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Reaction Rates
1. Wtite a balanced equation for the reaction between nitrogen gas and hydlcgen to yield
( ammonia gas.

Ny (o) + D002 2 WK, (g)

2. Write the rate expression for the reaction in number 1.
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3. According to the following unbalanced reaction, if the rate of appearance of oxygen gas is
4.00 x 102 M/s, what is the tate of disappeatance of IKCIO; (g)?

A KCOxe) —> 2 KCl@) + _3 Oxg)

(&) 267 x 1020/ “:.’i-\Mf'KC‘Oﬂ - _.\% INETY

b, 600x102M/s ¢ AY At

c. 2.00x102M/s CATRCI0.) AN y
d. 3.00 x 102 M/s MAE T 2 - % (H.00£-2 /55_» 0,067 /5
e. 533x102M/s &

~ Rate laws
( 4. What is the general rate law for this reaction? Hs3BOs + 3 HCl > BCls + 3 H20

rates K [0, Y LHAT!
5. What is the general rate law for a zero order overall reaction? \”‘0\‘\6’3 k

6. Name at least one factor that can increase the success of reactant collisions. Explain how it
increases the reaction rate.
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7. The rate constant for the reaction HNOs + NH3 2 NH/NOs is 14.5 1/Ms If the
concentration of nittic acid is 0.050 M and the concentration of ammonia is 0.10 M and both
reactants are first order, what will the rate of this reaction be? 'R%.!‘Q:; k LN 03-1 L N\—‘--aj

Qate=(4.5 1'5™)(6.05) (0.10)
c0.0%3 WA

8. The rate law fot the following teaction is rate = £{H3|[F2]. If the rate is 3.15 x 10+ M/s when
[Hz] = 0.084 M and [Fa] = 0.25 M, calculate the rate when [Ha} = 0.039 M and [F2] = 0.099 M.
( (Hint: find the rate constant £)

3 15e-4 M =\ (0.084)(0,a%)  K=0.015 M's A
radez 0. olBM 8" (0,632)(0,004) = 58e-6 Mg

ek




Initial Rates / Rate constant (k)
9. If the concentration of a reactant is doubled and the cotresponding rate quadruples, what is . -

- the order with respect to that reactant? 2n o

10. What are the units for the rate constant if the rate law is: rate = k|A][BJ*[C]?
a. 1/s
b. 1/M*s
c. 1/M2%s
d. M/s

(e) 1/Mds

11. When two compounds, A and B, are mixed together, they form compound C, by a teaction
that’s not well understood. Fortunately, the following rate information was experimentally

determined, as shown below:

Experiment [A] [B] - Rate
(mol/L) (mol/L) (mol/1 sec)

1 0.050 0.050 4.0 x 103

2 0.10 0.050 8.0 x 103

3 0.050 0.10 1.6x 102
a).  Determine the rate law foi this reaction. 0.6 Qoed ) 2
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b) Determine the tate constant for this l@fgthﬂ
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12.To graphically find the tate constant for a first order teaction you should plot

time. \
a. For a second order reaction? _ QPQ
b. For a zero otder teaction? | Al

13. For a chemical reaction A+ 2B — C, a plotof 1/ [A]t versus time 7 1s found to give a straight line with a

positive slope. ' a
a) What is the order of the reaction? A ARG
b) How could you determine the mte constant £ foi the reaction from your gmphp

Colewdore  Nhe slepe (273 W{)

Half life
" 14, What is the half-life for a first order reaction if the initial concentration of reactant is 1.25M (

and after 69.2 seconds the concentration has dropped to 0.955M?

\n(.9485/\.2%) =-k(bd.25) =589 s

o O.6a% -
Y, = Sieae = 1138
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15, What is the veactant concentration after 78.9 seconds for a f}(ét otder reaction With a half—life

of 3.10 minutes if the initial concentration was 0.555M? T, /g, =
3.\ iy il \%s Ty kr:M
| bwin |<Ce 555 o |
\¢z & wBre~b W's! = 6876 Ms™ (28, 0+ BLES
A. A =0, %90 M

16. A researcher at GCC is running a new chemical reaction that obeys first order kinetics and
discovers that after 24 houts only %2 of the reactants are turned into products. How long will
it take in hours for 90% of the reactants to be 1eactedp (H_mt how much is remaining when
90% is reacted?)
£,z Ahs@ba% s 000688 W o
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17. A pesticide decomposes following first-erder kinetics.

() If the half-life of the pesticide is 12 years, what is the rate constant £ for the decomposition

reaction? & = O, ‘oqﬁ . £l
R K=0.0672 ¢

(b) What fraction of the pesticide will be left after 36 years?
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(c) What fraction of the pesticide will be left afte1 100 eais?’ @

.MQ =B 23 halt hves ) > 3003\ = .3

0 p
(d) How many yefus will it tqke f01 99.9% of the pestlc1de to decompose \n®., 0O\ p[ a7 \r\ﬂ‘?
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Mechanisms Y (5
18.'The slow step in a mechanism is also called the _r\¥& &Ejﬁ” ﬁ\ﬁ‘\ihc’istep

19.If an elementary step has two reactants, what is its molecularity? L:) 1 mo‘eﬁ&i@{f

20. For this reaction: 2 NO(g) + Clog) 2 2 NOCl(g) the real rate law is rate = & [NO] [Cly]
If the following steps are the mechanism, which one must be the rate determining step? 1

a. What is the intermediate in this mechanism? NOC/_\’;\‘

b. What is the overall order? 9\

NO(g) + Cla(g) 2 NOCla(g) step one
NO(g) + NOClz(g) =2 2NOCl(g) step two




21. For the following reaction, the rate law is found to be Rate = k[Cet*][Mn2H].
- 2Cet + T > 2Ce3 + TP :

One mechanism fot this teaction, containing the following elementary steps, is shown below:
1. Cet" + Mn2t > Ce3t + Mn3?
2. Cett + Mn3+ ---> Ced*t + Mn#tt
3. TIF + Mot > TP+ + Mn2+
a. There is no catalyst and no intermediate.
. b, There is no catalyst, but Mn?* is the intermediate.
c. Mn3* is the catalyst and there is no intermediate.
Mn2+ is the catalyst and Mn>* and Mn*! are the intermediates.
€. Mn** is the catalyst and Mn2+ and Mn3* ate the intermediates,
22. Which of the following equations represents the rate law for the following elementary process:
A+B>C+D?
a. Rate = k|C][D]
b. Rate = k[A]
¢. Rate = k[A][B]?
(d) Rate = k[A][B]
e. Rate = k[B]

23. Below is a possible mechanism for the oxidation of bromide ions by hydrogen peroxide in
aqueous acid solution. What is the overall reaction equation for this process?
H* + H202 = H20%+ OH- (rapid equilibrium)

H20% + OH- + 2Br- = HOBr + 20 (slow)
HOBr + H* =2 Brz + H20 (fast)

a. 2 H* + HxOz + Bt + HOBt = HaO*++ OH- + Bz + H20
b, HoO% + OH- + H++ Br = Bz + H0
Ht + H20; + 2 B = By + 2 H0O
- 2 HOF + OH- + 2 Br- 2 HoOa + Bra + 2 H20

Catalysis
24. A catalyst increases the rate of a reaction by
a. increasing the enthalpy of the reaction
decreasing the enthalpy of the reaction
owering the activation enetgy of the reaction
d. raising the activation energy of the reaction

25. A catalyst is effective because
a. it supplies energy to the reactant molecules, allowing more of them to achieve energies in
excess of the activation energy for the reaction
b. it increases the temperature of the molecules in the reaction mixture
. it increases the number of collisions between molecules

it lowers the activation energy of the reaction by providing a lower energy mechanism ot
pathway



