write your initials in the upper-right corner of every page that contains
work. For full credit show all work and write neatly; give answers with correct significant
figures and units. Place a box around your final answer.

11. Use the Henderson—Hasselbalch equation to calculate the pH of a solution that is 10.0 g of
HC,H30; and 12.0 g of NaC,H302 in 150.0 mL of solution. (Ka = 1.8x107°) [4 points]

1 mol HC2H302

[HC2H302] =10.0 g X 5006 &

= 0.1665 - 0.1500L=1.11 M

1 mol HC2H302

[NaCoH3O02] = 12.0 g X = 0.1462 +~0.1500L = 0.975 M

82.04 g
_ [base]

pH = pKa + log tacid]
B 0.975 M

pH=4.74 + log T

pH =4.68

12. What mass of sodium benzoate (NaC7Hs0-) should be added to 180.0 mL of a 0.16 M
benzoic acid (HC7Hs0Oz2) solution in order to obtain a buffer with a pH of 4.25?
(Ka=6.5x10"°) [5]

_ [base]
pH = pKa + log —[acid]

4.25 = 419 + log 22%¢
[acid]
[base]

[acid]

0.06 = log

[base]

———=10%% =115
[acid] -

[base] = 1.15 [acid] = 1.15 (0.16) = 0.184 M

[base] = 0.1800 L x 222 x 22— 4 gg

1 mol
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13. Calculate the molar solubility of calcium hydroxide in a solution buffered at pH = 9.00.
(Ksp = 4.68x107%) [5]

pH + pOH = 14 pOH = 14 — 9.00 = 5.00
[OH] = 10759 = 1,0x1075 M

Ca(OH)2(s) = Ca**(aq) + 2 OH(aq)

| -- 0 1.0x107° M

C +S +2S

E S 1.0x107° + 2S
=~ 1.0x107°

Ksp = [Ca2+] [O H_]2
4.68x1076 = (S)(1.0x1075)2

S=4.7x10*M

14. Will a precipitate of MgF, form when 300. mL of 1.1x10° M MgClI. solution are added to
500. mL of 1.2x10° M NaF? (MgF2, Ksp = 6.9x10% [5]

MgFa(s) = Mg (aq) + 2 F~(aq)

[Mg?*]initial = 1.1x103 M

_Mvy  (1.1x10%)(300. mL) 2
Mz = v, 800, mL) =4.13 x10° M
[FTinitiar = 1.2x103 M

3
M, = MiVy _ (12x10%)(500. mL) _ 7.50 x 102 M

Vs, (800. mL)
Q = [Mg?*][FJ? = (4.13x102)(7.50x10?)? = 2.3x10°

Q < Ksp s0 a precipitate will NOT form
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15.

16.

X = (K)(6.18 x 10-5)* _ (2.8 x 10°)(6.18 x 10-2)*

A 0.327 g sample of an unknown monoprotic acid was titrated with 0.127 M KOH. The
equivalence point was determined to be 30.5 mL. What is the molar mass of the unknown
acid? [3]

0.127 mol KOH
0.0305 L X 3 = 3.87 x 1072 mol KOH

At equivalence point, moles acid = moles base

Mol 03278 44 5g/mol
olar mass = 3 g7 X103 mol _ o> 8/MO

250.0 mL of 1.3x10™* M Zn(NOs)- is mixed with 175.0 mL of 0.150 M NHs. After the
solution reaches equilibrium, what concentration of Zn?*(aq) remains? ([Zn(NHs)s]?*, K¢ =
2.8x10% [7]

Zn?*(aq) + 4 NHs(aq) = [Zn(NHs)4]?*(aq)

9471 _ (02500 L x 1.3x10™* M) 5
[Zn*] = (02500 L + 0.1750L) 7.65x10™ M
[NHs] = (0.1750 L x 0150 M) _ 6.18x1072 M

(0.1750 L + 0.2500 L)

Zn?*(aq) + 4 NHs(ag) = [Zn(NHs)4]?*(aq)
| 765x10°  6.18x1072 0

K is large and [NH3] >> [Zn?*] so assume most Zn?* is consumed. Let x represent
the amount of Zn?* left.

C =(—7.65x107°) =4(-7.65x107°%) =~(+7.65x107°)
E X 6.18x1072 7.65x107

[Zn(NH3),*"] _ 7.65x1075

K¢ = [Zn2+][NH3]*  (x)(6.18x10~2)%

7.65 x 1075 7.65 x 1075
— — =1.9%x10°M
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17.

18.

Calculate the pH after 0.010 mol HCI is added to 225.0 mL of a buffer solution that is 0.10 M
ethylamine and 0.15 M ethylammonium nitrate? (ethylamine, Ky = 6.4x10%) [7]

CH3CH2NH2 + H3zO* & CH3CH2NH3z* + H20
CH3CH2NH2 = 0.2250 L x 0.10 M = 0.0225 mol

CH3CH2NHs* = 0.2250 L x 0.15 M = 0.0338 mol

CH3CH2NH:2 HsO* CH3CH2NHz*
Before 0.0225 mol 0.010 mol 0.0338 mol
Change —0.010 mol —0.010 mol + 0.010 mol
After 0.0125 mol 0 0.0438 mol

Ka = Kw / Kb = 1x10714 / 6.4x10 = 1.6x10711
pKa = 10.80

[base]
[acid]

pH = pKa + log

0.0125
0.0438

pH =10.80+ log

pH = 10.26

Consider the reaction: 2 Hg(g) + O2(g) — 2 HgO(s)  AG°=-180.8 kJ

Calculate AGxn at 25°C under these conditions: Png = 0.025 atm, Po2 = 0.037 atm [5]

1 1
Py, (0.025)2(0.037)

Q= = 4.32 x 10*
Hg 2

AG = AG° + RT InQ

AG = —-180.8K] x 10°) + (8 314 J x 298 K) In(4.32 x 10%)
' 1K] ' mol - K =

AG =-1.5x10° J = -1.5x10% kJ
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19. Consider the titration of 30.00 mL of 0.0800 M acetic acid (HC2H302, Ka = 1.8x10~°) with
0.1600 M NaOH. Calculate the pH of the resulting solution after the following volumes of
NaOH have been added. [15]

a) 10.00 mL HC2H302(aq) + OH™(aq) — C2H3027(aq) + H20()

HC2H30:2 OH~ CoH302™

Before 2.40%1072 mol 1.60x1072 mol 0 mol
Change —1.60%1073 mol —1.60x1072 mol +1.60x1073 mol
After 0.80%1072 mol 0 mol 1.60x1072 mol

_ [base]
pH = pKa + log (acid]

B (1.60x1073)
pH =4.74 + log —(0.80><10-3)

pH = 5.04

b) 15.00 mL 2.4x107% mol HC2H302 & 2.4x1072 mol C2H302" so at equiv. point

HC2H30:2 OH~ CoH302™
Before 2.40%1072 mol 2.40x1073mol 0 mol
Change —2.40x103mol —2.40x103mol +2.40x1072 mol
After 0 mol 0 mol 2.40%1072 mol

Only weak base left, Kp = 5.6x1071°

o 2.40x10™3 mol -
[CaH:027] = (0.03000L + 0.01500L) 0.0533 M

C2H3027(aq) + H20(l) — HC2H302(aq) + OH~(aq)

HC,H-.0,]|[0OH" x2
56 %1010 = [HC;H3 2][_ ]:
[C,H30,7] 0.0533
X =5.5x107% = [OH] pOH = —log(5.5%107%) = 5.26 pH =8.74

c) 20.00 mL Past equiv. point so strong base dominates

HC2H30:2 OH~ C2oH302
Before 2.4x1072 mol 3.2x107% mol 0 mol
Change —2.4x1072 mol —2.4x1072 mol +2.4x1073 mol
After 0 mol 0.8x1072 mol 2.4%1072 mol
[OH] = 0.8x10~3 mol _ 0.8x1073 mol —0.016 M
(0.03000 L + 0.02000 L) 0.05000 L

pOH = —log[OH] = —log(0.016) = 1.80  pH =14 —1.80 = 12.20
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Also, show that AG°® = AH® — TAS®. [8]

3 NOy(g) + H20(I) — 2 HNOs(ag) + NO(g)

Substance AH°t (kJ/mol) | AG®°s (kJ/mol) S° (J/mol-K)
H>O(1) —285.8 —237.1 70.0
HNOs(aq) —207 -110.9 146
NO(g) 91.3 87.6 210.8
NO2(9) 33.2 51.3 240.1

Fall 2014

20. Using the data provided, calculate AH®, AS°® and AG® at 298K for the following reaction.

AH®rxn = ZH(AHOprod) - Zn(AHoreac)
AH®mn = (2%—207 + 91.3) — (3x33.2 + —285.8) = —136.5 kJ

AS®rxn = zn(Soprod) - Zn(Soreac)
AS°rxn = (2%146 + 210.8) — (3x240.1 + 70.0) = —287.5 J/K

AG°rxn = ZH(AGOprod) - Zn(AGoreac)

AG°rxn = (2x—110.9 + 87.6) — (3x51.3 + -237.1) = —51.0 kJ Same via both methods

(when considering
AG® = AH° — TAS®

significant digits)
AG® = -136.5Kk] — (298 K x —287.5% % 110—‘;’]) = 50.8K] /

10
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21. Challenge Question: Consider the following reaction: 2 SO2(g) + O2(g) — 2 SO3(q)

Using the information below, solve for the AH®s of SO3. [10 points]
S(s, rhombic) + O2(g) — SO2(Q) AG°mn =—295.4 kJ

S(s) + 3/2 O2(g) — SO3(g) AG°xn =—395.8 kJ
Substance AH®s (kJ/mol) S° (J/mol-K)
02(9) 0 205.2
S(s, rhombic) 0 32.1
SO2(9) —296.8 248.2
SO3(9) ?27? 256.8

2 SO2(s) — 2 S(s, rhombic) + 2 O2(Q)
2 S(s) + 3 02(g) — 2 SO3(9)

AG®rxn = 2%(+295.4 kJ) = 590.8 kJ
AG®rxn = 2%(—395.8 kJ) = —791.6 kJ

AG®°xn =590.8 kJ + —791.6 kJ
AG°rn =—200.8 kJ

2 SO2(g) + O2(g) — 2 S03(Q)

AS°rxn = Zn(Soprod) - Zn(soreac)
AS°rxn = (2%256.8) — (2x248.2 + 205.2) = 188.0 J/K

AG°® =AH° — TAS°
AH® = AG° + TAS®

AH® = —200.8 k] + (298 K x —188. 0% X 110—‘3"]) ~ —256.8K]

AH®rxn = > n(AHprod) — Y n(AHreac)

AH®rxn = [2XAH®(SO3)] — [2XAH°(SO2) + AH°(0O2)]
—256.8 kJ = [2xAH°(SO3)] — [2x—296.8 + 0]
2xAH°(SO3) = -850.4 kJ

AH°(SO3) = —425.2 kJ

Extra Credit: Consider two flasks that are joined together, one evacuated
and one containing 3 molecules of a gas. When the flasks are allowed to
mix, how many microstates are possible? [2 points]

S0,

8 possible microstates

11
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Scratch Page
(to be handed in)

12
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_ molsolute
liters solution

Py = Xa' Py
AT =m-Ks
ATs=i-m-K¢

K=°C+273.15

AHsorn = Athdration — AHiattice

ke _ Eaf1 _ 1
lnk_1 R (T1 Tz)
Kp = Kc(RT)An

Kw = [H30"][OH]

pOH = —log[OH]

AS®rxn = zn(soprod) - zn(soreac)

AG® = —nFE°
S=kinW

E°cell = E°cathode — E anode

CHEM 111 — Exam #3A KEY

Formulas & Constants

_ molsolute
kg solvent

L-atm

R =0.08206

mol-K
ATp=m-Ky

ATp = i-m-Kp

1 atm = 760 torr = 760 mmHg

f= g EaRT

Eq

lnkz—?(%)HnA

Kw=1.0x10"1

[base]

pH = pKa + log [acid]

AG=AG° +RTInQ

AH®nn = ZD(AHOprod) - ZH(AHOreac)

AG®rn = ZD(AGOprod) - ZH(AGOreac)

k=1.38x10"%8 J/K

E=E° - (0.0592/n) log Q

Fall 2014

mol A

XA~

" total moles

— J
R=28.314 —
II1=MRT
II=i-MRT
Sgas = Kn- Pgas
k = Ae E&RT
1v=1J/C
Ka X Kb = KW
pH = —log[H307]

AG® = AH° — TAS®
K - efAG"/RT
F =96,485 J/VV-mol
1A=1C/s

E=E°—(RT/nF)InQ

. Rate Integrated Form, Straight Half-Life
Order in [A] Law y=mx+b Line Plot tin
zero-order 0 _ [A]o

N N Al =—kt+[A Al vs. _4lo
(n=0) | k[A]"=k| [Ali=—kt+[A]o [A]t vs. ¢ by =
first-order 1 In2 0.693
= = — + = = —
oty | rate=K[AY | I[AJ=—ktInfAlo | W[AJvs ¢ | e, = 25— SO
second- 1 1 1
order rate = k [A]? — =kt+ —— T Vs ! by, =
o) W W I, | + = AL,

13
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Various Constants at 25°C

CHEM 111 — Exam #3A KEY

Fall 2014

Substance Formula

Formic acid HCHO; Ka=1.8x10"*
Chlorous acid HCIO: Ka=1.1x1072
Nitrous acid HNO- Ka=4.6x10"*
Ammonia NH3 Kp=1.76x107°
Ethylamine CH3CH2NH: Kp = 6.4x107*
Magnesium fluoride MgF> Ksp = 6.9x10°
Tetraamminezinc(l1) ion [Zn(NH3)4]?" Kf = 2.8x10°

14



