Physical constants, conversion factors, and useful equations

Physical Constants

R =8.314 Jmol K"
=0.08206 L atmK™ mo!”’

0.08314 L bar K" mol”

N, =6.022 x 10® mol”

ks =1.381x 102 J K"

h =6.626x10%Js

F =196,500 C mol”

c =2998x10°ms”

g =9.81ms?

B = 0.51 mol™ dm*® (in

H,0, 25°C)

Note:

Other Units

1dm” =1 L

1dm® =1000 cm®

1J =1kgm’s?
1atm = 1.101325 x
10° Pa

1 atm =760 mmHg

1 Torr=1 mmHg

1 Torr=133.322 Pa

1 bar = 10°Pa

0 degree Celcius is
273.15 Kelvin

Eyring equation:
k =kgT/H{hc®) x f
f =exp(AS*/R} x
x exp({-AH*/RT)

In(1 - 8) = -9
if § << 1

Sequential reactions:
A =>(k,) B =>(kz) C

[Bl=(k/(ka—K1)}A
»f(O[A]o

f(t)=exp({-kit)—expi—
‘k?ﬂ’ - (‘_’,)‘-—’7 (’k z‘é)

Important Equations

E =hv
¢ =vd
PV=nRT
AG= AH-TAS
k =A e—E,,:R'r
k = EB_T_e—A’G“IRT
h
E, = £#AH-PA*V° + RT (sol)
= AAH-ZVvRT + RT (gas)
V E +k
v By m) ana k, =S5
Km + [S] ) kl
log k=log k,+ 1.02z,2g x/?
AV
log k = log k, - P
g g Ko RT
pH=-iog [H']

fluorescence lifetime t, = (k; +k [Q])’
Q is the quencher
Lindemann mechanism:

2A <=> A* + A forward rate constant k,
backward rate constant k ;

A* => P rate constant k,

k.. = kk[M]&K,M] + k,)' where M can be
another A molecule or an added inert
buffer gas.

Langmuir isotherm (P is pressure, theta is
fractional occupation): theta KP/(1
+ KP), at T=const.

Michaelis-Menthen kinetics:

Rate = k,[SI[E]/([S] + K.), where S is the
reactant (substrate) and E the enzyme

K. = (k, + k)/k, maximum rate: V = k,[E],

» Quantum yield = @ = moles of product formed/moles of photons absorbed
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1. The chlorination of methane (CHy),
CHa(g) + Cla(g) — CH3Cl(g) + HCl(g)
follows the mechanism
Cly = 2 Cle rate constant k,
Cle + CH; — HCl + CH;o rate constant ks
CH;e + Cl, — CH;Cl + Cle  rate constant k;
2Cle — Cl; rate constant ky
Derive the correct rate law (using the steady state approximation) for the
formation of CH;Cl and find the overall order of this rate law as well as the
orders of this rate law with respect to the chlorine (Cle) and the methy]l

(CH3e) radicals.

overall order 3/2, intermediates do not show up in a correct rate law and
thus have no order.
B) overall order 3/2, 1/2 order with respect to chiorine and methyl radicals.
C) overall order 5/2, first order with respect to chlorine and methy! radicals.
D) overall order 1/2, zero order with respect to chlorine and methyl radicals.

-3
Ins = 10 Pkl E) overall order 1, 1/2 order with respect to chlorine and methyl radicals.

'Zj"(/'%‘ ,»k?[aj)“" _{_} = k+ ki)

i 9 /
k = slope = ('/'”%‘)2'”25)1 T 223) 7 2573
/0 [Q.)?_ '_‘(GZJ, R i.eo 10" 7 M

2. For the fluorescence quenching of rhodamine B in solution with the
quencher hexaiodocyclobutene, Cylg, the following data were obtained: at
a concentration of 1.00 nM Cylg the fluorescence lifetime ¢ was 203 ns,
while at a C4ls concentration of 2.0 nM the fluorescence lifetime was 145

ns. Determine the rate constants for fluorescence, ks, and for quenching, k.

kg = [, $%e 093+ g0 o= A',;:KI/ZF)} "%[QJI

ky = _2’_03. ’;"“?“ — 1. 9704 3Y w’/ﬁiu oo " 7
(A ke=2.96 (us) ", kg = 197 x 10" M (us)” = 2 czéﬁf'f
B) ki=2.96x10°s", kg=1.97x 10° M's™ :
C) kr=2.96x 10°s", kg = 1.97 x 10> M''s” [2.1556¢)

D) ki=296s", k,=1.97 My’
E) ki=3.9x10° (ms)’, kq= 9.9 x 10" M (ms)"!
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The reactant 1,3-butadiene can be photochemically converted to
cyclobutene: in an experiment 3.5 mmol of 1,3-butadiene were converted
to cyclobutene when irradiated with 95, W of 290 nm light for 15.3 s. All

of the light was used for the conversion. What was the overall quantum

"3,.8 !
yield for this process? A - (=3 3:;; = 2 i21%. 160
Phot £.89 7% 16773
A)l B)2 C) 030 D) 1000 E) 10 o sl
. MPhet _ 204219 107! = 3, 5236 el
'.Vl ¢ ey - —3) —_— i
Phet 4 L OPU D sl ™
FE
§ = = = 0,923 = |
3:8523¢4
4. The photochemical decomposition of HBr(g) follows the mechanism

HBr + hv — He + Bre

He +HBr — H, + Bre

2 Bre — Br;

What is the quantum yield for the decomposition of HBr, assuming that all
photons are absorbed by HBr molecules and that the photon energy is large

enough to break the H-Br bond? 2
[ hv c(éc’om/?”fe’ 2 57

(%2 B1 ©0 D)3 o3 = qS::Z,

5. Which one of the following processes is called Phosphorescence (S

denotes a singlet state, T a triplet state)?

@T] — So+ hv PAC’I/‘)AG. e —
B)S, —Sg+hy  Flcores cepce
Oy Tr =y wler sy ofem eresiiag (5]
DS, =S [nfernal conversien /S5 )
B)S =T, Inter Syifem ¢ress Sy (S=T/

[P' 52, Tabl Wl

s




6. In the unimolecular isomerization of cyclobutane to butylene, the
following values for k,,,; as a function of pressure were measured at 350K.

[M] (mM) 5.04 34.8
R (57 9.58 11.1

Assuming that the Lindemann mechanism accurately describes this reaction,
what are k; and k.,/k; (M is an added ideal buffer gas and serves as collision
partner to activate A).

= 4y gl - - 3l
;—1.19x10 M' s and ki =1.04x10°M ’w
B) k;=349x10°M" s and k./kr=1.05%10* M’
C) k;=2.19x10"M" 5! and k. /ky =2.08x10° M
D) k;=5.12x10°M" s and k. lky =1.85x10* M

E) k;=6.59x10°M s and k. /ky =1.05x10° M

7. Consider the following reaction mechanism that describes the formation of
product P. 3 [B) R K‘ [AJ = [C ] /‘L(z_
k] 1(2
A <> B < C g_{_P: s ICJ: Lk K') KZZA.)
ko & At 3 3
i (A)
C » P ~ [ C ] = K, KZ

If only the species A is present at t= (), what is the expression for the
concentration of P as a function of time? (Apply the pre-equilibrium
approximation)

@d[P]/dt = kK, Ko[A]
B) d[P}/dt = k.K,'K3[A]
C) d[P)/dt =K Ky ' [A]
D) d[P)/dt =k;(K,K2)'[A]

E) d[P)/dt = (k;K,K,)'[A]
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8. The adsorptlon of ethyl chlorldc ((,gH3C1) on a sam le of charcoal at 0

°C measured

v [S)
of CoHsCl (Torr) 50
o PV 5§ 11 L) 754/6( \/
Vads (mL) 3.8 & /(m
LR35
Using the Langmuir isotherm, determine the fractional coverage’* t 100 Torr.
f b L m ( )
@0.868 KP -
1 e, vl L
mosos (1) 1T SRk F )
Lyl ’ = __\_./ﬂ__n
) 0.952 L+ joo 7o -k e
1 -3 { _ ol A
D)0.754 27N tz/ o] = Vol age & 3 r L
-1 i V 0: o
E)0.126 25 m 10092 57
3 4, 2513 m £
m
. Vol 2.3
ﬁ//ﬂ@/ory)..—_ '7‘"'—::_ .:/——'—?ﬁj_—h 0,25‘9

9. The cleavage of N-acetyl-tyrosylamide (NAT) by chymotrypsin was studied and
the following reaction rates versus substrate concentration were measured,

LS e 1 > = e [E)
[NAT](mM) 4.00  8.00 . Zw L R =k, A
Ro(mM s™) 0.016 0.028 R Rom . fwAafy) tom

hat are the Michaelis constant and the limiting rate of this reaction? , / '
; ( Vo)= ('/R.)

Km=24.0 MM ; Rewx=0.112 mMs" slope = %4_,4 M ,
" [ /[,««71:%) ’_Zﬁoﬂ ]J)
f

e~ DML ] ot
C) Km=573 mM ; Rum=0298 mMs' # (202¥ = aalied

B)Kn =244 mM ; Ryx=0.137 mM s

—

— (_.'.. e o __i_
D)Km=733mM ; Ruex=0.137 mMs” & Y/ mm
~26, FESF

E)Km:98 mM Byee=0.195 I'I'lI\/IS-l = "’-—__._ET_Z—-_E"S" = Z]Lf' 23_5_6'_5
KM'L‘-:J"'_"“L':HZTCSf-—LmM_'
(L) R, [Tl 0.078 mM etk ¥
- 2.9286 ,.,,”4( /? =0, 112 2= /0 ;/17?4’{}

M
K= R, slepc = 6, 1y 5996 T 214, 28165 = 24,0 n
/23, 3559 )




10. For a system obeying the Langmuir isotherm , the slope of the plot of In
(8/P) versus 6 for very small coverage (6 << 1) is,

67 T fJZ(P

B)+1 / / - oo 2 KPHKP
C)y+n Wb e TP = KP(I- &)
D) -2

E) +3 /Z’/’g = 4 Kli-e) = /54/(*'%/"9)

Do | = bk = k=&
=) ;/0/95’:"/ L &<y

11.  Consider the following mechanism for ozone thermal decomposition.
(0, )l
: ]
Os(g) <==>  Oxfg) + O(g) v
& o) = j =5 = 4 44]
k2 ) ko, (o)
O3(g) +O(g) —»  20(g) Fin ) _ ‘ 0, ) /0
oA =7 = ~ ki85 s ko, (oM~ ko (5 )
What is the rate law expression for the loss of O3(g) (use the pre-equilibrium L _’[),O_L—)
approximation) ? X ke ' - i
L ontglinie, £+ [0 7% 1)
A) Rate = 2k;k; [03]%/(k.,[O2]) e n -
) 2 [03)
Rate= ke [0S RAOD o ) K /-——}—
£,
o 2 < 2
C) Rate = k-k; [O3]7/(k,1O2]) ~ 4 07(‘ P Mm//’é%
D) Rate= 2k sk; [OsF/(k,[0s]) (0 5% of O,= 7= ’
4 05
E) Rate = k;k; [O2]/(k.;[O5])
e 2/
s - O TS 0




PV=nRT

12.Which statement is true regarding the following reaction
A+05B+2C -3 D+E A oé,[_:@ = —
0.5 F &t
AL L3
—_— t{ -
oAt

1" he rate of change of C is 4 times the rate of change of B
B. The rate of change of B is 4 times the rate of change of C
C. The rate of change of A is 4 times the rate of change of C

D. The rate of change of C is 4 times the rate of change of A

E. The rate of change of B is 4 times the rate of change of D
P ~ }‘):1/7/6’

):- /< [(2,}’)6‘)

13.Consider the first order decomposition of ethane to ethene: il e
At L
== p

=g

CaHg(g) ------=> CaHagg) + Hyg)
How long it will take for the partial pressure of ethane to change by 30% of its E’Tf
-l g ko
D. 2755 T oAt B

initial value when the rate constant for decomposition is 3.52x10> s .
C. 342¢

101.3s B. “g'?if?
E. 3.20x10% J y Tl -kt
fs I ]
p=03P t= KAl 3

22 .
f’"g’“'?”éf./.. :
14.The rate of the following reaction is the rate of formation of COs.
CaCO;(s) + 2HClaqy = CaCly(aq) + COx(g) + H2O(1)
s %—s = cormd v

The rate of reaction will be the largest at: [ lca (% 0)‘]
VoY [Q ;s eSS
[<G) _, ¢ i<
AR — ) [pee]
C

The beginning of the reaction because [HCl] is largest.
B. The beginning of the reaction because [CaCOs(s)] 1s largest.
C. The end of the reaction because [HCI] is smallest.

D. The end of the reaction because {CaCO;(s)] is smallest.

E. In the middle of reaction time because then [HC] is not too large.

= 28Y, ¢0509<. O, 356 A

(06, 3 (3) s

/ {

352146728




15.The following tabulated data were obtained for the reaction: SO; + O3 — SO3; + O,
at 298 K.
[SO;], mol/LL  [O3], mol/L Initial Rate,

mol(L.5) R = k /52 ) “Lo 3/3

0.25 0.60 0.284
0.25 0.40 0.189
0.75 0.40 0.567 R, 0. 28 zgv (07 é)
RL i o.k
The following describes best the rate parameters: ) s = (1 g—p)
; IR 2 ol /B:/
A rate =236 (M s7) [SO4]
R 0,39__1_:((7.23*/8
B. rate=1.27 (M" s[O3 z ; Prama < X o35
2 ) AT
C. rate =0.56 (M s™) [05) 7 ey [3) =) oK =
[f.f’)f-J

) rate = 1.89 (M s™) [SO4][O3]
allOs 0.284% = [ 0,25 M O.bopm
E. rate =029 (M"' s [0s)

0,289 [?f—'—
_________--*—-——-.—— =
ke = 25 BEC. O M
f‘l.gj“;)

16.Nitrogen dioxide decomposes to niiric oxide and oxygen according to:

2NO, - 2NO + 0,

At 300 °C, NO; drops from 0.0100 M by 50% M 1n 1.50 min. The rate of appearance
of O, for this period in M/s is:

0{['—”’2)
.78x10'S T 4k 22, 3
. 1.94 %107
B 19%61 AL &, 005 M L e M
C.2.67x10° Py == : =TF e
s A I§ f‘J_b el .
b, 174 o k4 - (3.333238 10 3)
L X
 _deted) | i) . g Y B
E. 433x107 B SRR 2 3 22,
i
_ e ()8 T -
a &0 E'
-5 M
B R j_j
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17. For the sequential reaction: [A)= 04)0 < +
+ —k
. = k _,k\ . Z
Se Cr)= — [« & ) Ak
k-,/'“—_..
the rate constants are k; = 2.0 x 10" s and k»=33x 10'% 57!, At what time
does the maximum concentration of the intermediate B oecur? <
At
3 ig ‘
O x 10FTs al ke, fant kot
B) 1.08x 102 e = ki, &
C) 3.09x 107" Ky (k= ke ) By
e
D) 431 = 10" g .
b | B e gL e )
E) 1.28x 10" s K, — 5k,
F P T (2.656€ ) —12

&, ol /?3’0)_:209»%?’5

(2\10’1—33 bf/ *i_?/
18. The rate constant and activation energy or the reaction of hydrogen and k = /\ e 7

iodine to produce gaseous hydrogen iodide are 2.45 x 107 M s at 302 °C
and 1.5 x 10° T mol™, respectively. At what temperature the rate constant will s
be 100 times the rate constant at 302 °C (assume constant pre-exponential

=

factor A)? by e Py, = %(-T_' - :/I: )
(a)aor® W, T ey, T B
j)401 °C ' e '
B) 350 °C —é,&qé — ..L- . i & :—L——&ﬁ,gﬁ()’
C) 250°C " K, Loha T T A

1 £ 3 /

-

3 PP 1305 K

!
D 5" ==
} 675 °C 4
, . ;
E) SZaSC { ! . )
) = (#3872 .-p'gz(—-gyjz_r,,b < = '\V‘P}J’WX
19. The rate constants of the gas decomposition of urea in aqueous solution, 7; = 67 =3 K

<o

o/ C
(e0.35)

at two diflerent temperatmes 60.0 °C and 71.5 °C, are found to be 1.2x 107 5
and 4.4 x 107 s, respectively. Use these parameters to estimate the enthalpy of
activation (DH#) of this reaction at 25 °C as described by the Eyring equahon

. B PR o <+ -
OSkJmol'I—g‘zw Aot L:s s (i ;
T, = o0 C= 332 )T

(NH2),C=0 (aq) + HoO(l) => COy(g) + 2 NHa(g)

o ol ol Ay Y e
B) 115 kJ mol” —;;: ?—; B . =% 7, = 7). TC= 241 esx
C) 106 kJ mol”
D) 123 kJ mol”! R "1 T
? 39‘( 63
E) 101 kJ mol” ) f?,) /’ i el = ,
An /k 7-, Ao (T 22 15 4 G 252y

= AR SY
v}'ye'_,;('é 9(.(7-( / i,(.é M




20. Consider the data for several systems for the conversion of reactants to
products at the same temperature:

System | Activation Enthalpy of reaction
energy, AH (k)
Eq (kJ)
1 40 —25
2 | 60 30
3 15 10
4 90 =33
exe enato
A) Systems 1 and 4 are endothermic while 2 and 3 are exothermic
reactions.
exl
B) System 1 is the fastest endothermic reaction.
en A

C) System 2 is the slowest exothermic reaction.

System 3 is the fastest endothermic reaction. smatleed = . AH> O
f

E) Systems 1 and 2 are faster than 3 and 4 reactions. 47

(9) ton Fnet
e

. / X
2 = s I - 3. s5 33305/ K ! K

TR
AHT = R ’Z’“(k,,ﬁé ! =1, 2A T3

-9
= K.gfjl'f;(-—"
7. B AT ol

it §




