Chap. 10. The kinetics of complex reactions

Chain reaction

A chain of reactions where the intermediates generated in
one step generate inrermediates in a subsequent reaction

Examples: radical chain reaction, explosion, polymerization
Eg.1: CH3CHO(g) — CHy(g) + CO(g), v = k[CH3CHOJ*/?

Initiation: CH3CHO — -CH3 + -CHO, v = k;[CH3CHO)]
Propogation: CH3CHO + -CHz — CH3CO - +CHy4, v = kp[CH3CHO][-CHs]
Propogation: CH3CO- — -CHz + CO, v = k,[CH3CO-]
Termination: -CH3 + -CHs — CH3CH3, v = kt[-CH3]2
Steady state approximations

d

a[-CHg,] = k;[CH3CHO] — k,[-CH3][CH3CHO] + &/, [CH3CO-] — 2k¢[-CH3]* = 0

d
~[CH3CO = ky[-CH3][CH3CHOJ — & [CH3CO-] = 0



k[Hz] [Br2]3/2

Eg.2: H(g) + Bra(g) — 2HBr(g), %[HBT] = [Brs] + k/[HBI]

Initiation: Brg + M — Br- +Br-+M, v = k;[Brz||M]

Propagation: Br- + Hy — HBr + H:, v = k,|Br:][Hz]
H- + Bry — HBr + Br-, v = k[H-][Br]

Retardation: H- + HBr — Hy + Br-, v = k,.[H-|[HBr]
reduces the net rate of formation of product

Termination: Br- + Br- + M — Bry + M*, v = k[Br-]*[M]
L)
quencher, removes the energy of recombination

%[HBr] = kp[Br-][Hz] + kj,[H-][Brs] — k. [H-][HB1]

Steady state approximations

%[H] = kp[Br-|[Hz| — k;[H.][Bm] — k,[H-|[HB1] = 0

%[Br-] — 2k;[Bra][M] — kp[Br][Ha] + k, [H.][Brs] + k. [H][HBr] — 2k;[Br]2[M] = 0



Enzyme - Biological Catalyst
Reduces the activation energy with great specificity

Michaelis-Menten mechanism

k, ky kv [E]o
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Steady state approximation

%[ES] = kq[E][S] — K. [ES] — ks[ES] =0
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Lineweaver-Burk plot: - =



Catalytic constant or turnover frequency

i of cutalytic cycles (turnovers) performed by the active site
in a given interval divided by the duration of the interval.
(%
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Catalytic efficiency: Ku K 1k

Mechanism of Enzyme Inhibition

E+ S % ES R ELp
Inhibition El - E+1 ESI < ES +1
steps: B[] ES][1]
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[EJo = o[E] + &/[ES], where o =1+ % and o/ =1+ I[i]j,
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Photochemistry

Quantum Yield

nunmber of events rate of process

~ number of photons absorbed " rate of photon absorption
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Iabs

Without photochemical reaction, ¢f + ¢1c + ¢1sc +op =1

With photochemical reaction, ¢+ drc + drsc + ép + ¢r =1

Absorption: S+ hv; — 8™, Vabs = Labs
Fluorescence: S* — S + hvy , vy = k¢S]
Internal conversion: S* — S | vig = kio[S™]

Intersystem crossing: S* — T | visc = krsc[S™]

1

After light is turned off, [S*] = [S™Joe™"/™ , 7

- kf+ kisc +kic




In the presence of steady radiation,

d[S*]
dt

= Iobs — kf[S™] — k1sc[S™] — k1c[S™] =0

— s = (kf + k1sc + k1c)[S™]

(kf +krsc +kic)[S*]  kf+kisc+kic
b5
— 70 = T
kg

In the presence of quenching and steady radiation,
S +Q— S+ Q, vQ = kQ[Q][S*}
Tabs = (kg + k1o + k1sc + kQ[Q])[S™]

kelS™] _ kg
Lobs ks + krsc + kic + ko|Q)]

o =




Stern-Volmer equation
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Resonance energy transfer
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