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1. Calculate AS® for the reac;tion 2Cl(g) + SOx{(g) - SOCh(g) + CLO(g)

Substance:  Clx(g) SOx(g) SOCIh{g) ClO(g)
S°(J/K-mol) 223.0 248.1 309.77 266.1

~118.2 JA(K-mol) (b) —104.8 J/( K-mol) (c) 104.8 J/( K-mol)
(d) 118.2 J/( K-mol) (e) 1270.0 J/( K-mol) (ab) ~233.0 J/( K-mol)

Asor(g;% + gg,zo> = (253 + s;oz) -

266, + 399 7F~ 2Y8.[-222.-2 =

= - //8.73 ~|-//3.12

st S

2. "A diamond is forever" is one of the most successful advertising slogans of all time. But is it true? For the
reaction shown below, calculate the standard free energy change at 298 K and determine whether or not a
diamond is "forever."

C(diamond) — C(graphite)

Data: AH?(diamond) = 1.895 kJ/mol; S°(diamond) = 2.337 J mol ™ K™'; §°(graphite) = 5.740 J mol™' K.

(a) AG® = 2,19 kI; forever (b) —1.90 kJ; not forever ~2.91 kJ; not forever
(d) 1.90 kJ; forever (e) AG® = <-1000 kJ; not forever 4 &y
o - o
aC"=aH =Ta<=(0- 1895 )~ 298 BaAc

= -2903cd x -2, 91*47‘

For lwol of xu hls'fJ:'Z-ﬂka}

3. Which one of the following statements would be true for the reaction in thg’preceding question?

(a) This reaction is favorable (spontaneous) at high temperatures,but unfavoraple (non-spontaneous)
at lower temperatures.

(b) This reaction is favorable (spontaneous) at low temperatuyés, but unfavoyable (non-spontaneous)
at higher temperatures.

(c This reaction is unfavorable (non- spontaneous) at all terpperature.
@ This reaction is favorable (spontanéous) at all temper:

Al<o [——'/.393"&'_19
AS >0 ( ;Zf >
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4. What buffer component ratio would be needed to make a pH 10.00 buffer with the base 4-
dimethylaminopyridine (DMAP) and its salt with HCI, 4-dimethylaminopyridine hydrochloride
(DMAPH'CI")? Structure of DMAP is shown on page 7.

(a) 9.7 (b) 3.0 @20 () 0.50 (e) 0.30

p=pKa + bytlee] . pBey o %,;f:*fwu

_ o, kw [ phppd 0 [pMAPT
s+ “) [Shapat] = peio= * Z?ffowpw*/aw

DMAPT . 09697~ 5 po

z Disa Ditt]

5. How much solid DMAP (M,, = 122.17 g/mol) would need to be added to 200. mL of a 0.010 M HCl
solution to make a pH 10.00 buffer?

0.73 ¢ ()30 (©0003g (d)12g () 73¢g

CDMAP]T ( P .
= 2/ proflewtd - Cper = 2
[ DMAPHTT P f Ve et ™ 2 G
m
CDMAPT = Mo — Cel = 3Cu
AP_] M' j M‘\/HC(
M ] = ) -
D> &pH;} CHCl Mm = 5C~H’C('\/HC,{ Mw"
MAP -Ci )
}P—E'I_’ﬂ—’;?ﬂ: MV ~Cwel 2~ =3-00M02 L-i2212; = 0. 7302
Ld C ket ~10.%:
6. The pH of an aqueous H3;PO, solution is adjusted to pH=13 by addition of strong base. Which of the
following would be the primary species in solution at this pH? k =2,
P Q) .
{a) H;PO, (b) H,PO,”  (¢) HPO, PO43" (e) HsPO; PJ_/& , 7.2
onnt - - - Fag=/272"
Lot Mg Hoer ko -

o 2.\ +-2 ![z\ pH
(3> 12.2 r>!P0\?"
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7. How is an aqueous solution of rubidium propionate, RbPr, best characterized (propionic acid,
HPr=CH;CH,COOH)?

(a) solution of a strong acid (b) solution of a weak acid
(c) solution of a strong base solution of a weak base
(e) buffer solution (ab) neutral solution
's
A
HPr — w.a
8. What is the pH of a 1.2 M aqueous solution of RbPr?

(a) 8.48 .48 (c)5.28 (d) 4.52 (e)0.18
Fr +K,0 é—i’ ou‘ + HFPr

cort I = VKNCPr 12 = 304 “

w/

He p 550 - 9.422 ::.9#2

f

9. What is the pH of an aqueous mixture of 0.50 M RbPr and 0.30 M HPr?

(b) 8.89 (b) 10.96 (c) 4.89 (d) 5.93 ©s 1
[P —]
z '3 e + &? ol
\’H 1 J [H P |

.
4 956 + by == = 5 1079~ I
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Consider the following titration for the next 4 questions.

10.

11

12.

13.

i

10.0 mL of 0.250 M HCIO(aq) (in flask) is titrated with 0.100 M NaOH(aq) (in buret).
What is the overall reaction occurring in the titration?

(a) Na'(aq) + ClOs(aq) — NaClOyaq)
HClO4aq) + NaOH(aq) — H,O() + NaClO,(aq)
(c) NaOH(aq) — Na'(aq) + OH(aq)
(d) 2HCIO4(aq) + H,O() — H;0%(ag) + 2 ClO,4 (aq)
(e} HCIO4(aq) + NaOH(aq) — NaH(aq) + HOCIO, (ag)

How many mL's of the NaOH solution need to be added to reach the equivalence point of the titration?

(2)250.mL  (b)2.50mL  (c) 15.0mL  (d)20.0 mL 25.0 mL

Cueto, \/chm‘f = C Kaote Vanot

ViNaOH = = 28 ml f%éfe -
o.M egdiv. fwmt
Which combination of ions of the following is present in the flask after 10.0"mL of the NaOH(aq)
solution have been added? (Be sure to consider your answer to the above question in answering this
question. Take into account only the ions with concentration greater than 107 M.)

(a) ClO, ; H;07 @C]O{; Na'; H;0"  (¢) ClO,; OH™; Na™; H;0" (d) ClO,"; OH ; Na*
(e) ClO47; Na'; (ab) C10,"; Na'; CO5™

What is the pH of the solution in the flask after 10.0 mL of the NaOH(aq) have been added?

(a) 1.215 (b) 0.602 (c) 0.075 (d) 7.500

_ Yxero, — VNapwe
Y

V’H eio, + \INQO H

Cﬁew(‘ \fHCto\, - CNQQH \/NQOH’ N 0 2s M- 3°--|*0.'H'10m1w
Vpcro,,if Vuaow 1O | + 101

0o 0FS M

va - ,{7/0,0?5') ,:‘:’
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14, What is the Ksp expression for Mg;(PO,),? (Look at all answers carefully. Some of them are very
similar.)
(@ PPos T (b) Mg PIPOST () [MgI'[PO*
[MgP’[PO, ]’ [Mg>T'[PO,” T’
(d)—=— (e
[Mg,PO,? [Mg;PO,]

Mg;@oﬁ)L& 39{724»4_ Z—P‘Q

15. The solubility of Mgs(PO,), in pure water is 8.6x10° M in pure water at 25°C. What is the value of the
K, for this compound at 25°C?

(a) 2.9x107 (b) 2.5x10™" (c) 1.3x107° 5.1><10'24 (e) 4.7x107%

Az Xl ‘l?’/’@ /’4) >('2> oy
Kep =(25)* (7P < fos S =sorie <[r1 K]

16. What will happen if HCI is added to a saturated aqueous solution of Mg;(PO,), in water? ("Saturated
solution" means that there is solid Mgy(POy), present and the system is at equilibrium.)

* 3 - 2-
(a) Nothing happens. H; o + PO& Pinng H P‘D~1 + H?/O

@The Mgi(PO,), solubility equilibrium shifts to the RIGHT ani more solid Mgsy(PO,), dissolves.

¢) The Mg3(PO;); solubility equilibrium shifts to the LEFT and more Mg;(PO;), precipitates out of
solution.

(d) The Mg3(POy), solubility equilibrium shifts to the RIGHT and more Mg;(PO,), precipitates out of
solution.

(e) The Mgs(PO,), solubility equilibrium shifts to the LEFT and more solid Mgs(PO,), dissolves.

17. Ru’ ion forms a complex ion with 6 ammonia molecules. What is the Ky expression for the formation
this complex ion?

@) w (b) [Ru™J[NH: * (c) [Ru™][NH,];
[Ru(NH,), "]

@ [RuNH),™] {Ru(NH H,),"]
[Ru™][INH; T° [RU3+][NH I°

JF
R, + ¢ WH, = ?&«//{//é)g
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18. What is the maximum amount of potassium fluoride (M,,=58.1g/mol) that can be added to 100. mL of a
1.0x10™ M solution of lead(IT) nitrate without precipitating out lead(II) fluoride? K, of lead(IT) fluoride =

3.6x10®
(a) 0.080 g (b) 1.5x107 g o.11 ¢
(d)2.1x10% g (e) 7.2x107 g 7

Do), + 2K F = PO 2 kD5

Syl
per e+ 2 FT s W FT
- & e
M)//,.,.,/,C = Ry = =
/ j [p(Q;i? M/(F Vv
e = Mo V- _Lf,;,{%;j = ;?./é/ .

19. The Three Laws of Thermodynamics are as follows:

f

1. The total evRexr of the universe is constant.

2. The total @ﬂgg of the universe increases for a spontaneous process.
3. The Em 9[?; of a perfectly ordered crystal at 0 K is 0.

The answers in order are

(a) energy, energy, energy (b) energy, entropy, energy (c) entropy, energy, energy
(d) entropy, energy, entropy energy, entropy, entropy !

20. Which of the following should have the greatest molar entropy at 300 K?
(@) CHA2) (b)) HOU)  (c) NaCl(s) @Nzo4(g) () Hi(g)

7) 94%

¢) /o/7lg/ poolar  puzss
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ADDITIONAL INFORMATION and EQUATIONS

Some K, Values at 25°C
K. Ka Kas
CH;COOH 1.8 x10°°
CsH;COOH 6.3 x107°
CH;CH,COOH 1.3 x107°
H;BO, 5.8 x107"°
H,CO; 4.3 x1077 5.6 x107"
H,C,0, 5.6 x107 54 x107°
HCO,H 1.8 x10™
H;PO, 7.5 x107 6.2 x107 4.8 x107"
H,S0, very large 1.2 x107
HF 3.5 %107
Some K|, values at 25C
K, T /
NH; 1.8 107 N \ / N\
CH;NH, 4.4 x10™

4-dimethylaminopyridine (DMAP)

4-dimethylaminopyridine (DMAP) | 5.0 x107°

CsHsN 1.7 x107
K.Ko =Ky = 1.008x107™" R =8.314x107 kl/(mol-K) FC=273.15K
pH = pK, +10gW pK, =-logK,
[acid]
AH" = Z AH; products Z AH; reac tan (s AS" = ZS;VM‘“C’S - ZS: eactanis

AG" =AH® ~TAS®



