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1. Active Intermediates / Free Radicals
(PSSH) |

o Active intermediate

- A molecule that is in a highly energetic and reactive
state

- It is short lived as it disappears virtually as fast as it
Is formed (ca. 10-14s)

- Very low concentrations = the net rate of reaction of
an active intermediate, A*, is zero

I-lr_-.l:-l-: = EI']_E'_-.l = [:'

= Pseudo Steady State Hypothesis (PSSH)

Apr/25 2011 Spring



1. Active Intermediates / Free Radicals
(PSSH) I

o Active intermediate 2

- The active intermediates reside in the trough of the
reaction coordinate

Energy

Reaction Coordinate

Apr/25 2011 Spring



1. Active Intermediates / Free Radicals
(PSSH) 111

o Active intermediate 3 - Example
- The rate law for the reaction A—- B +C

. . 2
is found from experiment to be __ _ iy
SEESUCH
Suggest a mechanism consistent with the rate law.
Sol)

- Two A molecules collide and energy is transferred
from one A molecule to the other molecule making it
highly reactive.

ArA—TLspwin e =~k O

Apr/25 2011 Spring



1. Active Intermediates / Free Radicals
(PSSH) 1V

o Active intermediate 4 - Example

- This activated molecule (A*) can do one of two things

It (A*) can collide with another molecule to become
deactivated (A)

ﬁ;*-ﬁﬂLﬁ;-F_ﬂL rﬂl‘-’a* =_1‘EEGA*GE

e or (2) the activated molecule, A* can decompose to
form B and C

.;":'L*LHE-+G rl"-'a* =—1'53CE$

Apr/25 2011 Spring 5



1. Active Intermediates / Free Radicals
(PSSH) V
o Active intermediate 5 - Example

- For reactions with active intermediates, the reaction
coordinated has trough in it and the active
Intermediate, A*, sit in this trough

Energy

Reaction Coordinate

Apr/25 2011 Spring



1. Active Intermediates / Free Radicals
(PSSH) VI

o Active intermediate 6 - Example

- Rate laws
Feaction (1) £ g :klﬂi
Feaction (2] fopw ==l Ty Cpw
Feaction (3] fopr = —HaC 4w

- Net rates = Rate of formation of product

g = r3p = ~Taas = Kglps



1. Active Intermediates / Free Radicals
(PSSH) VII

o Active intermediate 7 - Example
- Use PSSH to solve for C,.

I'Hk =E'I-L"-'1* =I'1l.'_-,1$ +I_l"-'1* =I'3H+<
= k0% — by Ty Cpn — kqClhu =10

- Solving for C,. - ke C4
H*_kg +1{2c1‘_&

- Substituting for C,. to get the rate of formation of B

ke k3
- 1{3 +1{2D;"-'1

IR



1. Active Intermediates / Free Radicals
(PSSH) VIII

o Active intermediate 8 - Example
- Relative rates overall A —=B+C

- For high concentrations of A, we can neglect k; with

regard to k,C,, I.e.,
g 2=A kgclﬁi?}kg

- The rate law becomes = kil

Cp =—kC
I, L L



1. Active Intermediates / Free Radicals
(PSSH) IX

o Active intermediate 9 - Example

- For low concentrations of A, we can neglect k,C,

with regard to kg, i.e., kg >3k Ch

- The rate law becomes  _ r, =— sk, C:=-kC:

3

- Dividing by k; and letting k’ = k,/k; and k = k;

,\/\) Produce an active

(e . .
& Intermediate

1+ . . . . _
\_‘9/\ - Collide with active intermediate

- Spontaneous decomposition

Apr/25 2011 Spring 10



1. Active Intermediates / Free Radicals
(PSSH) X

o Active intermediate 10 - Temperature dependence
- The reaction 2NO + O, — 2NO,
has an elementary rate law Iyg, = 1‘:'3]:2{:3[::]2

However... the rate law decrease with increasing
temperature, why?

|
Sol) s

- Mechanism:  HO + 0, — HO#

Ea
MO — HO + Oy

.k
HOs + HO — ZHO-

T
C!E =y __ﬁE(T
.-}

e Cho = 3| NO; [ NO]

NG,



1. Active Intermediates / Free Radicals
(PSSH) XI

o Active intermediate 11 - Temperature dependence

- Pseudo Steady State Hypothesis (PSSH)
 net rate of species A” (in this case, NO;) is zero

Faops = 0= k, (NOYO, ) - k,(NO,*) - k,(NO,*)(NO)
- All specific reaction rates are defined with respect to
NO,
- Assume that all reactions are elementary reactions

- ky[NO] [0, ]

was

e ks NO; | [NO]

fawol = Ky [HD;]

Apr/25 2011 Spring 12



1. Active Intermediates / Free Radicals
(PSSH) XII

o Active intermediate 12 - Temperature dependence

- The net reaction rate for NO7,

ot =hwor thwe: Ylawo

fyo: = Ka[NO][0, ] Ky NO; |- éka[HD;] (1901

- The PSSH assumes that the net rate of NO*; is zero

1

0 =15[NOJ [0, ]k, [NO; |- EKS[HD;] [MO]

0 =k [NO] [0, ]| NO; | (1{2 ¥ kE[HD])

- Solving for NO, [HD§]= k, [O][ O, ]
Ik, + K5[NO]



1. Active Intermediates / Free Radicals
(PSSH) XIlII

o Active intermediate 13 - Temperature dependence

o, |, (2i0)(0,) [ MO

M 3N, Tk + kb (NO)
2k kL (NO)Y ()

¥

e k, + ko (NO)

= -"li"" :;-"_

kp = = kg (MO)

E;-(E{+Es3]

fim, = LS (NOP (0)= 24888 KT (NOJR(0y)

E- = [Ey + E3]



1. Active Intermediates / Free Radicals
(PSSH) XIV

o Gas phase chain reaction involving free radicals 1
- Hydrodealkylation

*in the gas phase at high temperature and involves
free radical with the sequence

Tnitiation H, —1 50H.
H +CH CH,—2 5C He +CH
Propagation 3 )
-.DﬁHjl +H2 %DﬁHﬁ +H
Ter tin ation 2H - —h“%Hg
e specific reaction rates k; and k, are defined w.r.t. H,

®* Fcehe = 2



1. Active Intermediates / Free Radicals
(PSSH) XV

o Gas phase chain reaction involving free radicals 2

- For the elementary equation, the rate of formation of

benzene is _
Lo, k3CCaH5'CH2

- We need to eliminate the concentration of the free
radical Cc.H.e by expressing it in terms of the
concentrations of toluene and hydrogen

- Under psuedo-steady-state hypothesis, we set the
rates of formation of Cy, and C 4, equal to zero, I.e.

2

0= YogHse — K3Che Cognsen, —KaCu, Cognse



1. Active Intermediates / Free Radicals
(PSSH) XVI

o Gas phase chain reaction involving free radicals 3
- Adding the above 2 equations

O=1y, = 21{1"31—12 - 2k4[CH-]2

- Solving for Cy, yields k,Cy
CH' = 2
ky

- Solving for C¢ 4., yields k3 Cr nscH,

kCh,
ky

C . =
CeHs KsCrr,



1. Active Intermediates / Free Radicals
(PSSH) XVII

o Gas phase chain reaction involving free radicals 3
- Eliminate  Cg¢ ..

k Gy,
ky

Loes = K3 CogHscH,

C+ = concentrat 1on of toluene



1. Active Intermediates / Free Radicals
(PSSH) XVIII

o Reaction pathway

> «CHO

N RCH=CHR
- CH,= CHCH==CH,

| . CH,— CHCH,CHO

HCHO

Figare 7-3 Reaction pathways in smog formation.



2. Enzymes |

o Enzymes are protein like substances with catalytic
properties

- A pathway for the substrate to proceed at a faster
rate. The substrate, S, reacts to form a product P.

Slow

N

E®*S

N P

Fast

Apr/25 2011 Spring



2. Enzymes |1

S— P
Energy E+S«—E*S—P+E
S
P
There are six classes of enzvmes (E) and only six:

1. Oxidoreductases AH,+B+E —- A +BH,+E
2. Transferases AB+C+E—->AC+B+E
3. Hydrolases AB + H.O + E - AH + BOH + E
4. Isomerases A+E—i1so-A+E
5. Lyases AB+E—=A+B+E
6. Ligases A+B+E—=AB+E

Apr/25 i iy 21



2. Enzymes |11

o A g iven en zyme The Enzyme Substrate Complex

can only catalyze e
] SI+H @—h e
only one reaction

{a) Lock-and-key modal

Distorted
bond(s) IS

Substrate
(o-glucose)

Apr/25



2. Enzymes IV

o Artificial kidney

O
[
NH,CNH, + UUREASE = [2NH, + CO, |+ UREASE
"I-,;—"'
P
a + E —HaO . T + E

Encapsulated
Enzymes

Apr/25 2011 Spring 23



2. Enzymes V

o Artificial kidney 2
- The corresponding mechanism

F+S—8 S E-S
F .S —f2 3E+S

L S+W—L 5P +E

- Michaelis-Menten Equation

Fo = — _ III"Ilr'ﬂ-aJ-cS
Y K, +S |
M + 3 Py
RN /
Leonor Michaelis Maud Menten

1875-15%44 1879-1560

Apr/25 2011 Spring 24



2. Enzymes VI

o Derive: Michaelis-Menten Kinetics
e =kglE-SIW)
ee = 0= KBNS =k (E-S)-k;WIE-S)

E-5)= SaltS) £y - (E)+E-S)
o + koW
\E = y
S
1 1 o=k, (E- SV
+{k2+kﬁw] o
ro= H”"'frna:-:S
" K _+S

Apr/25 2011 Spring
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K,
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m

=
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2. Enzymes Vi

o Michaelis-Menten Kinetics 2
- Inverting yields

1_ 1 E,(1
IR E:

L rask i

Linewreawer-Burk Plot (or double reciprocal plot)

Em
slope =
1 P WP p .,;I;,.m:l:
Tz
----------- 1 a

1
=

Apr/25 2011 Spring 26



2. Enzymes VII|I

o Michaelis-Menten Kinetics 3
- Lineweaver-Burk plot

M-M Cﬂmp etitive Inhibitor

b
Yo ¢ =1 No Inhibitor
Increasing [ 1], same Ky
1
Vmax - [ I ]
L o Ky =1+
L. slope = v Ky
- ] Imax
1, T
~ 1 =]
¢ Koy

Lineweaver-Burk Plot

Apr/25 2011 Spring


http://xray.bmc.uu.se/~michiel/blog_files/2009/final_lineweaver_burk.gif

2. Enzymes IX

Active

o Types of Enzyme Inhibition 1 o’
- Competitive = o
Inactive

Competitive
inhibition pathway

+E—S:E':~r—-—s E+F (1)
.' (2)
By {3}
E-l (4)
(3)

Apr/25

Reaction Steps

E+S —% 4 Eeg
EeS —2 5 E+S
EeS —=— P+E
[+E —“— EeI (inactive)

2011 Spring

o

28



2. Enzymes X

o Types of Enzyme Inhibition 2
- Competitive 2 - Derive the rate
e competitive inhibition k

* rate law
atefaws — r, -1k oy (Ee5)

From rg,g = 0=k (E}5 )~ ky(Ees)-key (E o5)



2. Enzymes XI

o Types of Enzyme Inhibition 3
- Competitive 2 - Derive the rate
k(E)S)_(E)S)

1
k2 +kcat KM

kcat(E)(S)
Km

k2+kcat I'p=-TI3 =k|:at{E'S"=

Kp=
- From rgg=U rgy=0=ky(E ) I)-ks(EeI)

(EX)

ko

B D=4 E )=

Apr/25 2011 Spring 30



2. Enzymes XI|I

o Types of Enzyme Inhibition 4
- Competitive 2 - Derive the rate
- Total enzyme
y Et='|:E]' '[

(EeI)

1))
KIJ

J
()
E 1

E,= E{1+

l{catE { }
8) {I}]

a1+ +
M[ K K

—I‘S = I‘P =

S)

KM[HE]HS}




2. Enzymes XI11I

o Types of Enzyme Inhibition 5
- Competitive 2 - Plot

Increasing Inhibitor Concentration (1)

I
1 _Km[1+K£I}]+(S}_ 1 +Km[1+é—ﬂ f Competitive Inhibition
- Ve (2 WV ez W oy (3
: €) €) No Inhibition
a1
—rs

1

S

Figure 7-10 Lineweaver—Burk plot for competitive inhibition.
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2. Enzymes X1V i

o Types of Enzyme Inhibition 6 C u_,..: CJ
- Uncompetitive H»
Qﬁ%
Inactive

Reaction Steps
Uncompetitive
inhibition pathway
E+Se—mE-s—E+P[1) E+8 — 3 EeS§
: 2) EeS —“ E+S
3) EeS —25 P+E
E-5-1
'4) 1+EeS —=— JeEeS (inactive)

'5) leEeS —“ 5 [+FeS

Apr/25 2011 Spring 33



2. Enzymes XV

o Types of Enzyme Inhibition 7
- Uncompetitive 2

V s (5)

I =Tp = {I
KM+@{

=

Increasing Inhibitor Concentration (1)

Uncompetitive Inhibition

No Inhibition

—j‘s M{S [KMJF(S{H{_IID @

=KM[1] 1 (1+{I_}
K

|-

Apr/25 2011 Spring 34



2. Enzymes XVI

o Types of Enzyme Inhibition 8

- Mixed inhibition 1

Mixed inhibition
E + Sets - §——3E 4+ P
"

S
K. L
b

E-l+S5e===E"5"1

Apr/25

(1)
(2)
(3)
(4)
(3)

Reaction Steps

E+S —
E+1 &—
[+ E«*S
S+1+E

E+S —— P+ E

2011 Spring

¥

Q& Y
by a— = | {5_.
4 T

_ﬁ
—

- —»
 -—

Active
T

W T W

T

Inactive

[ » E (inactive)
[+« E+*S (inactive)

I+ E+*S (inactive)
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2. Enzymes XVII

o Types of Enzyme Inhibition 9
- Mixed inhibition 2

e

(3 )+E MHK(I_I}; 1

1:{(S}+KMEHK%}L(SLH%;FKM{H%W E
~Ts Ve (5) Vi (5)
Srateakeledls

Apr/25 2011 Spring

S,
(3] =N "
=z, MNo Inhibition
1
S
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