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Physical constants, conversion factors, and useful equations

Physical Constants

A =8314J mol* K!
= 0.08206 L atmK™' mol”
= 0.08314 L bar K" moi"

Na = 6.022 x 10 mol”

ks =1.381x10% g K

h =6626x10%Js

F =196,500 C mol”

c =23998x10®ms”’

g =981ms?

8 = 0.51mol"gm¥?
(in Hz0, 25°C)

Sequential reactions:

A 2. p L

[Bl=(k/(kz-k1)) F(H)[Alo

(1) =exp(-kit}-exp(-kat)

QOther Units

1dm? =1L

1dm? =1000 cm?

14 =1kgm?s?

1atm =1.101325x 10° Pa
1 atm =760 mmHg

1 Torr = 1 mmHg

1 Torr = 133.322 Pa

Thar =105Pa

1nm =10"m

_VIS]
K, +[5]

V =ky(E) and K, = it E2

1
Eyring equation:
k =keT/(hc®) x f

f =exp(AS*/R) x exp(-
AHYRT)
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Important Equations

kK = Ae Tl RT

kK - ksTe-a*(;%er

AG = 4H- TAS

Es = A#HP-PA*V® + AT (sol)
= A*HP-ZVRT + RT (gas)

&V,
T

log k = log ks -

AG°= - AT In K.

dP/dt = k8
0 = KP/(1 + KP), at T=const

In(1-8)=-8
if 8 << 1

Parallel reactions:

@ = k/S

where S is the sum of ali rate
constants of the paral-lel
reactions



1. Find the rate law of the reaction:
. Ketf o+

,éHNo2 et e H,0 + 2NO + H + NO;
if the first two of the following steps rapidly attain equilibrium and the
third step is slow:

k
9 fHNO, ! H,0 + NO + NO, 44 .
ul
ko
INO, - N,O,
2

+ —
H,0 + N,O, _k o HNO, + H' + NO;

{ Note: ki/k1 =Krand ka/ka =K}
A)  kik: [HNO2]%/[NO]*[H;0]
B) Kiks {[NOJ*{H.0]
C) KiKzks [HNO2)*/INOJ?[H:0]
D) KiKzks: [HNO:2]/[NO][H.0]
E) Kzks [HNO;]/[NO]?



/2 _ OZZ/'K?_O)

I e

= o [#0)/4,0,)
[n.0.)

[vo, )"
[7204] = K o, 3>
LH0Y(wo ) o, 7

[Hro, )™

K)_:

}

(HNG, ) =
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2
[w,0,] = Ky [wo)
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[i.0) v

R = k, (H,0)(W.0,)

P ; v [H"anj
= K Klk} [H 0D
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L
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2. ‘ [HAJOL_J 5

= K Kz_k C

| . (H,0) (o)™ O




2. In a trimolecular gas-phase reaction [A{g) + B(g) + C(g) — TS{g) (TS =
transition state)] the rate constant, k, is 3.44 x 10° M? s1at 55.0 °C and the
entropy of activation, A45% is -152 J K'' mol'l. What is the activation energy,
Eqs, according to transition state or activated complex theory?

A)

B)

0.152 J mot!

1.16 J mol*!

C) 4.16 kJ mol™!

D) 0.695 kJ mol!

E) 0.695J mol!

3. Transition state theory assumes an equilibrium between

A)
B)
©)
D)
E)

all reaction components except radicals
stable intermediates

activated complex and reactants
reactants and products

all reaction components even radicals
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/-3 - -2

oA F
E,= AHT* 3p7 ANgny = By,

At = pnt - Apes RT
= ant & LpT
__ﬁ ..
£a = RT+ AUT = 44" ¢ 2RT
%:
B 63/(31 AS /8
—_ &
Ia((»"} ’
=+ 3
AS /f?:—zyz——“/, Ea
L\S*/,‘? — 1%, 25
e - ’ -5
= {, 7149 -0

A = =
6, é‘Zé ) /()’h“‘b‘-’ 3— ' 1 /v‘
8 !
= . S84 . 40 %
£
-tz [eT

k = 4 o - = Je
{ f,;, = - RT .4, =
A
3 A

E, = - &31‘1@' 328145 K - 4, —_— S
[ 525 . €
., et
= T 2, 228 .
et A (p, 2373)

- K >
2[ ?28 ——— . i
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[z J by @
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4. The following free radical mechanism has been proposed for the thermal

decomposition of acetaldehyde (ethanal):
CH,CHO _ K o .cH, + cHO

«CH; + CH:CHO _ X2 . CH,+ *CH,CHO
*CH,CHO —ki—’- +CH; + CO
0CH3 + OCHg —b_’- CH3CH3
Find an expression for the rate of formation of plethane (CH3CHs)
A) (ki ka)” [CH3CHO)” ’

B) Kkika/ks [CH3CHO)?
C) ki ka [CH3CHQOJ”

D) ki[CH3CHO]
E) ki[CH3CHO]/[CH3CH3]

5. What is the half-life of A in the following elementary reaction,

Vo AP

when [A]o= 4.00 M, [P]o =0 and the rate constant being k = 1.21 x 104 M2
s1?

A) Tiz2=34.2Us

B) Ti2=70.5Us

C) Tiz2=10.3 us

D) Ti2=96.8 Us

E) Ti2=48.4 s
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& den
A7 = l(w [C/fsj

O([C”ﬂ.‘) SSA
2 = 0 = Kk, [(’{#3(‘}%0) ~k, [H] [CH, 0]

> (1)
t &k, [cH, cHo) — 2 é[f/{;']

oL [cy, ctow) oon
Y =0 = [ [H]) [H cHo) = ky B CHO") (2)

Cr)+ ¢2) O = k![(;é(;/o] - z_kf[ffi']?_—
kH ZCH}°JL3 %{ k, (tn, CHO )

R = Lk, [cH cro) Q
D



Half-Life concept, Sections 5.2 and 5.4

f What is the half-life of A in the following elementaw reaction

[‘( U f;éc ﬁg 74:/" fc’t?é (’c}MJ M7L 7(

ﬂL L
when [A], = 4.00 M, [P], =0 and the rat¢’constant being k = 1.21 x 10" M'? 5" 2

A) T1/3:96.8 LS _’_’ G(/()

B) T2~ 484 us YC'C;(LG 1/ - f

C) Tip = 342 us bujf\ ')’t‘{l[f a}[ cn ﬂjcx;a "f‘J Giov .
D) T2 = 705 us

E) Tin = 10.3 us VvV o= 'TW o[’jg B l([ JVZ_
&

AlA) fl‘[ﬂj

A — P

fK c/fx"Zx’/,,_C_

)/ ot
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QJ_LA') - Wi (o A —_ -

f #']Hv ZZH’J { ~ 7 i}( Lf/z

LAY, (ﬁ)u
/4l V2 N , P
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{_,J:; /1

/ / ‘ oy AL /
— ‘ - - = - /Y 2 / _
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fhm VIl 2 B g -y
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6. The compound CH3-O-N=0 has an internal rotation about the O-N bond as

follows:
CHs

o\\ /CH3 /

e N—O

N-—0O //

O

Cis Trans
The half-life of the first order disappearance of the cis form can be

measured by NMR techniques. Itis 1.00 x 10 sec at 25 °C. Assuming AS” =
0 for this reaction, calculate the height of the barrier to rotation.

A) 11.2 kJ/mol

B) -21.1 ki/mol

C) 42.2 ki/mol

D) 21.1kJ/mol

E) -11.2 kJ/mol

7. For a reaction of a rate constant k. If all reactants have initial
concentration g and concentration x at any time of an order of n, and its

integrated rate equation is
1 1

——— = e
(n—L)x"/ (n—-1)a™

which of the following mathematical expression is the half-life, t,

M
A) (ﬂ—lj‘ an"l
2?’[.-1

1
C) {n—l)kan_l

D) (n—1)k

Fy (n-Dka'"?
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8. The thermal Decomposition of acetaldehyde vapor:

k
CH;CHO » CH; + CO
Is an irreversible process whose rate at 518 °C is given by the following

two sets of data for pressure changes at constant temperature and
volume

Initial Pressure of Total Pressure of the system after
Acetaldehyde (mm Hg) 100 sec {mm Hg)
400.0 500.0
300.0 360.0 |

4

Find the order of the decomposition process with respect to acetaldehyde.
A) O

By 2
C)y 2.5
D) 1
E) 1.5

Version | Page 7



11. The isomerization of cyclopropane to propylene follows Lindemann

kinetics:
k)
A+ A A + A¥*
-1
k
A¥* 2y Products
so that the reaction process follow the rate law:
dP, i k,P?
dt (kg +k_Py)

where P, is the reactant pressure. Calculate the ratio of the time for 1% of
the propylene to isomerize at a given temperature if the initial pressure is
1 atm to the time for 1% to isomerize if the initial pressure is 1 x 10 atm.
The values of k1, k-1, and kz are 1 x 10** min* atm™, 1 x 10" min™ atm?,
and 1 x 10° min™, respectively.

A) 10 /'_ff
B) 50 ol e | )
¢ 100 f‘-»*} PlRz -
D) 1 "N . A
E) 20 ; ~=|
-
2
{ , la _
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12. Consider the elementary reaction,

k

2A + B - A7
what is the rate of consumption of 4, if [A]o = 230, [B]o = a0, [Z] 0 = 0, and
aftertime t, [Z] = %2 x?
_dlal

a) @ =-8k(a,-x)’

B)  a =dk(a,—x)
0 4 =8k(a,—x)’
D) 4 =8k(a,—x)

14l

By @ =dk(a,—x)

13. Apply the steady state approximation to the intermediates B and Cin the
consecutive reaction sequence

Ka kp ke

A ——»B 2 ¢ —» D
to obtain an expression for the concentration [D] as function of time,
when initially [A] = [Ale, and [B]o = [Clo = [D]o = 0.

e dx =
ka |
Ay [D]=Fks [Al (5 “1)
B) [D]=[Al (& *-1)

ks

C) [D]=ks [A],(8 T _e "

D) UH=ZEMLU—fﬁh5
—dqk
E) [D]=[Al.(1-°¢ )

e + ¢ . . .
, where Cis the integration constant}

SE

{ Note:
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14. The Steady State Approximation can be applied to a reaction intermediate
if it reaches rapidly a concentration being constant in most of the reaction
time, is much smaller than the reactant concentration, and

15.

A)
B)

©
D)
E)

is formed slowly.

its concentration is constant but large compared to reactant
concentrations.

is not reacting during the course of the reaction.

is consumed rapidly.

is present in a concentration much smaller than reactant
concentrations but is not constant.

’

In an experiment (at 15 °C) on the reaction

NO + H ——— N20+H20

the obtained data (v, denotes the initial rate of consumption of NO} are

[Hz]o (mM) Vo (UM Lt s1)

- 2 ]
52

200
102

What is the overall order of the reaction?

A)
B)
S
D)
E)

2

w P= &~ O
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16. The Pt-Catalyzed decomposition of Hl obeys the following rate laws
depending on the HI pressure:

dPry/dt = ki, at high pressure, with k; = 500 mm Hg sec™? at 100 °C,

dPry/dt = k2 Pu, at low pressure, with k2 = 50 sec? at 100 °C.

Calcutate the Hi pressure at which the value of dPn/dt = 250 mm Hg sec’?,
at the same temperature.
A) 200 mm Hg

B) 0.1 mm Hg

C) 500 mm Hg

D) 50 mm Hg Zﬁﬁ/fm.:{f,/ £ = K
E) 10 mm Hg ‘ /_,_/(/9
k= -k & oA KA S
A

K _,Jﬁ ST torr /<
ST /“‘ /O z"ioy/
= o7 \{oﬂ_/

. ~ D
P: /{ [ Corr /

(-

]t 2 f o _'7};

Rl o, torr™ P) b =k, Oty p

O/ fo”y_rplé) - . 77/ﬂ} -
(- ko Oiter ™) P oo

-7 30 'L(D'raf/g

‘0~f f\gy?’ f,,fy
—— 250 —(/— — Svo ! Yt
65;*1/ S

B e
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Question Code Answer Question Code Answer

1 001 C v 1 003 B
2 001 c 2 003 C
3 001 C “ 3 003 B
4 001 D 4 003 D
5 001 D \ 5 003 E
6 001 c v 6 003 C
7 001 E o 7 003 C
8 001 B \ 8 003 C
9 001 E v 9 003 C
10 001 E 10 003 C
11 001 C \ 11 003 D
12 001 D e 12 003 B
13 001 m\ 13 003 B
14 001 D+ 14 003 D
15 001 E \ 15 003 A
16 001 Ev 16 003 B
1 002 B 1 004 D
2 002 B 2 004 E
3 002 E 3 004 E
4 002 B 4 004 B
5 002 D 5 004 E
6 002 D 6 004 E
7 002 D 7 004 D
8 002 A 8 004 A
9 002 A 9 004 C
10 002 A 10 004 E
11 002 D 11 004 B
12 002 B 12 004 D
13 002 D 13 004 C
14 002 C 14 004 E
15 002 C 15 004 D
16 002 A 16 004 A



