Chemistry 192
Exam 1
Spring, 2018
Solutions
R =8.3144 J mol~! K~!

R=.0821 L atm mol™! K~!
R=.08314 L bar mol~! K1
N4 = 6.022 x 10* molecules mol™*
T=1t+273.15

[H;O*][OH"] = 1.0 x 107

Name:



1. At 1330K, the pressure equilibrium constant for the gas-phase reaction
GGW207(Q) = GeO(g) + WQOG(Q)

is Kp = 2.6 x 1073, If 110. g of gas-phase GeW,0O; are placed in a 7.00 L flask of fixed
volume at 1330K, calculate the total pressure in the flask when equilibrium is reached.
Approximations do not work for this problem. [Hint: Calculate and use K¢.] (33 Points)
Answer:

= 10. 8 — = 0.199 mol
(72.6 + 2[183.8] 4 7[16.0]) g mol
NGeW207 | NGeO | MW204
initial 0.199 0 0
change -x x x
equilibrium | (0.199 -z) | = x

Nitot = 0.199 +x

Ko = Kp(RT) 2™ = (2.6 x 107)[(0.083144)(1330)] ' = 2.4 x 107°

_5 _ [GeOJ[W06] (x/7.00)?
240 = R W,00] T (0,199 — 2)/7.00

24+16x107% —33x107°=0
—1.6 x 107* £ [(1.6 x 107%)2 + 4(3.3 x 107%)]'/2

xr = 5 = 5.7x10"* mol (ignoring the negative solution)
“1pe—1
p_ BT _ (01994 2)RT _ (0.205 mol)(0.081344 L bar mol 'K~ ")(1330. K) _ .\
1% 1% 7.00 L
Name:



2. Calculate pKj, for the reaction of propylamine with water
CHg(CHQ)QNHQ(aq) + HQO(@) = CH3(CH2)2NH;_(G(1)OH(_G(])

given the pH of an aqueous 1.0 M propylammonium [CH3(CH,),NHZ] solution is 5.25. Ap-
proximations work for this problem. (33 Points)

Answer:
CHg(CHQ)gNH;F(aq) + HQO([) = CH3<CH2)2NH2(aq) + H30(+aq)
[H30%] =107%% =5.6 x 107°
[CH3(CH,),NH3 | | [CH3(CHy)oNH,] [H307]
initial 1.0 0 0
change -5.6 x 107° 5.6 x 107° 5.6 x 107°
equilibrium 1.0 5.6 x 1076 5.6 x 1076
5.6 x 1076)2
K, = O6X07 5 g
1.0
K, 10x10™ 4
Kb = Ka = m = 32 X 10 pr = —1Og10<Kb) = 349
Name:



3. A buffer is prepared by mixing 0.35 moles of benzoic acid (C¢gHsCOOH) and 0.45
moles of the benzoate anion (C¢gH;COO™) with water to make a solution of total volume
0.35 L. The buffer is then combined with 0.10 L of 0.10 M potassium hydroxide (KOH, a
strong base). Given K, = 6.3 x 1075 for benzoic acid, calculate the final pH of the mixture
of buffer and potassium hydroxide. Approximations work for this problem. (34 Points)
Answer:

C@H5COOH(aq) + HQO(@) = CGHg,COO(_aq) + H30+

(aq)
pK, = —log;(6.3 x 107°) = 4.20
nog- = (0.10 mol L™)(0.10 L) = 1.0 x 1072 mol
Method 1: Henderson-Hasselbalch

H=pK,+1 = =420+1 =4.33
PH = Pha + 10810 16 7 co0H] TlO810 (035 1.0 x 10°2)/V
Method 2: ICE Table
NCsHsCOOH | NCsH;COO0~ | MH30+
initial 0.35 0.45 0
change | -1.0x 1072 | 1.0 x 1072 Yy
equilibrium 0.34 0.46 Y
y(0.46)

6.3 x 107° =

0.34

y=[H30"] =4.7x107° M pH=4.33

Name:
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Figure 1: High = 100, Median = 72, Mean = 72
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