University of Windsor

Chemistry & Biochemistry

Chem 59-110 Test 2 13 November, 2000
(50 minutes)

Name (prmt)_ Student #: -

LabDay “lu¢odse ;3 morn? or eve’? (circle); Name of Lab TA: Nancy fu

Please attempt all questions on the sheets provided. The first question is multiple choice and
requires only the letter corresponding to the appropriate answer in the box provided. The remaining

four questions may require some calculations and in all cases you are requested to indicate the
reasoning behind your calculations. No reconsideration will be given to
questions not written in ink.

A Periodic Table is attached the Ideal Gas Law 1s PV = nRT; and the Gas Constant, in case
you need it, is: 0.0821 L atm K™ mol™, or 8.315J K mol’
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1. Multiple choice, 10 questions, 1 mark each. Mark the letter corresponding to the correct answer
in the box provided.

(a) The Haber Process reaction, 2 NH3(g) S Nx(g) + 3 Ha(g), has an equilibrium constant of
10.0 at a certain temperature. What would be the direction of the spontaneous reaction from a
2:1:3 mol mixture of NH3, N; and H; , respectively, at that temperature?

C A. to the right
B. to the left
C. neither of the above, the reaction is at equilibrium already

(b) To say that a reaction is enthalpy-driven below a certain temperature is to say that:

Cl A bottAH® and AS® are positive 4 #
B. both AH® and AS° are negative
C. AH’is negative and AS° is positive

(c) The following equilibrium is endothermic: C(s) + COx(g) S 2 CO(g). Consider the reaction
at equilibrium at a certain temperature and then the temperature is raised. At the new
temperature the position of the equilibrium

C

A< would be unchanged
B. would shift to favour the reactant
C. would shift to favour the products

(d) Consider the following equilibria and their constants:
SO,(g) + 10,(g) S SO4(g), K|
280,(g) S 2S0,(g) + O,(8), K,
IfK; = 0.1, then K} is equal to:

Pl A 01 B. 3.16
C. 100 D. 0.01
E. 10

(e) For the reaction, 3 NO(g) S N2O(g) +' NOy(g) , if K. is 1000 at 300K, what is AG® for the

reverse reaction? P P ,
L Sl 2 Vo La
/N AP ées,
b a-17210 -
B -17.2KJ
C +17.2KJ

D -0.17kJ
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1. (cont’d):

(f) If the pOH increases by 3.00 units, the acidity:
B

decreases by 3-fold
decreases by 1000-fold
increases by 3-fold
increases by 1000-fold

oow>

(g) The K, for pyridine, CsHsN, is 1 x 10°. The pK, for pyridinium ion, CsHsNH", is

C A. 9
- B. 1x107

C.5

(h) A solution which is 0.10 M in ammonia, NH3, (K, = 1.8 x 10”°) and 0.10 M in ammonium
chloride, NH4Cl, has a pH of

E A. 8.25
B. 9.25

</ | C. 10.25

(i) What is the effect on the pH of a solution of acetic acid, CH;CO,H, (K, = 1.8 x 10”) when
sodium acetate, CH3CO,Na (a strong electrolyte), is added?

A

A. increases
,\/ B. decreases
C. stays the same

() The two pK,'s for sulfurous acid, H,SO3, are 1.80 and 6.90. For a sodium bisulfite/sodium
sulfite (NaHSOs/ Na,SOs3) buffer, the best buffering is around pH:
®

A. 1.80
B. 4.35
C. 6.90
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2. (a) Solid tin exists in two forms: white and gragxt” For the transformation
Sn (s, white) S
the enthalpy change is — 2.1 kJ and the entropy changefds — 7.4 TK.

i.  Calculate the Gibbs free energy change for the<onversion of 1.00 mol of white tin to gray tin
at —30°C (3 marks)
Gz —-Tasg l/

A
2721007 + (2437 ) Z

(862 399 %)

ii.  Will white tin convert spontaneously to gray tin at 30°C ? Justlfy your answer. (2 marks)
§‘ﬂ(€ m emM 7/ ;g /1/4"/' AR \ wA ~{—C ”’//? .’/_):‘H /}U’J”
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iii. At what temperature are white and gray tin in equilibrium at 1 atm pressure? (2 marks)

5670 4 /74///mw

A ,:) - H - | A 7 ,)

TeS7s o : /L

T ‘*L \?’__’2 /00

)

2. (b) At 1200°C, the reductlon of iron ox1de to elemental iron and oxygen is not spontaneous:
2 Fe;05(s) — 4Fe(s) + 30x(g) AG= +840KkJ
Show how this process can be made to proceed if all the oxygen generated reacts with carbon:
ZC(s) +70x(g) —2COx(g) AG= —400kJ
(3 marks; this is the basis for the smelting of iron ore with coke to extract metallic iron)

Q fe, 05 — 4 Eﬂ L3230, 4G +990 €3
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3. The dehydrogenation of benzyl alcohol to make the flavouring agent benzaldehyde is an

equilibrium process described by the equation

CsHsCH;0H(g) S CeHsCHO(g) + Hifg)
At 523 K, the value of its equilibrium constant is K = 0.558.
(a) Suppose 1.20 g of benzyl alcohol is placed in a 2.00-L vessel and heated to 523 K. What is
the partial pressure of benzaldehyde when equilibrium is attained? (8 marks)
(b) What fraction of benzyl alcohol is dissociated into products a/Lt equilibrium? (2 marks)

Kz f . 'l"‘l Veeuscs) g oen Pon L/

%) 7 l/ ) R
(¢otsClyor ) (0.832Y52%)
Tz6o0ll— 55—

g2
515682 ———F—2 / -
0,228 Y
) Cy He CHy oM Cp MeCH O ,,"-/;.«.{/
Xl_ < :9: ]

6.23% o g

6275 — N

())

3 -0.55%
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X"=6.5%%4-0,13220 /
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4. Phenol, C¢HsOH, is a weak organic acid, K, = 1.3 x 107'°. Phenol’s conjugate base is

phenoxide, CcHsO". Although somewhat toxic to humans, it is used as a disinfectant (known as

carbolic acid, for use on hospital floors) and in the manufacture of plastics.

(a) What is the pKy of phenoxide (eg. as the sodium salt, CéHsONa)? (2 marks)

(b) If 9.40 g of phenol is dissolved in water to give 500 mL of solution, what is the equilibrium
hydronium ion concentration? (7 marks). What is the pH of the equilibrium solution (1

mark)?
a\ Ksq: .3ul0 /\,C/, HedH1 = 775,
o¥a 2 4.3% 2 6.2 M
‘P Yz + ‘P;:li\a JJC‘}
pk,z 42 L
\ | -
o) Cebsol +H0 = H,6 ¥ C U0
[Hyo' L€ Hs0™ ] G Hy O Hy 6 Cos
4 L CeHyOH ) ’l/é: 2 A + ¥
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5. A buffer solution was prepared by adding 0.050 mol of acetic acid (K, = 1.8 x 10™) and 0.020
mol of sodium acetate to a flask and making up to 500 mL with water.
(a) Calculate the pH of this buffer (4 marks).
(b) Calculate the pH of this buffer solution after 0.010 mol of NaOH is added without
significant volume change (6 marks).
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