Chapter 10 Homework Solutions

10.1  The rate law is of the form: Ac_onc =k -conc?
Atime
Imol/lL=1M
1 conc 1 1 P

Units of k are: k =

3 = 2 o na2 =M"s
conc® time conc”-time M*“s

10.2 First order Reaction
[Alo =220 mM/L = 0.220 M/L=0.22 M
[A] =56 mM/L =0.056 M att=1.22x10*s

In(ﬂ] =—kt > k= —lln[ﬂJ =— L In(O'OSGJ =1.12x10*s™*
[A], t {[A] 1.22x10*s  {0.220

10.3  Second order Reaction
[Alo =220 mM/L =0.220 M/L=0.22 M
[A] =56 mM/L =0.056 M att=1.22x10%s

IS T (S N R S N T S T
[A]l [A] t{[A] [Al,) 1.22x10%s{0.056M 0.22M

104 k=1.24cm®mol?tstx 1L /1000 cm®=1.24x10° L molts?t=1.24x10° M1s?

[Alo=0.260 M [A]=0.026 M

T T S U T T I o[t 1) pga0ts
[Al [AL K\[A] [Al,) 1.24x10°Ms*(0.026M 0.260M



10.5

10.6

10.7

Ea = 99.1 kJ/mol = 9.91x10* J/mol ko/ki1 =1.10 T1=25°C =298 K T2=7?

In(L.10)=3.348x10" K *

1 RI[kZJ 1 8.314J/mol-K

k, ) 298K 9.91x10° J /mol

2 1 a
T2 =1/(3.348x10° K1) = 298.7 K = 299 K.

Note: The reasons that T is so close to T are (1) The ratio is close to 1, (2) 99.1 kJ/mol is a
very large Ea..

T1=455°C =728 K T2=550°C =823 K Ea = 251 kJ/mol = 2.51x10° J/mol

oK) E[1 1] 251a0°J/mol[ 1 1 |_,
K, R|T, T,| 8314J/mol-K|823K 728K |

2 e4.79 :120 BN (tl/2)2 — 0693/k2 :ﬁ :i :8.31X10_3
K, (t,,), 0.693k, k, 120

(t12)2 = 8.31x1073(t12)1 =8.31x103(6.5x10° s) = 5.40x10% s

k,

[Ao] [Bo] lo o= k[Ao]x[ Bo]y

010M 20M 850 Ms?

0.30 2.0 2.83

0.30 3.0 7.80
r), [[AL] [[B,L 8.50 [0.10) (2.0 '
,_In(0333) -110_

In(3.0) +1.10
() _[[AL]'[IBL ] @:{@}*{Q}v > 2.76=(L5)"
r), AL |[B.], 2.83 (0.30) (20 ' '
_In@76) _ 102 _,. .,

~ In(L.5)  +0.405

[BO]SI2 - k= ro[Ao]

=k -1 B 5/2 =k —
KA T[BT =~k T



. _ (r,),[A]l, (850Ms™)(0.10M) 12—
Point #1: k = [81]5,2 L= 20N =0.15M %57
odl '

Points #2 and #3 give same value.

10.8 [A]o=0.60 M
(@ [A]=030Matt=45s

Lo wk 1{1 1} 1{ - - }=3.70x10‘2M‘1s‘1

[Al [Al, “t|[Al [AL | 455|030M 0.60M

(b) [A]=??att=70s
I SV
[Al [AL 0.60M
Therefore, [A] = 1/(4.26 M) =0.23 M

+(3.70x10* M s 7')(70s) = 4.26 M

©) [A]=0.15Matt="??

1(1 1 1 1 1
o - R - =135s
k|[A] [Al,| 3.70x10°M“s™|0.15M 0.60M

0.693  0.693
t,, 5730 yr

[4Clo=1.1x1072  [¥C]=7.2x108  t=7?

14 14 -13
9 e PSR 1P i L ) 2220 as00yr
["C] k [["C], 1.21x10°" yr 1.1x10

0

109 t1,=5730yr > k= =1.21x10"" yr ™

10.10 “K(s) — “°Ar(g)  tiz = 1.25 billion years (1.25 by)

Prepare a table of the following type:

time [“K] [“Ar] [“KJ[©A]  [CAr)[*K]
0 1 [*K]o 0 [“K]o o0 0
1tp=125by  050[“K]o  0.50 [“K]o 1.00 1.00
2t,=250by  025[®K]o  0.75[*°K]o 0.33 3.00

3t12=3.75 by 0.125 [“K]o  0.875 [*)K]o 0.14 7.00



10.11

10.12

(@) If arock is 3.2 by old, then the ratio, [*°Ar]/[*°’K], must be between 3.00 and 7.00.
Therefore, the correct answer is: (iii) 4.90

(b) If the ratio, [**K]/[*°Ar] = 0.75, then the age must be between 1.25 by and 2.50 by
Therefore, the correct answer is: (ii) 1.50 by

[Ao=090M t1,=150s [Alb=030M  t1,=260s

NP S 7 3 {([Alo)l}x‘
(A ) L(TAL,

_In.73) 055 1

260s  [0.90M
In@ 110 2

~10.30M

x-1
- 1.73=3)*! » x-1
150s

Therefore, x =1/2+1 =3/2

ki =1.5x102%stat T1 =40°C = 313 K ko = 8.6x102% st at T, =80 °C =353 K

K, 8.6x10
"k, "\15x0°
o)
E - R __. .
@ In[t—z}—?{%—ﬂ L E Ri_i (8:314J /mol - K)— 1
! 2 T, T, 353K 313K

=9.30x10* J /mol = 93.0kJ / mol

_Ea = 9.30x10* J /mol
kl — Ae RT, N A= kle RT, — (1.5)(1073 sfl)e (8.314J / mol-K)(313K) — 5.0X1012 Sfl

Using k2 and T gives the same value for A.
(b) kz=???at T3 =130°C =403 K

_E, 9.30x10* J /mol-K
k3 — Ae RT, — (5.0X1012 S—l)e (8.314J / mol-K)(403K) — (5.OX1012 S—l)e—27.76 — 4.48_1

(©) (t2)a=200satTs="?

0693 0.693

= =3.47x1073s™
(t1/2)4 2008

K,




_Es E ' 12 o1
k=Ae ® — In(k)=In(A)- Es - 2= In(éjz In S0d07s - 735 )
RT RT k 3.47x10" s
4
Therefore, T = E, 9.30x10° J /mol =321K =48°C

34.90R  34.90(8.314J /mol - K)

10.13 Two points on Graph: (1) In(k1) = 6.0 at 1000/T1 = 2.60 [1/T1 = 2.60x107]
(2) In(k2) = 0.0 at 1000/T> = 3.80 [1/T, = 3.80x10]

E

K= Ae ® - In(k) = In(A)— —2

R

= Int+SIope-i
T

=]~

Int =In(A) and Slope:—%

=-5000K

In(k,) —In(k,) 0.0-6.0
Slope = 2 1/ _
P 1 1 3.80x10° K™ -26x10° K™
T, T

Int = In(k,) — slope Ti =6.0 - (-5000K)(2.60x10° K ™) =19.0

1

E, =—R-slope =—(8.314J /mol - K)(-5000K) = 41600 J / mol = 41.6kJ / mol

A=e™ =e®0 =18x10%s1

J =34.90



