Chapter 21 Homework Solutions

211 2A+B > 2C+3D %zZ.?MS1
Rate:imzl(m Ms™)=1.35Ms™
2 dt 2
Rate =1.35Ms™ __LdIA] - diA] =-2(1.35Ms™) =-2.7Ms™"
2 dt dt
Rate=1.35|v|slz—% N %:—1(1.35Msl):—1.35M51
Rate =1.35Ms™ :+1d[D] - dib] =+3(1.35Ms ") = +4.05 Ms™
3 dt dt
21.2 Compare Expts. 1 and 2: Yo _[ [Ale — &:(Ej — 0.333=(3.0)"
r, \[AL, 850 (0.1

x = In(0.333)/In(3.0) = -1.10/+1.10= -1

y y
Compare Expts. 2 and 3: Tos _[[Bls — @:(ﬂ) — 2.76=(1.5)
r, ([Bl, 283 (2.0

y = In(2.76)/In(1.5) = 1.02/0.41= 2.50 = 5/2
[B]SIZ
r, =K[AL[B]y =k =—2—
[Al,
[A] L, 0.10M
k=r - =850Ms" —— =
°[BI? (2.0M)

We used experiment 1 to calculate k. One gets the same answer using either of the other two
experiments.

5 () :([A]M j _ ( Pu }
(tlIZ )1 [A]OZ p02

Note: The ratio of concentrations is the same as the ratio of pressures.
880s £363torr ]“

0.15M Y2571

= 215=(215)" - nl1=1 — n=2
410s | 169torr

4 (ty,), :([A]m}x N ﬂ_(OA
200

x-1

= —j — 0.25=(2.0)"
(tllz)l [A]oz 0.2

In(0.25) -1.386 _

Therefore, x-1= = =
In(2.0) +0.693

20 - x=-2+1=-1




x—1 w1
5 e (M) %ZE Ollj — 0.63=(0.40)""
(ty) [Al,, 200 \0.25

In(0.63) —0.462
In(0.40) —0.916

Therefore, x-1= =+05=+1/2 —> x=1/2+1=3/2

21.6 (a) [Alo=1.30 M, [A]=0.50(1.30 M)=0.65 Matt=tyz =425
11 kt — kzl RO T 1 1 =0.0183M st
[A] [A], ti[A] [A]l,) 42s{0.65M 1.30M

Note: you will get the same answer if you use the formula for the half-life of a second-
order reaction, k = 1/(t12[A]o)

(b) [Alo=1.30 M, [A]=?att=60s

O S +(0.0183M *s7*)(605) =1.867M
[Al [A] [A] [A], 1.30M

1.867M

©) [Alo=1.30M, [A]=0.80 Matt="?

1 1 111 1 1 1 1
— =kt > t==| —— = —— - =26.3s
[A] [A], k\[A] [A],) 0.0183M~'s—{0.80M 1.30M

21.7 Preliminary (Integrated Rate Equation)
d[A] 3
——==-K[A] —

=KAY > [

[A]

Jin 1A ( ){[ 1), =k(t-0)
1 L = +2kt
2|[AF [AJO AT [Alo

(@) [Alo=0.80M,[A] =050 M, t=6.45s

2l e~ ovow) () 0200
2t [[AT [AL;] 2(6.4s) |\ 0.50M 0.80M




(b) [Alo=0.80M,t=20s,k=0.19 M2, [A] =2

Lol k=1 - 2(0.19M%%)(205)=9.163M
(AT~ [AR (0.80M)
ﬁ: (9.1625M2)"? =3.027 M

1

“30zrmt O33M

[A]

(¢) [Alo=0.80 M, [A] =0.30 M, k =0.19 M2 t=7?

t:i{l _ 1}: L {( L j( 1 ]}—25.1sz25s
2k |[AT [AF| 2(0.19M7%s?) |l 0.30M ) | 0.80M

21.8 Preliminary (Integrated Rate Equation)

AAL_ ypppe , GIA
dt [A]

(Al L (132 _
J.[A]O[A] d[Al= kJ.odt

Lz Al 1 1
[—Z[A 1/2][A]0 =kt — —ZEW—WJZ—kt

1 1 1 1 1 1

=[A]¥*d[A] = —kdt

[AI" [AL" 2 [AT" [AL" 2

0] 0

(@) t =ty when [A]=[A]o/2.
k=0.03 M¥2%s% [A]o=0.50 M , [A] = 0.50(0.50 M) = 0.25 M , t = ?

1 1 1 (2){ 1 1 }
72 1 aql2 +-kt > t=— 2 [ A2
[AT" [Al" 2 kJ[AI  [Al,

L= 2 11 _ 395
2 10.03M Y% )| [0.25M T2 [0.50 M ]2

(b) k=0.03M¥2s1 [A]o=050M,t=25s,[A]="?

1 1 1 1 1 . _
\ W=w+5ktzw+5(oo3l\ﬂ 13 l)(255)=178M vz
[A]Y? = m =0.562M"* — [A]=(0.562M"*)* =0.315M ~0.32M



(c) k=0.03 M2 [Alp=050 M,[A]=0.20 M, t="?

2( 1 1 2 1 1
t=2 - - - =54.85~555
k ([A]l’2 [ALY? J 0.03M %7 ((0.2 M)"?  (0.5M)"? j

21.9 (a) [B]-»=0.90 M
[Al- + [B]» = [Alo = [Al»=[Alo- [Bl.=1.20 M -0.90 M =0.30 M
k. [B], 0.0
S oDl P 300
k, [C], 0.30

=0.20s™

-1
® %z 300 > e = 3kcl)o - 0'36?)(83
2 . .

k2
k, +K,

[A]o {1_ e—(k1+k2)t} _ &(1.20 M ){1_ ef(o.eo+o.20)(2.0)} —0.24M

[C]= =
0.60+0.20

21.10 ki=1.5x10%sat T =40°C =313 K and k. = 8.6x102 s at T, =80 °C = 353 K.

E[1 1

(a) In(kZ/kl):—F{__?} N Eaz_RIn(kzlkl)

11
TZ Tl

n (8.6x10’2 /1.5x10’3)

I
E, =—(8.31J /mol -K) =9.29x10* J / mol ~ 93kJ / mol

1
{SSSK_BIBK}

Ea _ Ea
In(k) =In(A)—== — In(A)=In(k) + 2

1 1

9.29x10*

—oTTT  =2021 > A=e®=49x10% s
(8.31)(313)

In(A) = In(1.5x107%) +

(b) ki =1.5x103 s at T1 = 40 °C = 313 K , ks = ? at T3 = 130 °C = 403K

in(k /k)—_i 11 __9.29x104[ 11 }_798
o R|T, T, 8.31 [403 313]




In(2) 0.693

) k, = =~ =347x10°s™

t,  200s
ki=15x10% s at Ty = 40°C = 313 K , ks = 3.47x10% st at T, = 2
n(k,/k)=—=| 221 5 22 Rn iy

R|T, T, T, T E

1.1 83 347x10°/15x10°) =3.120x10° K
T, 313 9.29x10
T -1 _31K-273-48°C

3.120x10° K™

AH*

21.11 AH*: Slope=-5450 = —

AH* = —R(-5450K) = (-8.31J / mol - K)(~5450 K ) = +4.53x10* J / mol = 45.3kJ / mol

AS*: Intzln(% h)+A§ - AFS{:Int—In(%\| h)
A A

A—;_ =12.80—|n(2.1x101°) - -10.97

AS* =-10.15R = (=10.97)(8.31J /mol - K) =—-91.2J / mol - K

ED
21.12 In(k):ln[CT”ze 4T}=In(C)+lln(T)— S
2 RT
dink) E, .. 1 E
dT  RT? 2T RT?
E, =RT? 04—+ EozjlenEo
2T RT?) 2

21.13  Part (a) Pre-Equilibrium: A, ez==A+ A
Followed by RDS: A+B—>P
[AF

From Pre-Equilibrium: K :[Az_] — [A]l=K"[A T
Rate =% = k[A][B] — k(Kllz[Az]UZ)[B] — kK”Z[AZ]M[B] _ keff [Az]llz[B]



21.14 Steady-State Approximation on [AB]

A[AB]

=0=K[AI[B]-k,[AB]-k,[AB][A] = k,[Al[B]-[AB]{k., +k,[Al}

Therefore [AB] = %

_AIP]_ _\ | KIAlB]
Rate == _k2[AB][A]_kz{k_lJrkz[A]}[A]

_AIP] _ kk,[AF[B]

Rate =
At k,+k,[A]

21.15 A— 2B+ C ®r=2.1x10*=210

-3
n, =2.28mmol B-20_"B _ 5 58510 mol B- 2" A _1 14310 mol A
1mmol B 2mol B
-3
O UV Ny _ My 1180 MOl 5 1106 mol ph
n, O, 210
23
N, =5.43x10" mol oh. 802407 PN _ 5 410 ph
1mol ph
21.16  E,, =(100J/s)(45min)(60s/min) = 2.70x10° J
-25 —25
= hc =1.99x10 J/m =1.99x10 _9J /m 4.06x10°" J
A(m) A(m) 490x107° m
5
n, (incident) = = lmol  2.70x10°J 1mol _1.105mol

E,, N,ph 4.06x10%°J/ph 6.02x10% ph
n,, (absorbed) =n =1.105mol - f, =1.105mol -(1- f, )

=1.105mol - (1 0.40) = 0.663mol
© - e _ 0344
" n,(abs) 0.663

0.52



21.17

21.18

21.19

T0=6.0ns=6.0x10°s kg =3.0x108 L/mol-s = 3.0x10% Ms

A 60% reduction in fluorescence quantum yield means that:

()
O _100-060-040 — —F2_250
F.0 F
q)F,O _1
() _
"L =1+ 7,k,[Q] = [Q]= e _ — 2501 —————=0.83M
(O 7oKy (6.0x107° 5)(3.0x10° M ~'s™)
(Mustrative Note: an 80% reduction, for example would correspond to:
)]
P 020 - Zro =5.0)
F.0 F
(@) In e =—t/7, —> In(0.65):_35ns — rozﬂ:mns
Ie 7, -0.43
(b) @, =l;—F =k, 7, = (4.8x10° s*)(81x107° s) = 0.40
0
(Vo)1 = 3.7x10®8 M/s when [S]1 = 2.5x10* M [E]o = 4.0x10° M
(Vo)2 = 9.8x10° M/s when [S]2 = 1.0x10° M
v, _ _ValS1 - 1 _Ky+B]_Ky 1 —:slope-i+ Int
Kw +[S] Vo  VwISlI VvV, [S] V, [S]
slope = Ky and Int:i
Vm Vm
1 1 1 B 1
C(vy), (vp), 98x10°M/s 37x10°M/s _ 3
slope = L1 = 1 i 1 =5.61x10"s
[S], [S], 1.0x10°M 2.5x10°*M
1 1 . 1 .
Int = —slope - = — —(5.61x10° s) - ————— =4.59x10" s /M
V), [S], 3.7x10°M /s 2.5x10



\Y :i L =2.18x10" M /s

"It 4.59x10°s/M

K,, =slope-V_ =(5.61x10°s)(2.18x10”" M /s) =1.22x10° M

-7
V. —K[E]l — Kk = Vo _218407M/s

Bl 400" M =5.45x10%s™

1 _Ku+SI_Ky 1 +i:slope-i+ Int

21.20 —
Vo  VwISlI  Vy [S] V, [S]
(a) Slope = Ky . _20mM__ 0.25s
V. 80mM/s
1 1
(b) Int=—=—"—=0.01255s/mM ~ 0.013s/ mM
V., 80mM/s
V. _80mM/s

©) V, =k,[E], ® k,=—=" = 40s™

[El, 2mM



