22. 0.0120/0.0080 = 1.5; Reactant B is used upirhés faster than reactant A. This corres-ponds to
3 to 2 mol ratio between B and A in the balancedagiqn. 0.0160/0.0080 = 2; Product C is
produced twice as fast as reactant A is used uphé&ooefficient for C is twice the coefficient for
A. A possible balanced equation is: 2A + 3B 4C

1/2
24.  Rate = KICH[CHCI4, T—Ol = k(mTOlj (mTolj , k must have units of'&/mol**Xs.
s

125x10° _ k(0.080)* (0.040)
625x10°  k(0.040" (0.040”
125x10° _ k(0.080)(0.040
625x10°  k(0.080)(0.020"

26. a. Rate =K[I[S,05°]; ,200=2.0 x=1

, 2.00=2.0, y=1; Rate = K[[S,0¢"]

b. For the first experiment:

125%10°° mol _ k( 0.080molj( 0.040mol

. k=3.9x103L/molXs
Ls L L

Each of the other experiments also gives k = 319X L/molXs,
SO knean= 3.9 x107°L/molXs.

34. a. Because the 1/[A] vs. time plot was lindlag, reaction is second order in A. The slope of the
1/[A] vs. time plot equals the rate constant k. fEfiere, the rate law, the integrated rate law
and the rate constant value are:

Rate = KA}, —= =kt + = k = 3.60 x102L/molXs

1
[A] [Al,

b. The half-life expression for a second-ordectiea is: t,, =

k[AL
1

— — =992 x16s
360x10“ L/moles x 280x10° mol/L

For this reaction: 14 =

Note: We could have used the integrated ratedasolve for 1, where
[A] = (2.80 x107*/2) mol/L.

c. Since the half-life for a second-order reactiepends on concentration, we will use the
integrated rate law to solve.

1 1 1 _ 360x107%L 1
= Xt+

_— t+ ,
[A] [Al,  700x107*M mole s 280x107*M
1.43 x 161 357 = 3.60 xXL0%t, t = 2.98 x 1bs

40. The slope of the 1/[A] vs time plot in Exerciis® 39 with equal k.



47.

54.

(60-20) L/mol

slope =k = =10 L/moXs
6G-Ds
a —— =ki+—t =20 L9cs 1 100, [A]=0.0M
[A] [A], mols M
b. For a second-order reaction, the half-life didesend on concentration;y,t= K[A]
(o)
First half-life: 4= -~ =1s
S Y27 0L . 01mol ~
mols L

Second half-life ([A} is now 0.05M): t;,=1/(10 x 0.05)=2s

Third half-life (JA]o is now 0.0253M): t;,=1/(10 x 0.025) =4 s

Successive half-lives double as concentrati@etreased by one-half. This is consistent with

second-order reactions so assume the reactiocosd®rder in A.

tip = L , k= 1 - _ 1 = 1.0 L/moXmin
K[A], t,,[A]l, 10.0min (010M)
a ——=kt+-——- = 1'0"_ x 80.0 min +—— = 90.M *, [A]=1.1x107°M
[A] [A]l, molmin 010M

b. 30.0 min = 2 half-lives, so 25% of original \remaining.
[A] = 0.25(0.10M) = 0.025M

WhenAE is positive, the products are at a higher enegtgtive to reactants and, whag is
negative, the products are at a lower energy velat reactants.



60.

70.

” k E . I
For two conditionsin| —2 [=—2 E (Assuming A factor is T independent.)
K, R{T, T,

n 81x1072%s™ | _ E, 1 1
46x107%s™t | 83145J/mole K| 273K 293K

E
0.57 =—2_ (2.5 x10™), E,=1.9 x 14 J/mol = 19 kJ/mol
8314t

Rate = AAl — K[A]*
At

Assuming the catalyzed and uncatalyzed reaction Ha same form and orders and because
concentrations are assumed equal,matAet-.

ratg, _ Aty _ 2400yr and rate,, _ Kcat
rateJn At cat At cat rate.m k un

rate, _ Koy _ ACXPITEL(CAY/RT]  expl-E, (caf) + E, (un)]

rate,, - Kun Aexp[—Ea(un)/RT] RT




Keat = oy = 590x10* J/mol + 184x10° J/mol | _ 2 62 x 16
8.3145J/mols K x 600.K '

At rate, _ Ko  2400yr

un —
- )

=7.62 x 1¢°, Atey=3.15%x107° yr=1 sec
At cat rate.ln k un At cat

The Arrhenius equation is: k = A exp {F&T) or in logarithmic form, In k = -ERT + In A.
Hence, a graph of In k vs. 1/T should yield a gtmtiline with a slope equal to 4R since the
logarithmic form of the Arrhenius equation is iretform of a straight line equation, y = mx + b.
Note: We carried one extra significant figure lie following In k values in order to reduce round
off error.

T (K) UT(K™) k (L/molXs) In Kk
195 5.13 £0°° 1.08 x 18 20.80
230. 4.35 %072 2.95x 18 21.81
260. 3.85 20°° 5.42 x 18 22.41
298 3.36 £0° 12.0 x 18 23.21
369 2.71 20°° 35.5x 18 24.29
. T T T
24.00 + ]
23.00 -1
X
c
22.00 - 1
21.00 + i
1 i

i
2.00 3.00 4.00 5.00 6.00

1000
T(K)
From "eyeballing" the line on the graph:
slope = 2(1.395— 2365 = - 2.70_3 — _135x1GP K = -E,
(500 x 10~ - 300x10°) K 200x10 R

83145"’ = 1.12 x 18 J/mol = 11.2 kd/mol
(0]

E,=1.35 x 16K x



From a graphing calculator: slopéE43 x 16K and E = 11.9 kJ/mol

80. For second order kinetics:l— - i =kt andt,,, :L
[A]l [Al, k[A],
a L =(0.250 UmoKs)t+—~, —~ =0250x180.5 +——
[A] [Al,  [A] 100x1072 M
1

—=145M7", [A] =6.90 x103M
[A]

Amount of A that reacted = 0.0100 0.00690 = 810Q

[A,] = %(3.1 x10°M) = 1.6 x103M
b. After 3.00 minutes (180. s): [A] = 3.00 [B]96 x10°M = 3.00 [B]

[B] = 2.30 x107*M

1 =k,t + 1 , 1 —— =Kk,(180.s) + ;_2 k= 2.19 L/moKs
[B] [B], 230x10° M 250x10“° M
b= L ! =4.00x 16s

K[A], 0.250L/mole sx 100x1072 mol/L

o1 mKe|=EBafl_1). | [17x10°s")_ Ea 1 1
' K, RIT, T,) 72x10%s") 83145J/Kemol{ 660K 720K

E.=2.1x 16 J/mol

For k at 32&C (598 K):
| L7x10°s? | _ 21x10°/mol (1 1
k 8.3145J/K + mol { 598K 720K

J, k=1.3 x10°s™

For three half-lives, we go from 100% 50%— 25%— 12.5%. After three half-lives, 12.5% of
the original amount of £1s| remains. Partial pressures are directly relabeghbis concentrations in
mol/L:

Pe,ng =894 torr x 0.125 = 112 torr after 3 half-lives



