his greaters 7> or 717 How can you tell?
e 1
Whic jocs this plot tell us about the temperature of the
b\ h;lllf ‘I chemical reaction? Explain your answer.

@
e reaction ,
o B 0.(2) + 2NO(g) 2NO,(g)

orved rte law is
Rate = A[NOJ([O,]

wees listed below would affect the value of

. obs

e r [hc ch‘dl

which O 8 k2
| cate constant & .

:hu. aile the p;mml pressure of oxygen gas
InCrEsE .

& hanging the temperature

p. ChAETS

o, wingd ; ;
2 e law for a reaction can be determined only from ex-

The n‘cm and not from the balanced equation. Two experimen-
el : .
f ures were outlined in Chapter 12. What are these

jures? Explain how each method is used to deter-

a appropriate catalyst

@l roced
o pmcn
qune Fate Jlaws.
5, Tible 12.2 illustrates how the average rate of a reaction de-
: eases with time. Why does the average rate decrease with
;]':I‘k’-'.’ How does the instantaneous rate of a reaction SO

[‘;116"“1“ are initial rates used by convention?
i . J

16, The BvPE
Jaw or the
damiscasi

" The initial rate of a reaction doubles as the concentration of
one of the reactants is quadrupled. What is the order of this
wactant” If a reactant has a —1 order, what happens to the
initial rate when the concentration of that reactant increases by

of rate law for a reaction, either the differential rate
integrated rate law, is usually determined by which
est to collect. Explain.

afactor of twa?

8. Hydrogen reacts explosively with oxygen. However, a mixture
nf' H and O> can exist indefinitely at room temperature. Ex-
plain why H; and O; do not react under these conditions.

15, The central idea of the collision model is that molecules must
collide in order to react. Give two reasons why not all colli-
sions of reactant molecules result in product formation.

. Consider the following energy plots for a chemical reaction
when answering the questions below.

Energy

Products

AE,

‘Reactants

Reaction progress —>

& Whie |
3‘}" Plot (purple or blue) is the catalyzed pathway?
: Wdo you know?
. Wh:n does AE, represent?
hat does AE represent?

“Isth
YW reaction o . 2.3
dCtion endothermic or exothermic?

* Noteg
%, i
lart ON this paoe ic @ Fanasan | asenina 2014
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21 l"“’)f_mc.\ are Kinetically important for many of the complex
reactions necessary for plant and animal life to exist. How-
ever, only a tiny amount of any particular enzyme is required
for these complex reactions to occur. Explain.

- Would the slope of a In(k) versus 1/T plot (with temperature in
kelvin) for a catalyzed reaction be more or less negative than
lhc slope of the In(k) versus 1/T plot for the uncatalyzed reac-
tion? Explain. Assume both rate laws are first-order overall.

(3%
)

Exercises
In this section similar exercises are paired.
Reaction Rates

- . ’
23. Consider the reaction

4PH;(g) — Py(g) + 6H,(g)

If, in a certain experiment, over a specific time period, 0.0048
mole of PHj; is consumed in a 2.0-L container each second of
reaction, what are the rates of production of Py and H, in this
experiment?

24. In the Haber process for the production of ammonia,

what is the relationship between the rate of production of
ammonia and the rate of consumption of hydrogen?

]
n

. At40°C, H,Ox(aq) will decompose according to the following
reaction:
2H,0,(aq) —> 2H.0(l) + 0,(g)
The following data were collected for the concentration of
H,0, at various times.

T o e TS T T ey

 Time(s)  [H0](moln) |
0 1.000
2.16 X 104 0.500
432 X 10* 0.250

a. Calculate the average rate of decomposition of H,O,
between 0 and 2.16 X 10* s. Use this rate to calculate the
average rate of production of O-(g) over the same time
period.

b. What are these rates for the time period 2.16 X 10*sto
432 X 10%s?

26. Consider the general reaction
aA + bB — ¢C
and the following average rate data over some time period Ar:

——ﬂ = 0.0080 mol/L.+s
At

__ﬁli = 0.0120 mol/L - s
At
A_(; = 0.0160 mol/L+s
At

Determine a set of possible coefficients to balance this general

reaction.
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594 Chapter 12 Lnene
the conce

following if 9
¢ in seconds

s for each of the .
nd the tim

d in moles per liter a
reaction

T ,
27. What are the unt
tions are EXpresse

rate of a chemical
nt for a zero-order rat

order raté law
d-order raté law
e law

a.

. rate constd e law
. rate constant for a first-
a secon

b
c
d. rate constant for
e stant for a third-order rat

rate con

28. The rate law for the reaction
Cl(g) + CHCl,(g) — HCl(g) + ccly(g)
Rate = k[Clg]’f"[CHCIJ]

r k, assuming time in seconds and con-

is
What are the units fo
centration in mol/L?

erimental Data: Initial Rates Method

Rate Laws from EXp

29, The reaction
) — 2NOCl(g)

aNO(g) + Clul
ts were obtained

was studied at —10°C. The following resul

where
A[CL,]
Rate = ——+
At
yor ~ -
[NOLs [Cllo Initial Rate |
 (molrt) L (molit) | (molfh: min) |
0.10 0.10 0.18
0.10 0.20 036
0.20 0.20 1.45

a. What is the rate law?
b. What is the value of the rate constant?

30. The reaction
20" (ag) + $,04° (ag) — Ly(ag) + 250,*"(aq)

was studied at 25°C. The following results were obtained where

Rate = ———MSQOSZ#]
At
% , . —

(|-E|°]];;_ ) [5:04*" 1, Initial Rate |

(mol/L) (mol/L - 5)
0.0 ¥
0.0z?g 0.040 125 % 1078
0080 0.040 6.25 X 1078
rys 0.020 6.25 X 10°%
i 0.040 5.00 x 106

0.030 7.00 X 10-6

a. Determine the rate law,

b. Calcul:
- ate a val
githar avgen Uc’: for the rate constant for e
ge value for the rate const ach experiment
stant.

31. The dec iti
omposition of nitrosyl chloride w
as studied:

2NOCl(g) =

§) =N

i : O(g) +

he following data were obtained \\.(:) )
‘nere

A[Nocr)

Rata —

ntra-

: [NOCI], :
3 nitj

5 (r_npl_gg:ules/cm ) (mme;tuula:s R
3.0 ¥ 10" fema,.,
7 G0 102 598 1rp
1.0 X 10 266 1,
4.0 X 10% 864 115,

——— 106/ 4

a. What is the rate law?
p. Calculate the value of the rate constap,

¢. Calculate the value of the rate constan
Stant whey

tions are given in moles per liter. COngey,

32. The following data were obtained for the e
sition of dinitrogen pentoxide, £as-phyg, b

M,

2N,0s(g) — 4NO,(g) + o )

Initial Rate

-

; thos]o

(mol/t)  (mol/L.s)
0.0750 8.90 X 104 f
0.190 2.26 X 103 |
0.275 3.26 X103
0.410 4,85 X% 103

Defining the rate as —A[N,Os]/At, write the rate Jay
culate the value of the rate constant. Wty

33. The reaction
I"(ag) + OCI™(aq) — 107 (ag) + CI(ay)

was studied, and the following data were obtained:

P
S (I S [oci-  nitialRate
! To Initial Rate |
j (mol/L) ¢ (mol/l) ol
g;é 0.18 7.91 X107 E
0.030 0.18 395X 107 |
0.240 0.090 9.88 x 107 :
; 0.090 791% 107 |
a. What is the rate law?
b. galculate the value of the rate constant.
c. initi
ana(ic(l;lat? the l-mna] rate for an experiment Where both I
“ Cl~ are initially present at 0.15 mol/L
. The reaction
2NO(g) + 0,(g) —> 2NO:(8)
where

was studi ]
ied, and the following data were obtained

Ra[e == ._.é_[A_O_z_]
i t

{ w[Fl:JO] e o R
_(molecul g [O:]o nitial Rt
.00 X olecules/cmyy D ARTE=E=

3.00 x igi: 1.00 x 108 2,00 % 10;_
2,50 x 1018 1.00 x 10?8 1.80 X 10" !
T 2.50 X 1018 3130

,.A/" G
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7 of the reaction bL‘IWL’CI:; }:»emogk]bin (Hb) and carbyy,
e s studied > . .
i L r-li HC0) B studied at 20°C. The following data wcr1
B anide U neentration units i £
2 ith all con¢ n pmol/L. (A hemoglobin

(s
collee ation of

-2.21 umol/Lis equal to 2.21 x -6 mol/L.,)

For Review 595

38. A centaj
2 ertain renct:
rain reaction has the following general form:

aA —> bB

At a particul:
particular temperature and [A], = 2.00 X 1072 M, con-

,,,,,, Y e st 3 (g centraty . I
[ Hbh (}1[:12?70 Initial Rate e ;‘“'10" versus time data were collected for this reaction,
i (pm?_l_l,l‘),.,-»-w* Clpmol/L) - (umol/L.s) - plot of In[A] versus time resulted in a straight line with
[ a2 1.00 0619 slope value of ~2.97 X 10° min"!
22 : 619 a. Determi j
142 1.00 124 v."l‘em‘llne the rate law, the integrated rate law, and the
I 142 3.00 371 ; alue of the rate constant for this reaction.
). Calculate the half-life for this reaction.
~ermineé the orders of this reaction with respect to Hp ¢. How much time is required for the concentration of A to
Dtd 0 decrease 10 2.50 X 1073 M?
an i
: Determine the rate law. 39. The rate of the reaction

ate / f the rat s
ate the value of the rate constant. NO,(g) + Cole) NO(g) + CO,(g)

Caleu!
- what would ll;i m:(;"{‘ggl]mf 502 :)m experlr:lcm with [Hb], dcPt;.nds only on the concentration of nitrogen dioxide below
_ 336 pmol/L 2 o = 2.40 umol/L? 225°C. Atatemperature below 225°C, the following data were

owing data were obtained for the reaction collected:

16- Thg fU”
t o 20H (ag) — ClO5”(ag) + CIO;"(ag) + H,0O( — i
oo A[CI0,] o0 Time(s)  [INGJl(molit) ,
where Rate = === 0 0.500
120 x 10° 0.444
I s s ey e 3.00 X 10 0.381
[ [CIOz]o [OH"]U Initial Rate | 450 X 103 0.340

o) (mol/l) 0 (moliL:s)) | 9.00 % 10° 0250

0.0500 0.100 575 X 102 3507 200 0.174

0.100 0.100 230 X 101 ;

0.100 0.0500 1.15 X 10-1 Determine the rate law, the integrated rate law, and the value
of the rate constant. Calculate [NO,] at 2.70 X 10* s after the
start of th tion.

2. Determine the rate Jaw and the value of the rate constant. . ¢ reac. e .
40. A certain reaction has the following general form:

b, What would be the initial rate for an experiment with

(€104, = 0.175 mol/L and [OH"Jo = 0.0844 mol/L? aA — bB

At a particular temperature and [A], = 2.80 X 107> M, con-
centration versus time data were collected for this reaction,
and a plot of 1/[A] versus time resulted in a straight line with
a slope value of +3.60 X 1072 L/mol - s.

a. Determine the rate law, the integrated rate law, and the

tegrated Rate Laws

¥, The decomposition of hydrogen peroxide was studied, and the
following data were obtained at a particular temperature:

' Tir:; (s) l [H,'o,] mll L)w:: value of the rate constant for this reaction.
0 - 1.00 b. Calculate the half-life for this reaction.
120+ 1 0.91 ¢. How much time is reqtlired. for the concentration of A to
300+ 1 0.78 decrease to 7.00 X 1074 M?
6001 0.59 m decomposition of ethanol (C,Hs;OH) on an alumina
1200+ 1 0.37 (Al,0;) surface
0 8i§ C,H;0H(g) — CHi(e) + H:0(g)
3000 £ 1 0.082 was studied at 600 K. Concentration versus time data were col-
3600 = 1 0.050 Jected for this reaction, and a plot of [A] versus time resulted in
— a straight line with a slope of —4.00 X 1073 mol/L - s.
A“”ming that a. Determine the rate Jaw, the integrated rate law, and the
value of the rate constant for this reaction.
Rate = “é‘[ﬂggd b. If the initial concentration of C;HsOH was 1.25 X 107*
At 1. calculate the halfife for this reaction.

nd the value of ne is required for all the 1.25 X 107 M

er the start of ¢. How much ti1

eterpy:
Mine the rate law, the integrated rate law, 2
C,Hs;OH to decompose?

¢ rate
: tonstant, Calculate [H,0;] at 4000. s aft
feaction, o

b
iy PR
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