1) A 35.0-g sample of ethylene glycol, HOCH,CH,0H, is dissolved in 500.0 g of water. The vapor

pressure of water at 32 °Cis 35.7 mm Hg. What is the vapor pressure of the water—ethylene
glycol solution at 32 °C? (Ethylene glycol is nonvolatile.) (1 atm = 1.01325 bar)

Moles HACH,CHOH = 25,09 | ool
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2) An aqueous solution contains 3.00% phenylalanine (CosH11NO;) by mass. (Phenylalanine is
nonionic and nonvolatile.) Find the following:

(a) the freezing point of the solution (g0 = ~1.86 °Cfm
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(b) the boiling point of the solution K'“P = 0.6)2\ °C./m
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(c) the osmotic pressure of the solutionat25°C p= .09 /| L
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3) Anaqueous solution contains 0.180 g of an unknown, nonionic solute in 50.0 g of water.
The solution freezes at -0.040 °C. What is the molar mass of the solute? K gp= ~1.86 "C/m

Maes of unknown = 2__\_3_:;..—
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4) List the following aqueous solutions in order of increasing melting point.
(a) 0.1 msugar (b) 0.1 m NaCl
(c) 0.08 mCaCl, (d)0.04 m Na;SOq

Q) 0l = x \ = a1 =
Q O\ m x Z = 0.2 m
C) Oog"" ¥ 3 - (),2“’ -~
A} 00w ¥ 3 - 0.1 ™

5) Data for the reaction NO(g) + ¥/, 02(g) n NO(g) are given (for a particular temperature) in

the table. L
- L Concentration (mol/L) _
B fxpfiment ] T[NO] | [O2] (mcl)?l;;g F(?ih)) |
1 | 3.6x10* 52x10° 3.4x 108
2 3.6x 10 104x102 | 6.8x10% |
3 | 18x10° 1.04x 107 | 1.7x 10°
4 | 1.8x10% | 5.2 x 1073 ? ]

(a) What is the rate law for this reaction?

Te determiae ofder  of NO, Chmpace Q¥ H 2 ard 3.
Whea [_Oz] s held  constart  and  (NDJ doubles (3 40 2), 4he
falte ‘\vaéru‘)\es, There dnace  4ke ordec s 2 £4¢  NO.
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(b) What is the rate constant for the reaction? ¥
Z - .
RC\"’C - k /\/’)j O)J ;:";r
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295107 Mg = k (3000 M) (5.2 107 M) ,,
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:
(c) What is the initial rate of the reaction in experiment 4?

Rate = 50 M/ (No) (0]

= 50 MY/, (\ 8 x\071 M) ( & % m‘S M) ‘*“",
= (84 5 1077wl NOJLN Y
—— f

6) Data for the decomposition of dinitrogen monoxide:

.
N20(g) > Na(g) + 2 0:(g)
on a gold surface at 900 °C are given below. Determine the order of the reaction and the rate §
constant. Using the rate law and value of k, determine the decomposition rate at 900 °C when < - ;
[N;0] = 0.035 mol/L. Zeco (Fres® s 3
Time (min) [N20] (mol/L) 0a (v20] :
5.0 0.0835 | = 2483 o ‘
30.0 0.0680 ~-2.6RR 4.7 ;
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120.0 0.0220 ~2.8\1 4s.S
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7) Ozone, Os, in the Earth’s upper atmosphere decomposes according to the equation:
2 03(g) 2 302 (g)

The mechanism of the reaction is thought to proceed through an initial fast, reversible step,
follow by a slow, second step.

R,
Step 1: Fast reversible Os(g) §2> O2(g) + O(g)
Step 2: Slow Os3(g) + O(g) ?L 20,(g)

(a) Which of the steps is rate-determining?

Step 2
(b) Write the rate equation for the rate-determining step.

Rede = k(0] (0]

O e no* in He ovuall reack on and must Le (emoved.
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8) Carbonyl bromide decomposes to carbon monoxide and bromine:

LI
Rt

COBr»(g) €= CO(g) + Bra(g)

K. is 0.190 at 73 °C. If you place 0.0500 mol of COBrzin a 2.00-L flask and heat it to 73 °C, what
are the equilibrium concentrations of COBr, CO, and Br2? What percentage of the original

COBr, decomposed at this temperature?

[coBr, |, = 00500 "“"/z..oo L - .0250 M




9) Calculate K for the reaction

Sn02(s) + 2C0(g) €-> Sn(s) + 2C02(g)

given the following information:

\« Sn03(s) + 2H2(g) €~ Sn(s) + 2H20(g) K= 8.12
2. Hy(g) + COz(g) €>H:0(g) + CO(g) Kz=0.771 - (
y . chu;d v 1 nYe ct K K
Ecl““ on |\ \S ‘C\‘n( as & DOHL\CA  SQuelc k (Kz:

E%ahﬂﬂ Z needs 4o Lo revesed and dou bld

K:Kﬂ‘-&-{: Bz gt heg ‘\g.}’
. (0.77)

10) The reaction of hydrogen and iodine to give hydrogen iodide has an equilibrium constant,
K., of 56 at 435 °C.

Ha(g) + I2(g) €2 2HI(g)

(a) What is the value of K,,?

AN =2-2=0
on'y / - an 0
Yases Ke= K.(RT) - 56 (RT) = (Sél

(b) Suppose you mix 0.045 mol of H, and 0.045 mol of |,in a 10.0-L flask at 425 °C. What

is the total pressure of the mixture before and after equilibrium is achieved?
T=Y25°% 4 233 K = G988 K

PVz= nkT
Pz nRT _ (045 mob4 1045 mol) (08205 Lot /i) (618 ¥)
- - : zl.82 a
V \0.0 L

Ed

PH =P ST . 26 s 8 |
"1y e ® \f—' (Z-'K\ . 2x
56= — 148= ¥= .2|
~)2.

Mgy ¥ 1) = 241 06) (26 20K
T & 2L ' L6 X 2x
- -X
Ltk N T T 24 Cos 2(- 261 2x = 2(26 -2\

(c) What is the partial pressure of each gas at equilibrium?

-

l‘ t“z: ?Iz' 26- 2}z .05 atm
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12) What are the equilibrium concentrations of H30+, CN—, and HCN in a 0.025 M solution of
HCN? What is the pH of the solution? (HCN K, =4.0 x 10°19)

HCN @) + Ha06) 2 CNjap H30 g

.025 o 0
—Y A X %X
.04CS ~x > X

K ~ @NJ [H3O+]




13) Sodium cyanide is the salt of the weak acid HCN. Calculate the concentrations of H;0*, OH,
HCN, and Na"in a solution prepared by dissolving 10.8 g of NaCN in enough water to make
5.00 x 10?mL of solution at 25 °C. (HCN K, = 4.0 x 10'19)

\O.Qq Na(N o) wol NN [NACN]" 227 mo . 4yn M

—2 N = L 220 meleS .S00 L
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14) What mass of sodium acetate, NaCH3CO,, must be added to 1.00 L of 0.10 M acetic acid to
give a solutlon with a pH of 4.50? (HC;H302 K; = 1.8 x 107)
R pX“- —\09(\9xl0") 4. 74

K | (base
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15) You titrate 25.0 mL of 0.10 M NH3 with 0.10 M HCI. (NHs Ky = 1.8 x 10)
(a) What is the pH of the NH; solution before the titration begins?

" <
N3 ) +H0 1) 2 Nyt + QUTGq) 1871072 22—
L 0.0 \ o 0 . \D-
C - X A X & x
E o0\0-x v " %= 1.3 x\p-%

poﬂ S ‘-\09 (’-3!\0-!)2 283¢ ()\"‘: \4q -fOH: H—].QT:I

(b) What is the pH at the equivalence point?
moles NWy = W0 M x .02S L= 0045 mole s

. 47._ 0025 ma)

Nt A cawvelne poiet: moles NHzz moles HU (Nedt] = i 0S M
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(c) What is the pH at the half equivalence point of the titration? _
A+ ha\f QQ\A;VQ\Ln& cm'l“" .

POHG PKL = -‘09(\.8)( ‘0’5) - ‘-lo:“i

pR= 14-pOH = H-4.79- ‘9.26).

(d) Calculate the pH of the solution after adding 5.00, 15.0, 20.0, 22.0, and 30.0 mL of the acid.
25.0 ~L 1§ eq« Walena e eoin*. For S.0n,15.0, 20.0, and
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16 5o
) Calcul.at.e the molar solubility of silver thiocyanate, AgSCN, in pure water and in water
containing 0.010 M NaSCN. (AgSCN Ksp = 1.0 x 10°12)
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17) A solution contains Ca?* and Pb?* ions, both at a concentration of 0.010 M. You wish to
separate the two ions from each other as completely as possible by precipitating one but

not the other using aqueous Na;SO4 as the precipitating agent. (CaSO4 Ksp = 4.9 x 107,
PbSO4 Ksp = 2.5 x 10°8)

(a) Which will precipitate first as sodium sulfate is added, CaSO4 or PbSO4?

Dince Lotk Cngoq and \"L‘Sﬂq L He came

B : \ 2 4 f &~
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(b) What will be the concentration of the first ion that precipitates (Ca** or Pb%*) when the
second, more soluble salt begins to precipitate?

The anote soluble  sald  Hot o depih*e cecord 1 (aSOq.
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Chapter 18: Thermodynamics

Question 18:
Fill in the following table. Assume no two rows are the same
AH AS AG Low Temp High Temp
- + - W&ims ‘&PMW;
- - Temp. dependent Simb 5 Non-spontaneous
+ + Temp. dependent Mmspm‘k«ww» 5159%3
4 - + fsA - sfsmiwww“i Avvy~ spa.m

Question 19 (18.25):

Heating some metal carbonates, among them magnesium carbonate, leads to their
decomposition.

MgCOs(s) -> MgO(s) + COq(g)

AS° MgO = 26.85 J/mol K AH® MgO = -601.85 kd/mol
ASs® CO2 =213.74 J/mol K AHf® CO2 = -393.51 kJ/mol
AS® MgCO3 = 65.84 J/imol K AH MgCO3 =-1111.69 kd/mol

(a) Calculate A.G° for the reaction. .
A6 = AW -THS = BB - 12k 0aMIs 2 =) @
BN = T B (poodis) - TOW (reckoks)
Be§ = Z /,\Sg (Tf),%%)c\vs) - fAS;(ﬂa&mk)

- Gol.85 32 - 343,51 B - (- 61 'R) = (16,33 12

sy

il

2085 2 ¢ 2T — 0SB T = TTRIS 5,

I}

(b) Over what temperature range is the reaction predicted to be product-favored at equilibrium?
S W . S L0

[ 2 =7 2 e 2 (5,1 K
I3 . - H
L5 0.17475 B2

ﬂf, T Wnidasks, A() M{%sﬁy N ‘SO AG <0 when T > CGLSTTR

’ﬂ\a resckion is Iw;}volr'gwm:} ot e&iwlibﬁv‘m whea AEKO | 5 uden T >USTK

(c) What is the equilibrium constant of the above reaction at T = 500 K? R = 8.314 J/mol K
A();f = - BT In(K)

Db
=5 2 (k)
AT ,
B G430l
AT .}mog%}"{%‘gx&o% -15.01

H:e z0 = e ~ L(,’]rif;f“?

-
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Toni
64.23


Question 20 (18.31):
For the synthesis of ammonia from its elements at 25 °C, Na(g) + 3 Ha(g) -> 2 NHs(g)
Af G° N2(g) = Af G° Hz(g) = 0 kd/mol Af G° NH3(g) = -16.37 kd/mol

(a) Calculate Ar G°. Is the reaction product-favored at equilibrium?

Dol = 20,6 Pm}w}& ~ DA s = - (L3728 - (0% CoB) 23274

(b) Calculate ArG when the reactants and product are each present at a partial pressure of 0.10
atm and the reaction is at 350 K. Is the reaction spontaneous under these conditions?

1 ) 2
ArG = A(,C) - P?Tiw(&) (2 zgﬁlﬂm p (0,106%2 = [op
3 3 P } R
= --32.74 ’;j»; - 0,@083&‘1%(% & (F NJ(QJ (.10 abs)
3ol = In(100)

1934 182
Mol

}’55) ik s S{WWGM

Question 21 (18.33):
For each set of compounds below, circle the one of highest entropy. Assume that all are at the
same temperature. Briefly explain your reasoning.

(a) HF(g) HCl(g) HBr(g)>
ok et with e s,

(b) NH4CI(s) QH4ClI(ag)>
Sdubuns have amief mm {her solds

(c) C2Ha@D N2(g) (same molar mass)
‘;WT) iwenes itk wolesdir cwflemj

(d) NaCl(s) (NaCi(g)
Selids hae lower ew\NFJ {’L\M j&ws
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Toni
-32.74

Toni

Toni
-32.74

Toni

Toni
ln(100)

Toni

Toni
-19.34

Toni


Chapter 19: Electrochemistry

Question 22 (19.21):
Consider the following half reactions

Half Reaction E°(V) (a) Based on E° values, which metal is the
Cu’*(ag)+2e” ->Cu(s) | F034V most easily oxidized?
Sn?*(aq)+2e” ->Sn(s) |~ 014V A{ B
Fe2*(aq)+2e” ->Fe(s) |~ 044V
Zn*(agq)+2e” >2zn(s) |-076V (b) Which metals on this list are capable of
ARt (aq) + 3¢~ -> Al(s) -1.66 V reducing Fe2¥(aq) to Fe(s)?

Zas) | A(s)

(c) Write a balanced chemical equation for the reaction of Fe2+(aq) with Sn(s). Is this reaction
product- favored or reactant-favored?

Fe “(%3 + 6al8) —> §F(ep) +Tels)
Lol = =04V =(-0.4V) = = 036V
'ﬂlﬂ {‘le'iw) LS (m}‘ de

(d) Write a balanced chemical equation for the reaction of Zn2+(aq) with Sn(s). Is this reaction
product- favored or reactant-favored?

Zo™(ag) +$als) —> $a*ley) +ZoLs)
Eut = =06V = (~0.4V ) = = 06dV
/llt\e {%L‘?‘m N fcn;,lm{' favred

Question 23 (19.33):

One half-cell in a voltaic cell is constructed from a silver wire electrode in a AgQNO3 solution of
unknown concentration. The other half-cell consists of a zinc electrode in a 1.0 M solution of
Zn(NO3)2. A potential of 1.48 V is measured for this cell. Use this information to calculate the

concentration of Ag™(aq).

Zn?* (aq) + 2e -> Zn (s) °=-0.76 V
Ag* (aq) + e -> Ag (s) E°=0.80V
Belowad Lioshin 2y (ag) # Za(s) = 70" (o) +20405) G em
Lol = 0.0V - (-076V) = 156V i @‘ = 505\
O == -
LA e z e

B * Ll = Z55 (0)
(@) =( ) (B’ ~Ea)
(n(%) :(&‘7>(\,%«;v—l,wv) = (.26



Question 24 (19.37):
Use standard reduction potentials below to calculate the value of Ksp for AgBr (s)

e AgBr(s)+e ->Ag(s) + Br (aq) 0.0713 V

o Agt(aq)+e” -> Ag(s) 0.7994 V
&;A{;ié’k Q@dﬂi’ﬁﬂ
. o o ) ms?
A8 2 ) b By e, = I (1G,)
A vy T ﬂg ]
Lea » g:v Ix>\’/ - GV h{;,z,;‘ﬁ) = ﬁ}m::
= =0 T8V oy oy
f‘m,f) 5@ B = et 4 467 HOM‘&
Question 25 (19.49):
Electrolysis of a solution of CuSO4 (aq) to give metal Cu (s) is carried out using a current of 0.66
A. How long should electrolysis continue to produce 0.50 g of copper?
i md G  md .
ng}:‘(‘;x‘-‘\-" "‘“‘“"‘i %xl}—.;zgws
(D)S‘i\xj(m N ¢
FS
Mv’\w j\ j )
PAGRS .
G R VR e T
Yol €
Question 26 (19.3 & 19.5):
Balance the following redox equations. (a) is in acidic solution (b) is in basic solution
(a) MnOy4 (aq) + HSO37(aq) -> Mn?*(aq) + SO4* (aq)
- ¢ N } + 3
[ Moy ()« B 45¢7 s gh2q) « HibalD]#2 a0, W pioe” = W 4210
[, + e 5 sqr + 3 e 207 | a5 SWwy 45U > 580, HisH ol
200 SO KUY > g, 430 4 5sa,
(b) Fe(OH),(s) + CrO4* (aq) -> Fe(OH);(s) + [Cr(OH)4] (aq)
( Oy # Fe(oW), (9 = Fe (o)) 427 ) %3 ol ¢ 3Te(oM), () —> TFelely() 4 3"

Croy (e + M0 () 436 —> [Caay ] ™+ ol )+ CO4la) 1 Mo ) 137 = [Gaan, ] w6y
Cou () ¢ 3TeloW) ot o (og) > Lc,cou]q] K Fe(w)s(s) mq‘(av




Chapter 25: Nuclear Chemistry

Question 27:
Give an example of each of the four types of nuclear reactions (a emission, § emission,

positron emission, electron capture) for 235U.

o lmision U > o v 3Tl

/é QaSSten ;%U . 4 @/% { % /V;()

fa«.ﬂm sy S0~ 7B+ el

tleshon @fﬁw@ %’fu + (fe; SN 'ff’ fa.

Question 28 (25.15):
The uranium-235 radioactive decay series, beginning with 235U and ending with 237 Pb, occurs

in the following sequence: a, B, a, B, a, a, g, g, B, B, a. Write an equation for each step in this
series.

b
23 ‘;:,:,, w1 P& 24 ity zia ,
2‘%)0 > s G > e e e e A O 1 T i A}
N + vy ; - ; f )
| A TR ¥ 4
IR S N L LI (O COS C

Question 29 (25.19): Predict the probable mode of decay for each of the following radioactive
isotopes, write an equation to show the products of decay, and briefly explain your reasoning.

(a) bromine-80 (b) californium-240

80 2o
55 b i O

%§ {)N}ﬁf&, % y‘z.&;'ifms G‘ & f)mlvn;) Hl, W‘)

A 1 M (2L
NS>y () s bebe emission ¥ fva\%&‘i , a!)o LS
Q > o 1 ZSb o

g 3
2;?81’ -> w?/g + 52 Kr

(c) cobalt-61 (d) carbon-11
A il
G 6
a7 prlos, H atvhing G Praivfﬁ , S nvhag
n>2p., bab tmizsion Feonr redosns e

siken  Guaitsien op b,gL:A (o, Ave
Gl 0y b /) " ’ f
a7l > p "y Ni

6c ~ Up



Question 30: Given }H = 1.00783 amu jn = 1.00867 amu, calculate the binding energy per

mole of nucleons for the following.

(a) "'B (11.00931 g/mol)
géﬁ M Mé@;ns) b mekors e QW
(o ”’f = G (oee79,,) + SCleetzs Yl

2 o7 Yy p
A = (11A - %, 0 = 0.031% %yp =
(b) “°Ca (39.96259 g/mol)
40 : ;
(A ! Lw’ M&wﬁ) 40 PAE05S g 18 Fm&ws
Wa Mago = Jo( L7 Y 17339,
= L{MS fyrw\(a

-

Amz (Ho33 ~3uigq) Yae = 0'%‘7‘13@&’

(c) "°0 (15.99492 g/mol)
©oe it aucdtons, $archans and gi’“l"“
Bat By = QUlousTHhy +ii05T0304,)
= ‘(9:‘22 %0
. g ey G s o
Aim 2 zwgz% i‘§,ﬁ%gﬂ:§ 04 576%4%&

= 1308 ™ By

Bm)nj @M:‘j = Amt

A}

1234 wjo B2
i C

M ] -
( B = TTowo*
M‘;i M,{uu l mimjwa

Question 31: Gallium-67 (t12 = 78.25 hours) is used in the medical diagnosis of certain kinds of
tumors. If you ingest a compound containing 0.015 mg of this isotope, what mass (in milligrams)
remains in your body after 13 days? (Assume none is excreted.)
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