
L

ÍürÐ arlErrtrs Ð tffislxßil

JrbrnffI¡lffiiLr E.s* {W} (hHnr}

¿!'hrir #lltrt k b gÉËrttf *
fffirft ln nxür¡ ù*ffn* t *.
;rç*cmtl f,c tår t*ü.ú Sr**

d 3ùilorqþr

nrprfrrt d ffi*tnf f¡r6m|*$H$qrn
ràr gsffi,tr d ¡Jrl¡lb

lr

tg_2.6s

t
'

{tf'l



r give consent to this copy ctr ny thesis¡ vrhen d.eposited i¡tthe university Library, bei-:rg availabre for loan and. photocãpyÍn6.

Date .). Signed



t::-

È
R*

S¡marvre

lrlo photooh6taê1 roaotiqns la eqroanr ¡o&¡tloa ¡rf thc fiÈJrot

of thL¡ tJ¡c¡ùr. Botb reastiqna hailc beor ¡hq¿ ts bo eh¡{n

reaatLo¡¡, ritb gnenttn ytclilr ta thc rs!6s O to 5O.

the pbtooate$raís of, tbe a3.eotmn coharye r*¡¡tlon b¡tre¡e¡

f{I) ¡n¿ ff(ff¡) ln aqrnana pæohlor'åo æå.if Þy nltraytol.t l'lgbÈ t¡
the revdlaryth r¡ng¿ 7z 23Ð-2?0 opr h¿r bers ¡bom to bl ¡ oh*{p

proecrs rlth quanüru yieX.ita tn thÊ ran€. I to SOOr ¡¡d, f,ræ a rhrgr

d tJre dlcpæitæoe of the quanttn yf,clil oa the oæætr¿tioa of

reactant¡, th ¿bsæbð{t f.igbÊ lntæst{r and, othæ yarLablea, a noohanlu

fæ the cb¡ln raotio¡ h¡s bæn portutcÈcdL The ob¡ln sa¡ri.* [1(II]
l,¡ fqueil þ dtgeotsÊLe of tù¡o ohs¡ì6ætrantfæ æolt¡d. r'üato fo¡scõ.

þ pho'toabaorptlo d thr ÎL(III) spcof.ca

ltoH2+ + hu 4 T12+ + 0E .

It i¡ prqnaldl tbst tlbo t12+ eota ar a ohni¡ olrrLæ in thô ¡ro¡re6ctio

rcaotLon¡

rLz+ + ñ15+ * ñr2+ + rrl (z)

ôt2+ + rr+ ¡r r12+ + fit+ (¡)

Â itstatl¡dt it1æucrim d tb t¡¡ml¡st¿oa laæas¡a¡ ls l¡¡91¡¡i[d.

a¡ tbc llrporileæe otr quantu ytei.iL @ thc ebæsrb¡il Xf€ffi futealtf
suggottr e te¡nl¡¿tlcm raaotloa tmoLvta6 bcrth llaoar rnil gr¡¿ibetto

tcml,natloo. Â valuc for ths r¡tLo sf tha ¡retr ooa¡t¡Et¡ of tl¡B

¡ro¡ngrtf.on racctto¡¡ (a) a¡¿ (¡) ¡e" b¡c¡ il¡üs¡f¡¡it anð o*¡rccil

to theonrtd.ocl preillctiraß d th¡ å{¡æur anil Eirrh tå¡o¡r'ic¡ ø clostræ

æoh¿'Be ræÊtlon¡.



lbo uXtærrl¿Lrt t"ü¡hs.il chl.t*{.& æht'ãEr nr*tton bl|mæ

ple*aqfV) Urr.tÐf¡¡d¡gao iü¡hfnE"¡.ib 1æ ¡¡i[ frrc ahlnr{dr

fsÉ d¡bltr çnrtu yl¡ü.ùr d uB to tO. A gntft¿ttrc räd¡ oû

thc dlæt otr ¡cælL rrrl¡blc¡ æ tü¡ çeatu ¡rt¡X& plnr çrübtfrr
rtåner æ tb¡ ûf try¡r¿tfâ" o¡ tüe rrotlou, hsyr bü to

th aonlu¡loa tb¿t Fù(I[I) tr thc €ù¡f,n srmlæ tu¡olrcil ts tü¡

rcretlo. lbr tqü,tortü.o¡¡¡ d th¡ obrsrrtl,s t¿brt tb 6ntu ytrln
b faårprffi d tb **t*f*$h ú tr:¡rût¡ttæ rrr ö,æu.r{ l¡ ôüt ¿¡.

å ßbüt{Uüy û{f of thr æt phortoþd,r, bu .bilr tlret rçta¡r
of obla*'Lib Loa lrc tår ooc¡tllc æoun rltb r quantrn ylrlit d
&æ..
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I ll.æøcfy thæ¡ß ¡y ar4pniror p¡üs¡sor D.R. Stranhs

fæ bt'r arlæti.c .f tho toBlo d th thorùr, rnll for htr berp

tbou6hcrt tha yran of rtuiþ.

thrËÈr ¡¡rG ¿1!o givæ to the næbæs of thß st¡rf ud, rtudl¡ntr

of tbc r¡rÞo¡rno ¡að tdr¡atitc Ð¡¡ivrntttc¡ fæ rtrebreble dllr-

oüssioa of Þsth thectlcel anil ¡raotrcel ocpectr otr the rtuS.
In ¡nrttouhr, I æulô Llk¡ to tbenk feLlc ¡tu4æts

$r. f . Jona,aron, tr. F. tatter.L rndl lfr. R. xwrqr for thef¡

f,rirndrhlp as rcll ¡¡ thdr ææ dllroot halp {n the ¡re¡raratlon

of, thie tbs¡La.

I ¿shsrbil6r rlth thanks the scril d ¡ Couorætth
Poetgrrihntc soholarrbtp. r rsuLil rlss llko te tha¡þ p¡dosaon

D.0. Jordar otr AdÊletdâ lirÉv*att¡r anil Pnofsæom Buohanan a¡rct

ltsrtin of xelbs¡rm tnive¡ílr for thr eæ d thelr rerôe,rrh

feal,ltttc¡ rtthln tJrefr respcotlve dtr¡u&aúr.

fs tbt oqlrÞL h¡¡il,rfpg ú tàr a¡qü¡nr¡ trrh d t¡rplüg

tbl¡ tbesfu qr tþ¡¡ka go to Hf¡a D. Thouea. þ rrrpræl thanka

ts tr[l¡a ¡.. ûhlttlc fe tha ¡roðrætton ef ths ilÍagræa.
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1.

S1}6TTON I

CiråflISR. 1¡ INrr.OUlCrI0t¡

lllthor¡6b tbe ¡ùotæb@istüy of ot€ani.e soupouaA¡ h¡¡ bea¡

stuiltcô fsir\y ctostveþ i¡ the LEgt tlcoailô, rolati.vcl¡r fcn

pbotoEhemisa.l ¡tr¡rÌlss have besr loaiþ on lnæganlo oyøtam ( c¡poolatly

in oætt¡¡¡saü plrasæ). fhs value d pbotæhoLee'L teohniqrnc ln

enebliag lpælffc rcantlos to be ce,tri€il otrt, ln organ$ prstrn¡latlva

ehcnistrtrr, posslbly l¡rlr¡aeil reggs¡ah i.a t'htt fteliL the ].aok of qr

a¡¡ob atin¡L¿tlon Ln tnqganio chætstr¡rr !Eü be a beslo r€êaoü for

ùhs t¿ok of Lntcragt l¿ tJle photæhonirt¡V d tno¡ìgan!Ê ostpouniÙE¡

itacptte the poartbüfry of sfuntflcant antt lnte¡reattng recults.

The abrw¡rtioa d ll€bt procltnes *oitet[, rosßtiva spoelec rù¡l'oh

are d fi¡ndarætet lrterest f,or omparLson råüh stùLe omporndl.

Altlun¡gh nost æltoô statea of lnorganlo cøpornils are shæt-llveôr

a gre¿t iloal cf t¡trænatloa ebct¡t tbeir ehstôêl a^rnd ¡ù{rsj.oal

properAlea Eqy be obtat¡eit f,rsr Bhotoctræfoa.l stu,¿teE. ConøJd.orabþ

uore effor*t ha¡ been eocorte{!. in th,e rtury of tt¡e rpeolea proiùrcoð

by hl€h rndl5¡ radtl¿tloan ileapite the greatEr theoretloal antl pnaotieat

illff tsttlt le¡ l¡rolvd..

fhe poaalble uÊe of, photchæ.ist{f la t'he theorettcaL undhrstandJ.ag

of abaorptf.on s¡notnn lr3"B tlæ ræelvoil Littl'e ettøtLoa, &ltbor4lt

e g¡¡qrp of lta,l5an rcroarsh worikers l¡anc raamt\r approæheil the l¡rað14-

tlcg cf aoc lnorganlo cøp.Lemes fræ thls angLo. (l*atfaa ¡tt¡d.l.e¡

of tl¡o pbtæbælatr¡r of gaaeouE cyttüt hsvc baen nadle" br¡t tJri¡ t¡



2.

l'td.tü¡ !y thû rl¿fl' nñæ d 6uconr osl,æd'to) Fdl ffiqÍilrr r

r,tl¡ry of, tbo ¡ldæhd,r,t¡y of ¡4¡losu ¡olt¡tl,oo¡ d h¡}Xd!¡ fot Þ
st"ùrr( 

t) ¡¡ð oo.rctræq ¡¡r b¡h¡cil to clt¡blj¡h th¡ cf.rtæor d Vibatet

clcaùræ4 ¡nê æebLcù ¡ ¡n¡¡itæ tut*¡naûeti.æ d tb ælSl.ns d tb
apcotra d tbrc loan.

fho rrestl"lç oû r¡a¡leble t¡ùcuçütstcr 1¡ ¡lro d SFtrÈ f,derst

to ehd¡rf kfnüôr, æ e oqrælæa oú tb. hlHtt'cr d tro r¡sof.æ

(t¡bo C¡qr¡ð æû æltcå ataÈs) üffc!.ry oúqy trr ¡ü.ætrodo or

vLb¡n¿tt.onl sEqF n¡y gf.rr r¡¡drl tdctatlon on {ù¡ dfæt d rnr¡gr

ohßgrr oo th¡ rrt¡ d rucül.on

lBb t¡o ¡horüæhatoa'l cüafü rcaottoar rrportrê t¡ thlt lùacLtt

rsrr rtsiü¡t lE s rtûaryt to ¡lr¡of.ôrtr f@ cr¡notr d ttt *mfrtry
d tbr naûtrdt r¡dl $1¡ùd, l¡tæt¡ô:lrtso.

1. thr fl¡.üt ryüt* sùtÉfrå. r¡r thr ¡¡l.tlt¡"toltü tnibtû cl¡oùræ

æhrryc rmtlon bcrhc¡n fX(I) rnû rl(xlI) pæblomtæ ln qpËtrt

¡rcuhlor{o æ!,ð. !!þ¡ tdrarr¡} cil.ætrc æh¡n3. hl b¡¡n reportrô oa

þ rææ1 mcqæh 6rclFû, but ths rolo of thc pordblc l¡tcncilJ¡tr

ælilrttou rù¡tc |!l.(II) r¡¡ ¡ot e¡t$l'lrb.ü rlth rry oatd¡ûf. It rrr
bofüð th¡t gt(II) ro*f.ð Þr fæn{r Þ f¡rrit¡'etLq t8 t'h &¡¡gc t¡t¡¡dæ

Þü¿ of TI-(III). fhr r¡sticnr *l¡¿ ¡ropø'tlco d tClc f{II) ae ¡ro&ooå,

qs¡l'il thcn br ¡M.¡ü anù otcprnrû to ff(¡] caû fl(Ill) s¿ ot¡bæ

¡rrl¡trû læt" fb ¡rræcra d phoüøættrttü ru ¡t û otr tutrft¡¡lû

!¡tærpt. thc pcre¡rrtåor of tùû r1(I[} t¡t*ritt¡tcr a¡d, thc ¡noor
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of photoeæltation of r1(rrr) rer'e al-eo of Lntrl¡sLc fnterest.

2. the secondl systen eilildLeil. wa¡ tt¡e ¡ùrotoåndtucoil chlorl.ile

eoneha^nge reastion be{reen pS.attun(fV) Ufoetf¡yleneit!.anl¡re dlot¡Lorl¡b

oatim anll frec ot¡lorLcle ion l¡ aquoour ¡nrc]rlorata soLrition. fhl¡
reaatiqr aLco ras shorn to be a, chs.Ln recotion, ¡{tþ sln{:ta¡ ktr¡oÊlo

charaotgLgtlo¡ to tbe tåa.l}Lr¡m eleot¡on cohange roastLon. Hc¡rææ

thc natt¡re of tbc l.ntmciliate aoting as ohain oa¡rlæ !.n thts anil

slm{}gJ' rea,otio¡¡s lnnolvtng Pt(n) half.dle eonplecres, FeE not clcar

from tl¡e oodLi.cting enidanoe prneriousþ rcpolteð.

the prtnar¡r photocherråcal abaeption prooo¡s ln tbose oon¡reundr

:ls t¡.ur¡suolr a! êpparertlï th6 prcõætr of pb,Éoritrror¡Êion are lailc¡n$kat

of, revcløgth anit bend" of l.¡r¿ðtetion. lhia phenonsron io noù

preilfctcdl. on e oLople oor¡sådæatLon of the r¡suer aulgnatl.on of

alsotront¡ þansitilæs to spectnel benel,¡. It ç¿s of, L¡rüerest to try r¡t
cleteløLue th¿ coltedl statæ l¡¡ço].veè ln $re reactio¡r l¡ the ho¡re ot

e.Lirntnsttng thts apparent anornaþ. Þccftedl pt(ff) oæploxes ar¡¿ e{IIr)
epeoles are tbø nost Llkel¡r intermaðl¿tEa l^n these Pt(n¡) photæhcclorl

sr¡b¡tltut lon reaotio¡rs.

A ctl¡oussto¡¡ d ¡rrertoua pbotæhenlc¿r sbdreg anð tbeordss

ilwelo¡nd, tbcrsfron i"s EÊüo in tho ¡aosnd. cbqrt*, lciËry up to tbr
tater¡notetlo¡ of ¡recent reeults on ld¡e ptati"nu æhan6e ræ¡¡äo¡.

Iæl¡tþð ln thtt ohapt* ls a srmar¡r of presot tntqretatio,n¡ of

5-ærganlo ooplæ Elrecrtrè.



*"

lF*ü d ît¡mt É*lffi* m*r |¡ rd#r*. Ðilr;#*t
fü t'Ë¡ rù SI&r !Þ äd,tl t e ¡nrr-t æ ù* lr,l*lrrt#
lr tffi f moffirfr** , ;
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s8tfrolt x

tråËrEß å¡ FfrUlttTlstI$lg

À" S¡tætn

fb Dffit raûfBLcn Enlo*4r trùdlü th¡ srnmt ¡t*tr d tht tecu¡r

d thÊ ¡Þroû?tf.æ qpætstr cf l,nægg{s eo¡tluæ, rbl.oh tr oM,æ¡Ly

lqrottrnt tn tho urihr¡ûanü[t of ¡thotæå:dorl æåtril ¡tr,tr¡r fb
d$,aou¡rl.on fr llrtteü, !11-ly tô b:ædtio¡ n¡t¿l a¡ð, nrar t¡a¡rltÍon

tr ürl oe¡t'lrrre, ¡r thær ¡rla d *t tntæe$ to tbt¡ th#:L!.

å mil¡ct¡l¡r æbttal, ¿lâtpan d a¡ oot¡þ¡ibrel nt¡.l. soqlù.n

(ffg. I"l) L¡ u¡cð to tttu¡imËc tho tÅ¡æ¡üs¡f, pråælplu of

úror?tlæ lI,coùrÐûq[ry. (rroa rr66rr(e).¡ Thr ur¡*î. eaæ¡rtl,onr d
nloos.lår ûrbltet thoqr a¡ç ¡¡ib l¡ ¡b¡rfaS up tblr illagro. Al rrll,
nùodiç orÈLtrlr æ¡ ¡ot rhcmr for rlqù.t^flortloa, så bæa¡¡¡r th4y rrr
r¡rrl{krrJr to p}ry ¡ l¡qsc roï¡ t¡ tb bcdf.Ë enü r¡rctn of tÈe

oo¡ùrra rtuðfuð la üÍ,r th¡¡1r. fb. ð lrvrl¡ arl qÍLtt tgr ¡l¡ctrm
t¡tærotlsu ;bæ tbc oûeftd.r arü oocu¡driL

fb¡ *o tæ¡f,mfegfs lD smm uæ fæ tbc fl,rr L¡raiù¡sLbb

rqrtratltt€t ú groqp tbo{y for oot¡bciFnl ryurtry a¡r rhcn oa

tbr ôtrSËrE r¡ hbelr fer tb¡ nojtrcsul¡r oübltd¡. thc nrbærd.¡ûa u

ait Ë b¡vr thclr u¡r¡l nmlry. TÞr ro¡ræærtgt Þr a rnil a" ldæ to
tbr bc¡ü19" aorbcnülng ¡¡it rntÄbæd'l$ obartotæ d tb¡ oiblt¿}

rup*tlrrl¡r. îb llm¡ taitto¡tr thr ovsl.qrptry cb tal¡ (æ ntxùwæ

d o¡rbåt¡lr) *foU fs¡ tür roil*uf,er sbltat ¡.

år th. æl¡oulß qtit¡t raldL¡r thc odblt¿l a¡mrt tn æqFr
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to l.t, l¡ ¡rort om¡ÉLaor thÊ bodL¡g o*¡bl$¡lc berc lægcû.y ¡.fðnil

oû:btt ¡. shr¡r¡rüæ. Sbtlarl¡r thË tAg! æü rr3 ¡o1æ¡¡t"¡¡r or¡blt¡l¡

bær æfagr ¡*¡1 ü sha¡¡stæ, a.oil tU n*", alrÀ tlua eüblfub hrs
e-{Flü p¡t¿rl ¡ æå p oherastæn ru¡ætl"rtr.

llhe æocro of thc Uganü fìLúð e¡ry]ro¡ob to dril ùror¡Êil.on rpætnr

fr búril, on tbL¡ *eæ*¡rtdou rLtb rcr¡rcot to trb nrrt ad, cg' qsùåtr¡r.

Irhr h{6rr ûtÀX il sh,æ.¡¡ts d tbeæ seblt¡lt Errar tbat thcy oaa bc

tmtrå er ¡nr4urbril f,roc Etal iÞù sÈltdr.
fht ¡nrdbLc tra¡lltios ülth¿! tùt¡ i$rerd, r¡dl thc æürrr d tb

øt.tdl rt¡Èrr tän¡ fouril. sr dlfuorprd La thr nd fa ¡ngc. ThÊ

trrnd.ttsæ aro l'ùcLLr¿ tgr th+ tou t¡ æt ûtoû urcn atrtåorgb ræ
d tbæc tætrr ðo lprt hrre tb¡å.r orngbt t¡ rolæul¡r 6tta.1 tùrol¡r.

Cba¡*¡-Èmndc eÞ¡æotLon

qôg*.Jl) o"r f¡talrrrtoit sbr,r;r-tr¡¡rf,æ bad¡ ¡r eo¡rspouiltg

to clætrol¡ tr:anrtttoæ $s tb Èoaår.s ¡elæulrr æþlt¡l¡ (r*O,

a*o, 
"rrn) 

to ths lcr¡t crafrùla rlaîlr l.ç¡1. I¡ tnaslËq ndal,

ocqtl,ær thlr r!,ll b. d.tb,c ar" * tJrc rr¡ orËtrta"l¡. For çrr¡¡lc,
.I$3æaoa ¡¡dSFr tho €bt1g¡-t¡çnfæ È¡¡¡¡t 6] tb¡ Pt[62- Brq¡g 6' is¡
(rbr¡ r- 1r gx-, str-, æ I-) to ba¡d.ttoæ fm¡¡ c-bsd.ry alil n-Þod,a6

e¡rbltúr ts tbr æüboaill,ry r, orÞlte.Lr. IIa he¡ nlacra*blfy futrr¡r*rð
tùa ben¡l lùn¡otun of tþ¡ne plrttm oø¡ú[*u t¡ tcn¡ d thpm

tnorLtlø.
fhr tn, ohsg¡4ræúæ, ô66 fire tb throry d e¡Lltho(+),
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dsrivedl to apcq¡nt f or the J¡tøse absorpt:lon bq¡d! ooourrtng in

¡ol*tr¡reg of, gone cøpornds (e.g. , Bænare/fJ r that ôo not oosur ritù

either cf the ocmpments. The ttroory i¡volves the i¡teraetion cf a
ino bonôt grond atate (DÐ ad. a poler eaoiteô state (n*¿-), to give a

gromd. stete wave firrction,

üo=1,(oa) +rf(D*f)
anit an e¡rciteil state wave fur¡ßt1on,

,¡r=,¡(o+e-)+r¡t(o¡.)

The eharge-trând€r bar¡ð ic a"asocietecL rith the el€otronio tran¡Ltiø.

beûrçeen these tro gt¿tes. fhr thaor¡r ls BIgo a¡pli.ceble to tbc ärralttffi
frø a polar grotrnd. oùate to s ino þoailn soLtsd. etata.

The 'r'aln oha¡aoterietlc of tJre theor¡r, as lnp.Lleil by the acnc,

1s the large uøt itlsplacement of chargg reaulting tn f,ntæse aboorptioo

banils. Sæe ¡recllotion¡ of the t'heor¡r are:

1. the ctrarge-tran¡tren banit rrl-l.l be vaSr latenea (ßuax ¡ lOr0OO)

cü¡e to the Large 6hante ln dlpole nment aåræiêtril rtth tb tranaitlon,

ar¡rl baoeuse tbe transitlon is om¡ùeta(y al1onneð (not foÍbiddelr by arg

seleotioüx r"rûes).

2. The ucgr otr the charge-trandæ abs€aptlqr døpørda oa tJ¡c cass

ctr cid¿tion d the donæ (D) a¡¡¡l the eaee d rcch¡oti¡n of the acooptor

(Â). F-¡¡resoed. nathsnatioallüt

tru=I-E+6

wÌ¡ere hu is the enerry of tbe abssrbeil gnanhrn, I i¡ ttre f.oniaatiæ

goùcnttel of the dlonor, S tE tle e1eotron eflfi¡.fÞ cf t*rc æoe¡rtæ, ê¡ô ô
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Ls a copJ'ea te¡ß whieh is ¡nedicte¡l to be relatlvel¡r aonstant

for epeotrê of sLnilsr a@pouldÊr

5. Tbe tra¡gitlon ¡loüslt ls ths Êre of t¡o te¡¡nc. The flLr¡t

tc ilependøt m tJ¡s clipole noln€nt of tbs transfæreil. ctra^rge anil the

hole l.eft behind.; anal tbe atsbilLtation d tlrs grounð stetc þ
intæaßtion rl.th the æsltecl etate. The secøil tam can g1le rlac

to obargrt¡:ao¡f,æ absorpt5o¡ ¡rlthout ary bond.tng Ln ttre groucl rt¡Èoo

Thås t¡rpe of absor¡rtÍon is oa-lloil eontaot che¡tss.trancfer antt ¡nâ¡r occur

bertneen tro apeoåes l.¡ oLsae ¡ncfmity Burel¡¡ by ehaaoe oontacto

rhc theo4¡r cf ohargc-trenefæ epætra tat rürleço¿t W torr¡cùí')

f¡r f961. Thô b{6h lnter¡ltf (e > S'OOO), l,ar ravelongtb ba¡il¡ of tht

a¡nctra d oø¡rlu lon¡ heve bes ettråbuted, to oharge-tranofcr

abræption 
(6) Tby ehtbLt tha ohanaateristla d dapenôenoa of

raretcogth (ocegr) on tdre eaga d reiluci-u6 tbs n*t¿l (a,occptcr),

aail tbe o¡sr d o¡åiltslng the l:l.gå¡¡¿ (t'be ðæc). For øa,rpla, Ba¡nc¡

ana u*(7) ooErcretoð ths re¡þ¡süiø poteartle:'s fc ths *+/u(l - 1)+

oowplc" rLth tho æerry of ths f,Ir¡t l¡tonse benil o'f ao¡ne oonpler

ncrteJ. fsns (lfl+) rftå ühe gama lfganal., in asrecmÊ ttth tholr

es¡lgnattan ¡¡ sb¡¡.tgc-t¡snafc bÊndr. Tho ow¡rlæe¡ lnyotv*il ræc

{,rrr)x, ndrrr)r, rb(rrr)lrr co(rrr)(mr)Ux, cu(rr)x, rùæs r
ra¡ the 1!6anilr s0n{-. B*-, Sr*n, aãdl IÍeO. Sinoc la ttre laJorfþ

of tæan¡ttlcn no'ba,l oæ¡rLccor aollùæ tbe grcaô rtato ¡æ tbc

soitcrl rt¿to a!'c rno bondtt statar, tb quantltstlv¡ atp?ot! d th.

thaorf h¡vc to be trsatçü. rltb !¡o@ rcttrratio¡¡.



9'

#¡rfcorærr oæc¡rt d tr*aaltlsnr fr booðfqg to noarbæitlq

or ottbonilþE orùitrtrr tr probabl¡r s ¡æil rffiurr¡t. oøce¡rtn ¡,lthmsb

Sotdqy r ls¡t t¡rúû @r fhüso rrl lot nryr ptotlæ.l itl*8$ræ.r
Þ¡rlrr¡o tåc cwBtr. Ssth tbogte¡ pnüøt ¡ t¡r¡¡úæ d aha¡gr fra
liænil to nctal¡ thr cûlæul'ar ar$ltú thæ¡r oü tho ba¡i.a tbßt tb
ibræ bcnltlry orùLt¡rc nnrr *rrgh utr¡¡¡t shr¡utË erè &r æerrrtcr

o¿ùåt¡r¡ b¡vc hrdh nt'ôl cha¡n¡otæ, E{ûb pûÐtiüt ,¡tsr. ùærgtls
bæat¡r¡ tbl t¡r¡rltl¡rn¡ erc *upldr{y +llo¡r¡d, rtth k¡ftrt trurtttoa
sû¡t8tËr Botb Fr¡illat e da¡nnibær o¡ tb cr¡r d o,r'tiHlorr d ff6s¡¿

¡¡¡il ææ d r¡iù*tå.os tf nataL oae ltgnlf,r,erat iH.ffawc lr l,a thr
oomqrt cf t'bt b¡¡¡åtioo q¡ncùty, fbc ch¡¡lgc-trrndæ lll,eoqrutry
L¡ Un¡sr, .¡ð tba conoqrt Lnrolre* on.ly thc o¡c bos, bdr,¡aa t{€npå

¡nil ¡¡¡t¡.L. Hsryæ ühs so.lee,ul¡r orbltrl ¡oåol, eædvç¡, f,or an

*tabailral cæ¡ùc, ra cquaf df*t oa ¡Lt ltg.nilrr for r rL¡-

ooorrdrn¡t'd r¡no{ca *i¡ùb iloos lot h** oct¡üsilr¡l rynrËqr (iro.
rLthqrt etl dr Ltgandl¡ thl eane) tbe eqrprot ilrru:lÉfæ
un¡ls¡bt¡üUr ttea rqab*ro b¡üço¡lr thaæ coæqrtr.

Oth¡r sl¡ootrs ;btoù hçs b.e rtMtut.ü Èo ahaüBo-t¡nanúæ

ort6Laa lælu& fib r¡noba d i¡orysfc slcn ln ¡olutlsa (I-n Br-,

cr-, mu=, $Êll-, C!Í-, @.). sûd^n ¡ad. ao.re*orr hlrr ¡ibil!.ait th¡
pbotoahslrtr¡r d ¡m d tÀccc fo¡r, ed oe¡slu¡irö thst ¡lthor€b

tbe groür't¡ of ú¡*yttan e¡r€ th¡ orl¡6¡¡¿ l.on ¡tlut en aquaùaû

e¡.ætre, ol qrrot¡ô f,ro obo¡6r-&.sdæ to ¡oü.rd rblæ¡rüioo,

thg t¡ttåal¡V fq¡.¿ æitcit ¡ù¿tc ta r¡dræåos.Êï ryeËtrio¡\ ûl¡rh
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aodlLota çlth the cuncpt d ehargc-trandsr. In agreen€nt rLth

those ldeaa, synoù¡t et a¡(8) propoaeil e noclel, tcrmedl the square

reLL uoilsl, to aoocrnt for the absorptton spætnn d the soLvatail

iodícle ion.

${n{1a¡tlü¡ the hfgh lnter¡tþ banils otr the illvalcnt gt¿te¡ of,

the ft¡st rc tra¡sltlon netaì. equo lons have been attrlbuteiÌ to

rrstsrlo ot¡æge4ranafæ, i.e. olurgs-tranefæ frqr meûal' to J.lgand.

fhesc trsn¡ltl.ons arc pert¡¿Bg bettæ ilesorlberl ag net¿]. d. to ¡oetaL

s transltloru, e¡dl rLLl bc cll.scuscetl further uncl¡r this seotion.

rþil ebsorption

-

Tranaiüions fræ the nonrbondLng tr*n cbltals, to the antl-

bondllng .U" 
"". 

tnailttLona.lþ ea.ì.Ieit it-c[ transLtims, ea they nay bc

treateû qualttatåvcþ at Leagt as transltions betrcea the rt orbit¡Is

of frEe ¡oatal ion ¡nrtrudbeil by the presæes of the lfuancl tfl.e.ltlo.

¡l omblnetion d tlrle approqch (ths orysta,L fi6Lô no¡c'I) enù

mo].eoula,r or¡blta-l ttæo¡r bas been labe.Llecl. lfuanð fielrt theor¡r.

îhe tbory haa boea vçrXr succeesful in predl.ioting the ru.uber, poaltfø,

anð qualltativel¡r tbe lntøsitr ctr thc Lsr tnt€Estt¡r banda of

trar¡sltion nets,l speotra (.ro a lro@).

<þs absæption.

fheoe transltions oe thõ noLeou1ar onbital ctiagren are frø eltlrar

the e*e * ar'o cùtt¿l'¡ to tt¡c arr¡ eblÊaL. ågafð thry aro o+llod^ it to s
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trunstttonr bcüauüt otr thü atlrllsrl,W d th,ær crtf,bl.a to il rail !
froo æt¡.L !ø or'bf.talc.

In hl6h qt ihtlø rüatæ d tænrltf.oa mtclrn tbc GdìBf

dH.*fæcnco bcircrn îdr^c¡¡c oûtita.ts fc pùab{y ¡æh that tho abræ¡Êton

roJ.6, agpær at r*vdlagtbc búgroaö tbe ¡cEr¡db¡ß rqton d tb
rlloot¡nrlll. ücwæ oha¡gs-t¡ssfæ ba¡i! tolil obro¡æ ry Bels
i$¡¡ to thcro tr"ansltlôns. gith to¡¡ l¡ 1Ç o*tilctt¡u rtrtra, aùcæ¡$lo

barrär sosw *lob b¿yt becn atblbutet to ohqc-t¡r¡fæ to rolvc¡¡t.

n*fotoo(9) f*rru e t!,asar ilopenilanc¡ cf tlrc c¡ùûgr corrta¡nrüL¡g

to thg 1on6 rar¡'I.r¡6Èh cügc of, tt¡c ft¡st t¡Êca¡r bsnð d tb ff¡rt
nen trandtio¡ nctal il1va.L€d aguo ionaroa thr c*'rec¡ondJ.og oxlil¡tloa

potentf¡r (U*/n\. lhe good agrccnent rlth tbc fcurte,
bu=-I+8+ô

rar tala st lrroof sf lJrs olraæo'.üran¡f,c abar¡otæ of tbe abaor¡Êú.æ

banril¡¡.

fhår lntcr¡not¿tion lr nr¡rpoltoô by ¡ùotoohæla¿l. ¡tr¡ilåc¡ of

r€(Il)(rtt6), th¿t h¿vc lhorr th¿t tæaittetl.on tn t"ht¡ b¿ndl Lsadt¡s to

tlre fonnetLon d fo( III) enil tyiLr,tedl cLætræ¡ ar cpeotcð *q
eturgrtran¡træ fuq nottal to aolrsat. HcGvæ thr alts¡atlvs
æpLanattol d th¡¡o ba¡¡d¡ ar bai.ç iþa l¡ ryigLn, 1r ctlll t+'îaþla.

ry'quæn(5), .fto refecrfag to tho ræ{r d DrlrÈq,oæludsil th¡t
thc t¡a¿såtåoat n{r bc sttrlbutedl to eharge-tran¡f,æ *lth asol.dst\y

*'sll transltlon uæsr¡t (or spin fodbf.ail!æ). But, he ¡t{ìt tholgË

lt ra¡ præbable that tbc orclteð oülbltst t¡¿s 1-o to s@ oartst ¿nil
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tsr ftl¡e õTcûr T{ ("t*) orðltatr.

r¡o tn¡¡¡lt"i.on¡.

rb nGt transLti's oa dùe noboüLår orblt&l iltacFa! Lr ths

*rg" - t,ro¿ tranrûtLon" oalletl a-p traaettfun¡. fhtrc t*aneLti.oor

say only ba ob¡æc¿ ff, ths nctsl JÊa hgl e eæ¡rlcto (n -l)if thsel

p}¡¡ I or 2 dlEstrgns l¡ tbe u¡ orbJ.tel. T1(I} trr t}¡e ;ra¡ql¡.le of

tatare¡t to tht¡ thæl¡. fhs r¡lt¡¡erùoltü ablæ¡rtJoa þ¿nð oF f{I}

lons !¡ orXratals ad' e,guaors so[.utioo h¿vo bs t¡¡t ûûtsüeil a¡ cha¡læ

trearfæ brni¡a, br¡t ¡re atr 6ææa.tt¡r' rcgafile'ü, t t-p tran¡tttø¡'(tOt5)

Tbare are ¿11, tås tr'a¡alttsr theù ney tef,t plao¡ rttbt¡ the roqn

of tlra noLær¡l.sr oLôit¿f clå¿g¡æ. Hsrevæ ab*æ¡rtil.oa b¡nd.r of aquøoul

f$organlc 8G¡,1¡E t n¡r elso srLac FG.
1. tran¡ltl.ø¡ ulthi.a a ltgsnil.

Z. l.rqr¡r1tí-on¡ fro Ect¿l to n-aooqrtor lrycil¡ on the ll€aniL¡.

j. fra¡oåttqs fræ q¡te s¡ùnne lon p'alrcrt anio¡"e tc the ndatr.

Thia fq.g cÎ cbarge-tra¡r5îen speOtnn probahly serforu¡ to tbÊ

l¡h¡Ilikon charigc'trranrf,æ no¡l¡.l u{E¡. cloael¡r lrh¡¡ 1æg} rphcæ sba,rtæ

traral|6r, å ilall LnoE can¡rle lå th. Cd¡üi')6I?* lt, paLr úf"eh

¡b¡cbg oûrcngl¡r fJû thÐ ¡ssr ult¡rstloLst.

fhe oogr¡¡rø¡¡c d oha¡gs-t#qg¡|ql ættatim b¡ûr¡æ e nstal

8A tB qrtæ a¡ùer enlonn f¡¡troih¡cr tbe por$bffiþ *tr cLsotrø

trandæ f,ræ ¡olvc¡¡t tn tbe rcoor¡l coordLnttloa rpbæl. t{o ætitæo.

fæ thl.¡ h¡¡ bc¡a rç¡nrto¡l 1¡r tb lttæetprc, but tbb na¡r be ilw to tb
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laok of dfwt illrcctcð tcrari!¡ fldlry tho pbaoraon

.å, ça.lltrtlvc calEulatiol bs¡cdl os thc asnl¡rtfna tbat

bu = -I + E + ô ts appl.toabb, ahon¡ th¡t ¡¡ tlr tdilE )6tt*
abscptioa ocsur! l¡ tbe aoar IIV, cdlsfr)'HrOâoufA ebcc¡b ln ürc

soocrsibLs re6Loa of the apectnrn. A oharyætr:andc b¡n{L <too¡

ocsur ta tbc far r¡Ltraviolrt, br¡t tt h¿s Þcea sttrlþr¡tsô to

ohargc.tnnsfæ frø tSI, to tt¡€ cdlÏt).(fr)

B. Photæbsut¡¡al Raactíos

B¡dd ræl¡ra d f¡osìtåEfÊ photætrcntc*l rqatiør b¡vs bræ

¡uh.llsheit by orsur( rz) 
ao¿ Basolo *¿ p"".rn*.( 15) 

.èdan¡æ hc¡

reoortl¡r rçvier¡it ldre ¡ùotæhem{st¡y of C{III) ooryl,-r".(t?)

1. Qu¿Ilt¡tlv¡ €ffæt6.

thc rcaoti.o¡s of the vsriq¡s seltcd. rtatro a¡d ths tåoorLes

Freilf.ot¡f thls beh¿vtour erc dliscl¡sooð qe+rltsttve{y tn tbJ,s ¡rotfoa.

Of pr{.nary oonoræD is tbe tJnpo of reaotLø ¡rroùrstc that na¡r be

c¡nctcil ts fom fræ ea¡h type of, *oLtod, rtato.

scr thc thærsl anô ¡ürotoohønl€st reaotton¡ d uota.L oøpløree

nq¡r bc ol¿¡*tf,loil Lnto üro ErüItr¡¡.

(a) .

Ceaqlon ræstLo¡r¡ t¡ tht¡ gfc¡E arl agn*ü.on, raoæl,tetloan

¡.f€naô aoåaagc ra¡ctlo¡c¡ aï1 æorur'r,B ¡Ltl¡qrt a¡ ovom.ll ohaTo

fn cidbtiø statr d tbe æta,t toa" For can¡ùe, thc þdroþrf.r
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ræ,stioús d Co(III) salts ¡n¡ch es

cdrurr)Uctæ + uro r: cdtrH,)Uuao + cl-
ars ¡ub¡tLtutloa Srye rurtåml.

(u) Reitu reaotløs.

Rsactiæ¡ i¡rolvrng a otueg€ ln tbe orlitatiæ at¿te of tho

¡¡eta,I lo¡¡. fbc us¡¡¿l proihrota fn photoohcüfoo"L rcdb roestlone ¡¡3

a. relL¡ccdl neta.l Xon anit ¿¡r sliË.zail llganiL fhe rd!¡stl.on of ¿
trstal lon nq¡r ¡nodhrce e, l¿ld.lc ø.rdbtton sùeto rhloh þrrbcr¡rlas,

tJn¡s furo:Lvrng both trpos of rea,ation r\¡r¡r.lea rrbsre ühe pr{-nar¡r

pû€{ìrot of r)hoto,abaorptlon 1r a red[¡s¡dl ilrt¡.t Lon ¡nit ¡n cf.rü.¡eil

rlgar¡rt aro ¡nmõnor¡!. ssans *u o*(ft') ibt*tail cl etoø¡ f,rs
the photo\y¡1g d Fsl2*. si¡üarlv frgsb ¡ùoùol¡rs1¡ stuilter of

0dry) nttnato ¡lrærü th"e prodtrntlon d C{III) rnd, No:. å¡ noct

¡ùotælnatc*l rcsctlq¡ l,¡volve tLlecoolatiø d tbs ¡b¡of,tbt¡g r¡rolcr,
d..tgaocl,rtl,on tt illseu¡eeê Ln ¡æ ilsÈ¡,tl.

Dlsaæf.¿tLon roestLon¡.

å' em¡flc lon uaual.{¡r dl.aEæåatos bJ tbe ].oss of ooe rtganû frn
the ocn¡ilæ. $o olea,r out æan¡rle (fn fnæganlo ooa¡ùexss) d a¡
qaltsil statc tmoülatei¡r dllcoæLetirg f.rto no¡ç tlran tiro f,ragwrta,

h¡s been ne¡rcttedL. (Sooo¡dary iltrasoLettoa d) un¡table preihrta d)

tJos ft¡¡rt cË"¡¡ootetlon L¡ æoLuilerL)

.ô. Lleslril nq¡r dlaoæi¿tr f,rpn e ocnpl'ex d,thæ hmol.ytåoüy

or bstcrot¡rtåaall¡r. With ths ua¡¿.l <tdld.tLosÊ of bæoþtto a¡¡l
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hctaofytþ f,l.rrlq d r beÇ tha proibotr d bæfytfo fl¡¡im
of a, coorillnaüeit ltgand a¡re reitor proitrrts - rcðwsdl usta,l tCIn

BDd cldircil lfu.aad' Couvenoel¡rn ü¡e ciibtLæ ¡teta of tbå n€ùa.l

1o¡¡ rltr1 not be chaageit Þgr hst€rolytLa flsnfu¡¡r, æd. sr¡b¡tltutio¡¡

¡noihmta rill rest¡It.

Tbr¡s tho probLæ is rec!¡ceel to the noil.s d iö.asool.etLon d
tho ccltcil ¡t¿tes. At this atage a dLgrrssi€r Lnto ¿ geæral

<llæus¡l.on of thÊ reLation bctñesn bonü5.ry ürd. nod. of <ll¡¡ocLetlon

ia nrooolar¡r. Yæ¡r fø mJ.ccr¡Ies dls¡oci^eto ur¡ibr tå€rnå"f. heat t¡
the gae ¡ùase l.¡rto io¡¡. Slnilerþ i¡¡ tås gas lüra¡e vc¡r fer
ncut¡El ættcð rtatcs iBs¡oolate {nto Lonc. (Om eæqtloa L¡

th¿tt'err eblorl,de, fl0l,, Et¡tch baa an aoiteil d¡ts rhloh ill¡¡oqLaû,u in-
¿to Tlt aa¿ 6f t¡ the gas ¡lhase.(rl)¡ ikrwæ, f.n solr¡tio¡ the stre

atabtålt¡r æl¡ il. gr aorvatl¿n naka¡ t@lg il.r¡¡æf.d1on a f,¡yorablc

Irocrlr fe l"onlo cæ¡ nado. rn tJre par*toular" o¡raü ef t¡tc6¿t
to t'h1¡ thosf.ar næs rcfùq6i1 tüÊså nqlr be DoosÊaÐr. Tha 5rcnrnr!.

D-stet¡ of e oan¡ü.ex ltpb ss PtC16- le 6eneral1¡r glctrnell ¿s e oentrêl

plaÈ:ínrn ton rlth sLr at¡:Lorådc lon¡ armorldlry it. Tbla moâ.r

nsces¡åtetos thÊ coralusLog thÊt tf boad. brcahge oosrgr a¡¡ intaot

ch.l.or{.elr ion slLL be relee¡odL In Loac d thto lrpo thanra.f

¡ubctitutf.on þpe rmotio¡rs Frobaþl¡r l¡rolrc hetero\ytlo fiad.on,

but thi¡ i¡ tåc raplaoæcat d oæ spæLcr bgr a¡othcr, rctban than

Jurf diaaocl,atåo¡.
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DissJ¡c iatiqp d c Ì¡arËr a'-,trq&SqÉ €trfi ltcd sleteg.

Nor eongf,dêrlqg a charge-tranfer solteil ctate, o¡CI no¡låL

for thls soiteil stete ir¡volvea an oad.di¡eð llganil attachsil to

å reð¡oeð netal loa, fæ cenple, r+ßLrz'-.'Cl. The noitel

i.nplies th¿t boncl cLeavage ril]. ocor¡r hæo\yttcaS'þ rtttt proi!ætr
t-

"*tb- 
8Dô cl. The quortion arlsa! nheüher thig aodlsl La too

sluple mð that dllsæoiation |n soh¡tion d ctra¡ge-tranaf,æ

eoroltedl states may oocur hmol¡rü1ca3.lü.

trlcperLnartêLlðr, elther rþ reaption or hor¡o{ytlo fls$lon ig

ob6€ûya¿ (tt¿t6 tbe posaLb1e æeption o6. Pt($) oøpLoxea).

fables I.1 enð I.2 }lsb ¿ nr.úer of, ty¡rtorl quantun ylcl.tlr for tùe

proaltæts d photoþsis of, 5-rcganic oøplaxea.

lhe nolsor¡lar o¡rbital noitel l,æil¡ i.tseüif bao reatllJ¡r to

proiliotlo¡rs of itJ.ssoclatíø þ¡pe¡ for the otral€c iü.stributl¡a ln tÌ¡e

occåtcil ad grorncl ¡t¡tso 1s less oleerly ècfl¡¡Êit The nort¿l

cha¡€ætra¡¡fæ transltiqr fræ boniLl,q orùftale to æn-bondlng

or antlbonitLn6 o¡¡bits-l¡ on-\y chlbtt¡ cha4e-tra¡rdæ prryd't1æ bet¿uÑ

of ths Lt6anð oharaster of ths boniü,ng orùit¿la snð tho nstet t¡n

Eh¿raatg €f ths aûo€ptar otùita.l¡. fhs ¡s,Ec preillot{oa of, hæelytlß

cLla¡ooiailoo prorhnt¡ rsutrð be n¿ib oa ttrrJ,¡ beal.r, tf the asæ¡Eptl'oD It

s"lso naitJr th¿t d"t¡¡oot^¡tlsn occtrt rlth r¡tætt on of t¡læ orrbttslr rlth

sínLLã¡' chsniotdr to tbe lisqndt by tbe tign¡rdr a,ail ana'lqollrly by

the æetal.
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RmgtrqgF { iþ{ e'æl.9ct etgts.

fho tranrlttoas lwolvcil f¡ dl-il abrorptLæ ¡ncülct an ffcltðû.

stata Llroftf.ag oa{y a r.rilfgHbutloa d ohargc rltù.I¡ tha il, th.It

ol Èbe ætal too, On thl¡ berfr, lf dË.¡gæt¡tlon l¡ to æô1l' tt uælô

br crpeotoil to br hcúcrol¡Êl¡ rttb fo¡r¿tlon ú nb¡tttqtåo¡ ¡roiluota.

In grnæel !¡ra¡$¡tloa 1n iþô ba¡itl ilo.t lcað to tl¡e fctetLo¡

d n¡brtltuttoa ¡noiütta. Hcrevæ tor oc¡ilcæ dllttæiite L¡üo

høotrtfc f!.sd.on proilræta tb.û t¡arGl¡Ècif trr ðril abrcrpttoa b*nüo.

Fæ canpLc, cdCAOe)5Þ ffefår Co(.II) sa i¡reiU"atlæ at all ravdlcugthl.

À stnqr d ræc d tbøo reastinn¡ ld ådær*( ar) to ði¡oarit

tbc litrú dllscu¡srå abora, anil portul¿ta th¿t ô-è a¡ re.Ll. ¡¡ ohargr

bandcr r¡roltcð stetc¡ illacol¿tc bæo,lytl€ellye Pa¡ü'oul¡r

anryIæ etLaou¡orrt þ .ådanlæ {'æ}ud¡ð the pboto\yrtr o,f, Cdlffr)Ufæ

rbioh, *sn pbeto[yccå ritb lt€ht d rercl.rngf,b 55O 4r e¡rc Oo(ff)

anil Irr a¡thßn¡gh tb noare¡t hf€þ lnteorily bi¡il r¡.a at 287 q¡.

A norc ð¡ùclloit ibaæi¡Êlæ of, thd,r pro¡roscd. ¡næhçnl¡n ls çhorl

ü.a€rsnattoal'þ belcr.

ï5rn+ * u, (1) *b("-)r..." (3) x,'(t-r)* * ,
(¡)¿¿ B

ug(n-1)+*ao x (!) {ot)*nro + x-

c

lhe rccotløa :lavalvail. ars:

(t) Sorrnrtlo b¡ abeor1rtåo d llgÞt of tb¡ int cæiü^eto Ar la

rb,Loh tbe I-X bodl fs hmolytl¡aLlT brd.e.
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( Z) Tha fragnents duffuge epart befæe thcgr cen reast a¡il reit¡æ

proihmta arc fmeiL
(r) If ths fragnents rto not norc ( dþe to tbefr êæecr klnetie

€nsr6r greatæ tba¡ thøast e¡rcglce) verSr far a¡nrt, e rater polpoulc

tupoeea ltssLf bsüteen tba fraguentE. ThLs La f,orlqcil b5rr

(+) Back elestron tra¡¡dæ treertlag to tl¡e fsrn¡tf-on d $ribofyai.r

proùrote.

This næhantsm ua¡r be aritlol.red. on r¡næg,I grorntl,a, eepærq1þ

Ln omparlson to tÌ¡e nore feaslbl¡ nschanlo rbloh ¡ceæto be

erel,lable. fhle mshrsle 1s dlLcot¡sceô in taaa cf the potættal

cn€rg;f dlLagran 1D Fl€. I.2, beúer Adan¡ont¡ ncohanlge Ls oon¡i.db¡il

fr¡¡ther.

fho orrycr ilcptct tÞ ¡roùotlal cnerg¡r cf the bonil bstroen

netal enil ltgand, a¡ a fi¡ætion d the f.ntm¡oilca¡ç dl¡tanoo bstresn

ttæ ltgæð anrl wta,f., fø rsptceLr grornd. rtatc¡ (e), d.¿ qalteil

¡tete¡ (d) anct oharg¡¡üran¡f,e¡r eccttcdl ctatc¡ (c) anil (ct). Tho

prodhretr sf ilLs¡oci.atlon arc ¡hqçn oa tÀc rfght hanô llilc. lbo u¡ua,l

oha,rgo-tmn¡f* æLtctl state is J-Ll¡Ðtr¿teil by tho up¡ræ ddterl,

proftLe (ot), úl,ch rþsa ¡rot qroar tho Lsld" cnag¡r pr.otlJler.

Iloræcr tho oodln¡ous clra€s-tra¡sfer prdtle (o) sblblts

an tuportant obarapterd.¡tto ln ths't lt eroarêa the rþil pr"otr{te (ô),

øen tbangh thß aharge-trandæ bend. en€û1trtr (fnaloatea by tho vstfca,l

arru) is cmsfuhrab\y grcatæ tÌ¡an tbat d the iþdl banil. In tbL¡

¡lt¡¡¿tloa Lo¡Ê GoLùad. t¡ a iþtl ba^sd ESr eroar ovæ (interqratcn



c'\ c
\
\
\
\
\
\

d
>
cn
oc

l¡J

.g
c
Ot

o
fL

MAs
n+
aq

(n-t )+
aq.

x+

MAs tX
I

Internffi..
FlG. I'2 PotentiaI Energy Diagram.

g Ground state
d d-d excited state

c I c' Charge transfer excíted states



22.

afoætrg) to ths ohagcrtæansfs Prgf,llen foltlry ¡nôdo:r lg'oib¡oto.

Thl¡a the ôæartial rogulræot l¡ a o:o¡t ovæ cî tho iþal and ohû¡Ecl

transfæ pot€o¡ti¿I €norgJr prdfloa. Thlc la Llkcl¡r to oo.cur tlrn

ùhe ltg¿nil ia eaaúþ s¡cl(Aæblc, â¡ô ths nctal 1ß ocslf\y rc,iùælbl,e.

ConsuiltatLo¡r d 1aÞ1.¡ I.2 shøg that the 4¡eoLôt rhlch forn re(bx

prorlr¡ots tbon llrailtateil. ln iþô banitg hcYe I-, CZO*= es ltga¡¡ð¡, nhloh

a¡"e bobh ocstly od.ilj.¡ab].e. ttrl¡ fu¡tæsysts¡ arosrår8 res propota{l,

þ Pontæ * *(el) to cpl.atn the resr¡Ite d tbo photol¡rai.a cf

mr¡ga¡e¡d ¡II) tris c*l¿te Lon

It oa¡ bo aæn flon ttre potarttal ææry ¿fagran thet the oha¡Bæ

træaf,or Broflle (o) oroescs tJre ground ctato ¡rofu.c as rell. Thll

l¡dll.eataa th3t tbm&1 elætron tran¡fcr bst¡rccn Xtgaað anð n€rt¿lt

na¡r be pocd.bl€. Ia aæ oasrs th1s 1s obaenodl¡ notabþ the ænganeæ

sal.*te J.on tlc,eruall¡r tlsconposea to U{,ff). Sons eøpl*ea útob

bonofyËcalþ dJ¡¡ocl¿tr rh6n lrmûtatcil ln ¿ iþû bandl, are tlnrua.ì.þ

¡table" lhis eqlr bc dlr¡e gf.up]y to the hlgh cnel€Jr of aotlvation

ro*¡treil to ræsh the sroas over pol'nt.

An ¿lternatl.ve aoneidôration 1t b¡.rsit on the obsewetLcn th¿t

tbæe l,s, la ths n*e stabLe C{III) oøpleoros, a illfferørce l¡ tba

apl.n ctatc borürcen the d.itigeô anô ¡rô¡oaô uetal Lons. (Ce(fff) fr

Lor apln fo, Co(II) hl€h aptn \,) îhls lntrodh¡car a apLn restrictl.oa

fæ elætron t¡an¡fæ çhích ¡rl,1l rcdæa tþ pnobabtllsr of croas ovæ

to tho oha,rgc-tranrf,æ p,rofå.le, encl b'eaco lærease the sûablttty

d thr oø¡ilc.
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RlrÈlgar¡g to fr rrætËf.o f;Larf,q p6qh+¡rts6 of adanaøra¡

tblr na¡r rbo b¡ il¡ærrlbrô f¡ ùa.nr d po,tæt{at enæ6f d{¡graase Th¡

iþü æltril ¡ûrtl (Uæ¡¡rtfcatr\y fl¡rf.oû.û) ü¡rt ûroa¡ ths g¡tou¡¡!.

¡t¡tr Frìoff¡¡ et Lrrgc l¡rtam.rcl¡er ül,rtæol¡ lf e solvqt nolesulq

ra rgùru'pord, bûæa lstal ad r.fuanil at ttæ oror! wæ po:[nt.

ååæoq¡'r n¡obst"m nEr bc orxtl.çf,¡eü. on tùc grouds thsþr

( t) F¡r'c anr tncrlcilgc otr abreptlon rpcotra¡ è it-d, ssttcil
¡Èatr rlth e obcço ilt¡Êrlluttø r.riË.ag to hæogrùlo ¡rroihntr
rq¡lð ¡ecn lcr¡ lfftaly tl¡ån øe lcadLng to hoûæo$rtls fisrLon.

(z) rha n¡ûsr d qsitcit stete¡ tbat hevo thoir crosa orer

poLnt rith tbe grc.rnil. ¡t¡te at a sultablo i¡rtæanclcar rc¡nratioo,

nl€bt br a¡notrdt to be rmall,

(¡) fhe lstcra,ptlon bstnec¡r tbc ilepq¡'tfrg 1l.ga¡d aod net¿]. rsr¡lit

bc raLattver¡r caa.lr rhsn a ¡olvcat noLesr¡lc f.s tntæporeil, rith a

ooatrgurat rci!rctLø of, the p&abflfty of, crora:Lng fræ tlp scltait
gtste to thc gsoun¿ ¡tatc (1.e. J,er probabf,r.lty d bcak eleotrs¡x

trensf,on).

0n thla baslp boùÌr bmol¡rtia ¿nit hoterol¡ÊÍc prcrtrrts ntght ooow fæ
thc oqc syrtcn o¡ lradt¿tion at o¡ra ravc.r.en6th ts a iþdt bard, es

furthæ illcsæletlon of ttroso qreoler xtntôh Gsûapc bqok ol¡otrool

tre¡¡sf* Ìllt laaô to høot¡rtlc ¡nodlræta.

rbs¡s pol.nta arggeat thøt tb æchsnign of adansonrs i¡ Le¡l
probablc thsn tbÊ a.ltem¿ttye neolnnian pootulataiL
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It nqr bc ooæluilcil that slæo Ql¡ott o"æ fr6 onê potodi.a.l

o¡rffiglr o¡!¡rc to anortl¡or uaJr ocsr.r, üre cxceptLoaa to thc ¡tùe of ô¡.ð

ccLtetlou LæiU'rg to a¡b¡tltutlon prodtrætt t¡it charga.transfc

ùarptton leailJag üo r-Edtox proibuta, ðo ¡st tll,aprcno thc grrerel.

concr¡rtf.or of ths node of ilJ.gsocl¿tion d ths¡c stetss.

In thl.c d.l.saurelon tt Ls ascunoil tbat thcc la a gú.eptfloant

illflqæes b¡ùrasn the olætrælc st¡tes of tb cbarlgc-tlransf,æ

e¡coito.il otate enil tbe d!.dl trod.tcil øtate, syon rbn tb¡r hcvc tbs !e.
ea6trr l.êr it thc oroaa olw BoLnt. In thls oorxteÊrt tt ts rsll to

kaep f.o rlfnn e poûnt ral¿eat þ FfSEl.e. Ec notsil th¿t tb itl,gtlnortfo

betreon lige¡il f,lolil anil aha¡g*trandc s¡notr,e oen¡¡st bc nailc c}urpfy

lf, thore ir ecte¡såve nt.xtr¡g cf the nstal a^rd lfueait çsvo fi¡ætlq¡
tJÊ tbß noleor¡Ia¡ æþlta.ls of tJ¡e couplc. In BarttrcuLsr, tlre nlrf¡t
in the tctrahcdral oryantoas *o&* Ls go qüsnslvo thst 1t la ¡aù

prep€r to rtcsorLbc ths bands rt¡ioh ¡re ob¡ærreil ¿s eLthcr lLgaoil f,loilil

or chergc-transfar f.a orågl,n.

O¡¡ly th€ po¡¡lbtlity oû iU.ssæístlon d ætteð otateg &re to thcir

saltetLo¡ enægr¡ th.ls dissæl¿tLon leeiur€ to the fouaatlon of

¡nolh'ota bac bcan qonsùùæcit to f,ar. It tr rcrth notlng, horavæ,

tb¿t dþit solt¡ü, sù¡tar nq¡r r@¡rt to for¡m rubrÊltt¡tton proihlt¡ ty

acrn¿l tåolruel r€ætio¡ pathr, thioh na¡r noù bc illstlngÉshåblo frc
photochentosl illa¡oolatlon ¡ratho. &aentla.ll¡r photoatibrtttt¡tton of

eoLted. stat¡l E4r ooer¡r lf the eorel.tetl gtste la ].ablÅe.

Botlr cr¡ratal f{rl¡l qnil Eoleoulår o¡{bttal noddr prcdiot an !,,ær*sr
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l¡ the labtttty of ð-rl ffcitsð etêtos. The trar¡sLtíon frm tO *o 
"r,

is e trênsition on the oryata.l fleild noilal, fræ osrblta-la apanblly

orLentatedt beü¡ræn the 116anôa to onbtta.La ord.entated. towarrts the

lfganôo. The eleatronlo re¡nrJ.sion i-c expecteð to tsalcen the boaitlng

a¡il færea¡e ttp laþr¡itr. srmtlarly the ¡aoLcor¡lar cbltsl noðsL

¡rctllatr a tlecreasa Ln bonil sbeargth ûr'n to the trar¡sf,e¡reil aIætron

bef¡g in aa æbttal cf hfuher a¡tlbo¿dtlag ohareotør. The ilecrease l¡
bonô strengttt cloea not neoesærll¡r l¡sraage the IsÞltity of a cm¡ùax,

but thæe l,s røe oorreletl.on betreen labllity aniL bo¡rå. strength f.n

tr¡n^*ítiou nstal oæ¡ùæes.

¡\n LntEra¡tlqg point ulrich nay pl.ry an Lu¡retent role in the

lablltty of qolteit rüates cf sæe oeprs6a, !¡ thêt tJre asf.tsd.

statec d sonc conplexes a¡e qp€oteil to be Ja]rn-TeLler distottedt

(rith l-ærs¿soô lablllty), al.thot¡gb the grcunil statoc se noÊ ðistqt¡iL

The roastior¡s_ d ès__s¡¡çL a:B soltcd etater.

lhe¡e transltLons náür be qualitattvc\y ile¡o¡rlbeil as sfaitatio¡

frm onc nctal æbLtel to a hlgher enesegr netal orbitaL.

llrro Boesible ¡irotæhemica-l conrogu€ncer nåJr ocour:

(f) The exclted, oLestron is io¡izail. df Leav{nj en cLðlzeil d&1,

lon and. a redù¡oeil. ligand or solyent molæule. The foruetioa cf fdllI)
frm pbotol¡rcla d aqueous ne(ÍI) to an e':ranpJ.e d thLs reaøtlon.

The neabsnisn €l¡vfuagei! fcr thia pnoaeas is ana,Logous to tb phoùo$afa



26..

fbEr fcrntl th¿t tbe phoûofyaig of anioæ sil¡eh aE I led to foætj-o¡
ctr I atæe aþat hyalratedl electrons (e:-). Tho næhantsn thegr pro¡¡oÉeat.' aq'

to acaq¡nt for thsrl¡ re¡ullts i¡rvo.Lvedl tha tnitts,l foretion af a

aphæi.calþ q¡metrl.oa.l eucoitetl state, fdll'ceil þ ctrarge aqrmertrlratlon

to fqr the proùntr.

(e) Prar¡ the nolær¡Iar orùlta.l. nocteL l¡ nrght be pred,lotqil th¿t

øæltation fuon, fonr cranple, a norbonilj.'lg to an aatlboadirg æbltel
rot¡lcl dæreaea ths bonrl rtrægttr, a¡d heæe possibJ¡r Lgeasa tho

r.abitibr of th conplc. Dissooi¿tion of the oonplsr rq¡Lil a.lgo Þo

orpecteiL

2. {,¡¡a.utLtativo úPeots.

Tbø ftrst parÈ ctr thtt ehaptcr hes beaü dEvotect to a dlaeu¡slon

of tbe retatlonsblB beüreen ttre þpe d reaotion spsetedl anð tbâ

naturc d the coiteil state. In tt¡e ræaLncls d tbe cbaBtæ, t]re

f,aotæs af,feottng the Erarrbåtatiye ytelif d ¡rorhrots ôre aomsi.ttæd"

The fi¡st gtøp of a.11 ¡*¡qloohæloal rslstions is the abc*¡úlon

d a guantun d light to ¡ro(hrce o æcíteô state. fho gantrm ytard

f,æ t'he fornation d prortttota, then ilcpends on the oæpetitf.on beûroan

rssotioas le*ilt¡rg to the fom¿tlon cf prorlrntq, ard. other means d
€ner6r loaa þ tbe æoíùeê etata.

Tha diecussLon Ls feol¡Ltateil ly referæae once nora to the

pctentlal eæry dl¿gran of, l'i€. I,Z.

.{n acftcil ¡t¡te nr6r lore srergr ln fsur ref,tr
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( t) D!.sæclatlon. Sæ energr ts traadcrrcil to htætto cr€sgl

d thß fragncntr but tb fi:ugnenta nEr otlal bc rltast{oaarþ and

cl.ætrooloa.Lþ goltedl. thls rrLL parbrbþ oûsrg Éthtð a vlbretÍoa
t!¡ê ( îo-Í' acc). lfhe vestioal Ltæ f.a Fig. I.2 !¡dtleaÊea a tranrlttæ
fræ tùre grountÌ lt¿ts to an ættoð. sùate. t¡ tLlr trandtio¡¡ egqì¡rt

rtthnrt ahs4gt tn Lntemu.plear dlLst¿nos (Fna¡ok-Cæibn prårefple) r aDû

the potætçs,r qIræ6r of æo{tedr. st¿tcs ta uara"{1r et c rarlgæ l,nter-

m¡clear illgta¡ls tf¡an tbÊ potmtlaL anlrry s{nt¡qpr €tr tbr granni1 rtrta"
the æottoð' ¡t¿tc ls otrten fcmeit ln e re¡nrl¡Lve rt¡tc rith srÉf,tolsßt

o€ûÌSr to oau¡¡ ttlgaool*td.o¡r' &ceptl.øt to thfa are iËsûr¡reel l¿ no,¡¡

iþfn{l uhd.sr o}rargrtranefer aboorptl,on.

(z) Raitl¿tl.ve itqradatlon to tho grarnit state or lsæ enüËr

ccÍtod ststo (ftuorcsaæoe). Fluo¡rcao€ncË h¡a bcen re,poctoil f,æ scoc

iaqe¡n1â oopLccs.(51) fb farLssrrncllr of tþ eL*tüæl.e trurrlttæn
ês nra.¡taod br tbe tntqrateil l¡tæsl.t otr tb¡ særc¡psrdrn€ abræ¡rttol
barc!. fs reilateð approct"uateþ to tÌ¡e f ell,oreilnecar of the ¡xrcrs{r præ¡6a,

1.e. fluo¡rrgoeüro 1rr-*(ta)). The inborent rertis,tiy¡ ];lfotine r (r¡
o

reoondr) of an soltedt, rtate 5.a gl,vcn epprouci.naÈoly b ths forarr.*,

5.5 r ToB
I

3.5 = 7a8
rr æã

-D ttV- le.s,V
m.J

-b

-t,lf e ÂV-nrl
z

o

rhsre f, * tb ravelesth d ths 'raxLun f æ thc úlor¡rtlon ba¡dt

(fo or-1), ok La ths harf,-crtitth (to *-l), ard.c, rr the,nqxr.mÐ

stt¡atLolr u*fflot*t d thÊ bsn¿, 0hooal.ag ns"t.u¡n vel¡e¡ fe t.hc



28.

o¡cLLI¿tæ rtrørgtJr, for lcrr uLÞavlolst bancls, the reiH.atlva Llf,dt¡or

ts approxtrnately 10€ sæ. Thi¡ repesørts a nl.nlm¡¡n tl¡e for

racllatlve ilccry to ocar¡r fûr most e¡rcitett stetea. (¡r¿*"orr(f7) rra¡

crLtioisEt the ep¡ilfcatíon of the approxf.nete fsutùa to sme ba¡sltlon

mta1 abeorptlon bands.)

(¡) If the soltecl state potartlel ensrry proflJ.e crosaos anotbor

poôentiaL Ërrårry profl-len a fl¡Lte prùabtttþ siats th¿t t!¡e rysts
wLIL crogs to th€ othor prof,í3.e. The probebüf$ of orooslng fræ one

state to anoûhcn depenrls on the ss¡¡a fastcs that oo¡¡trol tbe

probabfltt¡r d absorptJ.on of Il€ht. (U¡*¡re of orbitals, sel.eotion

lules, eto.) If the oroocf-ug ís fræ om scitcdl. steto to anotbæ

tn ttn oara cpLa stetc, tt ts rdeæedl to a¡ l¡terusl oonverslo¡b

Inte¡¡¿L cmveraLon bstreen oæ1te<L states io 6eneralJy vry efffloled

ln organio qgrstas. Raell"atlve ileoay frm statog other t"t¡an tlp Lcrsrt

energr encitcit stete has onry been olb¡qvctl La one or t¡ro o*"".(þ)

Internal convension rnqy conpete nlth dl¡sooLetton.

lf tlre crocalng lnvolves a cpfn ohange, lt ls lqcnrn as lntæ4rata

oroeslng. ThÍ.s 1s less e*floíant than lnten¡¡al convæelon. It ary

ompetc rlth ô¡graûatfø¡ to the gromdl state, but not rLth iL{s¡oaletlon"

¿In Lr¡cfum¡otiye sanple taken frm the lttsrature, Le the shdf

d the photol¡rsla ctr cdrff) rø¡rcrted.by PLane ut *(:t*) anil ÀtLanou,

anô rliscuoseô þ sohrsfJ4t) anð Â¡""uoo.(î?) i,n energr ].evel. etasro

for the iþð e¡rciteil atates for CdÏff) couplcse Ls illuatreteit ln

Sl.g. I.5.
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fhc før sotLdL llnca arc arl qt¡erùËt rtetcr, *r¡il ùrran¡ltto¡ fuo
the grunâ, ¡tctc üo ùb upp€ûr gtete¡ proiluoa threr ryarùoù'.parüeü

abscptLcr ba¡rôr d noit¡r¿fu i,ntcnatty (*r** (fO-fOOO)). îhc itottot

llncs arc ib¡bloü ¡tete¡. tra¡raltl.one to thi.s æeLtcil ¡ù¿tr ræu[,t ta

ræk rptn fæbidlda rDtcr¡rtd.on banilr at Lorg rcrclcu6tlr" (."o < ïO).

fhc Cr(fff) owplcer rmihrgo ¡ùotosubatitrrtiq reaotiou rith
a rl,itc ¡¡¡*gc otr Enntun yLe]Lilo. Fæ thc ontahe(halbr qÙrmst¡'j.cat

oøpl.cer, thc Enanttut yieLtls fæ LrreiH.atlon ln the quar*eù-Erartst

berds are tretcpæitq¡t of rev{rLcrgf,t¡ ûf LlrarllatLon. "å, plaurlb3.e

øplanatloa d tht¡ obrssvatLon üaa øuggesteð by solrl'{¡f"t.(+t)

I¡¡railtatlon la a4r of the qtusèot-qu¡rtcû badla, ¡notbroaa alr
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coltail quârtê't nhtoh by tntorna3. conversion retrrns rapi&ly

( ro-1o sæ) to the hlgheet eorcLtect qr¡ar+€t (n%). the quanturn

effl.olancy of tåfs procsss ig aa$¡recl to be one. lro procesoee

cmpete for the qua¡tet; (l) fu¡t€r@I co¡¡yerston to the grcundl staÈc,

( ff) intersyetæ oroesing to the dtor¡blot state. The frastio¡r d
speciea that urtlægo cqsb grooecs çi.l,L be Lnrlependørt of ¡ravelength.

Becat¡go of the lorryg radll.aÈive llfoùtnc, anô the Læfftctercry of

tntenal eonvergion to the grounil state, ttre doublet state h¿s a

long }lrfsbfrc ( lO-5 sec). fhus Ì¡¡droþafs cf thLe stete nay oosur,

befora it returns to the ground. atate, anil e, oonstant quanturn yicLô for ry-
drolye!.s Lg obesred.,

Ir¿dll¡tion tn the qnartðt-doublet bantl. proilucea tbe tl¡cublet

rith unLter¡r dflotæc¡rr and hæce a quantrn yteld for þribogrsf.s

d ons, ü hfdrol¡rsLo ís rapiil aÊ cæparcð to othor poraible

reactisns d the dloublst.

¿e¡¡aoJt7) rn a cmpl.ete revisr of cdïIr) puotocrrenlstuy,

points out thct ttr.i.s alnple J.clee neotl¡ nodLf,LcetS.on, eapeclal\y f¡
emplces of s¡rmetry l,mer than oot¿hedral. IIe oonsiders that thc

quartet steùos uust a.Lso lrydro.lyse ln ame oe8eso Another poasfbrl.L:lþr

1g thet oo¡rvemion to the grouil ¡tate leaves ths grounô stete Ln a

higþ vfbnetionol ener6r level, rt¡1,ûh nay tryrtroþse nore rapiifty than

the thenoalþ equllibraterl ctsùe.

Re,tr,rning to the iliæussl.on d energr loas þ ceLted. statea, the

fqrtb n.atú of Lcg d enargr :[s:
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(¿*) Encgy transf,æ to anoùhæ a¡noiea. Tltie nqr occur þ
rad.iatlve trar¡sfer (øríssion and. abseptiq¡)r but tbe r¿te contnofftr¡g

step ia tte fluoresocnt eoÍ-eslon, rhl,oh is dlsausoeil ud.æ Botnt (2).

.tnotbon lnans of energr tnansf,æ c¿llecl rqsotrâr¡t æerry trransfen,

msJr oocur at large ilistaÌ¡cee beùreen c¡neies çith wælapping

absorption bantle, þ a rnrrracË.ative poGessr No repds appear

to be ayall¿bl.e on the Lnportance of this fo¡m d losg of 6¡¡€{16r

in Í.ncrged.o compl*GËr

The gnantit¿tive dfeot of cæpetltlon bst¡c€n procluct fø^n¿tLon

anct other thel.ma,l egulllbmtlon prooeoses is ülustretecl i¡¡ noro

deÊ,aiJ. b.lc*, for cþrl and clurgo-transfer absor¡Êion,

rþil a.bscDtioa.

rL general cample ia givør to ÏLlustrate tho prlæipJ.ea l.¡noLveil.

ß ø Ls tbe Erantua yieltl fon the f mation of ¡noôrcts in t&e

reaEtion schme,

x + h1/ 
g1 

x/ * ¿ 
K1 

¡rocürcrs (r)

#nz r (a)

rhsrc # U e¡ croitcdl ataúa, rhl.ob !e f,ored. þ abaø1rtiæ råtlr

S¡a¡ltù¡B ûltrlLanrly flr. å¡rð f{ t}re reotlø L¡ ln aorpcüttLo rL{¡h

s¡r €ûcaðr lse¡ rcaotlæ (44¡r, tlrtsr¡ßl cørcraLo to the grørnd. rtata),
K

rltJr urfrofæukr r¿ta eonst¿nt Krr thaa I = l,
øih;-qa'd

+

. The lXfrtLæ d th cælteil atata l¡ the ebseæc d

reætron ( t) 1r propætXmaf to r<11, ro thet the tcuge l'lyeil r¡nof.cl
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Éll yleltl a Larger $¡sntun yield. thLs go(t of, sltuetion a¡rises rhå!

ùhe f,omation otr ¡nothæt Ls a bi.Eoleaula¡ rêsoti@.

Gle¡rßFêa¡t¡{ s qhqept ion.

na¿¡*on(P) *" rH.srussed. 8orþ aspests of charge-tranefer

photoohonistry of re.levance to this sætion. The fs"rnatlon of rêdq
proðucts follcrtng oha¡tse-trtnefæ lr¡volvcs dLgsocletim of tho cxolteð

etate. tho diasooLetLon 1E in cm¡ntltf.on rlth the oths fo¡ms d
srerry loss, but as cÌL¡soci¿,tlon is ver¡r napid, ooupet{n{, procesrea

are ofüen too slorv to recü¡sc the qnantra yielil sign*ßioantþ. Chargo+

trandæ aÞscrptloa uauarl¡r. ¡rochroca a o¡ncles in a highJ¡r rqrulrtrr
state, so that tbe s¡reoieÊ is cpecterl to clLasooiata rLtlrin a vibætloa

tine. Horwe¡r there na¡r be conûLtion¡, rhere the otrarge-trant'æ

oralted. st¿to b¡rc a mroh lon6æ l:lf€rtLng. rf th qqLted. ¡tete ts
foruedl ritJr little re¡nlsive energr fn the vllratÍonal no<te of, clLnsoolatlon,

c,r if the exciteil state hse e ofuni.ftcant potentf.al e¡larð¡ ninLül!¡

it is poaclble that no ù{s¡ool.ation or rlo.Layeit iü.seocLatLo¡¡ wlLL @eürr

ïn a eoilveat, thc eu¡rq¡nåi¡lg aoilv€ut noleoules BaJr cdrse a potsttl¡-l,

enßr€r ba¡ri.æ to rtlgcocfatÍoü. This roagef *t**(t*) nêür i!Êr€oão

the llfsti¡ne d cxolted. stetes so that cæpøùin6 præessas, strch ac

fnt€ræJ. oonversioa to gnound. stato, beoæe fnpætaat,

"{.11 theee eonsi(þrations eppþ to tb emclteit st¿te rhrle it fs

stiu nitbla tt¡e bolveat cager, thet Ls bdore ¡olvent h¿c beomo

lntcpoacil bctrecn tha frogner¡ts of öraociatiø. Tho proocacca
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rotryr¡try tbe cef.tcü rtete to tho g?ü¡nil atat¡ trithtn the raLvelrü

oagc 1a tcxacrl prJnrry recoobi¡atf.oa, arit tJ¡a fr*otiq of salted,

atgtsa rhich rsoapo ræcnbtntton (f..e. tb¿t ¿I{raooL¿te), b

sædLnes o¿llaiL thc pr'lnary çîtr¡n yioiltl. Thic t*? her, høoræ,

baon uacd, La a illf,fareût sons€ l¿tcn Ln thLc thaaLr.

In moat photæhærcal rcsetl.on¡ thc prorÞctr d reactíon afi¡

for¡nil þ tha reaotioa of ¿ sûevcngar ñ.th oao ar bstb frsep€ntË d

dLscæLatloa. Thus, the quanttn yleld. for ths fø"uatior¡ of prodrctr

ntll be oquaL to tho prC.narl¡ $¡sntreyteld(ag ildi¡cil abwc), lf all
the fragnant¡ ars æarongêcL Horsvor nhca ræoblnattoû d ttrs

fragnents l,a rapf.il, the¡r ths reoøbl¡¡tlon raaptl.on nagr cæpetr

rith the rcavægflg rcastion, reilrnlas tlÐ quantrn ytal.iL nryrs(4z)

tras ilt-¡or¡srail rccoú!¡¡rtLon ¡nil æevsgfu€ o@pttitLon ln aææal papffs¡

in temg d tbec ctager d ¡reocmbtrattoa] prf.uarSr, ræonibr¡r endl

ter'ü1a4¡ (¡V tsa) reeøbLnetlon. Prfnery ræsbinatLon (rææbLrctlon

rlthtn tba so.lveûb oags), hå.s bs€ùr oonrtattre¿ t¡ ths lest fø pqgeto

In the nst aætim, ths filaas d l{q¡res on ræooblnatio¡r of fragpæts

th¡t hevs æcepcô thc solvæt oagc ant rrrLrrsd.

1. Seoo¡¡ile,rv ræmbi¡¿ti.on.

Noycl obsorrEd thst tro f,ratnæt¡ frm a gtr€le tlfesæLatl.on,

d5ffuafug a¡nrrt üttJr ktætf,o anerry greeter than thetual enerry, ïå1,1

ln nost satss reaøh t¡¡emeL eguiJ.lbrirn sith thc solvont at e am¿Ll

ilLstancc aparb. Thon" undæ tbo jdluenoo of ra¡iþø dLlffi¡sive novæcntc,
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thøe ts Euite a bJgh prùabütty that the iro fragnæt¡ rrl.ll
fFsr¡oount* ms aætl¡¡r. rf the fraguenta h¡vc e htgh Brùsþürtt
Ef resstion p.r ræqmtar, e rtgnlfloant f,rlotts of the f,rrgpomfu rtll
reoonblna rriü¡orrg tùc guautun ylei.d. fq the pnoiüntr of ro¡r¡"rgtlg

ræctlou. fhL¡ rooæbfm,ti.an ls or.ll¡il aæcttler¡r rooouhln¡tlon

Hryæ ðrrel'opeil a slnpS.e qoautf.tativc tJreory to ça,¡,out-rtc th¡
prcbebü1ty of seoder¡r ragcnþlu¿tion. Hf.¡ nod.e1 f^ælutlsrl tl¡r
foLLcning f,ætrecl. å nolesr¡le .rlB abscbr a quantrs cf lf€bt, hu,

anð itlssooLetee. fhs ld.rsttc enq6r of the fragnenta Lr ¡¡a¡reù

equal. to hu - E, rhco E ts th€ cllffæe¡¡oe ln encrg¡r betrecn ¿B ¡n¿

.å. ancl B aepemteþ. The fta6ner¡üs dÉffuca aparl uniton the i¡¡flue¡oe

of thLg kl¿ctto c¡rsrEr, br¡t are sLilø{t ebrn by the vlscoua rlrag

of a aoutL¡t¡ous nodfi¡s. fþ rlLstance betneen thô frs€nsbr wban tbd.r
kl'notlc €l¡cÛEJr 1r reiü¡qeil to thcrna.l cncng!.er l¡ or.lcr¡l"et¡it *æ tblr
motleL eadl terteil the ae¡nntion rlista¡so s. Nqrcs t]rsn csLcul^atcs

the ¡urcbeblüt'y of t!Þ tro fragrrsnta æoq¡ntæ,rÌ6 eaah ethæ agaJ.a,

as8¡ntn6 rsitso dË,ffr¡slvc ctlsplaeene¡ctg oû frequercy a. For a reparrtú,c

d.i¡tencs of, øeno, tho ¡nobabtttty sf re-e¡osurt* oelor¡lstod bJ ¡{eyo!

tE .527 (f,or T = l, rlræe T = ratJo of tb enceuntæ ttiamtæ to
the root sæÊ sguare rtLsplacæent cliotaæe). g, tbe ¡lróabtlåty of

re-eæan¡ter of tno fragnants f!æ ropa,retion ill,st¡æs ¡, r¿r abora b¡r

HqoÉlt(le) ,o o" pnopoúronel to tÌ¡e rooLproca.l of B. pr, t^be

próablllþr of aæonilrrXr ræo¡¡bfnation ras shom þ No¡res to be,

F' = qpo (1 - p + op)
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rhere c! 1s the ¡nobabt-Llty d reaotim pêr qrsor¡ntôr, æd po

is the prcùeb1llþ of re-sroq¡nter of, tro fragocnte af,ter I râoo-

reaotlve encor¡nter. Ilaless o > r1, Bt ¡rlll be soall, co tJ¡¿t lf tü,s

reoonbfnatim rsactim ig not elose to iliffuglon cotro]-ls¿L,

reoøclarXr reoanbinetim (reoæbinatíon of gau{nate f,ra6trenats) rf¡,!
be unlnportant.

rf sLl tho fragnonts thet esoape seoondlar¡r rscoubtnêtion, a¡e

acavcngerl, tùren ths glrantun yleltl ¡vlLL ba I - Þr. Noy""([5)

om¡raredl the rcsult¡ of hLa theor¡r to querrtrn ytetrlo obteineô for
the pbotoclLssociaÊio,n d rrr anè obt¿tncit e¿ttd¡oÊory rgrcoæt
aousialst'{g the aJ.n¡rLf.oiþ of tb ¡oiù¡L.

ft¡å$tåt¿tlvely the Nq¡ee uodtel J"6 ukory to brealc êo¡s ln
nona aqpliceteil +{ss6iative reastio¡¿. the btggcat acr¡ro¡ of e¡tæ
prcbabþ }ler l.n the asa¡g¡tíoa th¿t ths ocsr .Dsìßr oryæ thot
requf.redl to break the boait rs i-EparÈeil to tbc fnagmnts a¡ kl¡ptto
ên6!€rr In poþat.tto rclpouleo tbfa esarnptlon 1c r¡üJk6þ to bc

b'ue¡ othcr nod,es of vlbretiou recec.rtry algnlf,to¿at gtrantltJ,as d
€n€EFr. fhe pooalb1l1qy that the f¡atrnrnta d ôLssoolstíq na¡r bc

elcotrætccf.gr ætted. ¡bculil al¡s br hc¡Ê ta ai¡d.
lbo aranæptú,oa of a co¡rÈ1nr¡otrr ncdlun, la ¿lso auapcot ia

oonslôorstlon d nloroaooplc sff,ectg. Hoçæen, i¿ ,n*€.ht bc polntoð.

eut that ¿t Loast ln a søl-guantttatlvc reEEo, tJm Hqyesr tbærgr

La væ¡r u¡eful.
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îe¡tåe¡ry recoob Lnet io n.

Sms gonfnate fragnents rlUL ocoapc both pr'Llary endt

aeoørdlar¡r reombinatf-on, andl bescmg ranôm.\y illstrlbuteil throtgh

the ¡olutf.oa. If there êre ¡o oc'nFcùf.ng p¡roioæBor, tb fragnantc

nry stf.ll recmbfus þ nomeL reaatlon p¡rthrr a XlroÊet! labell¡il

teÉia,rry reomblætion.

The oæpertltLon betreen soarcngtrg rsã,êtiona andt prLnar¡r,

reoonileqr, dð tertlar¡¡ reoøbl¡atlsn f.¡ of oo¡¡fcl.crablo lnterçst

te tbl.c thaaír. 0n tùe bs,s{s of tt¡e thoory outltnetl ùove, foy"o(Ð

h¿s ill"Eousseô ln ilotait the cbpanil¡ncc of the qua,atun yl,eJ.it on the

ratc of eoevery{¡g and. the rsto d rcoobln¡tLon

Soavæg{ìg aqy oqpete rith t6l'Èfå¡fr rEcæbL¡etion at

conoøtratio¡¡ of, soeyer€er rlæ¡¡ to 'lO-9 nole L-1. For the o@on

reaßtl,oa rohæe,

.å + lt¡ ::
K,

B+C -l

Í \ B+c

A tr)
K,

B+X : Froih¡otr (e)

rbcrs Í U s lil¡oùoohætoeLþ æoltsd. rtatc, B asil t alt fr¡enod¡

of elf¡ræt¿tio¡r ú Í, andl X i¡ a ¡c¿rmgrro K, anrt K, aro tlæ ratr

cm¡tant¡ f,or l¡t¡s noobtn*tLoa roaËtfø (t)r üð tÀc roar€ügtng

ræotton (Z). App\yfne thc oùæ,ü ststs o¡rpmdnatioa to the

oæ¡ntratLæ of, B, ttre gæ{un yíelil fe the fo¡n¡ti.æ of proürrutr, f
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1' slva þ 
K- [Xr

ø=ç,Í-J,U (Ð
'trr [cJ + rrfx]r

rbr¡ fi, i" r:hc gruntrn yloLit for lbaSËntr $orpt¡g ¡æoqdr¡f

d. pr{nary ræøblætlon, [C] fa iåc oææt¡¡tXs d r fr¡Strsd
the

d du.ssoclatf'on" æa [x] b/oo¡oc¡rüratlø of loryGge. ¡¡ [c] ts

r¡rru¡fy ruoh lsar tb¡¡¡ [x], alû úfilol¡s! ¡o¡r.tÉG (ttfch rr) ;rfr

rûsst rtth s,11 thr fragnautr cva rb¡ th¡ ræcbi.näs rrtr eøaùæt"

Kir l.s ¡t e ndn¡n

Tho ee¡e d rorr f¡¡tæe¡t anil itlff,loul$ le thc o*petltd.æ bril¡tp

ræondartrr ræoþln¿tion anê scavorgt¡6 reaotlone. lqrar owluilrü,

that on{y vsúTr dflolent scevãrgera rtll acnpdc, andl tben ø{y ct

oæætrations grcata¡r than .1 molc 1.-î. á"s thfu polrrt 1¡ of

å-n¡nzta.æa Ln the th¿lltun rork, it is cH.sot¡lccdl f.n næç ¿þkJ.l ¿a

tbe reloa.ut aeotiou.

Soevengæa ¡re aot a¡nctoil to eonpste ri.th prånaly rrcooútnrtlon,

u:¡lsa¡ ve*'¡r reaottve ancl 1n hl€h Eonoætraü.oa. l{cryea eoaalilsfoil thrt

ont¡r rcaatlve ¡oLvent acevengæa ror¡ldl ooupdo alga!f,foant$r'.

I hava attæBtait tn tbl¡ chaptc to antlf,¡e asa d ttre fætcr¡

rbtoh ¡,ffæt ün quantun yields d phoùochcuica.l rea¡tlons. I¡ t'h¡

mt chaptæ ratoc of oboLcal reantf.cnt æo dll.acucrcdl, ¡¡ thc rrlrtl.vc

ratar of rergtions oontrol guantun ylel.ila fa no¡t pbo'toohmfnal

rr¡ûüiæ¡'
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lhc dll¡ou¡d,æ tt ll¡ttoit to d¡ot¡.on tre¡fæ e¡d. rn¡brûtü¡ttæ

ro¡¡tfo¡¡ d tranafttæ rÉr1 ¡nil aæ tr¡r¡¡rltfoü EtrI cæ¡ilæta

tn aglær rolntl.æn cr theæ ¡u¡ttos ¡rc d trpætrnor to t¡ht¡

tbdl. tr1thf.r &sr f!åldr, r¡nolflo rph¡¡fr i.a pl,mil oû tb
re¡¡tlø¡ of r¡loLra rr-{ler to tbr oqæaila rt¡il th¡ûr ræltcd,

gt¡tcr ùscrrdl t8 thl"r rùu{y.

Å. 4lætpn llrandæ RcaotLon¡

thorc rs¡¡tfuar t¡rstr¡1ry tbe lettul. ql.ila.tion enil rcðlotton

of tro rpælco h¡ns bæn tJrc subJæt d nary apcr'!.ucda"1 æð

thsæcùie¡l revLs..(t'5) gç s{r€Lc mghaniæ hs¡ bæn fotuil f,or

elcotro¡r brendr¡r rcætiø¡¡ tn faot thræ t¡rper oú rc¡attors, brocdl¡r

bar¡il on tho i!.l$a¡or of l¡tmstl.w of, tbc tro rærtlng q)æie., bÊyr

bo¡a ðfrH.¡gsfåhoil thosÇtf.a,sll¡¡.

( f) Loqg raage fatc*notlon. GrEtthr¡ mhm{æ,

The olæt¡¡on tranafs tc ¡nroposeit to æo¡¡r b¡t¡reea r¡roLø up to

æo I a¡nrÊ.

(¡f) gu¡s.-tpherc slcctrø t¡¡¡a¡f,s re¡aticnr.

lhc tto rpool.ar apprach rithån 5-20 E d caoh orËlm, but tb*o t¡
lLttJc otulaB d luæ soor¿t{natlon rpboror. tb lnteraetlon d i[sor

s.it ørlltor o¡bfûal¡ tr !e,11,, Gegr 6o *rh - co g.rã+.
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(fff) fruronsphere el,ectron transf,cr.

The tro reaata¡rts are oonslûer€il to fo¡u an a¡¡tlvateit oouplc

Lnvolvf.r¡g a slngle ooordlinat"¿ r{ganil brLclge. For æauple, tÀe

aotltvateil state for the rsaction bertreen Crä ana Co(fWr)U c12+ ir
a{l

conslðæeil to'be on thE bagls of riile ecçerLnartal arliløroe,

fizo cra+...cr...cdffir)5.

These thræ t¡pes of reactiot¡s are oøsLdtereit ln næe ddatl

beLcm.

(i) Tho Grottbug nechanLsm.

The neohanls¡¡ is basad on the necha¡risn pnopoecil by Brotthus i¡r 1928r .b

aooount fe the anonalousl¡r hlgh Eobtllty of the ¡notan J.n aquaorl

soLutLon. In.elætron transfæ reaotims, the oharge Ls oallrietl Èo

one ion to ar¡othæ þ a æchanLem analqcm¡ to ths tra¡¡sfæ

otr cherge by protona frm oæ eleotro{le to e¡¡othæ iù¡rhg oondLrctLoa.

Ttrls t¡pe of, nechsniarn, first pro¡roseef by Rq¡æltl¡r a¡rð lrrryr(4?)

nay aaqy a charge frm the reôucta¡rt to the o:d.tlssü æc faLrþ

large cllstaræcs.

R.Â. Horn"($) hae ¡nresenteô eone strong wlrteæc supporttq

thla t¡rpe of ncoh¡nf.¡m Ln the dleot¡tn cobongr reaotion¡ bstrson fdII)

ana fdfff) 1oos. Honevcr tbe næhanl.¡u ha¡ nst bsen suggesùeil fæ

ar¡¡ other l"on¡. Ch¿raotcLstLos d tåe fdu) - fdffr) *or¡anec

reaptiqr rhlah, accor¿l{'lg to l{æire, ¡hor thet thc reactícr Ls Grottànr

contro]-lerl aro¡

(.) rIeT ltütl'o ve¡{.atio t¡ tbs ratea and' ætiveä.ø enqEtr¡
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of a large number of subståtutecL spee:Les, ccept rhoro both s¡nolea

hsve no water moleeules ln the i¡s¡er ooordll¡¡¿tion sphere.

(U) Conparatlve\r e3.ow rato cf eleotron tra¡sf,er f.n nonr.aqucnu

solvents. An exoeption, recertþ reBorteit by Reynold,s et úr('?)
Ls the rate of oroharge tn dlnetfiyi- eulpboxiclc, rhlch ra¡ fqz¡it to

be veqy slnl.lar to the rate of the uohange f¡ r¿tcr. fhe erobargc

¡eto is also inclcpaadler¡t of traoes of ratcr.

(") The aotJ.vation enûgy plot for thE raaotion shc¡ns no

ilLscont{nrity at the phase chan6e, 1n go{ng fron aqueoua solutl.on to

* 1"".(6bn lt8t49) fhe reaatarts are cuppoaait, to be tas.appect norc

than 1OO l, aBart tn thß ise, ao thet cxchen5e mr¡t be oocr¡¡rrng ov€F

a long dletå^nee.

(A) Deut*ir¡s ieotope dfeotc on the æchaqge rate h¿ve the ssnr

nngnXtuds as irototrÊ ef,feotc on the nobtllty of ¡motoaa.

In the Grotthug noeba¡rLso the transfæ of oha¡ge Ls sLfi enorgb

to oon¡Lrlcn the brlilgiñg Íeters a¡¡olea¡ notLoæ to bc tem¡rorarll¡r

ln equllibrdun rlth ths tr¿nstrenirg charge. Ilorwer lf the cha¡?F

transf,er ls rapl.dl' the hanok-Condbn pr{.ncfple na¡r holdl co thet th¡

oharge oroaar. tbs lrtervEning r*tæ nolecr¡Iea rttbout ebange ln

n¡olær aorffguration. It Ls lntæerting to a¡*oulate on the

relationshlp of thfu neptð eJ.eotrcn tranden to re¡onant ucry

tra¡rsfæ.

(ff) Or¡ter-qùrøre qilest¡Fon tnn¡f,æ rr¡stio¡u.

Prob¿b\y aa4r roeotlqrt å$r of tbl¡ srpon tn¡t ro¡ùly onl¡r tbac



4f'

fryûlvfry reaatantt rlth e laûsq&r bouað, ûubtttrtuüf.oû l,nüt tææ.

ooordtLlattm a¡iharc æÞ þê pfån¡oô lrr thls taüSCIr rtth rrE o@td.¡ryr

¡omtlø¡.
0ut*rphano ctsûtrü trandcr rcaotLær hsr¡ bo& {ùo ¡'ubåcot

d ¡æcna.l theorcùl¡al papara. EarU to¡*æ¡ ln tho fl€ü.il l¡É}uilr

Llþþr, lfed,aa, R.J. llarcw e! al slrð ur¿*.(tt5) reqre recent sd
uore sts¡oLvo t}¡ogütlortr stå¡itlo¡ havc bcoa r¡ib ¡g Ha¡.or¡sr(æ)

n¡u5(5t) s¡it Dqgana¿o*.(52¡

Søa oæu asanptf.ør d tb Eatn thåtlcl ¡r¡¡
(") fbc ¡otr¡*l cleptæs trsnd* proosss taka¡ pfsæ r¡rþ

sqrdlitLon¡ rhere t*¡c Fra*-Cou(þu ¡rlnotple boi[dl¡.

(U) sûÊIL wælaB be{¡rem <tmor æd æos¡rtæ orbttala ¡o tb¡t tbrl

rÉfæfng, èrr to tbsl¡ l¡tæaation, ls lnall.
(o) fbr ocftgr¡n¡tiæs fre rdrfch olætræ tæ¡¡¡fæ ûGsulr a¡r

in thaüa,l cqtrlJ.lbr.iun rith tho r-oornrrE ooúþuratfffis.

ll¡¡roua ha¡ orttioaLþ rcvJ.rreå. ths thæ¡{c¡ u¡r to 1%r" (no

Ds,Jor ehangce fn thcos:f h¡va bcoa rap ail. rLuso tbo, Ooa *rrO(55)

haa ¡nrt fo¡ç¡rð an æütro{y ner tlacory.} frrc¡l¡ eç:oiluctadl tJlat tlh¡

theoqC.cs of Huch anð Dqaaad¡e arc bartoall¡r aqulvalæt to h.ta ma,

e.lthq¡gh tbcú.r appæh to thô rtrbJcot i.r qulte lde¡rendcnt.

Faotor¡ ef,fnÈtü tbo ao'Ë-lvatlæ &ow.
41L thc tbæl'tl afn at ercAfotlg tþ astl.r¡tlæ raalpr enå
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rete of, suts.q!¡ßrc oleotron trandæ reaotl.n¡ fræ ftrst prLæ{¡ilel.

lo iþ tJrL¡ tbe ætlyetåon øåû6r ls co¡¡fuLsrÊil to bc tbc stn d thær

tsac:

êr neoryantlatlor æeqgr.

b. Con¡J'oûlo re¡nrlrf,olr Gdf,fr

or Fre enargr d reagtLoa"

¡o @.
fhir tec¡ ¡ri¡cr beear¡se d t'hs applioetioa of thÊ Fra¡ak-Go¡dø

pr{aalplc. If, slætron tra¡efor oocurt bolrocn tro s¡neies ln thoi¡

eEutllbrúta codiguratføs, t'lro cldll.sorl e¡it rodlrncil epæiæ t]n¡r fsret
rlr I bs la gcited, uonr-equlLlbr-lrn oodfgrratioo¡ bccsÀrss d th€

ehange tn thÊlr eha,rge. lloæe the onsrg¡r d ttre ¡roduots ¡111 be 6reatc
tban the o¡rc6r cf tbe roaot*¡ts, rhiob L¡ obrrLq¡sl¡r norü pocsfbl,e

for an ccher¡ge rcætion whero AGo ' O. For can¡ilð, f eLætroa

ocolrengc orlouro bcrtreen cdl,urr)62+ enô co(rutr) 6*, tbe co-N bød

l-rlgthâ mut bc tlrs ¡a¡ne t¡r botJx oou¡r.Lccc 1¡ t&o transttLoa otate, e
tln crargr d the ¡t¿te bafons elætrron tra¡¡sfæ ILLL bc lass tbsa th.
ensrì$r of tho ¡taËs aftæ aLeotro¡n tina¡¡sfGtr

The rcolganlsatiom cner&r qr be iliviibil aoeordiry to lú¡¡qou¿

Lnto thrs¡ tms:
(a) The sol,væt ¡rcn¡ndl a ¡i€hl¡r ohaqgecl fon nÅll h¿ve ¡ illffcrent

orlsteti¡ma,l and, vibratroual polariartion th¡¡ ¡¡ tæ rlth Lser
rrhqn8tr IIcæo tbr ¡s&veú a¡a¡nð the tro Lo¡rr B¡rt reorgenå.re to e
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sltr¡ation between that of the two fu"r (a0þ.
(t) As pof.ntecl out above, the bonct ren6thc of the liganil to mt¡l

bo¡tcls m¡st reaeh a poaition bertmeen tåat of the reaatert anet ¡rodhrt.
lhls 1¡ oellect lnterr¡at reorganization (acf,).

(a) Â snal1 reorganiøaticn tern arl¡es froúB ohar,ges outsitto th¡
l¡ner ooorcLinatlon sphare ûr¡s to ehan6es ln¡irb the s¡rhæc l¡ bcnd

teusths etc. (aef).

l{a¡cus polnts out that or¡fy his tbeories take a-lL tbree poiata above

f¡to acoor¡nt. Horwsr l{ush æJ¡r aqrects the last poLnt, which ia
probabþ smal.l,. þganadøe €ù el enl¡r toorc t¡he ftrst potrnt (a), tnto
oonsid€ratioa.

b. Coulonblo renrlsLon.

-

Tbc onergr reEuireil. to brlng tæ ions to ths ¡ctlv¿ted statc,
öre to tl¡c acnlæbta re¡nrJ.aion (or attraotJoa) oû tha charger,

oontrlbutes anothe¡r faotor to tlrc aotLvation .o"ngr, o{, Thc

aseirnlÊion Lc a¿{lö 1n the oelouletloa of thts velug of rË.eleotrLo

¡¿tr¡ratLon lnsidr the flrst ooorrH.natLoa a¡ùerc.

or aËo, the froe enor€¡r ahen6e fæ t!¡e rsaatLø emt¡rtbuteg a tdn
A&a/Z to thp actlretloù cnglpr lienoc o#, tr" setivation ensùEr

for the reeotiø La the slrn d tbse tqtg.
or/ = 04 . 

^eo/z+ 4" . *l . #,
rb reto oæ¡ùant fæ rcaßtr* (ç a6r then þc o¡,Lor¡l¡teit &æ
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-lff' a "ì'rll "-^#lÃr

tbær k, 1, ¡a¡l. h, hsvc tlrclr ûomon nüa¡rl¡gr Th¡ tbsorlec ¿lso

orlsulatr thc æt¡ory st apù{tr.tLon (¿ó.

åiq¡þfofþ'. en4 nou¡qdp,sbfôlty.

.â'rl tbr¡¡ tær re¡resant ùts ærg1nr rcqulre{t xo ¡¡.rng the

reaetc¡rt¡ to thc ectlvateil st¿te. Tf thE reaotJ.on bot¡avsg

¿ðr*betlo¿Lfy la a qnantrrn neaher¡Loal sonre, there tc a hlgh prcùa6.11er

thãt e"Uf coÉf.guretlo¡s d the aotiveteil st¿te rfll ¡ræeedt to f,q'6

¡noihnta. altæn¿ti.veþ tf the probabürty åa lc, the r¡o,otlon f.r

terueil ¡o¡-aellabatf.o. Tha theorLas cf R.Å. li{a¡oua anê Hush arc

ailLabatl,c theorfes, ribereas Dogariailue Et e.l anô R.J. ila¡ous et al,
h¿ve eøllitæe{l noæ¿it{abatjc oorilltLon. îhe nonl-ettÍ¿batlo t}reoarlc¡

hc"r to ca,lcul¿to ttæ prúablttty of tl¡e f,orsation of proitrrcts f,rø
ths transltion state. the resuits af R.A. Mareus anil Hushrs calcuLetloæ

hsvc bæ¡ ooaparetl to c¡nrlnsrtal aatlvation enorgios ar¡d. rete

con¡tant¡, dð rl.th sæe exoeptÍons shm reason¿ble agra€nÉnt rä*¡
Jer¡nrlnørtal dsta. (¿# ritftfn , koa"l roLs-î.) (ndcorcnoog l+Fðr

54, W.) One twh raaatiæ Ls the Co(ff) - Co(IIf) cobange, rbtoä

oa¡r ba ¡1oç rh¡s to ttre spån resM,ction dtl¡ous¡að bElø.
Tha theory of Merer¡s also ¡rredl.ícts that fe¡ s{rrltar reactio¡¡

the ralatfoarhlg,

K12 = (Ktr Ke¿ *rr)t
nrlll holtl,
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whorc Klar K11 , K?a are the rate cqgta.nt¡ for the reåßtlo¡¡ berlroæ

d. ancl B, r\ and åt, B aart Bf reopeetlrel¡r

(¿+B { Af +Bf),
anct K12 j-s tt¡e egullibrlun eo¡rsta¡t fæ the reactj.on. fhia apraesl"s
has been for¡nd to hokr. on BomE fast outen-sphere reaotions.(g+) rh.
!{arcus theorï}' is eost staoessfu.L fæ reagtiona bstram Large ctron6l¡r

bounit Ên1ons. (Ibrenple, I¡Cf6Þ - frtlrz- orohange) ¡ rhs¡:6 presr.mbþ,

ths conclitiong of outer-ephcre elootron tra¡afer hotè uoot ri6orara]¡r.

¡t¡other f,actor wbich ua¡r Btry an f,nportant rolc fn the rete of
olætron transfæ reactlons, lo the cptn mrlttpltof.þ re$rlotion e¡
Ln the co(ür) - cdrr) exorraqge reaotåoas¡ å. co(rr) ia apin f,rac
(tæ5 .rz) , t¡ tho grurnd. atate, ana co(l[r) tu rptn peireil {t*a6), "
reorganl*ation æorgy te¡r Ls requl.redl to eitJrer spla Baír tne co(rr)
or opia f,res tho co(rrr), so that thry are t¡¡ thÊ oa,m epln rtato. thl.
epf.n reatrLctiqr nq¡r al-so eonbibute e tetu to the aßtlvation æ¿Er sû

othsr reactiong lnvolvfug aB!,n ohaqgea. rf tbe s¡crgy gap bøtrrcn

the spin fuec anil spin patreil states lr !û,a11 thaa tho eottrvatLoa E¡ëgr
:lnorease rlLL also be ru¿l].. suùf.n ¿nil otber"(t*lo) hays illcùua¡eit tbr
probleu.

The Ldea,g of, apeotrog€qly na¡r alao be epptlcô to a¡rire at ths
tasê €oæI¡¡ul'on. In thls caae ¿ slctrer rete L¡ ¡ncû.tctad, es a caqg¡ql6t
of thê retb¡oail prùabttlþ of orooeiqg frø ono anøBf løeL to anoûh,
¡i.nse thi oros.{?t; Ls cpln f,ortldôÊn.

( få¿) rnnæaphone skdron tmnsfæ ¡rraortl,on¡.

Drûrnrù ar rætio¡¡ tnroü.vln6 t¡r¡¡ ovclcp of th. rffß
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ooordJ¡etlon r¡ùcrrrr fhe dlLst{¡guf.shf¡g fa¿trrc cf thccc roaûtl&r t.r

tbet tbly ofboo trrolve sfur¡LtanÊan¡ Xfsandt tran*fæ. For cm¡ùc,

ths rrastiøs of Co(IX) rltl¡ a, nnbcr of ætrtf¡Lt€ agqts rr¡ob aa

FeC12*, harc bsæ thom to bc lrsræaph.rr rr¡otLoat by thc f,ætLo
æ Crcla*. ths ¡ub¡titution lnst tdIII) apccf.or oqrld, aot hsre f,mcû

t'h¡oWh sub¡tltr¡tlø Èy a f,rso C1-, ao lt tr ¡¡lswil to ba uib¡tttutrù

¡h¡rfng eLcotron t¡n¡n¡fæ 'l¡Ìr¡ough tb luæ-a¡rborc brfecd' laterncittrÈc

cr2r'..c1...Fo'+' Resotloar that ilo not hæc ¡ ¡ribrtltrÉl.sa tüû*
¡aroùrot arc itlffioullt to catogæi,øo es J.m€r or n¡ter.-ephcre. lløcvcr,

***(aSa) h+r n¡ggertcdl smo æ¡¡trfsar. nrLec to illattryutsh bet¡rcoo

the tro neoha¡l¡ns.

Fa¡tsr¡- affFÌing i#rar-pTrhËfe rsqp3ion ratcr .

1. 0brvioucþ the brl{gtu6 1J.6and rll1 havc a 1gt€c ldlusæe

on the rats d reaotioa, through lts easa of forr¡etXon of the brJ,dlge

s¡¡ö ths conihntivLt d tho brid6e. îbe role of briQ!.n6 grcf,rpa

h¿c beæ iLisousrsdl ly tarroe(tt5e).

2. lhc norbridBiag I{ga¡rds n6r elao af,fæt tho rceotion dtbr
(") eterfcalþ: þ tb l¡tereotion rLth the othor rcaata¡rt hinibrr.g

the fqu¿tion of a brLdge, sr (b) seoonû orcl¡r ll€ed fi6ld etfectrn

dstsnl¡f¡g bond strogtbs d tJre brlefry llgand-

5. One reactæt n¡¡t be aubrtåäÉion Iaþlle. For caø¡ùs,

the C{II) aquo LJ€atült are leblle. It ls posalble th¿t s€G re¡Êti@r

are controLlail by the ü¡bsùitì¡tf.on-llke Fræess lnvoLvctt lo formf.g
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tbc ¡,ettv¡tcù oqrlc. lla¡¡be .ù s¡(55) prol¡ereå. I, cæJu6ntlm

sæþs$tü f6¡ {a¡'rc¡tphæe risotl.ou rlth ooaJtuüt*!. brfågfg 1l6¡ailr,

llalpcru anil 0rgcl(56) hn,vr *ttopteit to ¡nrt thn tJreory lrte Eranttt¡tly¡
fgt.

å, rcorut pspæ of rærr{rcbl¡ latcrost l¡ the DûI}æ of B.Â. 
""**(51)

on thg chætlut¡arcoc¡t ateotron tr¡r¡¡fæ ragtio¡¡. Scrrm.l ru¡tåon¡

bera boan ro¡toÉcil rbæc Broiüæta ln clæt*cüfosffy æltoô sta,ücc s,re

f,oraeil, rhlch catt ¡ùotûns o^n rotur¡fag to tb grøtrnil statc. Ch¡ribo¡r

a¡¡it soant"*(fe¡ rr¡rort c@ chæ5-l.r¡DlnLæoat reaotlo¡r¡ bdncen raiti¡¡l
¡Dloos. ¡s¡ --â pLe, the rsa,ctíou beüreen 9r1O ð5,pberyl¿nthraoær

rad.loal enior¡ rlth bonzqrl ¡nroricb. lla¡sr¡s ðicoueees these reaottsnr

j.n te¡mg of the ecocssibill.b¡ cf the inteseotlon of, tt¡e orqitcil rùrtt
o¡dblt¿l of the asccptor rith tÌ¡c donor orbital. If the poteatia,l enaËf

olrÍe of tho ecciteel ¡tate of tho aooc¡rtcrr L¡rtamaots th¿t cf the dbaæ

at a reesoagble ensrgy }wol" thsa eleotron tra¡rsf* to an eorcitcil

etate ss¡r ooor¡r, fo.Llowed. þ ìtrmineecs¡t rctr¡rn to the grcrnil st¿to.

.Accordlng to tfia¡ous, the rete of reaction prooeetling vl¿ the ecrol,tsd.

state na¡r be nrnh greator tha¡¡ the rate of reaotion ttrrolgh the

trro grcuntl stato¡.

Ct¡emLlt¡nLnesoant reactiqns are preclioteð to occr¡r for væ¡r ocotherala

rgeetiona.

It i¡ prúablc tbat thø fo¡ration d cslttû rù¡Èer oosuro ûotÐ
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oûèæ th¡¡tr ls rc kaor¡, bcoauc tt tr probeÞlc th¡t tE ma ryrÈ¡n,
luf¡¡ææt r.o¡hcn to th,e grorad rù¿t¡ ir too rc¡k to br oblølvcil,n or

t¡æ-
t'hat/rrill¿tlrc p¡thr ts tho 6r:ounll rt¿tc prcilontn*tr.

Tlæ rcroro¡ d the ¡bwe FtÀiocesr, alætro tr¡¡¡fer fræ ¡n
eleotronioelJy æottril st¿to to thc 6ræuå rtatc, Ls s].so of t¡¡teel.¡6¡ù

theonrüica4Y. Photoohæleailþ fro&ncd æltcü, rtetc¡ of roaot¡nt¡

arc Llkoþ to åsr itl"ffcc¡ü ræptio¡ r¿tsr than thc grout ¡tatc¡.

B. $rb¡titution Reaotloas ån Àqueous Solutio¡r

Iæluilsil. uncter the general he¿d¿rg of, srù¡tltutLon reastLon¡

arc all rcætioûs rhtch l¡¡nolve alt¡ratloa of the inr¡* ooorrll,nstl,o¡

apherc of a oæplcx ion (aquatioa, lsoe¡{.zetlon, ceherge, etc.)

çlthout ohangc tD d.atstlon ¡tatE. Sone reomt ravlarg d eub¡tiùñf.æ

rea¡tions træruðc Beeolo Encr pearsoo(P) s¡tlnr(+5ð) qytrur($r) *u
iyilktns.( 6116?.)

Fræ the Feat bo{¡ d reeeqroh ou tt¡ese rsaotLc¡ns gual.ltetive

reLatl-ø¡trLps bctreen varLsr¡s paraætæs, ( cuch ac bondt strorgth, l*g¡nù
cbarge endl siac, ltgenil pol.arLzaÞilttJ¡, etc.) have beenr egtabtiúciL

Ilorsræ lt L¡ not ¡rropoEedl to d,iæu¡s hero, all, the rosults anit thecf.er

of a¡bstttutioa raaotionr, ht rathsr to eonsLðæ gel'soteil flelttr o¡:

partLcular lntæest to thl.s theaig.

(i) Dircot ¡r¡Hltutlon.

îhc naJorc.ty of sub¡ttt¡¡tåon reaption¡ have e meaheniw fnrelv:|,ry
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G.fy tb i¡tr¡rotioc cf oc¡ilc, æbüH.tutå.ry qt*ltt rnil roilraatr

Í¡bi!¡ I.t Ll!ût !ûrc rr¡tü oærtæt ürt¡, rltoh ttrc a¡ l¡dloatlon

d tb qrib sf sSþlùdË of tl6 rlt¡ oonrùa¡rtr fæ thc rtal
qtihtlon rt¡tæ ræordcd. (Nost ctr tho il¡t¡ arc for ræptíqr
turolv!.ug tçro lfgcdr") llho ftgura¡ ln brukct¡ æ qrrotcil hy

st¡tln(&'Sð) e¡ oha¡e¡¡bætstto rats eærtants fæ tho rrgtao*.üt

d e aærralta¡tcô rstæ noLcoult f,¡ron ryðratdl nc'tol Lon¡. Frs

the dl¡rta fro faotcs af,fætü.ttg tlp rato of nùrüttution aro obaærd,.

Pirut\r, tha rate d qrbrùltutlon ¡hoçs a atrong ærre,.latl,æ rtth

ctætro¡û.c ooÉf..guratlon. Basolo ana peargJfu) prt the eodlgrratl.onl

ln the foLto*i.ag spprandrnate orilsr of lncræ,sing lab{Litfr- $;
Lor sptn il6t fu; fm 

"pfir q*; Ior spln $,; tne reualntng aortrt€uraÈLoac

sro nore LabLLs. SubeùaÍtLal agreener¡t rlth t*¡ig ordlæ of reroûtvf$r

1g fcund. Ln the rate of natæ qshe¡¡ge of the [yibateit f.o*.(454)

B¿solo anil Posrcc¡ have ehorn thcb tbts orrþr :Lg rell expllaLræil o

the baais d ths relative oontrlbution cf the oryctal' fiel.ð

¡tabÍLf.¿etl.oa enagy to tl¡s aotlyatlon úer¡g¡r.

Seoontl$r, the oudd¿tion state a^d the chage on the lon Lrtrluæc

grestl¡r the ratc of eræhange. The r'ighar ocLdetLon states a¡e

generalt¡r lssg Labile tl¡¡n Iøar o¡dð¡tisn statEa wlth the gane

eloctror¡lo oodlgurrrtion.

Anoôher geaeral treail rortb natlonlng, ls the inorsase 1n

sùabü.fû d eoaplccs on goLrg fræ the flrat to tåe tt¡l¡<t rø

trsnôttton el,enents, rlth a cotmasìrata tleoreaae fn 3.abl[tþ.
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Orrlæ¡ of ltqtniä¡ðe d Subctitution Rsto CostsJnb

Blval,errt lons lrlralat Xonc
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ro (z r .tog)
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( ro')
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v(II)
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htGþ spfn

co( u)
¡¡¿(r¡)

cu(Lt)

za{¡r)

If€(Ir)

¿7
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d9

ð10

_10
d.

¡a6

roJ

ro7

n7
o

1Ar

1r.r * ro6¡

(e.? r ro4¡

(g., ¡ to9)

rr(rrr) (o5ræ9¡

å, furthæ fantor, oonaaotoiL to tÌ¡a e.lcotrqåo ¡ùn¡otr¡rot tb¡t ¿¡:f¡st¡

reætiø ¡:etar" t¡ Jsh¡xt'lf¡lle¡¡' atretohfry, lh{.'h lnæo¡¡æ thc

Lab{Ltt¡r ort ¡o¡ o ¡llceca. rhÐ dfæt, trbtph r¡ rspætant 6 r¡rgj¡ rpia

\r lc rpra $r *ù b oonpr.rrar, l,e iùnc to {res¡¡€d. r¡br¡.rtr d th.
&fâ,f' rrgq¡ðt¡ r¡ê hæn of c.L1. ft.8anitr tf tb l¡tæeb¡gc sú: d¿l
ad. cquatcf¡L Boråtú.ona l.¡ nfflotcntt¡r rapl.è.
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0f pa¡"UtauLar Lntareot to thLr r;tuff a¡e tho lu a¡rta %, ),
*lrd % oodtgunetions of the ft(fV), Pt(Iil), ¿nit Pt(U) c¡neLer,

a¡d. tt¡e tO odfeur¿tiæ of El(III). Cortilrrdag dLl' odtgrratlæ+

flrst, al-l tàe ôrO ompl.exss a¡e yslr lsbt¡o i.mlun¡t Î{III). Tb

rcaotfoa cf Pt(r9) cbcn utustra,J. ol¡a¡rastæ1¡tls¡ ro tûrat ec¡nr.!.roer

to other ô, cæplces 16 ¡ût Juatlfied., but lur lpfa % oæ1ù*.ea

ar.'a vê¡lr !.Ert ¡ntl Pt(IV) Ir oo cocptLæ. Ftr tc opln t o@pflE r
have been ildfnftr\y eharestælscð, s¡¡ô littlo La hncra of, thef¡

labÍLitJ¡. Jah¡¡:.lrerlen etrøtctring Erght be apeoteil to l.ncrcese tho

lebfltty of tba¡o oø1rlæoa.

1. Dfreot substituàioa.

Søe guenal ts¡dtsrcies tn the nloro-næhanLsa of, gtsctttutlæ

reaotioæ bave beea obsetlveiL Apa¡ù frm raaotlons nt¡rct¡ reaot

vl.e cna'l¡, ooæætratiøs cf s no¡a labtLe ciih,tfon etate,

nar¡r oubstltutl,m reaotiqrs d octabetlral" ccmpleores 1¡¡ ogreous

eolution havc boen f,fi¡rd. to proceecL vla a¡r aç1uo apæLea. For

ææpte, ths ar¡bsùltuttø d co(nnr)Uxor2+ by CNs-, r¿c tùffi¡

a¡notropbotmertricall¡r to l¡volve an êquo Luternedlst".(6Ð [h{¡
is probabþ a rarnrlt cf .tho gøreralizetlon that the 1æomf€

l.lganit ilæs not h¿ve a l-a¡ge eff,eot on tho rate co$tant for
st¡bstltutlon, so that aubstftutlm by raton i.¡ næc raplð bærrrc

of the high ooucsrtratlon of the aolvs¡t mlesr¡J.es.
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Ia gænl tho r¿tr of nrbstttr¡tiæ tr¡ oøtrrollrdl rorc þ bmil brrffg
ln the aGIlLG' th¡n bæå. f,qaau.ø. lbl.r tr ¡xrltteut^qrfy trur f.a

thr nsrç f¡aû{ e€qpl,sas of cdlll), cdrfr), sü HÍ(II). Åß pttrv)

lc !.¡oclootronto Ílth 0{III), t]F st¡Ëtutlæ ruottæ¡ of Pt(Is)

d6bt be orpootad, ùo bs cætrol.lrü ty tàr ran¡ faotü! ¿r Co(fff)

oæ¡ü.cee. But tbc na¡tlonr d Pt(¡V) ooq¡Læor sm orta[¡rroå t¡r

pt(ff), co ühat no aoqlùa¡rFL¡q¡ rlth CdnI) os¡ bc nË&.

In cgraro pfanrr coa¡ilces s¡eh e¡ ft(ff), bonarer, tl¡e rato d
subrûltutlm na¡r bc eælrolåErl næe by bcrd f,en¿tio¡¡ tbsa bæô

brcakt¡g. For cerplo, roe Bel].r¡oo"(29)

Io¡¡ ¿essl¿tion is inpoutant 1¡ s@ reastiæe, t&e rsactiæ d;
lon paLrs cuah ¡5 co ær(uro)r'*.son= belng rete clorte¡mi¡{ng, retùæ

thsn tlLrcot ro¡otlæ, bofuoan tho Co ær(ttro)n} 
":e¿ 

the sr.rbståtutlag

so. .
lþ

2. .Àton substltutím.

lhe reaotionr dlLscu¡¡til ao far hrrc b*ø far ttro ¡r¡bctttuttoil¡

of stabl'o liganile, goenall¡r rpeol.ar rlth rere gac üt¡uetulleso (for

enrample, C1-, Stil-, HZO.) Å pot¡t of røc €@rra b thf¡ rtu{f
Ls rlpthæ ua¡tablc (roacrttrc) cpeof.as rltho¡t nr,rre gaa ¡tn¡cturlr
rrf.Ll ¡ub¡ti!.tr¡tc La cwplcrs. In parttouLer, thc poaaibd.llþ of

erchar€e of Cl oto¡ ul.th sosrill.¡atedl ohlo¡d.ib hnq beeu osa¡ülxeiL

LLttls t¡rfo¡uatlon appears to bc aratL¡bLo t¡ l¡hc Llt¡rotwe on

ståatltr¡tíon rsa¡¡tions lr¡volvl.ng aræh tpoetes. llro resctf.o¡c

rhf¿h na¡r havo ¿ton sub*5.tutLon æaha¿l,rn¡ ¡rc .tbo erohanga
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rn¿tioa roport.d, ¡y Dou6r¡Er(6I*)
t'r

åeÞr, + Br, ¡! @"a + Br,

anü the shLoriä¡ Eqb¡DE r.lrÊoti.oür È¡drra t¡æcl¡ rcl. ¡!å ¡süit
notaJ, ou¡*raro(Ø) (snc1, wlzn cdlt. Eh. po!¡rbütþ d thts

tfpe d ræstlm 1¡ n¡ob atrggæ fÀ photocbæfo¡L ¡tn¡tfæ, ee rpæfcr

anb r¡ CL rtcr ¡rc dts pæaerrt.

3. Ga,ttìrqlr s{ lflbst*Arfþlqp r¡r¡ù1o9.

Sme ræctLøs are oata$rscil þr the pnÞsüroa of oatlæs ¡læh

as Na+, Xge+ anð H*. Most sr¡bgtitutl-on reastLong ib not Ghlbtt
thÍs eatal¡rtta eûfeot, but acoordlr¡g to Ba¡ollo a¡d. pearaon, conplæl

vlth ligands tåst are otrmgly basåc or hæe a rcrge tendtoncy to

ttyilrqen bonÇ sre often aoiit cataþseil. .ån exacple ls .the acltl

tEydrolysrc otr cs of ;.
I f,cr cubstltutlon reactionc âre oatal¡racil b¡r. othen øctitatlo¡¡

stetes of the sane uetel. For ææpLe, Pt(IV) gr¡b¡tl.tution reotLgr
are rel,l knor¡ to heve a neclrs¡rlsn Lrvolvfng pt(II). lfhla t¡rpe d
rcactiou l¡ aotuaLly a redlox ptocêarr
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$ßtïror{ r
0IIJIPIEts. ¡+r CIIÂIN &EûS1fIOltS

Ir tålr th¡rl¡ iÈlra¡,{btrr a rtury of tro obd¡ rñûtfmt, l,t l,a
rq*h oociibniq6 thr gcrüa-l chsastort¡tLsr d oh¡i¡ rcrotio¡,
rnil tn ¡nrûfouhr, æbarys r¡¡sùiær rlth chrÈa nüh¡níæ¡.

1. 6cagr¡1 prss*tLo.

In broad toal, a ch¿l¡r ¡ecüLæ oæ¡l¡ù¡ qf on¡ r¡alrtLæ

(!ðltistloa) ruraa lnlül¡tas tbquh tlha pnoùro, ion of e rc¡stf.vr

rpcoicr {er*.fur s¡.rrt¡r), e tæl.or of othæ r¡ast!.sns (prq$rtf¡S
re¿otlons) rqü.ns ts {Ère fm¡t1o¡r d prvihotr¡ so thct proihnt

fc¡matioa ls norc raplil than ths tnittattn6 Broorlrr

l[orc apccif,rc¿llr thrn" * ch¡in rsaotiq n¡¡t hæe ¡t le¡,at

one iaLtLattoa rtactLon proihnrrg e oh¡Sa ee¡rLæ, ¡¡å. s¡¡
propagatlon rcaotton. l$Lth tJre exocptlo¡ d cr¡rlooive rea¡rùiø¡, noot

ohaf.n rceotlqn¡ rtth oøtln¡org tntttatldr al.ro harc a taal.natie¡

atop lwolrfng the rilcstnætlon d eh¡Ln oe¡?le¡.

Àr dllsaurreil þ o*n*o"(59) h hir acqreru oa choflr roaøtloor,

tro þrycr of ohaln wtLona nqlr ba ðisti'¡gutsheel, branohcd. ancl

uribr¡æhe{l ohaJ.a roaotlonsr Erenqhcil obat¡ raaotion¡, rhene tbe

nnbæ otr qheLn oe¡rlæs Ls Læreaseð by tba ¡nrqra6etLon ræptl.oor¡ ã¡:.r

¡ot f,nrslv¡d Ln ùtrs ¡rcoæt ctug. (tn urunohcä, ob¡j,¡¡ reaotl,o¡¡r

thc rrtc of mptlon lmrsa¡sa rlth ttnü.)
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2.@.
.4. soro ihÈ¿ileð out1Lne d t't¡Ê æoh¡nL¡o of an erahago reaotio¡

rltJr ¿ ohal¡ æshanls oaJr be iUöFr¿ fr.æ tbs ¡¡tru.o of, corchan6e

ræctl.o¡r.

Tho eh¿ån sa,¡tlor tn a oba,Ln wchenge roaotlsn nusù h¿ve ths

follord.ry pzepectlæa. It nrsù bs ca¡rùLc of fniùrtrtqg cetra¡go beùrcu

the cehan6l¡g rpæte¡ .4. ¡^d. B, rltÀant bcl¡g ibrÊrc¡'!¡l t¡ thc

rcactåon (or at lea^st proôæftg e ær chsfn calrlrd. (fne grornil

state6 of A enð B sannot aat as sÌ¡aLn ca¡.:rfera.) ¡¡ æhange bcrl¡rcø

A ard B mr¡t i¡nolvE botb å. andl B, a ohaån ae¡rl.er sucù ræôt rlth
botb A. e¡dl B. À¡a¡nfry th¿t ¡ tårc.¡bsqy eoliLston seoh¡^d.o f.¡

r¡d,tkely, tro rraptlons n¡st be l¡volseiL Tbee ba¡t o ra¡otio¡

patùs fæ tho reaotLon of tla cha,i¡Ê oa¡s1æ C rlth reaotants A antl B,

leeittry to coh¡n6E nqr be ouvf.orged.

(f) Tho slu¡r.Lest B€oha¡¡l,e tnvoLvlq eæhaqgc betrvaos ùhs chrlo

oa,ri,c a¡¡il botb ætunej.ng apeoiec,
¡¡
A+C ¿

*0+A
û
B+C

*
C+B

rhere ths t t¡illoatea a lebellcit speotæ. år can¡ile nl€ht bot
*%%ft

IltGl6- +CJ. * PtC16- +CI
*-

¿CL
t-
CX. + C]. +CL

æ8.

(ff) 6b¡Í¡ {r¡Frc fo¡n¡ a rocplcr (aaaoolatis¡¡) rlth d,tbæ å.
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t
Â+C

,2* * ð1- ¡Ë

î
.ûg

rt
.åt +B

*
Á.+B+C

å¡r c¡üpJ.r Lr tb P{n) oeta}¡rsril æÞr4c blt¡r¡ cf rn¿ pt(IV}

oqùctc.

et( s) Pt(Gn)rtt*

e{æ)rtrf***{-}¡+ofr{a)rtr* * rt{*r}rcf Ê

nfrñ pt(en) 
2?'* 

L, ætlae 8s ê Êbel¡¡ o¡¡rr.æ. frotr: rn Brutlcr
tJria nry aot bc ilccûrfbeil ¿g a cbaln rcaotiou as tbaro Ls no

lntttett¡6 rrcacrtfæ. Horwæ jf,, fæ oran¡rlen tae ft(rr) r*r e¡rrtrrl,

by tnradfatlon, then the ryoten rould. heve all the elu¡aotenLstf$¡ of

a ohatn reastLon.

(fff) Ch¿1t¡ os,¡rien l¡dh¡aes ucbenge bsùreen ¿s¡ætatert Â, aail B.
*|À+B * i3

ås+c { ¿+l+c
å, poasible nechsnirn fw the ahl¡¡{,ôe exchange above 1s,

pt(s) 
zcLzz* * ðl- ê rt(en)*cra.ðr+ (ron parr)

pt(ü)rt#f + rt{rr) { **)r.* * 0r- + r{du8f
ûf, ee¡rrc, oûhæ uoro ooqùlcateil reastlon ¡ntbc na¡r be inagtnoil, but

tb6y trtll 4l1 eorcrpmil. to qe d thr ¡bovr fom, æopt rbp¡ç no¡r¡

tJ¡m æo cheta ø¡rLsr ls iaçoilycil. .û11 {¡bssc rcestic æbasr
fi¡roxyr tro rraotløn, ràfsh ts tha Fl'riæñ u¡rbcr d êh¿t¡

er.ofag¡tl¡B rta¡ra fil ¿ cbaf¡ oghsnge rr¡ot!.o¡.
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For. ææbr¡nchrù mectloaa Ìttb ecttßt Ldtåctto'¡ rlatæ, rtryIl
t¡qS ttlr noctåo kictåe ¡rtni.ptrr rr e¡ryltorlh, rfbrr n{tfnt:t
tl¡r hil rl¡Fti[ to obtci.¡ r lün{f rtrtr aocffirÊtoa d rbtrr
orÍFilrËr !l¡¡ tnetuat of tl¡t åæ¡¡¡lnt eu¡litfoar 1r fclly ¡*f"f.*
ta ld,uÈonrr ngnq6rqlih s,ri[ rtll not br rr¡so&nrü brr.
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rût¡i¡fdf üDal f@û to br r &¡f¡ ¡¡u¡rtl.æ* t. æùætæ h"sfvfs6

fX(IÎ) ¡¡ r chsla ûlrrlæ tr ¡nopor*l te s@t fæ tb ùts
¡Ðrpæüæ. d çmtun yfcl,{t æ tb¡ rgsl.ut¡f ç¡r.[&lcr.

¿ btd rürtt of, tb! Llturttr¡ rrlcrrd to tb¡ rù¡{f ft

¡ræætaÈ f* & f,tü¡t oüqrb*.
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sEffIol{ II

CIIÂHIBB.'l¡ lilleont0îr0$

A. Props¿f¡¡ d åçreau îhallor¡s a¡iX thel.ll¡ P*shlqetc So&¡ttms

E¡roùl¡l to r ilJ.¡or¡¡a1,6 d th rcastlæ¿ Lnvotlvcð, tn ths ccblgr
roaotlæ t¡r a knøkQc of opecíø ¡ncræt l¡ eol¡rtf.ø.

( r) 11( I) ¡nc!.cr.

thr øþ f¡(I) r¡n*l.ea ¡Irccæt tn rrgrffLoæt qrnntltl,cc ta a

solr¡ttoq t Eo¡¡r tn pæcblæáo spLå ts tb cEuat¡d, 11+ f.æ" 1,..¿r*( f)

har ilsb.¡ilLad' tùa etaÞtJ';lþ oo¡tant fæ thc lllflll {+n ¡rclr to bc

5.o t rolc-1 aù 25oC¡ l.e.

[rron] - ;f
Err i*rî = jeo 1 æ*

rre trllr cçatlo [tronJ < 5.o r lo-1' [rr(r)] r* roLr¡tLøs t æilc

L-l l¡ tu*1, úLeh !.r so¡ldæcil noglrglb¡.r.

F¡ec¡¡a ct ¿f(2) rqlstoit tbo êhatå¿l rbtft¡ of, tJra ümlliro

aualo¡r Ëqgrctlo ¡rrsanpo fc ¡oÀr¡tf,oa¡ of th.'ì,liru þitrcf.dr,
f¡¡¡ßFti¡r, aooù*tr, fonnate, nltrets ¿d. paroblo¡n¡tc. fhl pæchlolretc

enfoa lhonoil tb¡ ¡urlf,e¡,t ob,aiô¡.L lhif,b. Thc authse ergcr,tcil.

f,ræ thsir rc¡r¡l.t¡ thot th¿f.la¡r pæchlorrte l,¡ sory.Loù¡Ly iTtaaoc:lrtrð.

thrs fu cpoctcå ¡¡ ths ¡¡&letlo¡ brtræ tho prrchfc*ül a¡iltffi s¿il

eetimr fu gsncral¡lr *rrfy*O parùtï brort¡æ d ths @.tl
che¡t¡ a¡it l¡r6s n¡ö.u¡ ú/aÃl'aro"* Tc¡r fr coo¡dla¡tåæ euplrrcr
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s6!¡rrri¡g ¡rrohlæaÈc lon hsve bcca porpor¿"(5) å,easoLetlo¡ bcür¡m

bieh¡¡.r ahsgeit ceticnr aail perch.læatc (e.g. t{II,t) aa¡ pechlorcüc

to¡r), ts ¿.t ao forndt to be reak, so tbet the l¡ter¿etLo rlth a af ngþ

clurlgeû a¡rralor Lr cpecteil to bs o¡üæþ lceh.

(t) Til rII) ¡peofôs.

lbe groetarù a¡smt ef, l¡fo¡ætlon abat thr thal.l& upccfcr

Frc¡¡nt l¡ ¡¡ùr¡ttoa 1¡ obtat¡sil f,næ a *uqf of thaltt¡ perchlottr

rpætru t5r YaLEð eaa nogcr.(4) The rpcøtra d cqncorc th8¡.¡,ln anil

thallqrr ¡slluttonr are ¡hø¡ Í¡s Flg. II.1 (itotæntmil æ ¡ Untcan SF8æ

autom¡ü.c rpecûro¡ùsùenetar) .

frJ¡il a*it Rqæe rtu{tlail tbs ¡o:1.ê âspon&æo of tbc t'haLllp

rpc!ú¡atn sFG 3 poolrlorfo aol,il. oæaÞrtlon raryr ú .5 to 6.0

æh l-f . rb rartdr¡ûl t¡ a¡Enrent cttættsa aedf:loûnt¡ rlth
ao:Ld, sæGrr.ÈalrrÈLs¡r (¡t oo¡¡t¡at lonlo rûrø¡eth) oæ1dl bc cpJ.aiaoil

qæ the rbl¡ r¡ryc, by tåe ælstaæc oif tro ûld¡bfq rpacl.er la

cçul3,lbrlun. fha cçrü,lbrtun pru¡ncail rar

fl.}+ ¡r rmn2* + H+ kt

Sbqgr fouùd. ns ¡ylilæor fæ tbË d.rts¡ d tbc ilLùqilrry rBrol.cr,

nt(OU)"+. The \ raLr¡e¡ ileûoæLûçA tæc l¡ ¡Êrtcüúù rtth tho ra.lua¡

il¡tæaeil ptætloc¡trro*I\y ]r s¿aaæna¡r.(5) (lae valua fo¡nit þ
fat¡å ad Rog*'g rt 25oC snù tô¡l.o rtrcrgth d f, rar \ = .O69 ! 

"OO&'

Bfeitsc¡n ra¡nn'tcü, ¡ valr¡o of .Q73 utæ tho ænc ecilttiora.)

Watnit auil Bogær taterprteå, tbÊ dfæt d ¡oall¡¡n pæhlomaür
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r@øtrrtic oa tha ryoctnn l¡ ts¡c aû fosfû ltru6ttr dlæt on

tbe aoldily oonrtant Kr. flnrc ¡nrohlo¡rete-thailIls l¡rt*tståæ

ttos¡ ¡ot súÌfæt the spoøtrun l¡ tbs rçloa rtr¡itieiL 8trt, aLthoçh

s¡¡!¡¡sslrbsi fon ?.f.r fqæ,tS¡n &er g¡ra r*I¡c to rt$qß úrrprHon

bañr, i¡ tJre Gsã¡ d pæoh.lce'bc fo¡s this ab¡c?tf,6 n¡r rrLl @ur

belÐ 2OO n¡r, aad. thus roulil not bo datooteiL Wat¡¡il and. Bqg€ft also

raporùedl thot tbe tù¡allans anû thallia r¡notra rara Inilcparibt,

suggætt€ ne t¡tssnÊtq b#+en tl¡o thallour eail thattl¡ E¡tfoa¡.

rrg¡¡(6) ctd.cü. the cmpl.æ1qg otr va,rd.ous slo¡¡g rtth
tbÈf.}lß lon f¡ tquÊq¡s solutLon, þ the ap¡rltroatim d sr¡clcs oqgætfo

¡Êeenaæê rpodrû!ûqpr. hcn tb ahct¡ol abtfÈ¡ sf tbo tl$ m,
rpcdna ho so¡oluild thet c1-, Br-, I' ad. s0lg- cæplæit ctrorgÐ

ütb t¡tsl.I¿s loa, but no al.ibne f,c cøplc1ry re¡ fq¡adl rlttr
pæhlærtr ¡¡¡1 fl¡¡oæf,il¡.

lhc tÞaüJc aqno f.oa mür be hæ¡a-coæñ{'¡ntcå, b5r an¿lcgy te

othcr oo¡ilc fsns d thsüfq, ¡n¡ch a^s tb 01', Bf adf fi confXcGt,

rt¡teh are ¡rùablg hrre-ooorill¡aÈciL HorÇærro¡rk sa thp chLorldb r¡il,

Þrcd.ilc cæplcca lad.lost¡r t'l¡at tno l.lga¡rib na¡r bc norc roakl¡r bodrt

ttræ t&e oÊbæ fqs,.(il(r€b)

BotÞ thaïlû¡r a¡ð thêlìlê ¡nrcbloratc solutfors üirÐ ldrtfßa"lly

ctabLe et ro@ tø¡¡æatæe to turldlstion or r"eårætlaa þ Llght or

oqrgæ. Ecma¡a snit von erorb"(8) t¡ 19æ reportril tbat tlr¡LlrÊ

rulphatr ¡olutlo¡¡ rcù¡aeit tn vlstble ltght. froræes no crLileæc d
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reilrrction ha,s bes f,q¡nö ln later gtudlec or l¡ tl'¡is tl¡e¡j,a.

(e) Pæhloric soiù

l[aqr rtuilte¡ of aqre€nrs ¡nrchlorta æiit hsve bm m¡nrtril,

lnoludli.q a, rææt rsvlsn b¡r Pear.ro*(f) Perahleto asldt i¡

a vtrIr strong aclð a¡cl l-a rqtardeit aa aopletoly i[¡¡æL¿tril up te

abqrt a oonecrtreticn of 5 no]'e l,-1.

&lthough perotrlæate eelts la the pr€asnco sf 68taEz€b1,e organla

oattæ æt a¡ poraful øcl&izing agEabr tb pernblcato loa its€lf

shors no qf.rll.¡!4 properüies ln ¡olutf,sn.

fhe egueørg aûJ.dL is *ablc u¡d,æ no¡mal oondLtLone, anð ùn faot,

na¡r be hætsô ts lOOt wlthor¡t ar5r a.ppreet¿ble d.coornpoeition, at

all ooæsntretions of aoLct up to tha qæsslra.lly avall,able, cqaütst

boll{€r JBi nirture.

B. The &rcr¡¿¡rgc and. Rs¿aâr Reastioaa d Thalllr¡n Ionl

(a) Tbs tbsu¡,} ercha¡¡ee reaûtion bøt¡rcsn ll(I) sDÄ T].(ln).
Tha t"hæa.l æchange ræctio¡ b¡¡ bsæ rtucll.cd. unilæ a wlilr rarLrQr

otr conilLtl.ona. fhø nate of æharys h¿¡ baen d.cûe¡m1¡edL a¡ e fi¡¡roùioa

otr aciitiþ, l.onl.c atreryttr, enil. ths ooæodratton of tlre aniona Ctr-,

Br-, cN-, soO= cnð *r-n as rsJ.l aa croUl.

As ths ùhallir¡n aystem hes tÌß urrt¡¡uel ¡nopæty d iwolvl-q tro

electroo trancfen, a groat ilæl of, dfost hs¡ þco¡¡ ¡ut ¡qto tryf€ to
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il¡tcrlæ rhctbü ths ¡æbeai.a d æ,hragr bvolrc¡ ¡tdttrnæ¡
tilê clcoËro¡ tr¡¡dæ (one rta6o rosäü), or trs .qlüBtc (fn tfm)

r1¡gls ú¡otrø tronsf,cc (tro sta6e). I¡ tb€ Lattæ saåa, tne rr(ff)
ctcbùlon ¡trts ts ¡ræeut aE & t¡tsncillot¿. îho theorle¡ of

X¡rour ¡niù tt¡r¡h ¡rertlct that thir r¡oha¡¡L¡q rtJ.l bs ¡G:c eËfìgettea.l.þ

farou¡"abl¡ th^¡¡r 3 eac rtago næh¿nåæ. Ihc klntf¿ çåðæc rtroç$r

rr¡6grrtr tù¡t s !.!n¡ìeÊe tonn Tf(ü), &s æt slst añ a¡¡ latg.laoêlstr

ln the th¿få¡¡4l)-t¡¿Êfu4f¡f) æha"6c rcsstion. Hcreræ, tbl
hl¡rtlût aanæt ¡Ìlattgt¡åsb betresn ¡Ln¡lta¡cou¡ tro elootron trenrfæ,

¡¡ð l¡o rcln¡saÊo rl.æt¡s trs¡rdds ooourr.lry rltbout tü.slocl.atfon of

thË l1(Il)-ff(ff) paj.r fornoit aftæ tho tr¡¡¡¡f,æ ctr one eloortræ.

ths lat ¡estÅo¡ dlåæue¡a¡ tha ro¡ult¡ ¡nil oonlu¡íonc that

havc bco¡a il¡laÐ frm tbo tb¿Ilfi¡n sloûtrolr Gohrãgo ctuiü.oó. iFort

frÐ thr qnætl,oÞ cf fI(II) as an l¡rtæmi?lata, Lntæs¡t la alao fsonr¡ed,

on tår eatgor{,a*tion sf tbe roaotJon l¡¡to lnnctr or ortcr-cpbore

næh¿d¡¡r.

Ebs æh¡egc raaotLo¡ ln agueora prnobl.or':tc ¡ol,il hla bcon stuð.oô

þr prrdrooð ållð n¿hr(1o), eu*c et er(1e) ¡oar,*(1'117), BcrÐ "t .r(r4),
n¿r"r( Ð) , *ô larsa PaLüs, o**( 16). Apart ltu Bqa rt ar., tbøy 16ræ

tbet trhc oa,ln raætlos (rn tne raryr l.O to 6.Ou nCrÇ ara

ñr1 + rr1- ¡! rrl * $rl (r)aq aq aq aq

t¡nit rronll + r1]- î! rronl1 " ñl,l- ( z)8fl aq aq ag
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fhe ¡rate o@rtant! fe theas tlro rsastlø¡ ars d tho ¡ane orilæ of

rnagntrtuûe. fer *æplc, RoIg anil foa¡oo(fÞ) u"e.otoil. tb r¡tc
rrprraslon:

R_ = .255 [î1(r)]Frll + .o89 þr(r)I¡rrone¡a
at ÉøC aril ionts rtnegtdr 1'.68. 8qt st 

"t( 
tt') fræ au re&¡¡tt

at 1ø acldl ctrmgtbn ccroludleü thst Crc; amion rar df.rætl¡r

dfcctf.ng tb rata lry lsn ¡ufrfag. Eorrræ tÌ¡cûr cmolu¡ts¡r l.s &rrn

frø ver¡r fcr reaulta, eail otl¡æ svf.ðæc ræLd[ ru5geot llttlc
tata''asttoa bctrogn rl(II[] aað 010;.

The ¡tutllcr l¡ the pros@oc of unlon¡ na¡r be itlvtilral lgts tno 6lldqp.¡

1. on' ( 25ræ) anð rsr" ( rc) ,¡¿ tloo- ( ro-r?) 
r mqÛr br tnoxudrû

,a thtr grq¡p. ¡ Â llnear frcrc¡sc of rat¡ rltJ¡ tæorcare ln tù¡

ocæcntrstlø d tbc æLo¡t Lr obæilrc¿ rltb tb¡c ttEcc a¡lo¡¡.

z. ,r-(fae, 17-19, 21s,) r rr- (att), 
el¡å *- (aa). 

å mo ocu¡rxrr

ibpædones oa ¡niæ eoooætratl.æ la rc¡rortril fcr thes¡ a¡lonr. fhEr

all' ¡hø r il¡orce¡c ln rate at Iø aoæatratlo¡¡, follÇit þ¡ a¡

Lnarerca at htgb oeæ&trÊtio¡Ë. the resrultr ra¡r bo aplatneil by

illffææt ratcr of rcaotion for tho ûtffcrant oøpkx o¡nctea preaent.

For æanple, the dtæræ¡o t^¡ rata st 1Ç anloa aoæcüt¡ratf.oa¡ l¡ apf.cfæif

by thc asaro¡Êloa that thc ratr of rc¡otlon bcùrecn tås fLrst lon-

pÊtrod' thal.lto apcolæ (o.g. f1.0¡.21 s¡il tha.tl.o¡s lon l¡ slErsr tba¡

tåc rractlon bstlrcs¡ tho aquat.c(l lou.
thc it¡cre¡eil rate lltÌ¡ tlrc noæ¡ubstttr¡trit aBaofcr ls pooaLbl¡r

noÈ pcûfotril o¡ t¡þ ba¡i.¡ d tbc theorry of tcrt¡¡r, aa tb loræ d¡a¡lg¡
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on the reactant ie er¡reoteô to Lærease the rato of exehange. llorryæ

the presæoa d the eeæcleted. anLon æco¡¡ltatcs the apparæt trandæ

cf thc ].lganô 1n the overeLl noohanlsn. Thic Ea¡r oocur ¡y (f) ato

tra¡¡gfc ilrrr.ing tht orÊhânge proeesÊ æ (ff) by the aorua,l pûoecsto!

of assoalatlon follorf.r¡g eleotron trar¡¡f,e rith megæo free snslìÊlr

chargs.

tttggl¡ron(&) ,*r"oter[ thet lf r{II) üat t¡ lntæneill¿tr l¡

the resotioa, a hl6h crtropy of eotj.vatLon çcultl be capeoteô, bæauto

of the a¡reoteil. large raillus cf the lone ¡ cleatron æbttal of the

11(II) lon. ThL¡ as¡nrmes that tbe a€tlvatcd. statc ha¡ tJra oba¡Ec

ôlgtrlbt¡tion apprd.natlrg that of rf(ÏI). The va.lue C ¿# of

appr.ondnat.ly -æ c.u. wqtlô. not, on thLc a,ryument, be eor¡¡ists¡t

rlth fl(II) a.a lntemeilíate.

Strorgæ wlðærce that Tl(If) fu aot l¡volvtd. oone¡ f,rm tbc

Itugr otr re¡tq rsa¿tfo¡¡a of tt¡¿ll:l¡¡¡n rlth ctbcn cstLons.

The labLllty of thallor¡s anil tb¿lIfo oø¡ùor lorg has not allqrt

a dlstl¡¡ûrtLon beit¡yean strtæ æ ls¡c¡s-aphare maha¡l'sug to be @d¡.

(u) The redo* reaotLons d thalLlun io¡¡.

Tab1c II.2 lt sts lu¡Ðr of thÊ rcilc roaptio¡r repæteô in the

S"iteratr¡re rlth ¿ noto on ths nsohanLæ ¡n¡ùulate¿ by tbe a¡¡tbep.

lhe rea,ctions ¡hw tl,Lffersrt shars,otsl¡tícr rlepenilmt on the

ntnber clf equivalenta p* noLe of, reacta¡¡t ¡horn 1¡ the ugt¡¿l reôoar

reaatlonr of theee ioag. Gernrell¡r T{II) i¡ fo¡¡nd to be an lnte¡meilt¡tr
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tc ln a.ll aopler (æagt r{IrI) - v(ru} rent1o}, hlrü,

æ tho ô¡mttf.æ d roùer{X*tf.sr ú tha ¡rÈc of rcætio þ
ths praræ'e d t¡b DG#Ëha.Il{@ ¡rodlæt. Íb¡ rt*Étloa Lr

oæ.trtrt Éth r tro rtrer n¡oh¡¡¡f¡u. Fs cmple rtrtd¡ tha !'{III) -
f€(II) rroortlø, tts ælrants

st(lrl) +rdrr) æ r{u) rrdrrr)
rx(u) + rdrr) ..., r{r) + r{rrr)

l.l sæ¡lsüot rlth tb rrpo.ürå *eta lc,

Rate =
kfSilür)l frdr¡ìl

lrdrr¡)l

Á¡ ¡o¡lqeq¡¡ hLætla cpoadon 1l r.'qlot*r{. fc tbc rciÞ*lq of T{II[)
by qg(I). HoFûæ, f¡r tbf.r args trha ar¡tbora farour tb altqll¡ttrl
æhanf,n,

{ns(¡})s Ë ne(rr) +Hs(o)

He(o) +rr(rrr) { rL(r) +ng(rr)

snü bsce e rlagle atage m6phEnt¡û"

Hlth tro o€lt.y¡.l€Bt roasts¡rtr (u(ry), sn(II)) t¡" Linetf¡

w5.ðsæc an¡6rætr ¿ ør eta6e mohânlæ. Thc I¡.(III) - u(rV)

reaptio¡l i¡ tÀnryþt to bc s 3{t€Le ltago necbanlso, s8 a&sô rearcqgrrr

for r1(rr) e u(¡u) (cuz+, HgZ*" åg1, iË.il aot affect tbo roætton

raùe. SJ,n{tarþ l¡ the Sr¡(II) - t{III) reaetio,n, the ¡bceæe of aEr

dfest of actdodt Cdfff) aa a æaverycr fc sn(fft), Laa tJre sthæ¡
to stppoat r al¡gle ¡t¡ge næhanåsn
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å. al'tgle rtags Eæhsnlso f,æ t;lro cquüraleat reaatants ls

ir¡ltultlvcf.y uolt llkeþ, as the lntarneðtatc af,bæ t¡ransfc¡r

of one slcotron (tro unotabl,e ood'ilsild.on sûater ln oLose

pradnf,f), tculð probabþ tra¡sfeEr the gcoor¡dt eleotron rapltll¡r.

The lrtgÞ free @cri6r dHffæs¡oe farqnLv¡g the forn¿tlon of, proitucts

ts ltkcly to rsn¡It ln væ¡r l,an ectåvation æcl3le¡ fce' tho ¡scor¡il

aLestron trarr¡fæ.

porhaps tho 6ro¿¡r of ræ¡tlons rith tho rtrongsðt gyiô3rst

st¡ppolting their næha¡¡istlo cLassifÍoatfono i¡ the grouP ia whloh

the nonrthellltrn reactant f,o¡ms rEf,fqaat proðr¡¡rb¡ on raaotlon rrl.th

on€ or tno egulv¿lent rotlm opeof.el. the reastants i¡ th{e grcrrP

are þdrarrne ($¿t&), sulphitt {sor') ana cr{rr). rn aL1 casoa

on rea,otion rith thattib(III) the proclr.wta æpeoted. for tro equival.ot

qiil¿¡¡üs a,r6 fqrnd. Thusr'rith the poostble eloeption d the

T1(Iü) - V(IV) reastion, in sÏt exanplea rhoro tbo non¡thsllù¡n

reaptant hes sn aacosaLble qidatÍon etate <Hffæent by t¡vo equivalcutbr,

ths reaûtiæ rråth thallh¡n prcbebþ prtceeil,e by a oæ stage neotrsL¡¡.

hrfesn aað Gryrler, f,ræ t'hal¡ rssults on tb r.(I) - ceqfy¡()Þ)

reaation, ¡nrt fomartt a¡ tr¡torertirog argrmalt ËhLab rtrwgþ su¡rpoata

¿ oue ata6o n¡oh¡nLm f,æ tbc tt¡aLftr¡n(I) - tbaLff¡¡¡(f¡f) eurcireryc

reastion If borth reactima prooeedt by a tro rtago ncahæLacnr t&8

rete of rcih¡ction cf CdW) by ff(ILI) shorLè not bs Loccn ln ths

pres€ûloe of TL(III), üæ the rate d exobango betrecn 11(I) anaff(Iff),

as botrb reaßtior¡s are cqrtro].led. by tbs concoütrgtl'm of ff(I.I).
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fhe obas.tr¿ttc that thc r.cto ú thû G6h¡'Ür ræotf.m r¡r wh ¡,.rr

tb¡¡r thc pôætl,q¡ rrtcn l.rð iùå ar*horr ibo oo¡olrrilc iù¿t b6h

¡uctÍcnr oc¡].i. ngt þc tro rÈagc rcaott æ¡. Fu$thæ *lril¡ær rugg¡¡Ë¡g

th¡t trbr C.(IV) - tf(Ilf) rroastlon tal e tno ¡¡rgc r¡.cÈXæ, thn'

sroørltatit thêt t&o æbangs rærtim ba¡ a rtgl'r ¡taec Hb.d.E.

SkJ56) urtu6 a ¡ld,lar axclmraù ¡ppr¿d tg tp v(rv) - r{III)
st.r¡ce

roaetlo, os to &c ¡¡æ sæl¡¡¡Laq. E ¡ofut thsVT{I) t"t
no dfcqü u the rbær rritfr raaoûiæ, Îl(¡f) aæot bc poiùæoü þ
the ccbe,¡ge rsaotl.m¡ Ê5 Êln inorease fa fl(II) ecoentretion rcsl.il

l¡crea¿c tJre æte of tb V(It¡) - Tf(IrI) reaotiæ.

fbs eridlæcc f* t¡¡þr or outcn-apbæc reactio¡rs fc a].so lææ
oluafvc l¡ ther¡ ræstiæ¡. The cdrr)(21129) reaotlon rq¡Lrt

ncrrualþ glvc l¡fo¡u¿tion on the notr¡rc d rc¿ctlon becat¡¡r of tbs

lnerb¡ra¡¡ of the ¡roùnta (Cdfff) so'qple-as). Horeræ, tÌæ ou6¡gcrúrå.

¡neoÌ¡anise for re¡otion via a CdfV) a¡nol.ea ¡tlJt lcsvot tbe qucrtlo

unangerciL

the nÊohanllms of eLætroohæloal reagtiøc erc olose¡ür llf^etr¿

to rsilox rsaotlor¡c, ao tJrat it is J.ntarcsti€ to look at alestro-

ohcnlcal atudlLaa on tha.Llfi¡n. Cetbctno anil ¡oo¿"o(æ) stuttiet tä¡

e"Leotroþc1a of tb¡,llous qnct thall.ío ¡nrchlæete solutl.on¡ at

anooth pletLur¡n oleotrodles, a¡lð oonolurl¡ð that ff(II) ral aa

f¡tæeEêiata 1a the eLeotreþsis of t!¡ese ions. A glnilar conoluc:loa

raa reachecl by Vett* a¡¡ô Thåølc"(t*:) f,ron eleatroþsf.s ctr¡dLes oNf

tbeflirn(l) and thel1lr¡dlll) in auLphrric sof.iL HowEror.fan"ar(4[)
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J¡ a L¿tsr atuqy stateil that tbe abqe rcrkçrt b¿il' slslntq'¡røtcit

thelr results. Janeg eo!¡aluilsil, {åat €vtitenot fæ fl(II) e.6 an

lsts"ged.i¡te coulil aot ba iþô¡cedl f,ræ sl,eotræhæloal c¡rerlnørtr.

C. Photocholßal a¡¡d Ra.dll¿tion Stud'e¡

Probabfy tho nost Lnatn¡otlvc f.dornetLon, fro the ¡nlnt of vf.¡tr

of thlg theaf.s, uqy be obtet¡eô fræ acretzl PaPsrt on ¡hrdlLe¡ of

lrradiation of, theLüt¡n sol¡tion¡. lbo vegr riallar ¡tudllec to thL¡

thesLc both augeat T{II) ao an lr¡tdruecÉ-atc in rachange reactiotrr

betrcen t{r) sn¿ f{rII) apectas. sohafc,(45) ¡trrdlcil tþ aoticr

of ultravfolsô l.lght ot the rato of elleotran eorotrange betwee¡r ff(I)

ana f{fff) fur aqueous \ydrórøic aotil. Qu¿ntt¡n yi,rlda greeten then

one Ísre fq¡¡el anð. tå3 follwtng ohsLn æchanicû ¡ncttrlatctlt

Íl,Br+ + bu ElBr+ + Br (r)

fil¡fT1'+

kt

kz

k1

¡l .¡,
+ T1'r1¡r+ (e)

+ (r)
2

llBr+ + Bn ll,8r 2+ ( t*)
2

Høæ¡¡r, tbo sb¡rpcd, dspmdlæo of quaattn ytrrùil¡ on th¡ rate of li&t
abaorptlm rt 

û x4----J-- r [rr(rrr)nr]
Ls aot oæsLgtclrt rith thls noeha¡¡lsn. |[he nschar¡ls¡u ie analqgouc to

the æc postnlateil fon tþ ¡lr.eeot ltudy La tt¡e aba¡mc of Br- !¡qå¡

Tlrrr+ * fir¡"*
t¿
ItIBr' + Tl.Br
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Ilraili¿tlon at lr50 4¿, ¡ùere the speolc¡ TISr ree æf.dl, to abaort,

hed. no tffect upoa the reaotiø..

cba.lleryer an¿ lûust€ûE(¡ó) fur¡¿f.at¡ð ¿ nJxtura d rr(r) a¡¡al

n(ur) ln sulphurlc aciil rrtå x-ra¡ra. Thâl¡ ræutrt¡ fon the rate
of, enolungo rçrs f,lttsil, to üre æplrtoal upreall.on,

Rcte = K [r{rn)]'5oâ"}r.6æ,
rh*e r"b, fu the lnt¡o.sitr of tJre x-ryrs. Thry atggacüod. a T1(rr)
qhâln oerior, la a eh¡tn rncohsnl¡¡E of tltrs t¡rpe,

fir1rrr) +rr(u) ., rr(rrr) +tr(rr)

fir1u¡ + u.( r) ¿ rr( rr) + lr( r)

Cballcqgæ ¡¡it uoctoúc neportert tho htgh G v¿luo of SZ loay'ioo e.v.
J¡¡ ths ab¡æc of afd{tlvea, rtrloh fal] to .2 Lq¡t /ræ io?r fù üâ
pnarenos d .ol67u rdü) iq. rhis hleh G value l¡ilLo¿te¡ a oh¿!¡

reactloa, ¡r th¡ Ê value f,e the forratls¡ d prf"uar¡r raôl,atj.æ

produeta ln r¡.ter Í¡ les¡ ,o* U.(t*7)

ItÍo ibpodrooc cr T{r) oomontraü.on rar for¡a,il ln thc rangc d
aq¡Bült¡r¡Êioor *uiltrit, ln osstrasü to tbs ¡re*æt lttrqy, b{rt tn
sulBhurda æfû oæpts tha-llta-sul¡ùetc lpæler e¡ ¿lao¡t ooilts!.ltr
praoout.

Reocntl¡r ccreritr ot a¡(ås) ¡rrblf.cheð a ¡nbe raiBoþr!.a $uqr ot
tha,tl,qr¡ arr.phatc solntl.osa. rn itc-asrateô rc-l tharr.qc eolr¡tlq
¡ú !n 6.5, cr abaæptLon a¡reotnn *i{ih tro pæhr rac obsæeô eü

ths errð of a ¡nr1s! d tÈ l[ov o].cEtpoiûão Fro,¡¡ r¡rÍ.or¡ cûfecùe ef
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aûaycrgort, @ð a¡Erlamts baseil s¡ kn€ñLôilge d the ¡niur¡r rattl¡tls

prothlcta of retæ, thø¡r asatgneû tlæ ¡nak at &OO n¡¡. to a fþ+ rpælcr

en¿ tho ¡reak at 2& op to î1*. fhs fl..+ !.4 pmiË.oteil to førn frø

the naastlø d \yilratcil slect¡¡n¡ rlth fL+. The apcclal ùs unltkeþ

to osor¡r l¡ the preaørt sür{¡.

rho a¡notrun of the 112+ apæ1ee Ls røproi[æeð ln Ftg. }lL.?A.

lha nol¿r ctinction oodff¿1æt d r12* ra¡ fcn¡ncl to bo StrOO I "ob-l
cn, a.nil tbs band rt¿th (6+) Epproránstel¡r 2O np. lbs ao¡t ltkÊty

obgervablo ba¡il f or a theUJ¡¡n(II) ion æuldl be an rp transition.

Íhe cørcapondf,ng transltton i¡ T{I) h¿¡ ¿ naxl¡n¡n at 21O np rlth

nærlm¡m stXnation aoof,flclo¡rt ( 9 = tO}), and a half.ctitth d 2o n¡.r.

From tho tine itæoy of, ttp T{II) pcek, the reto conata¡t for thc

rcaotlo¿

r{ü} +tr(u) Ð t{rr¡) +rr(r)
ras fo¡nil to bo 2.t ! .8 x 1o9 1 oolc-l 

"ro-1 at ræo tsi.o strrqtbr

DaLnts ¡o¿ nrcrn(t}9) ,r*¡¿eil tbe rccrrlt¡ d T-l¡*¡dtratl.æ of th¿llsu

ton ùrr¡pcil !ß ¿ f¡sozcor aulptnrfo aaid. uetrf¡.

Th c¡notnn d thc æsultsnt loe i,s ¿l.so ¡htr¡o tB Fl€. fX.ZAr

Tho authc¡ ¡t¡,te FTbe pæks ¡rl.tJ¡ l"o . 417 a¡it 267 qr ray be oqrcl¡t¡ü

rith tbe absorytLoas rqøted, þ Cæoelc i¿ thÊ 1l,qu14 ¡tbase anð

asslgneð to 8lo and. TI2+ rea¡nctlvelü*.

a

Thæc 1¡ sr¡þrtår¡tLq-L æiatsnoe atggcrtlng TI(II) n" * lntqrneåt¡tr
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ln ¡æ t*¡q'nsr tharliun radlc reastLtr¡r, rhl.oh tqg.rthæ Éth thr
rcrultr of rredü¿tton rtudlLea, rbegþ rup¡nct tha coæIucLon of thr
*iatüos * a tf(II) s¡ncl.ee 1n agueorrs aohrtlæ, rtb€C.t e gho't't

Iiveil a¡noiee.

swcr¿l êcih¡cütoa¡ ebstrt the r¿tuc of the r{II) ra¡r be meile

f¡ro tJrc cvaLl¡bLc dlata.

1. îhc raactiø bsûrcen 1f.(ü) ¿nd. r¿tæ Lr alø, l.e. it
does uot ampete r!.th tJre i[.¡propwtionatLoa.

2. Thc oonpa,rative reacrti.on rate¡ of rr(rr) rlth varÍoug otl¡æ

apeeicc h¡ra been rkÊguincd. rhe onc cf, lntcrest to thtc thgsi¡ l.r
the ratc cæstaat ratlo re¡rorteô for tlre roastl,o¡s of fsrrsr¡a e¡d,

ferrlo ronsr( 25)

rE.EdJÐ-
'i.K re(Ili) ,tÌ a

3. thc reùc d the ü.s¡rro¡rætlor¡atlo¡ reootlm,

rLz+ +r1.2+ È nlÞ+El+
ls vor¡r rapLdt rLth a rate eonstartrt quotd þ Ce.ook ¡ù ãf.(AS) d,

2.5 !.8 r 1o9 I @l,s-1 rso-í at ¡.t = e.

0blcot of prerat rescaroh.

rho preaant ctuff çc¡ rtarted. for Lta lntæsst r¡ tro fLel{l¡"

1. rn photæhæ1sùry, it r¿c af lntsrect to ¡ec lt¡dber ths

abræ¡rt!.æ d ught þ the t*"ä rpeolaa proihracil aBpreoÍabJ.e
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quantxtter of rr.(II). rr thf¡ ças thc Gorc, the uetho¿ mrght prwc

to bc ¿ ur.ftrL nð¡N¡¡r of proiü¡olng B{II), ¿¡¿ porslbþ nqr bc

e¡rüsrrtcô to th,e prø¡nretiø of otber r¡¡¡t¡ble ¡rril¡tÍ.oa st¿tcr.

2. rhs ruetfsar of rt(II) rtr,h itrllf rat rr(r) ma lfl(rrr)
rerc cf lrpoltarec ln tb,e eoBlcto ¡ndærtr¡iHa8 of tbr thm,l !.c&
rcaûtLonc of tharl"lrn. For *arpl.e, a knørl"c{6¡ d tår ¡gtc
ssndant for the rccetio,

rr(rr)+rr(u) { rr(ru)+rr(r) (r)

sqrl'eL bclp b oltablå¡lr tho fea¡ibülty of e nooh¡*¡{sr fq: thc tù¡rn¡1

exolunSo rsaotð.or¡ t¡¡vof¡rfag ln.ttl¿l trr¡rfs of ø rlærtro, f,o;¡¡greil

þ rapiil tranús d ths aeoond aleotræ.

rr(rrr) +!r(r) { Tt(u)...î{rr) { r{rr) +rr(rrr)
rf leaott@ (1) l¡ ttlf,fusion contnoiLlod' rr(rr) fu unLtkoþ to fo¡r a¡

a ai.q6Lc otrti.tr, ¡¡ thc tro T{tt) speciac sqlit ertrry cph othæ

betræ dr¡ssciaùton san orgctr¡

lho rate¡ d tl¡s Gæbs€e reaatloor,

r{m) +r{r) æ r{rr) +n(r)

r{rr) + rr(rrr) ¡: rt(ilr) + r{xr)

lEre d ånterest to oæpare to tlrc tlrsorotLoau¡r pncitlotqil rstes ú
llush s¡ð Ìîaroug.

the thalLor¡æthallic sysùem has rm praotieal. erìranta8ea

fæ this sol* of stury.
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(¿) Th¡ tro yslsu*ü rtgÈee src ¡t¿btc'w€r f.ong l¡rrtôif!.
( g) rhs dltstrü æbrrye rc¡ortd.æ i.¡ alor ¡o th¡t oatel¡rrtr ryr

Þc sbrsrcü ülthout ærræit lnt*feræor þ trbr tbse¡f rcaoüInn"

lyltb t¡rlr l¡rtr"o&ntùæ, thc nrrt obpts dtfiL rlth thc

cpe,rtroutal ndboilr uredl tn ths rtuff.
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Boo

SEG1IION IT

C}IÅPIER, 2¡ E¡(PER.IUB|Tûåtr¿

I¡rüroôptis

Sh¡ ffiad¡rttorr ú tho +u¡¡tun ¡rtcLil tno seha¡grr
aío=#

e,D3

rû1¡rlrcr thc æ¡mtlæta.l a!øùsd¡d16 d lå¡ttc f¡¿rgaüst pe¡rrtÈsì¡r

l. lb letc of ælr¡ær Ro (rn uartr of uslc t-l rfs-].

2. lbr rb¡qùcå lt€trt lnterdty I"¡" (ln ualtc of Bt¡r¡tÊt!

ab¡ordbcil ¡nor lttrc cf ræt¡¡rt rsü.ntlon pæ uút ttne).

In tlrrn, tù1¡ t r (Had,ril by thr ¡roi[nt of *o tau¡ l¡hc tætû¡t

1tght lotGrfQr ¡¡ü thn fnoüts ü l!€Àt ù¡cbriL lhc tælitæt

ll€ht t¡traslt¡ r¡r ilgtcatndl by ohüfs¿l ættælctry, ån¡l

t Thr ùottoa d ]j€ùt ¡brortd' rrl llaüorlfa¡t, fb$ ibt¡ tå

tho lttæ{r¿rcr Ênû Gpæl¡BtaL aæ¡urørtr d stiætl.o¡

oo¡{tûlcf.ætr of rucrüast ¡ojlr¡tlo¡¡.

fhs¡¡ thrco tcohnl.guet arc iliacussed ln itJ.ffcrs* cðctloæ of thc

cbaptæ. So ilicüe{Is d techntgus partiûu}âriü appllo¡blo ts

snall gætionÉ d tho renrlts, h*vc bcat ldt utll thoss rerr¡ltr

t¡æe becm dl,aousscil. One oth¿r ¡ætion ou the p¡'cpcrattq a¡il

stanilsrill¡atlon d ths f6aßùa¡rù ¡oh¡tlon lt taeXuil¡û ¡t the b¡6lrr¡{rG.

B. Prep¡retloa of Reaated Sol¡¡tiøs

I¡l r.1r lnc¡u,¡etàær ilctbþ ðl;tll].cil r¿tæ r¡¡ uæi[' Tbres
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oolutlons,

A. thsl,Lfu püþhloratc,

B. tha,ll.oue pse,hlorste, rüil

C r pcrohJ.ordo aof.d[,

ræe latbpsnilentl¡r ¡neparcil and eæl¡rseil., anil rrastãnt soilr¡tions

preparral by quastftatlve\r Bfxiqg the threc rol¡¡tLons.

( a) Thallio per.st¡lonats.

Tro nefhod,r rcre usad. for the prø¡raration of tha,Llls solutlons.

'1. Th*lrLe o¡cLitre (nOn lat. Rea6ut) ra¡ iFgaolvcdt t¡ f$(WJ:on

asiô at aBprorá.nate1y &oC. The edlution ua¡ kept et t"lris ton¡reratrm

rtth an idrareð 1a¡ry¡, or on a retæ bath fs ¡*eraL days to dfeot

sof¡rtion.

2. fh¿ll.ors p*ohloratE (prq¡areit fræ tb*ffsr¡ carùmato,

BDH I¡aþ. Rcagæü) aolutLon¡ roro cleotrol¡rsedl to tbaLl.lo

¡r¿th cyltnilråoal plattmm €;aute elloatroiles at ü voilts a¡r¿ .2 anBgr

Ths thellous perrcb,lorate ras oud.dLseô at the ¡¡xoa!ô ln one beaker,

uhl¡h rar oæsootodl to I Ectond. beaka s6!a{n{¡g perchtorlo aoLô

(approrf-uatcry f aole L-1) þ an Lnvstoil U tr¡bo fttJ.e¿ rltb tho

srns psrohlo¡d¡ rofð (ap¡rrmf.natdür I on elis¡etæ, 1O on length).

ÊIa¡s slnte¡ra ¡t the ærl of tùs tubc prerenteil raptil ¡Llffr¡sLon d

aotrutloa to andl. fræ tbs tubc. At the æil, of et ootroþ¡l¡ ro tha.LLq¡¡

csr¡J.il. bc dcùeatEô trlth Cro;/cN- ¡reoipitatiqE nfrürre (díseuseedl. Latc).
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The uppæ Llñtt of tbaü.ous ooæætætlon La the thalllo, €f

sonpqntratior Ger" 3 z 7O-2 nolc l-f , r&B thcr"afæa ea. lO4 nolc l-f.

[he tha].l.ic ¡nruh]orate haû, to Þc rtq¡ilarilf.¡rd, fc

¡nrehlorfe coú.ù oøoa¡tæ¡$.o¡r æ rrlL ¡s tharlf.u ææarü¡ratLoa.

l. åstiL

fhroô na'bhod!¡ ræ¡ uredl f,qr ttre asLil. staudla¡ill¡gtlo¡n otr thaL¡.f€

solutLo¡a.

(¿) Tbe aelil ns tttr*teit eg*inrt st¡nd¡rô .lt{ I{d}Í, to a nctlryrl

real end potutn t¡r tho pres@ßo of, a Large a¡lû¡ut (s€rysrùl gd of

asiil f,rse lfatL, fhs NaËJ. præerrted. preolpttatiø d TLO¡ rtrtoh

oeskscl tlæ encl pofat. IImoræ, this &thod. ra¡ oal¡r s*tf.daotor¡r lf
ths tt¡sltLe oonco¡rt¡ratfon ra¡ ].esc than rc-h.

(ff) lho sæødl ncrthoil f.uvol,vcd the red¡ntiø of the tJral]"Le loa

to thallgul lon rttb S0, eaa(fro! a oytlndsr), snlt borlf¡g oûf, the

sgct¡ SO, (norc thån å' bour boåltrrg) befone tttratlng thc esl.dl rfth
stsndarat l{aOS. fhl.s lsthoit geve ¡].lebtþ i¡oøsf.süæt ros¡fts ( d
varlation) for unknor¡ tâûE{fror

(fff) Shs bsst ncthscl rss tåe ¡ntentf.ætrdc tiiæ*tlon of ths aslð

aga{nat ata¡d¡rdl ¡[aOIl, Ths thaJ'lÍs ostdla pnætpltrtcit in tb'pH

ran6s (t*-l), but rhen all the {¡dro:d.ile b¿ct præipf.tateit tbc titr"aÉtæ

rea oåJriôiL out 1n the nornaL fagÌ¡f.on .Lll.srancc for the preotpltatcð

tha.l.l:ts þibcriðc h¡ô to be narl,e fu¡ ths cel¡r¡latlon The €!¡iI potst
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ras it¡ùamLnedt by pJ.ottlag the tlS.ff,encr¡tidr (AS/Av) aealnst

rolune (v), rng.c A¡üI te the oÌ¡aq83 tn Éf fæ ¿ ohasc Ar tn ths

adlloô. volr¡ne d ba¡e'

2. |fballls l,ø itcùornlaattoa.

lhraa mthod!¡ fc ttre itstesut¡atim of tåsl,flo l,æ ooæa¡rtratlo

refe uecd.

(f) fhaftfu f.m ras ðst6snùr0ü, gravl&trtro¿lly a¡ tb 8-þdncoçn-

qn5.nol{,as comp]'er cf TL(III). lhe nethoil of lûoeil].er a¡rð CoUF]"¡

f,olloreil *oopt tt¡at the cory1c nas atrieal et Lcas than IOOoC 8^o

cha,trf.ng ooou¡rcd at the reoomæiletl tæperaüuo.

(u) (ft)The tbaltlc wae redl¡red. to ttrallqr¡ rLth s, Ber (t¡e

rolutls¡ boL1cð to rmove oreerg), ad tho tt¡a,lJ,q.¡s raa ô¡rtaæíneit

voLuneürfca,ll¡r agatnrrt sùa¡ita¡d KIO,. Beoar¡se of aøe ùü¡bt ab*rt

thls nøthoil a thtrtl ¡neùl¡od. r¿s uæd.

(ür) fhc ætho<t ras ctæeropod. þ Ðerryhrrf .(n) rhs tb¡ltJs

ras ¡,oaoteð rtth ¡ knorn æess cf standaril foffo¡c rollutlonn ræcdl

to ae. BOoC on ¿ ratæ b¿ttr for a fe¡r ,o{'nrtes s,nil æolOit to LEgc

tl¡¿n rwo tæ¡nratrre. å. knorn erûctl of ecr:Lo amonh¡s rul¡rhatr

lfn nrSoU) r¿¡ ùbon adliloil, anil, th,e cacsas bask tttratoil agatn¡t thc

gtanùrð felzlot¡s ¡olutl,oa utl.ng færoln ¿¡ l¡illsatæ. fhls naa tbe

easiagt ngthoð to ure, þut the gravlnstrlc ncthoil ra¡ the sost

reproiüæíbL. (< tÐ.
0n o¡s solutLo¿ all tb¡¡ee nstboil¡r of dcta¡si¡ation gevc sonsittaüt

rea¡lta (rithLa 1É).
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(U) Prcpa,rrtion cf tt¡allq¡s psoh].cttr.
th¡floua ¡nrohl,ore,tÊ lrsr foperoll frq EEü kboratcXr re*r¡t

þ iltsrolntf.o Ln ill,Iutc pcrcblælc ætit Shr ælutl.oa rar

tt¡¡qffi¡oit volu¡trl¿ally ¡y titr¡ttoa agsfrt aÈ¡d¡raf KIO- ts

¡n loilfe¡ nsæhlsEdib oü, pofuû .$Ð fhc æ!.ü ¡tru¡tU *r '

{t¡ürEd.sct tf tltntú.on agrdn¡ù rtssil¡ril þ8.
Xs ¡.tùæ p¡ræarafú,o¡¡ tbc thef,Lær or¡tontr r.r nær5rrtalti¡¡ô

f;ro trtpþ aü,ctlllrdt II2O.

fn onc oaæ, soLidl tha,LLoug perchlorate rar ¡napared. by

cH,gsoh¡tton of tballor¡s earùonate in ðLlute perahlor{.c aaidl, at

corpoÉ¡ttLonr grcetc t'han the soh¡btl1ty of tåa,u.ous pæclrLeretr.

thc prætpltctcit solLdl rs.e d¡.Í.edt. et approxlnateþ lZOsC. Ât .t¡l¡fa

tæprr:aüæc fbfqg ras obseunsil ¡htob rar ettrlbuteat to s¡(o€sa

perchlor{o aßlil. 0n cllsÊolvlng ttre tb¿uqrs perahlorate in watæ,

a yallor prcolpitate f,ottetl. ft¡ls ¡as ¡horn to bs tha]'tnrs e]scrt..
Tho ret6ht of prcetpitate re¡resoateal les¡ tlran {" "t t}¡e tortal

tha,Llor¡s. The appearancc of tha.llous ebræate r¡¡ds tåese c1æq¡t¡æcs

ras att¡rl.butril to thc ciitatlon d Cr(III) fnpurf$ þ tb hot

perahlælo ætù ihrlqg ùr'Jtqg, lhl¡ solutlon rs¡ fltteoit to rrnwr
the tha?laur sbromate a¡dl. usod to prqpa¡r1t ¿ rea¡ta¡t rolutíon, ûfab
garc rcmLts oø¡Í.stç¡tt wLttr sol¡¡tlons pre¡nred ta th€ nomal. Eswfo

(c) Pcrchlord.c esLiL

Some batohcg of, perclúLeLo aaict rers lrioc rtistillcrl unilEr üffit
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at ¡Iresoures of, l.css tåan I cn anit teqnratrn€. lef! than l00o0.

Ât thta teqrcratwe aoooritl¡g to Pæroær(') *"t" ls no ap¡rrrclablc

ilæonpoaitlon to ylelit c&.los{dr l@. 0tba.rLse tb å.Jt. ¡sLil rr,r

trgedl, ¡ltbor¡t purlf,l.oatim. sæe looall¡r proiüæed. À.It. rpl.ü 6cvc Lm

rcaults bcforc dlstilJ¿tion. Bel€ ânal¡rrcil Rca6cnt ras u¡¡d,

rlthout dtl rblll¿tioû.

Ths tre,sæ îl& ras preIEr€A W no*rtrøa l*raiÉatiq d th¿Llorr¡

osrbon¡to Ln ths l¿oas lIotghts ragctæ, yi.rå'lt6 e o¡naf.flc qetlvrs
of ä æ/6ø. 40 qg (.8 nUffuurfu) ras ¡il.¡rslvcð ln l0o el 6f ¿i-lptc

pæohlorto rcLdl, etvt.ng e ¡ol¡r€a d T{I}40[ peroblorate.

rfzCIL (tl0b), res proitr.uott by ffi*rlsttæ of thaltsus sstlye
gol¡¡tLm by oum"(6) * eleotroJ¡rtlca.\y et pLattaun ercotnotto¡

(see thalltun(fff) propa¡atåc¡r). Íno to tbroe &opc ps {O nt rs
aufflôtoû¡t fsr o¡¡e kt¡!€tlo nÐ.

t. Ex¡rartrnrntal å*angamat for Photoff¡hg Solutf.ø,¡

Ího cpcrlnætel aæaryuent lr ttturûratd ln Ftg. rr.2. |tbr

sLllea reactío¡r ocll (cyllnibio¿l 2.5 oa tlia,ntor, I cn leagth) r*a

repro&rclbþ Bleosil ap¡rd.natslðr 5 çn f,rc r ftat rttts¿ rl¡dtcr

(6 ¡ 6 on aquaro) l¿ the rall of tha lËrqrc r¡t¡ur. bath" fhe ÌBtæ

bal*¡ oontôrar¡¡s itrafmL¡eit *ster ças tbono$*ttcil. to t .lot. tshr

lt€bt se¡r6e tea a lw preaaunc nÊrrerglr rrt (nææf-e pet¡bb r¡ttrrrlols



Sitica
Window

Hg Lamp

Opticat
Bcnch

Reaction Vesset

Persgex Watcr Bath

FlG. tr'2 lrradiation Apparatus.



l]6.

}æp) l¡ the fora of e aBlra"l. sro (J ø itl¡¡¡rtæ, 15 ca lcugth).

fhe kn¡r rac flru\¡r f,txad. on an optic*l Þeæh srtslib ths retq batJre

Ð. Datemt¡atlm d ths RaÊe of, &ebry¡

þprd,natsly 5 nl of rûâstÊ¡rt sol¡rtlon (rft¡qut traeæ) raa

plpe,tteil i¡to thc æsúùíon coll, (¡rrwfou¡J¡r elcand rÉtb chrqÍn

rs!i[ a"dt sborl æcrr¡.tgÞt t¡ i]tctltlcü ratcr). Thc ocIL ü¡rl go}¡tl.o¡¡

ræe plaoeü ln the ûetæ O"9 ,"n ù¡¡ðtatcð fæ f to € hsrra. åftæ

this ¡nrfoð. (prætrediatiæ) 2 to J dbopa of the baoer ao&¡tion r¿r

acldeit to ths rcaata¡t nùrËure, ("ft"o abuttlng €ff tbo J.fgbt). fhå

t¡¡tenrfQr of tbc l.l€ht ra¡ bwn fæ asrcel fl¡6i1 poaLtiona d the

ll€ht on thc opt5.oa,L bæEh. One d tJ¡ese poaltlona t¡¡ ¡slætrdl, ad,

the run st.ttcê Uy reüsef¡S s, shutt€r f,rm the }l€ht beas. Sæpilea

d ag¡rcroafuly 1/5 nl.uæe takm Et lcwn tinor (rmrua,ry bdæc

the atart of, tho nrn), and oubJeeted, to the reparetloa t*hni.gua

clisol¡Baoô be].g.

In qehaqBc roactf.onr the tro ælunging cpæler nrrt be caFrrtd,

e¡¡.i!. one or bott¡ reêloactivcþ caeo¡red,.

T!æ netboil iloratropoil þ Prerbood. e,nil wab1(10) ¿.r"oi"¡ne

proeipLtrtio of th¿ll¡u¡ cbroüatq rs¡ uaad. in thls rÊury to reprrute

tha,ü.f.rrn(f) frm thallrutl(Iü), es tt ras gutak aodt rc¡roib¡elbla.

Irr efui.¡,¡ The ¡ßrroti@ aanpla rea ibllvcr¡il L¡to {tbc prætplteütag
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¡lrtrne (f *r of e corutíon of, t{Bzcñðr (.5 nolc t-l), M5

(8 not"e 1-1) anô aLsohoL (1V/")r Plrrr 2 nl of 6X aoAå¡n ayarrldle - ê11

ooolail to OoC tn a¡ tee bath). ImuoðLato(y foltorlng tlrc ranp3.e, 1 ú

of thaü,ous pa"chlorate ca¡råer wes aðdlEô. .{f,Èen atanillng for

rpprori.Eateþ tO nl'n¡tes ttre tha.llous ohrrcn¿tê úat ooillætc¡l on a

¡nroslty ! a!,nte 6lasa flLtratlpn epparatue. Tbe tJraltøuc chroæto

ra,s w¿shåd. rltb e ttlh¡te ¡ocll¡¡n ahrmatc rol¡¡tLon co¡rtatntry

aBproxi.uet êly 1ú/" alcohol. th€ filt¡ate enit reah5,n6o oonùatnlrg

TI(III) rsre eollecteil illrcotþ Ln a 5O nI eta¡¡tlaril flask. lhe sollû

thaLl,oua cbonaùs ¡næá'pttats raa ills¡olvodt fu¡ soæ¡ nrl¡üurfo aolil

$ rf¡, ancl tbe golutLon ûeaheô lnto a ¡ccond. 50 nl rùandarrl flal¡ß.

3sj!ågrgi¡g.
Both n* *"llcrl anil tba.llto fraptlona üæ{D assryr'od' fqr

radÉorotlvllr 1s a Llqalil Getgæ-Utrller tn¡bc. A Fhlllps ¡ealar cnã'

HrT. cuppþ ræc r¡sc¿. Â11 tubes nere o¡r*ateil at ¡pp¡ld¡¡tËfg 50

voLt¡ aboro tha lcnsr eitge o'f the platoau ryfon Ln ths vo,Ltagc

agal¡st ss¡nt ¡r¡tc cu¡re. Shs baatgrounil r¡,¡lloaotfvl$ ( Zft EEr¡¡¡ty'rf¡)

ças ohækedl et f.ntcrv¿Ls.

Fq. otl sanplec (ærpÌ ver¡r Lox ourntc), the ttm regnirail f,qr

lOrO0O cstrnt¡ ças ct¡¡Feniætl, rhåch rEeirlta in o osatant os¡¡t1.ry

errorr { r*cinm eqrnt ratc of 6rooo oænts ¡,er d.n-1 wes uoeQ, np

to ¡drLch the ocuntEr tas ehøn to be lL¡ear. Thet Lar the oqrntl

Tg's lg.opcÛ'tto¡o¡.l to ths oæertratlon of æ|tlvlbr tn thfu reglna
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(anð possibþ hfghæ). No correotio¡ rêa usolra¡lr fæ the ileoqù/

otr aatlvtþ over the tlæ of assa¡lr ag the l¡att tLue f,æ l[14
ileoqy Ls 3.5 years. $rlphrnio aolô tas el¡o shwn to hsvø a

nqlJglblo cffsct upoD thp cq¡¡rt tratc.

E. DEte¡al¡atLon of Lltht Iutæatþ
( a) ¿ôtl¡metrv.

.â, chontsel eotL¡¡æÈqr üsa usedl to itcte¡nl¡e the ltsht tælèent

on the reaction yegcôl. Fstirralate astlruÊter ilaveü.opoil by

Hatoharil an¿ pe¡**(54) o* chogs¡r fsr lts aosu¡rg,eJr, ca¡¡ d ure, a'¡ð

apeecl e.s oosparcil to tho oliter uraqrl rxalatc. The aoùl¡onetæ Ls

ba¡aô on the phottochenloa.l reö¡otl-on of ferrlc to f,sroue, folløretl

by the c¡recûro¡ùrotone:tr{.e iþtenotr¡atfon of fe¡rq¡¡ as fü?ouc

pbcnont'hroLf.Dc. åa aøpl.eû,e aÞoorptloa d thc lL6bt eutæLq thô snl'
ooourt, thc r¡te cf absorptLon of light is gtvo þr

rhcr¡ D tr] th. ogèfûa.l iùanatt¡r por ualt tlnc, e tha qttætiocr

socûff.olant of tb fsE¡ous puæart¡¡ollnc omplc, s¡al / rc tar qu*ntu

yte1ô fc rçü¡¡sttæ.

Thc llgù¡tleü t¡¡¡hnLgqc üB¡ tål ra¡o a¡ th¿t ræærnibû by natoh¡rð

¡¡¡i Pr¡ù¡r, acrSÈ for l*¡e fof¡æ¡ng dLùq.Llr. 2 tr¡. !@pl'ca of

tlr¿dl"et.¡l eottrmctæ ü{rc ta¡E anil pfpnôtlü ilf¡ectly faÈo 25 nL

rt¡a¡hrû fla¡k¡ oo$ürtnLag ¿ rtrtu$Û of 5 nl d t!Ë aorùatc búfc,

D

;F
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2 nl. d¡ o-¡ürenanthroLLne ân{L 1o nl cú} ç¿tcr. åftsr atdliltng foÜ.

none tha¡t { trorr ln tJrc d¡rk ttrs o¡rttoa3. ilæll'Qr cf ths ¡cst¡lttl€

fo¡rqrs phøranthrollne sohrtlons ras dlsù€[d.Ëi[ on e Shl¡eil¡nl lsutl

a¡nøtropffimetcr¡ ( sce c¡nctra for ¡orc dþtallr) at 51O n¡r.

îþ3 s:rtfuÉtlon oæfflct$t cF fsrou¡ pbæaatboüæ paroihl6c! þ

fþlg tæh¡ÐLgt¡s tat ù5le¡l rttt¡ Hatatraril anil P¡¡t¡rtr ralur þ

guantÍtattvely inlr¡tl¡.6 e stantlardlJ.zcû ¡olut!.on otr fætan¡ rwnt¡¡n

arlphatc. The rear¡ltlag opttûa!. ilæslty vürüus oanoætfft!.æ er¡rrc

!¡ shg[rn in Fig. II.J. fbe ertLnatíon oosf,f!.oLent lttrO.lo) ag$ðt{l

tlthin æpcrlnontal, ot.:ror (åil) ¡fth }latohartl, a¡d, Pa¡"tcerra vafuo

( 1t,o5o) .

(r) .

îbû Lor pãBærsrt Érlourlr a¡o eeits J.lght qraldür at tro larclagtÞrt

185 np aait 25r+ n¡r¡ althonryh eone ligbt et htgbr revelengths ls

obsa.reil Ln the apcotnrn. fho epeotnn of tirs aor¡roc ras pbtographcil

on a Hllger gr¡a¡t¡ usdlJ,r¡n qpsotrograpb, rtth aail rithot¡t ,'/ 4 'n'n
plete of, sods 5laas in th3 1re¡t be$, et J ditfereerË q[)osur9 t:lnarn

( see Flg, II.f). Ths aignJfloanae cf the aotla glas¡ flltø rstll Þe

c¡nsLdæsil l¿tæ,

fhe lt€bt æitteil at ä[ qr r¿s Laolatotl. ðEf¡g kl.netta ¡tuillcr

þ the c¡nrlnætal a,rrengoneut. fhe lfuht of ravolægth 189 nP ;ül

ab¡orbed by the ratæ in thÊ rater batb an<l the revcls¡gÈh¡ Loager

thn¡r Z5tÈ ltr roro nst ¿baæboð by the thâ,115¡¡n reaotant rolutlooa, so
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reno lns*feotlve l¡ the rEaGtLtno

Hørrrcr ttre astlnonetêr solutLol ablsbs qp to 5OO n¡r l¡ tbc

vJ.slble rcgloa, ao tb¿t thE astl¡¡@€rts ücetu¡nt¿ the lnüærlþ

of, tha longer ¡grElügth ].:tn6 as üelI aå ths enf¡rion rt 25lr o|¡.

Hopa f,t rer nsoæsâ¡lr to itaùenntæ thô latoútQr rt tbeae longæ

ravaLægthr tarlepenrtertþ, anil rubt¡¡¡t 1t fræ tho t€ùe¡. foùær1!¡ al

uo¡x¡red, by aottnmchy. Thlt r¡¡ ncr*lü itær þ rcgnattry tha

aptinmcËry rtth ü* % tæb ¡rtate gLa.rq rderroil to on þ 89 ln

the Lf,ght bGaE. Frcn the reL¿tlve i!üsfþ of tÀe }[nas d tàe r¡Ë€ürtu,

çlth a.d' rltbæt the 6leoc ¡f!*te, lt, ¡e¡ p,oralble to estlnste tbc

intensl$r of Lt€bt (4) 
"Woh 

ras ab¡ouå¡dl þ the soth. glaa¡ but

úftt€ô abwo 251+ ry. fhe aatinoncrh¡r tith tbg 6.1ags filter

nsasured the ltght ldenatþ d the ræaincler of tdrc f.J€ht abare

?5lr a¡, (.W). The teohniqr.æ a.lso ð¡tcutne¡ the lntennflr d ary

otrry vlcf.ble Ll6ht frm fntæ'na-l sqrûos. Th¡¡c s, 1(F7i oænaction

rac naib to the tota,I ll6ht intenstþ eB &elr¡reil by tlbe asti¡oneri*.

(c) stabttltv d the ltsht sgu¡ìG€¡

A therno¡rllc oorl¡ected to e rs¡¡f.tlve ga-Lvonæter û¡s u¡ed

to aheak the stabllfry of the 1lgbt osulìet tho thctøopile ras

¡itaorif i.n tþ rater betb ta ths gosition of the eell. Tho ilJf,f*eæ¡

bstrcen thc ga,lvonmeùar roailirg¡ rLth anil rithout e ¡hr¡tter l¡ tho

Ll€bt bæ¡ raa takæ to be proporùtonel to tbe ll.tht trts¡gity f¡üfry

on tbe thermopåJ.e. åfts tho firet hsLf hour, tb or¡rot ftæ t'h¡
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tbæ'nopile r@a|læil rtoarly rttht¡ $o, îot m¡e thnr fcr¡r hor.rc.

Is¡g tm ln$abt3.lty r€^t thpsn to b¡ læ¡ tba¡ fl' trw aotfnørtry

ovg uorG th¡n ¿ ¡reafr

Sho cffest of, aat¡s voltego va¡datioa re,l alao ohæbil þ
iloilibæato[y a,1tæL6 tbe rel¡s voLtagc rttb a varlac, anil obawfng

the ef,f,€ct sn a thernopllo. å. tO rolt årop f¡ i'ltrc N ço!.t a¡fnc

nrppty prodhroocl. læg tJun o, t eW 1¡ tbc l.lsbt trrtð!ú.Ð.

The tcnpætrne of ths or¡üslilc of tho aou¡eo 1r ru¡r¡r,ooo¿('5)

to greatþ affæt the output otr lw presr¡¡ro losrrst¡¡Tr arcar tnrt

acttnoootr¡r orq a long ¡nrLod rith no tæprature eoarùrol ¡hcod,

on$r a 7% vartatton (rh5oh nry bo attr:tbuteil to ot&æ fa{Ìtorc al

rell ec tæperatura va,¡riation). Hmeven eIL n¡nc rge iþ¡s at

labonato4y tenp*aturos cf lsss thân 25oC, a¡rd. r¿th fcr æoptlona

grætæ than 1500.

(¿) éEE!rÊ.

$peotreL Ec¡anr€Bro¡¡ts r€ro taken on e na¡rr¿l Sbt¡aiùn¡ pùoto-

eIæt¡il¡ apeotrophnùootor, ¡oðel @5O, Íhe oell bLæk ¡a¡

tbernostattcð. tE t .ZoC, anù ths tø¡reatrns ctr ths rol¡¡tlon la

tbe ocll!.¡ rac brqrght up to th{¡ tempcneture. 1 on anð ¡} en sÏllc¿

çeLl¡ Íæs r¡ccil Ln tJ¡e neasrrenent¡. Thc rryel,er.gtJr ¡oclc ¡er

eellb¡?ted again$ tho ll¡cg of en ttul.tt noaorü¡r ürrtr It r¿¡

abor¡¡ to bc les¡ tba,¡¡ f I or¡t ef 2fi7 l- Tb ab¡orbaacc ûsåle r¡s

oa.ltbretail þ a rûsæñth rq*or irt tbi.a lo¡n¡Êa¡uÈ rttb ateailarit
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ücuba"l dæril.sr f,|.ltær prorliÌ¡ô ty tbr Cuornltb B¡¡rcen olf

¡¡t¡Sr¡Ñlr. lfbo roa]Lr rìr¡ f,æd, to br üo¡rrirt rtrtht¡ &
toltr¡¡er Er¡st.¿ by thr radagtt¡¡¡ær.

Thr o¡tttaÊl iLui.V d æLutLoüt rsü i$¡rfn¡d. ¡grtqt
ürtlü.ril RÊæ. I ¡¡1"1 ceærtton (< .Ol opttorl ilæ¡t$ udtl)
r¡¡ ¡c¡ôl¡cr tr tð tb. optf€ú ilcrttf nreuìüöt, to eJ.ln fç
iÞrt' rho comrotton ütt sã'& oa tbr b¡¡ùc d tbË srûroú ibdtr
ur¡¡wnat¡ ¡f, &OO r¡r, rlrrra tb ùræIrülou !y th¡Llùu apæitr

fa n4ltglble. (Íno ntùod. of oøroûtlon lqr aot br oø¡ildrf¡r

Jurtfftrü, er Llsht aoettaÉ,ry f.ærca¡cr ¡¡ th¡ rarcLqgÈh ürræ¡c,
but, tbÊ sorrütLæ la ðsll argngr.)
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sqrror II
SIriPIxR, J¡ RSgnAS

å. IntFsihútto

fÞr çurlÊfû oû nocå tnts¡¡ü to tbc Êstscn*'* lr tbo

glr¡¡b- ¡rirtò, i l*¡¡cc oú tb @c cf rc*tlor ooüürf4

pe C¡¡sþ o'f f.t€þt ûr*trü. fb çrrtu tfüÈ f* cùrngo l¡
ilrflnt e¡r

ø

l¡ fhtr ¡tudVr ¡rhore D* fu th,e ¡¡to d ce}¡¡¡rge æil I*. trr thc

¿bsoûtcil Ltgbt tatærlþ. fhsac tro qruatltf¡¡ ræ dbtc¡d.ngil

lnite¡renrtcatltf" tùc ¡r¡ts of changs f,ron ktmtíe atudlcl, sd' tht

ab¡orboit ll€ht lntandtf fuom a oonbln¿tion of ohælpa'l arttironctry

anit raao:bgnt !pestr8. fhp fJ.r¡t tmo ¡ætlons ilLtous¡ tbo

aaloulEtion d tho resulta obta!.r¡sil, f,or the qtræùu yl'eLilr otr

the tha1Ltru(f)-taafff¡¡a(fff) al¡atrca eæhangc rcactf.oa, rhan

tur¿iltaùoil W 1:t6ht oe â54 np.

B. Calcul.etio of t¡hs ibaorbetl tteht llabaiQr

lho ¡Þrorùüil ff€È¡t lntæclþ (the rate of abaorptton d lfghü)

tr dlctæt¡eê froa thc prothæt of the inÊtilmt ll€bt tntcoslþ þ
t"LE frsatton of ltght abscrbsiL

(e) .â¡tLmtç.
fha tuctilrüt HthÈ |^rotætåV rs¡ lletcd.n¡ð þ ætt.rutr¡¡"

*
tx

.-åI-
BÞT



th.

Valueg of qr.rantum yleLdl f,æ tJre a¡tlnomtæ (1.ø at 6¡r ¡p),

a¡dt tbe stl¡ation oodflclent of, famouc pherurrthrollnc lttrO50)

used. ín the Esler¡Lation are thoEe nc¡nrtdl þt H¡ttúrl.il *¿ p"r*o{f$l

Sono t¡rpto¿l resr¡Lta s¡te rc¡rclcil t¡ îablß II.r. 0ptfoel

itqn¡lties d fs¡rot¡o ¡ùronanthroLl¡e ¡oLutt onr pæ nfs¡tc Llraitlatl.æt

par nL of l¡radi¿teô solutlon are reoorilsð fe. fLvc pooitlonr of,

the ljSbt on th¿ opttca,l beæh.

Ta,ble II.3

o¡ltfea^l

ðasltl,¡¡
- -1 --1nl.n a¡

Åvera6c

o"iL nl¡-l

nL-l rlth

.oæg

.oâo|

.A21,

,o208

.oæ2

.O2lO

.00588

.@58h

.æ3ø

.wfia

.oo56l

f.8:rt0*

.æ?21

.æa]lJ_

.æw
r.6&to4

.oo1æ

.æ172

.oo176.0æ6 .00586

r.63 x fo*I l+.7rlo4

tr-¡o

glsor

rd 3.t5 .?5Q ,fi2 .172 .28à.

r^ 1¡ tbo iætritæt ]'i€ht l-ubæ¡ûF (nr-et¿n I-f "fo-l¡. rt tt
o

s¡l.Eul¡tcil illræfdy frs tbo oBtleal itæ{ÉÐ uælll'o&t bgl th.
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GnprorË1on,

)

tÞür Dt 3 t ü¿ t r¡rr {ldlueð, m ¡n6o 88' lø b üúûnstrð to ¡ILtr
fæ mær¡rful Li€bt of ravdnagth trce.tæ tb¡¡ 2Så. q¿. D¡f¡atoû¡

O al(fZ) itlÈsd¡cil ,Ã ffi oænrotloÊ f,æ 1t6þt of laryæ rerr&ngÊhr

tb¡¡ 25å. q"r, f,c r ¡l¡ilL¡r light !f,rurôre Dur to ¡¡ rltcutlon of

toûrtnr, lfglÊ btæ¡ttlct h,¿ to br rcibË¡nt¡¡il fæ rcr l¡ts ¡o*.
fho ¡.'c¡uLt¡ gre næo¡d*il Ttth tbo rralrrant hlnctto ibta.

&rrtr.

-lbe rsrbu alrsr fa the inill'nåö¡al. light Lnto*ttteû rqr b¡

Juûgdf fro tbc rcaultt fn poa.ttton l. å va,r"rlatLon of < fr,*"
obsseil for thcso resuLtg clvsr a f,ea,rr Hæc for tho otJrer

trositl,oü! rhtoh hsvc þorn ihrpS.toetcit an crrq ú t 4" ¿s fü$abfy

Jurtf,ftoil. Pæ ¡ntttlon I thE aooËtrì¡ûJr i¡ f"obrbþ bøttæ tÌ¡sã thLr,

beoeuss of, tbe rnsbæ d va.lr¡ss ðetsrtd'.

ffy;tæatlo ærort: Th æor Ln list€harô an¡l Psrkætc ikÉarJ¡¿U.o¡¡

of quatun ytcl,il ts probabþ ! qâ. fhe sror ln the qtlætj.ou

oodfle{ot La ! ,ú. îhsrdorr the sroc ln f.}¡e so¡reotis f,æ

m¡rpr¡rrúul l.t8rc tu prôabÞ ! tti' d thc tot&f ll.gbt Lntærd,fir.

îhc rnadls¡¡ error t¡ t&c aoùlmæùry t¡ thædcc of the orilæ of

! fr, srit the oyøtæatlo .rror ! ryr,.
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(t) å!s@.
( l) EÞe4!e-!!9g@.
tFhc apcotnn of thsf.l& ¡nroh"Lorato ta ¡trahlæto aoJ.dl

res rcpoltoü by fletnð. 
"na 

nogr".(S Ych¡a¡ d ælæ rrt!^ætl.on

oorûflolæt¡ fq E* er¡ð Tmf:: brtrrccn A& rd ?1O a¡r rúleeg aq

ilotdrtncü *m tb aofå ilrpcmdsrrc ú tûrall:llr ¡r*.oÞLættc rpcctre þ
th¡ca sutborl. Thc follLc{r€ valrcs d "tlj* eô stlogz+, tlro uol¿r

stl^ætlon oocûfl[ol.eatc d fl'û ana t[3Off+ rclpeortlvol¡r, ræa takan

frm e graph ln Rogenaf anil V/alaGlf ¡ paper.

Tab1e fI.5
ifavelength (n¡i)

"TloH2*
-'l -1nole gl!

1t5-1r5

afr-ÍÉ

515"|5?5

T7r-7e5

lOJO
By ortra¡nlatlo

trr5 3 ro

trlS*
--lmoJ.e -tl

lr-l¡.5

5.5'6.O

lO.5-11.5

36.5-31.5

p4
By oalaulrtion

8.O ! .5

ot

zVo

2&

&
?J&

2g

ú37

lhssc rrl¡¡cc tcnt u¡cil to salcr¡l¡t. 
""pp, 

tho rp¡nmt roler stlættoa
eodflolqnt for thaLl.lc perohl,orata ael¡¡tü.o¡¡ urlry ttrc folløLg
r{udLo¡r!



anô fro¡l

17.

*"pB = .Tto¡f* ltuneJ * .rti* [rr]]

rrronþr - 
r, [rr1,

L ' 
[H*]

*rloHþ.Er+"rrll I
e

¡PF tnl I r*xy'tü
Valr¡ec d f,t an æportcil, by We5nd anit Bogea aü 2ãoC a¡

IoÍo ¡trcgü ¡r o 1.5 Kf = .O86 ! .OOt* nole 1'l

p - J'o K1 = .069 ! .oo¡* nole 1-l

"åg trort rork ln ttr.ts thecl.¡ has bsqt tløo at a¡r f.æLc strangth

bctte€c¡ 1.2 ¿nð 1.5, an ctrapolateð val.r¡c for K., d .089 ras r.r¡¡sd'

ln the aa.louLgtloûr.

lbe ealcu1et"O.*pp vel¡¡ss useal ln tùts Gù¡ry are ahør¡ ln

Tab1e II.6. Thry ræc obelcil egal.nrt æne oxperl.aerrtalþ doted.nl

vaJ¡c¡ (aUona on lùe rtghù-franô stils d TsÞIe II.6). For¡r tt¡e1l.:lo

so}¡tíonr nado up, br¡t not u¡edl tn kLaeùls rck, yLeliliad value¡ cf

tn" 
""nn 

in ugreooant rtth the v¿1us¡ oaLcuLatoiì frø Rogss êrd

llal¡dra dl¡ta..

(fl¡@.

The atl.notlon coeflfl¡l€nt of, tbúf&¡n(I) et various

uavetengtha ræè dbrbornincd ørper{-uentelly¡ ths rogt¡lts are st¡ñrÐ

Ín fablo 1I.6 a¡riL Ffgs. II.5 asl II.6.

the optLcal clca¡ities d aoæ reactent eolutions ers shown

in Fi€. If.7. îhe ve,lues are fn gooil agræmt rJ.th tJne eortimtlon

oodfld.cnts fu Íable II.6.
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FlG. It.5 Extinction coeff icients of Ttct0a
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0.8

0.7

0.5

0.2

0.1

2532 m

260 m¡r
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.s 0.3
C\o

o

0 0.02 0.04 0.06 0.08

Irtrrr] mote t.-t

FlG. II.6 Ertinction Cocfficients of TtCt0a



0.9

0.8

0.7

0.6

250 m¡r

2532 m¡r

260 m¡r

0.5=ø
c,
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o
.g
CLo

0.4

0.3

0.2

0.1

0 0.05 0.r0

mote tIrt tt t]
-l

F10. tr'? Spcctra of Reactant Sotutions .

[itrrl] .0.005 , Ix*] . t.to mote t.-l

0.r5
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r*eLII$
Ertlngtiæ GoCì3tstst¡

rcr¡lryËh
("rr)

ôff(f) rolt-{ -l -{ -1nl,c'o'ô! trr(¡r¡)
gr¡fE¡"rtrû Sbrard

2p

ffi
úo

a&

?,æ

ú3t

8.gt irfi'å
.ú ! .oz

5.g!t
8.1 3 ç5*1o
gt zr to3

l.Jo ! .g5

t'.F t ¿

zat I
49!5
92t 5

aæl5o

.}8,4 I e

sl.6 ! t

l+8.5 ! I

n! z

[¡rmbJ .' 1.1o ælc 1'1.

Th¡ rrær gnûtrü ln th¡æ ç¡l¡¡¡t gr
(f) f* "tt(¡¡ catcrüetd grryht*dJ¡r fm th B¡rt¡ l"s ¡floûr.

iJt(rf) fs crt(rU) tb f,uaæ t¡liüûl,ag tha g¡ryhr tn r¡tuü

anð Bqg*ot ¡rr¡læ.



!9'

îhe f,rrotlø oú thc lr8lÈ abso¡¡brd, ùy !f{I[I) f¡ ¿ ¡o1r¡tLo

contataLng borth tbslLqls a¡d, tbeltfo uq¡¡ bo ibûctdn.d, frc cguatlæ

(f). å¡ thr trrelrüor otr T1(I) úa*'br rcc d tbr llgbt tætdlcr* æ

tht abffi¡b{ng rolutLon, Lt 1a næcæar¡r to cqçæt fe thlr abaæ¡rùtæ

i¡¡ thÊ o¡Loul¡tLon of thg li€ht abcs¡bcil ty 11(rIX).

3rr(r*) [rr(rrr)J (r - **(trt{rrr) 
[r{rrr)J + e*(r) þr(r)J)r,

I.
a,ba

I
o (.r'1rrr) [tr(rr¡)] * "rr(r) [rl(r)]) (r)

wherc I"b" b tÌ¡e absoûrbed. 1fuht tnbrsítr mrt Io 1¡ the inoti¡Errt

l-fght intæsiþ al€rterûined. flm aotinoætr¡re The abcorptico by

ttoËZ* tn thc $rêrsnßê d r15+ ça,¡ oaloul¿toil fron an analogour

oguatioa.

C. Rats of &rcb¡nge ancl Quantuu Ytelð

Thc reto d æhango tal aaleul¿tril fræ {åe Ud4r$6) cquatlonn

Retad*change-R Ia (t - r)ry t ,È
a+bCE

rhere ¿ anri b arc ttro ooæsrtratioa of colrangf¡C sp6oåe¡ ¿r¡il F fu

the frætioa of sshange at tLns t.
å, -å

F ra¡ oarcr¡lateð finon the xpreaslon fug, dkrelopeit b¡r

PrEs'Èrooal aait wahlr(1o) ror aæo ttne ooo.î*" "ii*r, i.s ¡h¡e te

aeparation l¡rrb¡oeil cehange. Thry applledl tha a¡rreasfon to gom

preotpttation oe¡nratíon teahnå(F¡esr Lwolviag nrrch Larger separrtlæ.

tnô¡cerl eocahenge, tlran obs*vedl. l¡r this stu$.
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Presl,roodl aDô lfrahl repcntedt 5c/" saco ttm cohango for thc

t*r*= se¡raratim ngthodL ïfttb the netboð æplçyeil f.n thrs tbrLr,
1-8L zæo tinÊ Gch-yEi6 ras obs€reil rh¡n tbe ættvlþr *ar t¡ftf¡¡{1r

l-n the tbeLlqrs forø, but $-g'r¿ rl.th thc aptlvlt ln tho th¿lll*
fom. fhe dllflfcranoe ls probably clt¡s to tþ ucs of, thal.lo¡s ea¡rLæ

Ln the precJ.pf.tation

Sme þploa1 resuLts a¡s ¡hcrn in labl,e II.8.
Nor a, plot of lq (î - F) agelnst t chortð bo a otaaight llnß.

Brperdnent¿Ily, gooil ctralght ltæ pløts up to at lea¡t eo * tt¡c¡
wstra obscrsd. fro Qrpfoal ourteg aro plottsit 5.r0 Fig. II.8¡ inoluâ{qf

the results l¡ fab].e II.8 (Curc *).

Inrt¡atiø pælocl.

-

îhe plota rhsüld. atso pass tb¡þr€b the ¡ntnt (t - f = 1.Or

t = O). Horryæ sã ts lllustretcù þr outro Br ¿E taiü.¡stioa pef.oil

wa¡ obseryail rhsn the solutions ¡se not prc-i:raili¿tcdL fhe tnð¡otiq

perioil fu thl6bt to ba &¡c to the ilcatn¡otiæ of ohaln oertl* þ
i,n¡nrltiea (probebly o¡ganLo). This !¡ryotlre¡l¡ L¡ cupporteil !y tbô

ob¡errratio¡tr ol¡ the effæt of ¡rrælnarll.¿tion ån a.lte¡æatlve

cplq¡retlon of slor bui.Lil-up of ahaln oarrl€rs nqr be ilJ.¡c¿rdleð aÊ

the lntroib¡otioa of a ¡hutter fæ stro¡t perfodrr ù¡r1€ a n¡.n haa ¡o

etrfsot on ths rate BLota.

the ha]f,-tLnc for aotungo.la¡ ðstsrlnsil fboe thr lûe;Kqy ploùr,

aB t oo t¡_ rhaa 1 - F ¡¡ .5. S\¡hrtthrtion of tr l.n the oEuatl.oa,
22



r.0
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0.3

FtG. tr.8
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0.4

0.2

t0 20 50 6030

T IME
LO

( min. )

Irrru]
Irtt t t]

70

lftiul
ir'tr,u¡

Tvoical Rate Ptot.
A" [Tt(tr)] 

. o.oos mote t.-1.

B [rtrurj'o.oosl mote t]r
A Pre -irradiated
B Not Pre - irradiated

= 0.0051 mote [.-l

= 0.005 mote t:l
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1O1,

TabLe II.8æ

Íf¡e
(ur¡)

11(III)
åotúvtQr*r tz

f0t
5*
8æ

1¿88

1¿/ro

1t+97

I5L6

r7%

rx{r)
åctúv1-$r

br bz F T-l\

1'
127

l9E

#9
,1O

55o

,n
,91

o

10

s
,o
¡p
5a

60

70

7o1?/10

,wy10
Ws/ts
7.76
6.9{g
6.6T¡-

6.Ë|2
5.5?O

F:

CmiBtlø¡¿æ

[rr(r)] o .oo5'l;

Fraøtton of exol,"¡re" = t+ ,

cbara À ls tfrs cål.cul'ateô va'lt¡s d \ "t fdintto tl'rc.

%?1'
2.1+5O

,.W
%87g.

3.156

5.6ñ
t.9\ß
5.512

&,5r9

,|o82

5p*
I¡82
,T.75

2762

ú*
ffi,

.n6

.l'19

.5¡lp

.6?iî

.712

"Tþ
.8oo

.Tl4

.6tl
,¡]dB

.lT,

.288

.gl0

'20O

nn bt ar¡ tbe raã¡¡l, ttæ¡ roærdcð fæ IOTOOO oor¡ùs tü tttt

ûha'|l rr(r¡¡) sna t¡¿ufu{I) tlrgüi-oqr ru¡rætltr$r.

t, be ¡¡rr tùc^o,oln¡t rrte la ocnrnty'ntu catoul¡tcô frü r, rnit bO.
&.

\: t . 
ft * roå *trt 'r.r't :ort eiri aa æð b,

sorræùrå f,æ b¡a¡hgræo¡l aûtltttf.

[tr(rrr)] . .05i
læ¡r.¡ = 2$oC.

¡rror*l -1
= 1.1O nol¡ I '.
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ab
a.+b

'É2â

taa tbæ ctlJtul.atÊil frm
&

tlt
2

+

yfrlåa t'hc r¿te otl u.clrangt Ro.

fhc HoKqür oguatLæ aB¡r1las to cahuge ayst¡rr rhere tha

aæcc¡rt¡r¡tlot d *ebagt¡g ;pec!.s¡ l,r oøctåÉ thraghant rsaotloü.

Ío ilcrt*uln¡'rrh¡thæ ary oræ11 cbangc f.¡r osæatr¡tlon ocourr on

fureill¿ttob, B@G sohrülons rer6 l¡reilLatoil fæ penfoð¡ nuoh gecatü

than th€ Ì¡¿lf-tim for æbanga. ¡{o ahrngo ta t}¡s cçrllfbrLun çaLtu

af thû retÅo'of tha.U.or¡t to t¡a}LLc aotlvlbr ra¡ ob¡ortod'. Tho

l¡ft¡tta tf.se ral¡rcc tlßtüBtnci[ Ln tt¡src crpcrtrætc f"ry rlthLn

cparlnantal c6rq ctr the a¿lor¡Iateil t¡útnite tlnes.

Â r!Êå"LL aorrætLon to the photæbmlcel rate *er nadh, rrhæa

tteoesrs,rJr, to ellolr for the relatlvel¡r ¡low tlp¡nal rete. À ealJ'

ooryeotLon fc the oor¡eirtratton of traper, algn*fioant onl¡r at lsrr

aoæætratlons, reg neaþ to tbg ooncor¡tr¿tio¡ d reaota¡¡ts.

Aua¡nt¡¡rr- våc¡ðJflg' qFcqf¡{e..( d} a

ø€a
IE

I-aÞt
froo

uatry tlp rrl¡mr d Ro d l"bo itctcrd.nr#t t¡ thc !!tE* ilt¡ot¡¡d

*Çc.
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D. Enror¡

lhe emor ln tþ quantuu yJ.eltÌ tc the sur of fnaptlo¡¡-l' atrcl
Ln ttre rate o,f achange aniL tbe absoa¡bsô $€bt 18t8¡á.tr.

(") {6--Jggg-
I_-- = fracti.on of ab¡orèed Lfuht x I^-sþt o

6 fr¡otio
:r

total f,rrestisn

rbenc ô is t¡e .rrrr fron ths nran d the p**l¡utæ var:labls.

Xø OInÆo ia tho fretionrl ær!ú fn thc l¡ctihlrt ltght tntond.$rr ù1Gh

r¡s ectlnstait to Aa ! # ranclon ærcr ¡na I {$ ayatæatlc rËHrro?r

lhe seoærl ta¡n ¡.a thc c¡reaaloa ùors vcrLe¡ rlth tùe ral.ue d
thÊ tí ¡rght aþsorùeit, Tfhm nærl¡r ¿IL tha ll€þt t¡ ab¡or¡beiL tb ærllF

tn thr fo l;leht abacptf.ø is rs¿1l. llolæcr, at lcer S aUacAæ.æ

tbc otror ln tbl.r valr¡c i,a *spffloent, rr tht trnæ !.n t'ho ctú¡stLo¡

oodìÈtsl,¿at d tba t a€ta¡rt sslutLoa la rlgnlflomt. thul, fæ cm¡úLc,

trrr_ fi rrnæ for tb ¡ol¡rtl.on .@5 ¡alc l-l l'¡ rf(ul) s.d .0t nolc l-1

fra r1(I) 1¡ caLoulatcit to be ! 5/* lbLr Ls a oongt¡¡rt qþ6r lbæ

üc owrntrrtlø cf rcastsnü¡ aru fl¡cd,, büù tr PiÉfalfù' a ranilæ

æror rhsn oon¡urlng rcerltsat illffæcot sæætratlonÉ. IæluiË.*

tt rltb thc ryctcutf,o etror, ¿ total qytteetût oo&?t Y, Ls obaæoiL

the toù¡.} r¡¡dm Êrrrr b ! $.

ôT. 6I
î# =T.g

ebt o
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(u) Fqor.-l+ r¡te qf qctF¡ße.

Thc eEror ileüent¡red' gradri'osllY from tb poaalble varletio¡¡

tn alo¡re cf tho lf;oKsy ¡ùot ls usualþ l¡¡¡ tban t Yl. Honææ th¡

ob¡crned Yarletíon ln rate ls gfeatcr tha¡r thic¡ of tba orôtr of

! lgi,. This nqy be ðue, in ¡nr-t, to lfuht lntoslþ verdatioat

but there La no try d ðeteafnfng thls.

Tso othsr ÊoL¡trces of e¡ror 1¡ tba rsto d øbange sre l¡e tb

oalsuLatlon d tbÊ trf,inlte tl¡ne re.ï¡â endl ln tùe ooæentratd.on of

reactantg. 0bvlotrsþ these tro faotors arg eonnectetl, bot'b bd.ng

ôepenðwrt on the Comontratj.on cf reaotsnta. For exanpler take

the roeatest ¡o:Lr¡tron [rr(fIl)] = .OO5lt ana [rf(f)J -.O51{ (wit}r

T{III) aotivlr6r). If tho aøtual concentration d'f{Ifi) ia l¡l¡

(sry, .OOr+) thæ asû¡reil, tro etîeots rILI ba ob¡sveiL

( f ) the rate of, æolungc rill bs l.or¡ ea B'o fa rolghly

proporttøat to þr(rrl)] 5¡ this ragion.

( e) The aetn¡al tdi¡alte ti-m valt¡s of tJ¡e actirisr ratlo rlLL

be leas tbsn the csLer¡Lgtael va1ue. Heæe usa d tl¡e calor¡letert

írlflnlte tf-m ratlo çlJL lnoreaas tbe apperæt rate of eocchange.

(fne oøcrb¡r.tion €rror (.OOt) woulil ¡noihlco e þ1fr færcgse !n

the rate of aoha¡8e et the s¡reoifled' oøitltj.ono.) The dfect i¡

graatæ tf the ve,luesotr tl¡e conoer¡t¡¡ration¡ of, rssot¿nta ¡otro ololt8.

For exam¡rta, f,or lff(fff)] = .æ5 sola 1-1 = [ff(f)], Ig1nor d .qgi

in tt¡e f{ III) ooceßtratioa, rú11 app¡rgntÀV i¡cre¿se tbo b¿lf-tt"llo

og cehang a Ey 17t/*. fhl¡ rttl be conpenrctcit for È!F üls aptr¡s,l ibor¡¡r
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Ln rate th¡e to the ileoreaso fn corce¡rtration, ao that the total esrrür

tn the rate w111 bE ].o¡c than the Etror Ln ttrø oæentratj':on ú ñ/u.

¿¡ the srrcr l¡ ooiseutretion fn thls s{n¡ry is less Ura¡r I 1/", t&la al.ll¡F

1n the rate r[È to oomætratÍqr srror trlll a].so be J,eas than 1f.

fhe randbm oinrsr fn the rete ls tht¡s oaloulatqtl to be lass t'h^an

! tv/, rith 9Q,í oodJ.itmoê¡ L.B: I orpeot Wfi æ 4y valuss to lLs wtthi¡

! 1q" of the neå,n va-lues.

(c) &¡ræ in or¡antue viekl.

ø
Rg
I.

e.Dg
aæ

The obrwad. ra¡riùæ crræ b Ro aL¡o rdlcot¡ t'he r¿ndor¡ crror b labr.

so tÌ¡¿t at oure llght lrtensif , the ra¡¡iþm ærcr 1^ ío ud.II bo t lW
To thl'¡ aqr bc a(Ëci[ a ryutøatl.o crræ ú t l+fr + (cræ ilrponiht oa

?i ùærr¡tto¡r).

Hsravæ thcn coqpsring resr¡lta at dllffæcr¡t l.f€ht intæsttt¡¡

thsse flgrcr beoæ ! t4).: ra¡ibm ærotr, and ! {" +(øræ...cto.)

ayata'natf.G üÍtrõpr

Ngtg! å. frübæ qr:rrar nay erfse Ìprc iü¡o to the btgh optfuel ü¡n¡¡ttb¡

usedl. Ln rooo Garcrr Bessð m thc iH.æur¡ion ta tcd.güton anct uoycor(5z)

a êÊLer¡Lrtion of the md.mn æror ln thf¡ gË6 gêye a value û 1fi

(¡oe Àppandl¡r for dsùal.J.o). å¡ the arror ¡i¡¡ sl¡orn to bave ltttlo

eûfæt o¡r tha raùe csnsùe¡rts detqrl.æil frm the resultrr lt haa

beæ nqlegtciL
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E. Prel;lnùuq¡ Rr¡n¡

Prelfut¡aqr n¡trs Ícr€ potfomsd. to te¡t tho .ûf.ot on the rstc

of æolran6e d l*re follløfrg varlabLe¡.

1. .9g,9,-
årgø lar bubbteit thror:gh a reaota¡rt nl¡tue f,or 2 hour¡ beforo

ooææotg the n¡¿. I{o illf,f,oræcc la ths rate d erehengc rithtn

tlro l!.nit¡ of cr-or G 1øl ras ôctcotcdl.

2. Stl¡'rLE.

(") The bnbblång abc¡ve also eoteô as e stl¡rsr anit prcihroctl

no dfeot.
(U) å. ¡u¿l1 but vfuorar¡ nschanloa-L 6lasa ¡tirrer alæ iltð

not afifeot tbe rats of eorcha¡ga.

1. Pre-1¡r¿tll,etion.

ThLa rrar shws to rsove the tndhrou.on pcrLod. but ¡ot effæt

the ratc of erobange ep$ræl¿bt¡r. l'Íg. II.8 rhorr the lack of atfect

of prc-f.rradletd.on on the rate of æchaage.

F. Irr( r)l oæ¡ndcæs

lfabl.c If.9 ¡hors üre ¡resr¡lts obtaiærl fe tho vsrletloa of

quantun yf.old.do tftn åaILtudI) ooocnrtraüloa, esn¡nrr€ (t) tætr

rlf aail flott2* ars plrotoaatlre rpecler ø:t arra (e) tue T10H2+ tr
aq

the onl¡r photoaotlro c¡rof.ec $â. Tbo vaLuss of the quantr.uyleü'ê

et [rr(r)J = .o5 andl .1o m1e 1-l rere ta¡<qr frm the graphs og 9æ

aga,lnst I*, for the rea¡nEtlvs t{I) eæætretLo¡l.
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AIl tes val¡r¡¡ h¿ve þeo¡¡ oær*tsð, Èo a¡ I*, vaLuo of

l¡.co x fo{ nfrrt"fn f.-1 ajå-l fe f{r¡l) eb¡cptiæ e.s'

9.86 ¡ fo-6 8lalù¡ü.¡ l-l "lo-1 
f,sr stoHz+ abrcrptLm, url.n6 tüe

eçnation,

í* = n t*"-'55

úcr¡¡ f t.r r osgü¡¡t. Thls eguattm tr d¡rúvcð fr@ othæ rr¡ultl.
Onl¡r tro r¡l¡ræ a,¡¡c ¡lçntflsætl¡r ¡tfootcit b¡ thc oq:*tiæ. Íþ
crror tn tbÊ h¡lf-tl.me d eoæbange ¿s ilßt€ßalnoð frü thc vari.stlæ

fn el"ope d thð teKay aLot t¡ geosr¿lþ 1e¡s tban ! 56 In tho¡e

oaror rhore tlre a?or 1¡ grcetsr lt i.t quotedl. 
"t " 

3 fl€gre ln thË

bslf-ùtns of *change.

In Beneral,, €!:ror8 ere rot pLottrril oa the graphar a¡ ths re¡flol

vsrLatlon of, tl¡e pol,rùr glvu e bcüter tdæ of tbc n+g¡1tuåc d *læc,
tbån orror ba¡c itoùgnåædl fr<¡n k¡ora afi¡rscs d e¡rær

Ê. {rr(rrf)j Dopæileæe

Tabls L[.lO anô graph II.ÍO rhcr the ila¡rødræo otf tbg qantur

yle}if for æhange oa TL(tII) aoæa*rrtioa, rt søstant f{I)

oæøtr¿tion ,. .o5o ns.le l-1. [ffircLJ = I'lo soLc l'1 r,¡ð

tæ¡nrrture = 25.OoC. &a¡n tro valuco 6 l* ara tabuLgtoiL

(r) For tot¿l r1(Irr) abaor¡rtlor ßo}1, "oo
( z) For Tlonz+ abaæptlon @fy øj).
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tl. Id.tbt Intæaflr Dçpæilæ

fhr úrpmilm 6 É* * Xrb. hæ btctt Ðtgd¡¡ù rt fq¡r

ffistü¡tt€û rltto¡ d fl{t) rd f{rtr't).
(o) trr(rlJ = .o50o ro[c 1-1, Fr(¡¡¡]l . .s5 role l-l
(¡) [Tr(r)J a'.loo Eor. l-ln Fr(r¡r]] ' .0051 æ¡s ¡*1

(o) ttr(¡)l o .æ515noLÊ 1-1, [rr(rrr)J . .obf, ælc ].-l

(4 [rr(r)l ' .0051 pl¡ 1-1, [r{r¡r}] . '0*oo æu l-t.
-t¿.Lt rlrmr wr & of ¡ncfonl * î.lO rcla L-' r¡ð r tqæatrar d

25.oocn

Îùjlr¡ rI¡{1 (.}, tu}r,(o), (Ð ltst tåc ær,ç¡,¡t flgrrcc.

Corrorpætfng gm¡'br * íJ¡g¡n¡¡t ld¡¡ 8t 6lror
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s¡bïû.¡{;1ll})
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rsbb II.lt(¿)

*n ilæaadc,mcl tr{IX - .0O51¡ [g(gf)J * .O¡OO nslo l-lI

III ro6 nr¡¡tr¡.n ¡i{
.-lEtn

" mF uola l-1
d!'1
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tr.60

9.É

h$
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8.78

2.*5

11"2

âr?ll

â.2b

9.%

8.lS

lâ.?ø:

I. Tapælttnc Dlr¡lodlaæo

fabb II.le ¡hø¡ tUc trnper,atur itc¡rntoqc d tb. Cn¡Ull
yleLô f,or cmbngc. rhir mrk rBÊ {þÐ rt s ãrrü ¡trgr la tihe Êtr,
a¡ltl tìbo æt¡rü,oür lacD æt pne-tnråt¡triL Thc r"olJrùitlx$r d &t
¡.cü¡ltr l¡ l¡r¡ tba¡l ljB thc pre-tmitlatail, roilutlaua.

C¿]or¡LetLoa.

Fhc r¡üo of¡ Golr.ñge raa ilstæ¡i¡rcal 1¡¡ thr unr¡al neñr,€rr rbs

tæ¡nratrrr ilr¡rnilooo d thô f,¡rgtl'on ol' r.t6ht ab¡orùedt f"U/e nt
aelor¡retcd. f1ro tha valuar of, ths ctl¡¡Êt,on ooûfl¿J.øts a¡d. Btd[ç
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f¡.O89!.æ4

oenot¿nt¡ et eSoC an¿ lroo0 ta'h 3¡q Walnê a¡il BqBæt (cee Tabte

ft.l2 fæ reluel). fhe cBpcræt ertf,ættæ oodftol.cds foar t{fff}"

oelsr¡l¿t¡il fræ thcao rat¡ra Ìæi pLotüeil qg¿t.att ta¡nratrre,

acarntng thc ¡a¡c ¡naIl currr¿tun ss tbt oÉf,o&l ilcü*1y Yæsut
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tæpereture plot &talnøtt or¡nrfrnentalþ for e TI(III) ælr¡tLon

1r¡ tho ra.q6e 1r-8el. (fnere tc on3¡r a ¡n¡ll darJ¿,tLoa frm
ll-nearfþ, a 1fi tbviatå.on et the lweat teo¡nrrature, but

oæ¡ldlorebJ¡r Loaa et otbor va.lu@a. It l,¡ co¡siiþrcd. the esroÊ.

reaultJ¡g f,nm ttuis aasraption riSL be lce¡ lhan 5û4 at at l tmBerebrna

a¡rdl lcss i¡ tbe llrangô S-trOoC.) fbe qnnntua yLelð for cda¡6e

ras oths¡md.ae oal.euLotail ln tt¡e no¡ma1 ua¡næ.

Fl€. Iï.12 ls a plot d LoS ø:I"¡rå agatnrt t7t, rhåoh lc
I

a reasoo¿ble atratght llne. Now if tine /o I.bru va-lues are

converted. to R.-. v¡J¡es þ eesr.mlag I"bu b" a oonsta¡t vatuE (ãoü. aÞa

va-lue usetl), the do¡ro of, the 6naph na¡r be f,ltted. to the årrber¡tut

eqnatlon,
*ttnr

= AflKq '
rhæe K- t! th,e rate ooste¡rt fæ colrang", ñ/tE

tht
t/actlvetiø

srs6r, ¿¡!ð Å lr e oql¡tant fndøpendæt of tæ¡rratuno. Hengo ¿
I

velue fø ¡GF na¡r be o¿loulatocl frø tl¡e s].opo cf tho gfoph¡ ar¡il

is f,q¡ntt to bo 5.o ! I koå,t mte-1. /J t*rå to plotteit a¡ tbr¡
i.s the f,aotæ tht¡h ahøuLd be indbpenilccrt of lf€ht f.atæoifir.

rh¡¡t t}n a¡tlvati¡n Gnsgy calsr¡Letcil ar ibæribcil ebove shûrl"ð ba

lndcpenitent atr the Læroa¡e in åsæb"u Ïk* Lntopoiþ rith i¡area¡c

in tæperatwe. ¿otua¡fy as ri-LL be aeen Latc, ü¡o eo¡reation

ls not rx€Êt, horæer the aotivatåon en€rEr ritl not bs afeectoil

by tbe clu¡ga Í¡r llght {nts¡gfty rith tenpæeture þr nore tben

ono koal oole-1. (ffre aatfvation energr obtalneit by dlreotþ
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pJ.ottiry J,og R* agalr¡st 1¡Í ía 7.5 toal roLr-i.)

J. Depencleroe on the l¡iavele¡gth of I¡zeûi¿tLo¡

(¡) Iüpælmt¡l.
trbc ilrryofuo ø troLûgth çr¡ ¡üt¡dlcil rlth a tp0 r¡tt Oæan

ræø aæ ocrptrcå to r Bu¡¡oh en¡l Ir8þ r,lCþ tÉeaattf ¡ooooùonrtotr.

fhq ¡e¡or¡.¡rrû üat nu¡ oûf, e ¡t¿bilr¡c¿ D,C. porrr üÐply rt ¿ veût¿6c

of fO voLt¡ ¡lr{l r erm¡¡rt of ?5 sps.

A sllLs¿ lær ryctso res u¡sdl to fæua tùe rfgÌ't frc tl¡c r.sæ

are onto the edranao s3'1t d tbe nonoshronatqr. Aeoorüiry to

ldoæetlon nrpplleê þ the n¡nufaoüræ, tbe ætrar¡oo and ooclt

sLltr uced 1n t&lo cparine¡¡t rerult tn a fOO I cprccO of ravalægtb

at ths clt, but rltb a naxl¡n¡n l¡tæ31!r at th€ ill¡lLcil ravelmgtJrr

A 1 on gl}Loa ap*tropbotonstcr oell ra¡ eoouratoþ looatedl. Ln ¡
con¡t¡nt porltion ln tùre Ll€ht beao, ct ¡, dlL¡tenc¡ fræ {:he moaocbrntor

so tbat ths cel,l rar oøplatdy ilh¡uiaatail. Høcvar the Ltght frc
the nonochrsnsÊ,or ras not u¡lfom ia ctthæ intæcLty or rarclqth
asroaa ths oeLl faoe. An appnæl¡ate èl.sgran of the tntwrsiþ erû

ravo1eo6tb ôl¡trl,butLæ is ¡born ln Fl€. I,L.15. Tbc sol1ð oulrr

represent¡ the dLst¡.lbuttoo of absoaùsdl l.lght Lntcralf a¡rosg tl,r
f.ight bæ8. tho uort l¡rtenss a,bsorptfun rqlon thus scru.lil appcar to

fall at e wevelengtÀ J.crer tt¡a¡¡ ths ravelength etLeJ-lsd. on the

nonoch¡nonator. Ilsæen no ellglrance ra,s marb for this i¡¡ the

eetcul¡tton, bæeuao d thc ilff,floulty otr ¡r¡fDS ery çuantlteti,:ro
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sstLnÈùæ d tho cfiF*r Tb*c asc bo ¡Ftægt fæ tù'1¡.

( t) îhe otrt¡nrt d¿ta fæ the no¡rooh¡onaÈor arppllcil by &c
nsadåFtrrcr prcouaably oD¡ü appllsa fsr r ualfsl l!€ht rd¡$or

at the ¡stmm¡ sllt. Tbe sours¡ u¡ril f¡ thtr e¡mtrc*t ta

mt u¡lfø in lntaralQr.

(a) |Phe osLL 1s loeate¿ {n¡ldr th ltßbt Þ¡¿n rhfoh ovælr¡n

ths oü13, to an ufuom' artæt.

fo ibtcml¡s tha nr'ùr d ræction ¡ 2 nl alfgr¡st d reactst
¡slutloa ( [rr(frr]] * .get&u, [T{I)] s ¡O2¡s;y, tHtærrl = 1.1Oü) rar

l¡reri?l.atsif ln thr eell. åft¡r i¡medfaüon for tl,ãç t, ko raqrlø
rere takea, sc¡ureteü endl rarl!.oagülveþ ascq¡rad,. Sarylor rare not

takcn ¿t nore th¿n o¡e !ira, aa a obngo t¡ tbc ve1tre d æIr¡tlæ

ln tbo eall rqrld h¡vt a}tæEdl l¡bc valua of, I*u ¡tg*tftosstly'.

fho h¿If-,È!¡c ¡as il¡,ta'rd.æil f,roo tbc u¡¡al lq ( 1 - f) - t plot

rttr¡!.189 F &a fceotiæ of øcchange to bc ¡*o ¡t t * O. lhc

¡roecibc rar rcpatsil trLcs st each r*vc1eo6th rlth dL*fæcnt tfm¡
of !¡?BiLation Ehs ¡qn¡ ræìe ðø t¡ s tåæortrttd rm üfqh
rarLcd^ fn trrp*reÈure fmn 19 to fio0.

Tha IJ6ht tütanaffrr ra¡ iloÊe¡n¡l¡cil rltJr a Z n.l a.tLç.rot d
ferlcalata ¡Êtlnoneùs so¡¡¡tl.on in tb rcætisa ocrl.. fhc oaaar

ÞoÊk€rcrnit of vlslble ltSbt ras aLlorcit fon Þy aattrøtr¡y;ftb
¡ ¡orh, glaor ftlta tn tbs l.l€bt bêan.

(r) .

tebl.c lI'1, rtror¡ th¡ rcsültc obt¿trct f,ron e
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stuff d tho variatjon of guentun yf.el,ð rltb rsvalægtJr. lhe ¡al,¡¡¡¡

of tr dlerterninsdl fcc' ths tro jr?Bill^aÊ{.sna erô reooñe¿ ültb tb loagæE
íra<üation cæonal. The ort{srtíon codfloLents tn Tabto II.6 werc r¡¡¡ù

to oaLcr¡latE tbe ft aløvxp+"lon by (a) ¡r1 ùhs epecire ln coLutio¡¡,

I'ntucti¡g T{r) (ø). (¡) rr.(rrr) c¡mcies *fy øc}. 1c) rroue+

""rv øå - The velr¡es d fi abeoqptioû d r*bo for the88 rpæJ,oe

aro ræo¡dsô L¿ the teble, together rith the rel¡rætive guantun

yielda f æ exclunge.

E¡ror¡.æ-
The ersrc Ín tJresc resurta a¡e d ooosl.dârsÞrs +agnftucts for

tÀe fdllorf¡g rearsÞrs

(t) Å¡ illsousseô in tJre eor¡nr.Inmta.l cçctlon 1fu illrblbr¡tto¡
of lrtçnaltr aorora the ræerqgth ran6e Ls iuff,fouLt to a¡scr¿.

The ravolcngtbs fæ lhloh aalculations hare boln rtoæ i"s the rarclngtù
dialledl by the ¡no¡ochronator. Itven essunLqg thet tJre ¡noæhrqa,tæ Í¡
accurate, tbe ua¡i..mlu intenalfir of ab¡oû¡bod llght nag, fr,ll abovc æ
beLtr this vêlua by up to 5 n¡r. This l.a orpæiall¡r t¡n¡a rhere

t}'e /, aboorptton Ls chs¡rgj¡rß raptdl¡r rlth rarelæ6tb. Thr,s 1t ls
poasåble th¿t the optLca-l dnosíþr values useil diff* frcn the ar6çag¡

val¡o for the particurcr wavetergth r¡n&r consiðeration¡ but the

na€nltudc of, the raveJøgtb sræ ie ¡¡ot rilcely to be groat* thaa

5 n¡r. The emor in the /Í abaorption rlJ,l theæfoû.o be Lesc thâ¡¡ f,bÊ

cl1:ffscæe betreen t'be vel¡¡e u¡eô et ravel"o6th À, enit tJre v¡luc et
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À t 5 rp. Fron tbo ff.gurea ln the t¡ble lt nqy be racn the,t a nrr*qm

srror of loes t¡a¡ I gf" la erpeoteil..

tshe src Ín s@e of tbe €pttoa.l desúþ valuean crpærarþ at 2J0 qr,
nqr be con¡Libr.able. flcrcver, th.l¡ i¡ not ll]aþ to bc a rnaJor sû¡¡ìal

of, uror srso ¿t u0 m¡.r.

(a) [he actua.l fl¡¡otr¡etfonc l,n lf6ht f.ntonttrgr nqr bc oo¡¡.sidl¡¡¡il,r

rs tborc ra^E s@G fücker l¡r the r.r€ht louroo¡ The rsndø r¡¡{.eg.o¡
tn thÊ rato of qçhq/'6€ shoulil arso ogrs thl¡ rornoc d sræ.
lbs rardø Gor,:ror J.n aotlnmetry rar ! lWÁ.

(5) Srror 1n the rate d eæhengc. gr$dcls¿¡1ù renilnn glrer!
ín t'be rate of cchanga l-uclåaate an Gmotr d abcn¡t t M, ffcüaatto
6rFqr! 1n ttre salor¡letlon arc rnglågfbla aa eæ¡ur"ad. to thfc valr¡o.

thua tho ov¡¡rall r¡¡iton ecror ln thc quantun ylelil tr d th6 oñc. û tfifl

K. ÊFfæt of .dil&ril .ånto¡s

Tbe sffeot of eddlug anothæ a¡isn to thr aolutlon ra¡ tcrtod.

c¡rer:LnontalJ¡r. Î¿b .e II.14 }lcta th¡ rsults €bt*læd rltb ¡ ¡slhrtlon
.o5o molc 1-1 lnT{r)¡ .@!l nolc l-l lnr{rII), an¿ 1.lo e¡.r ¡.-l
l¡ rclotl.

Tùle II.1À
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Thc optf.cal ilorstty of ttre reaeta¡rt rol¡rtionc ræo ¡!aasr.æcd,, but

to estebLr.ah ueantqgfuL quantun yteJ.& t&e relðH.ve o¡rüf.oal ixcr¡tttcr

of tho rpeolea ¡nesut, aoedt to bo knua. rt can æfety bc a¡suneil

honeryer, fþm þorn ctebrllt¡r oon¡t¿ntc, that cæpr.cd.ag of r{r) rlLL
bo nqlfulbre. ÌIeæo ttre qrtfual ôeaatgr nqy be rtt¡dbutedl to

th&l].:la apeol,el croept f,æ a cmtrtbt¡t!.on of, .O65 f,rco El+ . Aua¡ûr¡¡ag
ytelila Ìrsre bEea oalouLeteit on thLg b¿¡ls.

L. Depædmce o¡¡ HCIO' Conoentratiø

Con¡liþration re¡ glven to tÀE poaaibilåt¡r d urs&¡L rcaultc bct¡g

detatl¡eil frru a stuff of, the aoid. rib¡nnilcnce d tþ Erutum yf.clil,.

Slrce va'r¡rrng the eclil eoæer¡tretlon varLo¡ tbs abrrrberl llght i¡tcütrþ,
the ratio of Î{III) \ydrqf endt eguo epcoLeø, end. posd.bly tho ürylr
d ryeor$¡ls d thc oh¿l.n carrÍer, çantltattvc lntcrpeûatic¡a d
an acfil rtcpcndenoc woulil ¡rot be poaaLble.

ÏIaræer, to chæk f,æ the poroiùtltQr of trnørpoatcit ]'argo dfürür,
* Irb" tls¡nndleroa ;as pecforæû on a ¡olr¡tlon .b æ.lc l-l Ln IIC¡OS ¡n¿

'oo9 ¡¡ol'e l-l l¡ both l{r) 
"o¿ 

r{uï). Tbc s¡eutrn ylolds rær rlth!¡
a faotor of tro of tho torreelnndtag q¡rantum ylelilc at [ttC]OOl of l.lo
mle 1-1. ThLa ¿l¡s ectabUÁheit that tbe ootrol ovæ thc aotr! otrarglrb

ras ¡uffLclcnt to roihæe tbE e¡ron rn çartun yfcl,cl (a¡c to srrs
ín acLdt cmcentratlod to an lneL€nlfloant ena¡nù.

Sota$t¡¡ g?qtg nosqursonq¡.

îrc rotltLng aætær rær u¡ed. rB thtr ¡srr. rhr fìlrrt eau¡l rr¡ I
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h¡lgs 90o ¡rEtsr rbl,ah ç¡¡ rs¿d, dlrcotry t¡ üå l't€ht bc¡¡. fb.
gesonìl ssotor rar a Large itLso rtth ggr¡¡rc ooc l¡ch {lcop aortohro

eut or¡t frm tho oi.ru¡¡fuunoe giviry { I ut* "ø 
t/ 

S Llght.

fhe lt6ht bca,n r¿r fosuecÞt råtJr a 5r ¡f.lla¡ læ¡ to r ¡nf,rrt rù

rhtch tlrc seotc nes Located. Booeuas d the lahryrctþ
d the bea,n a potat focus reo, of Gor¡rao, rot porXbLcr

fne 90Ô secte oaulô be rotaÈoil up to 2r5OO FÍrEr "f.n-î, ani[ tho

notchcd, ¡cotor at lrlpO ti.õtlr r!o-1. Unilæ ¿11 coilttioas thc

qnantra yteldl raa rlthln 7Vrt oî the quantur ytolil usab ostturru
{lltp{¡etisi¡ ilo ohonge l¡ rate cf ænnpga ras ebg€wüd. o¡ lærts!{ru
tbo cperil of rote'tl,on to e q¡cu¡n afùæ an l¡ltt¿l penLoit st ¡J,cc

acotæ apeeds. thl¡ tndf.cstc¡ ¿ verlr ¡bo¡t r,lf,€rttm for tbc €h*t¡¡

oa¡rlcn. lfo df,sot r¡¡ obrsrril f,æ a Ught ¡nrtoil d k¡s th¡¡
-e5 x lO ' ¿æ, so that the llfrùina n¡¡t bc logr thrn thl.r. À

oa.lcr¡l.ation &æunLn8 ío.ol*Þ"å, cn¿ nakf¡E no q,llq¡nor fæ

¡ren@n, effcota, t¿v. I y¡Iue o.ouslilærb\r ls¡gc than ilJ.ffi¡sLon

eætrolLeel r¡tc oo¡stants for tbc tsml¡¿tioa rst¡ ænsta¡t.



125.

ffiuon II

CII¡EIR åå DlsütsSIOr

Å. llechanfun of tbo Erctrsrge Baaation

The guautrn ylalil repreaarts tbr nnb* d roaotiøo ooorærr.ry

per quantr¡n of ab¡ortaiL llght. .åg onc flpa¡¡tun çlL[ us¡aLþ Brorhroo

onl¡r ona erattetl ¡tate or reastlvr s¡nof.ea (itt¡¡oot¿tlon of r¡
ælted, ¡tatc nq¡r proôræe &ore than onc rcestlvc fra6næt),

quanttm yíalile of lesc tha¡ oas rrilL usua,tly be obaerredl; unlc¡a

the æoLtod, atete can 1r¡dr¡cc mora than one reeation þ a ebain

&eot¡anLsa. Cowæccl¡r, t'rc thl,r sùrff çratwe ytclila of up to
thfuty havc becn fouail, ¡o that a chal.n næh¿niæ nlst be tr¡vokeiL

lhe nct srotion attø¡*s to fí¡rdl. the atqrLrct necba¡ris¡a

oonsL¡tent rtth tho kfne¡Èlc ¡lste. 4s iliscua¡oü f¡ sectlon r, a

ch¿tn n€rerhrntrn for an cchange reastl.on nl't lBvolvc et Lea¡t

fot¡¡ reacttong (rot æocomriJ¡r all iadepüo¡løt).

( t) One l¡itl.etion reactÍoa.

(e) llo propagation roaction¡.

( ¡) Onc ta¡¡nl,ratLon reaoti.æ,.

Saob of thsse stages 1¡ ilaa.tt rlth tn iltùatt Ln en atto¡É to ft*L
tbo nort pôablc n oh¡nie, ooneictürt ln broed, tc¡us rlth thc

klnstte il¿te' Follølry &fo, thc agrccncnt b¡rhe¡n the æ¡renlnøtel

tlata and. thc pro¡rercô næhauiæ is ilågausscü l,n ôrùq{r.

( t) raltf.atim.

-

tho ldttatio¡ rûastloa or roaotionr La a oh¿in mohrylis
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¡rorüæe thn rcaotlvc cpælcr oeLLsal. the +h¡{n calrlcr, ;htâh

Lndù¡ora reaction thror¡gb the pro¡ngatlry stqra.

. ¡{ci! Latttatíon l¡ thf.s photocbalo¡l roaation 1¡ t¡itwcð !y tbe

abaæ¡rtiol d a quanttn 6' lrglrü. fn the rwta¡¡t aol.ution tboro

ars tbree obræo$æcr rhlah ab¡s¡t f.f€ùt anit ury ¡roiürce a ah¿l.n

carler. Thqr arcl

ElL. rhc afugls r{I) s¡roclec, $lq, abccù¡ a ¡seLl

prqrctf.oa of tho t¡otilent l'l€ht at vcr¡r ht€b Tf(I) oæocutnü.ons

st äl+ !F. fh. T{^ abacrptl.m Ls oonsti!æeil to havo no t.dlr¡æseaq

on the ro¡atåø (cccpt {n1$rætþ by rciüntq thÊ f{Iü)

absor.¡ptton). fhi¡ oouclu¡iø ls ba,scit o! s ooãslôæ¡tisr of tht

ptateau rqgLoü ¡t hisb r{I) oæcntratlqr l¡ ths [ff(f)] qeet¡st

Éo Orp*d¡¡¡oe. In ttra [rr(r)] ragion of .o5 to .15 mtc fl , ío
f.s inilrpøôilrt cf r1(I) oonoont¡ratt¡¡¡r (æc taÞlc II"9). IJ [lL
úcorytion rar ¡roiluclng obatr¿ oarrLs¡ !s rf€Biftsant oonccntrtt{on,

lo *ro.rtrt l¡orca¡o rLth l¡srses{¡tg [tf(f)], ar íu b prcpøtíona.l to

the ohaln sa¡tLer coneo¡rtratiæ. Thí¡ ooel¡rslo¡r Ls supportoû ìy c
sh¡qy d tbe dr¡nndtæa¡ og íæ, on rarclangth o'f k¡raiti¿tlon If tbt
tf]- abeqptlon i.t oo¡aidl¡red, to be or¡etiag eh¿Ln oarlrf.æa, thsaq

ganhm ytalð ostoulatd. usf.ns this ùrcptton rhsulil mt ilæreuc

rith itoorea¡c ln wavelqgth, as oblelreiX a¡nr'i.n*rta,lly (taUfe II.t}).
g¿(gl. Frou the speotrwoplc rtud¡r of tr¡init ed. Rogæ"(l) ta

rv¿a oonolu<Lcd that tbere are on\¡r tno ehrono¡rhore¡ in e adlutl,æ of,

Tl,(üI) penohtorato !n pæhtortc aoid. (Hcrc&.> .5u). At úb ry
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rnd. l.l0ltfl0l0¡r Tlotf& abærbs 8f" at the l,trgbt rbrûtoôb¡r

tf¡all'fHdlrl) and ffl alaorUs tbs ¡r@afnfng 1$, evøt thsr¡6hrq
lrmnt tr onþ gÃ æ &c torsl [rr(rrr)].

fhe fl.(III) absæptton apactnlu (fJ€. If.l) ts erptuef d
ohargo-trensfæ banil¡s for eguetsil oatløs, eppeert¡t l¡ the far
r¡ltraråol¡t rlth e lar1ge ogcf.Llatc ltnrryth. (ua*l"wrtn srtLætfoa

eodflslerta ¡ 1oè cn t nols-î.) By analqFr rlth otbe s¿t1æs f¡r

b,f6h oxtitrtiou atstc¡ (o,g. ¡'e(rrf), co(Irr), Ce(w)), tbú oharge-

tra¡sf,ar oosurr frm solv€lrü ( or Lfuanð) to oatl.æ, prodürcjng an

æotteð ¡tatc rltb ¿ rsù,¡seil catd.on ad ¡n ood.dL¡eil. ¡dlvst uolsor¡lc.

For the Tlon8* rpcolec the ebce¡rtioa d a Euanhm ua¡r be røpre*cnte{,

by

Ìu +rlouz+ d firog2*

or bu + (rtÞon-) - qrr2+on¡

çba¡¡e tl¡e braoh¡t! rqlreret s cql,v€ût Gâsoo fh¡a, s tÀe ¡¡algnrtton

of thls aÞaoqptton band to ciba¡gFtransf,æ, thc fir¡t æitad. rt¡tc
for r¡oHz+ io cpcoteet to have ¿ oharyc riË.¿trtb¡¡tf,ou r¡rffÈsü f¡Ð
that ra¡ncaartrd' by rrlo¡r- torarilr 1tr2+0ü.

thlr æLt¡it steùc ragr ilæry to e Lccr æß,ì6¡¡ rtatE f.n ¡cver¡l

¡n*¡tblo rgte
(") 8y tbc rürÊmr sf, thc c*oitatlø proerô., 1.c. b.Êk cleotron

trsndoq to thc grq¡¡04 É*te (o¡ hith vlbnÈioaelþ coitcå ststç¡ of

tbe grannit ¡lsotroaro *rte). rhe ãrg:sr €f tbc ab¡odbcù s¡s¡¡br
na¡r bc æitteè a¡ Lisåt (runiaøre*,oc) sr tt u¡r be üranef¿r¡t to
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tbe su'rcuniling ¡olrei¡t noLeor¡les. If lr¡nl¡ecos¡t sl¡¡io¡r oocurc,

tbg llfsttne of tbe cxoiteil atate, oalcr¡rated. fræ tÌæ c{I¡¡etåon

fæ apontancoua enL¡slon (aee psge 27) rourdl br r¡cs tban ro-7 ¡ca.

to r¡nb¡sorat taorga¡¡l,o clral3e-trarufæ esraiteit st¿tos fn aqueare

¡olutto¡¡ have becn rcpøteil l¡ the l1tætrra. Ho¡ever ro ottæpt

to dlctcst l¡nlaesaonc b^es baan aedr La thls !ù;trùr.

(t) ?hc rææit poastbLe f,ate cf tue (Êtz+on) colteit st¡ùo t,

ilLsrælgtton ido
lrs*on (r)f12+ + on

Bg

Thís is tù,e æ¡t ukety reaetåq¡ by analqgJr rrtth otbæ ci.nfl¡r

c,h,argc-transfer ælted. ststes ( aes tntrodtrætioa) . Tha potentl.al

s¡ægy nlnLu¡n fc tbo ssitatt ctats nq¡r be sl¡eotedl to be ana-ll

( f'e. thc bondl,ag ls resk betreæ T12+ snd, 0H) ¡ ao th¡t iltsaoct¿ü.o

rlll oocw Lf thc e¡ccÍtd st¿te 1s for"ucrl rlth oal¡r a rnall snor¡!É

of re¡ulslve enagr in this vtbrational nodc.

fhe ârùFro8ous soitsð ¡tate for the tfli aprelsn (rbtsh n¡gr br8q

ropmaenteô ¿¡ (*tï +¡ ¡, nqy aleo iltrssofêtc aoaoldin5 to

(*t:; 1 ¡! rtï + ür0+ { r.ï + H+ + oE (1d

fLclrt{ng ths ¡ans ¡roibætl. llcryæ tùe rer¿tlvo rEtc¡ d fo¡naril,

rnit bcak rctatl.c¡ ry ba dfffcerrt fc thc lno ættcit tù¡tc¡¡ thtr
rll-t dfæt thc quantw y,lelð fsr ths fornatr.on d î{u) vla thcs¡

roestlonr. thÊ Brô1r 1¡ iü,¡cr¡arcd ln rorc ibtd.l, Istæ.
(o) othæ ¡rurtbrc prudìtuta of tb¡ ileory of tbo charSe-tmndæ

ccltoil. rt¿t¡ (ff2+ott) ¡ rrrr clootrøloalþ ættca fbaigntt¡ rnph ¡¡
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T{Iï)/ uoa ot/. .A8atu the llfsttæ ltr thoæ o¡neter fu æ¡nctril b
be too sbort to be lCaetlcalþ sf.gnlf,lcantr

(¿) lhc poeoibitlþ of, e iltasool^etion Brocclc tavolvtn6 rrastf.q
r¿th thaflhrn(I) on (frf) srþb eg

(fir2*ou) + r:.(¡) .,., ãr(u) + oH-

has beæ oø¡l.dl¡reiL (Soe {pBædJ¡c f,æ ilcrd.v¿t¡.m of ap¡roprietc

ratc orpreaslono.) But, aa ths rate a¡maail.or ito ¡ot ftt tbÊ rato ilat¡

ar¡r better t'han tJre aiqúer falti¿tLø raot{æ larotv!¡S ôts¡octcÈi,æ

d the exclterl etate, the nee]¡a¡¡l¡n Ls not oq¡Ldæed. fi¡rth€r.

ltn¡s tho ao¡t llkel$¡ ,rr"i.tf,¿tíon roeotion t¡
rlÞott- + h¡ õ: (tre*ou) I rle + ou ( r)

a¡ô the anaLqora ¡rsaotLæ f,æ nfl æaf.tetlm,

rrfi + uu É (rt \ øl r{; + orr + H+ (ra)

rhæc 9r, tW pri¡¿ry qunù¡n ylolô is ibftãêit as tb; ffrasttm d
g@Laåto peir¡ thnt æeepo bo'th pr{.nary anit oeoorlar¡r recoúlaatlon.

tho obsÇrratlou tbat tbs qrnntun ylelil i.g not af,f,ecterl gr€stly by r
Laryc ô¡cro¿¡r t¡ aollil cq¡oæt¡:etion; a,rppo¡t¡ the þrpothealr thrt
tL0H2* l¡ the ein l¡¿ittatl-q alrooo¡ùorc. åt ùh6 lw aoful

soæs¡tretÍon nærþ slt tho ll€ht çltl bc ab¡orbed, þ thf.s specl,ce.

Frø tbe trætnant cf t{o5rec otr thc p¡nbabrtlty' of, seodar¡r

reocmbLnotiæ of gæLnate raclLoal paLrs, it l.s posd.bro to apeouJrtc

on the probable val¡¡e * fil for reastíon (1), anil the r.et¿tlve value of

91 t* ræstions ( t) ,n¿ ( t¿).
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( ri) -Seegndarß¡ -r€o@bt-n4tiæ.

Threo faotes oætrol tlæ dffstw¡r d ccoonilagr ræonbl.ns,:tLoa"

(") The prùablrtty of, reastion ps cæsr¡atæ (o) c th g@tü¡tr

tral"r. The back fcaotion of (f) ¡ tEr¡,ootiû to be rc.¡r sûffci@t, nr lt
f,nrolver ths reantlon of e stror¡g osldsnt (on), rith a pròabLe atrq
nertr¡ctant (rr(rr)). rt f6 guf.te Ltkely tha,û ô = i fc tbl,¡ roæü.o¡r.

8æe rats oongba¡rts fæ sø af¡"{lqr ræotfons fc oø¡nrdæa (tacæ

fræ (60)) ars:

trs2+ + oII j r loS l oole-1 "*-1
g2++oH zx1;o9 rt

cel+olr 2xßB n

l{ogreo h¿s ghora tbst lf, ô < .1, aeoødar¡r ræoobl¡¿ti.onrlrl be

Snalgnif,loânt. lhs bask rerctton cf (fe) b ¡ks probabþ veqr eûf,laùrnt.

(t) lhe soparation dl¡tanoc of, tbo gæLm,tc p*tr rba thq¡ ooor

to tùorsal c4rltlHwr tith ths so:Lvüt.

(o) Thc ¡róabürty d rernoountæ cf tho gentnatc patr af,tæ

ae¡uretion frs a non-resptive gæourtGr.

$urtitstd.vc oaLor¡Letlæ d thecc ¡n¡tanûterc anil bæce the ¡rrobabfl¡¡¡gr

d secontlalSr r¡ooubl¡¿tioa, usfu¡s the l[q¡raa cgtratl,onr, ia aot ¡nralll.e,
¿s the iliffæøc La energy betreen î110H- enð rl2+0II oan¡¡où be i1¡ürr¡t¡ct
suffåcienu¡r oeeuratel¡r f,ro aqr knorm rbt¿" fhe ep¡reinaüiory

in tl¡e lloyea tl¡eor:f rculdl al.uost eertalnl¡r not þe justtfleit in tl¡l¡
syrteo arurrq¡r. Horæer, posEib\y aoroc slgntf,ioaæe nry bc pLaoerl. oo



729.

ûtfferoces borültcon ( r) and ( la) . The ûlffcræos l¡ thÊ etr616Jr brtrr*
rsactioas (r) anil (ta) oanbe ehorn to be c$al to tho e¡raìËJr of thr.
aaí.cl rlL gaooLation reaotioa,

H++TloHZ+ = T15+3q rq
Uai.ng t&a vrnrt liotf ogucùxe onð {ùo çe,l¡nr oû tb ñrb!.llty cor¡¡ù¿rt¡
givcn hy Waf¡l¡t rnd. &o6ær ¡È ã ¡nd, åOo0r tho æthr.l¡y oheqgc fw
tha reaption rcr o¡lculatert to þo r¡r¡ ü¡*a 4.6 hod, æl¡-1.. Íbl¡ ve.lur

to tasignfflsn¡t eæ¡nrod, to tha êpp¡d¡¿tt.oaa Eûil¡r ta thc Ngcr
s¡,lor¡l¿tlon. D¡i¡ton, ct ar(57) o*ul","red. the ¡n¡logq¡s ¡robr.a ln
the oes¡ or refi and. FeÞOH-. Tbry oæslitæ¡il unJuctif¿d, tåe

asormptioa that the en€rrir d þdretion of thc H+ roa (Ín rceotiæ
( ta) ) ls oonvsasð to kt¡eùro rncigsr of, th frqgtrürtl. flæ ti+ i¡ nst
aonpJ'etel¡r Silratcil urúål tt ts d.l¡aoor,eteil f,rn tJrc g-rr'qt. TI(II),
ard thê onalÌFr cf ¡ribau.oa r{r1 tùnr¡ not bo covætcd, to kr¡çtro
€riêriffo 0¡ thLr b¡¡i.s thsy JustJfieit thc sor¡ræi¡uta,l ob¡c*atlon
tb¿t tbc pnrnary qnantrn yte.r,it f,s tho rsä a¡nolor r¿r l.e¡¡ tha¡
f,or Fe3+0H-. fhqr foria g I t = .OI ot ã4 E¿ f,or 

"{; 
ùror"pttæ

8r eqpârcü to f ,, - ,75 zi 313 qr for tr¡gg2* abaozpttor

(ril) Eq4sv Tæ9qÞi¡ettq.
vcry l.ttùle i¡ knora of tha poaarblo *tô¡ú of prtanqr

æoonbl¡aticra fn tù¡oce ryatenr. The lifcùÍæ of üre apæÍe¡ fn th¡
¡orvæt oage íl lilsly to þc q¿il (10-1, eeo, Nryca), ro tbat
empeti.ng p¡toocsr{r n¡rù bo vø¡r raptit R¡itbtronlr!¡ tr¡¡¡ttåql
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to tbe trq¡nal atets a¡Jr è@pete wLth oharge-trander s*sltcô ct*tc

d.issoaiatf oa.

Thsorctlc¿lþ, then, the itlffl¡r¡ltles d oaloul.etl.4 ít års too grtato

Horæer, consiilerfry tJre hfgh ¡nobabfllty of reasti.on pæ eæn¡nt*
(g) n roooubf¡atl.on is Lfkßly to be *lgnlfåcant.

Cøparlaon to sl,n{lqr syotæa ndfff) a¡rd' O€(IV), augest th¿t

the prfua,ry quantua yleJ.d, w{'11 be eon¡lilæcÞ\y L.rs thaa lr aDû pøùeBr

of, ths oril¡n d .1 (s€o labl"e I.l f,or valuøa).

To aompl.ets the clLscr¡rsLon of tho par.cbable f¡i,tt¡tlon aôquøÊ.'

the influqrcs cf the rEaotioa

ou + n(I) - r{rI) + oH- {z)

neeclE to be ooasl,iþred.. r'ron radÍatl,on enit photochøfoal stuðio¡

it h¿s bcen re¡rorted that ths rate oo¡¡tæt fe tht¡ m¿atio.

is 9 x to9 r m].e-1 aæ-1 
(&) rrrro¡ is vcr¡r ra¡rld. anð nqr bs a,¡rnrä.

to bE dli:lfus!.on oo¡¡troLlciL (ttre rata oon¡tæt ra¡ &o¡oine¿ l¡
.¡út IIZSO¿$.) fhls roaÊtLon riLL cor¡nte ¡rLth the back resctfø d (l)"

r{u) + oH -Ð T{rrI) + oH- (t)'
both rl,th aeoou(br¡r sså tætf^e¡y roodln¿tioa. neaêtlm (A) lr æ

rapiðr tbat for ¡recHaals renttmJ¡r rltgtrlbutod, (1.e. thos¿ that sm¡p
oæoilar¡r ræombLn¿tion), it wILL, bocause [rr(r)] ¡> [tr(ff)],
scavcqgo a"L1 the 0l{ re<lioals. (Preivcutiag ter!¿a¡V reoonbi¡¡ati.æ.)

Nooo(59) ôi.¡sr¡srerl the poosibl¡lty of ec¡retltioa bEtsean roccibry

reeøb5¡¡at'Lon ancl scav€ng{ng rea,atío¡s, Hc iterLved, aD qFnesaåon for tb
Lncrea¡ctl, €ûfiof€moy of acavægiüg (o), t¡roWh oæpøtf.ttq¡ rith ræoitrar¡r
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ræøb,¡¿tion' 
o = 2a . (î|= - o r,;t ¡l/pr* e-

z:o<r'[aJ

.åsoo¡dl¡g to l{qroa the rn¡actrnrm valr¡c of ¡, f,¡ 1.6 ¡ tU4 
"*å , 

*r' b

tbe ratc oø¡to¡rt fæ ths soavq8lng rsaotiæ (z) a¡a [a] fr U¡g

cøroentratfon d thilì æsvsr¡gcr Ff(f)J. k2û har bccn reporteü, to bo

9 x ro9 I nols-l "*-1 ¿nrl for ttf(r)l s .1X th¡ lno¡oe¡rit ærvcqgrlg

efflcf.cncy l.a tcra tban .2" Nm !f the pr.'obabgfty ctr rs¡otiø pæ

eneountæ (6) ir ona for reactim (1), acoonile,r¡r rosonbl,natLu

(P) t"¡'be ¡ienlfioa,nt, eo th¿t at tl¡t¡ cæscatratl'on coavangJ.ng

by T{I) na¡r be a5gntf,icaotþ oon¡rettng rith ssoodb¡¡r ¡¡ccmbinati.oar

Iloweyer, the cprcaslon dar{.veit þ l[oyer erôu¡oås the proihnta of

sûavcr¡6{ng afo uria¡gtlve, l.e. thEr oari Do lotgcr uadcrÌgo

reaobination rsa,ctions¡ In tJrs ttOU2* aycto, the 0g ra(Ee¿l l¡

replæeil bJ TI(II) rhlah a.tso r6a,ata vcry rapli[y tttt¡ T{II). Fu

lf the reaotioa

rt(u) + r{û) -., rr(r) + oH (5)

ls es dfíclent as tåe bask reeotiou d (1)n i.ø. (r)t, then reaotl.æ

( Z) riff not eff ectivel,y be cmpetlng rith aecondürr¡r reooubLaatlæ, rr

ttre ratE d reconbí¡¿tion of tno T{II) radl"c¿Lc wilL be as great ¡¡ thr

rate of reoonbf¡¿tion of, f{II) çith 0H. The rcts constånt reporÈd, fc

reaotion (5) d 2,3 t.B x 109 1 mole-1 "*-1 ie elose to cllffr¡såo¡

eøtrolle{ as resstiø (l)t f.o expeoted. to be, ¡o th¿t secørdar¡r

recæbf¡¿tion na¡r not bo greatl¡r reôr¡¡eiL .ALL thls arguraeot attø¡Ér to
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choû that the eoøpotlt:!,on by rsaotíoa (e) r1th æcøibr5r

reoonblnatåon nqr slgnlfloant{y affooþ íf but tb v¿r{.at1on d

írtftn ff(f) os¡oentratio itue to thLs, rtlt próably bc

¡pr$¡iftcant; but cer.ba{n:ty not affcotfng the prtæ,ry guantun ylallit

þ nore than ryt Thls Ls supporteil þ the tsok d eûlaot oa So ú
i¡æreas{ng [rr(r)] at high [rr(¡)J. ra oo¡c]nsLon the lnttlatåon

gchena nqr be sol¡æatd.aa-L1¡r ahcmn as

rt2+ox- * w 
Í! rt(rr) + oE (r)

r{I) + oH rl(il) + oH- (z)

In the (lerâv¿tlm of tlre rete oc¡res&ion 1t l,s r¡oocêða¡{ir to eaa¡m

tlua;*, ø1 fu lnilrpeurlcat of reastånt coæcatratlona. In the llgbt d
the cll-¡ouariou on the tast ¡ngc thi¡ f.s ¡nóebþ a rsa¡on¿ble aøru¡ûtæ.

2. lto¡¡satiæ.

For a conp.lerbc caho€o ra¿afiç¡, botb th¡Ilou¡ an<t tba.lllc

cpclea mrct ra¡ot rlth the qhai.¡ oa,rrleNr. If TI(II) ls tJre ehsta

oa¡rrl€r tno pooaíble reactiona arra!

srz* * ñ¡{rrr) 
KJ 

ôr(¡r) + rr(rrr) (¡)

ñr2* * rr(r) ! r{rr) + fir(r) (a)

rhero thc artcrÍ.rh t lndloatos a L¡b¿Llcd, r¡noLcr. tbl¡ ro¡gtloo

têquenoó srtlsftoa the oond.ltåæ for oh+{- pro¡u6attn6 reaotlousn

thaÈ reastion ls Lnchraedl vÍtl¡otrt üc¡rt¡rrtion of, tba oh+tr¡ oarrtsF.

Thc tba.llfua(¡¡f) qrecicr l¡volvoil ir ¡ot rpælfllcE tt q¡r bo

d.tbæ olr. or bcüù d thâ T{I"[I) :pætcr, ftä s ttoH2+.

0tbcr poralbh rpcoLæ that u¡r ¡ôt ¡¡ eh¡tn ourl¡rl tnrtorrl d î1(n)
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to be oonsl.ders<l sere:

(") (f/$râl-an eoroit"d. rlo}I2+ rpæLcr. thå.¡ shal¡ oa¡rL.æ ag

a naJor oonH.butø to the neoha¡¡isn ua¡r bc r"r¡leil. ort beoause ths

tæfuaäon rtcp ror¡1rl be a unlmoleoular ilæay to tbe g¡aor¡¡dt atate¡

whlah roul.d. yteJ.ð a guantun yleltl tnilrpanilæt oû l!,gbû tntss¿br.

Ithl.c la oontrartrr to tho resu.Lts.

(U) ELectrmioa{y cottsð T1(II). fhis poratblllþ 1r tu¡rcbablo

ee the ocoLteùLon;oulil bayo to be t¡¡ngf,crratl frø oæ n¡slala

to e¡othcn ihnrå¡€ oleotrm tra¡sfæ. (fnfa, a¡thñgh rmuraL, f,¡ aoË

obvi,ous\r f.c¡rosalblc.) Âc t¡e abaia aa¡.rl¡r ba¡ ts unãægo a n¡ubæ

of reaotlons (at Lea.ot t¡rlee tbe cbai¡¡ lægth), ræotions (¡) an¿ (d n¡¡t

be extromeJ¡r feat or the Ltfcftlæ of tbe ohnin sa¡råæ nr¡t be 1w6r

8leo'troloe.lþ coitoil ctate¡ oa¡not here a ltfsùlas €treater th¡¡¡ tÌ¡e

l.if,ctLns for s¡nabncqr¡ o.l¡sl¡m rhJ.oh ls 1O-7 to lO4 aæonil¡¡ fæ a
hfgbþ al.løe{l tæ,nsftLoag, A poaalbl,e sral,tcã. f{II) oreåtail ¡tato

is the ä sbtc rith ¡ grormcl. st¿te 2S. îho reaultlry tra¡rcùtion nq¡lt,

oa\y be rcelcl¡r fo¡¡bíðttsrr udl høce ¡rou1ô be cpeoted. to havc s sboüt

llfetlm. tencdr et eI s¿lot¡l^atcit a nd.nrn ælar srtLnation codf,Lelæt

f,on T{II) of 5&OO, rhlqh çor¡ld. lndic¡to an arløeð transítlon lfbt¡r

ths qeitsal ct¿te of ff(ff) is not ll}ely to h¿ve a Iø¡g L¡trGùtEe.

(c) Iþitroþce¿ tbêltl¡¡dÏI) apeotea. pooafbþ, blrt hJ.ætl¡atbr

i.ndlsttaguLshable fron rf?l.
¿q

( ¿) sf¡ac the cha,l¡ su"rrLor n¡¡st traa¡f,æ the Tfæ¡l kbel fræ
fl"(Iil) to l1(I), a Dor-thaS.Llun speoÍo¡ is not cagabla ctr qottnt
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ts a ohêia oaff1æ.

3. 3@ågsÊ,igg.

rf rl(rr) fs tùe ûh¿rn canler, tho Ltkol¡r t¡¡.rnln¿ttø ctcp la
tb iltsproportLonatiou reactiø,

rr(rr) + rr(rrr) r{r) + rr(rrr) (5)

Ås ill¡or¡¡cedl retlår l¡ltfatio¡¡ a]-l 0R redl,qals cæ aptd, to br
aaavoryodl by T{I).

ûvcrall ¡¡æha¡d.sm.

Ths pro¡roaail næ!¡s¿tae Ls tJ¡r¡¡:

r¡itl.atiæ rþHaÞ * ,* 9J tr(rr) + on

oH+T{r) - r{u) +qr-

propesati* ä1rrr) + r{rrl þt nr(rrr) * tr(u)
tK-ür(rr) + rr(r) -3 rr(u) * ñr(r)

(1)

(e)

(r)

( t')
Ktrml¡¿t1ø Tt(u) + rr(rr) rt(rrr) + rr(r) (5)

rhorc Ft b t'he çræ,'luu ytctil fæ rf(¡f) æ¿ 0H patra thrt aaocpc ræædu¡r,

and prrnrçy ¡reoô!¡gttær ¡ûdL Krrxn \r anil K* are tù¡ rrtc eæ¡tætt
for ¡^aætræ¡ (]) 

" 
(+) er¡¿ (5) ner¡notlvcgr.

Bdorr ibrtvrEg ¡¡ ctrn. ûalo¡ fæ tec çnuùu ylolô €f thf¡
¡r'sastiæ æbæ tho nsa.¡rar¡r' aøsruptiæ¡ sd thlr ñLrdrû rcgræo

romo dlæur¡lon.

(t) It t¡ ¡¡¡n¡n¡il +e"ú íy tbø pÉsry grrentun yfclü, fa
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laib¡nattæt d råght r¡t@sr.tü' (t"rJ. Fhæc f¡ ¡s ¡pp*aÈ r.*r{n
rþ thlc oo¡vc¡sH,oo¿l essrn¡rtion Eherlð ¡ot holð.

(z) rt ts aggusedt th,.t øi t¡ ¿rso finibpenûcnÈ cf botb r{IIr)
ana f{r) osmoætratioa. å¡ al¡s€rtbriL f¡ tbe iË.¡pul¡læ d the
ùritlettoo reâGtÍoü ¿ ¡na1] (bpenilæet * ít ø rr(r) eo¡reæt¡?tiæ
ua¡r crtst iü¡c to the cæpotítlon d rwtÍm (a) rtth reoodlrr¡r
r¡oóLætLe. 3ut trbic ts pæbabt¡r j_n¡{gntflc¡at.

(5) ths atcr{y staüe arnrqrtåon 1r applårô to tbo ßoærst¡r¡Ëto
of astlve tl(u). lhis ep¡ud.ortioa lr valid, er tbr soæaËrr$.on
of aotlvc f{u) r-¡ s*alt aor¡ureð to rotrrc rr(ïr) e¡¿ Tt(r).

(+) rt t¡ so'.reel that tbs r1(II) aoærut¿rtlon r¡ rp+1.1

cm¡rareil to t{I) ¡n¿ T{III). this ir ça,u.ê.

lhe ¡ene kl¡etlo agreælon Ls d.ñi.v.d urå,ry

nfi . o" P1 t{u} + H+ + orr (is)
a"s tha tntt{atlø resctú.on. as, oÈ tbåa etag¡ ttttL¡ oa¡r bc ¡ald.
abæt t'trs rer.stive va&¡et * Øt f,æ rsaptia (i) a¡¿ (r¡)r both
reqÊtion¡ u¡st bo oæ¡idæd,¡

rho oæprertc rbr,vatr.q cf tb¡ fellç{ng reto c¡rroadoa r¡ gÊræ
i¡ thô Âppædlr, tqgstJ¡* rtth it¡rtutlmc d soc crthr retc ar¡ncr¡rer
eo¿sid.rrcd.. For the cbço æchanlen,

Fn * 11 {" *
rrlrr(r)l [rr(r¡¡]l

172
trrr;;4-)]

P

nlpra p * Kr¡¡frr(¡rr)J + xr[r].(r)J + e1r*r*y'r]å
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anit a *(Kr,,[rr(rr¡)J + rrlrx(r)l + (*.t.¡/r]t".
Fæ msst conrlltløs rrrrr{rrr) + rrrr(I) 1¡ >> 21rc¿*{,r!t.

Prod of tbf.¡ ernrrption t* lo>> ø1 Lr g!.van lrr tho Âppenðlx.

Thåre aro a fcw oodåtlons ûh€re thlr as*luptl.oÍ na¡r leadl to s@Ír

ürari thss€ rllL bo ilisor¡soad. fn nore ôctel"l fu¡ tb e¡ryro¡ntate

BJace. Iflth thfu ssurrptlon, rtrloh a"Iso loallr to ths ap¡rorioation

a' ¡ 1, ths cgtlatf.oa beoæes,

lrr(r) ir¡.(¡ulJ
rr[rr(r)] + rrrr[r{rrr) J

,-,!l-,\r.r - t? êDA

l_
2

IG
g1- (f)

fhfu nay bc reoraagorl to:

1 N,r-_+ 1 1

Ç=T= {ff1- {r;tmäil't"çFT rit1} (n.)

In tbi¡ fo¡r thr ilc¡ræilcæt oflro o tb ox¡rorC,nætal, rarieblel

r"bu" [tr(r)l, qd [rr(ur)J rsü bo ahookcð,.

B. Cæ¡rarf.son of Rc¡t¡Its encl MeotranLsn

(") Dcpmdtenccdd +J.
The itepondæ" 6 lc oo I"b, har bccn itctc¡ml¡stt et for¡r

oøcsûtratJ.on rengas. the tableg II.ll absr the resr¡lt¡ ùta"t¡¡eil

for Î{III) abacr¡rtion. lbon egnation (tl) a plot of /* aeef.a*
t

I-,--? shüüA be e. ctraåght llns. Hcnwer it ra¡ obeercit (f,æaDa

eoranfl.e, see Flg. If.14), &at ðgrl.ation frcn ltneas{þ ooclaa et lc
Lfght fntæsLtler tn e.lt oasss.

The ilgnLetiø f,rø f,ineartþ oan be çantltattvedy neasureil



30

-l

A

9 10
't1

A

20 o

a ET

r0

4 56
-3 ( einstein tI abs

hrro .-l t¡n-t I 
-å

I7
2 3

abs. OePendence

Irttrrl' o.o5o

0 I

FtG. tr.t¿ I
Irttutl ' o.oo51 mote t

-t



t.5

r.3

0.7

0.5

--o-

I

0.9

x
eO

€-
CDo

0 o '5 
,rJ'', abs. 

I 's

I abs, Depcndencc

Irt rr )J ' o.oso [rttnr] . 0.0051 rnote t.-l

2.0

Fl0. tr'15 (a)



(c) (d)

t.0

0.8

C'Io
0.1

0.2

o

0.6

oê
Ctlo

x
3g

x
3

o

0 t.0 2.O 0

tog I ebs

FlG. tr.15 l¡bs.
(d)

Drpendcncc

Irtrnr] ' o.o4o

Irtrt t] = o.oost

1.0 2.0

(c) 
[rtcUr] =0.0412

[rrtt r] = o.oo3t5



1Tî.

ty plottl¡e 1;a9 (íq, - ír) e6aånst leg I*o. Âs rLLl be seen ln

t'haory latar, thesc plots na¡r be eurpæteit to bs rbatght llncs r¿t-àlln

spcrlnertel ârtrs. The aLope of thc LLnes fl cçnX to the lateralQr

or¡nneat r fn the eqrtrfcal equation,

þu-íl=c r"Þ.t '

Ths c¡rætuatrf rc¡r¡ltl arr plotttil t¡¡ Flg. II.l5. Tho rd¡¡crd ¡
obtats.if ñs thr¡e plots ere lhm ts tho rl€åt cof¡¡¡n d f¡blc II.15.

fhe ftrst y¿tur i¡ d¡È¡rai¡ett ass¡nf,.ç lt * t ¡Bil th¡ læoô v¡Lnr

ass¡¡niqg ft <. I o. Ths srrtr i¡ at¡t¡Ed,n¿ gra¡rhfoall¡r.

TaþIe II.15

[rr(rrr)]
-'læila I

Fn 11 -t[rr(r)]
rr¡ls l:1

í1 <<

I x

.O5

.1O

.oo5'l

.to32

.0o51

.0o51

.ûlr

,o\2

-.fu ! .oz

-.27 ! .o5

-ð7 ! .Q5'

-.1r4 ! .Oj

-ú6 ! .g2

-.1t2 t .oj

-.59 ! .6

The regults at each oæentration raryc are rorth consf.dhrlg

in nore ilstatt tnd-tvlchral\r.

(") [rr(r)] = .o5 [tr(rrr)] * .oo5{¡note r'l
Thls solutLon rag stt¡dledL most e¡ctensåvcþ, over a hr¡ndreil foLrl ratgr

of li€ht lntensLtÍ.es. The J.og øo- 11 Éots shorv goocl. linearlþr¡

F j€. Ir.15( i) .
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(¡) [rr(r)] - .1o [rr(rrr)] = .oo5l. notc t-f
fhs i¡iü.vtaü¡¿I roattor ctr polnto fu¡ thts ¡ilot ts very f.a.rye, lhøfng

a large ranilom variation. 1ìro solutionc üGre ucoil Ln the studS at

thig corpeatratlon the eolutåon pre¡nrad at en earl.:l'sr otage,

(sotrutá.on 1) gave regì¡ltg up to $Ç4 torer ther the other eollutlon,

(eolutú.on $. Mqre care to evoLð. lu¡rurttfos üì¡! taken la {¡he

¡¡re¡¡a¡ration sf soLution 2c Stcpe taken rith eolutioa 2 aoù tsken

rritb eol.utlon 1, imf.uao (t) recr¡retaLlLaation of, the tha,Llotrg oa,¡¡bon¡to

startlrg net€ria.l. (ff) Vaouum il{rtilletj.on of t}re paroblorlo acLrl

so.Lutl.on "Èlso ths th€.lliudlll) f¡x solutlon 2 ra,c pre¡nreð fron e1æ-

traþrels otr thalltun(I), wbereae the rorroc of tnefUr{Ilf) la

solution 1 rag thal}la æiclor Ânother fagtor rhich na¡r bave åfJ'eôtgû

tt¡e results l.¡ tbe length of atorage of the solution¡ golutlon t harlç

stoorl for a Lorgan prioit tt¡a¡ soilution 2 before ru¡¡s rûr€ ¡larfornsiL

The ¡sattsr of results alearþ i¡dJcates tbe s@sitivlþ sf the

reaotion to ln¡urlt!,ear Bæause of the Le¡ge exror, ths va"lue of the

sLope of the ¡rlot of LV í a - 9, æúrnt 1g I"¡, tu d llttle

va-luer liorcvæ, tbe pløt d the pofntc ôst€rnt¡ccl on soluùlon 1,

ytel.ilr the recult ahsra J.n the table¡

(o) [tr(r)] = .oo51 [rr(rrr)] = .olro. note L-l

the ptot of 1og (øæ - øì is not a goocl strai€ht 11,¡rô. Hcnever,

draring a line of bect fit ylelits thc reasoüsbls ralu¡o obt¿inecl fæ
the slope. Ffg. tI.1l(c).

(¿) [rr(r)] = .0oJf5 [rr(rrr)] = .o¿r14. not¡ t-l
Tho actm¿l çal¡¡er d tho qtnntun ytctd. arc læ *¡ xrgh litht



159.

lnte¡¡sitl.ôs, 5o that a large illf,f,æence f¡ v¡l¡¡c of tl¡e ef¡po of tba

pLot lq íu,- y'1 aeafnot 1q6 I"þ. fu f,ountlbcilr¡oa pf,oftJ.ry f.ry (l- - f)

anel plottfug fcs /*. fhe ¡al¡¡o of, -.lr&. ! .05 obüalæð frm tbc

Lq læ.plot la a Eore reesøablE va.lue th¡. the¡59 ! .A5 obt¿tnoð

frqn the tog í8,- 1 Plotr on tbo grarnila thst -.1È l¡ ægfs tbsÈ of

th.e othæ comontnatJ.o[sr Val¡e¡ greatc then .5 ¡rc al¡s iltfftût¡It

to orplatn theøetd'aal{y. lhl,¡ srggertc tb¿t the esæqrtl,on of,

íl = 1 i¡ Læo¡rsct. Ilqræar , ø, * .5 æ ls¡s rcuLd' 6ivo a rsaoonaþl¡

val¡¡e fs ths e3'ope. Thts agafn euBporta thc atcrryrtio¡ th¿t lt b

sonsídorabþ leao than o¡e¡

Iibto¡ The value of, the cponsnt f.r taÀcpmiløt d thÊ fr¡stfon ¡f

light cb¡onbedl þ each coh¡tlon * í,t "" Fo. ltreno, tbs rra¡lt¡ ¡¡t

Dot affæteil þ the asornption of T{III) rbaorBt!.o. But¡ rhen F * 1

Lg a¡a¡ær|., sLight'¡y ôtffææt vah¡s¡ rlLl bo obtat¡¡il for rt

dspûn¡t€ûxt on tbe ebsorbln6 opeoåea. Ths rc¡r¡lt¡ rith tlOUZ* abre¡rtl,o

ll.e botrte the tro velues raeærlril l¡ tJ¿¡ tablo.

(¡) Dcocnibncø of 6 sa ÎilI) cq*Bcntretiu.
-

Tbe *par"tucntal resu:Ltå arc sbora f¡ fùIc II.9 *ts 815. II.9.

Nor lf Ø, t" a¡a¡æit. to b¿ .. lo, frm cquatf€lr (fX) * glot of

1/9æ, ag¿tnat l/[t(r]l cæcent¡ation chøl.ð give a g,tr&tght 1{ne d

_ (r*r*")å
SICCe = -l--- Krf,tu
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enil ttotocqÉ
(r.r - )ã' t rbE'

/rturr- f r( rrr) l

n ,,¡116rrr)Ì
Hæoa the aloB/iotercept = *\- .

Fi€. II.16 ¡hqr thl.r pfot to ba a gmd, rtratgÞt flnr yfrlilfag a valr¡¡

d 1.6 ! .5 for *,,n/?r fsr tota,l r{Ixr) abrorptro, üð 1.7 t ,5

f,or flCIH2+ rbrq?ùlan q¡r. (fbe uror r*r it¡rts¡t¡rll rtanü¡r frc
ths gFapbt caa¡Etry ! Wñ €Eror f¡¡ ¿,¡¡, Pot¡tt.)

l{otr¡ Fæ tbe lore¡t value¡ of tho qtnattn ylcl,il for cq}¡¡,€c

tJra asar¡Êi'on thsÈ
1

\,,lr{rrr)l + rrlrr(r)J ro drtr"ufi)n (u¿)

1¡ aot va,Lidl. Horcvrr, the etor f.ntrorh¡ccô þ the rosw¡Ê1m 1r

onþ Jwt greatæ tha¡¡ the eurpcrlrneuta,l €üÌlor¡ Ât tlro t*r* øj
(t.9t) oa]¡r¡lstfm çlrow¿ thst (aec Àppcn¡nr) U¡a lef,È hâoil dib tr
5 ttnes Larger tha¡¡ the rtght rl.dl¡ d (Uf) rbrøn $, Ls asæit l. l¡ æô

1o.5/øl tlnes 1¡¡g{r rrhen 9l o. 9o. b t¡¡uncil.. |[}n¡¡ ttrs æror

l¡trodhrceril by the asam¡¡tion ig at md, apprsoxiuatùy @', i.co .üb3

qperytnetsl vslrrc of tJro quantuu ytalil fr crpeotcd to be a¡.nost âQÉ

1oræ th¡¡ thst prrttioteil by eqnatåon (tt).
o 9l = 1 is a¡rrneit ana l$u -i plotteit agetns| t/[ff(f)J fc

tl0n2* abræption, a etratght 'ltne is obtalned oxeopt for thc

polat *t the loast [ff(f)] oaæontratLoar rhich rtevtatea N, fræ thr

ltne (poasfbly ch¡e to tho f¡conraot aasrnptLø <ilssusaed. abovc). å.
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value of K,,I/Î, = 2.5 t .5 is obtalneil frm thlg gFaph.

(o) Dr¡¿nùcnoedd .
ffh¡ valucr fu feb].c II.IO ¡h¡r tbc ve¡d.attæ g ÉoÉth [1F1(Irf)1.

å.s I*u varlec rlth lI(IIr) oonoætraü¡.o, (y'*t*"å)'t ia plctteû

agatnlrt {[rt(III)Jn rhloh tbæ eçrattø (tt) rhcu¡d ytctô ¿ sürafght

Ll¡o. F¡€. II.17 ¡hsr¡ tho rea,scrâblå rtæafgbt li¡rr oùrtet¡riÌ. ¿t lu
!.c not p,rvpou*fæ*.l b I"Uj as frciä.ot.¿ þ5r cquatton (Íf),
pa,r'tLoular$r at lc r.lgffi fut&sttlas, tlre çaotun ytclitr at Lar î{ru)
coEras¡tratÍon, rhsrc tha 1lgrÉ ùrtsrgitr il lø, rq¡lel, bc toc¡noûodl ts
be Lcn.

The ratio of olope to l¡teroept agal,n yleLds velua¡ fæ tho ratl.o

d *f'yrtcf. ræ TI(üI) abocrptiæ Krr'rlr = 1.g ! .5. Fc T10Eþ

abeorptå.ør nff¡Æf = 2.O 3 .5. ThesG are ln good agrecmor¡t råth tb
valueg d 1.6 and 1.7 ca^loulatert f,ron the [tr(r)] ae¡rnaæce.

C. Ll¡ea¡ Te¡mi¡retLø

Àt thi¡ ctage it roulil aæ!¡ ne'Bsasar¡r to d.arrelop an æ¡ùanatt a

for the cËfferenoe bettreen the obsetvedl tater¡siþ cponents and ths

e,ntlofpatet|. value af .5. Ires¡nctive d the propagation reactions,

the value f,æ the exponent x of lpss ttra¡ .5 requirea a neohaniæ

tnvolvLug both lLnear ternt¡atåq a¡ô çaclretio tæin¡rtíon. (ft fa

conod.veblc that a ooplor lnttl"ation reastlon sequæoe f.rrolvlng

reaction of two oæitErl speo.f.es¡ rot¡Lil yf.eltl an weraI.l rèeharilã
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t'nvolvtng a ul¡edl or:dlsr dlcpætlenoe d quantnn ytclit * r"b", Hcrr*
ary stupte tnttlaü.on $rocess rLL[ ¡ot af,fæt t]rc e¡nnltcmøo on lltbt
fnt@dqr. (Sec Appanilfx fæ ilerC.v¿tl.o¡ of reto æprecsfona rltb
rmlsus.L å.nltlatlon reantion pa,tJra.) T!üs tt 1¡ oøcidlæoil. that tJ¡e

LllltlatLon andl pro¡ngation reaoûio¡rs poatuleÈcð, â¡irc stitt tbo uo¡t

pr'obab].e reaotiqs fæ the¡c $trorooctor.

Poastbre ll¡aar tsst¡¿tiø raagtlos aon¡iit¡red rgrcr

(") Tænl¡¿tlon W rctst¿æ cf r¡{II) ¡ith ¡otrysut.

(f) 0xläation or rað¡otlon of, ¡olvcrrt b5/ T{II) ic c@aiilærit

unliJceþ for two p€aaotrsr !'irstþ tbe ¡n1ce raellol¡rrlg ¡tudie¡ d t6*
sb eI glve gooil ssoæd orilæ ilecay klnetics fon TI(II ). Roactiæ rllh
aorvent ¡roulô of cq¡rse give fLrst srðer kllroûloc. seooncll¡r, rl(II) fu

urrlfkery to oxlilico water:

tr(II) +llro € u.(I) +oH+n+,

as tbe back rea¡tion f¡ knotm to be fa¡t. S{''rl.lsrly fe tlro rerh¡orÈ1o

of rater, the back reaatim rcnrltl probabl¡r be fast.

Eithcn cf thess reaations wouJ.d" leait to net oxid¿tion q rc(bt!.o,
ff a stablo ¡roibæt d tho reastlon rLth çatez' ie ¡rocluoed.. As a ohüa&

oa thls, the foI.lonl¡g øc¡nrl.neots rere sa¡rLeil out. The equtltbrü¡n

ratl'o of aotlvltLea ra¡ followeð rith ti¡ie ilrriry a long lnaûiaülc
d tno rsactarÈ sol¡rtLous. Iradli¿tion of the goLution for penioda

nuch Longq th¿n 1o ti¡¡es tlre b¿Lf-tl.nE of cchan6e, e¡¡þteit ttre

asstnptLon to be neclc th¿t tho ratåo of astiråtlea cçra.ls tbe ratLo ¡f
ooæmtr¿tlo¡8. lbua, g8 no chelgo r¡¡ ó¡ellved, i¡r the aptivl.ty r¡tto



Itrj.

ul.th tlns, rn uppe ltntt ccnr.l.il be ¡nrt olo thÊ thrrye l¡ ooæatratlæ

cf tho rq¡ùr,Ésr sû h,ooe sr tùe gt¡anùt yfo.lilr fæ ncû ød'ih'ti.oo

anô rsdhrctioa.

Tab].e II.17

[rr(rrr)] tr{I)l /ctdtatlø /rca¡stron

.ûL

.Ol

.005

<1¡lo4

( .O2

[o fdo¡nltto¡
< .o2

< .OOl

tlro eæcrtratÍon¡ an thc lcfü lranil ¡tiLo'art tbc oæstratLons

of rcacta¡rt ¡o}¡tl,an îhædore, urdæ ttæac csl¡dlitfons Ft

siit¿tloa or rsih¡stion Ls cqelclgedl nqgllglble. Horeræ, lt þ, ts

le¡s thÉn .1, a sfgntficant propcrtion of the Îf(g) rey sttll bs

d.itl.¡cdt æ rcilr.n¡d.

(ll.) 1{II) qy rerot rtth tho aolvcnt to folm a ltrdrotg¡.ô

f{II) a¡noLor, Fæ tbíc to be a tæl¡atlm ræotf.o¡r, tbe prodÞc,tr

of hfdrol¡rcir mrat bo i¡crt l¡ tJro pro¡ngatio¡r moùions, endl tho

\yifroþafs sust be e rate eoatrcùlÍ-ug atep lf tha \yiboþecd. cpeolea

a.lgo te¡min¿tes thrq¡gb a blmlsoular iltcBroporü1on¡tLon. (ff tUo

bf.¡noleot¡J.ar tomLn¿tÍ.on Ls Eore raplü than tho bydrofysio, the

temL¡attoa ril.l. ¡tiIL be guadratLc.) Borth reactlæs are llke{y to

be raplð, but tf the þ(boþsað f{II) speciee dlepropctü.o¡r¿tec ot

the sama rate as the aguaÈeaîf(ff) (atffuofon ooatrolled.), tb

þyiboþrsås reaotion oa¡¡not be mrcb fester ttran dispraportlonatåmr



ll*l*.

The r¡noLl dfaot of ûaoreesrng acldl strcngth borøer" suggeota

thet ttris ia not aa fnportant æchani¡n. å.lao þiboþal.a Ln 1.1ü ffiÞ&

ror¡ld. bo ø¡reoteð to be snall, for a iü.valsrt cpcclcs.

(U) A,ættror poard"ble ll¡ea¡ ts.ntn¡tim reastim is

tsqt¡atlon at the rall of ttre reastiø rreaËcI. Ecmer* 3.aok of a,ryr

dleot of *Lrrtn6 ø tbe rsaotiqr ratc, auggeots that ralL

tsnl¡ratiæ Ls not e dgnlf,ios¡¡ù fo*trar.

( c) leral¡etLo¡r bv lnouritias.

&aaotiøs ¡rpb a¡

tr(u) + x

rhsre X ir aqr cLÀiaeþlo (or ¡¡eö¡ofble) naterÍa.L, organlo or

fnor6anlc. It 1a poasùbLe that for an inorgen5c ostiø rrttb {ro

cj.dl¿tlon otatcc, tbat tho f{rr) rcaots rlth both odilettm otetcr¡

refuolry one anrl.'od.altsi¡g the oth*. Sæ eranplc, T{II) hs,r beæ

reBor+ca(Ú) ,o reapt rlth boÍtb re(¡r) aþ¿ Fdltl). That trpurtftr

dfeotc are etgnifloaut is ohom by ths ¡cetter of reflrlts, partloutad¡r

i! the t*" *O.ad¡nae ¿t Fr(I)] = .1 nole l-1. t{oto that tJ¡o lmr
qusntun yfalrls ¡t thts oo¡soutratÍou, glvc a lo¡c¡r ve.lue fæ th
tataniþ a¡nneut, rhJ'ob ou¡rportr ths rypøÈh¡sl¡ thst tùro EnnÈrn

ytelilr ¡rc reÀ¡oc¡l eluo to qn L¡pre¿so tn thÐ rete d llaecr

tc¡nl¡etion. llcreyer, re¡rorbntbllitr i¡ æ¡È c¿r.E rea nrr¡rJ.al¡gþ

good fe c reaotion oontrol-l lL þ Lapurltl.as.

I¡l tho ¡ert ¡aotio¡t Ð a,ryruerrt la &volc¡niil. to ehEr th¡t ¡t



1I+5.

hr€h ught lntød.tier the dfect of llne*r tüDt¡stion fu rnalL,

a¡it that lt ts on\y at the lwest ll€bt i.nturrå.ties tb¿t tt dþoå¡¿ts

the roaôtÉ.oq. trn tho a¡rpendlLx, an attæpt res nadc to dlctorøl¡c

an cprtclt apreoaloa fæ the ilicpenilnnoc of, ío*the vartsblos d
tba aystæ, rbea lLnear tqrf¡atioa 1¡ ompaû!.qg rrlth guadratic

ts'sl¡atú.on. It na¡ for¡¿it. tnpooclbls to ilet'f've ên cpllott cprwsloa
to illroctþ test tIæ erperd.ns¡ta]. d¿ta. ñorwar the dfsst of ll¡¡ar
ùqrnf¡¿tton can bc testød. tnrlfreetþ¡ rt se¡ ¡hca prwlousþ ilat

F{r)l [rr(r¡r)J
r'trr(r) * Klrr[rr(¡¡r)J lrr(¡r) l

fq s ræotlm tarolvtng the ohaJa pro¡ngl¡türs ¡.'a¡¡rtron! (¡) e¡a (¡).
F* the tto tul¡i¡¿tå.on reaotto*r*_

rr(rr) + rl(rr) -t 1{r) + rr.(rrr)

r{rr) + ? \z r{r) or Fr(ru),
a.ndt as$nlng tbe aæc lnttl¿tlon rcagtto¡¡, thc æ¡lreral.on

2 r*Ít ," ¿ r.[rl(r¡)]2 + rrfrr(rr)J (i)

ua¡r be itcchæeil (es*unfurg a ateaff etato eøoæt¡etto d r{[)].
l{cr re ocnsfitor the etfect of vari¿tio¡ of lrght tntcarri.þ on

tho oqpoutrratlo¡r of f(II) r anð her¡ce ø tÀe çrantun yta.lil f,g. *oàrryr"

r,et þ-e = e, otîr, 
= *'eb¡ I [gr'-]

Kr[r{rr)Jf

9o-F1=

anil l.ct
r

2

¡¡ .1

1
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TÈat 1r ¡t [îX{ü}11, tU" r¿b d Lln¡s trrdãsttm açstrr l¡hc rltr d
gurüF¡ùùo tqrn¡cù1ø" l{oùô thrû tu r¡tc d mugfs of f{n),
ürr to çrilrctto tc¡¡r¡lr¡tier b ürlor th¡rt iþr to lt¡ar t*ul¡¡tLo¡t

un¡b thl¡ cqôl.ti.on fbü¡l

^_*r!(r+on\* (r)o .o____

Ð t¡rpr¡rl flærr ùtd¡¡tû tA'r thl¡ ¡grtf.c r¡r rhm l¡
|[rÞb II.l8.

T¿bLo II.l8
p o Slopc brrtnes pof,ata ¡

I

2

t
4

5

$2

10

I
-.110

lo-2

.o752

.ffi
1

5.85

5l.o

( l) 
"n¿ 

(5) = .562

(z) ¿¡¿ (4) = .685

(5) sna (5) = .85tr

.åJg

.515

.{l+6

îùnu for an ernplen cn f.mrcara of a fasts d lO t¡ thå ll€bt
tntærlþ (B ' æ), lærtoêrc¡ tho coæûrtÍæ d !{II) t6r

a feotæ sf 4r ff thc ¡ets of Lt¡ær t*tlnetlm cquab tt¡¡ ratr d
quaibatto tmtnatlq rt thc 1oræ ll€bt lutasLgr.

Nor ¡lnos
lsr(rr)l.l 

= k¿"'FÏfiry Bat
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, e plot d log o ag{J'r3t leg p oorrattrnüril¡ ta ¡
prot of Is Ræ a6atast lo8 r*r. Tbc rlope of tbã *rarg¡t rJûr

iþer¡ l*rror¡gb arpr tno ¡¡olnta o¡¡ thl¡ or¡rre g(!r*rr I - xr rbsre x

f,a the ex¡nncat l¡r the equetS.ø

Øu= c r*r{.
s'm val¡¡a of r illûaria*rl tn thi. raür G! rüc¡ ln rrbb lr.1g.

E5r tbiÇ tæhnt$!, tbo ft¡ur cf o aû th¡r bfuh .nd. Lor tntæd.þ
strse¡ d tbe roçcr"tnataL rab! tlc¡roilæo€ raür bo oelor¡t¡trit.

&r¡rordrøtelly f,or the I*, clepenilæoe at þ{I)J = .05 a¡¡{t [tf(f¡f)J -
.0O5f r the oc¡ronert .x r¿c founil to bo -.Jl¡ or -ojl6, The val¡er d cr,

ancl o,, rhåsh glve e clope cor*espou;ü¡g to x, a o]¡| frø the açnttm
1e6 oi - 1S 02

106 pl - log p,

to the Ìn¡nibcil fol{t r¡ngs of ll€ht lntcr¡¡itle¡ uleil *perfrente.Ll¡r.

fhs t]¡eo¡'eùl¡al cnr¡re ls plotteel on tbe aa¡ne Faph (¡'tg. rr.15) ¡r
the ecrperl¡cntaL valr¡et. fhe ilevl"etio¡r fnoq ths theo¡stloa,L Eu¡r¡ f¡
Leas thar¡ tibe cr¡ræá.nørta.L ere. Tb t;lo ra}¡o¡ af o ¡hw thaû tår
¡stio of tt¡e rttes d t5¡ear temJ¡¿tton to quailretio terul,aatiæ,

v¿¡des frm J.78 ¿t tl¡c rorosù utht l¡tsrsr.ti,er to .i96 at tho

hfuhest Ll€ht lntæsf.tle¡. Thus, at thc ht€h llght l¡te¡rsttlsa oþ
1/to æ the r{ü) rs terng æavengett by thc lr.near temln¿tLon

noaotiq¡.
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lhe guertím of EoEt fnportenco is hor m¡oh rtoa¡ the LLnssr

tsnLætiæ af,fæt the lnter'¡rctetion d t¡ho thglloue sd t&elrlo

oorpætratlon tla¡nndeæea.

(") F{ I} I , {cqea,ilæntrç9.f"æt of .}tFop¡r JhsrtaattEr.
flc þf(f)] dopeartæo !.a ptottsil et * I.b" vol¿c cf

12 r 1o{ Blngtef.n l-f nin-1. Ât thl¡ v¡Luc c¡, f,oer. thc poSat rt
ftr(r)] = .o5 1¡ fqmi!,frø eguation (t) to be .B9o ! .t 

",t Ê = i.z.
A sooødl value of o, æ¡r bc oa,loulateê fæ p = f .z ¡ lCI1o (o,,o)¡ ircr l
toto toorease ts lrg¡t iutæeity, at rhÍoh rtagc u¡sar tettl¡stioa qïr
be conciilcrcð aqgLl€lbto. Non, if oro 1l oercstcd. f,oü' Lfgbt rntrarlç
bsck to B = 1.2, assuning pune quattratd.o teml¡atiou (L.e. þr(rr)] -

1

K rabra), a fl6re of .6116 Ls obts,l¡cdt rhloh oaür be oøparad, to thc

valuo af o = .89O obtelnerl f,rm oguatton ( 1). Ths 1'*tl.o of tt¡ece

va}¡es La equar to the ratl,o d ths Tl(1I) emoqatratiø i¡r a syrûø

rithout ar¡r lfurear tE¡miretion, to tho rr(II) omoartæatfm l¡ a ryrül
rith the ilqgrce d lt¡ea¡ tqnination æperdnæts"lly ob¡e¡çcd,. sht

ratio is'f .J8 to 1, eüd. tt¡us sn inorsese d apprcr.nataþ M tn

tbe Euanfun yteld noulð be ar¡ncteð i¡¡ tÀs absmoo of ltnear ta¡nt¡stf.glû.

This is nden¡ noar arffl[oiqrt c¡ræ to accqr¡t for tbe tw¡rcryc:

ia the T{r) deBcnttencÊ ourÍê¡ th's fs' cao¡il'e, tf th3 ratc *t
[tr(r)] = .8o5¡¡ t¡ oond.&]æd, oorreot, antt a ll¡cer rlo¡nndlcrnce of,

ra,te oùr [rr($)] essuueao thpn üre w¡reotcrl quantrn yierdt at þr(r)J oo

.O5l{ iå I¡5 l¡¡tcað of the ob¡erreil raluo d lZ.
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The oøtmtÍoa th¿t the çrarrtun ytelit rcaohcr a rqioa
tnèrparilørt of f{I) ooncentnation at nrgþ T{I) oooætrsatiæan

Eafnly bco¿use otr tho oon¡rctitåo¡ beù¡reen prspgatLm rcaotLonc¡
iü¡.

ancl not lo the effæts of ].f.neer tææf¡¿ttæ, i.a basail oa tlris

arytrnart.

he ctf sct of LLneer t€rd.Eation on tba ya¡.ur d f.- ==Æ-.
lha sffsct o¡r ths va}¡e d Krff&, tltl dcp¡n¿ olr nh¡ùbcr

lfnaa¡ terulnatiou Lr ilopanðrrt sr thc ss'r¡oætretlon of rcagtar¡t¡¡

( f) If the itogr-ee of 1tnær temln¿tl.on iþcr not rcr¡r rltb drhc

cø¡ntratLon of reeota¡ts, a oonaùant oorrcotLon to th¡ guætru ylalå

over tbe cnÈlre [ff(f)] range ¡roulð be nceôoil,, nhS.oh ror¡ldl aot afifcot

the ltæ¡rlt¡r of tho BIot or the ralue d uff#f. (Soue rffæt ¿t

1ør va-luo" ot ío rhen /o -1 f.s pfo,ftciL) For tbe [ff(fff)]
dle¡nndmoe, a laqgðr eorneotion to the lwar values 6 flæ, ro¡ltl scd,

to be maÅe bøøausc of, {d¡e ilec¡reesf¡¡g l:€ht tntenaiþ. Exper{.nentaf$r

these values are fot¡ndl to be Lowsr than cpeotodt fræ tb 1/øæt*"t'
agaLr¡st t/[ff(fff)] p1ot. 0veratl t]rc olope of thl.s plot (anù hmsa

*r¡,y'!) nqr be itecreascil btrt the oo¡reotio ¡oul{[ be Les¡ nhan M.
(U) For eø¡rleüenase, the porslble dfæt oa Krrrfk, d l.lnear

telmlnatjan varylng rit"h reectar¡t oonceu¡tratåon naEds to be oø¡iilcrri.
Fræ tbe oalnut¿ttma at [tf(¡)] = .05 note l.-1, 5.t nas ¡es¡ tbet l¡
tbe eb¡enoe d lf¡ear te¡ûiuat*n fla, rcuLit bc cpoated. to bc tff(
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h{6h6Fr Áss¡nf¡g thÀt ths Llnea¡ telulnet5-on rato et [ff(¡)] = .f5X

is threo tl¡ss thet at [ff(f)J o .O5U, tåe veh¡e og Éu.rould. bc

ocpeotedl to be æØ tlgttæ Ln the ab¡c¡cc of ll¡aar tæ.alnatim.

The lntcrccBt of, tbc 1rlþ}(f)J q6a{rrrt {É'.grath !.¡ thu¡ too htgh

W Pií. fhe alopo Lr a.lso too hJgh þ a ana,[ ãm¡at (apprcocfnafuþ

lÇiû. rhus rr*/T! rilL be too 1or þ apprcarf.ætùy @o, (!.e.

K¡rl/l, = 2,7 t .8). lhe affæt on tbo r1(rrI) dc¡nailoæa rLLl

be ¡nalle¡r beoa¡¡¡e of, tbe }-wæ aenecstratlo¡¡s anil htghæ X.!'gbt

lnten¡ltl.es l¡rvolvedl¡ the tleoreå^Ëcil alope anil clecrcaseil l¡teracpt rtll

eonpøcete to ¡one €Nrte,ut. åcsurate ¡neiltotto¡ta rq¡Ldl ile¡nnd. on th¡

arsunptio¡s natle abq¡t the relatåonabt-p of cæcntratlon to 1t¡oar

temin¿tion. Høcrven, the valuer d Krrrfl(, obtatnsô tartøpailrñfy

fræ tlre de¡nniteæ. 6 F* on [rr(I)] enô [rr(Ilr)] ¡ro st1Lt ta

agreueart rlthÍ-u tbe large Grtrcrsr

In aonslwion, a value bgtncsr 1.O a¡it l¡.O for tfu/lf oan b¡

retierl on ileoplte tàe ef,feats of llnear to¡nl¡¿'tion.

Go¡¡s]u¡lons to thís atrß6¡

fb,a resultc hs,ve been showa to bc oonslgÈer¡t rlth ths uool¡anln

glvea on pågo 1!¡r rlth tlre acldttloa of a 1l¡ear taml¡atlou reantioa,

rr(rl) + :r tr(?) + x'

Brobabþ ettrtbutrble to i.r¡rnritles. fhe poaslbLl,tty of, niatntæ¡nlù*tåc

of e cøpl1caÊail rystæ st¡oh ag thls Ls ahqys hl€h, et¡nora[ü¡ rb¡a

uDkomÃ fryrwlty dfæts n4r be prcrcnt. Derpltr thlr, I feel tt¡r
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n¿rå fcsùurea d thc sobøe ilo rø¡necøt thc tn¡e sltuotfon"

D. Cal¡ul,stion clf Rats Con¡ùa¡t¡ and. åstLration Smrgl'la

Sme morc Ldonn¿tíon on tJre n¡rtr.re of the roagtion¡ lwolrad. ln
th¡ ahafn usohanlsnr Eût be ibiù¡cca frco tho gtr¡iltes r-øpo*'tcil"

(¡) If ¡ ra,lr¡o * h la knorna, ab¡oluto raluæ f* hff anil K,

na¡r bc oon¡xrterl. (rr trre ve]¡ro of K¡e ttrs rate oonstant fs tåc

dlaproBortd.cnation of l1.(ü), lå tatæ * 2.1! .8 " to9 r rol¡-l rn'l,)
The eguatíæ

\rr[rr(rrr) ¡rr[rr(r)]
ø ø

, ír ',åtffif,jI at* K''ï [sr(ru)] + xr[rr(r)l

at ht6h fL(I) coæentrations, na¡r bc apprd.nsoê to

K,..'. [Tt( rr r)1ø,t
d -g'c. lrrr*o")ä

Fuaro bo rlote¡utnsit frru tt¡e tntæaopt of, ürc fr1[ff(I)] eesfnrt

VíoolrFrêr Â valr¡s of, 1z Í ¡ r" ôteå¡¡o,it froo trr€. r[.16. lhur ¿¡

[rr(rrr)] = .@5ix anð r*" = 12.o - lo-6 grætetr! L-1 ,to-1, thür

9rúorrr= 1.6 ¡ *o7

.'. Krr, , (1.6 f .5) r lo? Ér1 ,ælo-l dr-T
anit frm K',#t = 2

Kl - (a t e) x 1o6 F,r+ , soto-l nt^n-1.

*reo [rr($)] = WË = 6.6¡ io-9 g1å *r. r-1,i^t )
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It lc tntæattng to oou¡nrc tbs¡c ror¡¡Itr to tJ¡c tå¡orcüfs¡.L

¡ncûiorttøs €f tb {drrælos €f grüot¡r ¡nil8urb. fbr ¡¡l¡ulrù,tn

of tho scgy of actLv¿tioa by ilarcn¡f r thoc¡r l¡ro,lrer thE srn of

thrss tÉ.n¡. Tbc eq¡lo¡nbf.o re¡nrlafoa ae/ -, thc tolr¡at rcoclgadnttæmE- 
¿**" o{, a¡d. ¿ fl¡at aoordtlnetiæ lpbce roægantsetf.or¡ tæ AG't¡..

For ratæ o *o, ( 6tr)

*t - 4',& '{* bal rorc-l'

rbs^rl sl, tZ ¡m tho où¡rtge of tb rcaottng ås¡¡ ¡¡d. B l¡ thc iËsrt¡¡ca

bc*¡æ t&¡ cutnc¡ d tb¡ raste¡¡tr ln tå. *tlvataû eou¡rls. Îhl¡
f.r crsmil to bc tÀs ¡rl of the toüd.a r¡dü plul tno rate noleeul*1.

Stuflrrhr,
(agJ'"2

¡Ë

rhera n f.s tho solrcnt ¡*sstlvs lnils ¡Eit D t¡ tfur rhttß iltcl¡strlo

cmstant.

Fæ rster st zleü,

o*{ = 45.o (oø)}. ho¡L nolc-1.or
Tbc oelctü.¿tlon of ASf" fræ il¡æuare cquatLæo, rrcqnlrca r,

brorled6e cf fæcr eonrù¡ntr fæ {ùs ætal to lfuand büt!¡, anil tha

eçrtLlbr.tun bæô lerythr fon tho trro raaottrag to¡r¡. Thl¡ tnfcEettpo

l.¿ nct avall.abLe fe tt¡e tlralüun syctæ. Aß* arrü bc a pooltlrc

val¡e æ that thc sun ú Lc,l ora ¡# rlll slve ¡ n{nl,ltn va-lur fsnor rep
¿

AGr, the actLvatim ensrgy fcr tlre ¡aastian. Rsry* ÅÊ* nqr be

calar¡latcô fron an cguatiø ile¡¡,Lveil Þ ¡rrrthr(65) 
"pp¿raük 

l¡ tht

absæoo of orlyaùol ftct il. eûfæt¡.

^t/
tLt2
E

_1\
D2'

,or
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+tr = --&L-
|+{o - ¿)

rl
'r{ a*)2

ük¡nc æ ls thc oharae m the lon, n l¡ t¡h¡ aunbæ d nctar solæurcr

soordlin¿teè to the loa, il* Ls tba lon oðfgs diataæe a¡il p ta the

¡{Fole uosþnt of retæ.

Hu¡b oaloul¡tcdt m -'|'.7 for t&¡lllru.

(s-1)(ü.._1)

+

For xro tt Ëøc rtth it* b t,

J ¡rc"r mlr-î.AGl.r = 1.t9 - 1o2 n #-;
¡(n - z) dè""). (¡-r)(û"n_1)2

Equrllbrfun dlisbance ð* fu tÌ¡e sun of, tþ orystar raôlua, snit th+

ratlLuç of a r¡tcn nolær¡l¡. n . 6 i¡ a¡srneiL for ü¡c tüa.Lll¡¡n reootion¡"

Thf.s ig pnóabþ too h{€h fæ fl(f), ra the bt6heat eooEåi¡r¿tLo¡

nr¡mber otr T{r) observsdl, çlth other lfuandto Lg z. The va,h¡Êc d
calcul¿teil nqr thus bo trlsh by a feotql. ú Z.

Îaþle rr.19 l-ietr the valuer or aeÍ*, o4, &t,n *a acy', the ovcr¿lr.

aotivatíoa enggyr fæ the reacti.ona,

ñr(r) + r¡.(rr) :, fir(u) + rr(r) (¡r)

u(rrr) + tr(rr) ¡! ðr(rrr) + rr(rr) (J)

îho reå*[ uaail l¡ the equatíøa aro t]re oryrûarropanuro r¿ð1L

plus thc radË.u¡ d ens çater uoLeor¡Ls tskea cc f .J5 Í. thc

cr¡rstallogra¡rhlo radllu¡ of ff(rf) i,s of cor¡rre not loown, ¡o trs r:¡Luor

Êre ompareð, one Ls elose to the radllr¡s of r1(r), a.nô tbr ottrar :lr

tho value o¿lot¡leteil þ !Iusb.(65) The aotuar, retr¡cs u¡eil ræÊ¡

^¿tr
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trr(r) 2,82 &rdr¡¡) ' 2'F I
ælt ?.5O t

P+r.ü nl.le
B6tre rrr(r¡) ú"- 4*#, e{

f

K

t ætr,a ¡* -f

r{rr¡)+rl(rr) a.?Þ

ll 2''g

rroxe+r{n) Etþ

5"3

5.9

5.O 8rg

9.¡

9.rÞ

I,l
g.+

&.8

¡.9

,.9

t8,l

f9.6

f8.8

fi-t
lo'g

5.O r
2&¡

t.O¡þ
1.5

rr(r)¡r¡r{u) 2.Þ
n 2.fu

f.t
1.6

6.t

7.'|

t6.l

l7.f

ililfr'il t*t"ff*^

' 6.1 r loiu .d'*
(rboro K l¡ tù¡ r¡tr saûrtc¡rt fc tå¡ rrætr.æ r¡ð {ùr oûbß. q/ùaxr

h¿va tùcl,r ¡r¡u¿l !¿sn¡f,åæ¡cr), tbe ratc oc¡tr¡t fc æban6c nqr br
osJ.enlatrit fs tbr yalnc¡ of ôG/ l¡ fù¡r II.lg. Th¡ srlsuL¡t¡il. rrtr
c¡b¡t¡¡rt¡ en tabul¡tðil l¡0 tlË t"fght o-ohm of It.19. fbra r¡lscr
n4r bc oo¡ro.eil to th æpcrlæta,f v¡Iuc¡ d KrrI sil KI,

Krïr = 2.7 x r¿ FÍ I ntc rß-f
Kr,'lrl-téír4 r
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lhe vah¡s o¡ f,t ls not Imotm, but lt ao¡t l.thc¡ü f,¡LLr brl¡rcc¡¡ r0i

rad¡, 1 so tb¿t tùe ebso¡r¡te v¿l¡¡c¡ d E¡f¡ å,nð t lrûNbly l!¡ rithfa
a¡ o¡tæ of ç¡gnltuile d thesc yaluec.

The agreææt betteen erpæluæts1 a¡il oaXor¡tr¿teil val¡¡e¡ ls poor,

erpcoiall¡r for the ræotiqr tnvolrtç f{IIf). fbe rqggeltiø

tb¿t 110$2* to"" (rathæ *t* ntä) r EEV play ¿ rtentf,toê¡rt rFolo

1¡ the raactloa ilcaplte tb6lr Ls¡r aoord¡utiø, 1r not oqr¡mtril

þ calarlation (reÞ1e rI.19). A"s tb oouccatretl& d rloB?+ lr
srrfg 7þ of the total T1(III) oæontr¡tio!, a Large ðtf,fæeæs lo

aotlvatiø €næ&r G z taar nol.e-î) ror¡tti be næeosrr¡r for ltoHz+

rca¡tiør to bc ixporte,ntr

Perhepo tbe uost djfftcr¡lt f,a¡rt to erplatn Ls thst tbc rcto

oo¡rcta¡t for iùe ff(l[I) reaetåæ ir trc¿tsr thas tåe r¿te soagt¡¡t

f,or tbe tf(I) reaotioa, 0n the grorrn<tr of oalou¡.stte¡ of tbe abcr

srpe, anit quoltt*tive a,rguuætr" the ratc cørtcú f,or a rea¡rùioa

turol.rl.n6 a trlpþ ch¿¡geil end. a êoubly obargoil cpeol,al" ta æpæùcù

to bo ruoh Losg than for I s{€ly anê a iloubþ charyeil lpeoico.

8or cam¡úLe, the ratLo d rate cotctântr fæ tlre lro rsastion¡
K^

rdrr) + rr(rr) I rc(rrr) + rr(r) (")
K,

rdur) +u{rr) j r{r¡) +rr(rn)
has bæ¡ re¡øteü, by åËhrart ruit Htggf.arø tp bc *#, z t7.

Poaråbl¡r the tro mobelEç re¡stl.øa bsc ü,f,f,ærr* ræbr¡!årnr. If w
rsaotiæ ha¡ an lanæ-U¡hs¡t næh¡¡ts, s¡i¡. ¡ot tbc ortbæ, tbr ¡tlrtlvlr
r¿tca of rættsn lsuldL bo ua¡redH.otùb, Thr Ia¡rour a¡¡À Eu¡h rçrdtoar
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a¡e bsseô on tbe aesraptlms of outer-ophce, ailLabatlo reeotiono,

rbiah na¡r not be appllcable to both ¡¡e¡otima (or ¡nrbaBs cltb*).
(b) Frø the tæ¡nraturo ilependonoa of the guaotun ytakl for

cahange, arr upp€rr ]{qit to the estlretion æegles d thc tro

pro¡ngetioa reaoti@s ne¡r be iþdr¡ceè. fro esatnptlon¡ rbl.ah appsâr

to be reasonâbls neeil to be ue,ilE.

(t) fhet øf tbe prtoar¡r $¡a¡ùr¡n ylclð, ibss not ô¡oro¿rs çlth

teoporaturo.

(Z) that the ratc of tho tsrni¡¿tiou resßtLoa bcs a sn¿Ll

tæ¡nratuæ dlaBcndæoe.

Thc raporteil va.lr¡c of 2 x. fO9 f nolc-1 "*-l f,or tJre tæi¡¿tloo ¡rtc
con¡tant lnrtta¿te¡ tbet tb reastiø is a]'oao to cH.ffr¡sfon sætrollrdL

lhe tøpæatrrc rb¡nndsnos of cHff,wiou oo*rnoLleil raactionr Ls ¡aaal

(< 5 æer rol.e-1). Ïo the eqetlo¿ bolon, Éo.ilcpails * [n+', o
th¿t e¡

Kt "^é'w¡¡ QOtlEto

11
*t' * (sært.)ã

the df,ætlvr tæBcrattuc ibpa(bmec d trt rill bc a half of the aeùu¡I

astlv¿tlø @*!fo Henoe ths coDËlbüttr to {ùe ffæêll tæpæetær

dlepcnitmoc d ttrc tcs?fusbl¡n reaotioü n1.ll be < 2.5 kas,l æ1s-1.

Flth thsæ tro asannpttsnô lt aan be ¡æn fro tlre cguatåø

øo -ø, = *Påttlrr(rrr)l ' 9' ''å- qffiJ'

;#ø*
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tùet ld¡a tcm¡uratrro iùo¡mdnno" o*' /* ls cæbolteil naJnþ þ
the tæ¡nratrno êopcndoæ" otr Kï anrl Errr. lhe ds¡nnitær 6 í u
on touperaturo ças ¡tudåeil at tgr(f)] * [rf(frr)] = .æ5 æ;te l-i.
3¡r aotåvation en*g¡r of 5 kcal rcle-f ra¡ fq¡¡i[, dt* allæiag fc
tho l¡creq.oe t¡ ebaøAtlnn rf,th l¡orea¡c la tæ¡nr:atrrc.

fro ¡naalbllttt.et neerl to ba o.rr¡iilrr¡dl¡

(l) fî Kf,¡,ßI r€eslns r¡nattarrit. rlth tæ¡rcrctwe, thæ ao

lncrease Ln í- d a fætqr of 2 oorraa¡md.l to en færæro l¡ bqth'tE
KI 8nô K,,t d a f,aotor at 2. Thuc, S Kt *6 ít arc lnetepæêelrt sf
ten¡ræature, the actívatíon enãEr fc K, andl. Kr* rtLL be the sane

as fæ the guantun ylelct, i.e. 5 kcal mLe-i. "All€nrlüg fø 5.o

koer ¡nore-1 aotLvation on€r ln the ts¡ml¡ation ¡q,ctlon, thæ the

aotlvaÈlon an*gy f* L d K,,t 1111 bs Lssc tban 7.5 kceL uolâ-'.
(a) If the rretlo of Krrnf1t, varleo Ersotly l¡ thð range d

tø¡nrehrec stuclicd, that ås the aotLvetiø enorgíoa for the

colreø¡nniu.ng reaotions arõ vs¡ïf dlfferæt, a non-LLnar astlvatl.m

6n€!Ìg0r pLot roulcl. be expcoteil. Seooni[¡r, it l¡ not u¡røasø¿ble

to as¡ume thet Doithæ aotl.vation erer8y rlIL be ra¡r mroh leos tb¡å
-,7.5 læal nsle 'r Eo the oorplu"ls¡ 'n{ght be reeobeil thst both aotiveti.on

energåes lto tn the rsnge 6-10 kûal !o16-1. (rt ary be dÉiottel¡r

st¿teil t'hat eithsr ous or both of the¡e raaotions ba¡ an astlveti.on

l"ecc thå¡¡ ?.5 !¡oal nolg-í.)

Noto th¿t the actLvetion æqLEs are a¡!ålL€r than preilåctolt

by tbe t[¿¡¡or¡s-Su¡h gelßu]¿tioarr tbare ralrrca, tabulateil beLs b*ro
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beoa eslcr¡latod. frø

on/=o#-ra#
rhæe ut/ rr thc cnÊlrcrpy d aotlvatt æ a¡û ¿# ¡ the ertrogy

d sotlvatlo¡¡ c¿lcul¡br. fræ(61)

aJ,.<W ¡rx æ-l æto-f

Re¡otLoa

rrÞ1o 4&2f

"rr(rr) *f
bal ¡o¡.e-l

uJ
^/cal ôag-l

--fEo.lc

ba.l, aob-f

r{ffi)+¡{r¡}
tr(r)+r{rr)

2.50

2.fr

19.6

1717

-&.2

-76.7

12.1+

12.1

rt t¡ lntæeatlng to a¡nculate on t&s 10¿863 rtryr thece

ecohange reactLoos are so nr¡ch fe¡tar than Bredlotcil bgr tÀe o¿l¡rul¡tLoul.

The Marou¡-ilush tt¡eoriea arc not yeürr suceecdul ta proðtotions d
aotivatíon en*ginr f,or transítåon nct¿l eaùion soha'ìgc reaetåool,

so thgr are not "os¡recteil, to be qr Dqre ¡reoise in ths tharl¡¡¡n

eystæ. llorcer, Lt Lg possúble thet tbe r¡nrarul eleotronLo stnptu¡r¡
d the T{II) specåes, anct.lta oossquent ioetablllty h¿* ¡oæ dfcot
o¡ the rsagtion rsts.

(o) lhe reanlts ln t¡¡e pnrrelo d addsd, ¡oill¡¡¡ arl,phote od
chloride, Lnitlo¡tc tb¿t t*¡e rueohan{ær ia bariaatl¡r t¡aalterail ws
thcugh thp ¿b¡cbing tp€ûles ls rllffcot. Tho r¡¡¡¡a-l lntæ¡rrctetùæ
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of ths oha¡ge ln absarptlon a¡raotnla rlth sn{ona ü¡ch s,r ttrrerc, :lr

ùo esruc thåt ohs¡€e.4rar¡¡f,æ tr oooûrrf¡g fuon the anion (e¡ooot"std,

rXth the catlon) to the oatLon, gn thls bada, the l¡itLetio¡
reaction ta tbs proð€sloo cf tL- roul¡Ì bc:

TlCl2+ + tru * TLZ+ + CL .

sfnål¡rlü¡ rlth SonË, tb taåtietlon rca,otioar ir probabþ,

tlson++hr * r1&+*ç.
(¿t tle cæooartratLø¡ usedl, - snLoa aoæ¡dratiø u¡ob Le¡¡ üra¡

Î{III) eoæcntretio¡¡ - üþ Elgn{floeut e¡n¡¡rt of, T{I¡¡) as¡ooi¿tcð

rith tro a¡ioa¡ tt erpeotcô.)

fþ3 s{utl+¡*tr of the Srutle ytcl¡llr ttr th. ¡ol.utloqa ogtrtrlç
-nCL-, S0l and. tlo;, (aff rltUfn a, faôtor ú Z) rrplica thet tbe

priæqy qruntru ylelð f¡ *lao *{mårar. (r$htn a f,astæ d & a¡ É'
1 'ü

iru). TbL¡ rear¡.lt La perhaps a l.1ttlo arr*1rrf.rirry. Ir' tqa¡ of tbr
Ncryea nodol, the rapamtio¡ eLl¡tancs of the fragnonta rl¡en thegr oo*
to ths¡u¿I equltihrtun rith tbo solvorrt, roulil be cxpootcil to br çrltc
ittf,fæat f,or tro a¡cb ttlvæee aped.ea al so*- anô cl. Horevæ, tt f.¡

¡nsdble th¿t a ce¡reretÁo ã{ets¡ûa ts Eart i¿ ¡rl €a8o8¡ ¡d ¡¡ tbc

probabttlþ of r¡¡otioû ¡nr æccn¡ntcr Ll probabþ on fon aIL thc ryrto,
raoøbt¡¿tio¡ L¡ ralattrel¡r ooeta¡rt, the gsaü ac¡nratÍo clLotaæe l¡r
be ¿ttri.butc¿ to on$r a mall freetion €f thû tote.l eneEr b.ûqg

oonv¡cte€, to Llætic onsqfir d tha frzgacatr.

Sloilar røarlc¡ uo¡r be dlrcoteô of cplatrt4 tt¡s rqill eff¡st
of dhree¡rqg ravelc,ryfJr ø the quantrm y1c1il. rbe axped¡il i¡orq¡r
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tn quentu ytelil rtth tnro*cf¡g æWr d tho absot¡al çwrtun

t¡ not obsgoil (ooc fable II.îJ). lbr frr otuillca d ü¡c raraLe¡6fih

ilapcadrncr of Euarún yíe1de d sl¡lLer oopcrndø tn olurge-tranrfæ

bßib ( Saottoa I, Ref,. 2!) , rcrldl urggcet tbdù tùre gruntun ytclilo rb

hrrc a rqlon rbre tluy are onl¡r rl{Sbtþ ilrpeaibt oa rare.Laryth.

Fæ car¡rlo, fd0ig[)] orf,5}tt" çrnatun ylefda ú 1.25 et â5¡r ut¡

andt l.ll at &16 rp, fc {ùr ¡roùeti.c d F{II),
fh na*.û¡s p¡ifncry Etantrun ytelil na¡r rot bo roaoheû beoeu¡ç

d pnf¡arg ræonbt¡ation, ratbcn than aæodal¡r rsdl.¡rtiou. Pt"t.uûft

ræøbin¿tion çotrkl be preiHcte<l to be l.osa senaitive to tbe ravclægûh

d l¡radl¡tlor¡. In the ryatans neúá.oned" the pmbabåIfty of

reætåon d thc fragnents ¡nr aroomtæ trq¡r ba auall., so thst Brdna,r¡r

rcoobinstion uust be in¡rætant.

IuËbþss-E$lþt.

Sæc frutnæ u¡dul rorùr ei€ht be rbæ ån thg folttrlng ErêtE¡

(") obñrioüEly, r clctcuúnati.on of tbc ar{nary Eunttrn yåelil /1¡
rq¡lð bc af ra.3¡¡s ln cetabl;lehrït lqrc coærgÈo va,lr¡cs fæ tlro r¡tc
ooaatant¡. I¡ prtælplc /1 *teUt be ðsteuiætl þ coeyeqfins all, th¡

fl(II) s¡neioa" rlttr s¡ncies reactiva to ff(f¡)r eð deteruf.nfag the

rstc ctr change cf ooocor¡tretion d oôther ttrre scevægetr æ tåÊ thd,lt¡¡n

raa.cta¡t¡ on prodrnts. Ilorwæ ln ¡raottoo, the problø ctr f,{niLf¡g a

guLtabls Êoßytnger har ¡roveit ln¡u¡mq¡atable, rfroc tbe soayengcr (f)

nust reopt rapiill¡r rlth ÎI(II), but neltl¡ar Lt or lts raastion proibrot

cen r"er€t rith f{I), r{ll[) oüf{II). (Z) $uat aorÈ ¡bsonb lt€ht



.üffi (ult¡
üüfqù üç ll|Ë rr.¡|rfu ql rgr¡n¡ .ctr¡*fc,¿ F q ?tæ

nffi |;wfr!¡!r rt¡ ært f$S ¡r rqrft |l¡rr$r*firu
t*¡13"f e il üqülç S¡ ËÇrl rq âr n$gf eç.f¡.ü) rfüF ?mil
¡ ËF *¡ ü*tünt tr {gtsü *m*¡f * $¡r¡rprs{ rc¡, (t}

il*,ffieq

,ïffi{¡ r# t|ñ ¡n *trx Jp nËjrfi}æl rrt .fn* *r
ffir{nrrrr rç.ùr}EËdrgp¡ q¡ .rhïß p ¡rrppü¡h

'+s
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STTTON TT

GlfÂPI3R 5¡ .0PF1EIÍDIE

Å. S¡rLvatloo sf &¿tc erpeæfæe

?ba f ortrr¡g rctr Glrrcsf.ø¡ .'c ib'.l,r¡ô 'ltb or¡r ooo 6crrrrJ,
asauqrtJoa; thrÈ tec uËeeff rt*tc ¡erytloa rrgr bc rpplirt to thc
oonsctratlon d ¡stårs chaln ta¡nÍ.ær. fo tllurü:ttc tbe gæ1,
tæbalqur, a r"olrttv¡b alr¡rilc chùl.ll rqctLon lr itc.J.rod. l,a firrr.
flç ooosl'@ e chri,a r¡otto¡¡ lwolylng æbr¡æ b¡{*oæ tlo a¡rofcc
À anð B,

rf
Â+B

rhm, for sa¡tr¡r¡, å * B nry hc nr+ + r¡5+ æ rætrþ rd gr-.
À obÂt¡n raaøtis¡ s¡¡ù l,ryotrs th¡roo aùagcr¡ laitl¿ûiæ, ¡ro¡ngctå.o,
a¡¡l ta¡tn¡üon

(") Ãn*ttstte.
thr t¡.ttl¿tü.on rtq ust lroitrs. ¿ sh¡¡{a o¡rrrLrn t. å t¡rptcd

phototd.ttaÈtoa Lr
ø,å,+hu C+X

lbrc x Dqy Þc rq¡r qnor' fqud, by photoiboqorttlon d â,. ltb
tho çrættu yblô fæ tbe fc¡¡stloa of C, Ia tb temf¡ohgy *
Nqyes 1t i"r th¡ frasùíæ d cfi pciro thaü corpr bsth prfna¡y and
aoeoudcr¡r ¡¡æonbl¡natio¡. l, smura bs o@rt nt uarb¡r tho fol.tøtBg
oooclitÅong:

( ¿) At ocrut¡¡où mvafæef,à.
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(ål) If th¡ r¡tr d ærrrq!,ug ltr thc æþc¡rt fu > rOT .ol,tfåftrf/
trÉ¡

(t) Qb¡4p,qFs¡rfqfitop.

rhr æmttal nqatrueaû fæ'c to *t ar ¡ eåd¡r or¡çr¡r tr
tbrt C ¡,d bt *rBôfr of coh¡agÉ4 rltb bçth å, ¡¡å I ¡t ¡ ratr
û¡rtæ tb¡n ltr $Êr d år¡kt¡oütnç e¡ lE tb nquoa

t
C+Å ¡!
t
6 +B Ê

(c) Iæþisiks.,
fhc tiqttt¡t t¡cd,¡¿t5oa lrtqr trr tb¡ r¡træ.r sf tnitf¡ttoat

6 +I -j À

TbLr glrm tù¡ csúl mob¡ni,æ ar¡

å.+hu {
*

0+A ¡!
l
G+B ã!

C +X Å

rhr lot pÞdolËqFrûte d I e D f¡ rr¡nd to p*oa ¡t r a$r$ur
ntr r¡ qnËô te tbc r¡t¡ of rwrhqr. lrt ü. aæG¡,tle ef

th chrlisd. a¡mûar A, 3, c ¡¡¡a[ x b. lr br û .[û x rtr.I,ratlvrür] rËù

thr oæsætnttror d lætopfaaL:l¡r, bb¡It¡ð 3, B, æô C br cr, Ê nil T
st ¡ t't¡trð, tl,E tr

,
.â.+t

]
C +E

Ft

Kt

Ke

Kt

C +I'
t0+å,
*
B+G
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?b **-r.Þ/rtnrr4-rr-å"'*4 (f)

nü Ë '*C'{ - Eab€ (a}

úæ¡ r.¡. b tàc rb¡o*tcü 1t6bt rlrtrürtrþ. Aaa:nf¡6 f¡ ¡¡oædl¡ær

rlth thc ¡tsqr ct¿tr lqrp€ûhsd,s, thst ùhr ratc of l"oas of æflvlþ
ll A eçul¡ thr nÈc of Selrr d ætfrtÞ b t,

tr.Ë.-* üd #=o.
û-+ + )

Kra+Krb+Krx

s¡botltr¡ttag f,c ï lB (2), rc oÞtris

#-tu+s

+å',b#q

(r
II¡¡r T r

rbc

æå

llc

fræ ns¡ bal¡ær

-"ffi

(r)

(ti)

(5)

P

Qc

D'trfr+\U+Íne

o o (t *Ð Ê. - F

çhclc F. cqnalo B at tLm æ.

th¡r Ë ,. r(r + f,) p_ + (q - r)p (6)

rt oaa bc ¡hc¡ tbet ths oosûfLel¡n¡t of p enil F.n rm a{p¡L r,rd.

o¡r¡røÍtr" baoa fr af bc nrlttu,
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# . r(r + f)(F- - p) (z)

For aryr ælreryc rcaotl"c¡r rltb l¡otc¡ú.o labcll'rnt Bruøt at

traors oco¡dtrtJ.e,, L.e . at cctoartætlæ nqÈtgiblô oqrrcù to
total eøoqtretiç d rsest{qg r¡leolca, ttro ¡ratc d usbanga, Ro" lsr

B* -Ë* frj=FI (ô)

rùi¡b i¡ ¿ fct of tb rElI l¡ror¡r ltûfiqy cqlrtlo. îh¡ iþrir¡tåø

involve¡ tno essrmptioh*. ( f) lhct æ tro a¡ûtve a¡noles æha¡gr,

å.o. tåat æoheqgc onl¡r ooours beücses aptlve an¡l inaotivs or

lnactlve a¡¿ Lnætlvc s¡noier, fhfu 1¡ val.:id. ¿t a cmcs¡trq,tion €f

aatlve opeoiac ¡n¡oh less ttn¡ the eoæentratLon of l¡agtive speolar.

(e) fhat tl¡6 aotåvily relnain¡ La tro f,ms, that d elt*¡æ d tht
trro reastants. Thug l¡ tÌ¡ß tha,llium systen it 1r æeêesarJ' to a¡alnr

that tha oo,æentration of T(II) is ncg¡.fu1ble oonpa,reð to f{I) s¡¿

T{III) eoæeÉrations. Thle iB elso tnplJßit ln t}re etoadtr state

asernption. SubstitutLor¡ in (B) using (7) yiclilar

B = Ie5f, ." *sD
abt¡J¡gC?=O8¡OdCãÊIt(t¡

thm K*cz = f*Íf
Srbstitr¡tLo f,æ o ¡n (9) €Éves the *¡rressl¡m

T .K2bab

D

(e)

( to)

R = 
KJ3'Kzb ¿{* É . Kz*fltÍra, 

,
Kre + Krb + lrrr*oy'r)ã ' ot 

' "r" 
+ Krb + (n r*f1)ãI

the Euantrm yid,tl fc oæhqn€" Fo tr il¡ûtæit as R*Æ.*.
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äc¡ce:

r = *r*ro 
= trl! .ä

' 3'i xra + Krb + lrar*y'r)E (ott.ruJ
KuV'

W
Ss"cr¿l fegtureg d l¡torost ahqlil be nsteð:

(") Th¡ eccæil tem ln the *¡rrcrglo¡¡ to elrq¡r,a lsas tlun /r. It
rl¡neeots th¡ rato of wnango l^n thc ¿b¡æ¡ d thû f,t*ît nrOg¡utis
st¡p 1n tbe neohanl.sm. Thle tem nqy ttremforc be mgleote<l lf,

øeE>> ø{ (É1 mrrtr þ iHJ¡rtion, ba tes¡ than on.)
1(u) If Kra * Kf tr (Ktr* &r)', tbpn tÌ¡e fLrst tc¡ø Ls Bropætiæat,

to f*j. Thls proportioaaltty ls ¡ fæturs d ¡.esotlm¡ rb,ere tbc

fragnontr oû pbotetnttiatåon reast tqethæ tn tbo shal.n te*.ni¡¿tlon

rErotloa.

.å, nunber of, c¡rer¡iona hcve beon ctsrd.veô usta6 thc abcro

treatoæt. Thc EcchanLrn for ttro æohange f,a aborn, fol.tmed b¡r

tho oøB}ete x¡ression fq the çanùro ytalrf. AppruÉnate

æpresd,oa¡ rhLoh n4r be of intere¡t ars tbü¡ i!Êi[Bcil.

B. lloa¡{hatn üeobanLsn

As s¡r l}lr¡atratio¡ the æpræalon fæ a nonrchrin næhaui¡m

5.s tlorlved, e.6'
4ÀøTl-'oH +hu 1T1} +oH

s12+ + í¡.+

ôr2* * on

irZ* * rr*
$tF + on-

Kt
(r)

(t)q
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Nota: Âs rtth sll tbe foüErrfqg apnerf.ær (rutcca othc¡ri.¡r notrd),

tbls glvc¡ an ovglall rcsou.æ cqulvatect to tb€ ¡lcatrc æbangr

reaotLo

firÞ + tr+ rf + firÞ.
rhc kl¡øtlo seoho'rl,î*]W,

Po=+;ilq'
tu Kt trrl + f,n fu a,lrqtrr > K., [rl.+J, tbü e¡*rrctnn ron y'o 1l

alrqyr . É, . 1. H¡æc a nCInÉhaLn rch¡¡fun of thl¡ þ¡e oannct glrr
quaattn ytcLdlr fæ *changø greatæ thârr or¡Et oontra*¡r to the iht¡
for botb tllo thslltr¡n anü. tho p3,atl¡¡¡¡ ryrtor.
Note¡ rt tg poaslbLe to {noglne e noæhaLn neoh¡n:lsn th¿t has r,

Eunt;ru ytelit greater than oæ, but not grætæ thsn tilo or tb¡ær

C. Cha{' tcotr¡ntm¡ ttth Ll¡¡æ fec.l¡tnattsa

hanplc: feohan1æ f( f)

trnlrtatloa tfofr' * wfi! rt&ou

pro¡nsetion Ttz+ofi * ñr* t fira*o¡r + rt+ (r)
Kru

ñr1 * rtz+on e)
fæln¡,t!,æ

firz*oH + rr}
T12+On

Kt
rt}on- (t)

fhe iü.otla6u{útng featq-e of thls nochanf.o tc th¿t the ratc d
dleatn¡st1ø d ch¿tu¡ ca¡rf.er (rrztH) fu pnopontronsl to it¡
conacntratd.on, LrÊr,

ôqtz+osl
itt ô( fçreonJ o
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Thlg feetrro re¡uIta !n Øo bf-ng fadÞPæilôat of Ltght fntooËf$

(r¡u").

6--
pfl F1¡*l trr*l

rr[rr+l * K¡* *Kt

nut bc ¡ 1,

+ x*)

ü.
Eï.(x, Frl * Kr¡r

(r)

Âowæl¡atios.

( f) For f* ¡¡ 'l tlre sêçonil tern 1ç nql.lglble. It ca¡ bo ¡hm¡

by th3 foll,cln6 ægrw.t tb8t Kt nrst alrry¡ bc lcss t'hån

qtrr+l * çrFr}l ror Éo > 1.

SE¡nratfuS tbe flrst tera lsto tbc ¡noônt,

lrr*l [rrÞ] ø
fno rrlnrl * K,,r *Kt

It ca¡ æs!þ be ere¡l tbet f&e ftrçt toEro l.s alr4rl lers tha,r ært

so for lu., ,,

r--. [tr]]
-å*å-Kt

¿¡tit al¡cc flt. 1. Kn mrrb be læa tJ¡sn KfiIlff]] a¡¡t thnçfæ

Kt<r,[îr*] *rrrr[rr]1.
Thur,

F* =*¡l*ï *trtt*rt ø1

,. rrlrr*r . offi '4 (r¡)

ueahs¡¡L6n3 d thås s1pe are paaotbþ æ¡iæ to 1m65.no f,ç¡r tbs

plat1lrn ryrtæ. For cau¡rlet



1ê9,

lnttl¡ttÐ

kErS¡ttñ

Pt(Ir) + b
{. - r}¡Ë(Ir) + cr

ry) + P{nt}

i{rv)

I9) + Gl-

¡r) + $qol

\É{

1#{[^i
ãP{

rv) U &ürtra p{¡r})

./t
¡ç\

f,t
{lr)

fbt.r glvrr tbr rod¡6ø c¡raaio to (Íf) n

ú¡,G
ldrr)I tsfl

.*
rr[P{xv)1 + rrlcr'l

t shü¡k¡ B( fÐ

Otlræ peatble rya d ¡Êhflrl{ Xlæar tanta¡tfo Ë$¡

(f) tø¡rûlæ rf tùc vo¡æt ra,ll,
(ü) tært¡atlo rtt¡h ü tqFltr d cqrt¡ot eccctnütæ, Ler
oæatrttlæ not ¡tsãtfiôg¡ttr lü6t þ nættc ritb obrf¡¡ orpl#.
Fe ate¡ùe,

rtrrttettg rrlou' * w 
97 

T1& + on

Pno¡rsrtùæ rre! t firÞ ?o ,art * fir2*

år3* + rr* 
Kå 

ir* . rrr+

Tauta¿ttoo rt3* * w.rr 
r! 

Txt+

råtÊb ytclilr tbc ¡æa c¡urcuiæ (¡) .. fs qf)

Ð. Chq{n Bmtio rfth Qurùutl¡ f,¡d¡¡tto¡
Dl. Bbc rtqilcs'ü sb¿t¡ n¡oha¡tn rlth çrra¡trs tr¡ul¡¡tlø r¡¡
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ihråvril fn tbc lnltt¡L Into¡ d thl¡ &qrtæ.

r¡rÈt*tfæ rt}ss' * ur \ !12* + €ü

erçrgls $rÞ * !t8+

fiLâ+ + ïrr
lcrl¡¡t!æ lfXS + OH

rbloh ylúðo tùc a¡rrrnlæ,

\¡lg
¡Û

\

r,t

rlt+ * $ræ

115t * tr*

?f$ + on-

F', ¡t
xrlrr+l r,,,trrT

L¡çtrt.P¡r-ll-:tt
1r"¡"rJ +

D D

tban D . x¡,, Ft}ùf + rrtrr+l + (tråJÉf)t

fÞe dtrtr¡guf¡btag foaårre d Atadretfc n¡ln¡t!.m Ll the ib¡taiMr
6 gc,* r.b. (Ío* r*jl .

åpmd,+ fg¡r.
(r) psr troìàJ¡ (t) The r¡sot t ¡!r lr nçttglbtr.

(u) rrrrtrrÞ¡ + rrlrr+l " 1rr/rr*.)t

C*rl¡þ'fe3 tb. ftrllû tæ.n fatJr b Éc, rr rrrrF J,þ|/g fr r$rryr

1¡rr {¡hæ 1, for loto h > f ,

Ltnr*l {-kJ* r¡rt b. > f.

lrsæc q trrï/1å t lxnr*")å ,

*gtb< I rrtrr"l " 
(r*r*")å
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Br tFr"l t ¡rrr*f-¡)t
en{ d¡m rrrrfllÞl f,r ¡mtrttvr,

&oe, 
x'trr+l + r'ofrrt t (*n'*¡Íilt'

-'ru-ffi#|*¡
(o) rr xrFrl tt r*{rr}l

l- o rr,,trrt . r3--rålrtr.rJ a.

Iesùl¡Lrn D2r

Vcrlrtls l¡ tad¡ltLu r¡ccttcr.

rmtn¡tlo¡¡ rl+ + Olt -r fl& + 0¡!-
R

rlþ * rr2* 
-3 rf + rt+

Tltth tbÊ ¡an¡ f¡itlaäæ anå ¡xo4rg¡tlo¡ ¡çrlô1ø u l¡ tubrot"nDl.

trr*l Fr'*l
)*ín' 9t

Il-'V.¡/rP

t,,fnþl + x"[rr+l +
'l

1r*:."¡Ér)ã
+

)P

ürro P = rur Þt"J + r, [rr1 + a(rnr* I ì*

Aoord,¡ltig¡.
({) t* 9c >> I tbr rnc s¡rrlrrlc æ in Dt 1r ôt¡fæô.
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Fonffi,ft-j'
X*h¡la D!.

å. oÕtætio d Dl ad DS t¡d¡cttæ n¡etlo ilcr ¡sü

yfufd, I ¡rrplc Gnræ.lm¡ ¡r thr ¡trt rûtÊ¡ sqtrdorÈlm d obd,¡

eærts (rfz*) fu æ¡nraroi !¡¡ ¡ sr¡b:lo egd,q¡ rtrlûh crluot

bc rolva{ ri,ryù¡r.

ruth thr ru DryXryrtfq rnsùios æü

îlþoff- * ¡u 
í7 sr* + on

0$ + Tl+

rl,2+ + w
Ktt -+OH

rtþ + rr2"þ

rrF

I,1Þ. + 11+

? rts + oH-

ds
rrrrfrrt .qtrrtl . [rr21 + r, + r,

q

rl¡ere rf ¿¡¡it l, ara tat¡ns ( 1, g f.¡ æ æ¡rcrrlo rflxl,g to p ¡nú

o$¡&1 to P fer 9or 1, sd. prþl tr tb¡ c&ostürtiæ ctr tl* *lûh
fn thooq¡ q¡r br ùtal¡¡ü fuo trbo egnetr.oo ( ¡sar¡¿ fræ rtrÊt rtrtr
coæu¡tr¡ttÐ d ?14.

r-¡^^¡rf15t*Ír.ffi * r*r[rxzrlz (r]
b'

fh{¡ ¡ç¡llæ ¡crd¡nos to

,*Í,t . r*rlrrz*J 2
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tf, K6Frl 1r ntæh larlBæ thsn the rrrüwltor rh&h eor*rcr¡ruril,r

to ueoåa¡i."' D, ebwe. rbi.a apptr.og úo K6[rr+J rr Ktl[rr*].
¿u trr*] 1¡ mæh enaÈsr thaü [rrz*J, thlr 1¡ ¡ rræsæþr.G alnu¡rtiou
la ¡reotlor. Horsvar tho gltøn¿ttve KnrFl2"] > K6[rf] ls norc

oæ¡ùc er thlr lcadls to net rcih¡otio¡. Ilorwer fgnorf,qg fc thc

the n¿tha¿tlaa1 omBllcatfoos erfsfeg fro nat rci[¡tlon;
(r) rcarrc¡ ro r.u" dr * Ktételrfrrnrtrr"] 

"ø lux r*12/1.
.ô'e no rugr¡.lts ¡bor a ilcpcndrna of flooo rrb, of ¡mar lear than -$,
tbis Ðoha¡¡ttu is rqgsiþd a¡ unsuitabLar

l[ceh¡¡rL¡n Dt¡

Ui¡(cd trlnsar tonfnatfø and. guribeü.a te.¡j,ntf.oa.

rnttt¡tloa rtlon- * w 
F! 

tt2+ + ou

TetrlnatLæ r1** a+ 
trtt

+tL *

oH + lL+
K6

ÎL& + 0H-

11} + rt+

r].lt crTl+?
2+ Kte

tr

rt +? te

The ¡na b¡rto hfr¡ûfe a¡roocLon a¡ t¡ Dl rcælü¡ fæ/* > l.

6r'ta
Ffi lrrî

[rrzt]a

Krlr + rr[nr+J

3rcn stea{y ctate conoe¡¡tratloa ctr fl2+ a¡d olt

8*lt o ãtl [rr2*]2 + rnr[rr2+l

ædtåa¡r Fl'z"ï.ff.t@
I
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tr,ts E:r¡rs¡clon ütLch omtrol¡ thc var!.ation of /o rftU I"b" It
laitøpcnilart of ths oæentratlon d qr roactant rpectao, ao that

the ilcpcnåæoc of Éo oo r*" ranril br aBoctoû ts bc lailc¡nuilmt

of the aoæø¡tmtLon of reestq¡rts. Hoswæ tf rs sltgg'the ¡eoo¡il

teml¡ation reantfon ta to

r1a+
Kta

u+ ?

rhæo H f.¡ a¡ fqÊ¡rfty üboce osæontrÈtiou ir ¡ropætlonl to [ffl,
then enaS.qgourþ to equet5.on 1

Æ*1, * xt1trtl2 + r.r[rr{ ¡rr+1,

rhenc Kte b nw aotua.lry Kteim]/trr+1, rhioh is a cqnetent.

** y'co t*i ;hæ Kta[rfl t r<rr[rr211 l.€. rhcn tlp rate of t,
1e 4ngtgrr¡Lant oqæed, to trr antt 9*n I*! rhm Ktaþl+J <

ra, lffaï. Prsarnabþ ¡æ n5 edl or(þr rrll.l occr¡r rbc¡r the tro

teraf¡stfo¡l ¡tops are cøparraùlc.

llota¡ ¡3 ¡rt6h lt€þt intæ¡tttsc (hfgù [rr2*]) the ff¡st ta¡:uf¡atlæ

rc¡pülo¡¡ d'rl beoøc ære olgaffloant, hoæc l* rrl.rr tæil t*e¡&
* t*j ilapraitcmor et hrgh ught tntærltios aadt r*! at rc 1f6ht

lntø¡ltÍe¡.

Iüeohanl¡n 05.

Pocglb¡.e va¡l¿tioa tn trdtlstion raaotion¡.

KinetLoalþ illf,ferout trrttíetlm reaoùionr Êr..r ittffllor¡lt to Lna6Lnc.

llorsve¡c fryrobable lnltletLon raactioo¡ rræh o¡l.
huj

kr

I¡, -11-'OH + (nof) e*
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(rrcif)Z* * 11* 
kt

rb gtrve a ilLfferc¡ù dspalrdooa on I*r.

9¿2[1-' + 0]I

slse (rtof) 2* L,

(r)

a¡gr coiteil e¡noiea. Frou thsgo l¡iti¿tion stepl anê

Tl2++rt2+ þ T1+*r11
as tsulnation roqÊtJon:

rrrær=*tr.t4*
fþ¡ e¡ brf,æc io.o cæ¡t. [rtz*JÆ"]o f* ío, 1,

.J
ÍGo( r"b" ..

âa r¡¡rf.egørrr q¡lrüæf,e tr *tifæ!, by r.F},sfat ft+ Uy ftÞ ln

eç¡atLm ( 1).

E. proor or årmprio rr[r{r)] + L,,[r{rII)] >> e(6treb¡ør)å

For tbc [rr(f) ib¡mihmco,

lo,- l.9l ¡t Fr(r)J ' .oolf , [Tl(rrr)] ., .oo5 æte t'1.
rf \r/\ o 2 f¡ r¡å¡Erd,

rr[rr(rrr)l tlrl(r)l I
çFffi)T=E.\Fr(r}J * \r¡trrtnr}J

Nor nakfng the essuu¡rtJ.o

ø ßG 1

1- 1.1 rf¡eo

= _ 'lr[Br(rr¡)J .rrrr[rr(ru)]Írã
nr[r{r)J + rrrrlrr(rrr)] lrrr*r)ã

Àacunfng /
1

æ{

i.9{ - r =*. LFl(r)l

-1-

1x.r*")ã
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I{eæe Etrr(r)] = .9t x r.r (r*r*")å"
andl baæo

r,F{r)J +K,,r[rr(nr)] = m {n¡*r)å
. g.o . z, (rtrúr)å

F. Colreotiæ f,c l{odlalforo åbsor¡rtlæ

.ll¡ aror n¡r erlac a8 4 o&trqurÐco d tbr Arp€a¡lør d thc

guantun ylelil oa llght fatenalþ tn ræpta¡rt roh¡tl.on¡ of htgh

ogttoal il¡grrlt¡r. lbc omoac ar:Lse¡ beqeu¡e tho aværgå g¡snüe

yf.elrlr ar nc¿nreû by the tota.l rete d rcgctlon ôtvid¡il þ tbc

tortal rate of llght abærptlon, is not the ¡ane as the evera€e d
the qurùun ylerds ia each i¡frn{f6þ sûsrt oLaant of space. The

prcblæ he¡ brsn dti¡auesett ¡y taigbton ¡ndl xoy"o.(5e)

Xf tbß quantun yleJ.tl. n4r be ørpnasrod þ
1

l*=cr"b"-o (r)

rhore c fu tadcBaadæt d r*br, tbo quantun ma¡urcrl apcrrncntalþ
vlLL be,

&oRqp
II t! c t*"+å'.al

ffi ll,¡-f'
1J

o

(e)
ðT

o

rl¡ere x f.s tbe tË'atenoc ffrcu t&¡e fræt fase of, tlb rcagtLon aell r¡û
I is the Lqsth d the csrl. ,"b", R*r eppv to the læal ralue¡
Ín the elomsrt dh.
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t¡botltr¡tå,ç abs
-dlI
¡ì: oI e Z.pl a T. 1s-8 (¡)

(tot 
"r - rtl '. opttoal dlcoretly d tho reactant rolutlon) antl

fnteratú.¡g f,e obtaf¡

æ
dQ-'t0ß (2.w5 

" ro)å(r + ro-V2)
(¡')

fbe rrin rarnpti.mr narb tß tbf¡ sdsnlrtlæ r*
1. fbr üfntion C ah,r¡u oa¡rrf¡rg frq æo olffi ú wtrn te

¡Dsthæ lr ¡rgllglbl¡.

2o åbsoratloa f,ol.lcrr the strrplo Bssorta lat cquetlo,

I :¡ ,o *-*
rhæe I- 1¡ the t¡ofuht U€ht lats'ri,fir.o

åt l'c oft!¡el i!¡rrsLtf.es, equatlon (+) rca¡ocr to eqr¡¿tíø (l).

Equ*tf.on (l) ro¿¿ cofrsapqrû to the crpsâ¡ætal çur¡rM ylelq

Lf aÞscptlon nao r¡nlfom thro€h the oel-lr lhc rstio of eqnatloa

(f) to (Ð ¡"y bc u¡ail ar a, cereôù1o¡r to a.LIc fcr thl¡ phcrnuaoa.r

ths retlo i.gr

1

'-ldfø:P = & Q,n;¡r*
2

{t * rc-úz¡
(t - fo-ar¡ä

fhe o¡rtical. dørstþ otr the noat omcentrateil. T{III) soLutl,æ

1s 1.56, at çhlch o = 1o15. lhus a na¡¡1m¡s årræ û 1fr|nry arlg
frs t'trls aouro€, the cperf¡ndrtaf. çantun yieLô rlLL be apparentþ

los by thls faetor. In a.n I"b_ &@d.enoe etu$ at oo¡stsr¡t
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æ¡æstnrtf&, tho oerstfu fiütæ c rl.l.l b¡ ao¡ùæt (Lc"
l¡¿¡p¡¡æt d rlt$ fstnråtr). flo f.¡fær Ér¡. td to rcibr s¡

1. fbr *r¡tutte tbËt Éo lud.u - t*J?t - r$ rl¡t¡hø

tlr¡ Iù!'5 ïr prråùþ reürs; o¡ }rlt ¡¿; drr.st l¡trytrAoa d
ío, q t*"::t cpmlrtæ t¡ ¡ot Jurttftag n grnttt*tirc c¡tt¡*r
f tb Atffsæo gan b¡ dþÈrrtú.¡siL

2. x? ¡lttf\nfo¡¡ of tä¡ ell¡r m*vta Þrcrr kErytæt, !a
aoatn¡dll¡rti.s to üqpttæ 1, thæ o rlll þ¡ or1 læ,

!hua, sfthsgh the usf¡¡n ¡nadblr ur\ãr La 15, lt ,¡ r rtrry
to bo f¡¡r. Tho æror ilæ¡ not ef,fæt tbc lLnc¡rtl æ tbc rrn¡ro

d tbe rælpmoal os¡o¡ú¡rtlon plotr, aor ibcr tt ¡fifæt tlhc rxa¡n

of tbc räb, üqnlalrnÊr gre¡ùs, ro tba oo¡r¡rg¡ü*cr d thfu rqnu
of mor bare bcaa næI'ætcdl fe tbe t]raü:t¡¡n atu$¡.
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-¿Ðrlv

I'lW.oû* UCht Þer bm f,æü to L¡þc l.cånaCp bâæ
f!æ elfrrt¡fr lsü s¿ €ðryf..Erù chlory¡tr toû ta $rfrry ft(drCf
tn r4ucer ld.¡¡ttæ. ¡, çtûsùtÈrtlrr rtu{y cf tbr rrr¡tl.e¡

Ðåürtf, h. .ka tb¡t tb. rratls¡¡ L¡ ¡ &rla IFcær, Dúd{Ëlr
tnrohâq e ft(fff) rBæf¡¡ r¡ ah¡L¡ orrrtæ. å æryer*tfrdy d¡r
æt ¡ùotoþct r ætlq r¡* a.l¡s obwct io ocqæ. rhoÌ¡¡¡tær fæ
f,hc pbotoþ¡L¡ g¡0å. *ng¡ ¡rqotLoor ¡rr p,ortnl,atd roif cqpæd
to tbc rrBæl¡**¡f data.

fhc ff¡rt ohrptr lr e aurry of rc of thr l"l'tcrÊruc

æl.mnt to tbr rt$r.
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SECTICN III

CIÍAPIER. 1: I}ITROûCIÏO¡I

A" fherual Rm¡tiqe¡ d Pt(ff) CæBlcca

The tllsnal' sub¡titutlon reactíq.a of Pt(IT) oonBlces renc

r€oantly rovirnod. þ Basolo a¡d. Pearson.(to) otJ¡er revi¡re na¡r ba

f,ou¡rd. i¡ atend¡,ril tætr æ troganto hl¡ctfa¡.

The¡s reastiong ( fuofuAi¡S eurahange, ÌVd¡io\ysfs, fcøerintiaa)
of P{fV) couplexos a4r be ôtvid¡ð l¡to trro grepar ( t) tUe hæahaf.id¡

fona, (z) ¡a.r"-a¡¡¡ne oorl¡J.qes.

f . the hæoh¿Lkle J.ona ah€tr roaotj¡ns rhich aro yerJr sensLtlr¡ to

årpurttles, reðuotanta oatal¡rstng the ræction, enð oxidant¡

lnhibítlrfg the roeotim. Im'Ludo¿ arca6st tbe shenlsts rbo h¿v¡

studiotl. thsEo roe€tions are Põe and vetS"('), hvlô¡on sna Jantes*(5),

o""yo(18), n*oxus er *(:), re..¡e(L)n Êrrnber6(4c), anil

l¡i*otara(þ). å. æch4F{¡n i¡rvolvi¡e a mra labåle pt(üI) apeetcr

Ì¡a¡ beu ¡rropoeetl, but the incmplcte ånhibitive eff,oot of øidsntr

suggeatc a s€cocl næha¡i¡ur ua¡i'be operatiq. ån altern¿üivc

æp¡¡¡ation d eatel¡rsie by Pt(U) iæs r¡å cilcea¡Ftlod by PËe ana

V*iQya becar¡so tbe eatal¡rtio effeot¡ of aôdcd Pt(tt) oø¡nrnôo rcre

too ¡uaJ,l. Dreyæ, horeyer, cøsirlæerl tb¿t the ohlorida æhang,o

reaotim ¡rocecdb vle a Pt(E) - Pt(fV) fnterneili.ete.

2. lhe ø*elw€o reastione af nfucil anl¡s ê¡¡1 hs.ltib conBlccr,
j^n partåouf.r tbs ahlono coupl*es a¡oh a¡ nt(en)rCþz*, *Ìrfblt
unuor¡el pro¡nctiec. å, lar1sc boEy d kinatls d¿ta qr ths¡e rætlsr
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ran l{sorlsrcd. by Besolo üt a1(5b). Beo leble III.I fæ soæ t¡rpfoel

rete ôata. .

Thc r¡aotLog srs xtræe\y alor l¡ the ¡bocuec of, Pt($) eonporndr,

andl b¿re beon ¡Ìru¡ to foLlar a fatc far f.rrrofrflg e f,f¡¡t æûæ

iir¡æi!æoa on ft(II) coæoerbatf.ør.

R¿ts of cæbrnse = t[rt(rv)]{pt(rr)l[x-l
lhl,¡ lril B¿¡olo rt å1 to ¡ro¡noc a nooh¡nLsa l,nrolril¡g otllod.as atç
tre¡rfæ botrra Pt(u) ana pt(n¡) l¡ a oø¡ilcx l¡terncitl.stc. For

æample, fc..!Seå

dlrarn:

p{ æ) 
a2+

Pt( ên) zcLzz* - Cl- cotrange, tha æsba¡rl.¡n nqr bc

*¡
+Cl

æt æ
*ll
C1-Pt(II) + Cl-Pt(rf

eû €Ûr

r¡
Cl+

Ê 8Nt-Pt-gl

2+ æ+ col+
.r*t¡

11l)-cl ¿ GI-Pt(II)...0:L...pt(fV)-cr
tlen 

¡.nr

rt(egrtre2* * pr(en) 
,2* * cf

æ2+ G+
*l I

cl-Pt( n¡) -Cl. . .Pt( II) -91
tl€n cû

[he nec]ra¡rlan predfutr th¿t elestrcr exohaçe botnoen Ft(II) an¿ pt($)
wilL occur at tbe aens rate ee chloritla eorchanger thl¡ ras sbsr¡t

to be oo ex¡rerlnentellJ,.(9) Ths næhen¡¡m parorldcr an adeguatc

eocplanatían of, nost of tÌ¡e rear¡lts on pt(Ill) ¡übstitution reaotiæc

involving Pt(ü) cetal¡rsis

However, the ct¡loriðe o¡ohar€o of g*l pt(e¡û) 
ZILZ}\ re¡ fcr¡n¿(8) to

præeed rithout ic@ri-satian ¿å ¡nedtoteå by tbo Eôob¿ni.so ¡boyer



tü¡ns rt( æ) rcr 22* - ct

g*å Pt(*)nctre* - ct-

tf pt( a) ðrz?$ - cl-

.Egüû et(mlr)Ocrrt* - ,"-

¡rqng Pt(Nlr)[clz& - cl-

ggE rt(mrr)Uarz?* - ct

rt(mir)rctþ + ct-
.. rt(rur)actee

TabLc IlI.ltr

Retc nsle L'l 
"G-1

6.0 ,c iol [rt(æ) açLz2+l[pt(*)r2*J [cr-]

3.9 x 1o1 ü

1.5110 tt

leuperatrro [d.

7t 9c

I

l7

Rcaotlø

6.0 r 1o

6.0¡r x 10

l.OB x 102

t¡ ¡ tO2

4.e * 1d

trt( ca) zctaal [pt( m) r2*] [cr-J

[pt( cn) frr\ [p{ ¡,) retJ [cr-]

[rttmr) octrt*] trt( rcr/oï tn"-l

lrt(mr)nct A [r{mr}02*] [cr-J

lrt(reir) urrr'*] [r*{ r*r)rr2*J [c r-J

6

ft
p
20

I

fr

,0

2'

þ

I

ú

&
fb

¡¡o
ö\
a

1â,

7

t5

6.5 r ro-4 ["{*r)rcr5*] [rt(mr)nz*J [ur-]
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tohm6, rho rtn¡illcit the rcaction, for¡¡il that the roætl@
forlccd. tho care rate 1s çith tbs r¡no r¡to oæ¡ta¡r! a¡ the

tf,n4f eopl'oc, ïnrt ns,e fqocil to poafurf.ato d!¡eot cÌllortilc ocoh*rgc

l¡ thc ft(rr) - m(rv) oæ¡ü.er baoauro t¡æ¡r"i¡¡tton da¿ aot ooeutr.

Eorcvæ thrrc Lr sæo **t( ar) that Joh¡sø astr¡¿lþ prqrarcð tba

gþ laææ. Barolo cû al(14) qræ rtuüi.ð tho ¡ub¡tlùrttø otr

È¡Ën¡ Pt(qrr)acrz2* by sãv€ûl.a¡. anloas, lætr'd{qg Br-" tlgf, cN-,

s,nil 0H-. .ûrL the¡o anlon¡ cdbrüituts f,æ ohlorlðc ln ths cocple*,

prernnabþ thrcugh ¿a a''+r o{tcn¡s næhanlsû to tJre cahc¡ge raaotåæ.

rn the prsseneo d acåÇ ¡ro qydro\y¡{s d tba shlomo,af.rnr

occr.trc on heatiry at elwateil tæ¡nraturc¡ fq rcvsra,l dq¡rs, ovei

when rt(II) is addeit. The base þiboþais d sææ¿r pt(Il[)

abloroanine emplcrces was iuvoaùfuateô Èy Johnson sb al( l5), wlo

for¡nô btg ùif,fere¡xeaô in aheraotætstlas bctreen tbc oonplc€lr Tbry

euggeatedl. a bri(6e neolrani¡n for the rydroly|¿s cf .þ&g pt(¡slr)&g128+,

a¡¡cl. ôiræt s¡bptltutiæ by OiI- for gþ pt(tûIr)&clr2*, aod 
'

rt(mtr)ucr}. TrPng pt(en) 
zc1zz+r s¡¡diEågg *i*lrt*o2* 

"*"" f,or¡¡d

to rerlr¡ce to rt(rr) on heeti'g iu be3o (in tue prooo¡roG or rt(u)),
but lrane pt(aa)r(on)2* r* stable i¡ bs¡e. For tl¡e reð¡otlq tår
et¡thorg prqlosod ar¡ intmeêj¿ta bri(gcd tbro,Uh the ,¡,n{ne, fol"lcnoû

þ cidetLon of the a¡¡l¡oe ancl redr¡ctio¡ of, the netal. IrEgE
Pt(Nnr)¡|c1r2+ arso reilræss to sone ctent on heeting rith base.

B. Photochenloal Reactíor¡s

The unusr¡¡â,l eharacterístios of ttre thêrnal reectims otr pt(rg)



188.

oortrlsar, harc leil to ths pnedLctiø otr asræal ooplcr roaûtton

p*tha. 3ha photochæloaL reeotlon¡ aI so sblblt +n¡nnl feahrtrcg -
the cmchangE rsqotiona of tbe hsah¿lttl¡ cæpX.arcc

andt tbe guantu yleililr obaweil for berth þilro]ysf¡ æil cohangc

reastions, aro tnilc¡reir{lent of, tbe ravelongth oû i¡redü.ation lbc

repæteil ibte f,or tJre photoobsmtoa.L raotLoo¡ a¡e ooaaiibrÊal 1¡

dttgtL ln th5.s costion ÍebLa III.2 ¡r¡ma¡{.sca aonc d tlrcsc tlat¿r

Ín l%4Rfoh a¡rcl, rsrùB(f6) reBeated. th¿t the rate of æherya-

cf ahloriclr Lon rftb Pt(fV) ClgÞ íon ln w¿terr rec atræel¡r

¡ùotoaærltlva. Sino¡ theq asyæB1 otùæ Pt(ff) hallôe coheu6e

a¡¡ð gub¡tått¡tl.oa reaotiø¡ hare boea ¡bqm to bc ghotoronaítíve,

antl. guarrtitative rtucties pubtLaheû" o***(tZ) etuûtaa the ¡*roto-

chsfus-l cohange of Btr- ion rrth etBr5F, æryo( 18) 
""p"t¿ed 

ø tbe

analqcue oblorLrle eocobange, anrt the ar.batttr¡tíon ef *okt- þ Br-.

Reoeoctl¡r B¿l.ss¡l. * *(tl) gtuitieil the ¡ùotæbcolcÊt \ydþþ¡å¡ cf :

t-
Pt.Bra- .

Riob anrl laube postulatod. e ¡¡sobanln iurolvång ft(fl-f) as

g qhain Caffi.ef.

rtctrÞ + hu ¡! Ptcl5z- + cI

eæLrz- *Ër- * rdruþ+ct-

*ðtU* + Pt0lnþ ;: ptc15 b, *
+ PtC1.5

þ

Adnnsør, in a quantitative stuðr d th,€ hsebræicle æohange, rc¡r*trê
a eh¿l¡ ¡¡echanisn rhíoh followerl the kiætlc orpreaslon,



Table III.2
Re¡otton Qr¡¿rütu Ttd.i!,¡ I Cmæti Effcst of Dcoæ¡nrltlon R,d.

-,r,, .,i .-r-r.t,..-.,-¡.,,.-,,,r,,,,-,.---HPF{üt*9f;,r1,,-,,
,- - 4l-- --l-PtBr¿r - Bf- 9f ,, offto%tJr"O + ,Ø chq{q Ræ*üim ÊIlyL oblor{ib, ( : .1 17o

Fcherl66 ËË.ltoaâ - ¡ø ly&loryrf¡ or
, rûfæt r.ô¡stion

*-
I}ÈC16* - Cl

æebåag. ú =IOOO'gå:r f8s

5?û-erO

/ o r[et-J l.oualt

/ o l*br* x not êaßltr
z

*.tffiL6- fBr
nrb¡tltuttæ

norrþ/ïro

þiüroþatr

l{o gnauúltatlrc roru}ts

f oourüart o .5 ! .1

XnilrBeårat d I"b"

Rcihncð þy [Br-]

r [PtBr62-] ,+33

,n

,78 ch¡f.n Ræotlqr Bte t tO{u

t+S6 r¡hrbit¡ ¡rüaÊtioa

,#

w
I+56

#

31, Rrrærlblc
equatlon

36t ¡rotd.m

ChÊt¡¡ RoætLo Br lo-5tt ato¡n
feåGtíca

r8b @\¡)
a

HrO, no cûfæt
( to-¡r¡¡)
þilroçlnmc cæ

df,Ët

l{o rcihaùio¡
üs r¡aoti.m
[nr] ¡ .r
¡ele l-l

19

It
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¡f = r[rtn"rtJr*j
rhere I"b, b tho r¡tr sf l*ght abacrpttæ. Eo el¡o notcð thst
ths guantu ytcldlr rero l¡ibpenitant of tbc rarelrrytb of

lrrs¿l'atlon. The analqgous næhs¡rtsn to the or.Lo¡{.ib æha'lgE

neoha¡¡l.gn abovr rrs oø,aL¡tst ritlr hår remlta. up to this
ltage thæe re¡ llttle scrl-a¡c Eonsidæatlon glvæ to sthq pocatble

mechanlce¡. I{øervcn, u"y*(184) anrr tbaa ådan¡*(ø) in e L¡tsr
popæ portulatcd. dtf,fæcrt næhsnL¡m¡.

Drryer at el n¿de a qræntitatÅvc aùu{y d ths dfrst of, lr,ght

on the PtcL62'/c.L- acuarge encl thô Pücl6n/br' ürb;tttutLon rcqstloE.

They also reportetl. I'erge genùun ytcLila loitloati.ag ¿ obal¡ reaotLoa,

but foundt the ilr¡nnds¡ss cf Euantun yLalit on tha kt¡ûõtfc rertabl¡r to
bo uors ocupla. fhe follorLry reaultl bEvo bc¡¡r atrastrd froa thstr
p¿p€r on the ohloricls scU¿¡gp reactLø.

(") The quantun yteld. shcrs r.tttlc ilrpanibaoc ou the ra.velogtb
of fuãsrttstlon. (5t5, bfi, j6, ü¿ :m. ..Zfr q¡ rcrt thc ræa.bn6thr

d i¡re¿iation.)

(l) fhc rtcpoitæ¡ d quantu ylclil or ltsht latoaltr¡r raa

ftttcil to tù¡ æ¡rcarlm

tq R { r"b"

rhæe rrbu r"" glvæ tû uültç of eal noLo-1 nfn-1. Bhi.r Lcad¡ to e
oæploc ilo¡nndm. * rrbo, úca rrb" l" ta ¡¡¡åtr d Elßrtôi¡ 1-1
.-lür1tl .

(e) Ths &prndlæse d Euntrn yfuLil æ ohlorld¡ ls¡¡ oe¡ocabatü,on
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ras fou¡at to bs oøplcæ, varytn6 rttJr latclcorgtJo of !.ræül¿tlon.

I{owever, at 56L ep, eô ¡r}6 q¡n e atrefgbt ll¡e ras fltüoil to tb Flrûtr'

Rato of, Frotræse ¡s ¡ + U [Cf-]

In gonone,l, the guantrn yJ.eLil tat sbs;tt ts be uloh Lacc t'ban ltanrly

rÞ¡renilaat on oh^lo¿'Lib oonoætratLon

It soæs tb¿t tbe¡e er¡thorB iLiso¡¡d. Pt(III) es s ob¡f.n sarriæt

l¡ f¿vo¡r of a rcchanl,sn f¡voilvfag Þbotæeta\y¡Å¡ of æb¡ngq ln thc

pt(tl) - Pt{fV) oæ¡itæ ¡nrhrtatcil ae ¡n tntsilæittcùe 1¡ t'bt thrrerl

cohange.

Ia a brlef note, Âila¡Bso a,t ú(21) t.pot'teil, thet thry hail faü.rd

to ff.¿d. tho curpeotedt Ën ¿to ln fl^esh photoþsis ctr¡ilicc d Pür5þ.

Tbia, plua the ob¡a¡r¡ation tbat lqyiþo+¡tnors stopped. tbo fo¡satim

d pno<trrts, lecl tJreo to postula,te thst e Pt(ü) apeoier ir forucil þ

¡ilrotolyois.

Pt8rrz- + Iu,
f
PtBr.,}

2- + Br,

Tha ættca r{ff) apeolss rss ths prcdfotoå to acü e! th6 €h¿l.a

oe¡rlæ l,a ths ælun6o rq¡rtåø.
gaf¡*r(9) sù sl also ra¡nrtedt a rtury of {ùe pbotoþata d
o-

PtBr5- . ThsJr obacmeil eat Siboçrtrcno ilrartlca"lly af.tæoil tb

abre¡üXø lpætnn cf ft'(n¡), auggcatl¡e nis¿ntü1rdt¿tlon by åû¡ss.

Balsånl ct el ilf.tt not s,tudy tbe æhange re¡otíø, bú il¡ùs¡af¡e¡l

quentrn ylalile fæ t¡hr þilroþrla of FtBrrz- 
"t 

Iw Br- eæost¡atlo@.

Tha E"nntrn ylelil (.5 ! .l) uaa aesù¡ fqmd. t,o bs rnihperds¡¡t of

raycl.e4th, ürrerpætlye of,trh¿ül¡on tmiltattm oaculrred, l¡ {dhe dþil æ
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oha4e-tran¡f,æ bantls. 0n this f,aot tJray oonclurbil thd at ¡,ll
çarelorythc tho sane coit¡ð aùate l¡ fornccL, rltb nearþ 'r¡rrts{tr
dÍi.oiaooy by rnteú"na.l ooûrcnsl.on or lntero¡rstEu so¡sl'lg fr@ othg
¡¡rcttcð statco. Th¡gr auggestodt tlra trtplct gtat¡ t&æ) ¡¡ the rsrt
llkefy scitsil ctete.

0n tùe ecrchâ¡'ge ræotiøs tlar¡r oourntcd.,

(") trtho cohangc ls soa¡eely rcproth¡s!"bleú

(u) rthu¡ Lt apper,re thet no ror¿tlo slstc b¡tneen þilrolyúa ¡að

æha¡gg ¡rfæOtlolr.

Sæe¡aL othæ roætiæa d pt(Il) hsvc bcen repor.teil þ
Êr'rabæg anû othe¡r nr¡cga¡(Ð) rq*ær to bo ¡ùotoæoalttvc. rqr€

the¡c ¡rr ths rate of equattcrr d pttL(*r)r, r¡Â ryiL.oþaia and,

¡raibætLsa cf Pt0lz{.(il0/.(mtJa oæplura. thqraer semr*¡å, æ tb¡
l"ettæ r¡s¡rticn: iOn aoaor¡st of, tbe ¡,rSh rælttlrlÛ d þ¡lgga to
l'r€htr ebro*ytlæ ùr a oou¡ilø leaib flrrt to ra*kørrqg +r¡a rrr¡rtwo

ef tbß Pt-h¡,Lqgen bEd,, rhLch tn tr¡¡r¡ oaurcl th¡ eccolæ¿tl.oa d rt
lælt tro fdryrr¡tst Brqoe!¡¡rs, aancþ the þgilroþrt¡ sd. r¡ih¡otls
ûf Pt(ry) to rt(rr)',.

The ¡reaort rtu{y d the ercho€c b*ncor¡ et(m}rcrrs rrtn cf,
h¿r chorn trt to bs e oh¿fn reaotim also, but the ktnctfo cbara¡tæLr6or

e¡c sotrlidûmbly dtlf,feent to tho bøcabrøitüa ryatcm. fb atu{y mr
iaetfuateit to try a¡it d¡¡tcrnlm the ohsLa ca¡rl.srs ¿að næhsatsn *
tÈør r¡auru¿l ræotloa¡. rt nas al.so sf !.atssrt to eø¡nro tho

plutoobr"tlcal ræût1qs of *r¡"çr{rç cmplcel to tåe hæab¿lLôc
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s€üIÈúsór æ thslr ths@.l listctio¡! ¡hor äJ¡fæ€Ert ah¿rastcnrl¡td'¿a'

rhe !g[¡ draør¡e ooqile* ças oho¡æ beoar¡sc oú} ttt atabltr'lþt

æse d} palcpa,ntlon, a.nû alsr the¡:nal æohange ratc¡. It elao tu¡

tho lnpdant preperf oF Lqr1gs ae¡nratioa oû th6 iþil enit oharye-

t¡rerdæ bandb.

S. åbaæ1ûlon Spac&a d Pt(ry) Corpla*rs

Fi€. trII.1 ilepicta the aDrelatlon qnctnn d @g et(c¡e) f'r"'
¡bfsh ea¡r bo rçar",¿sit ar t¡¡pioel d Pt($) eæF}'c abaæ¡ûton ryatann'

$3 å,n ¡¡o¡t tra¡sitíon nt¿l coqü.acer, tbe bgðs na¡r ba illr!'iþil l¡ùo

l*o grouBe¡ at shor*cr ravclægÈ,hs tlrc bl€þ l¡¡tæ¡rty change-tr*a¡f*

bancls, anil st loryer raveleügths t"he lts¡ !'nten¡c it-ð' abrortr¡tf'oa b¡¡åt'

¡lrgæco(æ) *r"" ¡r.atsoafullùr t-utæprrùsat tb oùrrgætransfc

þiIÊ ol tl¡e hcaaha-lids oøgLerea t¡ ts¡ss d the mLæul¡r orbit¡L

¡ortel iEæua¡crt i¡i Sætlo¡r I. 0n tùrJ's barLa, tbe lwest €üßFf

eha,rgø-trandæ transltl,on åa as$gætL to 8, fu.arrlttoû f,rø r Ll6rað r

to a notal iI orbit¿l (Tr). [be ¡bøt rarolon6th benil cÉ' the

Pt(æ) 2cL22* 
qpætnn (À*, = 87 ï'r t"ar o 5 x1ob r norc-l an-l)

i¡ cosirþroð to bo e ctra¡gel-trsnE|æ b3ni1 bcoatt¡o of tho 1a¡ts4

attmùiæ eocûfloleut¡ anð by anal"g¡ to the heahalLdsr na¡r be

sc¡t€rcil to a r - T5 transltlon. Îbe l'øer a¡rnaøtry oF thls oou¡ÉL'r

rai¡oa the Erectioa ar to whf¡b li€anit n øbite¡. 18 bol-qg rdercå' tot

l^f lnilcatl lt ls neanfugful to refsr to ¿ zr orblta'l of a parülqrl¡r

li€aDð r¿th¡r than a noloctrl-sr æbít¿l lnrolvtng the rhole eæpl'c'
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In te¡rus d cbarge-ùranafer theor¡r, the bs¡¡tt roul,il pelbabþ be aasfg¡d.

to a tran¡ltLon fuø thc nort æsLl¡' ectiü.rcb1e Ltganil (tn thts oarc

¡rùabþ obf,.or'!'ita ton) to the nctal le.
|Phc iþit banùs of tra¡rd$.on ætaL oon¡ùarea h¿ve been reLI

tntcrarctO(af) fno te¡rn ssiel rdærrô to es rtrø¡6 ftclil ¿uit

tük ft€lil cod!.guntioas arLgs f,e each eIætro¡Lo cøfl"grrattoao

Pt(¡/) ompLcocaa ryhtblt onc cf tho higbcst ftgailt ftclil rpilttttqsa

d aqr nstal ion, co tåat the strorg f!.sldl. corftgurrtton na¡r bs ¿tsnrð

to app\y to Pt($) oæ¡rloccre

fhc rûrqg flclô tqs sæi.eû for a¡a ootah¡it¡"rl % foo ts larr,

furr, \n, '*o, 
lrlg, 

'rnr 
5"r. flus La sstah¡ibã.l rymatry tmo

nodl¡eretc tnt@rlbr UeaA¡ lf
2S

1Àtg, ana h.,, * tnr, ørsbt bca-

c¡rotcô. fhs tto nodhrats tate¡slþ abaæptl,on ba¡¡d¡ ctr Pt(*)rt%z*
(À"o . 26t EFr 6ss = ?frt a,ail À*" - 39 qr ¡nð ."o = $$) ng br

a,Ealgatil to -tbe¡c tra¡sltlonl, alttrogh tJre Lqæ ryrfu€'tlTf of tbâ

sol.eoul.e re&¡osg ttre oertalaty of the arclgnatioa. S¡o¿f¡rþ, thc }a
l¡rt€nsisr ba¡ril (lr"x - J80 nþr, enar^, Ð) nqr be essisnsð to e tBla

Ifæbildldø trar¡sttion frq tbø d.nglat gr@it ¡tatc *ra *o eLtber of

ths tsr-ryt¡g triplet" furu ana âO. (conalðcmatitr¡ ra¡ gf.vo to lbr

¡narlbd.ltty tbèt thts bcnå ras dù¡e to traocs of a ycllw fü¡nrff'ty.

llmsvæ a b¿toh d oonplc reorystclll¡ed servcral tlnes a¡d rhLte la

appsa:nanoe ¡t1.11. h¿ð the eane absæptlon bend")

Cotton anô lta¡rl"(eÐ ¡rrrføreû ¡æc nolecular oûùLtol o¡l¡utstiq¡
on tt¡e hexashlorLd¡¡ of Ro(IV), oe(fV), I{IV), +nil Pt(IV), iÞterofutlg
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val.r¡es for the l,fuanit f,Jslit opltttfng (a), tle oEæEr ú ür.al

þ¡n¡ttlæ¡ ¡¡d thc encìg¡r af ttrc ctrergc-trandæ tâ& * tæ trend,ÈLsl"

Tbc a6reraant obtalned, betreen oelot¡l¡tcil rxBa{.eætal ve}r¡os n¡¡

con¡f.tbredl to bo rctf.rf,aotcc¡r. fh€Cr oatsuletlo¡r lnåloate ebqrt æñ

nstaL charaotæ ,.n tbo tr, æbåüel fc Fütl,8-
a



196.

s8ml0ñ III
CHIPf,B 2¡ PLÆIHII gPSnItEnçUL

¡, Profcritiæ €f Rrettrnt¡

Dol¡nL¡cil rrtrr, illlttltd. frc reå ¡nd, thæ frm KrCrrOZ rir
usoü tåroghout tbô rtufrr.

8r tf¡*¡ il*Ln) ¿qrrl$lr.
fho cæplcr .!EFE! þ(ca)rCJ'Jtlz rar prc¡nrd. by tho ætþiil d

Ba¿olo "* *(æ) f,ron t{e¡ttJ., aait@drptt16. rhe r{arft0t. raa of

r¡¡lcrtrr¡ ¡nrriç but tho (*t)?PS16 raa of ÉSpec¡nrran q¡e1lt. Ir ctrþ
¡reparations KCI ças eddsiL so that the ¡neoipttatc otr KiPüC16 oouLd. bt
used. ec a¡¡ inilicator t¡ the s0, reth¡otiqr. r¡ latæ ¡ele¡srattor, sl
raa uæô aE a,¡r ste¡r¿l iniü.oatæ. ånal¡ro{¡ of th¡ flr¡t batcb of

proilrnt yLe"Iôert the fol-løtng fígrrree:

clÍcLHPt
1o.ñ/, 11.ryo Ð.# 4.ZVÃ 1g.rtú

1',.27%

ü¡ieh torncßp@d:¡ to

4.@ 3.92 5.!& 2O.5 .TI

oalc. tr.00 &.@ 4..0O 16.0 1.0

fhe oonpils tst chçn to aontqJ.r gcæa r¿ter of þtbat5.æ, vssrm

dryxug et ap¡rrcLnatclJr looec resr¡rtoð l¡ xo¡¡ d rctgät rorrqpoãåiE
to apprcxlnatcly l.? ratcr uoleor¡lcs ¡nn ools. lhe cæptæ rstr¡¡uü,

to lts efglaal rcåglrt os G¡'oilrrr to iùe atnoa¡ibæa. fhi¡ cBldnr
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¡¡ts hrgh S lI tn tha coupLex, s¡cdl tb l.ø ft,, uut, cqrr€ct ratro¡ of t"hr

oüher alencntg. The conpLgr has becn ne¡rorteil to be ryiL€tÊû ìr
sohLel¡he"r(5r) anit chl¡r ard oryte(fl) 

""p.rtcô 
thet tbc couplcx

rar nono$rilntcil.

Clr lÍr C anit S anelysts were iLøa þ thc [tcroanat¡Élcal. ScE1r!.sr

co¡nætedl rlth the urlv*aít¡r of Molbo¡¡.n¿ a¡¡ð 6.s.r.R.o.

Platl¡ua *nqlyaf.a ras pocfcreil by dboowpoalag a knorÊ nl6ht d
oqùc to Pt not¿l €rçæ a br¡¡"ser¡ br¡¡mor. Thc u¡e d var¡r rna¡r

raSghta resuJ.ted in e fairþ la,rge GEtoD¡

b. prcosratisn of, tb lcrchtoFatp s+tt.- Ipt(,gn\#¡#g,g*lr.

[pt(æ)zcl,i(cïi¿.)e o* pre¡rarert fron the shlort<þ satt by

ül¡solution d the oonpleor Í¡ iH.rute Htlo' aotè ( 2lI A,R. uar eö
Bakor). lhe volr¡no raa rsrh¡carl by enaporatíon unéLer yaßuu¡¡ (nar.

tæp. æoc). The rcaurtrng platLm a,adl ¡rætpitatc na¡ ci¡red. ritt¡
a¡rytroxtuatêly 5 tLnes tb voh¡ns af â¡oùo1, fLltæod.n raahcil rl&
aleùol, a¡d ibteil w¡rter vgÊn¡¡&. Âna\ysta of sll batchss of tJ¡c

pøeh.lorate fæ ehlorLrb þ ¡ntentlæetrlo titretton rtth ågI.I0,

(artæ beac l¡yiboþaia) gave csrreot f,tgures (rtttrfa S). The

pcrohlorate selt h¿g no rstef of cr¡rsta:tllg¿tLon. Plåt.l.nn¡n an\yrtr
by ilooon¡nrition ¡e¿ not posaible bcaat¡¡c of tho enplo.lívc n¡t6o d
rlææpoaitl,on. The Ldrerað(8) aail ultrsviol¡t auaorpttoa(Ja) up"*to
rsne l¿ aaoordl ritÌ¡ tbp reported. rpeoba.
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o¡ preeersti@ of, cl$ labclteô ocpls.
CfS la¡elleð pæchlorato rrs prcpsrcð by bsattag ¡ eoluttoa of

oltÀen tbo tnotlva ohlo¡{.ds or ttre pcr.chlo¡retc gr"lt rtt*¡ ogtiro

$Cf.)6 for a,p¡rnodrnat€ly ,+ hq¡rs on e ratc¡r b¿tt¡ et appro:d¡ately

gOoC; whca æhanga ras rhøn to bs oæpløbe. tho ¡nmhLoratc ¡alt
was se¡uratêð ly vsou¡a iltstf'.ulation ¿¡ ùore. A 2It ¡olntlon sf

HcrS (fro de) "r ru¡r¡rüedl by tåa Å.Â.8.c.

B. Furfþ anô $peotra

The ebs€rptfon nd¡a i¡ tbe Erætre sf tbo cùrl,oride antl. ¡nrchloraùr

caqil.cea havo the sane ravel@gth anet nola¡ stlætlou oosf?loionta

as reporteil by gssoro(p) uoa ,Ur.(3e) the oæplerer rs€ perc yelJc

to rbLtc" the ¡næh.læatc eøplc belng llghter ln oolor¡¡r thsr tJrt

ehlo¡d.ils. Sçr€rat rærXratellisations d a eûsl..l anqrnt of, oæpolnd,

fum agueors HCIOO acLtl gave an apparætl¡r ürlte oæpormcl Tbo

oøpannd gt{r1 ¡horEil aLl thô charaotüüic peaks of the ooupL*cl.

In ¿ kt¡stf,e atu$, luprrities thst atf*t ths rate of rq¡ti.o
sfs a aourìqr e¡f oonacnn. rt io !.npoaalble to prwr abrolutoþ thet

an ånprt$ dÍcct Ls ¡ot ¡reeent; høcrcr if batclpr prcparedt. &o
rllff,crs¡ü EnrQr s€u¡10êE yleld. tlro sane rcsults, cæe êcgrae of cør
ftdler¡oc n6r be fott that lûlurlty Levels ars not af,feottng the ¡r¡tc

d roastiqr. AlI betohac ussd. tn tÀtr ctuS geno oonÉ¡lstort resultt

wen though ¡røpared fro omsidæabþ iËff,øæ¡ú qnartþ netæ:[al.
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C. SterooohæLartr¡r

The ¡nothoil of p:nc¡raration q¡tlJ.mdl ebwo ha,â bosn ropø-tciL to

leàð to thc fqration of tbe ;ggg o-¡,1o.( 28,9I Hcrtyer, thæc

çr,t t&t lnd.l.cation that ths co¡¡çqtlæ of trana to d.s h¿il oæ,¡.rreil

ln tt¡e la¡t ¡tsgc of tÌ¡e ¡ul.êIn¡?tion d tÌ¡c ¡nrchlorate co¡ùæ, ao

væification sf ths ¡tereoobsl¡ky d tlra ç rF:tq ras æu6ht.

.ro¡or*(8) re¡utcil the Ldrarcil opcoúra ot ttro gåå auil È¡an¡

ocplcea la tlrs region FO to |OOO an-l, strdl u¡od.the itlf,læaæra f¡
thcsa a¡nctra a¡ a oritæion to rti.rtingul¡h bctrreen tb gåå snð.$ågg

iscraero. llowwcr, no d-golflcant dlff¿re¡eor retra ilåsoqæe{l bst¡rcen

the eis anit traæ a¡notra i¡¡ t¡-ie tÀe¡is.
.

Chiu a¡¡d ooyf"(z7) recentþ reporterl ths Ld¡¡¡c{l spætre d

.gåg anil.glgÊ chloriela conpl*es. thegr eomoteil that åt ras <tc¡btftrl

rhethæ Johæoa ¡roporeil the gJå ismæ, a¡ ths rate aonstst fen

cchange reporteô by Johrrsoa f or hl.a oonplcr ra¡ tJre sstse e^s theü

reporbed. for the trana eøp3.c. fhe I,R. speotnn of the oopler

ahloriil¡ ney be oo¡nrcd. to f&e rqrortod. a¡rætæ of Chtu a¡ril

Dryle l.n Ff€. III.2 (rBr d.r'e). The speotnn it noro cloresr oqnr¡bþ
to ttre trans apactnrn of Chiu anct Dcyle, coapt pchapo for the p,eak

at 76O n¡"r rhLoh f.g absent fn th€ o¡notnm pre¡nrcrl for thi¡ sùu$.

Ore beteh d tÀe ¡rreblonate a¡lt rsa prspêreð rithout heatlg,

þ pracípítation rith HClO4r fron a rchrated solxtlon of, ttre ehloldile

ca1t. The lnflerodl spootnu i.n the rqf.on to0 on-1 to lOoO ots-'|, rh¡r¡d,

ao slgnf.ff.ca¡¡t dtltfcræcea to the apeotrtu of the reaota.nt ooupl€ûitr
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In a¡ ettüpt to firbhcr ostabl"ttb tÌæ Litatfþ d thc au¡il.æ,

x-rÊJr pcü&F ¡rhotographs werc tak¡n d thc rcastut oæ¡ú.cr anil thc

oø¡rlc ns¡tlonpil absvs. ¡ot**(8) rqlortsit ilete oa the pøiùcn

photqgrapht cf glg end.gggE ¡rrrehlorater. fhæa e¡:c ¡f-gnlflcent

dllfferoscr bsrtrcæ tho dlata he repottcdL A pililcûP fhotograph ef thc

pæoh.lorrotc u¡eû l¡ the ¡reaøt stuûtr ras obtal¡¡il ual.ng e Phl,låpr

¡-rÊy iltf,fmotfon trrbc ríth 6t¡Kc¡, raCtlatlær rtth a of.r'qrL¿r

oa¡ncre (rr.4g, cn {l!.amtcr). The photqgraph Îa rbwa fn Fl€. III.J.

Frón the ¡ùrotqraph the (!L¡ta,æe betreen thc ootrec¡¡6¡r¡l{tqg

li¡es w¿c moasìae(L Thig clietånce raå coure¡r'ted. to tnterafênar

s¡nc{¡ga ( it) ugr¡¡e a table d val¡es .ßÐ DæsJ.þr of, the lJ¡es ça¡

ilotermineð vlsuall¡r by assignlng a vel¡¡s of 1.O to tlre nost cløge

llnss a¡d .1 to ths leaãt drû¡$s. The valueg obtet¡Eð þ this teobntgur

are listeð in Table III.J, togettrø rith the analqoua value¡ rerpø,lril

þ Joùrason.

3ÊÞ]e-ËIL¡
pcnler pqotcsreÞÞs d .Ieq ældgtellg¡q&)-r.

Thts Sùrff
Saøpla 2 Sæpte I
il dlCIn¡ dl i18s

lrsns0fs

I 9.18

2 5.91

3 4.69

t+ .h.J8

9.6

5.98

4.67

e.J8

î.o

.8

.5

l.o

1.O

.8

.5

.9

dt al ilæs iI

15.9% .3
9.185 9,263 7.O

6.17 6.0&5 .5r.7

t+.71g 4.7ïî .lr

lr.lrl b"e¡t0 .8

ilgl¡¡

16.115 l.O
8.ggg .2

8.125 .1

5.956 .&

&"7L1 .5

(r¡stü.)
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Tablc rII.1 (omtit.)

thf.a Stu{y

Sæpl.r 2 Serçla t

è ilo¡ il ilst¡

CLr frÊDt

il dr¡ ¡1 atmt

5

6

7

I
9

10

11

12

1t

14

15

.lr

.lr

.2

.l

.2

.1

.1

.1

.1

.2

.8

L.tl
,.l5ob

5.o64

2.974

2t659

2.569

2.4TO

2.\2J+

2.296

2.792

1r%9

lr.l9 .2

,.1, .lr

'.oå5 
.1

2,97 ,,2

2.& .5

it

l+.Þ

1.Ð

3.AZ

2.þ,
2.516

2.356

2.235

2.119

2.912

1.922

4.ú9

,.211

,.O48

2.71A

2.51,

2.555

2.2r8

2.118

2.O19

1.922

.4

.5

.2

.4s.1

.2

.2¡.1

.5

.J¡.2

.2

.J2.2

l+.1+25

4.291

5.o8rl

2.w
2.516

.9

.5

.T

2.J

.1

(8)
91e anrl -tt!$¡ va,luåt ql¡otetl fuot Joh¡son¡ Ê.Lr Ph.D. llrasis.

Sæple I 1r tha roaotâ¡rt æüXlLc. $rr¡ila 2 l¡ thc pcrohJ.orÊte

prcpar€il et roo!Ê ta¡æüure frø ths ohlorlðc as dllÊoulc.it tn tloe

s6otiæ on ths ldrareit lrp€otile. ,|[hc tro pattæns ¿rü Liþûtioetr,

but ilo ¡ot oorrstpond. ttth thÊ râfiLltô rÊpø:toð by Johnron fæ eitùcr

tbo glg, or thÊ trqp¡ e@pl€or, slthot¡gb Eoim tlnilarlþ t¡ obtetrdi

to tbe Él al¡tr, In rtot of tht ilqrbt åþoüt tho ltææchælctr¡r
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of the Jsbnson eomplcea, thi.s ia qulte incælusivc er¡dbrge.

Dacpl'tc the pordlsr Bhotograph illlæ*, the oæplenr ¡tr¡dg.d, l,n

thig thesis l¡ probabdy thÊ.gg&s Lsoner. prwf,ous *"to"(8, *rßrtîj
here esttblttÌ¡ait thst the shlor{.dô lelt ¡nc¡nred. by tbe netboô r¡redt

l¡ thts ütuðy is ths h.r? is@r. rbr oagr rtryo rh¡rc ry ¡rre¡wetto
dif,fored' ftæ thcfr mtbodL ras in the pre¡nratro¡ of the Bæahtorrtr
frm the ohlorLdte. fhs eo¡responitcnce d the f,tarc¿ o¡raotrrn uê
pcrdsr photqraBhs d the pæehlæato prspereô at rø tæpor*turo
and, elæetoä, tøperatuml, sr{rrnats¡ thc poetÞrlrþ d iso'Bri¡¡tioa
l¡ thts rtage. tshs sL¡n retes of s¡bstLtution d üre¡s oø¡[L*ea,
nakag 1t inplrobabre thet i¡or¡err.gation tskes place raplilþ at roæ
tempæaturc. .å.r¡ N.M.R. etu{y Jn sulBburlo acid, ¡q¡.liL itdf.ntteþ
estab}lgh the ab¡sroc of lerge amunts of the efE cmplor.

D. Kinstl¡ RunE

lhe aa,ne a¡nrlnental a¡rya,r:atrra raa r¡sed, fon th,e pr¿ttm¡n

"tuqr 
as for tbe ths.r].r¡¡n atugr, *ocpt th¿t a grasa tn¡be re¡

useô to bubble N, or A thror¡sh the roastto,n nl¡ù¡ro in the oel.r.
0,r¡rgerfrce N, rar pasaed. throgh a bubbler oortetnlng &tgtillail
water aatl Lmrægeil Ln the *eter bett¡ at the reaction tæperatrtro.
(rnrs brorght the 6as to bath tem¡nrat,re and sat,retgd. it råüÀ

rator at that tenperature.) Othæ snall dlffææce¡ in teohnlquo

fbon thoae useal in the thallir¡n stuqf læIud¡¡
(f) Ths eeLL wa,s f,í1led. rLtt¡ a 5 nl aliquot.

( ü) Tb oerl ¡roartloa r¿¡ alteoð frq thr tbdll,* ayaÊæ.
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(!.l'f) îhc Lorcsù Intrncí$r posltloa ras aohf,oveit rrLth e

ftltæ of dll'lute KaCtaO?.

$_seqFeSlqq, d {rgs strlo#*,ilr &,@ oqFpfpÃo4 ot¡Igd4e.

hro reparatio nerthodþ tæe teæsil.

(") Prætpltatl.ø d ohloriitr¡ a^r llea0l, prrcrcð to bs

t¡¡satldeotor¡r bcoauro cf l.args ¡sno tlne æhar¡ge.

(t) ?he æthod ailopteit fe ttrl¡ rtt¡dþ res ¡nrecipltattoa d
freo ct¡lor:lile e¡ .å¡gcl, folloæil þ ftltretl.ø o¡ e ræ.1]. ¡rntæ
gLarr ffltæ. Ths flttrgte rsr oolleçtad. rtä nl ¡tanila¡d f,l¿s&r

The .dgcL precipitatê ras itl¡colved. * *, e¡rd. aolJåotcat Ln a seco¡rô

25 nt etandbril fl€^sk. rhus b<¡th prco!.pltete anil frltreto ¡cro

obtqt'¡sal er aqu¡ror¡s canpJ,es and. asaa¡red rn r'l$¡rd ceigæ tr¡be.

The itrEtatledl cp*f.nat*l t€úniqr¡e r¡aed traÃ:- To I el .lÌü

¿et{o, '/l * of, reastlø¡ El¡tutr rer ertdrd, folleted þ '/l *
andl .2!t HCI. [bla ra¡ flltcreil thra¡sh I an dla¡¡etæ pcoalþ {.

ffltcry (e¡range¿ a¡ d¡sæfbecl. fe the tùaltlr¡n c¡¡atas) anil ¡radr¡¡l

rlth appæxtnatolJr .oâ{ W}. The ¡næl.pitete res 'úissolrcd. in
S *, and than rachsð rlth nater iliræt t¡rto the cbardaril f3erkf

The flltæ e¡rraagcma¡t rag a sna,Llæ væsion of, tlp arrangenart uccil,

fæ ttre thallfun syaten.

The nethoð. 5.s o*remely gooct as:

(") separetim on ¿ saqple of '/l *was reBrodrnl.bre to Frtht¡
¡ 12..
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(t) zero tl.nc ae¡rarati-or nr.th astivc fræ cr- Ls loo¡ ths
Vo. Eæo tü.ne rc¡nratio ûith aotlve oon¡ùæ 0l- lr lcaa thnn f,S.

Ítn¡a t&e ratlo of aottvo fuee cLJaotlva oonpl¡x cl- a¡ deùcrnl¡rð,

cpæfncntalþ, 1r acourate to wlthån t #.
(o) the solutlon¡ arø sûablc fon noro th,¡ qe bæo

tXghatoq6 ¡"tll!.

-

Reaota¡t aoLution ras trlrêr¡areil Juct prle to the rr,rn, and. I ntr

d the rolutLon ras pt¡rttoil. trrto üre reaotio¡r verrsl, (prøiotreþ
¡{.n¡ed' rlth reastent aoLuttoø). lhe rssse.l ra¡ loceted, l¡l tha eo¡ræt
pocttlon fo¡r Lffatliation, üre br¡bblæ i¡sütod,, a¡tl the loll¡tlo¡¡
dqaræit t* 1/Z to lto hour. Tba n¡¡ ras ¡ta¡tcil by the ræpva-].

d. e ahuttcr frø tlæ l,J€ht bean. (&fgnt na¡redl uq fæ nore tåan

one hour.) e.rraro,t¡ of, ea. t/z *r€r.å tâksn at the regutredt tlmÊ
ancl separatod. Ia sbort n¡ns tbe ¡huttæ rea rcBleodl ah¡¡dg røcr¡l sf
tbe aanple.

Rctluction r$¡¡Egg.

-

fhe sa¡no tcohnLque res ulsd. te sÉÍrfu the rate d rethrction;

althou6h mrch loagæ i¡radiatlon tine¡ were requlreiL Â sol¡¡tloa
beo€ht to orchenge equilåbrù¡¡n in an occtrang€ ru¡r, or theroalsr þ
standl-ng, ras imediated antl the ohange Ln the equlllbr{.un ptio d
free chLoricte to bor¡nd, ehrordds fo]-lorai[ rith tÍ.ae.
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!f*&J#tÊFtSç.
Th¡ t'l€ht tËc¡d.ty ç¡¡ ô¡taulrt rt 2f[ +¿ tå tür rr¡l ry"

æ t'! t¡hc tù¿llün côengc ttutr. In ¡oÉ lr¡Éùrøt d¡üuc¡l ¡t tù¡tr
nrc1u6!ù thl Wfsal ih!¡d.tr of ter rreolent ¡olntlcr rrr E$rræ
the 2r ro thrt ¡¡ært e.lt tùâ !æ!,ürnt usbt rr¡ ¡broltrdl. À

cc¡*rtûm rrr nð¡ fc tùoor ftr lqtr¡rrs ftcrr t¡qn¡uûrr¡[sa d
lltht r¡ rt$rrrråü¡lt. åt t66 rt¡ tbr r¡¡ûthü u€ht lntcnrlþ rar
o¡l,ouil¡icê illrætfy lþo¡ færloral¡t¡ ntfamcËr¡r.
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SBCEION III

CtiåHtEß J: RBSTI¡TS

A. fref.fnJnary Ïfonk

The foLlqriag feeturêr of, the rerotiæ uss catabll¡hoð l,n

tbe proltrrnrrlr rorik ou the 4yetæ.

(*) Tho retc of ünhnnge ån tho ibrfß hßs e }r¡Lf-tlne d rcrc

thsn lO0O hours. (ffa tUæaf eßabs¡¡8o ir aetal¡rr.il by vtstblc Ljtþt )
(U) Ihe ratc of orohan6o r.udb t"be Ldluenoo of llght L¡ grostly

aoaeleratcd., but ¡bor¡ gooil ItoKEy ¡ilota rlth en lndb¡otion BcrCoiL

(Seo fg. III.¡+].)

(") Sone nÊt tlocoo¡nrttio¡¡ ocsura ou gbotct¡rair, et a rats tbreo

orclera otr .a€;-itl¡år e1mæ tes¡¡ the rat¡ of mhangc. Ttr"i¡ ra¡ abom

W a¡¡ l¡orcesc in tbe pæoenÊa6e d *æ chlorL(b i¡r thÊ rerotio
nlxüur¡ rith tl.se.

(ô) Ihe dtcot d 0a on the rrte cf roastiø çe¡ rür¡dieit. l¡
sæer*l cporineutr.

(¿) lhs ¡¡ùe d reaotion l¡ eo¡¡¡t¿ær etrtbr la rçrillbrlro rlth
sfr çr råth bubbleil oa rao a¡[rd,æteþ cae bâ,¡f tÞ r¿te oû tha

rcactiø of, soùttions br¡bbleil, nith f, (fe nore tlran o Ì¡al^f, hour) brfcc
i¡radlatioo. FLg. IlI.lrA. shors tbs Gff€ot grapbicåll¡r,

(ü) å. rr¡arxttr N, fron e cdrr) aonrbbtn8 toror ¡horcil the ¡¡uc

rate aa rr¡¡¡ br¡bblerl ritlr N, flo the oyllarlæs (rithfn ! ffi).
(lir) Bubblfug reto ras ¡t¡øn to hare an inrr,gntftoar¡t dfæt.

It ras qoolurþd. frø thf.s ro¡ik tbat 0Z onlü qff,cct¡ the reto
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slgnificantþ when fr¡ hl€h aoncontratiæs. Ho¡¡oe all rlu! rere

bt¡bbl,eð wtth Na or l¡ for næe than ¿ h¿lf bour, bdcrc tbo rrn re¡

ctarteiL

Ionl,c strausth anrl aoidlLtir.

îbc aB¡rrd.nate dfeet cf j¡nls ¡t¡rarytb oa tbc ¡l*te of reaotåon

tas ileteruineil so tt¡at the naagurE of æntrol. wæ i.oats otroryth

neoosrêr¡r coukl be ilatsri¡eiL

Ru¡ t5 rlth ¡o ¡fa$l.o* ga.Te a baLf,-tlne d 9.0 ! .4 nf.nrtea.

Run 16 ¡ith .211U Na$IOL gave a halJ-tl¡o of 2.0 t .5 nlnrtae.

Rrrn 1J rlth .ltüÀû **4 geve a half-tf-ns of 1.lr t .2 rls.te".
fhese reoults rere takan ùo shcr that pæohLoris soLit b¿d, the gan¡

o¡rdler of ua6attuiLe effæt es sodfun pæhlorate. The obsøatiCI¡¡ tùet

tbe ùro sq¡1o€a of parohlo¡ate Lor¡s both affæt the rcte to tho ænr

dlryrec La slr lndlaation ùhet thoLr tnpwtty lerel 1¡ not affcctlqg

the roaatto¡r stgntf,icantþ.

Intù¡otion period.

A¡¡ tnduc'tion penloù ras obssveð rtth all n¡as not spooiel.$r

trtateal. As Ln tJre thnllJrm cbuQy, thls Lnih¡ction Frlort 1¡ attnlbr¡toit

ùo æ¿LL trace¡ of orga.nJc irn¡nritlea. rt was shom by renoving tlre

ir¡cfr¡stlon periotl that tt d.tl not affeot the obsetÍcil lr¿lf-tf¡e of, tb
reaotio¡r. Prti¡ratlietíon of a solution rltÌ¡or¡t pl¿ttuuu omplc for

nore than one hotn, fo]-Lossd, by iÌJ,ruot adldltioa d oouplc to the odJ,
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gave e rate pLot rlthout an inðt¡ctíon perLoô br¡t rlth a aloBe

oonsistæt rith n¡ns rith an lnci¡otion ¡nrlotL The i¡th¡etioa

perioô nay be attr{.butedl to the reaotion d ch"{a as,reLer rlth

J.u:purtties (probabþ orgenfu natter) rlth the oonscqusrt iùestrr¡stion

of the lmpurities. If thls reaotion ls affecttng the laten rtagce d

the reaotlonn tåe rate of the ræatl.on ror¡kl. ba øpootcdl to i¡oreasc

wlth tLue, result$.ng in or¡¡cvatrre la libe ratc plots. l{o srsb owt¿tra.

1n th€ rato plota f,ês obserffsd.

Rete of sshatre.

fhe rato d aehangê raa <lstetrlneil fro a ScKay pLoô" À typloal

lqg (1 - F) agatnrt tl¡e ou¡re ls shqra lnFf€. III.IË. Unltko tbc

thalltr¡n roaction, F thß fraotion of cotrangc rar e¡lan¡l¿tetl. as

A/A_ rhcre \ 1o the frsotlon d aotivttr Ln o¡o form at tt¡e t

*d { ls the aane firaotloo oatsuletdL for idi¡tte tlnc. A þpfaaf,

seù of f,fuireo for the run plottert ln Flg. III.| f.a gt"cl¡ ln

Table III.I+.

Quantun ni.eliL for øcbc¡Âe.

Íbs çentrm ylelt!. fq soh¿g, Íæ, ¡ac oslauletoil fro the

equatlon
R

øü €*
T.

a,þr

çhore R- Ir tbçr*ta of cobangc (rn uoåt d uola L-l ann-î), ¡øGE

I"Èn b tbe ¡b¡sËrð llcbt fatarrl"lr (b gtsrtrfå 1-l nln-1).
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l. !t
¡,i a¡¡l 42 crc Â, ædt /f? cofirætcd fqr baoþrrcwil adlrflr.
F t¡ t¡h¡ f¡¡otåæ of cobr,çr.

Å l,t ealorrl.steit fìrcn tùe apnael,o 5ft5 rh¡ra e l¡ tù¡
€cûcetûation of pt(æ) 

zcl.za* ¡ail, b l¡ tb¡ ceDoæuïtl{E

d frco cþ.fs{ilc l¡ø*

Et¡tor¡.ry

The 'hro rel¡ sor¡¡Eçt of er¡æ ln the qnantrø yleLil arcr

1. r¡ ths il¡tcr¡t¡at-toa cf tù¡e harf,-tteñ frü tbe ucü.a¡r rrtc
plot. A ranilm srcIr iü¡¡ to &ls, d læs than 3 5Ø ( aetæ¡ae¿
grapbtoal\y). ûühs r¡nrtonattc crrom êrr to øæe*ratim q.rar¡



210.

! 4t çtUa ætlvc HCl ças illluteil uatng I .1 ¡nl nlErs pÍpette, rtth

an accuraßy of t fr'û, sepa,retim c'tlæ¡ t 4,, ti-{qg cl?orË, eiqrûlrû

tn teupaetræ ett. ¡ result la ¿n ovæalL slFff of the æder d
! 1ø in the r¿te ctr crohangor

2. ås elirousscil l¡ Seotion II, thc ¡¡¡¡ilæ ÇÍror b Irb"t

the ab¡or¡beitr 1f.6þt tntørs1þr ts ctr tt¡e crücr æ t fi, co tb.t aa

werell ra¿dao 6rrqr at ! ÜÁ ln thE gurntlm ytclit ts apaoteiL

Randlom tnprtty cffeota na¡r horevæ i^ærsa¡o 'ühl.¡ tull.rae.¡ fbc ærttæ

of rorr¡lüs i¡dLoate tb¿t the ra¡rdo¡n orror L¡ tlhe stee.Êur@dlts i¡ Et

Least t ,q* fota.l ryotæatfc erort ¿re of the orilsr C 3 lqln ¡o

that the overaLL error 1a epprd.nat sW ! ry".

B. Dc¡nnrlæoe oa Cmplelc Conosrtretion

The ttcpeailøroa of the çrantrm y5.eLcl for erohange on the

oomentretioa of [pt(m)acl,](cto¿*)e i" shcrn l¡ Table III.5 ani!

Ffu. III.5. Bæause of tho bj¿þ optJ¡af ebr¡ities a ocrestion is

r¡€ûêss¡¡¡r for tù¡e cffogt¡ of noprmlfo¡u tntenslþr. Vel¡¡es of or tbr

ocrætiæ factor, ( ¿effncA and. tl¡r{.veü ln tbe appæ1$r of $eotiø I) *

eal'ou.latað f,or the reaotent sol¡ti.ors sre l1støð f.n the rigbt h¿uil

col¡¡nn of, ÎaþIo III.5. fhe opticel d€nsitlee ueed. i¡ thås calot¡L¡tfon

rere ihtmine¡|. rith tJro easruptlon th¿t the eætlnctim oodftole¡¡t

of tlre rcaotant 4t 25¡$ q, 1s B5O cn I nolß-í.

The 'l¡t¡ree n¡ns nsrkßð with a¡¡ astslak rcrc ¡nrfotmedl at a

lorer r{ght lntæeiþ-. Both the u¡rorreotcdl ve-lr¡es entl. the
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figfrres havs bcen oolrecteit to e oon¡t¿nt Pt(rn)rCfrz+ eoneenhreu'æ

ot z.7o x 1Q-3 nol¡ l-1 (ffo tr¡e pt( æ) zcLF 
(bpcn(bacc Pls't)'

The last nn l¡ ÍaþLo III.6 çeg tlono Et a NeCl oq¡centr*tåæ

€,f, iO.O x 1O-5 nolc l-lr eè labs = 5.0 x lO-5 æl.e ll1. The qrnntur

ylalil plettedl Ls eorreotetl ùo the I*, v¿l'tre d tbo othcr ¡nf.ntr.

Thc guantun ytolit is rithl¡ grperånerbal. srror of 1*ro qruntrn ytclil

cpooteil {n t}e pretGæa ¡¡f HCI of tbe lano o@cutratlæ.

feblc III.6

Dspsnd3æo d' Q!¡s¡úJ¡û yl€lôr Pp chlot{4o loq CoÚÊ¡ltrution.

HCI Coæ.

norc L-1r loj
pt( en) zcLfEqæ. &sta d qt¡anfnu Ëoltt

Corræt¡ù to
Pt(rV) eoüo. o'f,

-12.'îO *. lO '
nolc ¡.-1

qusßtt¡n
ïLü.i1

rcl¡ 1-l f rc5
&oha¡t.
no].e 1-l

x {ob

?.0

3.,28

l+.55

5.79

7,71

19.23

11,.6

l5'[5

[x¡cLJ o 1o.o

Frm Flg. 'l
Pt(w) irp.

1'57

l.2L

.?19

.gg

.65h,

'&51

.rþ
8.0J

2.þ

2.æ

2,.56

2,66

2.74

2.65

5.06

2.7tt

5.O8

2i.75

19.7

11.r+

15.5g

10.]g

10.32

5.21+

16.1

22.5 Æ,.5

22.Og

2O.16

11.5

15.1+,
aÞ

1O.55

9.7,

5.11

12.7

[pt(*) ,ctrb7 E 4.70 t 10
1
, E:ln¡tcfn

-{ -{L ' !:¡!, '
¡rrcrcb] s oãf ælr 1-1

3 æl.e I Irbc= 6.þx1Ð'6
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D. Depentlerce of Quantrn Yl.elit on Lfuht Intensisr

FL6. III.7 ard Ta,ble fII.? eÌ¡m thc cperlnental tt¿ta ø
tb.l.e varlable. Ågal¡¡ guanttm yteLdl^a &r€ oorr€cte¿ to aFt(*)aCfrb]
d 2.?O moLe 1-1. The graph ir¡ Ff€. ILI.7 of Log y'* 

"S.fnet 
lq Iñr,

ytcJ.ile a atrafuht line apprci:nateil by the equatfoar

6 =kI --,.57 
3'q

' G e,Da

wherekisaconats¡¡t.

Table III.7

DepGnllÊpqa,of Ar¡sqÈËn 1,1€qd.,on_åfßþÍ {¡rt$s-itv

Ft( cn)

mle 1
r

z\'"'1,
rLt¡l

ß3

Hs,lf,-
tåu¡
of

l*tgheagO
tr nt¡
E

213''

Ratc of
fuban6e
R æLe

t$tfu-f
*r*

lb¡æb¡d. S¡antuu
I,fght fåtld.

Intourt$r
I.

aD3
Bl¡rtola
¡l¡-1 =

Q¡antrn ïtctê
Cæruotod. to
Pt(n¡) e@r

.TZ.fr x. 10 '
mLe l-ffr

106

2.80

2.71

2.7Q

2.5t+

2.69

2.O g .! 5.11

3.71 ! ð 2.7'

Fro Êr¡ph t - (pt(fV) DÊp€nüsÊt.r'

9.6 ! .6 i.o?

1z.o ! .5 .81+,

t7.5

14.12

3.\ß

2.38

t3,6,

19.5

25.O

2g.g

tr.I+

13.3

19.2

23.0

9.1+

tr.,+

[¡¡cr] = 2.o ¡ lo-3 noLa 1-1¡ fracæO] oo .211 rclc l-1 , f,øg.

8. Eroh¡¡go Qr¡¡dtn ltsldls et ,66 rap

oac ecour*tc ccbang€ rrn rar ¡rrfor:ned. üth ught of nrvol:gth
]66 qr" rhe ].tslrt üounoe rar Ê hrsh lrürü¡rG Ë¡or¡rlr aro, n!.th
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approBr{.ate fiLters to lsoLate the fi6 nV }lne. In al.l. othæ

rcapæts the æ¡rætnotal arangeoent ras tlæ 8ctrrÐr (fhe eppa,rratur

ras that usedl by s¡¡'lrntr('å)) The reLsçar¡t dt¿ta for tt¡e eocclr¿n8r

reaotÍon et thís raveL*rgth i¡ ll.rtetL bsl.c.

tiïiltitrtl tl nrr Ro ro 1.b" lo
mole l.-1 El¡stoln (e = 24)

Éia-l t't r|.i1

-tj.or+ x io - 2.5 ! .z L.95 x 6S a.5l x 164 3.92 x t65 11,,6

If this Euantrn ¡rtelil ls csrrçtert to pt(æ) 
AçLZa* 

oqeøtrat5.o

of, 2.7O x 1o'5 mls 1-1 aail plotteð on Ft€. LEt.7r th. Erautrn yfofil

re¡nesout.ð þy r s{!¡qre tã obtotnd' rrhfuh lt rlthLû cpæfærûat

ærõr oû tbc Srlph at 2ãl¡ ¡{¡¡ Ho:eræ, tf tÀs csrrcotlæ frotæ

f€r Þog.EDlfoÍn abcø¡û.lø la e¡[ú.foil, to tbc rcryr¡ltr ¡t 25& E¡¡, thG

uppæ il€rÈt6i1 11$l ir obtal¡eiL (ro oerætlos et t66 ry tr aæcrear¡r.)

fhe grnntun ytrlð aN 366 ¡p n{r tåus bc lsæ b¡ ap*rd*tcly ,ø,
dx&b {r ¡ûtll ütht¡ cpæLuent*l cts.

F. lfot Phoüolytte Bæotics

ål t*epsùoü pnerrloral¡r, lrcv!ûrlb¡rr oh¡¡6o¡ tE tht ratcr €f

cæpLaoð to fræ ohLordib ¡rc ob¡scð aftc loog Fcrlod¡ of

l¡*adll¡tLon. fbc aol.t¡tü.oas *hlþlt r hr]f-tlu fæ aohrngr of, l¡¡¡
than lO d.utca, go {ùe frcr ebLor":!.ilr Eaü¡ be oo¡sLdlrreil to bc ln

ogttlbrlun rtth the oouplæd ohlor"l.dlr ¿t tl,ne¡ grratcr th¡n æ¡
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hour. The first Ba¡rpLe 1n thÊ Bhotoþolt rl¡us Íet talßea tn all

case€ at tlm¡ greêtæ thsn ¡Lx hålf-tluet f,a erßohan6er

Ths nethoil of oal.oulatlon of the ql¡sntte yielô.s y'rn tao aa

follæ¡¡ If ttre pt(.nr) 
ZCJ.Za* 

coneer¡tration is a befee i¡rratll¿tLon

ancl x at tl¡c t¡ end tÌ¡e free chlorlcb ooaceutretlon Ls b et tl,¡¡e

t o or the¡e at tina [pt( *) rcrr2*l lcr-] e

O a b Zs/Za+U

t a(e*)<ù ù/za + b

rh¡¡is I is the ratio of ooplcett chlorlctc to frec chloriib, whioh l'l

assunåA to be equa"l to thE r¿tio d¡rtastneô er¡rorLaentel,\r. Frm thc

c¡nr{.nental valuas d e, e-x, ttre ehangc f" tPt{ *) rcl.rz+] , nqr. bo

calouLeteô, a.sstluring tt¡at tl¡e ¡rodræt of pleotoþ¡is (bos not emteln

bor¡nd. chlo¡{.cle ion (1.ê. Cl- not preoLpitateil as ¡gCI). Thle change

fn coupJ.or asnpa¡ùration re,s plottect agatnrt tine. (&a¡nBle, Slg.

III.8) Frm the slope of the plnùa obte,inc<l, ttre rato of changc

or ipt("n)rct 2+] ry be s¿lcul¿te<L, anil conaeqrðtl¡r, tbe granùun

yfolð for ¡ùotoþsie. (tUe nonpzoro f.utarcept ln the graphs na¡r ba

att¡rlbuterl to e¡rerdnæta.l ð¡For !.a separeu.on of {*re oøp}c¡ceril a¡il

fres ohl'orá.&, b aoÉednBtloaÊ" and, tn tbs radir¡-arsry.)

The rcsultg aro }taùcil trr Tsbl,e III.B.

¡l^on thå re*¡lù¡ 1t nny be aomlud¡il, that rlth.l¡ tb fabfy 1ojr

trrta, tbo gnatm ytalð ir lnilqpcN¡ilnt of

1. ï,t€ht fntæsíQr (nenge 6 r 1o-6 - 1.5 x io-4 Einstcir¡ l-l nla'l¡.
Z. Chlorldc Eoæatratron (o to 2 x io-J noLe 1-i).
5, Waroleryth (25t+ n¡r andl 166 nrr).



[crJ uol¡ l-l r td Fr( *).61,â+l
æle r51 I ro*5

Tùle III.8
ffi

Rato

¡o1r l-l nJ.n-l r lo

f.Jotr¡lo-7
5.6 l,5x1a-6

,.zt.F r lo-6

2.9 t.5 ¡ î0-6

4t e5& q¡

tþ â.0

, t.o

2 (.1

- {r1

åt !66 nv

3rO

5.Olr

5.Jo

3û

16

6.10 x 1O{

l.tå x to*
t.'l - $+
1.5 ¡ lo4

,0g06 ! .ooå

o¿5 I .ool

.O8i I .g1

.Ol) ! ,91

g.g t .J ¡ lo'7 J.9 ¡ 'lo€ .02[ ! .gg

1\¡

o\
:l.Olr

e!"c¡ t!{"c10,*l ¡ .8il FLs x,-l

Sorüe¡¡ 1. llbc rol,r¡t1o¡¡r tdo bt¡bb¿.å Éth tU ¡l ls tùe aæbe6r rìlaEr
8c lhr t¡rrül.attogt tcnt tr}æ tc ¡ l-rá.æn ú 3M rcl.r¡¡e ef bqrail ohlorLilrr

Thr abror¡Ètoa o¡l thr pmibotr d mûættm tr ¡trXf u¡r to thla rte6r.
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ereU.ta,tfve ôr€m¡t5.æs m tåe Dhortolv¡l'¡ proôtæt¡.

Reih¡olng proiùrots are f€rnsil þ tha pÞoÈef¡ralr, rf.æc têtô

KId, t¡ rcù¡ocê raptdll¡r tÐr ths photoþrcil. coilutåon, but not by tbc
4

¡on-:l.raùtatci!. solution. Àttoen¡rts to rløüe¡mlne the ooæs¡tratl.o¡

ctr reitratng s¡lcûLst þ tttr*tion rLth rßúil Kl[dn feJ.tcil, er

re¡rodhroiblllty oould, not bc otrtstrçil brtraa rn¡ùæ' Hcrcræ,

is sll o{ær ¡ rutfrloLæt eoær¡cürstÍoa of rdh¡otrnt ta¡ oþrærû

to ¡æm¡nt f,sr tbp ¡¡ol.q¡¡o oû tb coupLaed. ohlorf.dc by rcdhrttm

or Pt(rv) to rt(rr).
the ultraviolct s¡nctrr.m of a photoþaeit aol¡¡tioa shacdl lærce¡d

abcorptf.on ln the j5O to t+OO n+¡ rqioan but ro næ peakl rere obrw¡å.

[he preaonoc of alitehydes re! ¡oWbt by e cpot tctt rit]¡ Sohi.ff,r¡

reagcnt. (frc¡Ufg ¡nepareiln rssa¡allno lSritræhlorid¡ in rster bübbltt

rlth S0r.) ¿ ¡"eact¿nt sot¡tLon f¡reði¡teô for 2O boura, tho ferù fær

rrLtbout NA ln¡bblXng, teve e poaitlvs sohlffts tert (na6onte oolær).

The ssne solltLon, af,t* btùbl.f'n€ fæ an hsur rlth Nrr Save no r¡¡t¡,oúa

to the Sohttftg telt. l{qgative rcsponsåt to tbc tsct fræ thô

unÍ¡raaË.¿tEd ¡olution andl oc¡nretel¡r, a solutlon of, Pt(s) ,n*r r*.

alsÐ ob¡6rsed,. It ras soæludrdl ttrat ¡ voLetü.le sldc[ydt ra¡ fcui,

by llredlettun l{æffæ, it tB dtff,tsult to prove thåt tbß sfdtüfðr

i¡ a rlLreot pro&;st d photoþ¡lp ctr t¡ho reætant, rctJræ th¡a e ¡rodhrot

of rooæilary photoþois d tJß prortuotr of tbc Brf¡ary ¡ùoto{yals.

!{o ll,r0rr'as clstcctail rltJr ùltælta rulphata efüer Ð hq¡r¡

f,rraili¿tLon
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Tt¡ece ob¡svatims are oæsLsteût ¡rlth the d'it¿tioa ctr

eùþrlcne4{am{ne by eleotrør tra¡¡sfer roaÊtion fron øtþleneiLi"anine

to pt(ry). Â slnlJ.sr ocarple ls the photoreiluotion d co("o)*F' 't
tn asldl solutlon. Moel].cr and. ltle¿n(6) 

""p*tetl, 
thc fqnation

of co(II), NH' eer, andHcH0, foLLontng t'rratLl¿tim at 25lr np.

åa aftg.¡attne c¡rløntion la thc ¡r$oibeæ¡mrúttoa ctr Pt(lf),

rhlch pùabþ oootrs ¡y anafæ to tb dæm¡naitloû of Pt(Il)(el¡r)2t

re¡nltrü ty Bal¡ar{ ct c'r(Ð) (rrv = gl¡rolar). lbrs.

rr¡utcil e b],aok preetpåtate aol¡¡bl¡ t¡ H0l æ loag tnr¡ittstLsn

rt ãlr {¡. A bl¡Êh prælpttata tar aL¡s úrffi.ü oa Long lrrl¡üistLon

(> ¡p hcrra) d Pt( ø) ,cLra+.

It ra¡ obro¡rod tbat ¡sll.dl pt( a) zcl-,* ¡altt chçn'gs aolq¡r

rad.cr the l¡f,luorco of vLcr!.ble lf€ht to ¿ br{gÈt 6ra^Ser

Qt¡¿litsttvelv tbt¡ oor¡-1ð be cpLatneil by tirs f,oroction sf Pt(II)

by phoôolyaåa¡ tho ooLoun arfg!ûg frø r¡ Pt(II) - Pt(IV) coplc.

G. Effeot of Aêð1tlvea on tL¡E fuhanga

Snf¡. rnqrnt¡ of iæoral cø¡CIunitr hevo bean ê¡tdßit to the ræsti.oa

rlrturo onil the cff,oot on {¡l¡e rato d rætloo obaø¡d." The rcslrlt¡

ar€ sr¡@erLsail t¡ table III.9. The tc¡t¡ rene perfortd untlæ tb

f,olLcnfurg rcs,Gtlon soadltlonsl
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[rt(*)acrgl] * 2.5 ï, ú5 nolc 1-l

lrcrl ¡ 2ro ¡ to-5 rol¡ l-l
[trrcloll râ.llr1o-l

ï.Þr=6.Jtt#
l[r¡r. * ü.OûG.

gtürtrt^r ]"t1 ¡l¡-f

It

ådåttlrr
ErÈåaJ&å
tænnt¡rÊtm mf*t

lta
Hzoe

tla

< 5 ¡ {o€ n1c ¡.-l

< È¡ lo4 t

<5tæ* |

8tc¡n rmtia
Ifo df,rst

$üo¡r n*ü.c

II.. Bot¡tl.ry Sæte Xçc¡rmpta

O¡e rnn nr prfcuð rlth ¡ Þo t$tar opctfng l.a tb
núæwrr{ lltbt blr. Obly r m.lt *lüù r¡ th rrtr d æbrilr
r¡¡ oùffi. ¡. ta thr th*tll¡n tùEtr, sær¡tt gutlbtlr
ætldtaa d thr toai¡¡ttm r*fu coqrÊr¡¡t ( ") fr æt pnrùb\
b*t aplro*fato mlcr¡l¡ttonr rryüù thÊt tä¡ td¡rttol rSt t*
clo*¡ te |fflfud.rn oqtl¡olhte
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SBCTIOH ITT

GlÍÁPt& lr¡ DISUSSïON

Å. !Í¡tr¡ra of Bcaot¡nt Solutions

¿r fro tlre tbsüLun stnrqyr ít is nsce¡¡Élrlr to bqÈn tÌ¡e itl,¡cu¡¡lao

rÀtb ¡ Ërúrr¡r of thc ¡¡trro oû r¡rroto f¡ ths rcrotot tt*1¡ç'c*.

.As nuti.o¡Êð ia thc ratr¡.lts, the reptant conplcr balr tha euptrlc*l

foçanla lpttan)etlal(cloå)e, d J,a ¡robcbþ {ùa trer¡t oou¡*lc.

Cw¡ù*cr of thå¡ tryo illssoo{ete tnts t€æ t¡¡ aoültton" tn thLü

csro !,nto Pt(æ) 
ZcLzz* ana crcOl l@,a. rhta t¡ rupportcil þ tJro fæt

thst tbe U.V. r¡rotxa d [rt(cn] acl'zfçLz a¡il tbo pcrrohlaratc r¡lù rrc
Ldþ¡¡tieal'.

åc dtseurseð !¡ the fntrotlr¡otion, .tgggE pt(æ) 
ZCLZþ 

t¡ asldl

cþea not Srðroþlc f¡ ibya at hlgh tenpecrttros, ro tlrat at l,*æ

tem¡nretursr r¡nileteûteble a.munts of aço or þibory a¡nolcr rilJ'

bc Breræt.
p5,"(:e¡ rc¡r,ortoå tha appearaæe cf e ær eÞræption bed, ¡t

242 ry ia ¡olr¡tiona of, blgh ohlorddlr ooæutrrtLo¡. !hl"¡ nsr baait

wes ¿ttrlbr¡teil to assoetatiô¡¡ d €blor'I.dls l.o¡ rtth tha pt(s) 
Zgl.g,z*

lon, in the ¡*ouil ooondlnstáon sphæa" $rcrl tbe Ltncar Lærc¡¡s l¡o

tutæal$r cf tho bandl rlüh :¡"ærea¡{n6 cbl.s:[ê. oepoatrttion ug to

.5 noilo 1-1, thay iûctæl¡sil thâ asæoL¿ttsn oonrtant k"r

k _ i*t:lrrt l...S]-a 
lru( *] aclzz+]lcr-J

to Þc ].cu tÀ¡n .1 I soLo-1. fhe Eart"u¡u sttætiø ooúfrtolont fæ
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tbe lon pefr f,as repor.te,il to be greatæ th¿n B0oO cn-1 1 ,ûole-i.

lhus l¡ tù¡e reactant sol"utton¡ ln thls atu{y, the saxlmtm oæentretlo¡

otr lon pstr ls 1o-5 nole L-1, lese than 1fr of tb nor,-ioa ¡nlrqð

conpler oø¡centretíon. (ta a so utÍoa 5 ¡ îO-fo i¡ ebl'orf.dtc¡ tibe lon

paLr coæer¡tratLon is leas ttran tO4u.) Àlso llght úaor¡rtt@ by

the lo¡r p*{r ts cmslctsr¿bþ Lær tulrran V" of the to'ta.t. abacpt{on.

Ilomc, thc co¡asrtretf.ø of, f.on p*f.r 1¡ con¡lrtæed to be f.nslgnfftoeat.

å,¡¡oclatlon d ¡nmhlorate lonc r{th tbg oonglsx osn oodl,drrrtly

be c¡rcctedl to be rsallr Tlre effeot d perhJ.æate ton (t+rCt.s* *ð
HCIO&) on tzhc oharge-trandæ ¡nak ¡t â07 E[¡ rrr fsurrd. to bc

nagll€lbts up to peroblorate €onocntratlon ú 1.5 rotre l'1.

B. lfeeh¿nL¡n of ths Þæhsnge Rea¡tio¡¡¡ Qudfhtlve Co¡raidæatio¡rr

the photochatcelþ l¡il¡¡acit shtorl,ûe o"¡r*g. bstreaü .&Êg.
pt( æ) zcï,* lon a¡rl, frse G1,- lon h¿¡¡ bcen ahorn to bc a oha"ta rtastl.sr
The nogt tl¡nrtent apcof.er j¡ a oh¿l¡ reÊÊtLon Ls ths ch¿f,n ea^rrtæ,

¡o the ast ¡ætisa f.c ¡læotoil to a rtlæu¡sion of thc pædbb ehri,¡

ca¡ricr¡ fu thL¡! ayatø.

.ð. fen gcæral ¡rropetisr d tha oh¿Ln oa¡ri¡r nqr br rßtæil.

rithottt refsrmc¡ to æy parttcular ncêhrnirû.

(e) îhc ah¡ln oa¡rrlc ruat colran6c ohlæLdlr Lsn rlth bdh

rsact¡r¡ts, th¡,t fs Pt(o)rCtrþ ånd Cl- ion, rlthout bsü.ry cþstrtÐrail

l¡ the roaotio¡¡. fherdæe lt ntrst omt¿in ol¡ls¡{.no l,n ¡qe foüu
(U) fha oha:ln aer¡r!.ar s¡ct be proûseê th¡r.ou6h abaorpt!.on of ffgbû
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by t&e Pt(ry) o@pl*r enil ¡nr¡st bo Brotlrnral ritb. oonstant {rarrttur¡

ytsl.ê fnibpenilcnt of the ravslongth d tJre bs¡¡è d f¡rs&tatioa.

(o) fhe çhaia e¡riq nrst be ritertrqred. to e lergs eilÊant Ln ¡
gcectio tsul¡ati¡n rtep. fhc ile¡nnilm,oc of tho guaattn yÍekl en

Ll€ht latellþr, næeeeitetoa ¡ tc¡ntnst;ùo¡ næh¡nt"sn lmolvfag

uainf¡r qua&aùlo, ÞÉ rltå ¡æ¡ lLnær tæi¡ctl,,on.
(¿) Iba d8æt of :ínBuråtlec nqr bç ¡asr¡Esd. to be duc to üro

rEaofio¡r of chaln oa,¡riæ rrith tJle l4nrrlty.
lbo obein ealrier l¡volvad. ln this ro¿ctio s¡cl ttre anelogcûlt

êhafn raaotiong of ths hsah¿l.:tdec, Ìras bean va¡íorrd¡r portuletcil

ê8 one d four rpaoies. .An ecranin¿tj.or d th,e rosults La thå¡ thEsic

a¡cl thoså reported, e].astrere, enùIee a dtrtl,¡otion to be n¿il,¡ bstr¡ca

the¡o poealble chst¡ ga¡TLor¡. In this illseugsLon it hss been aseræil

thet all tho reporbed eh¿t¡ reactimg i¡voLvE s ¡{n:ll-ar oheln oa,¡rl¡r.

lhis l¿ ðon¡ oa tho b¿¡is that it ta i.nprcbsble thtt theso reastÍo¡¡

rllL oce¡rr by erestly cli-ffere¡rt nect¡¡nl.sng. lhe for¡r poaaLble chatu

oasic¡r¡ that hsre been æasLcbed, aro <lf¡euescd. bclcr.

t. 4dsnson(r7) suggeotedl thet a p{u) o¡nof.ea ln a¡r sxcitcil
)-sta.ta na¡r aot as ¡ ohaLn ca¡ri¡r tn tåÊ PtBr5'- - Br- æbange rætå.on.

(tlbse the reaotlo 1s not photochenleaU¡r' fnrtuoecl, it çll], be

rde¡reil to ¡s e tbetla,l, rea6tion.) rUe reaoti.on scbeme proposeil rar
e-/o-Pt8ra- +hl¡ È PtBrO'+Br, (t)

/ 2- *- /o eoPtBr- + Br ;! ptBrn- + Br (e)

f**u* rly'* %PtBr*- + PtBr,2- + PtBr
6
b (¡)
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It tt emsLôæeô th¿t an qolts¿ pt(ff) e¡ a ch¡ln o!ùrr!.or ta unlthrþ
on tha fotlorlng grrounilc.

(") fhe lnitlatíon reaation ( l) ie rmigæ, no slntlar: exe¡r¡¡Ie d
thll þpe hra bcen reportcdL

(b) One d the nal¡ polnts ¡trloh fßð.[ilsnsø to poatuJ.ate ft{ff}n
raa tbe iahlbtttvc dfæt of þdroçrLaonc on tbc þibofuars reastiø.
BôLmn1 st ê1 ruggect that tht¡ concru¡l.oa reg læogæt as the

þrboçdnone LntæeEts rith ü¡e ft( IV) grormð state.

(o) &rctrange reaotiæs of tÀe þpe otr reaotiæ (l), a¡e auggrrtei

to be el,ætro tra¡¡sf€r reaotions, ao thet the ptrotoohoniael eproLtotlø

of the Pt(rI) speoles uust be tra¡¡sfe¡red. ilr¡¡.fng the e.Leotrcor traad|c'r

ågai¡r, no roportg 6f, 6{q{lorr úeûEJr tnansf,æ hava been noted. l¡ thr
Iiteretr¡re.

2. Pt(il) ecroíted. state. Balsani ct aL auggecteil. ¿ pt(w) iþa

øæltcit stato a,a ên l¡tqscdl¿te in üre hydroþota of ptgr5z-. rf thtt
*olted. st¿te rere the obafn carslor i¡ th.o exchango reaotions, tha

fol-lonlng reaotj-on roç¡¡anoe nl€lt be lnagfæc!,.

pt¡r62-+t¡u Ê fu"r* (t)
/ x *- /*- -ptBrr- + Br Ê ptßr, + Br- (e) ;

/rrï*rn 
+ rtnrrþ ê etËr5þ * å"rr'- (5)

le-lt-
Þtarrt- * Þtarrþ rtarr} + ntBrrÈ (+)

ågatn this neohq¡rirn nqr be oriticised oû soveral grounda.

(r) The tænl¡¿tion atcp (tr), næænrlr booauoe of ¡¡e rfuht
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lnteccaily de¡narlmoc¡ is en i.uprobabfe fceûtLo¡t¡ If tbê 6oXteû

stste La a bipl'et ltate, the two trlpl.et ststor aru ros¡tå¡g to

proihnc at lcast one ion in the groe¿ rt¡tc. Eouwæ, triplctrtrfpfût
a,nnfhll¿tim ls lswn fn organio rystær, ro lü ig noù {'r.woaívabl¡

for the platÍaun oonpLeree.

(¡) ÂE tn t[e pnørlous sa.ra, tho cahrqo ræotiq (f) J¡vplvæ
Ío-Þ

tbe trangfæ of the tnlBJ,eô ênsrìgJr d tJre Pttsrr'- to ¡nothe pËBr5'-.

l{6 s{t{Ier exasplee hgve be€n rcporterl for fnor8anio oonplssr.

(Uost eloeel¡r rel¿tetl. ænple is æery t¡e¡r¡f,rr frø Ltga¡al to acrtr,l

l¡ l^å,thsnidea.)

(o) The dîeot of, frpurities on tt¡e reætion fa not son¡åstæt

rith e Pt( ry) ohsfn c¿¡riæ. ûxidanta luoh e¡ Brrr Clrr

and. organto iopurttLEs are uot riþely to rapldl¡r affæt pt(n¡)¡ ÊÍü
in a¡ selted. gtate,

3. GhLorlac atqn sr (trøl¡e atæ), The ncctran:i¡o hsrc nouLdl

bc

ft(sr) 
zcLzz+ + bt ¡! pt(sn)rctz+ + ct (r)

t- * -CL + C3. Ê CI + Cl- (Z)

ðr *,pt( orr)rc:.rz+ ¡! pr(s) ,Et!+ n ß)

( 
") thfu nocl¡a¡risn Ls rorô rea"soablc tlran tbe ¡nsvtoua ho, but

agal¡ reaßti.ons gl¡ll¡r to reaßtior¡ (5) havs not beo repo¡ted. l¡
lnorganS.c conplares.

(t) Ach.msæ actrtect. aIlyI. alcohor to tbe etsrrÞ systen, anri rt¡.drnod,
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fbø lta lack of efflect thet Br at@s rcra not l¡volvcrt å,ð a ohå,i.a

oc¡rl.e ia the reaotlm, ågêln tn th6 flteâh photoþats of ptBr62'

ÂdtsÐs€t for¡¡¡il no øitle¡æe fe Br etæ¡. IIc glves ¡o ir¡cllaetioa 6¡ tfu
upper 1{¡u{tg of his ilsteotior nathod, ao th¿t it is posslble th¿t hc

f,*t1Edl to el¡ctoot *qlll ooæe¡rtrationg.

(o) lhe effæt of clz in etoppi-n6 the reasti@ 1l not oonsigtæt

rlth a ohloriae eton næÌ¡a¡¡l,s¡n, as the reaotion d e ct¡lo,rr,æ etqn

with cI, rq¡Ld not clestrry t]re ahlorfne atø ch^el.n oa¡ríæ.¿

Dreyer reportert. that the photoobeåcal s¡bstitrrtion of ptcl 2-
,6

bJ Br- ras a chatn reaotion Thi^e reçr¡ea ¿ næl¡anisû sl$il€r to.

rtClr2- + hu
t-PtCl-- + Ct

2

Br + Cl-

sr + ro12- { pül'Brþ + cl (r)

Reaotisr (:) n"y be cnegeticalþ r¡dercurable, antl. hø¡os rouldl

probabþ br too alqv to aot as a ehaLn prc¡ugatl.on reaotLon. (nafu

cqrgta¡¡t greatæ than ro5 1 mole-1 u*-1 reçfrcit.)

4. Pt(IrI) oh¿l¡ oa¡rLer. å. rcoha¡rls involving pt(IÏl) wanLð bc
pt(st) 

zct-22+ 
+ h, Ë rt(er)rcte+ + ct (r)

pt(en) ,or'* * Er- * pr("o) 
,ðrr* + cr- (e)

pt(en) ,ïr'* + pr( *) rc:-rz+ Ê pr(o) ,"rr* + pt( n) rttrz* (l)
I co¡rsidæ thfu to be tbe nost ¡robabl¡ oh¿t¡ casiq fn thâ ccberye

reaotios. Reaotiü (r) f.s probebþ an ELætron transf,er eLætrm,
poasibl¡r tmolvlng clmt¡lta¡loor¡a transfæ d e ebloryÍ¡s at@. Heror,

Cl+Br

(r)

(z)
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bobtt lt ¿ndt roaetiqr ( 2), I sr'qFle substltution reaatlon, are ret¿t¡ü
to emq¡ rEaotiøa.

fhe orltlcLgn aboî/e that no Br atoc wæs ilotect€{ t& the fle¡h
photoþsls d ptBr 5"', r**s sone ðdbt on reqoti@ ( f ). å$

artornatfvc to the fomation of, tl or Br ata-o ls eleqtræ tæe¡¡fe
fron the co].vent to the pratl nm conploc. A f\rther ¿lte¡mative La

the il¡grqfu¡s csnF].mes La eleotron transf,æ frm !þs a{+mjrre to the

pletlnm. thJ.s posslblfity siLl, be dtLcoussa¿l 1n uore dtdail i¡ the

neort secti.ø.

rn arl stho¡c aspeote, i't(IIr) as a obelr¡ ae¡rier accondls

quaL:ltatlveþ råth the erperi.mentaL tlata.

(i) 0xíilants lotùrt bo eorpectetl to rsaot reaäiJ¡r rlth tbe unstêÞ1e

oridetio¡ sùete Pt(III), tbus ærpla-intng the t¡Ìribitive d:fæt otr thog!
compoun<lr.

(ü) The tormLn¿tl-on reaotion (-t) (tne ueat reaption or (r)), her

the corræt forr¡ to yÍeld. a quaclratio ite¡nndeúê on llght lntørelþ,
(Uf) The effect of i':crease in lonia strørgth ig o@slstent rltù

( t) , u rats controlllr¡g stop Lnvolvtng tro llke-chargeil to*.( z9)

K
z.3oj Lls {#} È z1 : z, -å

(r") fb¡ rotat{ag sæt(r æa*raæt¡, tniüoatlng a vaÌr rap!,ä,

tcrmtnatra ctt¡r, are oø¡sLstsnt ¡¡ith e ternt¡atiø rtep f.nvolvtq
pt(rrr) and the oths ¡nothrot of lnlti¿ttn^ (cl for qa¡nple).
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Reaotions of thl,s type betree¡¡ tro reactlve speoies rcu&l be or¡reotrd.

to bo fast.

Two othsr interoedi¿tes rhiob ûec €onsictcart are:

1. Plattnun(Il). The Isoorn rate d catal¡rsle ctr the coha¡¡ge

reaotiqrs ty ft(rf) is too slow f,sr Pt(II) to be os¡gidssil ss a Gh¡rrr

eal¡îrler. Frou rcfereræo (ft) ror ths trane rt(cn)rcrr2*.c1- exchange,

tbe rate of occnange R* = 3 x 1o2 [c1-][pt(rv)][pt(r¡)J nole L-l rl¡'1.
Tsklns t¡plcal values fæ this stuS of icr-] z 2x to-', [rt(m)] =

.-4-13x10 -molel )

R-- = 1.8 r 1o-J [rt(lt)] nole 1-1 nln-1,
Cß

As the obse¡sett rate d æohange in tltls ctu{y = 1.8 x lo-4 not" fl

rin-1, then [rt(¡r)] wculd. h¿vo to be 1o-1 nole 1-1 for reaotion to

occur þ thts nechanLcû. This Ls obviousþ inpoeatble in a total

platinun aonoentratiø of 1 x 1o-3 nole L-1,

2. Drryer suggestail. thst l¡ the hexsohlorfða reaotion,

photooatal¡rsis oecurrert thror.qgh absorptl.on by t*re Bletinun( II) -
platln¡n(fV) oonplex poaùul¿teit as an Lnte¡nsril¿te 1n the thsreL

occhange reaotior¡. i{fiever, Lt Ls dtfficr¡lt to see bor t}ris neohe¡ir¡

oan give guantum yiekls greatc than one, as o¡¡Ê çentrn onJ¡r

catal¡rses o¡e reaÊtion.

C. Meohaalsn €f Ncü Photoþsås

The photoþsls resotio¡r wag f,ol.lorecl by the insrease in the ratlo

of free ebloride to eonplecceô chlonids, so tbe Pt product of the reactim
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¡gst omtaln Less bq¡ncL ohlorirto tbqn üre Pt(W) reaote¡rt. (fooaibþ

the as¡nretim pmccilrr¡.e w:ill ræove Chlorlit¡o frm e uore 1ablle

conplar.) fbe guaatrn yletd for tbc rsl,êês¡ of tto shlorJ.¡ila lons L¡

.OZZ !.A2. It ls t¡¡telÐdÊû¡t of ll€ilt tntanstþ s¡cl ahl,o¡{.ils eosoontr¡tl,æ

at ãtr n¡r. Thcge obserryatims auggcst r cLopt e r.uf,ml,eautar roa¡tLoa

gd| an øcoitcil state. lhreE rcactiors nor¡lô aoco¡¡nt for the rslsÊ8t d

oæ¡ú.aeil ohlonitù¡.

(r) rv ibolrafr of, a¡ woLtsal st¡ts. Fæ æanple,

ä(.o) zcLza'+ I{ro ..,r pt(en) **"oT + tl-

rharc / rø¡rrcrætc an æaLtcil. epæiea (pr$ably iÞil æ1teif . If tha

reaatis¡ üüìo ea oqulliÞritm, l,rnreasl¡t üts oonsr¡¡ûratloa of shLo¡{.tl.i¡

lon rqrld. {leoræsc tbe guantrn ylcltt.

(e) Ityitroþaig of e Pt(fII) fntædl¡to aight alæ þ¿i[ to ttro

re].ea¡re d chlorlcþ,

(¡) Rettr¡otiæ d ft(nt) to p{rr). For "ranplc,J
ft("r) zcuzz* 

.4 pt(æ) 
,2* * cL,

The obr€ñatim tt¡at tnciitLaable pro{hrott ar6 forædl ls Gontlsterlt

rlth e nooha¡rícn of thls tJrpÉr lnrt ap¡nratl¡r tncorrlrt€üú fåth

ucofranion ( t), Íhe varåôle resr¡Lt¡ ø tùre a¡mr¡tr d uxtittsablo

proihrÊt s¡¡ggcct that tJre proih.rta aro pctrepr vol¡rtllc. fba ob¡sl¡ttqn

tb¿t * vq:Lrt¡.:lc ¡,ì.tlshyilr Lc a pno{rnt cf tbs rsactl.on oorfJ.rng thla, eoil

auggcstr tbat etþtenedJsmine ls o:údlgoil tn tùrc reactl.on. (Hccvæ,

romc nonFyolatile reihntsnt ras êlto obccveil, guggætlng ft(ff).)
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Á,Lso, the u¡¡usual pmrùrcta cf ba¡Ee lrydror¡rars d tranc Ettø) 
zct'nB*

Lendb ¡n¡¡ryorb to the æhanLsn luvolvtng ctþrLens1!{açl¡e clilatl.En

BasoLo €rt al reporüctl th¿t the baac lqyiþoþots of thls cøpLa i.s

accm¡nnleô þ reiluctlon to Pt(IÎ), rlth slnultancor¡s ond.ilstion

of, the etlqrlarejl{amlrre l{€ant. (¡r¡ottra. altarnatlvg d a:lrtrltenees

redü¡otLon o,f ths aotpl.c end oråil¡ttoa of nater, ls aot consl¡tent

rlth thc obaur¿ti.on thet photoohæteaX itéoonpoaltlon oosras 1¡r thâ

ib¡r soItdl ¡nrchl,oretc. )

Thus, a ncoh¡als¡n Luvolrlng bydroly¡is d the cæpræ, r.sadlr¡g

to unstúlc bydroþeeil ¡uttù.ctg rhlêh rcilr¡c to Pt(II) ri.th di!¡tioa
of ett¡rlcnedl¡nln¿ l.s con¡l.rt*eil. no¡:t rtlccly. In ooat:art to tt¡e
Pt(cn) 

zc}.zz* eæptor, bsth the plrotæhæfaer a¡¡ô thera.l þdroþatr
reastio¡ d rt8r5z- ooorE rLthout rerluctlqr. (rnfu furth€r srggectr

e oonneotlm bqtreæ the phortæheuioel e¡ril t"brùel raastíoùEe)

l{eohnnl¡¡ (e), r¡¡votvrne hydrolysfg of pt(IIr} eamot bc nrled. ort,
anil Lt h¿c the aalcþô adtvanta6o otr poaslbly aera¿n¿¡e the ll¡ear
temt¡¿tion lnpl:leit 1rr thß iÞ¡rnrtenoe of qruntun yåel.ä on r*r-'1.

D. l{æhanLsn of the Eæha¡ge Reaotion: quantitattve .år¡reots

rt is Bro¡með to oopara rmc pørtblc næbr¡r.i.¡n¡, rLth tho

Era¡rtltetivc rorult¡ on the ilopcaitørcc d ttn qr¡antra ¡riclil fe
eerohanrge, on ths cpætnæt-al vari¿blec. The mogÈ ôvian¡l nsohaûl¡n

to tr¡r, ls the næhanlsm alralqgors to tl¡st leltreuy proposeil. þ
Åclanson for tho PtBr62- - Br- æctrange.
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*
Kt

pt(æ)rct þ + uu pt(en)rct2+ + cl

Pt(æ)rttt* Pt( o,n) rh* +CL
rÈ-

+C1 (r)

Tr¡stmt en¡tqq¡ te tbr ntàoð l¡ &o ¡ææâlx d $-tts II,
ytrlitrr tbo æptldcnr (fç Íar > 11)

pr(m)rurra+ + pt{*}rð12* fa p{s)rËrae* + p{o)rclz+

rt(en)rcr 2* * çL 3 pq-)rrr'* lj

6 ,. 
Kstpb( 

"d3c,rz:iJl1tc,1:l , fb¿rrå-8 rr[rt(æ)rcrre] * Krtcl-l t o, )

tr KttcL-l >r' rrfet(o)rclrÏ, &b eptroct"Btra to

I o =rrlrt( *) rcrræl fäÞ*rå

The obaweit llaear rtopcartæu 6 6*o* [pt(") ,rl-rb) ls ln aoosril

wlth the cr¡resdlø, bÉ 1t ibee not flt the ohlorLib Lø soncdrbatd,a

dbponilanoe on tbs I*u ilcpætdcnae.

Posslble ¡noillfLoetíons that nqr abor bcttæ s6rcæ.nt rtth tJrc

orperf.ærtal cl¿tc are nor asasf.dlæcrL

(f) The furltl¿tion reaptiø mrct i,avsLve üæ abræpfi.æ of LtCht

by th€ reastant oøpl.c pt(s) 
,c!rz+, to proäroc a pt(I[r) ohafn 6ÍËrlcr

Quatl¡atla tsnl¡etlon also neee¡sítatlr tbe eLmrltaneon¡s ¡rorhrotLon

oif a geninetc speoice rhieh nqy baok rcaot rrlth thc ft(Ill) ton.

Conai(brLng theso poLnta, altenn¿tivea to ths t¡ttiatioo reaotion eÞçc
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arght be

pt(en)rclrz+ + Ìru -{ rt(o)rcrg* * (uro)*

rt(æ)rcrr2* * hu * Ft{æ) oh" * (æ1

lÍo rlgalf,loant chra6r t¡ tüc G¡rcætü t* Éo ruu1û, b fcsê üttb

th¡so l¡ttl¡tto mstfæ¡, lf thr tøl¡¡ttu lllecù!.c tr tbr ûFær
d i¡¡ltf.rtùæ.

( U) ¿, ¡nobnbb a3'tm¡Ëtvr ts 'lrb¡ fm¡rgiùf o r¡roûiæ ( 1) rbær

l¡
2+ Kr

Ki
f'u( æ) rcr

'¡-c1 pt(ær)rt.r"+ ('1"¡

fUe ft(fff) f¡ternsilt¿ts night be t¡e:ra¡ooo¡tlnatcðr @ that upoa trha

Los¡ d e chl,æo-Uea¡al, ea eEt¡o speoieo 1¡ f,m¡dL fhl¡ ag$r e0h¡n6.

ohlorådc ttrrorlgh a þdroþsJ.s reû€tioa (stt. (ta)! Wf*r **rJ,¡ rsaotíø

and. the acconil ¡ropagatlon reaotion

pù(*)r8r.* + pt(*)rcrrz* ? pt(eu) 
?çL; .¡ pr(*)rÊrre

( z")

and. the torni¡atim reaotiæ (l), fiocen be ¡hc¡m to bo

fi o =KalPt(e,)rct 2+f {++}å ffi
In agreencat rlth thc *¡nrfncntal rcaults, th5.a cpresaion abør I
deoroaac tn' ø- rtth lnorease !¡ [cf-], ht the Erantitetlre so*td¿ttæ' c0(

ir stttl not gattsf¡otoryr Othæ varlation¡ roro bLsit" but dtð Boû

ylelô ¡atisfact€lr ør¡ressior¡s. Thf,s ne¡r be ûr¡o to conpllo¿tion¡ rrlrt¡g
f,ro ¡ntnt ( iff) beIsn.
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(fff) A fr¡*hæ temlr¡etlon reactlm L¡ nscesrarlr a^s the latensLþ

æcpoaørt af -.31 Ln the eçation

í*. o r"bo-'57

tqùtec o@Int{4g 1inær anð quaibatLo tc¡*l¡atioa. Thl¡ ¿ltuatl¡a

t¡ itJffXoutrt to anal¡rae as tho so;Lution of ¿ cubLo eEuetion i¡ l¡¡volr¡å.

Tln¡s, oonplcte ¡¡¡ly¡ås of tbs recr¡lt¡ ha¡ not boon poedblo, rLtch tr
prrUepo not rtg¡rfri¡g for s oæBlloatd qrrüen d t¿hts type; poaslbþ

Lrvolvfag nora tban ono ohaln ca¡rLæ anrl ¡srsnat temLmtlo¡r reaotiæ¡.

E, w¿rvelsqgth De¡nndøce

The inrlepenclsrcc d the quantm yLeliLc of botJr cctrange alrt

photo\yai.¡ on the wavelm6th d Xrraill¿tLon rarrantr fi¡tth€r üLær¡rd,ou

at this lta6c.

Lf 254 n¡r tbe cherge-transf,cr ba¡¡{t (nar AO? np) anð the iþd bürl
( 1tA * 1n 

/ (** 267 nv) overlap cù¡ro¡cg\y euit apprølmtslür equßl

absorption by boùh ban<þ ooGllrs¡

lf 36 n¡.r boræer, sora iltafr 9% of the ebre¡*lon rqy be

sttrLbuto'il to üi.il aboor¡Éion.

(ns 5]1 qr).)

(q++ary aÞaor¡rùloa t¡ tho lrru * 1er,

The slnlle'{ty of the quantun ytd.dr for botJ¡ cehange anð pbotoþrtr

at t'hese l;ro ;avel.ægtbø prcmpto tno poatulates abqrt the lnts¡metlLato

LurolverL

( t) lhc qah*¡¡gc anrt photoJysio reaotions h¿vo ¡ e@on pr¡oour&oirr
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( a) Tbe ¡reo,rsor is fo¡meil. wLth the earac guantrin yLe&[

lado¡nn<tentþ of, the bancl of åmedt¿tion.

ra vi¡r of thæ¡ ob¡s"r¡ti.s¡, the foilt"sriry mcheaL¡n i"r pæopcrd.

(") Irrrospætåvc ctr thc b¡n¡l, otr t¡?adt¡tlon ¡ iþil, æåteil ¡tats |,c

fmsd. tshir æqutror, fe tig¡t cf rlrc.Lægtb ãS ïr, dftetcst
oarværisa frs a oha¡cætnadr¡r ¡t¡tç to ¿ ü-€. æoJ.td rür.tr¡ uhLoh

rmlð bc uat"qur te pü(rv). $enccû.n rt{¡v} ir ths qly r¡portd
ocaqilc in lhl¡b þdrol¡rsia prorbrcta cre fo¡ssð on lzraili."etí.æ f¡ ¡
oharge-trangfor bantt Baruânt ðb al(19) *0" tJrls agtertion fæ th¡
hqabræids h¡'ùolysis r@ctiq. perhaps tha ea¡a d tbl.s conværlæ

i¡ <lue to lar6e i.nterni:rtng of (þi[ aoê oha.rge.trandPg: lrtsÈea Ln thur
cmplcca.

(U) ûha¡trtr¡asfar in tht"ü úÈste 16¿itirr6 to forratio¡ d thÊ p{I1¡)
6hs{n cc¡Tior. (¡a p¡otoeh¡mfaal tmf.nolqr - oe?g:aion to a obar¡r
tra¡¡sfsr rtat¡ frm the tÞtl stete.)

Thl.s næhsfu@ is prdemed. to ths ¿lten¿tive poscibrlity of
fo¡mctLæ ef a charge.ùrenfe axsitrd, ¡tate ct ell rarelcugthar ÞÍ
analqr to thc b¡x¡breiil¡ c¿¡se rhæc Silroþr16 ooou¡ìc rtttr hlsb
qua,nüan ylclct

F. Furthæ Stury

sweral lLr¡eg of stu$ euggeet then¡clvso ar bel¡trrrl fn co61lrrlag
the idsa,s gLeeædl frø tbe presaet atuSr.

1. Ilraill'etlon d frozen solutloa! ln a¡¡ attapt to trap oraltr{
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rbatea. pt(fff) olght be iteùeoteit by cLeotrq spln relonanoe speotroroo¡y.

Extttr{l Pt(W) s¡nclea nig]rt ba itotætoð by the obsã"atioa cf

f,Lr¡oraaoct¡ao or phospboresealce. In faot, a rtu{y of tt¡eee phanoua'r¡

oü¡lil lntH.ca,te the case of crsssl'rg f,ron on¡ sxeLtctl ststs to a,notbæ.

2. À atu{y of analcgorc ryatos ¡r¡r¡h as pt(on)¿"ren 
"oil'

Pt(¡üIj)Lctaz+ q&nt help to resoLvc tho ra,otfon pattrr Luvotrvcd,.

Fæ tho Þr.oulib oæ¡ùc tho rate d ürb*ttuûton d {ùc oonpilc tg

ohl'æliþ loa, rorrlð iËrùt¡tgufub bet¡roen s Pt(III) uæhmls¡r a¡¡ð r
8n aton whanf.¡n, ""'th€ 

pnopagetion reaotÍon

Br+Cx.- d c]. +Br-

n€oóssar¡r f¡ tù¡e Br atm nechani¡n iloes not o€oüFr

3. À øtu{y d Pt(N¡Ir}rCtl* rrrght s}ror tbat thlr cæpouncl. dtoea

not untløgo a ol¡¿in photoerchn"ìge reeotj.on. fhls oould bc tater¡nctrrt

as dt¡e to thc abgüse of a Ft(III) ebatn aa¡tf.ør oontaLni¡6 chlor"J.rib ioa,

ed.ther iluc to ttre Losa of, ohlsrtde ta tJra foroatÍon rto¡r or bÍ Latæ

þtuoþal.a. Thls üouLd. hdlp to est¿b1l.sh that Pt(III) i¡ the oha{q

oa¡riæ. ll¡c næhanisn wy also be slnprcr ¡c thc intsreill¿te

oan onl¡r hane one erohangæble eh1orídlp lon.

,+. å, oonBlsto rarelength sù¡4y nlght alao yLelil urcf,r¡L rrat¡lta.

r¡reðiation i.n the rqíon of the rosk benat rt f8o qr nrght ¡nodwe e

trtpJ,et ctate, yfefdfng ûi^flFceut ¡ro{äæta or ill,ffcrot quantun yl.lldlr.

The ilifflcufþ ll.oa t¡ ceparettqg thc Ldlueqo¡ of tb orclagptag b¡¡rilr.

5. It roulti bc åntæstlv.6 to attcnpt to lnd!¡se rator seharyG l.l ra
aç¡uo sonplo¡ eüch as Pt(en)r(Hro)r4+.
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6. À.m¡¡e stcnclre rtüqy of tha qr¡¡¡rhrn ¡r:tel.il ¡s a fi¡rctloa

of ravdqgtb, rcrldl be udul to ¡rovo th¡t tbc ofqtl,â¡åtr d
çrrrntrn ytelär a,t 6t+ u¡r anil 366 nV ls ¡ot þlt ooåoclðruor. I¡
¡nrtf6u1ar, e rtrr$r of the gnantru yf,cl.dl ¡t ¿ ;areLc6tb rùerc oåargs.

t¡aodæ ebcozptlæ pradtoLneter rqrl.tt ba nost lnstl.r¡otivc.
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