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Consider the reaction mechanism k
I

A+B == X+B
ko

k2
X =—— C+D

(&) Write chemical rate equations for [A] and [X].
{b)} Employing the steady-state approximation, show that an effective rate equation for
[Alis '

dal _
£ =~k ATIBL

££1 Give an expression for &y in terms of &y, &-,, ks, and [B).

A+B =X X+B
k.
X -2+ 4D

@ = -ki [A][B] + k1 [X][B]

&E Ht;g

= +k) [A][B] -k [X][B] -K2[X]
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dt
ki [A][B] =k [X][B] +k2[X]
= {k.1 [B] + kp} [X],

ki[A][B]
Xs = 55
si_éti} = -ki [A] [B] + ki {glggl[ijkz} 7]

= -k [A] [B] + k.1 [A] [B] {E%{%@}
= -Keff [A] [B] ; note [B] is 2 constant

{c) Keff=+k - ki {ﬁ%—@}

=k {1 ﬁ%z}
*ki{‘ mﬂ

(equivalent expressions, in
increasing order of elegance)

_ + ko/k.1[B]
=k {/1 + ko/k. {Bjﬂ

sk Bl kike
T T+ko/k[B] TK1lBl ¥ ke
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2.6

Consider a reaction with two intermediates i, and [, which both decompose to the same
product P by competing parallel steps [S.1. Miller, J. Chem. Educarion 62, 450 (1985)]:
H
A+ M = [
N - \P
ko7
L == I

i

(a) Find an expression for dP/dr by appiy‘mg the steady state approximation with
{ll] s = {12}“ = 0

(b) Find an expression for dP/d! by ap

pLymg the steady state approximation with
(Al = (Al = (1) = (L - (P]. |

{c) Bow do the expressions found in (a) a’né (b} differ, and what conclusions can be
drawn from this difference?
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b. Approsmimabon wih  [AYV= UM, .Gy -(m3-Te].

alild oo o i‘lﬂ . R oT1h .
dt - _ 9“34’ B,

aim = R UAIDM - R LT R LTy
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&Ml Bs T30

%34' %&w
kvl (E8% _F)

&t[ﬁ"} + %‘._» s Ry » %i%-é (WAl
By r B,

VI =

atPd _ e % .EI,J}
e 7 LT 4k |




3

9T _ (y, Refos ) 2.0x) (TA),_1P])
ak Ra+ R, B+ R+ ey R Tn
: ?Qa%-%q

<. If E'ﬁ-] ‘\_5 &Qmost constant B M E ™
/;n.‘:e_grz&e. e Cost eqwaﬁon W?\-\c}; WLQ_Q
(.wc:(n.da [P) o5 o Punchion of Hmme .

E;EL = Ak .
Ao LP]

end 3o oa

I ) Srmalle- prough  Rok we can
M%QQ_CJZ ol terrms w¥R L) e d@wm‘m?

Ren we’ R  get the  Aest ex pression of  diP] '
dt



The mechanism for the decomposition of 0zone Nt oxygen,
2.9
- : 20, =3 Oy

is stated to be as follows:

Step 1, Gy~ G + O, rate constant, &y
Sep 2. 0 + O O, rate constant, &
S:;p 3 C+0,—20,, rate constant, k,
The activation energies, in kilojoules per mole, for each of the steps are as follows:
Step |, Eu = 103 kJimele
Step 2. B = 0
Step 3, Exy = 21 kl/mole

{z) Obtzin the differential equation for the stzady state rate of decomposition of czone,
~dl0.]/d?, in terms of the comstants, %, &; and k;, the concentration of ozone,
[G3], and the concentration of oxygen, [O:].

(4} On the basis of the values of E,. given above, simplify the expression for
-~ diQ:}/dt obtained in (a) by climinating any terms which can become negliginble.
State clearly the basis for the simplification.

{¢} Calculate the energy of sctivation for the overall reaction.

203 — 30
kg . .
slow Oz === O+ 0 E1 =103 ki/mole
fass O+0p K. O Ey=0
fast O+ i o o)) E3 = 21 ki/mole

@ - 423 - )03 - 12 1011021 + 13 (01 103]

dr

i (03]
[O0:s =315, + k3 [03)

dr0n Ik [Co1103] kak[O3]2
s S I o (e P = To7) B (o Fa (02,

_ kkol031[0g] + kika[Os]? - kika[Ol[Ca] + kaky (O3]
N k2[0g] + k3]

A0 2kiks[Oa)? é
& B[00 + k30

A0} . [04] - k2 [0) [O2] = k3 [O][03] =O by steady-state approx.

4.

i
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(b) Itisassumed the Oy, being the stable species, is as or more abundant than C3ie. thar
[02] 2 [O3]

In addition, the energy of activation of the reverse reaction (2) is 0, while that of the forward
reaction (3) is 21kJ/mole. Thus (2) has a temperature independent rate, while (3) has standard
Arrhenius behavior. Thus at sufficiently low temperature kg >> k3 and we may rewrite the rate
equation in the form

dl03] _ 2kjks[03)?
& "k [0

(¢} The overall rate constant is given by

_2kiky _ 2A51A3 - E1+E3-Ep) keT
k—-—kz— = A, e

and the overall activation energy is
T
E, = E1+ E3 - E2=124kl/mole

{2,101 As 2 final variation on the theme of Problems 8 and 9, let us consider the reaction
between NO and O, In this experiment [E. Bar-Ziv, }. Moy, and R. §. Gorden, J.
Chem. Phys. 68, 1013 (1978)1, # is necessary to distinguish betwesn ozone in its
ground (GO0}, excited stretching (001}, and excited bending (010) vibrational states.
A CO; laser is used o excite ozone from the (000) to the (001) state. The
following reactions then ensue in the presence of nitic oxide:
(1) V-V equilibration of ozone: :

ky

{2-4) reaction of ozone in specified vibraziona}( states with NO to form NGy
0,(000) + NO -f—» NO; + O
05{001) + NO —2» NO, + O,
k.
G010 + B0 —— NO, + Oy
{5,6) VT relaxation of vzone: L
0:(001) + NO —— 0,(000) + NO
G,(010) + NO  =—=— G,{000) + NO

The ozone (000) could be followed by its Hartley-band sbsorption at A = 254 nm, and

the ozone (001} by its infrared emission at A = 9 um.

(a2} Write the kinetic equations, from the above {(simplified) mechanism, for the time
derivatives of [05{000)], [0,(010}], [O4{001)], and [NG;]. I the experiment is car-
ried out in a large excess of NO, then pseudo-first-order kinetics may be obtained;
rewrite these four expressions in pseudo-first-order, using K, = k{NO]J.

(b) Find the Laplace transform of the four pseudo-first-order rate equations. (A table of
Laplace transforms is included in the Appendix to Chapter 2.) Set up this set of
transformed ¢quations in determinantal form.

{c}) Find [O«000)], and [O:(010)] in terms of pseudo-firs-order rate coefficients
derived from k,-ks and the initial concentrations of O.{030) and O5(001) following
the laser pulse, Since the experiment is carried out at 300K, and 15 = 700 cm™' -
for ozone, the initial concentration of [05(010)] cannot be peglected.




roblem 2.7 is the following system of reactions’;
dlAl/dt= - ki[A] - ks[A]

dBY/dt =k [A] - k:[B]

d[CYdr = kz[B] + k3[A]

which can be represented as

A
V4

B~ C

Using Laplace Transforms and/or a symbolic manipulation program such as
MACSYMa or MATHEMATICA, find explicit expressions for [A],, {B],; and
[Clin terms of an mmal concentration [A]y = 4. Assume [Blp= [Clo=0
Equations 3-1, 3-2 and 3-3 are the differential equations that describe the

concentrations of N-(phenylacetyl)glyeyl-D-valine (A), glycyl-D-valine (B) and valine (£),

respectively. After normalizatioa, such that A + B + C =1 at any time, the equation set

d
AL kAl G-

Eg-?iz k{A]-k,[B) ' {3-2)

L ke 1) @)

was solved using Mathemarica'® to give the following solutions. Equations 3-4, 3-5 and
3-6 descibe the concentration, at a particuler time, for N-(phenylacetyliglycyl-D-valine, .

giycyl-D-valine and valine, respectively. Equation 3-4 was solved for s value of (k + k)

{A], '{‘;%;;;r) (A ( (3-4)

Wi (~eft sttty ' ‘
E -
(Bl e EE k) ks + £3) A, (3-5)

[C, = ey D P e e L I .7 il (3-8
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g | E“"’k-‘#k’”(k[hk:-#k!) . a2




I,A. l- (G’.)} -
(o) /f"[/\fyos & N+ W]
((c) Noy+Noy —> NOp + No+8;
4) No+ NO3 —» 200,

2N, 05 s G00, + O,

2. @
b oNaos == WO, N0

(c) No+ald; —> 2N,

Mo+ NoOyp ——sp 3N92 x bi -
3. (e
) Noy+0, —> Noy+0,
) :\/0-,.,4»{\!03 — N 0%
LNO, + Oy —2 Ny Ort 0, ! €0

4, («)}
() N+ Og —2 A0yt MO}
(o) zf:[wz-f-@z —> NOy+0; |

(F) 2N0, —> 2W0 +0

2-04 + v ' ‘ .
y + NL0r —> 30, 'H\’Wf }q’é:’:e’{:j

‘,Z 7
Lor -1 igfj = 4, fn,06)° i}ZxO?Z/} A

_dlo)
*--g;"" j 3}ZA/O j




é%l k, (0] «!@ig [n0: w0, T <k, [N%][OJ +24; (os)'s 0

L

A [ry) §

— - Ao [N 05) - A, [W0. I0ve ) 1A, [no,)[0,7 —2h [wo)=0/

{Z\i [/V».Og’] et v 1 Wﬂw( 4? (‘%) Aol (é)/
[szg/‘/%?x = (fg’} [N},Os) = xY . XK= (%)[N}o{]/g = 0/3;

Toar |
/}ZMJ ‘ég*f/éc Xi@] + Z/{r ‘g;zx o
LA e o, k0] - 2Aeyte o ]

-2/£€x£@3] %‘({/&;Lf:‘- O

/&e(c/g)zﬁﬂﬁ 74/@32

/& ' /&,QC—EO}—}.: 2/@_;?’}

_ J“i3r.=/§ \/ be Ny s !
12 G )Tl () (4)h gy oy hrag

L _ /A
= Lo, )y '(Z;M%@s?/ z‘:%)y) %)%[m}a,] ’/}[03]'/}

- (%%) ”}{?:)1/}[/\/»0!)2/}[&33'—%

_dlo
___f,} =k, Coy) 5\/92]3;

ke By 2B
é{i(é ) {“g;‘) [n.o51] 0,7 :2,5({ prﬁr]zsz;Qs}%’

s TP g

4 .



