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In an experiment, all the air in a rigid 2.0 L flask is pumped out. Then some liquid ethanol is injected into the

sealed flask, which is held at 35"C. The amount of úquiå ethanol initially decreases' but after five minutes the

amount of liquid ethanol in the flask remains constant' Ethanol has a boiling point of 78'5"C and

A,où
of 100 torr at 35oC

(a) when the amount of liquid ethanol in the flask is constant, is the pressure in the flask greater than' less than'
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(b) The flask is then heated to 45oC, and the pressure in the flask increases. In teims of kinetic molecúla¡ theory,
provide TWO reasons that the pressure in the flask is greater at 45"C than at 35oC.
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In a second experiment, which is performed at a much higher temperature, a sample of ethanol gas and a copper

catalyst are plãced in a rigid, empty 1.0 L flask. The temperature of the flask is held constant, and the initial
concêntration of the ethanol gas is 0.0100 M.The ethanol begins to decompose according to the chemical

reaction represented below.

cH3cH2oH(s) cu ) cH3cHo(g) +HzG)

The concentration of ethanol gas over time is used to create the three graphs below
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(c) Given that the reaction order is zero, one, or two, use the information in the graphs to respond to the

following.

(i) Determine the order of the reaction with respect to ethanol. Justify your answer
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Experiments were conducted to study the rate of the reaction represented by the equatiori above. Initial concentra-

tions and rates of reaction are given in the table below.

Experiment

Initial Concentration
(mol/L)

tNol tHt

Initial Rate of Formation
of Nz

(rnol/L.min)

Y¿(

I
2
5

4

0.0060
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0.0020
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0.0020
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0.0060
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0.30 x I
l.2xl

) xZ
Yl.L

rH (

0-4

0-4
0-4
0-a

(a) (i) Determine the order for each
(ii) Write the overall rate law for

of the reactants, NO and Hz, from the data given and show your reasoning..
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(b) Calculate the value of the rate constant, ,t, for the reaction. Include units.
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(c) For experiment 2, calculate the concentration of No remaining when exactly one-half of the original amount
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Answer the following questions regarding the kinetics of chemical reactions.

(a) The diagram below at right shows the energy pathway for the reaction Ol + NO -+ NO, + 02

Clearly tabet the following directly on the diagram.

(i) The activation energy (Er) for the forwa¡d reaction

(ii) The enthalpy change (AIl) for the reaction
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f = l< tñ.0r1'(b) The reaction 2 N2O5 -+ 4 NO, + Ot order with respect to N2 5' ? So,
(i) Using the axes at right, complete the graph that

rspresents the change in [N2O5l over time as the

reaction proceeds.

constant temperature, what would be the effect on the

rate constant, k ?

(c) Data for the chemical reaction 2A -l B + C were collocbd by mouuring the concentration of A at l0-minute

intervals for 80 minutes. The following graphs were geireratod from analysis of the data.

tr
ln [A]

otr
o o

Use the information in the graphs above to answer the following.

(i) Write ion for the reaction. Justify your answ€r
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(ii) Describe how to determine the value of the rate constant for the rc¡ction. Itf. orà¿r.
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2A+ B --+ C+D

fhe foliowing results were obtained when the reaction represented above was studied at25"C

Experiment
Initial
tAl

Initial
tBl

Initial Rate
of Formation

of C (mol L-r min-r)

I
1

J
4

Y3 I 0.25
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r.7 5

0.75
0.15
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.0x
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(a) Determine the order of the reaction with respect to A and to B. Justify your answer:
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þ) Write the rate law for the reaction' Calculate the value of the rate constant'
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(e) Identify which of rhe reaction mechanisms represented below is consistent with the rate law developed inpart (b). Justify yeur choice.
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Problem "R"

Arrl + Bto <------->

ÀHon : -10.0 kJ/mole Ea: 50.0 kJ/molç
! 

-:'
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 o'Y". (Both the forward and reverse reactions occur in a single
elementary step).
Therefore, the forward reaction has the rate law, rrwd = kr*¿ [A]1[B]1

and the reverse reaction has the rate law, rr.u= kr"n tx]lry]l

*ù
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La. Use the ÀHon and Eu of the forward reaction to sketch the ener$y
profile for this reaction on the graph. Use a scale 

"t 
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b. What is the value of ÂHon for the reverse reaction? + I 0. 0 rnnd¿
c. What is the value of Ea for the reverse rcaction?_ :$p1¡Vf1þvt

2. At20."C,this rxn has a forward rate constant of 0.0185 M-ls-l and a reverse rate
a. Write an expression for Kc, in terms of the appropriate concentrations.
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of o.ooo35o M-tslt.
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b. Use the rate constants for the forward and reverse reactions to calculate Kc at 20. "C

.0195', I{'r''Keq = k(forward) :
k (reverse)

12.357 -) 52.q
.0OOZ1O l,t.tS.r

3. Now we will raise the temperature from 20"C to 40"C!!!!
At 40."C, this rxn has a forward rate constant of 0.0688 M-rs-I, and a reverse rate constant of 0.00169 M-ls-l.

a. Use the rate constants for the forward and reverse reactions to calculate Kc at 40. 'C

\Q1

c. How did increasing temperature affect the value
(and, therefore, the rate ofthe reverse reaction)?

L
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b. How did increasing temperature affect the value of the forward rate constant (and, therefore, the forward

rateofreactionX(diJr(forward)andk(forward)increaseordecrease?

ofthe reverse rate constant
\l i^Lþ/,Àp)

d. How did increasing temperature affect the value for Keq? * àe C¡e AU) .
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f. Does the effect on Keq seem ionsistént with the fact that the reaction iiexothe-rmic? Explain.
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g. Explain, using collision theory, why the rates and rate constants increased as temp increased.
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5. Now we will go back to 20. oC, but we will add a platinum catalyst, which changes the activation energy for
the forward reaction from 50 kJ/mole to 35 kJ/mole! When catalyzed with Pt at20."C, the forward rate

constant ir 8l3M-tr-t, and the reverse rate constant is 0.165 M-'s-t.

kx

a. Show the energy diagram for the catalyzedtxn. (use the same.graph that you used

b. What is the activation energy for the reverse reaction, when catalyzed with Platinum
c. Use the rate constants to calculate Keq for the catalyzed rxn at 20."C.

kr
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lß.?3rrts't ) 5249¿l+
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d. How did adding a catalyst affect the value of the forward rate constant?
¡t^ /

e. How did adding at catalyst affectthe value ofthe reverse rate const¿nt? k. î n øqse/
f. How did adding a catalyst affect the value for Keq?

tlt

g. Explain, using collision theory, how/why a catalyst increases/decreases the rate of reaction.
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h. Why did the catalyst affeclnot affect the Keq?
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