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h) X mrcI b<a M
Consider the following graph of the concentration of a sub-
stance over time. (a) Is X a reactant or product ofthe reaction?
(b) Is the reaction speeding up, slowing down, or not changing
its rate as time progresses? (c) Why is the average rate of the
reaction different between points I and 2 than betweên points
2 and3? [Section 14.2]

Time

4.3 You study the rate of a reaction, measuring both the concen-
tration ofthe reactant and the concentration ofthe product as

a function of time, and obtain the following results:

A

Time

Which chemical equation is consistent with these data:

d ------+ B, (b) B --¡ A, (c) A --------+ z
Explain your choice. [Section 14.2]
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4.4 You perform the reaction K + L --+ M, monitor the produc-

tion of M over time, and then plot this graph from your data:

posscâ., ( +Iq slopc is

¿ns+ñÌ 9ol4-¿ *¡n ¡s ¿ûÂsi'æl)

(d\

0510 1s 20 25 30

= 12 t, min

(a) Is the reaction oecurring at a constant rate from t = 0 to

f : 15 min? Explain. (b) Is the reaction completed at t : 15

., it
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you perform a se¡ies of experiments for. the 
,îï:tfi f -_ k t AJ 

t
A > B + C and find that the rate law has t

rate : k [A]* Determine the value of ¡c in each of the following

cases: (a) There is no rate change when [A]e is triPled. (b) The

rate increases bY a factor of 9 when lAlo istripled. (c)When [A]o

is doubled, the rate increases by a fact"or of8. [Section 14.3]
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14.21 The isomerization of methyl isonitrile (CH3NC) to acetoni-

trile (CH3CN) was studied in the gas phase at 215 "C, and the

following data were obtained:
Q)

Time (s) lcHsNcl (M) ß,a*c rP&urlrn ,?

0

2,000

5,000

9,000

12,000

15,000

(a) Calculate the average rate of reaction,in Mf s, for the time

interval betrveen each measurement. (b) Calculate the average

rate of reaction over the entire time of the data from f = 0 to

f = 15,000s. (c) Graph [CH3NC] versus time and determine

the instantaneous rates in M/s at r = 5000 s and f = 8000 s'
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The iodide ion reacts with hypochtorite ion (the active

ingredient in chlorine bleaches) in the following way:

oðt- + I- --------à oI- + CI-. This rapid reaction gives the

following rate data:
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r'- V Íoc!'1'[a-Jj
tocr-l (M) ll-l (M lnitial Rate (M/s)

x ro-3 5 x to-3

r.5 x lo-3
3.0 x ro-3 ù J YL

1.36 x ro-a
2.zz x ro'a
2.72 x to-a

I x2vvz

u)

(a) Write the rate law for this reaction. (b) Calculate the rate

constant with proper units. (c) Calculate the rate when

toct-l : 2.0 f to='Mand [I-] = s.0 x Io-a M.
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14.36 The following data

of NO in the

I
2

3

0.0126
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o.0252

0.0125

0.0125

0.0250

1.41

5.64

l.r3

X
x
X

t0'
ro-2

lo-t

(o) What is the rate law for the reaction? (b) What are the units

o[ the rate constant? (c) What is the average value of the rate

constant calculated from the three data sets? (d) What is the

rate of disappearance of NO when tNOl : 0'0750 M and

tozl : o.orcb¡¿i (e)Whatistherateof disappearanceof 02

at the concentrations given in part (d)?
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[14.38] Consider the reaction of peroxydisulfate ion (SzOs2-) with io-

dide ion (I-) in aqueous solution:

SzOa2-(aq) + 3l-(aq) '-------' 2SOn2-(aq) + \-(aq)

( |tøpl+r 14

manner:

Experiment [szoa2-l (,t,') 'll] (M) InitialRate (M/s) 1- Jtttn $ +<rnv)

f. o l9 [t) (,oee u)
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0.018

0.027
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0.036

0.036

0.054

0.072

2.6 x ro-4

3.9 x 10-6

7.8 x 10-6

r.4 x ro-s

(a) Determine the rate law for the reaction and state the units

of the rate constant. (b) What is the average value of the rate

constant for the disappearance of S2Os2- based on the four

sets of data? (c) How is the rate of disappearance of S2Os2-

related to the rate of disappearance of I-? (d) What is the

rate of disappearance of I- when [SzOo2-] : 0.025 M and

ll-l : 0'0so ¡c
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Problem "Rtt

A(e) + Btr) <-------> AHon: -10.0 kJ/mole

In the above reversible reaction, the forward reaction involves a collision
of an "4" with a "8", and the reverse reaction. involves a collision of an "X"
with a "Y". (Both the forward and reverse reactions occur in a single
elementary step).
Therefore, the forward reaction þas the rate law, rfr^/d : kr,rd [A]t[B]t

and the reverse reaction has the rate law, r."u = kr"u [X] 
t 
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In the forward direction, the Arrhenius parameters for the rate constant
are as follows: A: 1.52x 107 M-rs-r Ea: 50.0 kJ/mole

In the reverse direction, the Arrhenius parameters for the rate constant
are as follows: 

^: 
I.74 x 107 M-rs-r Ea = 60.0 kJ/mole

ta. Use the ÂHon and Eu of the forward reaction to sketch the energy

profile for this reaction on the graph. Use a scale of I :5 kJ

b. . What is the value of AHon for the reverse reaction? + 10,0 l¿T
c. What is the value of Ea for the reverse reaction? A ô, D (.7
(fill this in on the blank above, also.) Reaoh'¿+ Foltcst+
2. a. Use the,L

kP'A+e \

kr"

W) = 1.5 ?.x ¡ 0? M''s'l ,tr,*\(tlsw)
Arrhenius parameters (A and Ea) to calculate the

- Sooøo
e

. 0lg52s l

for the forward reaction at20. oC.

-- |s1Ê l0? l|^s-t øe 
2o'e2Í ? 0,0 | 15 ZEI

Use the Arrhenius parameters (A and Ea) to calculate the rate constant for the reverse reaction at20. "C.

-¡.rev €--yy'-; + Lllxlo" tutas't eyf (ffi)
= l.7qvtOl/rt-,f-t exy

-- ,)oo?qqtb ->

( - z[,b\oE

k,r* = , OOO?5O 
^^45'l

@uL
c. Write an expression for Kc, in terms of the appropriate concentrations.

I'A,g ltÍ,r7
CA,n1lg,o>

b.

d. Use your rate constants for the forward and reverse reactions to calculate Kc at 20. "C

Keq

e. Does equilibrium lie "to the left"

51. qTl cl

-)
K. = 53.o @?ntk (forward):

k (reverse)
, oØlojl bb

0,0 lg5 J^"s't al^o'c
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"Probl¿rn K" cnþd
4. Now we will raise the temperature from 20'C to 40'C ! ! !!

We will assume that A and Ea remain constant as the temp changes.

a. Use the Anhenius parameters (A and Ea) to calculate the rate constant for the forward reaction at 40. 'C
/ - Sooo) rld \

\<ç"ra = Ae-^'n-- l.sl.-f D?lt^-'s-' €-Éy ( rffi)
\ktnnoL = 'O6gtb2 0,068 8 JAU s- 1o 'cI}>

b. Use the Arrhenius parameters (A and Ea) to calculate the rate constant for the reverse reaction at 40. oC

v,rn

k"u -¿ 'ool 687t7 J^s-'--l O .0 ol6q lll ,S -r al ïO"C

c. Use the rate constants to calculate Keq at 40. "C.

Veo. þ = .obl762 = 4o,7ibv v, ,ootbt|l?

reverse reaction)? Ca*Oo
(.ooleq z ,ooo?5o)

f. How did increasing temperature affect the value for Keq? û a¿ T inuca¿Þ
g. Does the effect on Keq seem consistent with the fact that the reaction is exothermic? Exprain. (LlO.g L 5?.0 )

vø), Fr, huolhlrmtc (\rus, q
Jvrc t) c rt 4aP) , b¿ c a.u l<
lar7r fuol, fi''m fÄe fuw

à,e w ecþeu a¿- c¿ntra,t

fL< rcvtrsÊ mfc t\crta¿e¿

a,/ atk ( onsfut tÀ cka¿(+k'*p+"
by^

h. A (the "frequency factor") is actually slightly temperature
As temp increases, does A increase or decrease? (which

though we assumed it is not.

Explain (on a molecular level) why A increases/decreases as T increases.

ai f *pnhre ùtchazau, tnotl r''lr 
.Ç,pce/ 

¡àcrtaut, 'ro

t\e,, ,)^¿¡-p^ß cotlidt wt üt Ç'q'^oü.
i. The main effect on the rate as T increases is due to the e^(-EalRT) part of the Arrhenius equation. With this

in mind, explain how/why increasing temperature increases

Yn 6* q0'L40.8



p rrbllt\rR 'r cnþ¿l
5. Now we will go back to 20. "C, but we will add a platinum catalyst, which changes the activation energy for

the forward reaction from 50 kJ/mole to 35 kJ/mole! 60, ' 19 ' '- Ll!, ' Ef lz-¡V
a. Show the energy diagram for the cafalyzed rxn. (use the same graph that you used for
b. What is the activation energy for the eaction, when catalyzed
c. Use the A and the new Ea to calculate constant for the forward at20.

V

V= Ne-EotRÍ= l.lqx¡Q?¡'ttr5't e

A e'no ¡kT 
' 1,5 Z*t 01 l,tut', e,t
-- lsz^ I o? e-tq'7678 ?¿ 8,? q oß

[< 9,7 M,t-' c6h) aI7þ,c

with Platinum?
reaction, when

)

ç

d. Use the A and the new Ea to calculate the rate constant for the reverse reaction, when catal:tzed, at20. oC.

_Ll o
,?t,r)nq3)

-ll.q1Zq
0.lo5tt+t l= 1.1* x lú lrl'ç. e

l< . ?- O '17 )'/t-' ç ''

e. Use the rate constants to calculate Keq at 20. "C, in the presence of a catalyst.

t,7qq5 5 2.1?18 -7 5? l¿q 6t

cÅú'l\?e¿ ?þ"c

l( 2o"c
ç

k, o,l6s ltl9

d. How did adding a catalyst affect the value of the forward rate constant? k

e. How did adding at catalyst affect the value of the reverse rate constant? k ìn c'k
tl

Z¿à

afr ?3 !)

1.7 >. ots5)

l? >. 0Ø?6)

f.

g.
thct<

the rate
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