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1. Consider the following reaction at a certain temperature:
H,(g) + Bry(g) =—=2HBr(g) K=2.4x10

If 2.0 mol of H,(g), 2.0 mol of Bry(g), and 0.10 mol HBr(g) were together mixed in a 1.0-L
flask, then

When the gases are mixed together, the
(a) the concentration of Br,(g) would increase reaction quotient Q = [HBr]*/[H,][Br,] =

(b) the value of K would decrease to 2.5 x 10 (0.10)*/(2.0)(2.0) = 2.5 x 10°. Note -
(c) the concentration of HBr(g) would increase because An = 0 (same number of moles

(d) no change would occur of gas on each side of reaction), K, = K..
g u u As Q < K, the reaction will proceed to the

(e) the total number of molecules would decrease right unti Q = K, so that the

concentration of HBr(g) will increase.

2. Consider the reaction
2HI(g) =— H,(g) + lx(g)

At 298 K, K. = 1.3 x 10, whereas at 783 K, K. = 2.2 x 10”2, Which of the following is true?

(a) the reaction is exothermic The equilibrium constant K. is higher at

(b) the reaction is endothermic the higher temperature (783 K) than at
¢)at 298 K, K = 3.2 x 107 the lower temperature (298 K), such that

( ] oo the reaction is endothermic (AH > 0)
(d) at 298 K, the reaction is likely to be spontaneous
(e) at 783 K, more Hl(g) is produced

3. The conjugate base of ammonia is:

(a) NHZQH The conjugate base of ammonia, NH3;, results from a dissociation of
(b) NH, H* from NH;giving NH,".
(c) NH,'
4
(d) NH3 NHs(aq) + H,O(l) NH,'(aq) + Hs;0*(aq)
(e) H,0

4. Which of the following is the weakest acid?

(a) HBr Nitric acid is a strong acid because of the high oxidation state of N
(b) HNO; and the two oxo groups attached to N. The remaining acids are
(c) HF binary acids (HX) containing halogen atoms. With binary acids, the
(d) HCl trend in the acid strength going down a column follows the H-X

bond strength. With the highest charge density on F, it holds onto
the H* the strongest, such that HF is a weak acid, while HCI, HBr,
and Hl are all strong acids.

(e) HI
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5. Which of the following is the strongest base?

a) morphine (pKj, = 5.79) The smaller the \{a.lue of pK, (= -logky),
b) urea (pKj, = 13.90) the larger the basicity contant K, and the

(

E ) ammonia (pK, = 4.75) stronger the base. Methylamine has the
(C a onia {pAp = 4. lowest pK, and therefore it is the
(

d) pyridine (pk;, = 8.75) strongest base in this group.
e) methylamine (pK, = 3.44)

6. Which of the following aqueous solutions gives a pH greater than 77

QTN 0 v
5 30" w [ ueou uti
(b) 10 M CH3COOCH solution would be < 7), even at their low

-8

(c) 10 sM CH3NH, concentrations. The only compound in the group
(d) 20° M HCOOH which is a base, and would generate OH in aqueous
(e) 108 M HCl solution is (c) CHsNH,, which would produce a

solution which has a pH > 7.

7. A 0.100 mol sample of H,S is placed in a 10.0 L reaction vessel and heated to 1132 °C. At

equilibrium, 0.0285 mol H, is present. What is the value of K. for the following reaction at
1132°C?

2 H,S(g) === 2H,(g) + Si(g)

(a) 2.2 x 10™* Initially, the concentration of H,S is 0.100 mol/10.0 L = 1.00 x 10 M, while there is no
(b) 2.2 x 10-3 H, or S,. If the concentration of H, at equilibrium is 0.0285 mol/10.0 L = 2.85 x 103 M,
(c) 5.6 x 1073 then that equilibrium concentration of S, = 21/2(2.85 x 103 M3) = 1.43 x 10'33M. The

a equilibrium concentration of H,S = 1.00 x 10° M — 2.85 x 10° M = 7.2 x 10° M. The
(d) 5.6x10 equilibrium concentration = [H,]*[S,]/[H,S]* = (2.85 x 107)%(1.43 x 10®)/(7.2 x 10®)* =
(e)4.5x10™ 2.2x10™.

8. Consider the reaction 2 NO,(g) <——= 2 NO(g) + O,(g). If the initial partial pressure of
NO,(g) is 3.0 bar, and x is the equilibrium partial pressure of O,(g), what is the correct
equilibrium relationship?

_ 3
(a) Ko = x X 5 For every molecule of O, which is produced in the reaction (+x), two
(b) K, = 2x°/(3.0 — 2x) molecules of NO are produced (+2x) and two molecules of NO, are
(c) Ko = 4x°/(3.0 — 2x)* consumed (-2x). If the initial partial pressure of NO, is 3.0 bar, then
(d) K, = XZ/(3.O —X) the equilibrium partial pressures of NO,, NO, and O, are (3.0 — 2x),
(e) K, = 2x/(3.0 _X)z (2x), and (x). The equilibrium constant may be expressed as:

Ko = (Pno)*(Po2)/(Pro2)” = (2x)%(x)/(3.0 = 2x)* = 4x*/(3.0 - 2x)°
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9. When solid NH4HS and 0.400 mol NHs(g) were placed in a 2.00 L vessel at 24 °C, the
equilibrium for the reaction:
NH,HS(s) =—— NH;(g) + H,S(g)

for which K. = 1.6 x 10, was reached. What is the equilibrium concentration of H,5(g)?

(a) 0.399 mol L™ The initial concentration of NH; is 0.400 mol/2.00 L = 0.200 mol L™, while
(b) 8.0x 10" mol L™ there is no H,S initially. Because NH,HS is a pure solid (activity = 1), it
(c) 0.200 mol Lt does not appear in the expression for K. At equilibrium, the
(d) 4.0x 10 mol L2 concentration of NH; would be (0.200 + x), while the concentration of

3 1 H,S would be x. K. = 1.6 x 10 = (0.200 + x)(x). Assuming x is small
(e) 1.6x 10" mol L compare to 0.200 gives x = (1.6 x 10)/(0.200) = 8.0 x 10* mol L™.

10. What is the initial concentration of HCIO (K, = 3.0 x 10°®) that results in an aqueous solution
with a pH of 5.10?

(a) 7.9x10° M If the pH of the solution is 5.10, then this tells us that at equilibrium the [H;0"] = [CIO]
(b) 0.10 M = 10" = 10" = 7.9 x 10°. The acid dissociation constant K, = [H;0"][CIO]/[HCIO],
and therefore:
(c)3.0x10%M
-3
Ed; 3.83x10 s M 3.0x10%= (7.9x 10‘6)2/([HCIO]inma| -7.9x10°) rearranging gives:
e)2.1x10° M
[HCIO) = 7.9x 10° + ((7.9x 10°)?/(3.0x 10?)) = 7.9x10°+2.1x 10> = 2.1x10°

11. What is the pOH of a solution of 0.00250 M HCIO,?

b) 11.40 HCIO, is a strong acid, so it would produce a solution with [H;0]" =
0.00250 M. The pH = -log(0.00250) = 2.60. The pOH = 14.00 — pH =
14.00 - 2.60 = 11.40.

12. What is the pH of a 500.0 mL solution of 0.100 M HCl(aq) after 0.0225 mol of solid Ca(OH),
is added (assuming no volume change)?

(a) 1.41 The solution of the strong acid HCl would produce 0.100 mol L™ x 0.500 L =
(b) 2.60 0.0500 mol of H;0". The 0.0225 mol of the strong base Ca(OH), would
(c) 2.30 produces 2 x 0.0225 mol = 0.0450 mol of OH’, which would react with
(d) 2.00 0.0450 mol of H30" to produce water. This would leave 0.0500 — 0.0450 =

0.0050 mol of H;0" in 0.500 L of solution = 0.0100 M H;0*. The pH would
(e) 1.11 equal —log[H0]" = -log(0.0100) = 2.00
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13. Given that the K, of the H,PO, anion is 6.2 x 10%, what is the pH of a 0.500 L aqueous
solution prepared by adding 0.065 mol of NaH,PO,(s) and 0.050 mol of Na,HPO,(s)?

a) 6.79 The mixture of the salt of H,PO, and the salt of its conjugate base HPO,* would
b) 7.10 generate a buffer solution. Using the Henderson-Hasselbach equation (pK, = -logk,
= -log(6.2 x 10®) = 7.21), gives:

d) 7.32 pH = 7.21 + log([base]/[acid]) = 7.21 + log((0.050 mol/0.500 L)/(0.065 mol/0.500 L)

pH=7.21 +10g(0.77) = 7.21 +(-0.11) = 7.10

14. What is the pH at the stoichiometric (equivalence) point when a 25.00 mL solution of
0.100 M NHs(aq) (pKp of NH3 = 4.75) is titrated with a 0.200 M solution of HCI (aq)?

(a) 5.21 At the stoichiometric point of the titration of the weak base NH; with the strong acid HCI, the
(b) 5.75 major species in solution is the conjugate acid NH," (pK, = 14.00 — pK,, = 14.00 — 4.75 = 9.25)

) Because the concentration of HCI titrant is twice the concentration of the NH; analyte, the
(c) 5.13 volume of 0.200 M HCI required = %(25.00 mL) = 12.50 mL, and the total volume = 37.50 mL.
(d) 4.75 The concentration of the weak acid NH," is 0.100 x (25.00/37.50) = 0.0667 M. At equilibrium,
(e) 5.93 the [NH,"] is 0.0667 — x, and [H30"] = [NHs] = x. K, = 10°* = 5.6 x 10™"° = x*/(0.0667 — x).

Approximating 0.0667 — x = 0.0667, and solving for x, gives x = [H;0"] = 6.1 x 10°. pH =5.21

15. What number of moles of solid KOH must be added to a 0.250 L solution of 0.100 M
CH;COOH(aq) (K, of CH;COOH is 1.8 x 10°) to make the pH of the solution equal to 5.00
(assume no volume change upon addition of KOH(s))?

Adding strong base to a weak acid solution will generate a buffer solution if the pH is

2

(a) 2.5x10 , mol within 1 unit of the pK, value. For CH;COOH, the pK, = -logK, = -log(1.8 x 10°) = 4.74.
(b) 4.4 x10° mol The Henderson-Hasselbach equation gives:

(c) 3.5x 10 mol

(d) 4.0 x 1073 mol 5.00 = 4.74 +log([base]/[acid]) this gives [base]/[acid] = 10°% = 1.8 (= ratio of moles)
(e) 1.6 x 10” mol

if x mol of KOH is added, mol of CH;COOH = 0.025 — x mol

1.8 = (x)/(0.025 —x) rearranging 0.045-1.8x=x 0.045=2.8x x=1.6x102mol

16. At 400 K, the equilibrium concentrations of N,O,(g) and NO,(g) are 1.00 M and 1.20 M,
respectively. At 25 °C, the value of K. is 6.10 x 10™. What is AH® for the following reaction?

N,O4(g) <==——= 2NOy(g)

(a) 12.6 ki mol™ Let T, = 298 K (25 °C) and K., = 6.10 x 10°. At T, = 400 K, the value of
(b) 51.3 kI mol™ Kz = [NO,J*/[N,0,] = (1.2)°/(1.0) = 1.44. Using the van’t Hoff equation
(c) 1.21 kJ mol™? from the equation sheet (In(K,/K:) = ((-AH°/R)(1/T, - 1/T,) :
-1
Ed; 513616k|j Jm0| [ In(1.44/6.10 x 10°®) = (-AH°/8.3145)(1/400 — 1/298)
e) -1 mo
AH°= (8.3145 x 5.464)/(8.56 x 10™) = 53100 J mol™ =53.1 k) mol™
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17. The solubility of which one of these does not increase as the pH of the solution decreases?

(a) CaF,
(b) Na,CO3
(c) PbSO;
(d) KClO,
(e) CuS

For each of these salts, dissolution produces cations and anions. The anions produced from
CaF, (F), Na,CO; (CO5%), PbSO; (SO5%), and CusS (S¥) are weak bases. As such, decreasing the
pH would increase [H;0'] and neutralize some of the basic anions. In response to decreasing
the concentration of the anions, Le Chetelier’s principle would indicate that more of the salt
would dissolve to return Qg, to the value of K;,. The exception would be KCIO,, as the ClO,
anion is the conjugate base of a very strong acid HCIO,. As such, it is not possible to
protonate CIO, and reduce its concentration with acid — solubility is independent of pH.

18. If equal volumes of 0.0040 M Mg(NQs),(aq) and 0.0040 M KF(aq) are mixed, what
reaction, if any, occurs? The value of K, for MgF;(s) is 3.7 x 10,

a) MgkF(s) precipitates When equal volumes of two solutions are mixed, the
b) MgF,(s) precipitates concentrations of the solutes are reduced to one half of their

(

(

(c) KNOs(s) precipitates
(d) no reaction occurs
(

original concentrations. The value of Q,, for the equilibrium
involving the sparingly soluble MgF, is equal to [Mg*][F]* =
(0.0040/2)(0.0040/2)* = 8.0 x 10°. Since this is less than Ki,,

e) the value of K, changes to 8.0 x 10° no precipitation of MgF, will occur.

19. What is the molar solubility of BaSO,(s) in a solution of 0.050 M Na,SO4(aq)? The Kj, of

BaS0O,is 1.1 x 10,

(a)2.3x10°M
(b) 1.0x10° M
(c) 2.2x10°M
(d) 5.5x 102 M
(e) 3.3x10°M

The salt Na,SO, contains the common ion SO,” to the sparingly soluble
BaSO4(s). K., =[Ba’*][SO,”] = s’ (where s is the molar solubility)

At equilibrium K, = 1.1 x 10 = (s)(s + 0.050)

We can approximate s + 0.050 by 0.050 (since K, is very small) and therefore:

s=(1.1x10")/(0.050) =2.2 x 10° M

20. Consider the titration of 15.0 mL of 0.200 M H3;PO, with 0.200 M NaOH(aqg). What is(are)
the major species in solution after addition of 30.0 mL of the base?

a)H P04 (aq)
) PO,™ (aq)

d) H PO4(aq) and H,P0O,4 (aq) stoichiometric point after adding another 15.0 ml (total 30.0 mL of

e) HPO,”(aq)

END OF EXAM

(
(b
(c) H,PO, (aq) and HPO,*(aq)
(
(

Titrating the weak triprotic acid H;PO, with the strong base NaOH
(of the same concentration) would result in three stoichiometric
(equivalence) points: forming H,PO, at the first stoichiometric
point after adding 15.0 mL of NaOH, then HPO,” at the second

titrant) of NaOH, and finally PO,> at the third stoichiometric point
after adding another 15.0 mL (total 45.0 mL of titrant) of NaOH.
Therefore with the addition of 30.0 mL of NaOH, the HPO,” ion is
produced. Because HPO,” is a weak acid, it dissociates to only a
very small extent and is the major species at this point in the
titration
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