
SUMMARY OF LECTURES ON THE DISCIPLINE «PHYSICAL CHEMISTRY, II», SPECIALTY «6B05301 – CHEMISTRY», 2ND COURSE, 2022-2023 (15 LECTURES)
1-LECTURE
INTRODUCTION. EMPIRICAL KINETICS. WHY STUDY CHEMICAL KINETICS? MONITORING CHEMICAL CHANGE. RATES 
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2-LECTURE
RATE LAWS. REACTION ORDER. SPECIFIC REACTION RATE 
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LECTURE 3
INTEGRATED RATE LAWS
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HALF-LIFE METHOD 
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LECTURE 5
REACTION MECHANISMS. ASSIGNMENT OF MECHANISM. SIMPLE (ELEMENTARY REACTIONS). OPPOSING REACTIONS
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LECTURE 6
CONSECUTIVE REACTIONS. VARIATIONS OF CONCENTRATIONS WITH TIME .  RATE-DETERMINING STEP.  STEADY-STATE APPROXIMATION. PRE-EQUILIBRIUM
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LECTURE 7
CATALYSED AND ENZYME-CATALYSED REACTIONS. UNIMOLECULAR REACTIONS
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LECTURE 8
COMPLEX REACTIONS. CHAIN REACTIONS. EXPLOSIONS
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LECTURE 9
PHOTOCHEMICAL REACTIONS. POLYMERIZATION KINETICS
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]


LECTURE 10
CATALYSIS AND OSCILLATION. REACTIONS IN SOLUTION
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LECTURE 11
ELEMENTARY REACTION RATE THEORY. COLLISION RATE THEORY. HARD-SPHERE COLLISION FREQUENCY.  COLLISION RATE CONSTANT.  "HARPOON" REACTIONS
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LECTURE 12
ACTIVATED-COMPLEX THEORY. DERIVATION OF EYRING EQUATION. APPLICATION OF EYRING EQUATION. THERMODINAMIC FORMULATION OF THE EYRING EQUATION. ISOTOPE EFFECTS. 
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LECTURE 13
RATE OF CHARGE TRANSFER. THE DOUBLE LAYER AT THE INTERFACE: HELMHOLTZ, GOUY-CHAPMAN, AND STERN MODELS. THE RATE OF CHARGE TRANSFER UNDER ZERO FIELD: THE CHEMICAL RATE CONSTANT. THE BUTLER-VOLMER EQUATION: TWO LIMITING FORMS, TAFEL PLOTS. CONCENTRATION POLARIZATION. APPLICATION IN POLAROGRAPHY. 
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LECTURE 14
CELL EMF AND ELECTRIC CURRENT
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LECTURE 15
CORROSION
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Scheme 2. Transition-state mechanism, Scheme 3. Diradical machanism
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L8. Summary

* Rate law MUST be arrived at by experiment - NOT
from inspection of the stoichiometric equation

« Have discussed 3 approaches to the elucidation of
rate laws: method of initial rates, fitting with
integrated rate laws, checking concentration
dependence of t;,.

General approach might be:

. Examine products and identify transient
intermediates as much as possible.

. Use Ostwald’s isolation method to examine order
w.r.t. each component - use in conjunction with
method of initial rates,

. Check to see that t,, has correct concentration
dependence or independence.

4. Check reaction order by fitting /c/ vs. ¢ over en
range and get k from the appropriate plot of the
appropriate integrated rate equation,

Shall see that rate laws are useful for predicting and
elucidating reaction mechanisms.
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ON MECHANISMS (Accounting for Rate

w Most reactions can be broken down into a_sequence of
steps.

w Definition: A reaction mechanism is a construct of
elementary step:

- Rate ¢ useful for the elucidation of reaction
mechanisms. Orders determined by experiment provide a
clue:

- non-integral orders indicate that the rcaction mechanism
is complex

- integral orders indicate that the reaction mechanism may
be simple

m Assignment of mechanisms is a diffi

involving lats of experience, imagination, intuition and,
perhaps, clairvoyance AND DATA!

1t 1is usually a trial-and-error procedure.

w Other clues for elucidating reaction mechansim:

- detection of intermediates and minor products

- identification of the nature of the products - geometries,
aptical isomers, degree of excitation etc.

- use of isotopic labelling - distribution of isotopes between
and within products as determined by mass spcctrometry,
NMR, e.g. D, °C, "N, *0

- use of tracers - radioactive isotpes such as *C - sensitive
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11, 1. Simple (Elementary) Reactions

IL 1.1. Three Types

a. Unimolecular Reaction: a single molecule rearranges
into a new configuration or shakes itsclf apart.

A = products

NB: actually need collisions (or photons} to activate, (May
or may not be first order, shall see later).

b. Bimolecular Reaction: a pair of molecules collides and
exchanges energy, atoms, or groups of atoms,

A + B = products

- if reaction is a simple bimolecular process, kinetics will
be second order

(but if kinetics second order, reaction is not necessarily
bimolecular and might still be complex)

A bimolecular reaction is second order b its rate
depends on how often A and B collide

- collision frequency depends on concentration of A and B
- so rale has the form

- d[A)/dt =1, [A]

and therefore the reaction is second order
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c. Termolecular Reaction: a pair of molecules collides and
s stabilized by collision with a third molecule before going
back to reactants or forward to products. M is known as a
“chaperon”

A+B+M-—> AB+ M

and - d[A)/dt =k, [A] [B] [M]

- so actually a sequence of 2 bimolecular steps:

A+ B — (AB)
(ABY + M > AB+ M

11.1.2. Temperature Dependence of the Rates of
lecular Re

The rates of many simple reactions (but not all) increase as
temperature is raiscd.

Rule of thumb: rate doubles every 10 K increase in T
Experimentally the temperature dependence of the rate

constant often is found to fit the Arrhenius expression:

Ink=InA-

(plotlnk vs. 1

T in degrees K, R is the gas constant
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T in degrees K, R is the gas constant
A is known as the pre-exponential factor, or [requency
factor, or simply A factor. Tt has the same units as k.

E,is the experimental (phenomenological) activation
energy in kJ mole™

- more generally it is defined in the following manner
(since E, can be f(T))

nk/d(l/ (dInk/dT)

(since d(1/T) = - I/T*dT)

NB: Often a somewhat better fit is obtained with

Ink =mB+nlnT - E/RT

(plot In (/T vs. 1/T)

- nis a small number {(+ or -) (shall see collision theo:
=1/2)
>RT and the exponential dominates
Once E, and A or E’, n and B arc determined, we can

predictk at any T.
(See example 25.6, p. 878 (5™) or 25.5, p. 776 (6th))
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.33 Sleady- State Approximation
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4. Calalysed & Enggme- Calalyad Reactions
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WHY STUDY CHEMICAL KINETICS?

Practical Importance

- to be able to characterize and predict or 10 control rate of change and approach to
equilibrium

- may {nvolve search for methods to slow down undesired reactions (e.g. corrosion
of metals, oxidation of rubber tires)

- may involve search for methods to speed up desired reactions (e.g. baking bread,
decay of garbage) -
- often lnvolves search for conditions (e.g. T, P, catalyst) that lead to maximum
yield of products

- important in modeling complex chemical systems and sa to predict chemical
change and rate of change

« stratospheric ozone depletion
ozone hole formation (heterogeneous
)

« tropospheric alr polution

« combustion and oxidation chemistry

« plasma chemistry (growth of films etc.)

Fundamental Importance

- To provide information on reaction mechanism.

- Avreliable set of kinetic data allows us to discard various, otherwise plausible,
mechanisms.

NB> Even if we can conjure up a mechanism that agrees in detail with the kinetic
data, we have not proved the mechanism, nor can we ever do 50 on the basis of
Kinetic data alone,





image47.gif
gat if £ is rqenera:l'ed JVis. E is a atfalyst, S
i consumed ewhively :

E+¢$ —%' E.s
Es ks P+E
N Rx.: &P
Catalyst E (presedd va low concewtrdion) eTains condaai:
Iel, = [€ET + [e.s{ #\vvuj)wd'
e (E) = [El- [e<]

Ao (c1,-1853) (5]
owd [F--S]“:- —(-Kg—l_

or (4,44 )eST+4, [SUES =4, [ELLsT

[E.s]“ = API{Jn [SJ
R, +A, +4, 051

ac . Ak [£1, 151
el S 1

Michaelis - Mentes  Egquadion (1953)





image48.gif
NE. —an additomal dem properhiond Yo the substete
Concentiaiion appears inthe devominator
— (ke deponds on Hhe aoncentratin of the engyme
even Fhovgh it undergees ho et chemiaa] dmn,e
— 1he additowal fenn in the denownefor gives vise
1o the charactorist feture w enzyme kimetics :
the vae adming o maximum alve (limiting value)

o high [s1 defermined by fhe fow, awmpumt of
enyme (catn l;d) present

W A0 -4

(rot se wi-/lm«n‘)

408 4151 Veocty ot
ar g +he enzymolysis

e
N8 &= _._ ”&"‘ Bl o dived measure of Hhe
cotalghic_+fficieve of Fhe endimie and vepesands Fhe
max . moles of product formed pes wnt) fime per unit

concentihon of endyme
b, isalss known as Fhe mox. fumever nvmber





image49.gif
The M-M 2quatin i offen vecast in +he form:
am_ AR _ AL
dek, 1 Ka + [51
e Tichaelis Constust
Ko vepresouts concextratom of subshate ak whick
vake = L He bmitin vate :
= A0 o L AR g oe 5157
o= SRy %T%JJ 5 =26)-8] =5

at

4,Cs]
oR ég’:/g[ﬂ, ”hm‘L:m

se Lo Km
r ek A

slope = %

Is31
when §20 i-, = - 'f?sl ok Ku=—[s]
(bt carmst ge} B, owk &, ,meed other chmyues)





image50.gif
o The same mathewabue! ~heabmend apphies
q:wmlly o catlybic tysims

s chorbeomings
— iqnores back veachion is sfep 2.

— dees wt alow for possible £azyme -preduct
mrachion
-~ (Competitire inhibitors may lower achlyhc
eﬁ‘:‘cu‘!r\cy By Lov.Jl‘nj » E
. E+I = ET

o n analogovs freatmenf has beew
applied o He kindics of hetewgeneovs

culnlysis





image51.gif
IL.5. Unimolecular Reactims : Fhe Lindemann Mechan
A—>pP 2. isomerization

~ B rumber of sinple chemical veackhons follsw a firsftoder
vake Lo - Wk musel” accountfor Hhis since a mokcule
PfeCM.ML,Y @an ﬂ[quﬂe emﬂy Y)f(f;sl[r)‘ fb dd‘vﬁ /’é 747»\,
only by ollisions with oher molecules (i o absonee of
it e bingi

— So must find a mechenism yh\m)vinj imolecular processes
Hhat secumadide onougl by ot Loads o
Erctodder mde o 0P -
Mechanism indroduced by Lindewmann 192/

(ragloct P, cam e incstpraated +f hmm,?)
A+ A f‘—é P\ collisiona) activating

Fime lag i':.e thm)(&ﬁzrv‘hm sv:l:: :m\dwg
2 vetume. "f wsbbcule .
Ar 2, 00 p atlisimal de-aedsvatuin

pr A, P wnimolecular decay

o‘f Anels T vferm/c
B et g § et

AfP) _ *
'A’;-— K)[AJ
T got an w(,messimﬁ( [/P'J) shatt assume ot

achiaked specis veaches steally stute <hadly ofter
He reechon, s





image52.gif
Sheady-chade agprsimation -
AL g B4, A ] = 0

= 0= o

There are fwo wapochi Limiting forms

Cage T A} high pressuves,
Rate o collisimal Aeactvabvisy vake of wnimokenlar decay
A PR >> 4 F]
o A, IR 57,
A, 7 1% ovdsr kinebics !
(same as pt-api®B vesutd)

Hon Adif] = A
e

il
[

o

Cace T 1t _loww pressures,
Rade of wmimolecvlar decay>> mafe of oolftimal deactivadion.

&, 071 %> o 1D
or h >> Ak [8]

Won. ‘ﬁ”;[@z A, I 2M order kinefics /
3

Qualitatively 1 cwikh in oder hac baom confirmed
W;mm‘uu/





image53.gif
Quanhifatvely: 40P _ L AL ]
& T BrR. A

s
0 v 4, - 44,00
L 4y 4] of Ay = [l

&, + 4,043

§8 Deviationg 'RMM hagh pre
Ao Larger Han Lxpeclid ledem»n »&}v ™ fails)
— ez o wmfy wmm»kculwr prt ol mechanism

Al g AL <WMWXM%)

y
wheee A marge) wleule il erou vy bud

a en l?rcfl Mym Lu/ enegy concontarkd

Therriee (KRK | RRKM) Ria, Ramsperec Kassel , Marau s
abso  Prifchard.





image54.gif
T0. Complex Reacfrons
IL.1) Chain Reactions

- prfeviowsly considered Gimited sequonce of elementary
steps
— a chain readtioq is one in which key infermediates
(often. afowic or radial gpecies) are @ewem‘d i one dtep
and Te-onles the teackion sequence. aF another.
~ tppront i combustion , Iiguid-phase redial Polymm%'ﬂ'}
Fhermal decowposidion of organic compaunds phto chewisty
Classic_Format of Ghain Rewctions
® Initiodion, : foxmation of fee mdicals by
- Lindemann-fype poass Yy +X, == XE—sxe 4o
- (ollisiow with el s KorM —> Xe e +M
—Pholon absorption L+ WV — 20l
- Photo Seneitizahion @Enemy Hansfer)
o Hy+ AV(2540 nm, UV ) g ', 2He 1y
(importwrt in Syﬂ.esk FHCO fom COwd Hz)
Het(0 > HC0e , HCO*+H, > HCHO+ e | ZHCD — HCHO+CO
Propagation, ! reactions of free Tadicals with molecules
fogive vew free madieals (one o nore
— on averge £ | = sfatimary chain (dady rafe
-~ Sometimes >1 = branching dhain Bsflasion}
— asnally bimolecular slteps (o or more
— much i&s&« Hg;:s wihakion or +ﬁmimﬁo)qu’o? howizal
~ popagation enerally accomplsh bulk
¥ (gfp{-;w, 2. cum I;'SJGPS 5‘/”“ oveal gdmﬂ“\"”’d’/





image55.gif
3 Texminafion : zowverts active chain-carrying indermedides
into cable molecules such as products u}g\’f' biproducts,
e radicale
~ does ot ugually conslitule magoc Source. of produchs (f chain long)
~does acext major influence on meemﬁg) o of vate law
— way poced by, midtal-vodil (homogeneaus ) recombination.
vecwombingfion ot walle (heferogeneous)
Sowvenging with, addivives (vsad b lesorchain |
. «cHyz + NO > CHND» meghanism)
WOty + Q“saf, > CHy +G MO
(itermination accurs om swrfocz ,rate law shous depondence
onsweface § nahae of surface, atea. ) shapeof arfae ) packing )

@ Tnhibition: when Td.[mf inermedinles attmck produwet

molecules
Cenera) Form of Rake Law ‘|g< Chain, Reaclioms
~ofiow complicated : non-indegml ovder) wduchon perind |
Sensibivityto impuvities , explosious
@ W+ —» 2HBr A b/ LI
A T8y ]+ AT HE]

CHCHO > Oy +00 _A[%M:A Ies o]





image56.gif
o Thetmal Decomposifion of Areelaldehyde <A
CHs L0~ CHy + €O (+Praces of GH, )
Ep' Rade Law: - il EC;/:“QL,& [etscrio] e
Mechanism :
CHaCHO —-—,—)CH3 +=CHp m+n (—)YZMMA]S)
o 040 0] FEEE
[ CcHsCo Zoucty+ Co NB o(Hy mgme?ﬁw/d

. CH,
aithy = G e
CHO+ M 2 (O + HetM Second i
He +(H0HD %o f, 4Oy | S0y Chain

AEGD < 4, Tos0] -4, iy fonco] -2 o

) [aj ] _ o [ (eHseo] 4 sltheo] o
T
ol Ve
g LHBLS - (j& L CH&J)

9, - ARSI _ g 1oy o] + B (B )‘/ja{ cho]™
Tnriaion. P’“F“J""h’"
N T 2 em S [F o , e haeagreemet with eupt
te- whew poption sleps ansume. almost all of He acetaldshyde
<o, prodlewt b devise a measure for the relasive mporiance
o@ the fup ferms





image3.gif
Empirical Kineti
L1. Monitoring Chemical Change; Fundamental Variables

Fundamental variables: t, T, [¢]
thers: P, solvent, bath gas, catalyst, surface type and amount

a._time: intrinsically easy to measure with considerable accuracy (e.g.
stopwatch (s), electronic timers (us))

reaction time: may be difficult; mixing vequired or premixed reactants
must be induced to start reacting (e.g. T jump). Neither of these is
instantaneous ~ but no significant error if react time scale is much longer
than mixing time or time for T rise.

b. temperature: casy to measure with good accuracy: thermometer,
thermocouple, thermister (better than 0.1 deg)

reaction temperature: measure T of thermostat but reaction mixture
must be in thermal equilibrium with thermostat. Need good heat
exchange or have T gradients. (ok if rx. Slow and good thermal
conductivity, not if rx. fast and poor thermat conductivity)

¢. _concentrati may be easy or difficult to measure depending on the
nature of the substance and the amount.

Reaction concentration: measurement time must be fast compared to

reaction time and must not perturb the system

- prefer real-time analysis with or without sampling

- alternatively, dylaverl time analysis with (need) quenching: cool rapidl
(if strongly T dependent), dilute (e.g. expand into vacuum), turn off
photons, remove catalyst, ete.

Want fast and specific chemical or physical methods.





image57.gif
. e of appmane of prducts in propagaion
chain lenghh = Yok of. tadica] FomeFon. by inihiation.
_ A (L) rehcul™
4, Jen cra]

= 3
BLLys el

A gook zz(%‘:)‘/u s.wm‘%lm* wol s

& x 18xb S
So Chain )eugﬂv v 3x’ [th EHD]}/"
amd , at- omachatsoms evem as fowas 107 mat >
(which coviesponds o a pressune of 645 P ovSTor oF S0k}
Chain length = 300 and. "y~ chain” agpoinaton,

2 vadirl

Mole also Yot ¢

g %
AT g, ool = £, Toneni]
M_ZEJ = hsTehto] = by d et one]

_ g [h\E 3
=4, (Eij> [cHychs]





image58.gif
Activation Energy Jor Homolysis of Acetoldshyde
— A[XH,cHol %
—[l—j‘r] =4 [Ayed] ™ A has Ea of 201 AT el

bt fr  CHeHo —> cHeroCHO  AH'= 35] ATwol
How can we wnderctend Hhis 2
AN
A=k (2]
ko= by 4k po By -5 102 ~h b Ry

E. = E. +%
E, =314 2T mol™! (frem exferiueua‘)
Eﬁ;ao since radial recombination
E, = &’ - RTan =35/~ RT
% E 314 +£ (38 ~25)
T34 HTES
= 206 KT mol”!





image59.gif
_MQ’ L e E - Zh‘ff

Enproied Bode Lan; . "LW’J EWL A

714 (1981 /18] )

APY I A ¢/m{~/-'
T2 AT mat™ 1)

Proposed B Mechanizn:
a- inifiadom B M —>2 Brostt ai *H%?"lw
b pﬁpqdhm Be +# > Hbcrd- T (+605)

A«"d[:b(kﬁ}ﬁw N He+ HBe — f_+ Br. ;
it/
(e 0 mm»w&‘%) " |

e. [ormwnkm  Bro B wr1=5 BorM [ea) ‘
NB (c) net picdusdal ,mdw u,,k,ww.f' e et st vty

ca) Slow compred. #

N
%L/—xa A[H]~a % r&jg _[éﬁm fﬁﬁj/‘
w = i Che [0 1
[6(]*]-,( THR]

o 418 - L[LJ[M]»@[#]/&/— 4«{4&]

2 45[# ¥ ):h‘z?[gu]é
AT Eve et
4= 24,

nB. [HB] w denovndby opyeaes e A

,,,,.,q@vez#wi’





image60.gif
1T 2) Explesions - chain branching veactions
In #hewnter veacton.  ZH, + 0 —7H,0
the cowcetation. of chain carriers, g . oH-
ahinuouy and rpidly wil Jime | because removd
chain carviers gives poe 4 W] on AVERYL,
Vig | o__}gm"nc_éjn;_abd-im : Mﬁ:ﬁy
-G mechar ism

cw”"‘;‘;%uy undorstrod )

o1 mcrases

X
explosion

intiadion H,+0, — 20H- #

or [Hy+0p — Het HOz»
Hoy +H,—> 0+ +F;0

Pwmaﬁon ol + H, —> M0

branching [H- +0, => ol +0 :}

S

Ferminatior oM, 0, H + g«,—f’ace —
oR 0,/ + gas —>
(4. W10, +M—> HE T )
s veactiye
NB Gascade (branchin cLu‘») causes Tapid
Tnereage i ak xp asian)





image61.gif
Occurvence &f explosion Aepends on T, P (i size natuieoi’ |
Vess:!;

2 mixture of H, /0, 800K

= wetl behaves ot Le) P up F2 (0 Torr

— explosive between [0 omd 20 TTT

— non- oxplosive bawen 20 T amd 10 afm.
~ explosive above [Jatm.

'

nergy o exotheniic reactkn ot

L mixdare havs

chain- Bramching Explsion
| chain aavriers caseade
before reachin: wall
(insuTIi ciewt d;%usim and
Aeactivahm
Below 1Hhmit: chain arvriers
Yeach wall and vecombine
befuie there s o cascade





image62.gif
Ir.3 Photochemical Reactions

— eactions \ntiated By Pho‘i‘b‘n absorption

@ Solar photors — afm. hafing , o2ome layer, onsspher,
phohs«jnfhesis ( chlorophyl ahsorbs red+blue phatms)

on vicsd by collisions
THERMAL REACTIONS) e 1{?{1’?@ (nz)/*+HI
(¥~ #+T
PHOTOCHEMICAL. REACTIONS ‘—F‘i"mrm?"#u?
o7 DT IAEY o
odudls moy be
bl produet dishibutie %ﬁs
® ool b'%/cmaf
e of iiablow con b ey 7. & o
Controlled by changing radindon

miensidy o it Cap s> DEXT

Tivo Laws of Photo cdhewistry
© onYy photras absorbed by molecules can Huce
Dzt Change [ phviris passry Horony wifl ns-)
[Grofthis-Duaper principle of photochevial aztivadion’]
@ Photrns anvot be sharal, - gntie erenyy o a photon i's
absorbed by « molecale. : Here 75 o [:] relabonship Lbebwaom.
# photons abéobad amd # molecutes oxcited
[stark - Einstein. Law of: photochemion] qm‘mkm]
Exapt af high mdiation inkengity (laser bawm) for

which m«.&'ﬁpllov‘m absrphim. ly a_single molecule is
possible





image63.gif
A Buantum Yield
() Reimary Quamtam el , & [fphi)
¢=2 bovls brokew_ v primany S (farmu'/ﬂv'u)
H of phoims absyrhed (por wnid e )
@ =¥ of redicals poduced v promary shp (e wnid donie)
#of photrns abspcbed (pes unl¥ Yoms)
2 CHp FIY s cHCOT—s Ol Fic0
If ewcl. oxcited mofecule Aizsscin¥es ) ¢= /
daf: R
“ €T£M = Iy, (w Phots /5 [au®)
(or , [.COT where 5y has anch of's™ end 7> Vo fruct-oetey
vale conshont for Ve protlyss o speoits abSorpiion Tae )

o ChCocty +hV—> Bhlott] —> (b B,
Tf tach, oxcibl mobcule Aiirines wick Z:0H, radils , B= 2

A ['eH,
. E&J =2 1ys

S w 0 Lormats of rdieals can be dedermuried
ﬁ-n:fta;{;wfme:wmh (o groax- vete)

einsder )‘rwgaﬂbm’s #* qlféavéns [{pz)(/p”)
= # off phokrs vequived 1 achvark [mole of whibnce

of | famdeyz pugade's # of dlechmns





image64.gif
@) Overall Quontum Yied | &
é-‘ # of mobrules frans It
T m of phetems absarbed (per wniv e )
(shadd be =1 J/M-ﬁ}\s*/ca‘n law 4ff&4§)
Con Le | o secondary recalns sccar:

Y H[+LV—# +F primary process
Ho+HL —> Hy +Te i 77
FeT Mz, proases

b T A
v 2HI —> .+ T,

: ,
£ g ~0 ()

Tn chain veactims § can he very /u;e} ;fﬁ(a”;ﬁkmmnnn

ie chain reacting aofas Uamical anplifon " of ihel
abgorptim Slep -
g. Clp+H—>2He F=10° (o #400 F oamT)

& provides a convenieit [7wv¢$u4ve) meams of*
d.uon'bivd photockemeal sfsmmvahig and ofrs
insight vt rewctiom meckamism .





image65.gif
Determining Quantum Yeld  Exampts 2¢.3
settomnfy R ¥00 (6 5) P908 (5%, )
Chegtan~ 4-one) ‘v :
4-heplngne 2 efbybne
di- n~rrpy) Rateme 3
3 2A3nm Ex0 “mal GHe
ow > Pxi673 .02 200>

i
—c-nft
wh * 100 5 e
T x> molecales

# of photrns ahsesbed 7 w=1Ts™)

onorgy absorbed o, (00 Soc = 50 TE'x 1005 = Sxi0° T
= he
| photon. #F 313 nm hug omergy E = X
o b2 x 10 x 2918 x/p%ms!
33 X107
= 4.3 x /0—17 J

$o 4 of photons abssibed = absoched

onorgy pec provon
s200° T

£35 x 10717 T Jphobon.

= 7.88X 10 L’/aAo)(WS

amdl @‘_ # ma/fmé[%/hi /Ms
T Hof Péoy‘rns absovded (L 1005)

= 2.2





image66.gif
B. Using e Quombum Yield
The Photochemica) Ruachion Bobvam i, and Br,
Foc H, +Br, — Z//Br ihifiated by FW”"S

a- B +M 4o, 28r+1
beumes B, +wW —> Z Bre

and | a8 2 irmsegumce xaeﬂzzﬁaw;gfpwc[mmﬁvy
@ dfgf’] =2 Ty, #F=2
B‘ +5r —4€=> Br
4B 28, 5]

Qﬂ_-] = 2T, -24, % 4

poe = (£ L) o (e )t
andh vobe of formaion of HBy bacomes
M’Eﬂ 2 4. (LY [HI,LS
[+ (4, V8374, T857)

- oeck vake o incausse ws [T, which is seen Mdﬁ% '
~ g is iversely propochomat +:> Lass o |
F= Al zh AL

T 4 [H— (4, Be 1/ 0B8]
- as inkonsily neveasee) o o ., )

Yo By ﬂmﬂd
is mverfeol do Bty w\svlwﬁ of ey aéﬁn mare ' quantz.
ane ‘wasked® amst 3&;;%

_Qawm’(mv‘hw ) why? Ays vory snal
— @ vivenses wh T beonute & viortases oW T (4, i warnly
dempehae videponduast-)





image4.gif
T.7. Rafes_(definitions)
T.2. ) Phenomenologial Rate.

r1\x Foduds
o2
ufetules/en® Rexclautte
# lensi ‘7

.
Thstamdaneous Ea:h;;lw)%%l
uﬁv\ﬁﬂ.vf;«mdwﬂ's) rrs.-ﬁxfmauwfs
HB- %%J_yo o Ly Ve

T.2. b) Tiue Kode Rode
—amvzel d’%ﬂwu o Bow Trepestin of veashon equats @

a, LB —¢ C +dD
where a,b,Cs A " re Shoizhionatic conffamts Vo
® Common Usage ! m’h: .s time derwd—ive o e o
any one gulsfance
® Rz AfXl iz o_l_p%] A8 s

i 24l
a?f g 3290
(AR 4 32 and 3 4
- G ol
el BIC000S) ek o asiable !





image67.gif
C. Photosensitization
Foreign. molecule absoths photon. and Fansters

the evergy by oollision, : ngsﬂ_;n#f.
Hg*'f‘"lz—) Ho +- #+ 1
Hy* +H, > /,‘f;y,,q.;.

Tn aynthesis of formaldehyole :
He + co—> HcO
Heo +HL —> HCHD + K-
fco + Hew . —> Hcko + co

Alsoym sobehion ; carbony! chrom o can

+Ya,,> ineidet [ijl,l-}-

. uenelm‘w
Foveign molec ule may guench molecules, excifed.

by Pawﬁaéswpvé‘m:
S+hv —=S* R=T,. alsophion

A, S, R-B[2]  fhoresance
5’\;62&»54—@\ R=,4a[§][g)z ?MMLI‘Hj
[S*]ss = Iabs/(ﬁ{ +Q&[&])
wm o AL, [k +halt)
2] c2 ' I:“%;Zk/ﬁfw_ns
ta We preconce o()Qt
%—z 1+ ﬁ‘i &1





image68.gif
Use ‘//as],\ [fb.)se) Pl\oﬁ)ysfs V[D 9&‘ g.{:
the Lsh

P % o (A [T
Mgbay: [7, =[5, ¢ R
wkere-—‘é=£{ rhila]

lT am be oltained f’rm Yo shape of fhe
73 Lluoresconr iv\bnsfv} e ag o fumabon qé%r)net

%/4 Wr &
(2

[&]





image69.gif
.4 Polmerizq}fon Kinstics
Chain Falmrizaﬁm;ﬁuives ackivation SFmi
Followed by sefuewﬁhl ifien S MONOMErS 1o
dctivoded monomer ¢ 1% ovder Kinelics
& polywerizadion afd#\//ene)svywme‘meﬁyl mﬂ’%azry/de
Shopwise Polymerizodion, - 10 ddfivation. reguived
Monomers cam veast with, anch ather af amy fime
o iniate chain growth - 2™ odder kinehes
chaing of mamy A o am. giw
4 pobyamioles ("‘//Z” -6¢), polyesters ) polyprethane s
A Chain Blymerizatim.
Dnttion, [ L7 20 R=A (2]

Re+ i —> Mo b is fadion of £

alM) _ . I
BR- 204 ] G

Fast {M" M M

medim My +M —f My
My +M T My
R =A¢ IM1IM]
Termination [MK + M ’—43—9 Matm
R=—Zk, [M]*
Rote of formatiom of vadicals m tidaton A
yak of Temoval of radicals by Termination





image70.gif
So, use sheocly - shde afym;nm.w—ﬂr[r'}-j
AL - 7 94[3] - 24 [n]" = 0

ml, = (P4 VA"

= (G [

R of polywerizection, (vekeefchein popgafion)
= (e ot shich wonomer consumed

4rf

7‘}_ == /3,, IM][M':]

Al iy
i L
which hag The form. ofﬁnmpm\(al wede law





image71.gif
] JJ&J\/&,
ovomers comsimed

* W[ Achpe comders e e
_ake of Pt

tate vrf it of incFadio
rede o PG ke of ko
e ?,J it ’ = Mﬂ{@’imuz%m«
/gr M) [d

/& 1,
Liwe TMJ= (@/Z) I A
S 3 [M][IT}; oo A= .

Tz 4p[¢ 4 =
o cliwe Vo ma bt (z o ol 57 4)
sk v chast L v
1A A’/j“&wwy af i o7
the. gl +£L Maxvmug ‘f/ﬁrt’/m

ample 264, P. 805 (ém
- 'fa)y (G





image72.gif
5. S?L,WIZ& 17 m szt L—»’ bth&du.A‘b’ mdmafa

o Vylooll

1= CH), -, + o o€ ~(C)y = (oo

s AN ()W) ook F T

= ey /-{-EMI—@/L);MW@—@)Q( -{o]—aﬂ + 0 #0
- p z»{’l/yfi‘zﬁr /}WM

Ho —M—cOOH + Ho~M-Loof 7

) g Fou) [ coott] =~ £8)°

ALH]
“at

Y b actepondont of chami Arngh
=Lt @ [A]-

4 Y
d s
e e Ad A,

wd e Frackon of o0t quonps condomsed a¥ VueZ
_ R
)

_at [,
| +A¢[H),





image73.gif
4 mmfww'v%’// f):"%w\l{ 71'1.#(55»5’
L W)y em e of e s a0
of od Gops N

}'\dﬁ'

[#) e &

memgz CguMM Z’“}ﬂ
ps A7)
o s be close o

Ve

forthe chad do ke

very /ﬂwj





image74.gif
IT5. Gialysis amd Ogeillation
A Calalysis - cajnlysﬁ provide an afjernake pﬁlg wh bwes

(F_fszﬁlwwgs—» P ?/ls—) P)

homogenesus avalysis: cedalyst in same phase ac reackm miture
helerogenems catalysis: Ay

phase (& solid w gas)
A _Homogenenus G lysy's
@&m@gﬂﬁ%gﬁﬁﬁhﬁﬁﬁb
2 W0, (1) —> 2th00%) +0 G) ay !
Mei™  paotsHoott = <— HooH 11 p K———l‘%:
Hoofl++2r' > H0Br +H,0 < Rate- ﬂ;‘;’ﬁf% y
HO By + HooH —> 10" +0, 187 (@) ReADo '%Jﬂsr]

P@dﬁw 4'(%7 A K [Hz > ]Dﬁoq [81]

Agms w,uq oppecimend = observed Aj;ewiw a5, Pl

- obgeried E, same as offe
(B musch higherm absence B(-./)
(D Acd Catnlysis: zmmsovalysfz es/ers (A
mvmm a#sumxe

x+HA—%:2+W
(3 Bage Cafolysiz® as in Psamenem‘»m

Claiseny Alag %g@z‘gg

HeB &)+ &
* (]





image75.gif
A2 A_,m{n_ﬁ} —meZe,wu@,a,m( ),7& Praducis

. A—?P Rude Law am rm./; =
7 20 Mmiev?;amm Pl wqﬁﬂ[ﬂ
si=0 M, M,

=t [x UK
R= 4 (18), - (171, +x)

At U’H”"‘" (U"J DY ],
= +x ) I
m;:[FJ (U’J (F3, %) )

or X € - whine 4= = () [P )b

]~ T/—m‘:‘

+be b= L/

o vake show iA[[[ (small [PJ)
(D), + [, )42

M what fwe B e a Maximum z





image76.gif
What's in a rate? The signs of

Amolecule in. selfreplicating network
s 0 o more than casually reproduce
it s going o be considered a strony
contender in the Darw

game. It got to grow eapidly, And ifit s
going to fuldll one of the possible key
requiremens for animate chemisiry

got 1o prow cxplosively.

The concenteation of 2 product in 1

tcm where simple catalysis s wking,
place will generally increase Linearly
i dame. Bt in auto-and cross-cralydc
systems, where reaction prOUCts jump
in 10 help create more products, growth
s become more complicated.

In studying scif-replicating peptides
ides. scientits are oo
charcieriic (ypes-of

growth ratesthac el thevw.for:

whether

fally coexiss with i peers o

up and rutkessty subver the growth of
eversthing ele.

tn many of the peptide and oligor
clegtide cross-catalytic and autocatalyc
replicating myatems. complementary
molecul. fragments le up along tem.
plate molecules. fuse: sxul then scpaate
from the templates 10 act as terplites
hemselves.

o this deal scenario. explins Gun.
ter von Kiedrowski, 3 professor of
chemistey at Rubr Uaiversiey in Ro
chum, Germany. the ratc of prowth
{aCd) s proportions i the replicator
conceatration (), Wiken his eyuation

geaced. the ol Function is a0
exponentil

Exponential growth s cequised for
Darwinian chemistry. which allows
only “sursival of the fittest'—in this
case. the system that replicates best. in
the stmplest case. two replicators may
compere for their building blocks in
flows reactor. ¥ he systesn i indeed Da-

the ratu of the concentrations
of two competing replicators C, and
aver dme. [C,}1C.}. will be zeco if G,
the faster replicator or infnite i ¢,
the faster one.

Howerer. purely exponential systems
are diffcolt 0 obin. This is argely he-
canse 3 template and its newly formed

fe, perhaps

pariner frequendy are quite stable 35 a
duplex. and therefore don't separate.
This inhibits the amount of template

ailable for new catalytic cycles and
slows dawn the whole process

In 1986, von Kiedrwrki. 2 pioncer in
the development of kinesic (heory in
this area. derived an empirical ratc
equation for these ‘inhibited” selfrepll.
cating systeas. His SknFit program for
callulating rate constants ROW i used
by many in the field,

In his descriprion. the eate of growth
s propartional to the square roat of the
replicator concenteation rathcr than the
replicator comcentratiun iself, The
equation. when integratcd, displays 2
parabolic growth patern. which is
slower growing than an exponential
patcern. And in this case, the fwo com.
‘peting replicators €, and C,—with auto-

tants k, and k—will

ir concentration fevels
[6311C;] = Gy /hy)* in n “survival of ev
eryhordy™ scemario. & lnge aumber of
die veplicating sysicuns reported 1o date
display such parabolic growih patterns.

A third case, which i the most elusive
and has a even more explosive growth
patiern than the exponentiat case
that ofa iyperbolic system. A hyperbol-
ic growth curve indicates the sysiem is 2
hypereycle—s complex tangle of auo-
and eross-catalytit reactions that all
boost gah other. Hypere:
wecessary fot Darwinian tvolution of
molecular systems, bul some research.
ers believe ey are 4 requirement for
animate chemistry.

The concept was developed more
than 20 vears ago by Manired Eigen.
emeritus professar ar Max Planck Lnsti:
te for Riophysical Cheanistry in Gt
dingen. Gemianty, Hypercyclic systems

bevond survtval of the fttest 1o allow
“survtvad of the common.”

“Whaever specics has been seletted 0
for, it will survive forcver, regardloss of

grated int0 2 hypercyle,” von Kicdrow.
ki explains.“In the chemisery of replicn.
s, we are far away frow the case of 1
Iypereyck:
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