In Class Exercise for Chapter 14 — Chemical Kinetics

1. Initial rate data at 25°C are listed in the table for the reaction:

NH, ., + NO;,p) = N,y +2H,0,,
Experiment [NH;(an [Noz(aq)] Initial rate (mol/L-s)
1 0.24 0.10 7.2x10°
2 0.12 0.10 3.6x10°
3 0.12 0.15 5.4 x10°
(a) What is the rate law?
rate=k[ NH; | [NO; |
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rate, 3.6x107 7% 1 k(0.127)"(0.10me) 1
rate, 3.6x10°p 2 k(0.127!)" (0.107!)" _(ij et
rate, 5.4x10°¢% 3 k(0.12m)"(0.15™)" \3

rate = k[ NH, |[ NO, |
(b) What is the value of the rate constant?

7.2x10° L =k (0.2422)(0.1022) — k =3.0x10™* =
(c) What is the reaction rate when the concentrations are

[ NH; |=0.39M & [ NO, |=0.052M

rate =3.0x10™ -£-(0.392)(0.05222) = 6.1x10° 12t

moI

2. The rearrangement of methy! isonitrile (CHsNC) to acetonitrile (CH3CN) is a first-
order reaction and has a rate constant of 5.11 x 10° st at 472 K.
CH,-N=C—>CH,-C=N
If the initial concentration of CHsNC is 0.0340 M:
(a) What is the molarity of CHsNC after 2 hours?
rate =k[CH,NC]=5.11x10"°s"[CH,NC] t=2hrx 3600

1hr
IN[CH,NC] =kt +In[CH,NC], —[CH,NC] =g """k =™ [CH,NC]

[CH,NC] =g ™2051540%7 (0 0340 ml) = 0,0235 !

(b) How many minutes does it take for the CHsNC concentration to drop to
0.0300 M?

In[CH,NC] = —kt + In[CH,NC], -t = —in| LSTNEL
0 [CH,NC],

=7200s

0

mol
t=_in[ 298005 | e 1110550 2™ _ 40,8 mi
0.0340 ™! 60s

(c) How many minutes does it take for 20% of the CHsNC to react?



=72.8min

In 0.8*0.0340 ™ 1min
0.0340 met 60 s
(d) What is the half life (in minutes) of the reaction?

, =0.693/k =0.693/5.11x10°s 16”8': — 226 min

3. Hydrogen iodide decomposes slowly to Hz and I2 at 600 K. The reaction is second in
HI and the rate constant is 9.7 x 10° M s, If the initial concentration of HI is 0.100 M:
(a) What is its molarity after a reaction time of 6.00 days?

-1
i:kt+L—>[H|]=(kt+ 1 j
[HI] [HI, [HI,
603 60 min y 24 hr
1m|n hr 1day

(b) What is the time (in days) when the HI concentration reaches a value of

j/5.11><10-ss-1><

mol 'S

-1
[HI]=]|9.7x107° _L ><6days+# =0.066572
0.100 7

0.020 M?
LI M:l(i_ L ]
[HI] [HI, k\[HIT [HI],
16 1m|n hr 1day 1 1 _ 477 days
~9.7x10 L 603 60m|n 24hr 0.020  0.100me

(c) What is the half-life of the reaction?
1 1 1m|n hr 1day _11.9 days

t = =
%7 K[HI], 9.7x10°.% (0.1007)  60s  60min 24 hr

(d) How many days does it take for the concentration of HI to drop from
0.0250 M to 0.0125 M?

1 lmln hr lday 1 1
= — X - =47.7 days
9.7x107 -5t~ 60s 60 min 24 hr{ 0.0125 0.0250m
1 1 ><1 min hr 1day _47.7 days

t = =
ATKHIL,  97x10° & (0.0250™) " 60s  60min 24 hr

4. The following mechanism has been proposed for the reaction of nitric oxide & chlorine:
stepl: NO, +Cl,,, — NOCI,,

step2: NOCI,,, + NO,, — 2NOCI

(a) What is the overall reaction?
stepl: NO, +Cl,,, = NOCI,,,

step2: NOCI,,, + NO,, — 2NOCI

2NO, +Cly,, — 2NOCl,,,

(b) Identify any reaction intermediates.
NOCI,,,

(c) What is the molecularity of each elementary step?
Both are bimolecular




(d) What is the rate law if the first step is slow and the second is fast?
rate =k[NO][CL, ]

5. Values of E, =183 kJ / mol and AE = -9 kJ / mol have been measured for the reaction:
2Hl(g) - Hz(g) + Iz(g)

Sketch a potential energy profile for this reaction that shows the potential energy of
the reactants, products, the transition state, Ea and AE. What is the Ea for the
reverse reaction?

Energy

Reaction Coordinate

E, roverse = (183+9)kJ =192kJ

a,reverse

6. The following mechanism has been proposed for the decomposition of dinitrogen
pentaoxide, which has an experimental rate law and mechanism as shown below.

A[N,O
rate = —% =k[N,0,]
k
N;Oyg) ==NO,,, + NO, fast
ks
NOZ(g) + NOS(g) — NO(g) + NOz(g) +Oz(g) slow

ks
NQ,, + NO, ,, ——2NO, fast
(a.) Write a balanced equation for the overall reaction.



N,Oyq) === NO,;, + NO,, fast
NO,, +NO,,, —+>NO,, +NO,  +0,,  slow
NO(@)
2N,O;y) + NO, ) + NO,  + NO ) + NO, ,» = 2NO,  +2NO, ) + NO ) + NO, ) + O, +2NO,
2N, 0, +NO,, +2NO,  + NO, —5NO, +2NO, , +NO, +0,,

2N,0,5) + NOZ T+ 2NOTT + NOCT — 4BNO,  + 2NOZ T+ NOT+ 0,

2N,0,, —4NO,  +0,

+NO, ;, ——2NO, fast

( ) (9)

(b.) Are there any intermediates and if so what are they?
NOs and NO

(c.) Verify the rate law given above.
k [N,0,]=k ,[NO,][NO,]

k
rate =k, [NO,][NO; ] =k, ~[N,0] =K[N,0,]
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