CHM 1040: GENERAL CHEMISTRY II LAB
Week 5: Chapter 14. Chemical Kinetics Worksheet
Name: __________________________

Solve the following problems from your textbook (10 points each)
1. Practice Exercise on page 471 (First solve Example 14.1 and then attempt the practice Exercise).
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2. Practice Exercise on page 472 (First solve Example 14.2 and then attempt the practice Exercise).
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3. Practice Exercise on page 477 (First solve Example 14.3 and then attempt the practice Exercise).
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4. Practice Exercise on page 481 (First solve Example 14.4 and then attempt the practice Exercise).
[image: ]
[image: ]
[image: ]
5. Practice Exercise on page 483 (First solve Example 14.5 and then attempt the practice Exercise).
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6. Practice Exercise on page 485 (First solve Example 14.6 and then attempt the practice Exercise).
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7. Practice Exercise on page 490 (First solve Example 14.7 and then attempt the practice Exercise).
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8. Practice Exercise on page 491 (First solve Example 14.8 and then attempt the practice Exercise).
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9. Problem 14.22(a) (Similar to Example 14.5) – on page 504
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10. Problem 14.22 (b) (Similar to Example 14.4) – also on page 504
Part b is the time required for 95 percent of the phosphine to decompose
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(4.0x 107 M)

T —2=2
(20x 107 M)

ory = 1. that is, the reaction is first order in H,. Hence. the rate law is given by

rate = k[NOJ? [H,]

which shows that it is a (2 + 1) or third-order reaction overall.

(b) The rate constant  can be calculated using the data from any one of the experiments. Rearranging the rate law, we get

k= —a
[NOT [Ha]

The data from experiment 2 give us

5.0x10°°

10°° M)
= 25x10°/M? s

(c) Using the known rate constant and concentrations of NO and Ha, we write

rate

(25X 10%/M2 - ) (12.0x 107 M)” (6.0 107 M)
2.2x 107 M/s

Comment Note that the reaction is first order in Hy, whereas the stoichiometric coefficient for Hy in the balanced equation is 2.
The order of a reactant is not related to the stoichiometric coefficient of the reactant in the overall balanced equation.

Practice Exercise The reaction of peroxydisulfate ion (S03™) with iodide ion (I”) is
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$,0% (ag) + 31" (ag) — 250%™ (ag) + 15 (ag)
From the following data collected at a certain temperature, determine the rate law and calculate the rate constant.

Experiment [S,02°] (M) [I"](M) Initial Rate (3/s)

1 0.080 0.034 22x107™*
2 0.080 0.017 L1x 107

3 0.16 0.017 22x107™*
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The conversion of cyclopropane to propene in the gas phase is a first-order reaction with a rate constant of 6.7 X 10~* s at
500°C.
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(a) If the initial concentration of cyclopropane was 0.25 M, what is the concentration after 8.8 min? (b) How long (in minutes) will
it take for the concentration of cyclopropane to decrease from 0.25 M to 0.15 M? (c) How long (in minutes) will it take to convert
74 percent of the starting material?
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Strategy The relationship between the concentrations of a reactant at different times in a first-order reaction is given by

Equation (14.3) or (Z) (14.4). In (a) we are given [A]y = 0.25 M and asked for [A], after 8.8 min. In (b) we are asked to
calculate the time it takes for cyclopropane to decrease in concentration from 0.25 M to 0.15 M. No concentration values are given
for (c). However, if initially we have 100 percent of the compound and 74 percent has reacted, then what is left must be (100% —

74%). or 26 percent. Thus, the ratio of the percentages will be equal to the ratio of the actual concentrations: that is.
[A]/[Aly = 26%/100%. or 0.26/1.00.

Solution

(a) In applying (5 Equation (14.4), we note that because & is given in units of s~!, we must first convert 8.8 min to seconds:

88 it x 05 _ 5285

1 it

We write

In[Al, = —kt+In[A],
= —(67x107*57") (528 5) +In (0.25)
= -174
Hence,

[Al, ="+ =018 M

Note that in the In [A] term, [Aly is expressed as a dimensionless quantity (0.25) because we cannot take the logarithm of
units.

(b) Using @@ Equation (14.3),

— (6.7 107 s™)r

7.6x102)(><;+)‘;
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(c) From (&) Equation (14.3),

=3
L}

926 —(6.7x 107 s71)r
3 1 - .
20X10° & x % =33 min

Practice Exercise The reaction 2A — B is first order in A with a rate constant of 2.8 X 107> s~! at 80°C. How long (in seconds)

will it take for A to decrease from 0.88 M'to 0.14 M?
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The decomposition of ethane (C>Hg) to methyl radicals is a first-order reaction with a rate constant of 5.36 x 10~ s~! at 700°C:

CyHg (g) — 2CH; (2)

C;Hg — 2CHy

(Calculate the half-ife of the reaction in minutes.

Strategy To calculate the half-ife of a first-order reaction, we use [5' Equation (14.5). A conversion is needed to express the half-ife

in minutes.

Solution For a firstorder reaction, we only need the rate constant to calculate the halflife of the reaction. From {2 Equation (14.5)

0693
X

0693
5362107 51

= 1.29x10‘/x‘“+;’

= 21.5min
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Practice Exercise Calculate the half-life of the decomposition of N2 Os. discussed on p. 480.
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mple 14.6

Todine atoms combine to form molecular iodine in the gas phase:

1@ +1(®) = L (&)

This reaction follows second-order kinetics and has the high rate constant 7.0 X 10°/M - s at 23°C. (a) If the initial concentration
of I'was 0.068 M, calculate the concentration after 3.5 min. (b) Calculate the halflife of the reaction if the initial concentration of T
is 0.53 Mand if it is 0.39 M.

I+I-1
Strategy

(a) The relationship between the concentrations of a reactant at different times is given by the integrated rate law. Because this is a
we use (@ Equation (14.6). (b) We are asked to calculate the halfdife. The halflife for a second-order
reaction is given by (2 Equation (14.7).

second-order reacti
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(a) To calculate the concentration of a species at a later time of a second-order reaction. we need the initial concentration and the
rate constant. Applying (2 Equation (14.6),

- e
= k+gg

(0% 10°/M -5) (3.5 min x 220 + rmr:xw

E

2|

where [A], is the concentration at # = 3.5 min. Solving the equation, we get
[A]l, =68x 1075 M
This is such a low concentration that it is virtually undetectable. The very large rate constant for the reaction means that

practically all the I atoms combine after only 3.5 min of reaction time.

(b) We need

Equation (14.7) for this part.
For [T]y = 0.53 M.

1
K[Aly

i
= 27x107"s

For Iy = 0.39 M,
-
1 T W

1
(7.0x10°1M-

)(039 M)
= 37x107"s

Check These results confirm that the half-life of a second-order reaction, unlike that of a first-order reaction, is not a constant but
depends on the initial concentration of the reactant(s). Does it make sense that a larger initial concentration should have a shorter
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Practice Exercise The reaction 2A — B is second order with a rate constant of 51/} - min at 24°C. (a) Starting with
[Aly = 0.0092 M. how long wil it take for [A], to equal 3.7 x 10™> M? (b) Calculate the halfdife of the reaction.
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mple 14.7

The rate constants for the decomposition of acetaldehyde

CH;3CHO (g) — CH, (¢) + CO(g)

were measured at five different temperatures. The data are shown in the table. Plot In  versus 1/7, and determine the activation
energy (in kJ/mol) for the reaction. This reaction has been experimentally shown to be *2” order in CH3CHO, so k has the units of

1UM? 5.

k (UM% 4s) T (K)

0.011 700
0.035 730
0.105 760
0.343 790
0.789 810
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CH;CHO = CH; + CO

Strategy Consider the Arrhenius equation written as a linear equation

() ()

A plot of In & versus 1/7 (3 versus x) will produce a straight line with a slope equal to —E, /. Thus, the activation energy can be
determined from the slope of the plot.

Solution First, we convert the data to the following table:

Ink ur (K™7)
-451  143x107
=335 137x107
2254 132x107°
1070 127x107
0237  123x107

A plot of these data yields the graph in (2 Figure 14.15. The slope of the line is calculated from two pairs of coordinates:

—4.00 — (~0.45)

— = 209x10'K
(141 - 1.24)x 1072 K

slope =
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Figure 14.15 Fiot of It k versus UT. The siope of the lineis equal to —E, R.

From the linear form of (2 Equation (14.12)

slope = —% =-209%10' K
E, = (8.314J/K-mol)(2.09x 10* K)
= 1.74x 10° J/mol
= 1.74 10° kl/mol

:
Clheck Tt is important to note that although the rate constant itself has the units 1/M - s, the quantity In k has no units (we
cannot take the logarithm of a unit).

Practice Exercise The second-order rate constant for the decomposition of nitrous oxide (N> O) into nitrogen molecule and oxygen
atom has been measured at different temperatures:

k(UM-s)  t(C)
1.87x 107 600
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650
0.0569 700

Determine graphically the activation energy for the reaction.
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The rate constant of a firstorder reaction is 4.68 x 1072
for the reaction is 33.1 kJ/mal?

at 298 K. What is the rate constant at 375 K, if the activation energy

Strategy A modified form of the Arrhenius equation relates two rate constants at two different temperatures [see
Equation (14.13)]. Make sure the units of R and E, are consistent.

Solution The data are

ki = 468x107°
i = 298K T

Substituting in & Equation (14.13),

1 2681 257! 33.1x10° J/mol [ 298 K —375K
3 " 8314J/K-mol [(298K)(375 K)

We convert £, to units of J/mol to match the units of R. Solving the equation gives

Clieck The rate constant is expected to be greater at a higher temperature. Therefore, the answer is reasonable.

Practice Evercise The first-order rate constant for the reaction of methyl chloride (CH;3Cl) with water to produce methanol (
CH;0H) and hydrochloric acid (HCI) is 3.32 X 10719 s=! at 25°C. Calculate the rate constant at 40°C if the activation energy is
116 kI/mol.





image21.png
1422 The thermal decomposition of phosphine (PH3 ) into phosphorus and molecular hydrogen is a first-order reaction:

4PH3 (g) — P4 (g) + 6Ha (¢)

The half-ife of the reaction is 35.0 5 at 680°C. Calculate (a) the first-order rate constant for the reaction and (b) the time
required for 95 percent of the phosphine to decompose.
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Wiite the rate expressions for the following reactions in terms of the disappearance of the reactants and the appearance of the
products:

(a) I” (ag) + OCI™ (ag) — CI” (ag) + OI" (aq)

(b) 302 (g) — 203 (g)

(c) 4NHs (g) + 502 (g) — 4NO (g) + 6H>0 (g)

Solution

(a) Because each of the stoichiometric coefficients equals 1,
AlT] __Afocr] _A[Crr] _ Afor]

e v V Ar Ar

(b) Here the coefficients are 3 and 2, so

__1A[0y] _ 1A[03]
MeETITR T3 M

() In this reaction

rate =

_LA[NHy] _ 1A[0;] _ 1 AINO] _ 1 A[H,0]
4 At 5 A 4 A 6 At

Practice Exercise Write the rate expressions for the following reaction:

CHy (g) +202 (g) = COz (g) +2H, 0 (g)
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Consider the reaction

4NO; (g) + 02 (9) = 2N2 05 (g)
Suppose that, at a particular moment during the reaction, molecular oxygen is reacting at the rate of 0.037 M]s. (a) At what rate is
N,0s being formed? (b) At what rate is NO, reacting?

Strategy To calculate the rate of formation of N> Os and disappearance of NO,, we need to express the rate of the reaction in
Example 14.1:

terms of the stoichiometric coefficients as in

oo 1ANO:I | A[0:] | 1AMN:O0]
Sy VA VA At

w)

We are given

A[O:]
At

=—0.037 M/s

where the minus sign shows that the concentration of O, is decreasing with time.

Solution

(a) From the preceding rate expression, we have

_A[O,] _ 1 A[N205]

At 2 A
Therefore,
ANOs] _ 5 (0,037 wts) = 0.074 Mis

At
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(b) Here we have

_1ANO)] __A[0s]

4 At Ar

AN
% = 4(=0.037 Mis) = —0.15 M5
Practice Exercise Consider the reaction

4PH; (g) — Py (¢) + 6H2 (2)

Suppose that, at a particular moment during the reaction, molecular hydrogen is being formed at the rate of 0.078 M/s. (a) At what
rate is Py being formed? (b) At what rate is PHy reacting?
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imple

The reaction of nitric oxide with hydrogen at 1280°C is

2NO(g) +2H; (8) = N2 (8) + 2H, 0 ()

2NO +2H; = N; +2H,0

From the following data collected at this temperature, determine (a) the rate law, (b) the rate constant, and (c) the rate of the
reaction when [NO] = 12.0 x 10 M and [H2] = 6.0 x 10~ M.

Experiment [NO] (M)  [H;] (M) Initial Rate (M]s)

1 50x107 20x107  13x107°

2 10.0x 107 20x 107 5.0x107°
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3 10.0x 107 40x 107 10.0x 107

Strategy We are given a set of concentration and reaction rate data and asked to determine the rate law and the rate constant. We
assume that the rate law takes the form

rate = KINOJ*[H, '
How do we use the data to determine x and y? Once the orders of the reactants are known, we can calculate  from any set of rate
and concentrations. Finally, the rate law enables us to calculate the rate at any concentrations of NO and Hy.

Solution

(a) Experiments | and 2 show that when we double the concentration of NO at constant concentration of Hy., the rate quadruples.
Taking the ratio of the rates from these two experiments

ratey _ 50107 Mis k(100 107 M)* (20 107 M)’
el 13x 100 Mis  k(5.0x 107 M) (20 x 107 M)’
Therefore,

(100107 M)"
(5.0x 107 M)*

orx =2, that is, the reaction is second order in NO. Experiments 2 and 3 indicate that doubling [H, ] at constant [NO] doubles
the rate. Here we write the ratio as

rate; _ 10.0x 10~ M/s £(10.0x 107 M)* (4.0 x 107 M)”

rtey  50x10°Ms  k(10.0x 107 M) (20% 107 M)°

Therefore,




