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Exam 3 solubility review problems x= I 52»x\o0” im (] 2 2%

(Pt} = \ S2x1072 M
() = 5ow x10™2 M\

72. Calculate the solubility of each of the following com-

pounds in moles per liter. Ignore any acid-base proper- b K =

ties. Determine the concentration of each ion in each solution. P - M

a. Pbl, K,, = 1.4 X 10~ 2‘2‘8 \O~ 795 \0
b. CdCO,, Kq, = S xR .;1 OB

C, Sl’q{PO,‘}g, sp T =1Xx 10_“ [-w‘ﬂ) (.CO.B

C. Ksp = (0B 2

74. Use the following data to calculate the K, value for each

solid. X = 2 q‘f X \O N\
a. The solubility of Pb;(PQ4) is 6.2 % 10" mol/L. \O /V\
b. The solubility of Li,CO3 is 5.47 g/, Ysrtz‘l 3 r= - Lﬂﬁ
75. For each of the following pairs of solids, determine which - L& qs J(\O M
solid has the smallest molar solubility. YPD "‘b’] 2 X -
a. CaF(s), K,y = 4.0 X 107" or 4 -2
BaFa(s), Ko = 2.4 X 10~ T4 . |08 x9 x=2x10
b. Ca3(POu)a(s), Kip = 1.3 X 10772 or a K5~P - 55
FePO.(s), K,p = 1.0 X 1073 Kse = 4.91x16°
76. The K, for silver sulfate (Ag,SO4) is 1.2 X 1077, Caleu- ‘
late the solubility of silver sulfate in each of the follow- %
ing. ; b 5. a4 9‘ > -‘“’_'_8'_5‘ = ‘07"{l M

a. water b, 0.10 M AgNO; c. 0.20 M K,50,
77. Calculare the solubility (in mol/L) of Fe(OH); (K, = 4 X

107*%) in each of the following. ¥

a. a solution buffered at pH = 5.0 K‘S'P L‘ ')

b. a solution buffered at pH = 11.0 L\( 01"‘ |
78, The solubility of Ce(I03); in a 0.20 M KIO, solution is Ksp = |63 x o

4.4 X 107% mol/L. Calculate Ky, for Ce(1O;);.

TSa - poth are 17k ron Mo,

$1. Will a precipitate form when 100.0 mL of 4.0 X 107* M A ‘_—H
Mg(NO3), is added to 100.0 mL of 2.0 X 10~ M NaOH? 50 compate Rsp arectly:
82. A solurion is prepared by mixing 75.0 mL of 0.020 M SO
BaCl, and 125 mL of 0.040 M K;SO4. Ca¥r Nas smaller (r,
Kgp for BaSO, = 1.1 x 107" . Does a precipitate form? If so,
h;\pu many gr;msofprecipitatearcformed? m“u" Sttubl‘ H .
\08 X
(Zumdahl, Chemical Principles, 5th Edition) b o~ Cﬂg(,Po"Dz_ Ki{’ .
3 -1
7609 N PYre walte waYer l(bf Hx x= lWoXX¥\O
2
X = (44 x10°% fe POy Ksp = X
72 -0
b) w\‘\'\/\o« common (on, v x = Lx\D \
Kop expression: FePOy has 2/ =
(ol

K${J P‘a'q VSO mp\ar S0
1210 = (10" (5ou]

(s04%) = (27107

A 5 % f

) Ksp > (hafi2 (0:2] m«%ﬂ ;“5’;“’”\,\” sl = 3.87 510,
o =
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Exam 3 kinetics review problems

- A X L (e2%e
19. The following data were obtained for the reaction — =
05 0.0
2Cl0;(aq) + 20H (ag) Y - 2
—— CIO3 (ag) + ClO; (ag) + H,O({l) ( 2‘)" = Y L{l X =
[ClOz)o [OH ], Initial Rate
(moll)  (molL)  (molL™'s™") Compare frials 2and 3
{ —0.0500 0.100 5.75 X 1072 \ o\ Aovb\es the
2 —0.100 0.100 2.30 X 10" Aoubl\i i (or)
3 — 0.100 00500  1.15x 10" cate . Therefore ¥ ° \
(o]
a. Determine the rate law and the value of the rate (‘O\*C - \Q (-C.\O'z_\ (OH
constant. '
b. What would be the initial rate for an experiment ' {a\ \JQ WA
with [ClO3]e = 0.175 mol/L and [OH ] = 0.0844 C)'\OOSIL an4 '\ ) P(_o 3
>
mol/L? P"‘-\'e ' (C_\Ozl : al\’\ H
: — - L
(Zumdahl, Chemical Principles, 5th Edition) K = 230 M-“s
2 ..q
b‘) rm*e = 2%0 (~\’\‘ﬂ (‘094
54.  What is the activation energy for a reaction if its rate
constant is found to triple when the temperature is raised f{?\'l'e. - O " Sc\ L‘ M/“g

from 600. K to 610. K?

. ” . . BLEﬁnLEZ':E‘?-‘(J”“-\"’v
55. For a gas-phase reaction, the pre-exponential factor A is 45.38 K, e} 1 Tz_

and the rate constant is 0.0850 min~ at 273 K. Find the .
rate constant at 323 K.
Ln 3 = Eo. (‘L' -4 )
8awy 600 61©
: g g )
56. The rate constant of a reaction is tripled when the tempera-
ture is increased from 298 K to 308 K. Find F,. e
Ear 335 k/mol

(Whitten, Davis, Peck, and Stanley, Chemistry, 8th Edition.)
Gl - Just ke B, bot

55‘ C_a\c,\o.:\'e_. Ca vSing H/'E. Tt = 28% and 1}_:308
Swule- temperre Arents A e g5 834 Yol
MU%H’V‘,“ e o T il Q_“KL_ Ca () A
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~-Ea/RT i)
Kz Ae Ka %‘ (T\ fz)
./Q#\K = ﬂ/\A i EG/I'Z'T
~t(Lak - InA) = E= % e

8221 (4n(085) - oot KL-— K * 264

Ea= [L’\ﬂsqjlm\ . Bt A K 7 o N
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on or A repud'\oi\ ‘H'\u‘]‘

42. Define each of the following. N & w—lH“S“'@P fE*C"
a. elementary step — \ﬁa\e g*&? 0CLsrS 1N pﬂ‘\-l one step-

b. reaction mechanism ~ th~e step b-1 S'h-_P proces> ,‘_H(-oug\‘ whvch & f‘ea(,‘h‘on ollw
¢. rate-determining step -ﬁ,,e 5\&#&5"’ cle I”Elﬂ'i'af-‘l ;*E’P | O mechamsm.

Write the rate laws for the following elementary reactions. N ]
a. CH;NC(g) — CH;CN(g) pate = K (CHaNC

b. O5(g) + NO(g) —> Oa(g) + NO2(g) pgte = 693-1@0_]
o

(S,

- ¢. Os(g) — Oa(g) + Olg) (orte =
Mate -r.,f*}} (‘ld. Os(g) + Olg) — 20(g) pox s \‘;‘ ¥y V(o) = cake \aws forelementary Al .
~3e, '4C — "IN + B particle (nuclear d ays 3 readrions CF\N |n¢_\..;Ae.. ey

LY
43. The mechanism for the reaction of nitrogen dioxide with DU‘}' not {:‘, - awﬂt\\ rﬁ%*"OnS.

carbon monoxide to form nitric oxide and carbon diox-
ide is thought to be

L
NO, + NO, — NO; + NO  Slow f‘cx\'d - K (MD;_—)
NO; + CO — NOZ g COZ Fast ,‘. CO
.4 Co —»>NO -
Write the rate law expected for this mechanism. What is NOZ. Y
the overall balanced equation for the reaction?

44. A proposed mechanism for a reaction is

- CquBr — C4H9+ Br' Slow ra*e' :h_ K (C"‘. Hqgf‘l
( C4Ho "+ H,0 W Fast

- . > OR +

HZO — C4H90H + H.;O+ Fast C'*HQB(- + ZI—W ‘*Hq 'tl—-{ B{‘ —
43. Write the rate law expected for this mechanism. What is hSO +
the overall balanced equation for the reaction? What are
W‘“er's are cecled.

the intermediates in the proposed mechanism? \q

47. The reaction
2NO(g) + O;(g) — 2NO,(g)
exhibits the rate law

Rate = k[NOJ?[0,]

Which of the following mechanisms is consistent with this

rate law?
a, NO+0; —> NO, +O Slow rate = K (’NO#] {Ozj
0 + NO — NO; Fast
NO + 0, == NO; Fast equilibrium 4
NO; + NO — 2NO,  Slow paate = K (NO] (01-]
¢, 2NO — N,0, Slow 2
Nzoz + Og —_ N;Oq. Fast -‘\mh - k\ (MO]
N,Q4 — 2NO, Fast
d. 2NO == N,0, Fast equilibrinm o 1
NZOZ = NOZ + 0 Slow ron e = k (ND)
0O+ NO — NO, Fast

(Zumdahl, Chemical Principles, 5th Edition)



0.) t-lo“ b)

64, Draw a rough sketch of the energy profile for each of the
following cases.
a. AE = +10 kJ/mol, E, = 25 kJ/mol
b. AE = =10 kJ/mol, E, = 50 k]/mol
c. AE = =50 kJ/mol, E, = 50 kJ/mol
Which reaction will have the greatest rate at 298 K? Assume
the frequency factor A is the same for all three reactions.

65. For the following reaction profiles, indicate:
a. the positions of reactants and products
b. the activation energy
¢. AE for the reaction

"R

Reaction coordinate ——

d. The second reaction profile is representative of a re-
action that occurs by a two-step mechanism. Which
point on the plot represents the energy of the inter-
mediate in the two-step reaction? Which step in the
mechanism is rate determining, the first or the second
step? Explain.

66. The activation energy for the reaction
NO;(g) + CO(g) — NO(g) + CO,(g)

is 125 kJ/mol, and AE for the reaction is —216 kJ/mol.
What is the activation energy for the reverse reaction
[NO(g) + CO,(g) — NO(g) + COg)]?

67. For a certain process, the activation energy is greater for
the forward reaction than for the reverse reaction. Does
this reaction have a positive or negative value for AE?

(Zumdahl, Chemical Principles, Sth Edition)
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Exam 3 nuclear review problems zq.o
Am

I0Oa 95
9. In 1994 it was proposed that element 106 be named
seaborgium, Sg, in honor of Glenn T. Seaborg, discoverer b 2 LU* C‘{_‘
of the transuranium elements,
a. 2%3Sg was produced by the bombardment of 2**Cf
with a beam of *O nuclei. Complete and balance an \5
equation for this reaction. c N
b. %¢Sg decays by a-particle emission. What is the

other product resulting from the « decay of *%3Sg? \
. . a 72 5N
10. Many elements have been synthesized by bombarding rel- ()
atively heavy atoms with high-energy particles in particle ) scls
accelerators. Complete the following nuclear reactions, ! (_ 6 q' A‘\ -\
which have been used to synthcsme elements. t‘ba 4 l s 0 ‘1&
a. ____ +3He — 233Bk + n Be |
b. 238U + 12C — + 64n - -1
c. 23Cf+ — 289Db + 4)n b - 6‘3 "\O 5
d. 249Cf + ]UB — 1031..1' + & E
A | fate = [K (Ga)
13. Radioactive copper-64 decays with a half-life of 12.8 days. ra&_e, \ ore (S ;f\ \S{ﬂkﬁfﬁd"\ﬂﬂs

a. What is the value of k in s™'2

b.. A sample contains 28.0 mg ®*Cu. How many decay Pg.-(‘ SQ'LQM (p{- MO\“’"H f
events will be produced in the first second? Assume -\-o
Second, so er\] s the

that the atomic mass of **Cu is 64.0.

c. A chemist obrtains a fresh sample of **Cu and mea-
sures its radioactivity. She then determines that to do n.w\\oe,(‘ O{: ato MS, 6_‘}
an experiment, the radioactivity cannot fall below l ) e 6-022" odms
-_-____._-_._,_..l-l'._“-—

25% of the initial measured value. How long does
I s 28x10 ‘5" g,l—\% | mole

she have to perform the experiment?

17. Phosphorus-32 is a commonly used radioactive nuclide in r -]

biochemical research, particularly in studies of nucleic

acids. The half-life of phosphorus-32 is 14.3 days. What

mass of phosphorus-32 is left from an original sample of \

175 mg of Nas*?PO, after 35.0 days? Assume that the ]\a{e‘ - \4. (C‘\. 0o

atomic mass of **P is 32.0. 2 63K lot")
20. A living plant contains about the same fraction of carbon- ra\re - (Gs% K\O 5-)( ;

14 as atmospheric carbon dioxide. The observed rate of '*
decay of carbon-14 from a living plant is 15.3 counts per i

minute per gram of carbon. How many counts per minute ml:c - lt 6 4 \O Cﬂ‘_‘[ﬁ’_
per gram of carbon will be measured from a 15,000-yr- e
old sample? Will radiocarbon dating work well for small

samples of 10 mg or less?

22. A proposed system for storing nuclear wastes involves
storing the radioactive material in caves or deep mine
shafts. One of the most toxic nuclides that must be dis-
posed of is plutonium-239, which is produced in breeder
reactors and has a half-life of 24,100 years. A suitable
storage place must be geologically stable long enough for
the activity of plutonium-239 to decrease to 0.1% of its
original value. How long is this period for plutonium-
239:

(Zumdahl, Chemical Principles, 5th Edition)
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AMPLE 19.4 Radioactive Decay Kinetics

tonium-236 is an alpha emitter with a half-life of 2.86 years. If a sample initially
tains 1.35 mg of Pu-236, what mass of Pu-236 is present after 5.00 years?

T You are given the initial mass of Pu-236 in a sample
asked to find the mass after 5.00 years.

' GIVEN:

nipy.o3g(initial) = 1.35 mg;

t = 5.00 ¥13 f]fg = 2,86 yr

FIND: mpy.23 b(hna])

IATEGIZE Use the integrated rate law (Equation 19.3)
olve this problem. To do so, you must determine the
1e of the rate constant (k) from the half-life expression
uation 19.1).

- the value of the rate constant, the initial mass of Pu-236,
the time along with integrated rate law to find the final

s of Pu-236. Since the mass of the Pu-236 (mip,_13¢) 1s di-

ly proportional to the number of atoms (N), and since the
orated rate law contains the ratio (N,/Ny), the initial and
| masses can be substituted for the initial and final num-
0[ atoms.

VE Follow your plan. Begin b} finding the rate constant
n the half-life.

ve the integrated rate law for N, and substitute the values
he rate constant, the initial mass of Pu-236, and the time
 the solved equation. Calculate the final mass of Pu-236.

iln

k ﬂ’lpu zgé(mltlal},
wxwf S

SOLUTION

In— = .t

0.693

I]I;Q 2.86 ¥r

0.693
KL = X
0693
= 0.2423/yr
,f = =t
}.NO
Ni et e—fcr
Ny
E EVf = Nog—‘ﬁ'f
- N, =135mg e
- N, = 0402 mg

¢ (02423/¥)(5.00 ¥y

-CK The units of the answer (mg) are correct. The magnitude of the answer
02 mg) is about one-third of the original mass (1.35 mg) which seems reasonable
n that the amount of time is between one and two half-lives. (One half-life would
It in one-halfl of the original mass and two half-lives would result in one-fourth of

original mass.)

 PRACTICE 19.4

v long will it take for the 1.35-mg sample of Pu-236 in Example 19.4 to decay to

)0 mg?




