Chemistry 2710 Spring 2006 Test 1 Solutions

1. The general integrated rate law is
1-n _ _1-n
" =xy "+ kt(n —1).

For n = 1/2, this specializes to

To get k, we would plot /2 vs t. The rate constant is related to the
slope m by m = —%k, so k = —2m.

2. The total pressure is
P = Pc,ug + Poon, + P,
The stoichiometric relationships between the pressures are as follows:
Po,n, = P, = Py — Poyng,
where P, is the initial pressure. Therefore

P = Po,u, +2(Py — Poyu,)
= 2Py — Pe,u,-
o Py = 2P —P
= 2(3.0x 10°Pa) — 5.0 x 10° Pa = 1.0 x 10° Pa.

Since this is a second-order reaction,

! = ! + kt
PCQHG PO .

‘t_1<1 1)
. k \Pony P

1 1 1
a 955x]0—2Pa—%—1<1£)x105Pa__3£)x105Pa)
= 7.0x107°s.




(a) For convenience, denote tritium by T.

0.034¢g

= =1.1 x 1072 mol.
"T T 3016049267 5 g/mol * A0 mo
In2 In2
k= — = =15x10"*d".
ti,  4500d 8

v = knp=(15x10"*d"")(1.1 x 10~?mol)
= 1.7 x 10" % mol/d.

(b) Since v & nr, v also obeys the first-order rate law. Thus,

t = —lln .
N k Vo .

(1.7 x 107%mol/d)(6.022 142 x 10% counts/mol)

v (60 min/h)(24 1/d)
= 7.3 x 10" counts,/min.
- 1 N ( 1000 counts/min )
' 1.5 x 10=4d-! 7.3 x 10 counts/min

= 1.8x10°d =485y.

(a) If the reaction is elementary, then according to the law of mass
action, it should obey second-order kinetics. The simplest way to
show that it does is to draw a graph of 1/[CyFy4] vs t. See figure
1. The data fit a line beautifully, confirming the second-order
relationship. The rate constant is the slope of the line, which we
find by linear regression:

k =8.01 x 1072 L mol 'min~".

.01 x 1072 L mol'min~!
g, — SU1x 10 TLmolmin o) -5 ol ts !,
60 s/min
ki 1.34 % 1073 Lmol*s™1

ko 9.6 x 10-13g~1

= 1.4 x 10° L/mol.



[CoF ML molt

0 1 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000
t/min

Figure 1: Second-order plot for question 4.
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To carry out the integral on the right using the integral given on the
exam paper, make the following assignments:

x —d, a0, b—1,
c — kq, e «— 2k,.

We can now finish the integral:

1 ]{31 + 2]{:2@’ “
—t = In
—]{71 a a0
1 ]fl + 2k2a ]fl + 2k2a0
St = —mh———-In——F—|.
]{31 a Qg



