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The first-order gas reaction SOCl; ——3 S05 + Cla has ky = 2.20% 1073 5! at 593 K. What percent
of a sample of 802013 would be decomposed by heating at 593 K for | hour? How long will it take for

half the 502073 10 decompose?
S02Cly —— 5072+ Cl2 first order
:‘I[S{};Clg

dt = ki[S02C12]
[SO2Cla); = [SO2Cklo ekt

In 2
U B R e 3.15x 1045
= 8 hrs 45 minutes

at = | hour = 3600 sec
SOaClat
% decomposed =:l—I——l = l-eKIt =1 -.024 =076,

[SD'zCIz]u
at p=3hours = 10800sec

% decomposed = 1 - e’Klt = 211, 21.1%

7.6%




(CH2)3CBr + H20 — (CH;);COH + HBr

The following table gives the data for the concentration of t-buty] bromide versus time [L.C. Bateman, ED.
Hughes, and CK. Ingold, J. Chem. Soc. 960, 1940):

t{m-'lﬂ} fCH3}3C:EI'[I'HGI I'l:l

0 0.1056
9 0.0961
18 0.0856
27 0.0767
40 0.0645
54 0.0536
12 0.0432
105 0.0270

What is the order of the reaction? What is the rate constant of the reaction? What is the half-life of the reaction?

{CIHJ]CBr + HzD —_ (CI'I}]g COH + HEr m acetone
10% water



Regarding the tables that give the data for the concentration of t-buty] bromide versus time, as the
concentration seems to decrease exponentially, we can think of a first order reaction:

AUCH),CBr)_= & (CH,),CRAL

In [(CH3)3CBr=-kt
[(CH3)3CBr] = [(CH3):CBr]p ekt
Let us plot In [(CH3)3CBr] versus time to check this assumption.

=2 =

In[]=-2.2266 - 129.9840~% ¢
RA2 =0.999

-3 -

In[]

t {min)



t{min} conceptration(mol/]} Inconc

0.0 0.1056 -2.24810
q.0 0.0961 -2.34237
18.0 0.0856 -2 45807
270 0.0767 -2.56785
400 0.0645 -2.74109
54.0 0.0536 -2.92621
72.0 0.0432 -3.141591
105.0 0.0270 -161192

From these data, we get In [(CH3)3CBr] = - 2.2266 - 1.2998 x 10-2 t{min) with a quite good correlation
factor, r2 = 0.999.

This is in really good agreement with our assumption:
In [(CH3)3CBr] = In [{CH3)3CBr]g -kt

This 1s a first-order reaction
R =4[(CH = k[(CH3)3CBr].
pcnd-uc

with k = 0.0130 min"!
=217 1041
First-order Reaction Half-Life.

In[Al=ek [A]l= 12 [A].
[A]

tyz={n2yk
=53.3 min,

This is confirmed by the data:
t=0 [{CH3):CBr]p=0.1056

t= 54 min [(CH3)3CBr] =0.1056
= 112 [(CH3):CBrlg




The reaction
A+B+C —— products
has the rate expression

R=-"TM- K [A1BIIC)
Derive the integral form of the rate expression,

A+B+C —— products

= 4AL_ i aymycy

define x = [Alo -[Al]

then [A]=[Al)o-x and let [A]p = Ag ete.
[B] = [Blo -x
[C]=[Clo -x

X — k (Ao - %) (Bo - ) (Co - X)

t

dx
I (Ao -x) (Bo-% (Co-x) ~  Jkat

This integral can be performed by separating into partial fractions.

L M N
j- (An-x * Bo-x +Eu-x)dx=kt

L M N 1

Ag-x i Bu =X * Eﬂ -X = {ﬁ.u -x) I:BQ-X} {CD - Xx)

L (Bo- x) (Co - X) + M (Ag - X) (Co -x) + N (Ag -x) (Bo - X) = 1
L (BoCo - (Bo + Co) x +x2) + M (Ao Co- (Ao + Co) x + x2)
+N(AoBo- (Ao +Bo)x+X2) =1

separate by degrees of x:
I: L (BoCo)+M (AoCo) + N (ApBo) = 1 Eq 1

X (Bo+ColL+(Ag+Co)M+(Ag+Bg)N=0 Eq2
x2: L+M+N=0 Eq3



S0 we have 3 equations with 3 unknowns. One method to solve for L, M and N is to add and subtract
the equations:
LBaCq + MARCy + NAgBg =1

(Eq 2) x Bo gives: L Bo2 + BoCoL + MAoBg + MBCo + NAoBg + NBg2 =0

Subtract = -LBg? + MAGCo - MAgBg - MBoCo - NBgZ= 1
(Eq3)xBgZ gives LBg2 + MBg2+ NBg2 =0

Add {AgCo - AoBg - BoCo+ Bo?) M =1

(Bo - Ao) (Bo- Co) M=1
M= e AoT (Bo=T5)

. 3 " 1
Similarly, we can obtain L= LAg - Bo) (Ag - Cg)

_ 1
i N-{Cu = Ag) (Cp -Bp)

X X X
M g
x{)ﬁg*ﬂdxfx{}Bu-1+xLCq-ﬂ dx =kt

Ap-X BQ—}L Cp-x
{—Ll.n[m] + Mh[ﬂu*lu) + Nln[m]}

= ({ﬁu-ﬁu;{ﬁvcﬂ:') » ( ﬁ:) * Bo- ﬂu]'l'[BD To) 1" (BUB;* x)

1 o-X
* {Co- Ao) (Co - Bo) In Co J

1
=TAp -Bo) (Bg -Co) (Ap-Co) *

[Bo-co 10 (B5=2) - (Ao Co)in (P575) + (A0 -Bo) i (57|
Let x=Ag-Ar where A =[A)
Ap-x=Aq
Similarly Bp -x=By, Co-x=C
Kooy Bo - T o Gy | {(E oo (g_;)c"'ﬁ" [%]‘""B“ f] =



