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1. Find the correct choice: The Transition State n a reaction ...

.. must have at least one weak bond.

.. can have only strong bonds. WC’JLJJ é{. J ‘{(c‘:? é(( G ¢ (éc{é ,,,5.7(7:(’
.. is a stable molecule. 7 /7 9T S"f(q»é,((

.. is at a minimum of the potential energy diagram. 1< x/'p1 ce vz
.. 1s a stable intermediate. 731 3y 4, 7~ ¢ F 494

mGOpﬂ@

2. Inequilibrium,
@ forward and backward reaction rates are equal.
B. allrates are zet0. Mo cepm s
C. the backward reaction is faster than the forward reaction. 22&2% J&px J €
D. forward and backward rates are almost equal. Waf;a[m@Jf( e?&c@?

E. reactant concentrations are zero. 24 o 5c4, s¢

3. For the paraliel reactions

A — B rate constant k| ¢ - kz
c
A — C rate constant k; = 2.3 k; 1(‘11’1(3'1*}(‘5
A — Drate constant k; = 4.0k
5 =40k - 23k,

: : .
What is the yield of C* Kyt 25k, ¢ 4.0 4,

31.5% L

13.7% - s = 2, 3] 50
C. 54.8% '
~ o
D. 45.2% = 3.5 7,
E. 86.3%
_ERT

4. Reactions | and 2 follow the Arrhenius law and have the same pre- j¢, =/A €
exponential factor. If the activation energy of reaction no. ! is 20 J/mo!} and

that of reaction no. 2 1s 200 J/mol, what 1s the ratio ki/k; of their rate constanis

at 300K? Ko | o (B~ E,)IRT  _(-200)2 [T

1075 e 50 — / } e}

s W S8 I — oo

B. 0.930 = & e 06i

Fg0( 2479, & o 072!

C. 1.083 - = s

D. 0.922 s

E. 1.037 = L o7

o=, 028
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5. For the reaction mechanism 7[;”"“24 oer v ( Cou f"“’”/”(’ e

A — ] rate constant k, O‘K:fg = = kl [/-FJ — kza) 0{‘/4’f

I — P rate constant k;
the steady state approximation yields
@ k[ =0
k1[A] + kz[I] 0
ki[A] =
ka[1]=0
d[P}/dt = ka[I]

.mfvo

6. In the mechanism,

(1) 2 [NyOs 2 NO, + NO3| equilibitium

—

(2) NO; + NO; — @+ O, + NO;

—

(3) + NO; —  2NO,

for the decomposition of N,0; inte NO, and O,,

both NO and NO; are intermediates.

(B)  only NO isan intermediate.
(C)  only NOj is an intermediate.

(D) only NO,is a catalyst.

(E)  both NQ and NQj are caialysts. - f\ﬂh”mco(’f‘a_z%
R= 4Z = k)B) P
SSA, . 0(04.33 Lo et

dE SO = ko (JlA) ~ 4y (A5 B)
SSA, clé’%-) co= k(A b (A) =k, (A)(A)

7. A possible mechanism for the reaction, 2A + B — C + D,is: g< A ¢ . 2
2 [ J
- [n) = 27
(1) A+A = A, K‘.., fast, equilibrium z¢ T k‘_, ¢ [(LM_J
Q) AtA Ay Ky slow  SSA (4,0 = K Mz,)[ﬂ)
3y A3;+B — A+C+D Fast [g)
K3, [As) EBY = ko 4)°3

According to this mechanism, the rate law (rate of formation of one of the ﬁnal %__;7{;'“\
products) will be (k is an effective rate constant kepp): [/4 ] k [A) 24l '
3

| 3 = k tad 7 —
Iy (A3 )(B] = k QU fa K, (k_ +km))(B)
3 i oy 4 3 !
_3(‘[<»;“'kafﬂ)/

= __f_’_jz. Z/}]g £2) SXOW’ ::_) kZ [,&{J <K k_\‘ (?(ffJ'f/




ate =k[A)? l/\ - T:

(b) Rate = k[A][B] /e weccer — Reerts ¢
- 2 _-__I____q K ..J_—=
(d) Rate = k[A] Roon = E
= 2 l Y . K L
() Rate =k{A] Q“"'ﬂu = —ZZS? 44 B Rm.«x ” _;qu £3)p

8. The decomposition of hydrogen peroxide (substrate S ) is catalyzed by the enzyme

catalase ( £). At an initial catalase concentration of 3.5 x 10 M the variation of

I/ R, (the reciprocal of the initial rate) with 1/[S],, the reciprocal of the initial

concentration of the substrate S is given by (Lineweaver-Burk equation), R.,,M= 0.03F65 5

-2
(1/Rg) = 0.6977 s (1/[S];) + 26.557 s/M =33200 "4

Based on this experimental result which one of the following choices is correct?
(from lefi to right: maximum rate R, in M/s, Michaelis constant K, in M, and the

turnover number £, in Us)
/ K. WAL
/ mt’u(

@ 3.77x1072 263><10*‘2 1.08 x 107 :0'03;5“5-—\3&’0.6'7??-3
~Z
= p.O2L2 = 2,630 M
0.6977. 26.557. 1.99 x 10* o =M
Rm k {t)b
C  263x1072 ,3.77x107% |, 7.51x10° K 7y 03?5~S‘~—
\?_ =
315‘10_? M

D 26557.0.6977, 7.59 % 10°

* o~
= {pFSHF JO S

3.77x107%  2.63x107% 751x107 2
= -\
={.08 1 <

9. The adsorption of Kr on charcoal at 193.5 K, closely follows the Langmuir ‘
adsorption isotherm and in turn the linear relation, 6 = Vit KT

Vo i+ &P
(1Y) = 0.03258 glem’ + 0.34076 (tore glem®) x (I/P) |

| 1
\/ LK P

where ¥, (in cm® g~') is the volume of Kr adsorbed per gram charcoal at the
' a 3

“v L,

2

Which one of the following choices is correct (from lefi to right: volume of Ar needed = 30> Lim

equilibrium Kr pressure P (in torr). V. = 3.03s5%
M L]

to form a monolayer per gram charcoal, V,, , and the adsorption equilibrium constant g
K at 193.5Ky? _{________ — - L
‘o > = 009562
= povers =L g5 L 1562 4oy

L .,.,.. 7
N ey — & -2
g - {ls_é’/é) ‘-__{_—a,,,/#




30.7,9.56 x 10

(B) 30.7,293
(C) 293,307
(D)  28.7,0.341
()  9.56x107% 28.7
?n?Lf-VW\( At
10. The mechanism suggested for the reaction, L
R=1dlSd /1))
2A+B—2C ot
18, 2
ssac Ak (1) - L, 100[8)
A+A @ I forward rate constant k,, backward rate constant k., ~
7
1+B —2C rate constant k, [}] a K, ()
Tkt ky (B)
The rate law obtained on applying the steady state approximation is,
L.
: A
Rate = ki ko[ AP[BY(k. + ka[B]) 2= k ko £A)
2 btk (B)
(B)  Rate =kiko[A]%/(ky + k2[B]) =
(C)  Rate =k k;[A][B]
(D) Rate = kik[AT’[B)/(k) + ko[B])
(E)  Rate = k;k[A]{B]
11. Using the following graphs, which one shows the rate of change of H,O, with
time (assume the reaction to be an elementary one)?
"}]—[0 2]—10 +O 2:: __LOZZH‘LDL-) l( 2
2 H:000 = 2H:00) 2(e) ] —— = H, O
0‘{{_ Z T '1,\]

HzCD—;_ ;s VCG?::?LQ—;:?L Gep A %4.:/.! a&c»’eaa)c/y W,‘/J Lrhee
=) Q’é’o R 'MMJ?[ 0/53(.;’660( ij_gé‘ ?[/‘M

éirl/)/ ’/Ac Cees e e A
&




Wk 31N

I'nig Tume

Riww —m—mm———— ot
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12, Consider the following reaction: q
CiHgg + 405 —= 2C0;3; + 4H0

If 1.0 mol CsHjg is consumed in 4.0 minutes, the rate of production of H;O in

mol/min is
& L6 Hy) = 2{1,_0 ek [ain
1.0 Ht
B, 4.0
17 O
C. 0.25 =) ._.cié—!it——g- = 4‘7:;' el [ i
D. 4.0 At
E. 8.0 —
13.A second order reaction with initial reactant concentration of 0.80 M has a
rate constant of 0.05 M™'s™". How lon illake 1n seconds for the reactant io
Jose 50% of the initial concentration? . oA —k[A) >
» (A) At +
(1) A B % Lt
e m Ty
B. 50 CA}L‘ < &
C. 10 ki LA B S
= k(A (Al A
D. 125
E. 8 L A

a k[Aj’C’—_ ']ﬁ"*-'—-l—, ‘

L GLHL) o), Hy)
dt T oIE

iz

—~ = /S7s




L a8 Al

14. Consider the following reaction: 2. '_ZI__. T T3 Tat
3A 2B 4B _ 2 /. A
S ( At

The relationship of the rate of appearance of B and the rate of
disappearance of A is: (A[B]/At) = C x {- A[AJ/At). The factor C is

Z-
(8)+0.667 <= F = 0,667
C. +0.334

D. +1
E. +3/2

15. Determine the rate expression for the following reaction:

2MnOy’ (aq) + 6H (ag) + 5C105°(aq) — 2Mn?"(aq) + 3H,O() + 5C104(aq)

[MnO, /M [ClOs M [H M Initial Rate Ms™'
1 0.10 0,10 0.10 5.2x10-3
2 0.25 0.10 0.10 3.3x10-2
3 0.10 0.30 0.10 1.6x10-2
4 010 010 0.20 7.4x10-3
@!~:[M.n0,.‘]2[(;‘l(')_;'][I--F]'Q B. k[MnO,J[C1Oy] "2 TH']?
C. K[MnO, 7 [CIO7 [ HT) D. k{MnO, 1 CIO]{H")
. < 2rpreq1i2
E. k[MnOyF[H ] pleccre tern page.

16. The mechanism of the chain reaction CHg = C,Hy + Hy is:

ky
C,Hy, —m=  2CH; C(—(bv
ks ] f el w
CEH() + CH3 — - 1C2HS + CH4 qff;
m— ——
ks
7C2H5 —»  CH, 4+ @
H -
Ky
C2H() + @ —_— CZHS + Hz
k

5

The reactive intermediates of the mechanism are the species:
B




[SSEN R = k(. )" [wos]” r77)

_R_L [ (meo]) " ,
- - _ +
o (muo] ), ) Lo = leeos), | (KD, = IH7), aoncl concef
’Qr $2 2 N0\ A
'}'2_; = ————53 = f7 (S+6 = “"‘0‘25_' ) = (ﬂll..f)
- &
/&1';2“’“:;«;1,&0;{ v = /5“0*’5;2—{.89522
- ! /&T ﬁc( __(/’)r?/ & 3

Xu@)> / . N .
(20,75 /”?’@L,) [Mnf?) CH/,:[ﬂé ol 2ol

R

Ry ~

R, R4 7
$I2 0!.’ I(

T, = = = 01 35 = —_") = ('_')

R, i b Ik 3

b

B L 0,325 - 1,123
22“”%3 M = i(___:_ ")—'j:[102.3
A j -1, 095
= |
R, (fH’T/ k
Ry~ /'m‘/a,) [M"ﬁ"Jf:[’“”‘y‘f)w[“‘%_Jﬁ[@’é%?q conol cancel
RJ 2 210 1\K (J_)k
Ry v~ G027 = 0,20) “LF
R A ‘n . FOLF -0 3529
bgﬂ—-‘—]'-:z(ﬁjﬂz_ L(b:j = —0——-—"—:0’30‘?
Ry s - 0,69315
= ’./2...

—7 R = k) [weor) [




(AYH. CH; and C2H;
B) H, CH4 and C4H10
C) H, CH3 and C4H|0
D) CHs, CH, and Csz
E) H, CH, and CyHs

17. The gas-phase chain mechanism of the reaction Cl; + CHy — CH;Cl +

+HClI is: d[ v }
Hie \
Cl, _k]_’.._ 201 a{{_ [C{CJ[ Ht()
%"jﬁ)'l/] (el Cl + CH, —kz—"- HCI + CH, SSAl / b{ cée) = 5 =
’—’”Ef_ 2k, L%, )

Cl, + CHy 5 CH,Cl + ¢ F -kl[[ﬁd ‘CH_‘,‘)
k.4 ¢ L(B ZG{S )[Wg

The overall rate of reaction in terms of the rate of formation ofﬁai 1s(kes: 18

an effective rate constant)

Ak Cla]' CHaJZ
) eff [Cl2] CH4]
C) keyr [Cl2] *[CH3C1)
D) ket [Cla] [CH5C11™
E) [CH4][CH;Cl]

18. 111 = 1 X 10" s and Kie=5x 10? s”' what is ©? Assume that the rate
constants for intersystem crossing and quenching are sufficiently small
that these processes can be neglected. = k

g 9’%{ + 5

A) 0.95 R S oo T
(3 s L ( k. (@) vieglec feck

I
B) 0.81 k{ e
Lo
{ ~ = =
C) 0.62 —i‘} - 1‘{. + ks, . kg z %
D) 0.27 = s e e s

5
E) 0.77 = &5 10 s7"

= L‘-FQ = ?‘340\?5"" (i Cs = 0. 95
19, The chlorifation reaction of ethane (Cly + HyCCH; - CIH;CCH,Cl + Hy)
processes via a chain reaction mechanism, Which one of the following is
not a chain propagation reaction in the chlorination of ethane?

@C1+C] — Iy b'(‘Q'vZ( Mmoo (CCMQ ity /’DVC?/JE'JJC‘/?("@V?
B) Ci+ H;CCHy — CIH,CCH; + H He ¢ PTEPE S F PP /g

C) Cl+HiCCHy — H;3;CCH; + HCI C;J'G—°
D) H+Cl, —» HC] +Cl

E) Cl; + H;CCH; — CIH,CCH5 + CIM j /) ro/oc:(/q e 7 0

9

/ /DYajn "‘?f"‘)(-’om




JE GLEE

d(Het)
R= & k, [ge)(cH)

dle)
S5A, ¢ _0—21? =0 = zk ) -k, [ee)lcn,) [’(‘ /‘3, [al, 1(CHs) Q_{[@,eJL
L TR T Ty e T

2.

SSA, + SSA,1 0 =2k [l )~ L_ L]

—————— ey

R= V- L Let))™ [er)




20. A reactant can be photo-chemically converted to a cis-product. In an experiment,
415 mmol of reactant are converted when irradiated with 100. W of 280. nm light for
27.0 5. All of the light is absorbed by the sample. What is the overall quantum yield

for this photochemical process? P = o0, W = (©F: VA = (oD, _\iéf_ - oo, 3_{5
0.66 = O ~

éfy),z‘ loo, — . 23,05 = 27200 F

0 049 Y be 626007 35 zoas 1052

Q) 010 T H{ A 50, 1077

dy 0.78

-1
e) 021 = Z,094¢6 o F
Lo bt 200 F zl
IVPAO'E = " = __2__._...-—-'——_—?—93 = 3, 8057110
L0944 10

N /1/ f

2 = % 3,305‘%/01

Plet . = 2 = g 3/2F P "

A 6. 022 o MC,,QH}
— ﬂmoleax.é
p - S . 4us
” =
Ph ot 6.319% 0,656 7
Y Wra

10
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Physical constants, conversion factors, and useful eguations

Physical Constants

R =8314Jmol'K?
= 0.08206 L atmK" mol”
=0.08314 L bar K" mol”

Na=6.022 x 102 mol”

ks =1381x 108 0 K"

h =B6826x10*Js

F =96,500C mol!

¢ =2998x10¥ ms”

g =981ms?

8 =0.51mol?dm?3?
{in H20. 25°C}

Sequential reactions:
A —— B —

[Bl=(k/{ka-k-1}} f(t}[Alo

f{t}=exp(-kit}-exp(-kat)

Parallel reactions:
(Di = ku'rS
Where S is the sum of all rate

constants of the paral-lel
reactions

Note:

Other Units

1dm® =1L
1dm?* =1000 cm?®

14 =1 kg m? g2

1atm =1.101325x 10°Pa

1 atm =760 mmHg
1 Torr =9 mimHg

1 Torr =133.322 Pa
1bar =10°Pa

1Tam =10"m

Eyring equation:

k =keT/(hc®) x f
f =exp(AS*R) x

x exp(-AH*RT)

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

Important Equations

E =ho
¢ =ud
PV =nRT
AG = AH - TAS
k=ae "

A =e (ks Tih) exp (ATSIR)

- EZE-A'G CRT
h

k

E; = #H-PAV + RT (s0l)
= AAHC-XvRT + RT {gas)

fog k = log ko+ 7.02 xazs ﬁ
ATV

RT
AG®= - RT In K.

F

log k = log Ko-

v = -_V 3]
K, +15]
V=ikl|E),andK, = “atho

!

6= KP/{(1 1 KP), at T=const

tr= (ki +ko[QD!, Q is quencher

Quantum yield/efficiency = ¢ = moles of product formed / moles of photons absorbed

Version ] Pape 2



From the Michaelis-Menten kinetics
Ro = Rmax[S]O(Km + [S]O)s Rmax = kZ[E]O

The Lineweaver-Burk equation is obtained by taking the
inverse



{. Consider the tollowing rcaction:
3JA—- 2B

The relationship of the rate of appearance of B and the rate of disappearance of A is:

(AlBVANG = T x {- AJATADY
The factor C s

A) 40.667
By +!

¢y +0.334
D)y 32
£y -273

2. For the parallet reactions
A =B rate constant k)
Ao C ratc constant k> = 2.3 k|

A—=D rate constant ky = 4.0k,

What s the yield of C?

A) 31.5%
B) 13.7%
C) 452%
D) 86.3%
E) 54.8%

3. The chlorinanon reaction of cthane (Cly 1 H:CCHa ¢ CIH2CCH2CH+ M) processes
via a chain reaction mechanism. Which one of the following is not a chain
propagation rcaction in the chlorination of cthance?

A) Cli HOCCH — [HCCH + 1O
B) H4Clh = [IC] + (]

Cy Cli H{Ctly — CIHLCCHa « H
D) Cl+ H.CCHy —— CIHCCH; 1 Cl
Ey Cl+(l — Cl

Version b Pape 3



4. The mechanism suggested lor the reaction,

2A-B-2C
s,
A1 A = | forward rate constant k., backward rate constant k4
[+ B — 2C constant ka

The rate law obtained on applying the steady state approximation is,
A) Rate = kik:[A]'[B]

B) Rate = kik:[AP[BY(k. + k2[B])

C) Rate = kk2}A][B]

D) Rate = kiko] AP/(ky + ko[ B])

E) Rate - kik:[A}F[BY/(ki + k{B})

5. The mechanism of the chain reaction CaHe — C:Hg 5 Hiis;
k
ClﬂHf, —-—-l-—h"" EC‘H:;

ks
C:\Hn - (.H'a ——b' C}'HS t CH]

CHy —— =  C:Hy + H

C.H, - o — =  (3He + He
303“5 ___+ C-IHH)

The reactive intermediates of the mechanism are the species:
A} CH,, CHs and C:Hs

B) H. CH.and (:H;

Cy H, CHyand C3Hs

D) H, CHasand CiHup

Ey H, Clsand Cslin

Version 1 Page 4



6. For the reaction mechanism

A= rate constant k;
] > P ratc constant k

the stcady statc approximation yiclds
Ay KilAal ke[l -0

By kifl]- 0

Cy kifAj -0

D) dfPlidis k|l

E} KkiA}l+kl]=0

7,15 =1 x 10" sand k=5 x 10% s/, what js @7 Assume that the rate constants for
intersystem crossing and quenching are sufficiently small that these processes can be

neglected.
Ay 027
B) 0.3l
Cy 077
D) 0.95
E) 062

8. The adsorption of Kr on charcoal at 193.5 K. closcly follows the Langmuir
adsorption isotherms and in tum the lingar relauon,

(1/ V) - 034076 (rorr g/cm’) x (1/P) + 0.03258 g/lem”

where V., (incm’ g™) s (he volume of Kr adsorbed per gram charcoal at the
equilibrium Kr pressure, P(in torr)y. Which one of the following choices is correct

(left 10 right: Volume of Ar necded o form a monolayer per gram charcoal, V| and

w2

the adsorption cquilibrium constant £ in torr ' at 193.5 K)?

Ay 307, 9.56 x 107
B) 2.93, 30.7
C) 287, 0.34]
D) 30.7. 2.93

E)y 9.56x10~, 287

voersgn t Page S




9. Find the correct choice: The Transition State 1n a reaction ...

A} .. 1s astable intcrmediate.

B} ... 15 a stable moelecule.

C) ... must have at least onc weak bond.

D) ... can have only strong bonds.

E) ... is at a minimum of the potenual energy diagram.

10. At equibibrium,
A)Y  reactant concentralions dare zero.
B) forward and backward reaction rales are cqual.
) forward and backward rates are not equal.
D) all rates are vero.
E) the backward reaction is faster than the forward reaction.

11. A possible mechanism for the reaction, 2A - B — C + D, s

A+ A = A fast, equihibrium
AV A — Ay slow
At B — A (CAD Iast

According 10 this mechanism, the rate law {raie of formation of one of the final
producis) will be (4 is an cffective rate constant ko)

A) Rate = A{ANB)

B) Rate = £&A]°

C) Rate = kA"

D) Raic= A

Ey Ratc = A A]*|B]

Version | Puge 6




12. Determine the rate cxpression for the following reaction:

2[\’11’1(%]«4] + 6H-[nq] + 5(?}05'(&]] — 2i\/jn2 Imq}”"' 3H20ﬂ] + SClOs‘l'(aq)

(MnOs /M (CIOs M {H /M Initial Rate Ms”

0.10 0.10 0.10 5.2x10-3
0.25 0.10 0.10 3.3x10-2
010 0.30 0.10 1.6x10-2
0.10 0.10 0.20 7.4x10-3

A} MMnOsTLH]?

B) AMnO«CIOV{H ]2
C)  AMnOs|[CIOy|[H
D) A MnOsjCIOV] 1L ]
E) AMn0s ) [CIOC)H P

13. Two reactions follow the Arrhenius law and have the same pre-exponential factor. If
the activation energy of reaction (1) 15 20 Jinol and that of reaction (2) is 200 J/mol,
what would be their rate constant ratio (ki/kz} at 300K7
A) 1.083
B) 1.075
C) 0.930
D) 0.922
Ey 1.037

14. A second order reaction with imitial reactant concentration of 0.80 M has a rate
constant of 0.05 M ‘s, How long will it take in scconds for the reactant 1o lose 50%
of the initial concentration?

A) 8
B} 10
Cy 125
Dy 25
Ey 50

version 1 Page 7




15, Using the following graphs, which one shows the raie of change of H.O2 with time
{assume the reaction to be an elemenmary one)?

2 HaOmy — 2H0p + Qo

Ko /™ m—————

A)
*
a ,-f';l e
o ] |_ -
B)
Kl
[1ni.,
C)
1
I
LR ' .‘\l
| ‘\\
D)

16. A reactant can be photo-chemically converted 1o a ¢is-product. In an experiment,
4.15 mmeof of reactant are converted when irradiated with 100, W of 280. un light
for 27.0 s. All of the light 1s absorbed by the sample. What 1s the overall quantum
vicld for this photochemical process?

A) 0.40
B) 0.10
C) 0.78
D) 0.21
E) 0.66

Version 1 Page 8




17. In the mechanism,

(1) 24 NaOs
{2) NO: 4 NO-
(3} NO + NOs

== NO~» + NQO:!
™ NO+0: + NOs
— 2 NO;

for the decomposition of A, 0, into N, and O,,

A) only NO, is an intermediate.

B)
C)
D)
E)

only NO,is a catalyst.

only NO is an intermediate.
both MO and NQ, arc catalysts
both NO and NO, arc intermediates.

gquilibrium

. The decomposition of hydrogen peroxide (substrate ) is catalyzed by the enzyme

catalase { £). Atanimtial catalase concentration | S.) of 3,5 x 10 " M the variation

of 1/ R (the reciprocal of the imbial rate) with 1/] S| (the reciprocal of the ininal

concentration of the substrate) 1s given by {(Linewcaver-Burk equation),

(1/Ro) = 0.6977 5 (1/[S]o) + 26,557 s/M

based on this experimental result, which one of the (ollowing choices is correct?

(left to right: Maximum raic

turnover number . in £/s)

A)
B)

)

D)
E)

2.63 x 107,
377 x 107,

26.557,

3.77 x 102,
0.6977,

377 x 107
263 x 107

0.6977,

2.63 x 1072
26.557,

R

IMix

7.51 x 107

. 751 s 100

1.O8 x 107

o108 x 107

108 x 107

Versione 1 Pupe v

in M/s, Michaelis constant K| in M, and the




19. The gas-phase chain mechanism of the reaction Cl: + CHy — CH3Cl+ +HClI is:
k
l, — w20

1y CHy —— e HOL b CHy
o+ CHy — e CHC 4 (1

21— Ch

The overal! rate of reaction in terms of the rate of formation of HCL is (ke 1s an
effective rate constant)

A)  he[Cl)F[CH4|

B) e [CHANCHLCH)

C) ke [Clof [CH3CH]'

D) ke [CLY'PCHACH

E} ks [ChHNCHLP?

20. Consider the lollowing reaction

(TEHSUU + 40‘_‘[5_1} - 2(,\03(3] i 41‘]30(51

If 1.0 mo! C:Hx 18 consumed in 4.0 min, the rate of H2O preoduction in mol/min is
Ay 80

B) 4.0
C) 0.25
Dy 4.0
E) 1.0
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Physical constants, conversion factors, and useful equations

Physical Constants

R =834 J moi' K"
= 0.08206 L atmK" mol?
= 0.08314 L bar K mol

Na=6.022 x 10 mol”’

ks =131 x 10B JK?

h =6626x10%Js

F =96,500 C mol?

¢ =2998x10°ms”

g =981ms?

B8 =0.5imol'2dm*
{in H.0, 25°C)

Sequenlial reaclions.

k. Xz

A B8 ¢

[B)=(ka/(ka-k1)) f(O[AJo

fty=exp(-k+i}-expl-kat)

Parallel reactions:
O = ku’S
Where S is the sum of ali rale

constants of the paral-el
reactions

Note:

Other Units

tdm? =11L

tdm? =1000 cm?

1 =1kgm?s?

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

1 Terr =1 mmHg

1 Torr =133.322 Pa

1bar =10°Pa

Tnom =10"m

Eyring equation:
k =keT/(hc?) x f
f =exp(ASHR) x

x exp(-AH¥*RT)

In{1 - 8) = -8
it << 1

Important Equations

E =hy
¢ =ud
PV =nRT
AG = 4H - TAS
k =ae B fT

A=e (ksTih) exp (ATSIR)

K = k,STe—r_\'U ‘KT
h

E. = FH-PAFV® + RT (sol}
= F#H*-ZvRT + RT {gas)

fog k = log kot 1.02 24z ‘/7
AV

log k=log ko- —— P
RT

AG®= - RT In K.

_ VIS
T K 48]

k, +k,

V=k|E),and K, =

8 = KP/1 + KP), at T=const

tr = (ks +kq|Q])', Q is quencher

Quantum yield/efficiency = © = moles of product formed / meles of photons abseorbed
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From the Michaelis-Menten kinetics
Ro = Rmax[S]cu(Km + [S]O)s Rmax = kZ[E]o

The Lineweaver-Burk equation is obtained by taking the
inverse




1. For the parallel reactions
A—-DB rate consiant ku
A=C ratc constant k2 = 2.3 ky

AoD rale constant k: = 4.0 k;

What is the yicld ot C?

A) 13.7%
By 54.8%
C) 86.3%
D) 31.5%
E) 452%

2. Two reactions follow the Arthenius law and have the same pre-exponential factor. If
the activation energy of reaction (1) is 20 Jmo/ and that of reaction (2} 1s 200 J/mo,
what would be thair rate constant ratio (ki/k:) at 30047

A) 1.037
B) 0.922
C) 1.083
D) 0.930
B} 1.075

3. Atequilibrium.
A) all rates are zero.
B} rcactant concentraiions arc zero.
C)  forward and backward reaction rates arc equal.
D3} the backward reaction is faster than the forward reaction.
E) forward and backward rates are not cqual.
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4. Consider the following reaction:
3A - 2B
The relationship of the rate of appearance of B and the ratc of disappearance of A is;

(A[B]/A) = C x {- A[AVAL)
The facior C 1s

A) +0.334
By +3/.2
Cy 213
D) +0.667
E) +1

5. The gas-phasc chamn mechanism of the reaction Cly + CHs — CH3Cl + +HCl st
k
Cl, ;-l— 20!

1 4+ CH;, —— w  HCl 4 CHy
(ﬁiz - (_‘Hg —— Y CH;C] + il

200 ———— - Cl,

The overall rate ef reaction in terms of the rate of formation of HCl is (k. 15 an
effective rate constant)

AY ke [CLEJCHLCI

B) A [Clz]) [CHACY

C} kr |C12Y C [4]"?

D)y ka[Cli] [CHL|

EY Ao [CHa | CHACH

Version 1 Page 4




6. The decomposition of hydrogen peroxide (substrate S) is catalyzed by the enzyme
catalase ( £). Atan initial catalase concentration [ S] of 3.3 x 10 ™ A the variation
of 1/ R (the reciprocal of the initial rate} with 1/{ 5] (the reciprocal of the initial
concentration of the substrate) is given by (Lineweaver-Burk equation),

(1/Ry) = 0.6977 s(1/]S}e) + 26.557 s/M

based on this cxperimental result,

{left to nght: Maximum ratc R

1T

turnover number £, in £/5)
A) 377x10%,  2.63x 102
By 0.6977, 26.557,
C) 377x10%,  2.63x107
DYy 26.557, 06977,

E) 2.63x10°,  377x 107,

7. In the mechanism,

(h 24 N20s
(2) NQ: + NOs
(3) NQO + NO»

which one of the [ollowing choices is correct?
in M/s, Michaelis constant K in M, and the

108 x 107
1.08 x 107
750 x 10"

1.08 x 107

7.5 % 10"

= NO: + NO3} equilibrium
7 NO + 0, + NO;
7 2NO;

for the decomposition of N, 0, inte NO, and O,
A) both NO and NO, are catalysts.

B) only NO isan intermediate.

C) only NO, 1s an intermediate.

D) both NO and NO, arc intermediates.

E) only NO,is a catalyst,
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8.

A second order reacuon with imtial reactant conceniration ol 0.80 M has a rate
constant of 0.05 M’s ' How long will it take in scconds for the reactant to lose 50%
of the initial concentration”?

A) 25
B) 125
C) 8
D) 50
E} 10

The chlonnation rcaction of cthane (Cl + HWCCHy ¢ CIH2CCHLCI + Ha) processes
via a chain rcaction mechanism. Which one of the following is not a chain
propagation reaction in the chlorination of ethane?

Ay H-+ChL ——= HCl + Cl

By C1+Cl — (b

C) Cl+Hy,CCHy —— H;CCH:+ HCI

Dy Cl+H:CCHy — CIH-CCH-+ H
E) Clz+ H:CCH; — CIH.CCH. + Cl

A puossible mechanism for the reaction, 2A = B — C + D, is:

A+ A = A fast, equilibrium
Ar+t A — A slow
Ay+B — A-SC=+D Fasl

According Lo this mechanism, the rate law (rate of formauion of one of the final
products) will be (4 is an effective rate constant &)

A) Rate = k[A)°

B)Y Rate= 4A]

C) Rate= kA]|"[B]

D) Ratc= A"

E) Ratc= AA)B]

Version 2 Page 6




I1. The mechanism suggested for the reaction,

2A+B-2C
is,
A+ A = | forward rate constant k;, backward rate constant k.
[+ B —»2C constant k2

The rate law obtained on applying the steady state approximation is,
A) Rate = kiko[A]*[B)/(k + ko[B])

B}y Rate = kik2[A][B]

C) Rate = kika[A]*/(k.i + ks[B}}

D) Rate = kika[A]Y[B]

E) Rate = kiko AF[BIA(k + ko[ B])

[2. The mechanism of the chain reaction {1lls — C-Ha + Ha st
k
CoH, - 2CH;

ka
(‘_"Hf! ' (,H; —_— C_}Hg +- C}'IQ
ky
CHy — @ CHy o+ H
Ky
Caly, 2 —_ (aH, +  Hi
ks
EC-;H;——"" C4H|n

The reactive inlermediates of the mechanism are the species:
A) H, CHsand CsHio

B) H, CHA and C4Hlu

C) (C'Hi, CHq and CaHs

Dy H, CHs and C:Hs

E) H, CHsand C:Hs

Versian 20 Page 7




13. Determine the rate expression for the following reaction:

2Mn04-‘aq) -+ 6H‘|a|_|;+ 5C|01'taq)—) 2Mn2llaq]+ 31_]30{\] =+ Sclod-[aqj

(MnQa /M |C10 M [H /M Inital Rate M/

0.10 0,10 0.10 52x10-3
0.25 0.10 0.10 3.3x10-2
0.10 0.30 0.10 1.6x10-2
0.10 0.10 0.20 7.4x10-3

A)  KHMnOs ]| CIOC]{H )

B}  AMnQGs " [CIO5][H |

C)  AMnO«J(C1057] ‘3{H I

D)y AMnO4sP|CIOv)[H ¥

E} HMnQsP{H]"?

19 Il =1 x 10" sand 4 = Sx 10" s/, what is @ Assumc that the rate constants for
intersystem crossing and quenching are sufficiently small that these processes can be
neglected.

A) 0.95
By 0.77
Cy 0.27
D) 0.62
E) 0381

15. Consider the lollowing reaction:
(:2”.\4(3) + 401[51 - 2CO:W + 4]”[20{g]

If 1.0 mol C2Hs 1s consumed in 4.0 suin, the rate of H20 production in mol/min is

A) 1.0
By 4.0
C) 8.0
D) 0.25
E) 4.0
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16. For the reaction mechanism

A= rate constant ki
1 > P rate constant ks

the steady stale approximation yiclds

A)
B)
C)
D)
E)

k(=0

ki[A] +ka[l] =0
d{PYdt = kal]
kifA] -ke[l} -0
ki|A]=0

. A reactant can be photo-chemically converted to a cis-product. In an experiment,
4.15 mmo! of reactant are converted when radiated with 100. W of 280. nm light
for 27.0 s. All of the light is absorbed by the sample. What is the overall quantum

vield for this photochemical process?

A)
B)
C)
D}
E)

A)
B)
)
D)
E)

0.66
0.40
0.21
0.10
0.78

. Find the correct choice: The Transitton State in a reaction ...

.. can have only strong bonds.

.. is at a mmimum of the potential energy diagram.
.. 18 a stable molecule.

.. musl have at least ong weak bond.

.. 1% a stable intermedate.
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19. Using the following graphs, which one shows the rate of change of HyO2 with time
(assume the reaction to be an elementary one)?

2 H-01, = 2H:0m + O

Hal. SN

A)
{
R iL‘\
. - )
B) Fues
il
T,
C)

D)
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20. The adsorption of Kr on charcoal at 193.5 K, closely follows the Langmuir
adsorption 1sotherm and in tum the linear relation,

(1/V.a) = 0.34076 (torr g/em’y x (1/P) + 0.03258 g/lem’®

where V. (in¢m' g™') is the volume of Kr adsorbed per gram charcoal at the
equilibrium Kr pressure, P(in torr). Which onc of the following chaices is correct
(left 10 right: Volume of Ar needed to form a monolayer per gram charcoal, V, | and
the adsorption equilibrium constant A in orr~’ at 193.5 K)?

A) 28.7, 0.341
B) 9.56x 107, 287
C) 307, 2.93
D) 2.93. 0.7
E)y 307, 9.56 x 107
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Answer Key

1. D
2.k
3. C
4. D
5D
6. A
7. D
g A
9. B
10. A
1. E
12. D
13. D
14 A
15, A
6. D
7. A
18. D
19. B
200 B
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Physical constants, conversion factors, and ugeful equations

Physical Constants

R =8314Jmol* K'
= 0.08206 L atmK' mol™
=0.08314 L bar K" mol’

Na = 6.022 x 102 mol?

ks =1.381x10% K1

h =6B626x10%)s

F  =96,500 C mol”

¢ =2998x10:ms”

g =981ms?

B =0.51mol"2gm?
{in H;0, 25°C)

Sequential reactions:

k. Xo
A B €

[B)=(k+/{ke-k-1)} f(t}Ao

f{ti=exp(-kit}-exp(-kat)

Parallel reactions:

O = kiS

Where S is the sum of all rate

constants of the paral-igl
reactions

Note:

Other Units

1dm?® =1L

1dm? =1000 cm?®

10 =1kgm?s?

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

1 Torr =1 mmHg
1Torr=133.322 Pa

1bar =10°Pa

1nm =10"m

Eyring equation:
k =kgT/{hc®) x f
f =exp(AS#R) x

x exp(-AH*RT)

In(1-8) = -0
if B << 1

Important Equations

E =hv
¢ =ud
PV =nRT
AG = AH - TAS
k=ae &'

A=e (kaTih) exp (A*SIR)

s
sl
~q

-A"C RT
¢

Ea= A£AH-PAV + RT (301}
= FH*ZVvRT + RT (gas)

log k = tog Ko+ 1.02 zazs ‘/?

AV
!'ngz..'o Ko - —P
’ RT
AGG:'RT."D Kc
V1S]
v s
K, +[5]
l/—_- kl{E’][] a”de = -{(_T%k_z
|

8 = KP/(I + KP}, at T=const

U= (ke +ko|Q])!, Q is quencher

Quantum yield/efficiency = @ = moles of product formed / meoles of phoions absorbed
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From the Michaelis-Menten Kinetics
Ro = Rmax[S]o(Km + [S]o)s Rmax = kz[E]o

The Lineweaver-Burk equation is obtained by taking the
inverse




1. The adsorption of Kr on charcoal at 193.5 K, closely follows the Langmuir
adsorption isotherm and in turn the linear relation,

{1/ V,a) = 0.34076 (torr g/em’y x (1/P) + 0.03258 g/cm®

where V. (inem' @'}y ixthe volume of Kr adsorbed per gram charcoal at the

el
equilibrium Kr pressure, P(in torr) . Which one of the following choices is correct
(lefi to right: Volume of Ar needed to form a monolayer per gram charcoal, V| and

the adsorption cquiltibrium constant K in torr ' at 193.5 K)?

A) 307, 9.56 x 107
B) 2.93, 30.7
C) 956102, 287
D) 287, 0.341
E) 307, 2.93

2. The mechanism suggested tor the reaction,

ZAAB=—2C
s,
A-A =] forward ratc constant ki, backward rate constant k.,
1+ B — 2C constant ka

The rate law obtaincd on applying the steady state approximation is,
A) Rate = kiko[A}[BJ/(ka 4 ka[B))

B) Rate = kiks[A}[B/(k ~ ko[ B])

C) Rate =kik:[A]{B}

D) Rate = kikof Ak + kaf Bj)

E) Rate = kiks| AJ[B]
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3. The chlorination reaction of ethane (Cl: + HiCCHz ¢ CIH2CCH;Cl + Ha) processes
via a chain reaction mechanism. Which onc of the following is not a chain
propagation reaction in the chlornnation of ethane?

Ay Cl+ HyCCOHy —— H;CCH; + HCI
By CL + H-CCHy > CIH.CClls - CI
Cy Cir+ ¢l —— (l;

Dy H+Ch — HCI| + (]
E) Cl+H;CCHy — CiH-CCH; + H

4. For the parallel reactions
A =B rate constant ki
ASC rale constant k2 =~ 2.3 k;

A—D rate constant ky = 4.0 k,

What is the yield of C?

A) 54.8%
B) 45.2%
) 13.7%
D) 86.3%
E) 31.5%

5. A possible mechanism for the reaction, 2A + B — C + D, s

A+ A = A; fast, equilibrum
Azt A — Ay slow
Ay+B — A+C+D Fast

According 1o this mechanism, the rate law (rate of formation of one of the final
products) will be (415 an effective rate constant &)

A) Rate= H4A1-

B) Rate = A[A]-[Bj

C) Rate = Al B}

D) Rate= 4A)

E) Raw = 4A}*

Norsion 3 Paye 4




6. Consider the following reaction:

Cle(g; + 403{3] — 2003“{] + 4H20(g)

1f 1.0 moJ CaHg is consumed in 4.0 min, the rate of H>O production in moliminis
A) 80

B) 4.0
C) 4.0
D) 1.0
E) 0.25

7. Two reactions follow the Arrhenius law and have the same pre-exponential factor. If
the aclivation energy of reaction (1) 1s 20 J/mof and that of reaction (2) 15 200 JSimol,
what would be their rate constant ratio (ki/ks) at 300K?

A) 1.075
B) 0.930
C) 0.922
D) 1.037
E) 1.083
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8. Using the following graphs, which onc shows the rate of change of H;O; with time
(assume the reaction 1o be an clementary one)?

2 H.0zy — 2HEO(I] + Of[gl

Wale
[
A)
1
Ko !/; “‘_.._,.
s
e T
B)
L]
C) | ey
!
El!:i
o | \
D) T
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9.

Determine the rate expression for the following reaction:

2MnOJ-{aq] ! 6H Ly + 5(.‘]()1_.;\..,;] — ?.Mn}mq]_" 3H?_Ol|} + SCIO-ﬂ-_[uq)

MnO. M [CIOcM  [H YA Initial Rate Ms'

0.10 0,10 0.10 5.2x10-3
0.25 0.10 0.10 3.3x10-2
0.10 0.30 0.10 1.6x10-2
0.10 0.10 0.20 7.4x10-3

A)  KMnOs[CIOF|[H]'?
B) AMnO«}(ClOs] 2 [H ]
C)  AMnO«[CIOv][H )
D) AMnOsP[H |7

E)  AMnOs ] [CIOV][H ]}

. The decomposition of hydrogen peroxide (substrate 5} is catalyzed by the enzyme

catalase ( £). At an initial catalase concentration [Ss) of 3.5 x 10 ® M the variation
of 1/ R (the reciprocal of the imitial rate) with 1/[ 5] (the reciprocal of the inital
concentration of the substrate) is given by (Lineweaver-Burk equation},

(1/Ry) - 0.6977 s (1/[S)uy + 26.557 s/M

bascd on this experimental result, which onc of the following choices is correct?
(left to ght: Maxymum rate R in M/s, Michaclis constant K| in M, and the

n

rnover number &, in //5)

A) 263x 107 377x10%, 751 x10°
By 3.77x107°,  263x10°, 7.51 x 10°

C) 377x10%  263x10%  1.08x 107

D) 0.6977, 26.557, 1.08 x 107
E} 26.557. 0.6977, 1.08 x 107
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1.

For the reaction mechanism

A= rate constant k,
] - P rate constant ka

the steady state approximanon yiclds
Ay kifA]l-kflj=0

B) kJ[I[j=0

Cy ki[A]=20

D) d(P)dt = ka[]]

E} ki[A]l+k[(=20

In the mechanism,

(2 NaOs =ONO; + NOs}
(2} NO: + NO» 7 NO + 0+ NO»
(3) NO + NO» 7 2 NO:

for the decomposition of N, O, into NO, and 0,
A) both NO and NO, arc intermediates.

B) only NO,is a calalyst.

C)  only NO is an intermediate,

D) only NO, is an intermediate.

E) both NO and N, arc calalysts,

equilibrium

. A reactant can be photo-chemically converted to a cis-product. In an experiment,

4.15 mmol of reactant arc converted when irradiated with 100. W of 280. nn light
for 27.0 5. All of the hght is absorbed by the sample, What is the overall quantum

yield for this photochemical process?

A) 0.40
B) 0.2
C) 0.10
D) 0.78
E) 0.66
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14. The gas-phase chain mechanism of the reaction Cl; + CHs — CH3Cl + +HCl is:
k
Cly ———I—b- 2C|

CI + (:H_L —vb' HCY + CHJ
Cli o+ CH, —— = CH,Cl + ¢

The overall rate of reaction in terms of the rate of formation of HCl is (ks s an
effective rate constant)

A)  her[Cl]"?(CHaj

B} . [ClLj[CH4}'?

C) ke [CHaJfCHACY)

DYy ken [CLYPCHACH

E) ks [Cl) [CHCIY' 2

15. The mechanism of the chamn reaction C2Hy — CyHa ~ Ho s
k
C:H, — e 2CH,

ka
C'[Hf, -+ LHx E— C]HS e C‘HQ
k\l
CiHy —— 3= CaHy 1 H
Ky
CaHy W ——m  CHs + H,
. ks
EL._er‘—F C4H|D

The reactive intermediates of the mechanism arc the species:
AY H,CH;and CaHs

B) CH;, Claand C:Hs

C} H, CHsand CiHyg

D) H, CHaqand CiHs

E) i, CH.and CaHu
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18.

. A second order reaction with initial reactant concentration of 0.80 M has a rate

constant of 0.05 M 's'. How long will it take in seconds for the reactant 1o lose 50%
of the initial concentration?

A) 8
B) 10
C) 125
D) 25
E) 50

. Consider the following reaction’

3A — 1B

The relationship of the ratc of appcarance of B and the rate of disappearance of A is:

(A[BYADY = C x {- A[A)YAD}
The factor C is

Ay +3/2
By +1

C) +0.667
Dy =0.334
By -2/3

=1 x10"sand &, =5 x 10% s/, what is @7 Assumec that the rate constants for
itersystem crossing and quenching are sutficicntly small that these processes can be

neglected.
Ay 0.27
B) 0.62
C) 081
D) 095
Ey 0.77

. At equilibrium,

A) forward and backward rates are not equal.

By all rates are zero.

C)  reactani concentralions are /¢ro,

Dy fTorward and backward reaction rates arce equal,

E) the backward recacnion 15 faster than the forward rcaction.
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20. Find the correct choice: The Transition Slate 1n a reaction ...

A) ... must have al least onc weak bond.

B) ... isasiable intermediate.

C) ... isataminimum of the potential energy diagram.
D) ... isastable molecule.

E) ... can have only strong bonds,

-
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Answer Key

___,_,
0 00 = O

1. A
2. A
3. C
4. E
5. E
6. D
7. A
8 D
9. A
10. C
1. A
12, A
13. E
14, A
15. A

D

C

D

D

A

)
=
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Physical constants, conversion factors, and useful eguations

Physicat Constants

R =8314Jmol' K"
=0.08206 L atmK" mol!
=0.08314 L bar K mol”

Na =6.022 x 102 mol*

ks = 1.381x102% J K'

h =6626x10%Js

F  =196,500 C maol?

¢ =2998x10°ms”

g =981ms?

B8 =0.51TmolV2dm?3?
{in H20O, 25°C)

Sequential reactions.

k. %y

A —s 5 + C

[Bl=(ki/(ka-k)} f{U[Al

f(ty=expl-kit)-exp(-kut)

Parallel reactions:
P = kS
Where S is the sum of all rale

constants of the paral-lel
reactions

Note:

Qther Units

tdm?* =1L
1dm?® =1000 ¢m®

1J =1kg m?s?

tatm =1.101325 x 10°Pa

1 atm =760 mmHg
1 Torr =1 mmHg

1 Torr = 133.322 Pa
1 bar =10°Pa

1nm =10%m

Eyring equation:

k =kgT/(hc® x f
f =exp{AS*R) x

x exp(-AHYRT)

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

Important Equations

E =hy
c =uvi
PV =nRT
AG = AH - TAS
k=pe =¥

K = kBTe-A‘G!;?T
h

A = e (ks TIh) exp [A'SIR)

_ ksTe.a'c {RT
h

E: = £AH-PHV + RT (sol)
= FMH-ZVvRT + RT {gas)

log k = log kot 1.02 Zazs ‘/‘!

AV
log k = log k- —— P
Og og R?_

AGe=-RT In Kc

_VI[S5])
K, +[5]

U =

+k,
V= k| E]), and K, =itk

8= KP/(l + KP), at T=const

ti = (ke +kqo[Q]Y', Q is quencher

Quantum yieid/efficiency = ® = moles of product formed f moles of photons absorbed
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From the Michaelis-Menten kinetics
Ro - Rmax[SIO(Km + [S]o)s Rmax = k?.[E-Io

The Lineweaver-Burk equation is obtained by taking the
inverse




1. A possible mechanism for the reaction, 2A + B — C + D, 1s:

A+A = A fast, cquilibrium
Art A — A slow
Ai+B — A+CHD Fast

According to this mechanism, the rate law (rate of formation of onc of the final
products) will be (4 1s an cffective rale constant .m):

A) Raic= kA]°

B) Rate = k[A|

C) Rate= k[A]-|B]

D) Rate=4A]"*

E) Rate = 4[A][B]

2. For the parallel reactions
A—B rale constant ky

A—=C ratc constant k> = 2.3 ki
A=D rate constant ka = 4.0 k

What is the yield of C7

Ay 13.7%
B) 54.8%
C) 31.5%
Dy 452%
E) 86.3%
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3. The decomposition of hydrogen peroxide {(substrate 5) is catalyzed by the enzyme
catalase ( £). At an initial catalase concentration [So] of 3.5 x 10 M the variation
of 1/ R (the reciprocal of the intial rate) with 1/] 5] (ihe reciprocal of the initial
concentration of the substrate) s given by (Linewcaver-Burk equation),

(1/Roy=0.6977 s (1/{S]e) + 26.557 s/M

based on this experimental result, which one of the following choices is correct?
(left to nght: Maximum rate K, 1n M/s, Michaehs constant K in M, and the

turnover number k. i //5)
Ay 3.77 x 1073, 263 x 100, 751 x10°

By 3.77x 107  263x10%  1.08x 107
C) 26.557, 0.6977, 1.08 x 107

D)y 263x107,  3.77x10° 7501 x10°
E) 0.6977, 26.557, 1.08 x 107

4. For the reaction mechanism

Ao rate constant k)
! > P ratc constant ka

the steady state approximaton yiclds

Ay ki[A]l=0

B) d[P)dt = ki[T]
Cy kff}=0

D) K[A]+ kofI] - O
E} ki[A]-kfl] -0
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5. The mechanism suggesied for the reaction,

2A+B-—-2C
18,
At A = | forward ralc constant ki, backward rate constant k.
14+ B — 2C constant K»

The rate law obtained on applying the sieady siatc approximation is,
A) Rate=kk:[A}[B]

B) Rate = kiks[A]/(ka = ka[B])

C) Rate = kiko[A]}[B)/(k) ¢ ko[B])

D) Rate = kika[A]'[B]

E) Rate=kik:[AT Bk 4 k-[B1)

6. In the mechamsm,

(1) 21 N2Os = NO: + NOs) equilibrium
(2) NO; + NO: 7 ONO+0; + NOs
(3) NO + NO» —  2NO:

for the decomposition of V.0, nto NO, and O,
A) only NO,is a catalysL

B) only NO is an intermediale.

C) only NO, is an intlermediate,

D) both NO and NO, arc catalysls.

E) Dboth NO and NO, arc intermedialcs,

7. A second arder reaction with mitial reactant concentration of .80 M has a rate
constant of 0.05 M's'. How long will it 1ake in scconds for the reactant to lose 50%
of the miual concentration?

Ay 25
B} 8

C) 50
D) 125
E) 10
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8. The mechanism of the chain reactiont CaHe — CaHa + Ha 15:
k,
C;\\Hé —_— 2CH3

CHy - CHy ——— C,H; + CHy
CiHy ——— e CyHy - H

Caldg H @ — w  CHe ¢+ H,
ZC:HS ] CqH“]

The reactive intermediates of the mechanism are the specics:
A) H,CHsand CaHyy

By H, CHsyand C:Hs

C) H, CH:and C:Hs

D) CHs CHsand C:Hs

Ey H,CHsand Cillyy

9. The adsorption of Kr on charcoal a1 193.5 K, closely follows the Langmuir
adsorption isotherm and in turn the Jinear relation,

(1/ Vi) = 0.34076 (torr g/cn®y x (1 Py + 0.03258 glem®

where V. (inem' g ') s the volume of Kr adsorbed per gram charcoal at the
equilibrium Kr pressure, £ forry. Which once of the following choices is correct
(left 1o nght: Volume of Ar needed to form a monolayer per gram charcoal, V, , and

the adsomption equilibriun constant K in torr’ at 1935 K)?

A) 293, 30.7
B) 28.7, 0.341
C) 307, 2.93
D) 9.56x107, 287
E) 307 9.56x 10"
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10.

13.

A reactant can be photo-chemically converted to a cis-product. In an experiment,
4.15 mmo/ of reactant are converted when irradiated with 100, W of 280. nm light
for 27.0 s. All of the light 1s absorbed by the sample. Whai is the overall quantum
yield for this photochemical process?

A)
B)
C)
D)
E)

A)
B}
C)
D)
E)

0.21
0.66
0.40
0.10
0.78

. Al equilibrium,

reaclant concentrations are zero.

forward and backward reaction rates are equal.

all rates are zero.

the backward reaction is faster than the forward reaction.
forward and backward rares are not equal.

. The chiorination reacuon of ethane (Clz + HZCCH3 0 CIHCCH-CL + Hz) processes

via a chain reaction mechanism. Which onc of the following is not a chain
propagation reaction i the chlorination of ethane?

A)
B)
C)
D)
E)

H+Cl — H(CIl + Cl

Cl+ H:CCH; ——= H3CCH: ~ HCI
Cls + H2CCHy — CIH:CCH; + Cl
Cl+H:,CCHy ~——> CIH-CCHy+H

Cl+Cl — ('l

If 7 =1 x 10" sand &, - 5 x 10 s/, what is @2 Assume that the rate constants for
intersystem crossing and quenching are sufficiently small that these processes can be

neglected.
A) 095
By 0.77
Cy 027
D) 0.62
Ey 081
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14. Consider the [ollowing reaction:

CEI‘IHrg) -+ 40'!“15 — 2(?03(3) -+ 4H20[g]

If 1.0 mo/ C:Hy 1s consumed 4.0 min, the rate of H20 production in mol/min is

A) 1.0
B) 8.0
C) 025
D) 4.0
E) 4.0

k
C'z -——-I--—"'

Ct t CHy ——

Cly t CHy ——— =

200 —_—

The overall rate of reaction in terms of the rate of formation of HCI is (& 18 an

effective rate constant)
A) ke [C)'"? CH5CY]
B) ey [Cla] [CHGCH'™
C)  kn[C12]'[CHa)
D)  ker[ClR]{CH4)'?
E) ke [CHS][CHsCI
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201
HCI + CH,
CHCl + )
Cly




16.

Determine the rate expression for the following reaction:

2Mn()4-|aqj ot 6]’[ (o) 1 SCIO\-mql — 2Mn2l{aq}+ 3HZO(I} + 5C]Od_{aq}

(MnO-|iM [CIOV)/M  {H' VM Initial Rate Ms”
0.10 0.10 0.10 5.2x10-3
0.25 0.10 0.10 3.3x10-2
0.10 0.30 0.10 1.6x10-2
0.10 0.10 0.20 7.4x10-3

A) HMnrOs1|CI05][H ']
B) KMnOs]*[CIOy][H ]2
C) KMnOsJ[H'}?

D) HMnOs|[CIOv] ' [H ]2
E) A MnO. FICIOv][H ]
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17. Using the following graphs, which one shows the rate of change of H20; with time
(assume the reaction to be an elementary one)?

2 H?_()][I] — ZHEO[I} T OE[g]

A) Tiles

By

Lotk

B)

4t

—

[NHEN

C)

i R

D)

18, Two reactions follow the Arrhenius law and have the same pre-exponential factor. If
the activation encrgy of reaction (1) is 20 J/mof and that of reaction (2) is 200 Jmol,
what would be their rate constant ratio (ki/k») at 300K7?

A) 1.083
B) 1.037
C) 0.930
D) 1075
E) 0922
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19,

20.

Find the correct choice: The Transition State in a reaction . ..

A) ...1s ata minimum of the potential energy diagram.
B) ... can have only strong bonds.

C) ... 1isastable infermediate,

DYy ... must have at least one weak bond.

E) ... is a stable molecule,

Consiader the following reaction:
A — 2B
The relationship of 1he rate of appearance of B and the ratc of disappearance of A is:

(AB)AL = C x {- A[A)AD}
The factor s

A) +0.334
B) -2/3
C) +372
D)+
E) +0.667
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Answer Key

1A
2. C
3. B
4. E
5 E
6. E
7. A
8. B
0. E
10. B
11. B
2. E
13. A
14. A
5. C
16. E
7. A
18. D
19. D

E

b
=
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