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snMMARy

lbl¡ ttrocfu dc¡eribc¡ tl¡e prçar¡tlon, rtrrat.rsl rnd

klnetle pro'prrtfer of th¡ (oon2ro¡!o, (cotn2(u2olpo¡)0 rnd

(Cotn2¡nrgd 3* ærylcx rpccLæ.

&c pntæcr of bid¡ntrta phosph¡to l¡ (Cotn2fO¡)o lr
d¡et¡lned þ lnfre-rcd ¡Èdlc¡. rhc ¡trrcoch.ûlæl eonflgnratioa

of thc ænodentrlc phorphrüo ry.cfo¡, (0otnsGrgln2lO¡¡2+, ford
by dlero!,vlng É. bldætræ epecl,rc la aefd, l¡ ¡borm ro br
prrdodaætry eh by uHslbla ælutlon ¡b¡orptloa rpcatrel ard

proto¡ ngactic Rlroaûce rpcetrrl ¡tudíc¡.

A rpld c¡d r¡rvcr¡lble rqglubrûo slrt¡ brtr¡ra tbc
qodot¡t rr¡d bídontrtc pborphrb cobalt (ru) rprefm ln rqgcow

¡ol,utfo¡. sr h¡tf ttn¡ for thfu rryld latercon¡enlon ¡rc lc¡r
ttr*r f,Íæ d.¡ntø ¡t 2o.3oc. glgstf,íofqt æacGrürrtioar of thc

bídctrtc rpcelcr al¡t oaly within tbc pE rng: 5.s to g.5.

ftr ring opc'risg rcectlon of ths bident¡to ptnryhato

cob¡lt Grr) çrcio br¡ bton follomd sprctþphoteutrie¡lly, in
tüc pE rrng. of 3 b 5, @d thc detr mtfuty tha follorlng rete
rryrereloa

n'o r qro (cotarpor,o) + t-E+ (cotaeBo$+)

rrtrra \*n -d -*". se o.l8 ¡rb-l rnd o.z9 u,lo-l rrrprctlvrly rt
2o.3ot. At pcrchtorle ¡cíd csÊcatürÈtonr ry þ 2,5!i, tú¡ rrß¡
coottat, hrour+, for th rlng oprafng of t&c dtprcÊoa.t d bfdcntete,

(cotn2Fo¡12)2+, ít 77 dn-r ¡t looG. A ænc¿rtcd neå¡nl¡n lamlvfng



qit ettrck of netcr çpcetrr fçsun¡blc lor ttre æld catalytd prtå¡

for rla¡ ryooleg.

f,rlur¡ of the pborpbaùo lignd froa ?32 lúelled pbrpbeÞ

æçlar ln reld rsi b¡lc rdta oecurr ælrtl'ruly rlorly. lts rstd

hyúrolyrL r¡rctlm l¡ at 1¡¡rù tO3 tlu¡ rlonor lhrn thc ri¡g

orpæfag ¡rreÈloû ud¡r thr rr.ie æ¡dltlon¡. lhr r¡tc Gotrttstrt¡,
.

ht, La æd bs¡ ehrnoterl¡fig tlh. ælop¡þba¡tod (PL), dlproonatcd

F2) æ¿ trlgrvüoartd ft!) rpcel.o¡ æarurcd et åó.3oC rr¡
3,1 ¡ 1o-! d,a-t, o.2 : tf2 Bll-¡ eld lB.3 ¡ lo-¿ dr-l rerpcetlvely.

Ihr rclrtlv¡ ¡¡rctlvftl¡¡ ol rrhc ptuto¡rt¡d rpealcr

Pl>?2<
dæo¡trrt r tùË lçortencr of p¡obn¡tløa ln 1¡fluaølng nrctlvlç
st r æphr rpcelnr, lb¡ P! rprsfr¡ c¡¡htblt¡ ¡ f,irat order dopcdmcc

ø th¡ retlvtty of vrtrr ad le prubcbty þdrulyrad vle r æchrnl,ss

fnuolvllg S*l rtteek o! rrtrr st thr cob¡lt (III) erûtrc¡

Ia b¡rlo udlr, þütulyrtr of thr pboepbato ltgrr¡d fron

th¡ æ¡o{rnt t eoryla procc¡de vir trn patihr¡ oür l"drpcndrnt of,

tbl tyüturlde lor so¡ßlßßr.tloa üd thc oüher dcpcrdæt llacrrly m

tüc þümrlda loa cúsntr¡tfm, lta r¡t¡ Goa¡üætr dotrtuin¡d rt
46.tog for tb æcrtd,yr"¿ ; br¡r crtdyæd rrthi *r ? * lo-! ü{¡.-l

ed 1ô r 1o-2 uh-r usrpcctfnly.

Rlag opootng oð suþr¡qe.ût ecíd hyürolyete of tå¡ pborpäeÊo

eorylc o€sur rntl,rrly by €o{} bord ryturc ¡r sboun by Ot8-rtdfcr.



Are b.hsvlour of tha bl¡(trlnthylcncdt¡nl¡a) æçlexer

t fotmú b br 
".t17 

rllnlt¡r to thclr bfu(ctüy1.aËdisqfæ) eou¡rtcrptps.

lhc l¡arc¡¡c ln th. dûg ol¡c of th¡ lnart dfainc llgæds trua

fl¡c- tÞ rfu.üúcrrd ríage doæ æt rffrct the rrtr of rhg oeecrng

of thc phorphrto llgrnd. Harae, thc rçid rlqg opü¡tng rc¡ctfo¡t
of botå bld.ût¡tr pboryheb soplcrcr ln thr bD üyrt ú n¡y be

rttrlbüÈ.d b tht lnhrroot r¡rrfnrd !.trca of tbe four'..s¡red
phorphrüo ehclrta. Eoreevctr, thc lnerer¡o ln tå'o by{ælyrt¡ ratoa

ol thc modc¡¡trtc pbrphrùo rpeclas üo ths ærreepoadfng dla,$¡o

lpcefa¡, tor t*rs bl¡(trLntþkoodleuinc) ¡yste colgercd b thr
bt¡{¡thylcud{ed,¡¡} ryrtæ, (trn-fold for tha Dñ- ad dl-?rcÞ¡þd
rprcfarr 160-úo1d lor thc Èrlpruüoutcd apeelrcn 7o-fold 8d s-fold
vÅr the b¡¡c mert¡lyrod æd br¡*.eatrlyrcd path¡ rgpectlvcly),
.pp.sf Þ .lrggÊrt thlt rtcrle crurrdlng plry. ¡ ¡rgnif,test rolc i¡
LacrørLag tå¡rc rrtltr

Xt¡ t¡¡trbülty of Èhe sl¡aócr'¡d Èråethylrncdlæf¡r

eh¡lrü¡ rllrg. l,r ¡bna by roæ fnnrtlgrtioE¡ oa the dtrqw-

bfu (trlrttytrærdtnlso) cobrlt GII) epceler.
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L.1 Intrcductíon

ltis tùc¡l¡ l¡ conceirncd witt rub¡tia¡tisn re¡ctlong of

cobrlt (III) corylexea. E¡¡tensive str¡ilic¡ of süb¡tltutíos loåctions

of oct¡tredrel coçloxa¡ h¡vo beea n¡dc, especl.ally rlth corylcrcl

of æbe1t (III) ¡¡d ctrrouíun (III) bee¡uce of thelr rolrtlvo ce¡e

of preparetlou ¡nd ¡low rstcr sf, re¿etlos. laubcl br¡ cl¡¡¡iftsd

ætel corylercr lato t¡ro crtcgoriert

1) 1"Ui1" oorylcxcs trG those sho¡c reaetions era coryl¡te witbÍn

I ulrute at roon teçGt¡tr¡rG (,lo.lu solutions of re¿etrnt¡)

2, inrrt corylerce rrG those thet re¿ct at rêtet too clow to

¡¡Eaaare or ¡t taÊ¡s th¡t crn bs follosed by æuventionel c;geriænt¿l

tcehoiçres in tíæ perlodr excosdlng minuÈes.

In tblt etudy, ¡oæ of the coçl¡xe¡ undctap rcrctionr

sitbi¡ thr Èi"æ ¡c¡la sst by Teubel lor tlsbilcr coçlexc¡ ¡rhilgt

otber tô¡ctloni of ttre slnl otr clorcly related corylcrer ere mreh

¡lonor ¡nd tbcce coryloxæ muld bo do¡cr{bcd e¡ tinertt'

1 Srbstitutisr Resctlons

Sub¡ti6ltfon reection¡ ern lsvolve eltbcr thc rcplraomnt

of one ligod þ another in ¿ corylcx or onc æt81 ion by aætbcr.

IlrÍng tbc Eughcn ¡nd Xngold2 coñsûtíon ttre¡e re¿ctlon¡ e¡n bo

describcd er nuelcophillc rubegln¡tlon rc¡etionr, 8Or or cloctro-



2

philtc ¡ubatítstíon reastíou, Sg.

Lt +u-L.-..--.-....f lf -Lr +L s¡¡

ür + u - L ---..--.r ut - L + u 8,

In thl¡ theel¡ thc rr¡etlon¡ are cotirely of, tho S¡ typsr

Xn gcocrel, S¡ rcpl8eeæat ructlong can procrcd via tm

uaLn mct¡¡¡i¡tic petkayr,

¡) by the df¡soci¿tfvc æeh¡níaa 9¡1

b) by the dÍrplrcomnt uoeh¡ni"r Sú

An 8¡1 rsactio¡ inrolve¡ I tuo-stcp æchr¡i,¡a. lbe f,lrrt
etcp lc ¡ slow æd rsta dctaruíning unlælccul¡r dla¡oci¡tion

lþL .......--t !l + L

follor¡d by a rryld coordl¡¡tion raactlEn of, M wlth anotber ligand,

Lt.

u + Lr lhtr

which eorpetes ríth t (or thc ¡olvcnt) for rerctioa wf.Èh U.

L+M------+lFL

I + !l ---+ FS

the íntorædl¡te ætel corylox, ll, fotud l¡ of ¡ r€dr¡c.d coordlnrtion

ader.

â" fu2 rGreÈim invohas e biulec¡¡l¡r rata dotcrniaing

rËcp uith rn l,ntetudirto of lnerærcd coordi¡¡tion ntdor.

Lr + U _ L ___4 trr_!fr_t¡ -_..-.._, Lr_!t + L

Bcc¡u¡c of th¡ ¡úigufÐ ol rerlgo,æ¡nt of n¡eh¡ni¡u¡ drre

to t¡å c¡LsÈcncc o! bordcrll¡c ca¡e¡ bGt¡rccn S¡1 erd hl2, r furthcr

¡ubdlvi¡io¡ of thcra cle¡¡lfíE¿tío¡¡3 vr¡ udr as ¡boïa ín Table 1.1.
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Î¡ble 1.1

Gl¿selÍic ¡tion of Nueleopb.ilie Subr ti tr¡tion Rcaction¡

s*l(ltn) sul sr2 s¡2(1ín),

Dagroe of Boud Brraking in R¡te SÈ€P

Largc

l5l¡e

Dcfiaíta

&¡e

Large ePPrceieble DnÊ

DcFrol of Boldtn?. Urking i¡ Rste._SÈ€P

noae to ¡n¡1l ryProcírblc large

Evide¡cs for lnterædirte of Rcduccd C.N.

i¿dcfínítc Boüe

Eridencc lor latctudlgÈe

ûonG indcf,Laite

BO¡'c

of Expån¿d C.l{n

deflnite

1.3 , Brtc Lstr¡

cooglder thc r¡¡ation of a corylcx, nN, ¡tlth e ligard¡ l.

A reænd ord¡r rete 1lr, R¡tß ¡ keßXlfi), la eoæi3tost with ose

ol tha folloring t{to Gtaest

1) A biælacul¡r reaction (suz)

R:K+î kt-rsr+x

2, A rqld prc-equíllbrft¡n to RtX ( r ædified fom of RX) follorrcd

by a bíælccr¡lrr re¡ctisn

nx ¡ &' ,' Brx (rry,íd)

Rrtr+t k ¡ RI (¡low)

x¡te I k(RtX)(r)' kK(ßX)fi)' ke(Rx)ü)
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In tbe ¡nrtio¡ r¡rction of equo corylaxcr

(BgrO)+l€(RI)+Ezo
¡ S-çoordín¡god inþrrdlrtc u¡y be i¡volved

(aH2o)å¡Cg*L6ç h(+I)- ¡¡¡y¡
k2(rt20)

A rtcdy rùrÈr trrlÐat of thlr uchrni¡s gívrr ¡:hc r¡tc kv

n¡rc ú W
krksGtrro)(r)-rr-ii'[;õr

At 1ø (l) n&cte thc prc-cqulllbrtt¡n f,r contl¡uurl,y ulnt¡L¡¡d od

ka t Ls(f), r recæd..otdrr rrte l¡w slll rr¡ult.

Rrtc r kgK(nnro) fi)

vhctc X -þ.32

(n¡re

;

It çpcerr t¡¡t t.hc ltntttng r¡tc of, rß¡tlon ¡bould bacoæ

lndcpcnôcat of tå. ¡nfon coûcGntrrtio¡ lf (l) i¡ ¡túfieirntly hlgb.

Horrvcr, et hfgh (T), ionte ¡¡roci¡tion 1r ¡crlour ud thc retc of

roeetloo nry bc doter¡tnrd by Èhc loa prlr ¡o for¡¡d. Á¡¡ ¡ltcrn¡tivc

nchrof¡n, 8oIP (nue.l¡o'phllle ¡r¡bctitstlon lon palr), h¡3 bæn propolcd,

R+îrS-. (8.....i)
lon prlr

(Ï-.. ..I) (Bt. '. '.1) Bt 1¡ r S-cootrtinrtcd
rpcelcr.

(ßt.....ï) kt , o

At b18b (I)' k¡(I) > k¿ ed tbo lrtc tstrdl üo

)tf, - l¡rßg2O)

hrhsßß) fi)æ
k2 + t'3

-* ,,Lr- --___E_

B¡TI ¡
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I6n e¡eosl¡tfo¡ f.¡ mra nrdrod 1n aon-rquoour rotrvrnt¡ of Xsrcr

bülk dl.lrctrlc @n¡tætl tbra ln wlttr.

¡! BI br¡ æ ¡eldlc protoû rnå I lr barlcr r couJugrtc

brc lçrlllbrfu¡nn Kor nV bc e¡tlbllsbcd.

nx + t .-Iû¡,,* Brx + ru (refö)

nrr k product¡ (rlou)

lihr rrt¡ n¡y tlrr¡¡ b¡ vrlttu
B¡tr r k(nf X) r kKcBGx) G)

r Lzßxlfi)

It lr ehrr tbrt r ¡eæ¡d o¡tor rrte lcn rey arito f¡ou r unlælcerrl¡r

r¡to d¡trtrl¡l,at rË.Pr

A flnr ordor stt lrrr B¡tr r t,¡ßx) for tüe ro¡etlon

lX + T 
-r 

t¡¡ + I ny bo cø¡1rt ût rlth rltb¡rl
1) ra fof dtr¡oaLrtlo¡

8X----+A + X (tlov)

n + l-'Bl (füt)

2) ¡ bblcenl¡r rolwlytlc rcretlon, l¡ ¡¡s¡r¡ rolvr¡t

EI + g-.--.-rl,g + tr (rlø)

ni8 + I----+ff + õ (f¡rt)

Ia tùt lntrrprrtetlso of r¡t d¡tå, lt f¡ oftca r¡rdul ¡o

rardy th¡ ¡ffrst of t4.r¡tnrt ss thc rrtc of rc¡ctloo. lh.

tr¡n¡ltloa rtftr thæry .ryta¡tt.¡ r rcæsd-ordcr rrte êo!.tlnt

(t¡ flrcc-t) by lhr rqurtton

L - "#.ut*1, .-anr/nr
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¡ihrro K le ths tnn¡nl¡rioo csatfícicnt, kt l¡ thr Bolt¡n¡¡n con t¡at,
h l¡ Planckt¡ aosrtr¡t, ag* (crl dcgir plrît o! Grlrr) í¡ th¡

lnËrtpy of ¡etfv¡tlø, ¡nd ABt (e¡lrpls-t) t" tt¡a hlrt of ¡ctlvatíoa.

ant f¡ glvrn by (Er - m), rbrrr B¿ lr tbc ¡etlv¡tl,on cncrg¡r. Its
tr¡alnk¡fo¡ co¡f,flclrat, ß, La norrrlly t¡kêE to bc rürtÈy ln ttrc
e¿Icr¡t rtfo¡ of Â8*,

tt¡ rstlv¡tfoû .¿org7, 8r, r¡t bc cv¡lu¡tcd uelng Arrbcaiue

equeÈíonr

h ¡ A c-E¡lnt

rrhctr A fu t.ha Arrh¡ol,u¡ frcqurnsy frcþrr
Ihr catropy of, reülv¡tLoa nr¡uras tho ehaagc ln tbc

.Nrùtupt ol tb¡ Ëtp rG¡ot ntlr tt nolt, u tåc ebragc la ratrogy of,

tho ælvrnSr otr fornrtlor of tùc tran¡ltloa ¡È¡tor

lbr h¡rt of rctfv¡tlon f,¡ tbc roergy rcguirrd to btflg

ehrrg.d r.¡ctrnür W to arch ethrr, !gg.tb.r rltb Ìb¡¡ rarrgy rcquirrd

for thc lntcrnrl rrt.t!¡Erg@t of bond¡ vithln tbc ¡rasqrnt ælceulac.

It E¡rt bc bsr¡e ia nind t¡h¡t ¡lttpugb obænd valuc¡ of,

¿s* rnd ¡ã* olt¡n r.lrea s ¿ urcfirl guidc for dedr¡clng e r¡rctloa

nobrni¡m, thcy do æt givr clur crlt cvf.dæoc lor ¡ prrtlcnlrr

rrretiôn nch¡¡frn b¡oa¡¡c of the prercat doebtful rmdcrrtr¡dlag of

thc tnnrltton rtrtr.
8sæülnr tbc cffæt of c¡terarl pr¡¡ruro on thc rrtc of,

r.¡a,tlon glvro by thl rrl¡tlon

*ki
ir ¡uålod.

- aY/(P2 - Pr)
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Ibc tultm of ¡etlvrtíon, aVl, rbÍch maasur.a tbc ehenge

tn pertlrl ælar tolr¡æ wbar tha roactants rre conyerted to the

trrn¡itlon ateten nay be u¡¡d to olucidats the natr¡re of tftc

¡ctlv¡tlsn rt€p, erpce{ally ÊhG dcgrce of polarlty of the ¿etív¡td

coçlcx.

1.4 Generel k¡fluence of Solvr¡rts

lta solvmt plryr n iryortmt rule ln ttre ki¡etic ¡trdic¡

of ¡ r¡¡eÊioa, ISrc íntcr¡ctlon beb¡sca the ¡oXvcaÈ snd thc rcactaûts,

¡etiy¡tsd eoçl,a or produets Gsn dcpead on ths pbyaical and/or

ehericaL proportic¡ of th¡ ¡olvent. I{atcr dlteolvcs æ¡t nat¡l

eonpl,orre sd l¡ ururlly ucd e¡ thrr ¡olvørt for tl¡e kiactlc ¡ü¡dic¡

of tlhe reretior¡¡ of cob¡Xt (III) couphxae. In vicr of thl.er tåc

proportic¡ of yatcr tbat ¡ffaet the trntcrprôt¿Èioa of thc¡c hi¡¡tíee

r¡111 bc bríelly dfuetr¡¡ed.

Flrct th¡ ¡tnreñ¡rd propcrtío¡ of vater will be eon¡ídetrcd.

1) In rçeour ædir, tra¡¡¡ltlonel æt¡l aatío¡¡ erc squo ærylcror

l.cr rraÈBr ælcqrlcs or llgmde rrc eoordln¡ted to the nt¿l loa,

Ernco, oy roectlon rspreecnttd ühue

ll + L +l{.

l¡volvc¡ tho rrgleecn¡ß of, ¡ r¡tcr ligrod by L.

2) !&trl íon¡ thrt, do not o¡crt thci,r nxln¡¡n coordlnstioa atdsr

nry brve rrtor veektry eoordin¡tad to Èhen whietr ney md{fy t&cír

¡tcrroehed,rtry aad lebll,tty. Íhfr lr c:peelally lçortrnt fn
tqurrc pl¡q¡r coqllerer.
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3) Ifater Day be incorporaÈcd by dípoler ettraetioa into tha stn}e,ture

of ¿ eationLc eorylex a¡d mrkedly alter I't¡ reaetíonc.

4, llttêr cen hydrogan boad wttb ligsnd¡ and entrance thelr reæval

durlng aquetioo.

There are trro iryortent kinetíe eff,ect¡ of ¡olvent ¡¡atctr

1) Being a süroag nuelco'philic, nater IE¡y form ¡n aqrþ coÐlex lo

rn l¡terædiate etcp ln the replaeeænt of, onc ltgæd by another ía

a corylcx.

2) füat¡r ¡nd Lt¡ conjugete beae, the hydroxldc ion, ean Psrçlcigate

ia the ecld-b¡¡e equilibria iarrclving coryLaxer to f,ora nes epeeíer

¡ùích my be Dre reaetlve th¡n tbe origlnel olßcr

1.5 Facqors influencins qhÊ ratÊ of;s¡bstialdon reactigns

Itere cre v¿rÍou¡ f¿ctors Ëhat ney affcct tha ¡ubstítutí¡ra

retès and theee erc lleted below:

1) Ita hydrogeû íoa ooacêntration,

2) the cantr¿l æt¡l etom.

3) The dioplaeed 1Ígæd-

4) Ihe aat cherge on th¡ corylex'

5) ft¡e ínfXusaee of r-bondlng.

ó) Ihe elceÈríeal cher¡cter of nen¡tral ligaods.

7) Geoætrie¿l Lsoærisn*

8) tbsl¡tios.

9) fhs ¡izo of aêutr81 llgenda'
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10) Iaoæri¡n of aeutral llgrnde.

11) lbc solvent,

B¡¡olo ¡nd Pe¿rron3, Straakcf, and longfo¡d end Greys

tr¡vc dl¡cu¡rcd thc aff,ect¡ sl thc¡r feetorc cxtcaslvaly.

In thi¡ rork, the cubrtla¡don rc¡ctíon¡ of lntere¡t

.rG tbr riug opcning, cbrletlon, ¡eld ¡¡d bacc bydrolyecr rnd

ü¡rtfon rerêtLonc of e t¡rylerl cob¡lÈ (III) phorphete corylcr.

?ha gcnerrl ¡ln i¡ to atrrdy the cffect of lnereaei.ng thç ¡ige of

thc nsutrrl Xlg¡d on tho rates of tha¡o ã¡betiÈ¡tlon re¡etloa¡.

Pcerlon ct ¡16 7 ¡tr¡dícd ¡teríc cffcct¡ of neutral ltgsnds ln thc

reactíoûs of the eeriee of cory1exea,.E33g-- Co(AA)eCl2* lAA - "
bidrntrta dl¡ufne l¡.gmd). A rum¡ry of their re¡ults for tbe

¡r¡b¡titutlon of the fir¡t cblorlde by raÈcr Lr given l¡ Table 1.2.

lhare l¡ r urked rccoler¡tion ín r¡tes vith increaelry replecaænt

of thc bydrogen rton¡ ol the uctþlons glor¡ps by æthyl gror4rs.

&l¡ ¡t¡ongly ru¡gosts r di¡roeietive uehanisn ea rrpulrlon and

dl¡tortlon of ths ligmdr In a rterlcelly erosdcd conplex r¡¡ke it

rm¡t¿bls. l¡¡ avrn grG¿Ècr ¿ceclcr¡tlon (r1O3) le obrerved by

calerglag the rlng fron flvo to ¡íx uúe¡¡ wf.tb i¡¡srtioa of

¡æther -CEe- gror¡p. Ihf¡vour¡blo boad anglee rppcar to bc foread

o¡¡ th¡ ¡i¡darcd rfng. [eacc the dÍ¡socl¡tfon of one ligand will

ea¡blc tbe rlng to edopt e eonf,lguratioa of loser coergf,r It qpearr

fron T¡ble 1.2 thet the cff¡ct of fnercerfng tbo sizc of tha lnort

lígrnd on tbc rator of hydælyeir 1r dur partly Èo tbc dlffcronce¡ l¡
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rptlvrtlon earr3l¡¡¡ r¡ offrrt by chrntpr ln ¡stlç¡tloa otropl*.

trblr l.e

lrtæ of rctd þirel¡rtr of jlg- øüâ)¡Gtr+ rt 25oc r¡d pt t.

AA h¡ r 1O3 dn-l Br¡Ê3korl.rlr
r! A8/r.r.

B¿HB¡Cü¡- tßi

E¡ffi3-08(GIs)-ü¿

d1-ü¡HE(CA r) -CA$B ¡ )-ro¡

rro.t¡HE (Cg ¡) -CB (út ¡ ) -ü¡
E¡HE¡0ttG[t-lBt

E¡H(Gtrlr'€(Gtr)1-ffi¡

1.9

3.1

8.t

zto

tæ (looc)

l¡rtrntrnæu

z7

2g

r6

21

i9

+l,a

+?

+9

rß fl¡l¡ctl*rrtûur ktlørr ftnnlvlno orvntæ¡

üyraf"oüt .scb ü oBrl-, c¿otl-, GE¡.c1o¡fr ss¡l-, 8q2-

of $0¡ r bñr bæn rqort d Go lß3 ll Dúod6t t Íil¿ þld¡nt¡tl

ll¡¡nËr ln oetr}.drll æbdt $II) æplcu. trür rqp'oryælm

@¡rFlsú ðf tbt 8s.r.1 totntrr (CcItGrO) Þl) rb¡rl þt ' 8O¡t-,

SrOa!-. or !r0rþ, üær Þra l¡olrt¡ú.

llb orrtosrÞ ceçhru, (Co(lü¡)¡æs¡+ ! tr

(gl¡(ns)rco¡)+rt {"o*ræ¡)i 
r0 aå (cctna@¡}+ tt tn th¡lr ccbrngr

r6stlear rlth frr¡ cßboürG. l¡n tla to ru¡¡ot dlrrct qbrtlartfol
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in eobelt (III) corylexes. Eowever, lt heg becu shown by 918 traesr

"Or¿i"rl3rll thst ín excosa acid, the hydrolyeie (or aquatlon) of

(Co(NEg)s@s)+ proceeds vl¡ C-O bond eleavege as Ln a decrrboxylatlon

rêectionr Klnctic gA¡dlecl2 m tba (Co(NEg)S@S)+ co4lex rwcel

th¡t the reactlag apecloc i¡ the bierrbon¿to corylor, (Co(¡¡B¡)5CO3E)2+.

Si¡llar irotopíc ¡tr¡díes oo thc tetralmÍBc aârbonaùo

corylex, (Go(NU¡)¡COS)+ 
lU"pp."" consietent with thc reeetioa seheæ.

(NE.),co./o\c r o îrott*, G¡n¡)rcololsHz2+r-'-r"-- \ o/ faet - oco2'

olEg"2+
./3

ot8E29 
+t8+

(NB3)¡Co
g30

+@z(NEg)¡Co
\ocorn sloat oEz

wbere the fire t step lwol,ves a rapid ñPtrrre of, the Co-O bond. Con-

ductlvity æBacrenêrte end ¡tudíes of isotopíc eff,ectsl6-21 Ísdieate

thst tho ænodentstc aquo carbon¿ùo corylerce of, cob¿lt (III) t

(Co (NEs)¡ (UeO)COa)* 
"od 

(Coen2(H2O)CO¡)+, can cxi¡t rubotantielly

in aquaous solutio¡. Boyls and Earríell, attrlbute the Elow rate

of exchsnge of (Cotnz@S)+ wLth carbonatc lon to ¡teríc hl'ndrance

r¡bich teduee¡ tûre probabífíry of direct exch'nge as weXl as legeens

thc amunt of coqlex exí¡ting in the rcnodent¿tc form, (Cotna(Ez0)GÛg)+.

Since tha aquatíon of, the ænod3ntate carbonato corylexer inrrolves

C-0 bond cleavaga a¡ ln a decsrbo:ryXetlon rcaetionl3 15 22r it is

doubtful tbat ttrla glvee rmequivocal pnoof for direct subetitution

í¡ cob¿1t (III) coqrlores'
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Andrade a¡d Taube23 have shor¡n thrt the aquation of the

oralato-pentas,,qine cobalt (III) corylex (co(NHs) 5C2o¡ti)2+,

proceedo vla three parallel pathr

ko((ms)5coc2o¡+) + (kr + k2(E+))((Nss)5coc2oçH2+)

lhe poaítion of, bond eleevage w¿r¡ not reported.

ftrc hydrolysls of the eulphrto bíc(etþlencdíoqÍne) cobalt (f¡f)

corylax, (Cocn2SO¡¡+, hae been ínveatigeted by Barraclougb and Ìúrrrey2h.

A linited su¡dy of, tåe hydrolyeia lrea doae o¡¡ing to the ineolubÍlity

of, tho eorylor in ¡olutíon¡ of lonic strcrigth' ¡r > 0.2. In pE < 5 no

ecid e¡telyeie war sboïn for ttre hydrolysís of (coen2S0¡)* to

(Goen21sp¡) (Ëeo))+. salt¡ of, the cquorulphato catioa, (coen2(so¡)(E2o))+,

h¿ve becn prepared, lbc bidentate coçlex, (Coen2SO¡)C[O¡ ean only

be obt¿incd by heatíng the egtro-æoodeûtate sulphato coryleur ío the

eolld statc in the absence of veter aolvcnt. ltrere Íe, howcrver, no

erldenec that thc bideatate rpecíea caa peral.st in aquoous solutíon

in æasurr,ble concentraÈioag.

Difficulty hae bcen eucormtered by early workete25-27 ls

eyntherlalng phorph¡toætEl eo4Lcxee Ín wtrl.eh ttre phosphate ia

dircctly coordiosÈed to the ætsl ioa. Von SiabertzS h¡¡ ære

reecntly prcpared (Co(fUs)b.PO¡).2t2O ¡nd (Co(NH3)¡,t2O.IIPO¡)'Cl,O¡.2H2O

where th¡ ortåo-pbephate ligand ie presrmably coordlnoted to tbe

cobelt (fff¡ vir orygeo e¡ e bÍdenûate æd eB a rþBodent¿te ltgaud

rêspectlvoly. Sehsr.dt'¿nd fetrbe2g heve ísolated ttrc cryrtalllne

corylex, (Co(NHs)5PO1)2H2O end generatcd tihe catíont (co(Ng¡)sr0¡(Ctte)s)3+

and (Co(NUSISPOT{CU3¡Z)2* lo a{ueous solutíon. Lincoln30 hae succeae-
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tn1ly .ynthe3flcd thc (Cocn2POq) 0 ¿nd (Coen2(E2O)HPOr)ClOb coryle¡ßGs.

Ttrc pboaphato-cobrlt (Iü) corylcxcr are uniqua ln th¡t

rn cquillbrirn oxl¡t¡ bcttrcon the btdcntrtG rnd mnodcutate speclce

ln rqtrcous ¡olutlon.

OOOEc
tlaca/- \P / + Eeo NaCo /\o / \o \Pos

whcrc [¡ = (NBg)¡ or (oo)a. lhl¡ rovar¡ible eçríllbriua l,¡ c¡t¿b-

lí¡h¡d coryrr.tively rqldly.

Li¡eoln rnd Str¡¡kr h¡vc e¡trbltahcd trhe tter@ehcnfcrl

r¡d thc cqrllíbrlun hydrctytic propertia¡3l of coçlcxcs l¡ shlcb

tåe ortb-ghorBheto llgüd nry eoordiu¡Èc elthcr c¡ a bidentete or

r ænodcateto llgand. A lrck of knorylodgc of thssc oquiX.lbrir¡n and

bydrolytlc propeaÈic¡ rr¡ ptubebly the n¡ln eaute of thc dif,flcultie¡

Et by tbs ¡¿rllcr workcr¡ lu *bcfr rttêçtl to prapare phorpheto-

nt¡l eo4hxce. 8l,aee tlro (CorazPor) end (Coea2GeO).HPt0¡)CLo4

rpccier ere la¡r cureopÈiblc to be¡ic dscoryorlÈlon then tbclr

r¡nlnc rnrlogucr and pouc¡¡ dc¡irrbtre ¡olublllty cheractorl.etlee,

tbry rrc tdeelly rultrd for tihc klnetic ¡trdice of ring openlng32,

rlng-clorlag3e, hydroly¡l¡33 rnd ærtíon35 se¿etion¡. rhc

(co(tu3¡oÐr)o rpaelcr fr oaly rprrfagly ¡olrrble in s¿tcr.

It u8¡ ¡born for th¡ Cou2FO¡ ryaten th¿t si,thín r lfuit¡d

pE rngc of, 5.5 b 7.5, 852 of, ¿11 phoephete w¡g eoordlnrtcd to the

eaÈionlc cob¡lt (tII) rpcelce3l. frc lnfra red rpectre of, (Coea2ro¡)o

rad (Co(XËc)bPo1)o wera eoa¡l¡tcnÈ rith a bldantetc pborphrto .tructsrG

aûd thrt of (Co(lrEs)sPor) rnd (Co(NEs)¡Gao).mo¡)+I- rpperrd
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conrl,stont wíth a mnodentate phoaphåto struch¡re. PHR gtr¡die¡

showed tt¡¿t the eqro pbosphaüo corylexee have tbe cis couflgureÈlon

prcdonlnantly.

It¡e bÍdestate eorylexea percict ln signlficast eo¡reent-

ratíoas only ia Èbe raoge pE 5.5 to 7.5. lte ring opcnlng of the

bídent¡tr pborphato llgend i¡ both acld ¡nd ba¡e cat¿lyacd. For

the Coen2P0f systGm, the h¡lf-th¡ of the ebeleÈlon ond ring-

o,penfag rcactíont rûng€ frou 2 El,Dutes to 2 hourcr at 22.5oC.

ên2Co
t-r-
o./ \

o

o
+ tte0

ktg . ên2Co
keh

OHo

\ opot

Ring opening of (Coen2Po¡)0 procceds antlrely by Co-o bond cleavage

but at pË 6.8 rnd la 0.25U NaOE, 6O-65U Go-O boud eleavrga and

30.35/ H bond eleavage occttls¡

Thc r¡te of, chelatlon of the mnodentete pho¡phato corylexes

l¡ 1ar¡ for the protonated rpeeicr, (Coen2(OE)HPOb)0 an¿

(Coen2(OU2)mO¡)* (k.U.5,O x 1O-2 rín-l asd 1.3 x 1O-2 uir,-l

rcrpêctlvely), than for tha mnnroto¡¿ted epeeies3z

(coenz(on)Por)- (keb .< 1 x 1o-3 rto-¡). the ai¡ (cocn2(ou)oPo3u)0

rpcel,cr ehelate¡ at a rtts vcry aluiler to the r.te of rratcr oxchange

(lcex 
^, 5.o r fo-2 ntn-l) f,o" tho hydrorq¡aqr¡o spêelee , cír-(coen2(oË)oH2)3+

Henca Ghe b¡síc phorphaÈo ltgrnd fr¡nctlonr r¿ther llks thc -OH beaíc

lieüd Ln pæætiûg vatcr exchanger vl¿ lntramlaeuLsr hydtogca

boding. Ít¡í¡ functíon i¡ deereaaed aa additional protona arG

sddcd to thô pbosphåto llgtt¡d o¡¡d ít I'a e w¡ter ligard whleh lc
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roleercd on cbclation. Ttre propo¡ed tren¡ltíoa stetc3e for ríng

opcnlng rnd eloríng of Coen2PO5o wce

H

o

otz OEr

-otrz

Ho-

o\
o

l:ecntly, Ëuahltal and 1eube65 prcpered the ænodeÊtate

nlonrto chronluu (III) ærylcx, ((n2o¡scr - 0oC.CH2.CooEIt* ty

thc oxldatloa of ehronfr¡n (II) by legd (II) ln the prccence of

nelonic ael.d. ths rrte of chsl¡tiou of the eo41e¡( at 25oC wa¡

found !o ln¿rc¡¡c r¡lth ¡cld oonecûÈratioa aecordíng tô thG relrtío¡l

k(ece-l) ' 4.o r 10-6 + 2.zr 1o-7(u+)

lbe f,Lrst tet¡ in thc r¡üc 1æ i¡ eímllar to the rat6 co¡rståat f,or

cxebenge of cdoEz)g3+. sÍncc Èbc frec crrborylato grorry ls

protonetcd, th ¡rcond tern in tbc rrts lrr euggerte that rlng

elo¡urc 8y proeeed fnvolviag oubstitution rt ecrboa rathcr thsn

tlætr¡rG of r etrro¡¡fucry¡g¡r bond. tbir bah¡viour i¡ qulte dl¡tinct

f¡ou thc ænod¡nÈrtc phorphato cob¿lt (III) eoqplcx.

Et¡a rcld sd brns ertalyeod bydrolyaí¡ of tbc equo pborphaùo

cob¡lt (III) cËrçlcxaa proeead coryaratlvely slorl'y (hrlf-tÍm¡ of

rcrctíoü r.¡¡BG fron bourt to Eín¡¡ter ylthin tbc tcçGrsturG range

of 4soc ro Tooc)".

P

t{¡Co \ oPog
+ ËaO N¡Co

3+

+ 90¡
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l'hc reaetfon oceurs sntircly by Co-O bond npture.

Ttere ia little kinatic evidence for or againet the

p.rtlclpation of, nater itr th€ tran¡ition stete lo a hydrolyeis

rcactioû slnca rcet of the raported hydrolyeis etr¡diec ErEt bc

do¡a trndar ændítloac in wtrich tbe ¡ctivtty of uator ren¡in¡

virh,rally conataat, In eonecntreted ¡eid ¡olvents, larga changea

in water activlty oecur and there ls rígnifierqt protonrtion of

the lfgendr. Sonc ¡cid eataXysed aqtratlon raactiona of cobalt (IXI)

bia(etþlenedirmÍna) coryleree have bcen Lwcctlgated by Staplo"37-39,

and Laobert snd ue¡onlo 4¡ reeently.

lbe mnodentate pboephato lfgæd ln ttrc (Co(NAs)5PO¡),

gg-(co(t{gs)¡ (Otz)pQ) an¿ ggl-(coen2 $2o)F0¡) corylexcs ex}ribitc

four degraes of protoa¿tlon ln perchloric ecid9t Ih. obgcrvatíoa

nade by Lineoln ¡nd $trank¡3s th¿t the rate of, hydrolyrie of the

tríprotoartcd phorpbeto coçloxe¡ dopcndr lf,nrerly rpon Èhe setivity

of water åppô8rs to be the fíret unenbigrþus arldenee for díreet

¡tteek of r¡ater at e cobalt (III) ceatrê in a þdrolyelr tre¡etion.

It¡c cffrct of thG ruecc¡sivc protoaetion upon thc lebtltty of thc

phorghrto ligend bevs at the s¡os tins been lnvcrtigeted. Ihese

¿cld cet¿lyrd hydrolyeie rcacÈLo¡¡s proe€ed via Co{ bond closvage.

ttre eelen¡to æqllor, Coea2$co¡r$2 rhos a einilar ¿eid

depodcncc to tbc phorphato coçlexce for lt¡ hydrolyri.r reactl.ons.

It ls, tbercforrr út unrcasonable Èo IraunÊ th¡t thG rcsctloû !ùi11

oeeur with Co-O bond nrptrrro.
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Bara hydrolyeee of the ænodcntate phoaphato eoryleüroo

proceed via tro patlnraya¡ one, in wtrieh Èhere i¡ no b¿¡o catalysie

¡nd the other, tn whid¡ ths reaetl.on is base catalyrad. For theac

base hydnlyelr reêetions, th Go-O bond 1g ¿lso ¡e\rered.

In tåe ¡nation rccctl.on of, (Coouz(one)e)3+ by PO¡t-, .

rapid equllibrlun for tåe f,orn¡tlon of ton paf.rr i.¡ flr¡t eotabllehcd,

folloscd by r elowcr subeÈl.tr¡tion ltÊP. Kinetic ¡ttrdLer3S bcye

demn¡tratod th¿t the taetLoa roaction proceede predouinently via

the tran¡ (co(ea)2(oE)ot¿)2+'HPQ2- ion peir. Fot Èhc ¡n¡tloa of

Cocß2(OE2)r3* Uy thc rulpheÈe ion, SO¡2-, Lt rag ehorro that the

raactl.on involvea the Coen2(Oge)e3+.SO,.2- lon palr predouio¡ntlyb2.

1.7 Obiect of tl¡is Research

fhe neln LnÈere¡t Ín tbi¡ work ie to orçrn{ne tbe effect¡

of, laerearing the rlng oizc of thc inert ligsnd from a flveæúsred

rlng, in ttro er¡e of ttre ethylonedi¡nine ligrndr to ¡ clx-Bnbcrcd

rlng, ln the c¡¡e of a 1, 3 dianiæpro,p¡ne (or triæÈhylcnedl'o'q{ne)

llgand. lhs 1n¡crtlon of ttrls ¡dditlonel -CË2- $foup ín tåe rlag

lntroduee¡ coasldcrablc ¡tcrle crowdl,ug la thc Ët¡l corylex' lltrorea¿

Èhc flvcæúcrtd ríags ¡rc ¿lmet ploar ln tt¡e Coco2PQ¡ eorylex,

tho ¡lxæócted rlaga ln Cotn2P0¡ laG ære puelrcred (Dt¿gr¡nr I

sad II), ltra eÈhylcncdi¡ntne ehel¡te rlngs ln oct¡hedrd coqlexec

ce¡ cxi¡t clt'h¡r in tbe envclopo or gauchc co¡fon¡n¡tion¡.



Diagram I Coen2P04 o Hydrogen

Carbon

Nitrogen

Diagram II Cotn2P04



1B

8ffi3t trß ¡¡¡3gnrn3 GÀItCm gatgnnE

lt trlntþkordld¡c chd¡t¡ r{¡rg nry hær ær st trbr tollcrdeç

cototrtio¡¡ (f) chrfr (ti) bsrt (ffl) rLæborÈ¡ It ca br

úæÊ rtth ræd,s ædrlr th.ß rhr rGb.frr ontlgurrttca tr hlgåly

i¡probrble b.crút of th¡ rrry hnrrstlau¡ brfvæ tùor rd bo¡dr¡

I¡ th¡ tbortr ttrü3.æt ror lntr¡rcttolr btarrrn ttrrt do oo¡rr

¡r rbn ln Dtegrn III ü¡sb rr l¡terrctloar brano Ër hld¡o¡¡t

.þr n ¡t*¡oem $f) ¡o¿ tb¡ crrùo,a rtoa (G¡)¡ tb¡ G¡-þütog.ß

rþr rnð C¿-üyitog.û rEr¡ thr il¡-þlrogtû ¡þr rd the Gs-hydüryü¡

rüo¡. rt th. {ltd¡. rl,a¡ b¡lnr tü. 6b¡tt rtrl Gmtr¡¡ l¡ l¡lrrt¡d
rl rüær l¡ Dt¡$rn IYr tb. þtrugra-byü!û¡ß tctrrrstlo!. ¡a
nrrrd bst lnt¡nstlon rlfü thl lo¡t pelrr on tb¡ oúfftr rþr of

tår pbrpbtr fory fu latuod¡e¡d. tbc eonllgnrrtt¡o rttb rlnlm
l¡ßerrstion epüst þ b. thr rlarüort oonforrrtlon r¡ llls.trltrd
ll DÍrgru lI.



Diagram III Cotn2P04 (bo'' t)
C Hydrogen

Carbon

Nitrogen

o

U

Diagram IV CoËn2P04 (boat)
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It ney be further ahosn vith tbe eld of ¡tonlc ædele thåt,

wlth the ring o'pcning of, trhe phoephato ligend ¡nd i¡troductloa of an

a4uo ltgand giå- to tba maode¡¡Èaùe pbospheto ligand tbe síü¡¡tion

of, rtosle i¡¡teraetions is Dot iÐroved wlth gix æúcred inart

chst¡te rLngr. lbe egtrc pbsplreto corylex ie jurt as eËeríeally

srÞ¡dcd r¡ ln ths bldentate phoephato corylex.

Tba i¡here¡t tsbility of ttre bident¡te phoephato lígand

ln the¡e corylexce ir prerunably duc to the ¡traincd chsracÈer of

th¡ ffllr núered ring f,orued by the phoephato group coordlnåtrd f¡

the cobalt mtal íon vie tue olygan atomo. The phoephate íon oa

\ -"OP<
-oo

coordination ¡¡eum¡ ¡ dletortêd tstrahsdr¿L artsngonßBt.

This sork lnvolvce thc prepar¡tíon æd thc atudy of thc

klnetic¡ of, the phosphato (bísÈrlmthyleoadianinc) cobelt (uI)

eoqrlex. It h3s baen obso¡r¡cd tået coçlcrer r¡lth six æúered

chetr¡te rí.gs erc n¡ch le¡¡ ctable th¡n thoee ulth fivcæúered

ringr, r¡nlesg part of sn trep¡tle syrtcnF3. thc rc¡soo for tb¿

in¡t¿btlity liee ín thc a0o bond englcs whích ars necGsrarfly foræd

by ætal chclate bo¡d¡. Rele¿sa of ols gfouP fron thc oct¿hedron

and eacpaaríon of, this bond engle w111 rolleye thË eÈrrí¡ in tùa

corylalr wlth a clx æúcred ríng. ftre prcrcrco of tùc trimthylenc-

dL'mine in plrce of the ettrylcnedlrn{¡¡ç ln cob¿lt (fff¡ corylcxoe

givoe rl,¡c b ctrangcr r¡bieh appa¡r to dcpend ulton ¡tr¡ia¡ fn thc

ælecglc r¿Èbcr thao rpoa ttrc etrength of Èhe cobalt'altlogcn link.
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i For a di.s¡oeietlve nrctr¡nl.snr SNl, rhctre the rcpval of
/

s gfoup rould r¡lcc¡c tùc ¡tr¡l,n duc to svcr cæryding emund t*re

obrlt lon, en fncrarto i.a thr r¿tc of hydrolyrl¡ rçuld bc

rxprcüed. Os thc otbcr h¡nd, ¡ d¡crae¡c in rrtc ¡¡ould bc cçFectcd

tor e dlrplcecmnt nehrnlrn, Sg2. Ituê to stcríe bindrrnee' ít

rculd bc ære diffier¡lt ùo tors r ss¡rß coordloetod fntetædLetc,

tbôrefore ¡ felt Ln t.hc altes of hydrolysl¡ ¡lþuld bc obeervcd.

Lüsc- thc ethylenedia¡¡.inc ¡lrltaor the phoephato bi¡(trl-

ætüylonodlaninc) oo4lrx h¡¡ baco ¡hotrn to c¡i¡t ln both ttra

ænodcntste and Ë.hc bLd¡nt¡to forn thc rslrtive ttsbílfÈy of thoce

t¡¡o loru ¿rrt 41¡o etudfcd f.n tl¡c pE rangr of 3 to 5. lbc ln¡trbtfiq

of thc slr n¡gbcred trlmtlbylamdrreinc ehcl¡te rlnga l¡ abna |¡

¡onc iuvartig¡tlon¡ oa ttrc dlrgrnbfu (trlnttrylcncdlenlae) cob¡lÊ

(XItr) ryrçets. îhrougbout thia Èh¡¡l¡ ÈÌrr ryúoX r tnr rill be u¡ed

to ltprc¡cnt tho trlntbylcncdluínr (or 1r3 dími.nopropenc) lÍgand.



CHAPTER 2

}G:[Í}Ë OF PREPARAÎTON AN} Â¡'IALÏSÎS
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2.L PREPARAITON
%

Z.L.L Ïbans - (trinetlqÉ e¡¡ediani¡¡e ) obal.t GII)
percl¡lorate

Itrfr coryrex was prcparod by a eligbt mdiftc¡tioa of, the

æthod ueed by Beilar ¡nd Iüork to prspare t¡ans - (cotn2cl2)c1.fb

b enþdrou¡ cob¡lt (II) chlorídc (6.99,) ín abaolute

alcobl (soqd'.), dletllled lr3-dfunl¡opsopa¡re (5.959.) waa edded.

oxyæn w¡g bubbled through thc nirn¡rr for 14 hour¡ wt¡en the du1I

grecn ¡olld co obtained w¡¡ filtered æd redi¡solved Ín a ulniu¡u
nolure of, ¡reter. rhe nixture wa¡ f íltered to reævê unreacted

eobalt (xr) eulori'de ¡nd any cobalt oxlde thåt nfght her¡e f,oæd.
!o the flltrate, eoneentrated pcrchloríc ¡cid (S0nl.) w¿¡ ¡dded and

cooled in the ref,rågereÈor oyernlght. Dark grean dletrlo¡obic
(triætnylenedl.e-rne) cob¡lt (rrr) perchlorate eryetellired and yee

collseted, weehcd vlth elcohol ånd thcu with ecGto[e and aÍr dried

Ln e v¿curn de¡iccetor. rhe æther liquor n&t coaeentrated end

cooled rtreaes e sccond crop of cry¡t¿1s w¡r collected, Ítrc tot¡l
ytaXd of eoqlex ¡¡¿g 34Í.

Dichlorobis
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2.L.2 P!þspþqbis (prfüÊü¡v1€nod+aüíngì.@bslt, (IIÐ

Dfebloæbfr {triu:tbylcncdl¡nine) cob¿l,t (III) perchlorrtc

(lOg.¡ ¡r¡r ¡Xurricd ¡Elttr cqucour trl¡odir¡m pborphatr (1O9.). lo

thr grcea elurty, IttËGt ({Onl.) s¡r added æd tbe dxturc ra¡ hcstGd

o¡ r .t rr-brth uatll r c,rl¡¡sa sslntion ¡ra¡ fotud. Iht pE of,

thr ¡olutloû v.a tbrn adJuttcd Èo ¡bout I rrtth ¿ fcrr dropr of

ortbphorphorlc ¡cid. Ib¡ rc¡ultlng oolutLo¡ wr¡ sonc.ntrttcd by

f,urth¡r hmting. Aftcr eooli¡8, tha ¡olutlo¡r wr¡ flltcrø ¡nd

rul!trcl¡nt ct'hr¡ol nr¡ rddod ßo Lduce prrefpítetlon of Êhc coryhx.

Aftsr ¡tmd{ng Ln r rcfrlgcrator overdght, th €rystrlt ïrrê

ætlrct¡d æd rcetTrtrlll¡cd by dlæolvi¡e ia e nl¡fn¡n rrctmt of

wåtor¡ âftcr ltltcrtsg thi¡ ¡olutl,m, a equrl vohm of O.88 ¡renl.r

r¡r¡ ¡ddcd, followcd by rufflcÍcnt ¡lcohol þ f,r¡ct{onrlly prccþit¡te

thc frec ahorphrto ¡¡ ¡æaiun ortboghorphatc sblch rr¡¡ f{ltcrsd of,f.

b thc flltr¡t¡ æro rlcobol v¡¡ ¡ddcd to prceþltrto tåc ærylax

rsbieh vu thrn eollretcd. ThL¡ ptoeGrt rå¡ rüp.¡trd urtlt r11 tår

êreor pho¡pbrtc hrd bsæ rcævrd ¿r t¡st¡d by tf¡c rddlcion of b¡rir¡m

¡i,Êrrt¡, tbe Burc eqystrlr of tbc produet vete tha eollcotcdr urrhd

witih aloohol rnd .eotonc, drled ln e vrcutn dc¡lee¡tor æd tbr¡ ln

o oyilr¡ rÈ l@oc for 3 houtl' lhr yiald r¡¡ {ot.

Íotnd¡ Co, 19,2Ot¡ FO¡r t1.50l¡ Ct 23.8lfi Hr 18.31I¡ Er 6.81¡.

Crleul¡tcd tor Cotn2Po¡¡ Co, 19.5OI¡ POrr 31.65t¡ C, 23.85I¡

U, L8.55¡i Er 6.63f.
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2.L,3 Ptnsphons-S2 labelled Cotn

Ítrc ntbod d¡¡erlbed ia Seetion 2.1.2 we¡ urcd. 5d of

ortbophorphrtr lebelld wittr pborphonre-32 rlae inJectcd lnto the

d,¡a¡rc contrf.ned ia a eonieal flask, St¡nderd safety preeautíonr

for tùe hardling of rrdÍoactívo ¡olution¡ nre t¿haû, Plroepbonrs-32

h¡¡ ¡ n¡xisrn ß encr¡pr of 1,7 ucV and ¡ b¡lf-lífa of 14.3 dayo.

Diffículty wla rncountcrcd in thr reævel of cxee¡¡ frcc pbrphatc

f,roa ths eoqrlor. A raturatrd berirn nitr¡te eolution w¿¡ u¡cd Èo

tc¡t for tbc prerence of free phoaphatc ¿ftsr aech proecs¡ of,

precipitatio¡ of free pborphltc rith renl¡ ¡c do¡sribcd before.

lbe purlty of thc corylcr s¡¡ fl.n¿lly aaaoored by nrklngrry an

rqueour ¡olutio¡ cnd aearylng for p32 ia eliqrrcr cerylcr rítb ¡nd

rithout scpsrrÈion ln ¡ Zool¡¡rb 225 c¡tfon e:chsngc colrre (Sectíon 7.5,1

Gbrptor 7). Ibie proc¡durc grvo an aecuretq ú¿surô of the pc¡ieeat¿g3

contant of r¡ncootdl¡¡tcd phorphate a¡lo¡ ín the prcparatÍon.
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2,L.1 frnt Dlchlor¡,btc cobrlt (III)

os!€hlorrttæ

Iblt oorylu rrr obt¡la.d by dfurolvlng trt¡r - (Goo2Gl1)cl rg

LE rrt¡r od trarrotgttrttng vfth prrchlorla rcld.

2.1.s Dtp4pîpþl¡ (ctbr+¡úrdBo) çotprt û¡,Il

&lr corylc vr¡ pnprrrd by tho rtùod of Lfneoln. 3 0

2.L.6 C¡¡'bmao-bis (trintftvlæ¡¡ltntncì cobrlt OtIIl

shforfic

Iø ytddr of pruduct rrnr ebtrl¡¡d fror pngr'lrttoa¡ bu¡d

ü potr¡rlrr trlrcr:bouþGobrlt¡3¡ (IU)tl ill probrbly du¡ þ
potÚrün c$bo¡rtr lçurlç.
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2.L.7 gurbonato-bls (triætln'lendiårdr¡c) coþt t (III)
pefcl¡lorate

Sodlu trl¡ (cr¡ùærto) obrlt (IIII couplc vrr prrparrd

rccorlln¡ b thr Dthçd of Dsr rnd Drlsl*rdt?. Ollv¡ grrrür

tr¡g€o(Oals' SneO OO.8g.) rrr plrcrd la rn wrporrtfag dl.rb.

llt¡r (5Or1,) vrr rddrd r.d tbc d,¡hrc rü h¡rt¡d ea ¡ rt||n brth

vtth ttlrrleg" lOOl tËlnttrt16.d1¡nlnr (5û1,) yr¡ aldrd. ltb¡n tbr

¡lxþrs h.d ch.¡¡S.d frvr gracn Þ drrl, rcd tbr d{¡h r¡¡ r¡æv¡d trua

thc ¡tc¡¡ bcth rad rllorrd to cool. ltr rolutlon vr¡ flltrrrd to

r.Dr. uce¡ctrd Neg€o(@g)33E¡o rnd ray æbrlt orldt thrt nlgbt hrro

to¡rå. lo tbc llltratr ¡olld rodl.u pcrchlorrtr rü d¿.d to ntc
rolutlon 8l{ ln prrchlorrt rnd dark rcd cryrtllr lrpurtcd. th.

¡oh¡tlæ rrr tcpt ln r rrfrlgcretor ovrral,gbt üd th. eqr¡t¡l. r.r.
eollcct¡d rnd rr¡b¡d rrlth ¡leohol. &r æçtrx $.¡ r.cr7¡tålli¡ed

by dlreotrvtag t¡ tb nlafa¡r rÉBt of æld r¡È.r rnd rr-prreípltrtl¡e

wlttr rodln¡ ¡nlebloreto, Ibr rcery.t.11f.æd ploduet rrr carrfully

vrrbrd rlth rlæhol thro vlth rcrþD¡ r¡d drtad ln ¡ dr¡lGelþr¡ îftå

yicld urr 55t,

Fod¡ e t 2r,20l E, 5.65¡ l{, 15.09¡ C1r 9.fltt

Grlcr¡lrtod tor (Gou20fl $Glo¡

c, 22"91 [, 5.5Of U, 15r2tl Cl, g.?Ot.
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2,1.8 Cls - Di¿quo-bis ( obalt (Iu)
peæt¡lorate 53

Ib a mighod am¡nt of carbonaþ-bis (trinetlrylenedianine)

eobrlt (III) corykx, trc equfvalent¡ of prrchl,orlc ¿cld (4.13M) scre

added fron r burcttc. C¡rbo¡ dfu¡ídc gal sr¡ orrolved durlag thc

ptoGGgsr af,ter thc coryl.tioû of cvolußloa of @2 trhe ¡olutl.on w¿r

lcft lo I vaetrtû dc¡lec¿tor for I r¡eêk. CtTrtele rere obt¡inrd but

bccenuc of thcir high aoLubtlity purlfícetloa ¡r¡s dlffleult.

2.1,9 AÎIEUPT8 wrrc uadc to irol¡te tbr trqp¡ -
dlrquo-blr (trlntbylanedl¡d.n¡) eobalt (III) pcrehtorrüo edgting

Dtbodr urcd by BJennnn ¡nd Br¡n¡¡seûrl8 lbng end lrnhrlchrh9

Knr¡r rrÉ t¡ubcso to prcprrc rn¿logou dtrçro-blt (rthylcacdi.¡ni¡c)

coçlorea SÊt rltbouÈ rucccs¡r

t1e probl¡n ¡dth beth Èb gg- r¡d thc tr¡¡¡- diaçlo-bír

(trluthyh¡cdi¿nl.ne) corylcx¡¡ ia thelr higb rolubility whlch nks¡

tloir i¡ol¡tlon dítflorlt.
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2rz .AT.¡ALYSIS

2.2.L Cobett - electrodøositionsb

ltre corylex Cotn2POt rúe3 oonycrtcd to eobalt mlphete by

thc follwing ntbod. Cob2PO¡ (O.28g.) wae dl,¡¡olvod ia conee¡-

tr¡tcd A.R. rul¡rtn¡ric eeid (8u1.) and eoncêûtraÊed A.R. nltrlc acld

(281"). A.R. ¡odluu rulpbetc (appror. 1g.) waa added 8nd thc

rolu.Èion res heatod oa a botplate untíl btawn ftms of aitrugcn

dlorídc war crvolved. A.R. ¡itríc aeld w¡¡ furth¡r addsd dropwiae

üo f,uu enay the orgraíc rc¡idue. thls was rcpcatod 5 ùo 6 tlnss.

Tt¡e solutloa w¡¡ then coolod end sdded slowly to a colution of

A.B. amníu,u eulphet (4g.) sn¡ hydrezíne aulphate (approx. 1g.) in

t0nl. s¡t.r. O.88 amnía (@n1.) v¡¡ thcn addad snd the eolutioa

wr¡ electrolyecd urlng a current of 3 arys for 1l bur¡, lhe

reproducíbtltty of the an^elyeie nrs wfthfn lt,

2.2.2 Plpsp&¡ste - pH titration

A 2581. uixtr¡ra of O.O269l{ coryler (541.)' 0.0236}l ECIO¡

(1O¡1.) .nd o.4ll NaCIO¡ (1081.) wre Èltr¡ted witb at¡nderdised

O.1O4Èl üdE treing tbc Redfoætor pE ætêr 25, Titretor XI. All

rolutlon¡ sere r¡de np wltb @2- frec watetr.

2.2.3 Carbqr. nlt¡rg€r¡.. trvd¡ûren. chlorine.-üicroanalvsl.s

tho anelyscs of tbe¡c clcæats rcre pcrforæd by thr C.S.I.R.O

Mícp¡¡¡lytieel Sowiee, !{elbourne.
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-13 for of Ptpsphate

Ihs (co(NBs)¡por)0 and (co(an)zPo¡)o rpeciar h¿vc been

i¡ol¡Ëed and coníirud to h¡ve tihc pbrphate 1igåüd coordlnated ln

ttra blde¡trte foan3l. lte eorrsrponding ænodont¿te pbo¡phrùo

cpeciar, (Co(NB¡)¡OE2.SFO.)+ ¡¡¿ (Co(en)egE2.tPO¡)+ hrvc al¡s b¡c¡

prepered ec th¡ al,trrtc od pcrcblor¿ts ¡alts rêspectlvely' It¡c¡e

conclu¡ions f,or the coordla¿tion of, the pborphatc ligand to ths

cobrlt (III) eôntr. h¡vc bco¡ drerm from intrs{ed lpccËral evidcnce

conblacd w|Èh ddtttonsl eridcnce fron ttì|*irlblc aP'etr¡' P'H'R'

tpoctrr ¡nd mesnrrcd ecldity co|rlt8ntt of thc rerpeetlve phoapheto

corylcxee.

It sr¡ furthor ¡tprm thrt tb3 phoephrÞ ltgæd re^e g:nuincly

coordi¡rted to ¡ cob¡lË (III) e.ntre by thc slow ratc st whLeh the

pborpheto ligead 1¡ ¡r¡b¡tlh¡tôd by other ligandr. llorcovcrt æ

equllibrlun bctr¡ecn trce and coordlnrtcd P32 lsbelled pboephrte wae

deæ¡eÈretod rftcr hydrolyeir eqgfllbrlum h¡¡ been e¡trbll¡hcd'

in tJrs þis(triæFt¡I!ørediflqineì cobalt (II.I) gvst¡m

Solutlonr of Cotn2P32Or "t vsrlo.¡ pgrr in the rangc ol

2 to tt wera oqulllbrrtod ¡t ô6.3óC. ThG Pcrc'ût¿gc of uncooldt¡¡t'd

phocphate lrre detcrTlnGd by rcparrttng .nd Goratlng the f¡cc phoa;phete

rslc¡¡cd ¡¡ de¡crlb€d 1o goetíon 7.5.1, Ghaptcf 7. In Flg' 3'1 thl
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variatlon of tha l,ercentsge uneoordlnated phoaphete with pH ir

sho¡ra. It 1¡ f,or¡nd tt¡¿È n¡xi.un coordinatl.on oesuro iD th. n¿rrolr

pE range of 5.5 to 8.5. Balo¡v pE 2 rnd abovc pE 1,3¡ tibe dcgrae of,

coordlnatio¡ fu cssentlclly zcro.

3.3 Infra 3q$ Seqgtqa md..$tn¡ctural. $ssiggents

$tr¡dlc¡ ol ¡lkallætal orthophoephltes ¡ho¡¡ th¿t thc

tctrshcdral orthophorphato míon, vltn r¿ t!¡@Êtryr cxhiblt¡ four

trmdamat¡l frequerrclear55-5? naæly 97o-98ocn-l (ut), 363-388en-l (v2)r

-r -l1080-1082cn' (vs) s¡¡d 5OO-515cn - (v¡). Ths ftird¡rntel frequencLcg

v¡ æd v2 aro infr¿-red laectivc buß ¡to n¡û¡n e€ti?t,

Ibe 80o-12æen-l rrngc, lnrolvlng the v¡ and v3 ftmdamntsle,

ir of conslderable intcrest tor thc dctcrnin¡tlou of tbc eyurtry of

the eoor{inrtd pboepheto llgrnd. Coordin¡tlon of r pborphatc lígand

Èo ¡ æt¡l lon l¡ u¡u¡lly eceoryrnied by

(1) ttre appaeranee of nes bands od rplitting of dcgenerrte ædcs

dus O loweríng of ryætry,
(2) frcqtrcney ¡hlftt of Ìrrnds'

(3) íntcn¡l,f,ication of apectre.

lbc eymrtry of ¡ ænodcntetc phoephab ll,gand ¡bpuld be

G3¡'. fhl¡ tror¡ríng of ¡yætt? f,ro¡ td to C¡v ¡buld oake the v1

frequcaey lnfra-rcd ¡etív¡ with udfi¡m i.ntmeíty od eplit tihe

dcgcaerate v3 trrndeæntsl lnto t¡¡o latsac, eheta b¡nd¡' Itrta ís
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found to bc so ln the lnfre-rcd epoctr¡ of Co(lttr¡)5P0¡O¡ and

(oo (NHs ) ¡ @zo)uBor)*. s I

l' bid¡nt¡te phoryheto llgand ¡hould .¡¡t¡lbit C2o rpnttrlr
Ttrc originel v3 trmdernt¡l ¡hot¡ld epllt into three b¡nd¡. Ttrc

ereLgnmnt¡ of the v¡ æd v3 lundsrnt¡1¡ fn Gosn2P0qo arU

co(NÉ¡)rPoqo 3r fcrour ¡ bidantetc pborpheb lfpnd. thc splittiag

o! be¡d¡ prcdletd by Gruup tLso¡ry le gíven la lable 3r1.

Ttre v¡ end v3 ftrndeæntals erf¡c f,ron tfre ayætrlaal

end unryætrleal stratehing of, ütre phoepbatc güoupo

\ O+,r
o

\/
P

/\ o/
<-?

O-+
,/ \

vt (¡yætrlcal) . v3 (ræ,rymrtrtcd)

ltc lnf¡¡-r¡d ,p.ctrr¡e of tbe (Cotn2FO¡)o coryle¡ rhown

ln llg' 3.2 exhlbit¡ four b¡¡d¡ düô to Ehc pboapbaüo lfgand ln tbc

8oo-lzoogf,l rengc, Th¡¡c are asrl.gned ar lollowa 3

895cn-1 (r) v3, 915cn-l (n) vt, 1o45co-r {vr¡ v3¡ rûd 11o2cn-l (r) v3.

lhe rbaot¡tíon¡ at 975ea-1, U45ca-l en¿ 118oea-r harc bccu

rttrlbutsd üo tbâ trluthyl¡ndi¡¡d.nc groupr rnd, arc arlgood ra

¡bon¡ ln T¡blc 3r2 by eoryrriaon wíth infr¡-rod *peetre of (Cotn3)€Xs,

(Cotns)Is rnd (CoansPO¡),

oo
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FIG. 3,2
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Ll¡cola e¿ $trúb3f ¡¡?o¡A¿ l¡trrcrd ebrorptlea br¡dr

tor (€o(t[a)¡lQr)O æ¿ (€oco¡FQ¡)0 t¡ lihr r¡r ttrg. a¡d bær ¡r¡lgn¡d

tü¡r to t.b pbryhrÞ lfgr¡d u follrylt
(cs(mElrDor)o

'(þcn-l 
(r) vrr gtoca-t (r) v¡, lolãc-l (r) vc .¡a lllocr-t (r) vs

:
(coo2rq)o

9oocr-l (r) vg, 9l5cn-l (¡) vt, 16Öer-¡ (Yr) tb rrd lo8licr-l (r) ve.

lb¡ fudaotrl trrq¡¡ncler r¡llgnrd for v¡ rnd v3 ln

(Gotr¡fO¡}O rrr vcy c1o4 to liäolr ürtg!.d üo (Cogtrgl1tOr)s ¡nd

(Ccot2PO¡)0. g.¡¡. tùr f¡tr3r¡{ evldr¡c¡ æetln¡ r bil¡ntrtr gbr-

ph¡þ llg.Dd 1Ë th. (cotqrq)o coPtrc.

lbÞlr tc2

I¡frs¡ð .Dæt¡ur of GatlglÐ¡

âbrorp¡l¡¡ Xr¡'
(cn-t) Arlgnat

rt5

tu¡

)r,
10ôs

1102

11ót

1l¡o

(r)
(rt

(¡'

(v¡)

(¡)'

(r)

(r)

Y3

v¡

f-[

v3

v3

T{

fr-U
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3.4 Stereoclp¡¡ica]. Configuratisr of (Cotnz(ü{r)t*Or,f

3.4.1, W-visiblo Solution Absorption Spectra

Aa equeous ¡olutioa of (CotneB0¡) 0 e¡hlbitc au W-ryisÍble

spêctruu witJr narim st 374q¡ (e r 99) and SóOuu (e . 1O5), ae ehown

ln Flg. 3.3 (Cupa A). on asídificatíon to abouÈ pH 2, ¡rt¡cre ít will

be ¡hor¡n below th¡t tbe -gig- (cotû2(oB2)E2Po¡)2+ apecÍes ptedonlnetes,

the cpeetruu rqldly shiftr to shortctr w¿vctangth oariua, accoryanied

by a fall in extlnetion eoefficient¡ at 367q¡ (e . 7e rnd 52Oq¡ (e - 67)

(û¡nre B). It is for.rnd that on readjustuent of the ptr to about 6,

the rpecËral ctrangea æe rsvaricd. On edjusænt of the pts to ebot¡t

11, where tha eie- (cotn.(oE)Po¡)-l 
"p"ci.e is predoninsnt, tbe

'nE sin¡ qlpoar ¿t 374q (e ¡ 1O3) a¡d 538q¡ (e . 1O3) (Curwe C).

lte st¡ift to ¡horter wevalengthe on eeldífåcation ís

congl.¡teat wlth the rcplaecæat of tha phoephato Ligend by one

açroligand hevíng a lergcr ligand fleld p$Lítttng th¡n the phocphato

ligand, Tt¡e ¡inilür Bpêctrel eh¿reetcrletles of the ænodentetc

pborpbeto spccíes, the bldcntate phocpbato specl.ee and gig-

(Cotn2(onzle)3+ lrlg. 6.1 cbapter 6) auggeet thEt (cotn2(0Ez)BzPol)e+

wcr¡ld b¿ve a -.fg- conflguretion" -Ifqs- (co(d¡)z(E¿o)z)3* h""

shoïrr to exhiblt tbrce abrorptloa rn¡xi¡n st 55Or 435 od 340ql b8

rnd a siud.lar speetrun ehould arlse from r trens- aquophocphato

coqrler'



FIG. 3..3

W.VISIBLE SOLUTION ABSORPTION SPECTRA OF PIIOSPIIATO.
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lable 3.3

Solutlon Abeorption Dlrxl¡n¡ of, Pb¡pbato Co4Ls¡ß¡

Corylcr !{¡¡d"ns

Cocn2Po¡ o

Cotn2POs o

(coea2(tl2o)no¡¡+

(coaa(nzo)HzPor)2+

377q¡ (e - 97.9)

374nu (e - 99)

366q¡ (c . 53.8)

367nu (e . 7ô)

529q¡ (e - 112.O)

540nu (e .1o5)

5llq¡ (e . 1,07.6)

52OEu þ - 67)

5'¡t.?, P¡.otoF l{annelic. Repgtce Seectnm

Probn uagnotie rcsorianeê sPocÈrolcopy anrbler 9þ- end

trans- lgostt o! (CoæeX2) cory16rc¡ to be dlrtlngulahod5S. Úrc

PIE rpoctg of Ëbe cnGo (III) rpeclcr dcpcndr on th: ¡nví¡onu¡¡t of

thc proton¡ of the ec llgend ¡¡hleh ín turn depcnde on thc ty@tlT

of, thc Co (III) apecLrr.

lh¡ ¡¡in raquLr',crntc for PllR' rtudy rrer

(1) $uf,flclcntly hteh aolubllity (> o.3ld) ot tho co (rxr) rpccier

in the aolvent cçloyed.

(2) Slov e¡ctrruge of thc teíro PrþÞne with eolvæt.

(3) St bility of ttrc Co (III) epccÍcr in tbs aolv:nt u8ed.

Jolly, H¡rrl¡ and Brlggs5g ffl¡üd cert¿l.n edvemtegea ía uríng

conc.ntt8ted aulphsrlc ¡eld ¡3 e solYcnt lor the PllB studlee of
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@balt rûplnc corylcxe¡ nenclyt

(1) !ô¡t of corylcxer ¡rc soluble ln rulphuric rcld to tb¡ c¡tcot

of, rt lca¡t l}f coryæ.d to thclt ¡olubflitíee ln w¡È.r wblch ¡rc

gcaerslly tcl¡ thrn O.2![.

(2) thc E2SO¡ ¡olvGnt pcek fu lar ¡cmcd frcn tbs ¡minc pr¡L¡

rùtoh enrbl¡r tb¡ r¡nd¡utrr¡t¡d rolvont ûo bo u¡¡dr

(3) Eretr¡n8t rrts¡ beÈsecn p¡otor¡¡ of, the lig.nd .nd t¡t¡t of ¡olvsnt

lrc ¡lorv.

I¡ !E!gg- (Corn2xl), all B-¡tonl ¡re in ¡lsil¡r crrvlroa-

4nt3r ltrctrfo¡a oaly a rínglr [-t ebrotptíon pcek rrculd bc orycetcd.

ct-o

I

ñt

l-
I c2

Ne- x

H3 r r

Cg

-Ct 3

el¡- i¡oær trrn¡- í¡onr

åll thâ 4 C-rtor rrc l¡ ¡I¡llrr tyrrirycatt büt rpllttlug Ey oecur

duo to th¡ follorrlng tr¡o f¡cüor¡¡

(1) Sllgbt dlff,crcnec¡ fn thc r¡l¡tlvc¡ ¡ffccÈt Grpcrl¡no¡d by Ce

rnd G3 ooç{¡t¡d !o Cf end C¡ due to X ¡nd l.

(2) [rc porrlbl¡ alrt¡¡c¡ of th¿ en ligend in th¡ ravrlopr end

glrchr oo¡fotnttou (¡plttttne rl11 br obrencd I'f thr lntcr

ænvc¡lo¡ of tharc t¡¡s eonfornü. 1¡ r1æ).

(

Cs Cs

I

\
\

Cr

c
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ta the cr¡c of tbô glt- íromr, s-E abrorptloa pcrke ern

eri¡c dr¡c to the follorlng cuvlronæût¡.

lll elr to x, gþ to l¡ H¡ €ís- to X, gþ to I

lf2 elr ùo I, lglgå þ f
tr3 elr Êo I, trrns Go X

IrF Gt- rbrorptlon pcekr ril1 bs ob¡crvrd lf cosfotnr lstàr

Gonv¡rllo¡ lr fut, othe¡rlee, four pcehr Ey bc ob¡ored.

&c¡e prcdlctione c¡n be c¡¡trndcd Èo tl¡c (CotozXI) e¡tlt
ybcrr lûrc rolno rlngæir ¡fr:..rrúered i¡¡trad of fivclúrrrd.
lÍte prrdleted nrúcr of N-E abcotptio-¡¡r ln tho g!g- ¡nd tùc tren¡-

l¡oere ¡bould bo tho sE .¡ for tba æ coçlcx. '

c

I
\

c
-'( /o'-'t

G3
N¡ N I

"r-l
Co

N

Co

N

I
t'- t2O3F0 N¡

cG

G¡ N¡

\r, 
-4./ C¡ --Qg

"fu- 
l.¡onr Ëg- l¡onr

ilg. 3.å rbw¡ úB nn .ptctr-rn of thß (Cotnrß2o)Ë2Por)e+ eprel.l

lû O.25U BsSO¡/99"9f D¿O rt 2oG.
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tü UË p.rlßs rDpcü et 5.12 rnd 4.O3 prprür (rcl¡tivr to

trirthyl¡lknc (Ðlg) utcalrl rtæd¡¡d) rttb o fatcartty rsÈio of

ô¡{ sblcb ltr lattrar¡tod tlo rrlre ræprctlvoly frou

(1) Hr cfu to Ë¡O¡ el¡ to OÞO3tsi u¡ e.* b E1O cl¡ to OB03E¡

(2) A¿ gål þ Ero, ti,lll b OPO3E2¡ Hs çrnr, ro B2O el¡ !o OPO3E2

lh: prrk rt {.Og prprn rbosld ooçr1n of t¡p rd,arbydüogca

prrhr lor ¡tr [eO, Elgl E2PO¡ snd trm 8rO, é! E¿g0r rfth p
lntmrity rrtlo oc 2t2. th¡ vlrturl øl¡eldcacs of thcrc trn gu}l
lr rlro sbrowrd ln tù¡ PtE rprctrul o! (Gooae(OEz)uFOr)+ rr¡w¡d
yttb 6Ol,tG frcqucoc¡l3l. l{¡¡¡urrumtr ¡t IOOUc lrrqncacy ,"ry, borrcucr,

hæe betlo: perh r¡¡olutlo¡. Ihl pcekr rr. rcpærtclt by 64.8 elt
FryüGd Þ thc corrcrpondl¡g NE¿ rblftl for tbc (Go(¡aleOE¡.80382)2+

of 9t.4 c/¡, lbtro lr h¡ncr r ¡nbrtrnÈi¡l rlduetl,o¡ ia th¡ ch¡d,e¡l

rblftr troc tb¡ rn coçlc Ëo th. tn æryhx. lh¡ t¡p c{ rbrotTtfon

p..Lt et 2.4g od 1.89 prprrr rn fn rn l¡t¡n¡fty rrtlo ol 4r8. &rrc

rrr lntarTtGtcd to bê ùÐ Èo GX rad G53 rnd €¡, Gg, Cr¡ rnd Cg

ntpoGtlvúyr ilo ¡arolutLon o! porlblc oo¡fsr¡¡tionr of Gt- grot¡pt

vr¡ sb¡cwcd rt 60líe/t.

Al1 tät¡ ¡ryldrnc¡ clcarly ludtcrrm thrr (Cotn¡(B¡O)E1pû¡)e+

a*l¡tr ¡r th¡ ei¡- ftorr.

5,.5 . Ibo lFldtûr qs.tqng¡ ûor tåø @fqgrg .and btdootats

obgphs,p ç,pfq l@s

Spactrrl rn¿ P¡r- þiltulydr rtudl¡¡r thoy tå¡t th. folloytng
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equillbria atre ultio¡tely catebli¡hád in aqrrrorrr ¡olution¡ of the

ærylcr (Chqtarr 4 snd 5).

G.3.1) o o(tr)
6zb/ \P.z

\o./ \o(E)

oPog(u)s
tlr2ca'l

roH(E)
\ tnoco

rF.-.-t- -ì
À

*--èr
rJ

oE(B)

\oB(E)

+ PQl(n)s

xbc chelrtion equlll,bri¡rnr C, ís cct¡rbli¡hed n¡ch þtG s+idly tben

the hydrolycle an¡ÈÍon eçrlllbrfun, A, (E) is usod in tbe geaarel

equatlon to lndíc¡to the posoíble degreer of proþûstlon of thc

ligands in equcou¡ ædia.

Ibe bídsatata rgecior (Cotn2ro¡)o n¡y be tÍtr¡tcd sitå

pGrchlorle aetd^at 5oG. one di¡tltrßÈ cnd polnt rney be raeognlred

æd rarígnad üo thc prnton eçríllbriun

Co tn2PolE+ eq ¡d.Cotn2P0¡o ËÇ,
åq

Ke¡+ +

Ia ¿ ædísn of, 0.16ll sodtun pêrehlor¡ttr l v¡lu¡ f,or pKa¡ of 4.12 t O.O5

lr obtrlard rt 5oC.

Ib obtrín tbo æædent¡t sp.elc, tno mlc-cqulvelcnts of,

parchloric aeid wr¡ addtd Go e ¡olutioa of bidcnt¡ta to opcn tbr

chelete rÍng. thl,¡ oeeurr repidly rt aoon tcÐ.r¡tr¡rê. thc rcrulting

¡oluGlon of the dlþdrogcn nuodcntetc lprciea (Cotn2(ou2)Fo¡t2)2+

r¡¡ tben back titr¿tcd sltå ¡odlr¡n hydro-fde. thrce di¡tiact cnd
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pohtr rlar rrogntrr.d rnd rd¡rcil þ tb. prctæfc rqutll,brle.

G.3.2)

(Cot¡¡(oar)rorur)t+ + r{ qs+(Corn¡(one)lro¡a)+ " nlq

fr.t.3)
(Cotnr(Or¡) r0¡r, !+ + rqç-'(Getr¡(6¡Fo¡alo r û r".q

(1.3.1)

(getßl(mlPort)0 ô rq ?'----- (corst(ou)ror)* + ú rrr

xr.* duoribor tbr rqulllbrLun füwlvlnS ßhr ¡$ßlfg¡¡d rctin¡ rr
¡ prrÐþû dopr rbll¡ Ír¡ rnd Xr¡ rrfrr ûo Èh. rqstltbrlr nürrct¡

r¡hr df- rad ræ- probnrÈrd pborphrb lfumtr tu¡ctloa rr protor

d@tl.
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l¡blo ,3.4

pþ vrluq¡

Oorylcx loo Îlry prrrq
oc

5r

20.3r

6.O?tO.O5

5.1810.05

5'

5b 7.ziro.oj

z3.ob ó.t5ro.o5

(Â8r8.8¿0.4)

5b

Pn¡¡

10.tôro.ot

10.62r0.O5

(ÀB . 4.8)

i.12ro.o5

9.7!.O.O5 '

t.4010.o5

(ag - 7.7Ð;5)

'¡1.25rO.O5

12.5

PX¡r

2.66rO.O5

2.9810.05

3.30{t.olt

3.1O{l.Ot

(¿g . t.lro.4)

5.922

-olo
&cb/- \oEe

3

OPO3

ffi2

O .rA
ãEct*-/ \Pt- \o,/ \o

o-r/
o/ \a.atco(

E¡?h 19i?G

¡ r lhlr rprk (u . O.ló)

b r Ll¡ooln rnd $trul¡ (u . 1)

G r Sa,bddt nd la¡bc (u - 1)

All in kcaL.noLe-1
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5.6 Dlscussitr¡#

It he¡ brcn ¡howa by thc rtudy of the hydrolyrir cqulli-

brlr¡n end rprctrel rtudícc th¡t th¡ phorphrto lfgü¡d uy bc

æo¡df¡¡ted in e rlgnltlernt proportlon to the eob¿lt (III) only

rtst¡la tåc pE rsgo of, 5.5 tnd 8.5. In Èha pragaratlon of tbc

phorghaÈo bf.¡ (trtuthyleoedled,nr) eobrlt (III) coplcx lt tlas

fq¡nd thrÈ ¡dju!ænt of the pB of thc rcactlon uixture to ¡bout

pE I var ræorr¡ry f,or tbc precipltation of tho corylcx. Oacc

proclpltrtion coæncea, tlro oquilibrll¡n le coatl.nrpuely ahifted

torraril¡ Èh¡ æorüinetd phorphrtr ¡idc' Below pE 5 htgtrly ælubIa

plotonrtGd phorphrùo coçlccr æ¡ fotud whích undergo eorylete

h¡{rolyrl¡ vfr rquophoepheüo coryl¡¡r¡. Abovc PH 9, baeo þdrolyris

of tho phorpbrto lígrnd oGGr¡rr¡ taace for ¡ucce¡¡ful ígolatløn of

cryttrXllnc bldc¡t¡te pbrpbaûo eoryhxcr, lt is necessat? þ kno¡r

Ghr¡c cqulllbrlnn and hydrolytíe pro¡rcrtl.re.

Iltthtn tbc pE r¡n.g. 5.5 to 8.5¡ tha predold'nent bi¡-

(trtætþ1¡¡¡dtd,nc) ¡Peel¡l taG l¡¡t r-r.lrtcd by trr ¡r¡eeca¡1vo

eçrl,llbrlr üd corrrrpondlng proæa1e cçrlXLbria.

2+
E¡3¡5

-,*(li.: +
,,OPO3Eo

tnaCs\oE

1l

.*gzb26-.-ou

Asz
Èa¿Coí

lnz

pfrS.fg
+H\

.niqu+
-*,

3-+ POt

A xl
4lrxr
| [s.rz

tnaCo
3+
+ E2B0¡

shcrr C i¡ tbr chelrtlon rqulllbrlun td A i¡ thc hydrolyrí¡ ¡natloa
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equilibrlun Ttre valuc¡ of pKe guotcd era those f,or the s*"-
f'soær¡ at 2o.3oc ín 0.16!r Nacro¡. rtre dagrae of coordlnrtion of
phoephrËe ln thl¡ rystc¡r dopcndr crltfe¡lly oa ttre porltfon of
thc cbelrtloa cquflibrlun, c. lbie cquLllbrlun, whlch involvcr
oppoeiog rlng:openfng end ring-elorlng reacülons, lg e¡t¡blfohrd
ritùln ninutca rt moü Èeçoratr¡rt whltrc the þdrolyrir-æetloa
cqutltbrtun, A, lc astabli¡had l¡ eweral bour¡. or¡t¡ídc tho pE

r.ngs of 5.5 to 8.5r thc bldentata rapÊdly and coryletely trrucfotna
þ thc Dnod.ntrte eoqloxag wtrlch uLtl¡n¡tely rndcrgo coçlatc
hydrolyele.

coo¡dl¡etlon of th¡ pboapheto ug¡sd to thr obrlt (rrr)
l¡crc¡¡e¡ lt¡ aeidlÈy eoçercd to tho frcc ortbophoryh¡tc a¡lon.
ltc rnfon tPoat- hr¡ r pKa velue of 12,5, but on coordlnatlo¡ ¡r
the -OPO3Ë llgrnd, tba pBa v¡lrre b¡coæ¡ 10.62. On furtbcr coor.rüí-

n¡tion ¡¡ ¡ bld¡ntato llgend, thc pKa deereae¡e to ¡ v¿hc of ñ.oo

with ¡ n¡rk¡d cnh¡nccunt of it¡recldlty. For the Eep,Ol- ¡nlon
thl,s var sleo ob¡¡pod to br tha GrBc¡ rhe pKe v¿luc d¡crae¡e¡ frcm

5'92 to 2.98 o eoordinrtlor Ir r onodcnt¿te rigrnd ïbiú further
drcre¡oes to a pKa valuc of -o.44 on coordin¿tlon r¡ ¡ bid¡nt¡te
ligrnd (Scetiou ô.ô, Cheptcr 4). 

,

cos¡dlnaÈion of thc pbrpheto to e porítiva eobalt (ru)
c6¡¡Êrs ney aloo bo rcgerdad Go be cçrfvelcst to ths attacrncnt of
r p¡þton. rf this ¿ltorm¡tl,vc lntcrpretrtlo¿ i¡ con¡lderrd, theü

the pßr v¡lur of {po3E ¡hoeld bo eoçerd b the pxr vrl,ue of
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Eal0r . Ar rüGh, tùr buletty of, pborphrtr lr gnetrr rbæ lt l¡
boad.d þ Gobrlü (III) tåu sbr¡ it tr boalrd to bydroæß (I)

nhlcb lr cm¡l,rt¡ent rlth tü. drcd o* eh¡rrctrr ol Go-OPO3 boûd.

In r&ltl,on, {: lr obrrrrd tùrt rrytro'Eûc of th¡

rtþtnrðlrüta. gæspr by tür trtrtþ16dt¡d¡¡ grilÐr ¡pprær

ùe b¡re ¡nbæord tb¡ rcl.dlcy of thr rqp lfgüd by Apß r +1.18 ¡t
5oc. Llamtn üd 8túrnlrgr toua tr'rt rqkûilût of tå¡ a¡o

rthylcnrûld,ar gfwpr b¡ tour dlc gsoupr ch¡nsrr tbr rctdtty

of thr ¡q3o ltSnd by Apß r i0.l5.



CHAPTER 4

RING 0FENII\6 REACTIOI.IS 0F HÐSPI{AIO-$BALT (III) SYSIB,S
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4.1 Introduction

Lineoln and Str¡nkc3t hs\rc ehown that an eguílfbriun can

exlst betnecn mnodgnt¡te ¿¡rd bideat¡te oxyanions cobalt (III)

rpecf.ec Ln agueous ¡oluÈion. For an XO¡ ligand, an equiLíbrlun

of ttrig kind ig ¡hows belcr.

8.4.1 (N)z Co
//ax + EzO f¡-'---t (N)e Co

o

o

.4vz
-op,o

whcre !l ia a notr-Gseting ltgsnd. They h¿ve eü¡dled ths r¿tGB of

rlng openlng and chcletion of the phosphato bís (etbylcnodianlæ)

cobalt (IIf) systoo Ín eçreou¡ ædle at a ciagle teryersbßo (22.50).

4.2 Ring spcning of 0otn2P0h in pH rs¡ge 3 to 5

Ttre equílibrlun that exlstg betseen the bidcotsta aad

æuodent¡Èc phorpheto llgend¡ ln the bis(trimtþlencdi¡ninc)

eobalt (III) rysten nay be rcprGscntcd by the generel equation

8,4.2 tn¿co<>t<*" *

BU

shere k o ie ühe ratc constlnt for tbe opcning of the phoephato

ehel¡te ring, k¿¡ fa tbs rate constânt f,or thc fornrtion of the

phoepheto ehelate rlng and (E)n ír¡dicstGs the poerible degrecs of

ProtonaÈio¡r

Xhe approreh to cqullibríum fro¡ thc bidentatc s|do ¡ra¡

followed opecÈropbtomtrieally, ths cryeriæst¡l deteil¡ of, rbich



45

lrc glvcn ín Scctiot 7.3.2 Ghrpter 7. Good firet order plots

¡rcrs obtal,nsd r¡d !oæ q/pieaI rate plotr erc cbosn ia Fig. 4.1.

Infinltc tlæ reedinge warc tdcen afÈer at lea¡t eight reactlon

b¡lf-tiæa.

Sínec thc ¡o¡etloa l¡ rcvcrrlble, th ob¡cwad r¡tc

coqrl.ree coutributlon¡ f,ron t.trc fonrard end backrerd Ícrctiona,

hance

8.4.3 k6U¡ . kÞ * kch

Tba equillbrir¡m colstrnt, K"q, t"" e¿Leulrted fron the æaaurcd

optieel doar[ty of the cgullibratad solutlon and thc k¡or¡n cxtiaction

socf,fi,cianÈs of, the ænodcnt¡tc 0t) and bldentate (B) eorylcil€8r

Sisce rt aç¡&tíbrlr¡n

8.4"4 k* (B).q r koh fi).q

lhen

8.4.5 Koq t I
0{)"o
(B)eq

kro
ffi

Uclng',. equatLona (8.4.4) ¡nd (8.ó.5), tnr rstc oot¡stet¡r hro üd keh,

ern bo c¡lculrtcd for th¡ rc¿ctl,oo at eaeh pB. lteeo v¡luea ere

t¡bul¿ted ín Î¡blc 4"1.

fig. 4,2 ¡how¡ ttre pcrccnttgc bldènt tc-æuodent¡to cqull,l-

brir¡n plottcd rgalnct pË. Ttr¡ dcrived values of, k"o and k"n era

alro plottd. It c¡n be ¡aan tb¡t cbovo pE 5, the bldeut¡to

pborpbeto rpeeica predouLnrter. lbc velr¡ec of Ç arc seen to

inereue r4lldly er f,hc pË deetcere¡ f,rss pH 3.5.
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Írbl¡ ¡1.1

l¡t¡r of B{qt 9pæins r¡d Chrl¡tioa ¡t ¿o.3oc

9t L6 r 10 (dn:¡) fo kcu r 10 (uin-l)

lo frretloq of ploþa¡trd bddot¡tc

5.O2

¡f .{5

4.OO

3.49

2.99

t

[cnct,

t,,,4rl t rE*'"

O.5 I O.2

. o.9 + o.2

1..3 t o.3

2.å r O.3

7.2 + O.6

o.o8t

,o.258

o.50

o.t64

o.tl

+

1.3 I O.1

, 1.4 r O.1

tr.5 I 0.1

tr.7 * O,1

o.99 r o,o7

I bld¡nt¡tc

cqplltbrlun

t3.8

ó1n5

5t.9

41.7

lz.u

Ia't¡b¡ pE rroçp t b 5r thr nt¡ 1¡r for th¡ rrtr ol

opc¡lng of t;br phorpbrùo rlat, [¡¡¡, can be urfttr¡

8,4"6 fro r fro(CotnzF0¡0 + Gota2POtË+)

I tpo(cotnrrqs) + qoH{cotnzPo¡a+}

tm I foôk*

nü¡r¡ f, le thc tr¡etLon of tbe ulproßært¡d bld¡ntate æç1* rnd

fn tr t¡hc trrctlon of thc ænogrþtoürtrd bldcat¡tr eoçler.

A¡rud¡¡ tlhr rc rotbrlpy of lo¡l¡rtlon, 48, of 4"8 l¡orl.

o1¡ r ¡¡ for tb¡ pnode¡ÈrËa æ¡plc, r pKr v¡lur of 4.@ fr
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crtrculrt¡d for th¿ bldcntrtr rt 2o.3oc f¡oa tb¡ ptr" vrlur det¡r¡l¡cd

rt 50€. lbe rrtc coÊrtrnÈ, kro, for ring oprnlag ern th¡n bo ptotted

rgrtart thr trrctlon of Dæproþn t¡d bfdr¡¡t t r. rbwn l¡
ll,g. 4.3, ttl¡ cn br t¡rq to glvc r ll¡rer rd,etfoarbip. lrou

rùr rlopr ¡ yrluo ol O.29 r O.O2 uis-l ræ obt¡lnd for *ro"*

vbt€b rrtrrr üo t¡hr rcrctl,oo

|- -o- -o1* L E+ I-E.r.B 
L*r*<>'<J*"82o --i þ,*

for \eo, rhlch ladte¡t¡r tb¡t

8.4.e þ*<Þ<lo "H2o--b-

or¿ I
O*r"J

A vrlnc of (1.8 t o.5) ¡ lo-t d.-t ru ebtrl¡ed f¡o¡ tbc intrrccpt

ota 0

t¡ t.b pS nn¡c 3 to 5, .th. aald crt¡lyrd tclu, dercÈod by Èh¡ rrto
eoËtt nt, t u"l grrdorlnrtu.

4.5 Cblatlæ in tüß pH rmsc 3 þ 5

Drpodtng oa tb¡ gE of t&r rqurour rdl,r, tbe ebcl¡tlon

r¡retl,o¡ ern l¡rolrr rnt ol th¡ foü,owtng ßhr¡c rprcl,crr

(cot¡¡(on2)o!0s81)t* (r¿), (Gotaz(on2þt038)* et) .c
(Cota3(OglOPO¡n)0 @). Îb. goncrel r¡tc 1¡r for chtlrtlon of tbe

nnodont¡tr phorphrto rprclrr ary br nrltt¡¡l
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8.4.1O

I¡Èo ¡ koU (tot¿ Enodetrtr pboepbeþ ¡Prclo¡)

I to¡D tcotaa(onrloposgsg+) * k hE (cotnu(ot2)oPo3t+)

+ uf (cor¡r(ou)orosuo)

¡rùcn lçU tr thr obrcwcd t¡tc Golft ßÈ for tår ovlrrll chdrtlo¡

rr¡ctlon Ed rch' 
I,, hèbu, t*" rn tbr rgælfle flrrt otder r¡t¡

Goa¡tat¡ dctf¡cd Þt Èhc follorteg cqgrtioar

8.4.11

t.4.12

B.{.13

þ-{i"J

f$¡1
L-t-(*orrJ

kuhD ,

kohu \

þ,*.

þ,*,

þ'-ri*]. h'" , þ,*<l)'(

, oflt*
\l

OEJ

o\
o"

!+

of+
oJ

+

+ E¡O

+ EzO

Bro

0

þ'
,4
\ql

0

Inoïlng tùr tot¡l Gooaatr.tLo¡ of thc æaodcnÈrtl

"p""li", üd tb. rcldtty c¡olttrnt. Pt¡z (Z.tS) Eé P&.q (5.18),

ths trrctfua¡ of mch æmdoùrþ rpreLo Paü¡rlt ¡t tbc r¡rloe¡

ptfr ern bc crlculrÌrd. Ibt r.t ooa¡tr¡tl l.*O, louu .u¿ L.bo.

ern p-r ðot¡rdned þ ælvtng cqurtloa of, ¡'b¡ fotn

E.ó.11 f",Eu ¡ Þ-uD t, * kolE fl + t-Uo to
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Trble 4.¡,2.

Cbchtlæ D¡tr rÈ 2o.3oc

-lpE Leb r 10 (d.a )fsflfg

5.O2

1,46

4.0O

3.49

2.99

1.3 r O¡1

l.{ r O.1

1.5 t O.1

l.t ¡ o.l

o.99 r o.o7

o.407

O¡157

0.036

o,o15

o.oo2

o.588

0.808

o.8:it

o.749

o.522

o.(n5

o.o35

o.o91

o¿36

o.4t5

fo

l¡
tg

r trecrloa of (CoÌa2(OElI0ìE)o

: fËrcrloü of (Gotn¿(oEtlPorE)+

¡ frratlos of (cot¡r(oBr)Por8r)2+

lñ¡ qprorlr¡to v.lt . for k ¡Dr k rE rrd rf en o.og n 'a-1,
-ro.15 ds-t *d o'1o dft ,*p*afvrly. tomrln, rlhr lrrlatlon fi¡

rs¡ lr ïrqf ürr11 ed üo !tr.rt rdlæsr E¡y bG plrcrd aE tbc

rbrolutc ytlst of lu¡D, ,"t" må !€"ho" &a gvrfl¡blc drtr do

ruggtlt, honrr, th¡t r11 of, Ëb¡|. r.tt Gætttnt¡ rrc of ¡l¡11¡r

uegsLtudc,
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4,4 Rrtp of Rfug Aæfrig €f Coør2PQ, ud Oota¿P0¡ in AEÍd

Concætnatims þ2.

frc rlng op¡nlng a.rst¡,oar of th¡ rprcf,u Corn2PO¡ rrÉ

CoÞ2PQ ïrrr .tndlrd rprctropbotsutrlcntrly tû th. pcrchlorlo ¡sld

@üccnttr¡tlon rt'rgt of O.F8U üo 2.5!l rt lOog a¡å r¡ losfc rtrsçgth

of 2.5. ior thc @rn2F0¡ coçlc th¡ rceetloa vr¡ tollosod rt
550qir rhfle for th¡ 0oÞ¿PO¡¡ lt re¡ follomd .t 5{Oûu. ?fr¡t
ordcf rrt¡ plot! rrro obtrlntd.

rhe klnctlc ¡cboe for ühr htgb ¡ßtd rlng oponfng rcectlonr

lr rhæa bclEs

ow)z<)<i'
(ts)

+

kroE+ 0ru)¡
OFO3H

oB2

OPO3ã2

oEe

b./

"JF",
g.ó.15

(N)¡ colo\ P
@2t . Eâ+

Ero

-t

(utl)r co(\o// \
(ltr)

OE

rhotc N[ rrprcroatt ro oË h¡

Slnec 1¡t ord¡r kln¡tic¡ ¡n ob¡ored

8.4.16 E¡to r ho¡r (tto3) . (krottto " (l - c)h-"*) Cr*a)

2+

a

"*)&",¡1.1t ta (hour - q,o"t) . lreorr . nt1o"t+ * krþ
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D.ffnfsg &r, m tbr ecldity €oÊttet

8.4.18

l.c.
8.4.19

ßh¡n

9.4.20

K", I
(s+) (¡s)
õEr

K.s

îr,
- (Bt)

(EEãI

þ, @;t
1+ II

C

(Etet)

I [*-t'' - *-"*i
)( )

þ
(ut)

&brtigtlng tor e

E.å.21

g'.4.22

Iffi
I
Ç

I

¡ I

+Ir
(

grt
.)

þ*"* --Jl e"l[r,*Et* - hç.

tr t oE+ v¡l¡¡¡¡ of o.l2 d,a-l (Go¡naPor) æ¡ o.o8t tl¡-r
(ootn¡rqr) rt looc r¡rc erlculrtrd n¡fns qrno v¡ls.r rt 22.5oc r¡d

io,log nd ¡ctiv¡tloo mcrgl.crn Er"t, of 13.7 kcrl.ple-l ¡¡d
1{.6 t¿rl.nlr-l fot Goca2lor üd Cotn2PQ rcrpectlvcly.

By plotttne Ukcor3 - .h;), r rtrrigbÈ tlnr yr obtllnrd

(llge. ô.4 ed 4.5). Ftta thr l¡trrcrpt rnd rlopc, Yrler¡ rt looc

tor k¡px " .* Kt ü. 25 | I d,û-t rnd 1.o r o.3 tor Goln3Pqr- .nd

7? r 10 nb-l üd o.37 . o.o5 d,a-l for Cob2FO¡. It tt ob¡crvcd

tùrt ðtproonrtl¡n of both GoalD0¡ rnd €otn2Po¡ nrtrdly fnenrror

tbe rrtc of ogrning of the pbrpbrto chclrtr rlng.

stl
)
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Ðbl¡ Õ.1

ffr¡ Afrfr¡ of Gl*¡lg rt Ë¡ûh fd,a h¡ctrr¡lcr

t r lo3ß" ¡ r t*I$dgrl

g+¡x ufr1 r(Jr-rl r¡o *_
1r '¡ttaÈltar $¡t-i i r i-: I ljù l t , r¡ tf I t.,t.¡-t,

Or0ûff ' }t r mf , :&li ür€tl tt.ã
t.oæ ¡lt¡l ortil 0""!0 1.!l
o-ûtt t'.l
O*ât¡ 'lt *¡ . lrll, lrP ô"lt
oreli trt"l¡ l*1! t.{E orÍt
:.
O¡OS t0"t I'll¡ l.ïl e'tl
0r$l , t¡OI t.l !.É OrtO

',
ü.ütl l.å ' tl.O. ¡,o.H . O"Ot

l.lt O.l le*g ll"tl OrOt
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Trbl,r 4.{

-

ff¡g S.Blng of Crtr¿pqrt [lgh Aaid Cæcætr¡tlon

r . lo3C Ë .1,5 (Nrctor)

$+)x r/ßù) k(rin-t) korr qþ

o.00t1

o.ülo

o.ott

or6¿l

O.O?9

o.o9t

t.l ¡ lo2

lt.a
lt" I
18.1¡

ll.6¡
lo"5

o.æ6

4.to

,.o3

10.8

re:t

16.1

lt.8
.2

1.21

ontô

O.l,¡¡

o.o9

o.ot

o.06

{.5 mgITI0N 0F m.¡D G.EAIÂGE OF (OotnzlÐ¡f and (&tn2(tlr0)rcrf

tb. tm poulblr porttlour ol bod drcvr¡r la tår rlng

oplollg æd þdrrlyrb rc¡etloar of th¡ bldæt¡t¡ ud npdorrrô
rgrc{u rn rbæ¡ brlorr

o)i
{

I
o

o 3

t"rc"\. -r*í:i
I

BO
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If thß ring opening end bydrolyeís roeetions are c¡rrled out ln

¡olvent enríchcd rith E2O!E, tb. actr¡al poaitione of bond clcevage

ry bc deternined"

Ia ùrhe eere of, t.be bydrclyrLr of the rcnodrnt¡tc rpeeiea

(cotnzG¿o)Por)+, dependlag on tb¡ poaitíoa of bond cleavago, rlre

equatione cæ be roprcsrntcd thn¡¡¡

8.4.23

8.4.24

8.4.25

eËl

O-PO3

otreo

4*t

Arç + E2Ol8 i....-{ *r(

*rb( E2ols 

-t 

*r*( + 903O+

oEzc+

or8tra

oEf+

ot¿
l8=

+ FOr

GdD

oPO2ols

Ecoc¡ lf rnrlyrå¡ are donc oa the Or8- ærLchm¡at í¡i thc phorphrtc

producta, ít is poraibla t¡ dí¡crinin¡te betlrcoû two diÍforônt rGaeËion

pethr. lll¡e ættrod of anelyaÍe le dcscrlbed in $eetion 7.6.1, Chepter 7.

For thc rÍag op¡nlng ol thc bld¡¡trtc epeeles, tbc follouing

roactloB rcheæ¡ cr¡ be ¡rrittcúl

do\
-r*{ + E2ol8 

-)

P
- ol SEro

-r*ao*,
o o

/'ÚÍ..4.26 Èn¿Co I P äsol8+
o

o

I

II

o

Wltib c prlor knmrlcdp of, thr poeitlon of bond elcrvago 1n the corylrtc

bydrolyrie of, the phorpheto ltgsnd from tbe oobclt (III) ccntre, the
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porlÊloû of boad clcrvrg. lor th¡ rlng'oprntag r.rcston nay be

dcducrd url.ng ¡ rlpllr epproecå.

It oorylct¡ Go-O bold ohrvrgr ossurl tr¡ tbs coçhtc
þtmlyrlr sf I üd IX, rù¡¡ tbe phorphrtc proúsctt wlll be p0¡s

l03otÜE rgpcottrvrly. lbrratorr, if thr co-o bod i.r clrernd fa both

rtrgu, uo gl8-o¡lehcnt rlll bc drt¡ctod ln tåc pborpbetr preduct.

It v¡¡ foünd la tb¡ coçlrtc bydrolyrtr of Cotn¡p01 et

1.1?ll pcehlorls rsld rnd 5óoC, th¡ß Êbsr3 y¡¡ lr¡¡ rb.¡ lt orc-

rarfebnnt fn tùc Aherphrtt produet. Ihr pcreeatrgc of Ot! fq¡a¿

ln tå¡ n1a¡¡ad gborpbntr lr O.2O9 I O.m7 ¡üoü pcrcrnt. Ibn Ots

srlat nÈ of n¡ü¡rel nt t ¡n¡lynd fn tù¡ .tn ü¡,Ber !r¿¡ foud ûo

bt o.2oÓ * o.æ2 ¡toa prrccntr othc rxpcrfuatr h¡vo rbow¡ t}rt
Èh. Pors antsn dos¡ pt nnácrgo rry crebrnge udcr the ræ .Trri-
ætrl €ondtttos¡S0, ¡¡ ¡bora by blerlr n¡n¡ ln H2ol3. Ec¡cc lt vr¡

ecclsdrd ¡hrt vírunlly carylet¡ co-o bond clrragr eûerrrr fB both

th¡ rlsg opfÊing rnd þtrlyttr stcpr.

¡1.6 Di¡q¡¡¡im

Rlng op.ûlog of Cotn2PS fn pE rpngG 3 b 5 oseur. vle ttr¡
follovirg rchcn

raroo<>P
0

(OoO18 ¡ia-r) -otr0
rg.zcr.(\oBo

./o
\o

tS(o;ro d.n-r)

-ll
(o.29 rdn-r¡

*1f pßr(å.oo)

sE

p(r¡n(s.ta)

+
ot¡

OFOsE

+

æ+

o

8.4.27

{n(o.rr nu-l) t"¿ø(
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For tha acid cat¿lyeed peth, a value of O.29 * O.O2 tfu-f

r¿s obtaincd for t*{ ¡.incoln3"? obtaincd * k"otr*otlue of, o.24 ni¡-l
(æ¡reetcd to 2O.3oC) for the onoprotonttêd Coen2P0¡. It appeera

that íaereesing tå¡ size of tåc enlne ehelate rlng hae Li.ttle effect

on ths rat of riog opcnlag of t'bc ænoprobnetôd phorphete rl,ng.

furthaærc, the rerulÈs ¡how thrt thc rlng opcning of the ehel¡te

ocÊr¡ra mra rapl.dly than tho rale¡¡e of, the pboephau llgand ln tha

Cotn2FO¡ ¡ylteu. &lr rypa¡rs to be dr¡c to thc eÈreiued eh¡raeÈor

of thr ó-æóerod phoaphcta ebclate ríng. (ltrls offoet ir cleerly

choûü for dipmtonaÈed bide¡rtete phoepbato, dûeeuieed bclow.)

IÈ l¡ æ¡t lihcly thrt protonetlon of ttra plnophaÊe chclaÈc wlll

oceutr oû oE of the rcporedr oxygGû ¿toü,. Bcoce any íntraælacular

lebilis¿tlon o! the cobalt-oxygeo bond¡ w111. be tr¡nanitted vi¡

the pborphorur ¡tou. Ítre eherge oa the corylor chengcc from zero

Eo one vltb prroÞnrtion. rsd t'hir incrcr¡os thc dcgrce of rolvrtion

of tùe phorphato llgaad. It l¡ Èo bc cxpected with Étc coubl¡rtlon

of thcse addftíon¡l cffects l¡ thc protcetad bid¡nt¡tsr thrÈ the

r¡üc of, rlag opralag wtll be con¡iderebly iacresc¡d'eoprred Þ

thc rmptrþB.ted bldontet¡' A Gonccrt¡d mch¡cl¡n involviag cír-

ctt¡ek of t ¡tcr ¡ou1d rppe¡r to bc fewureblc f,or thc ¡old-ertalyeed

peth. E.,/
(a | . ,'o-E\ 1,.."'Co--*---O

¿l.o_r;'
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rn tho blgb ectd r.ngG, rlpg opcning of the diprotoû¡tcd

btdo¡Èrt¡ pborphrtr ltgüd ls dc¡crlld uy th. rrte €on¡t.l,t, k*Ee+.

sor tbr rpcelø (coon2po¡B¿)e+, n-tt* La 2s r g ndn-l r-d for
(conaFQn¿)t*r r-El+ rgr*1, t7 r ro nfu-l ¡¡È rooc. rt r¡ oËvrew

tb¡È thi dþrotonrtrd rprclæ, La boüh thô blr(tthyl¡ocd{e¡ú,at} ¡n¿

tår bi¡(trlethylca¡dl¡nl¡c) gyrt !¡ undcgo rrag opcnrng æch æn
rrptdly trrrn thc æaoproùonetrd rpccloe. For thc coca2go¡ ryrtcû

lib¡rr 1r r 2ül fold f,ncrr¡re. lh¡ r¡cond protoû r¡ould æet prubably

b¡ ¡tt¡ch¡d þ thß ot*rcr torporcdt orygG! rùoE lhlr rctrld lrducc

furthcr lebfll¡¡tion of tå¡ cobslt-orygcn bond. Also os further
pt?tonrtlo¡ of thr paopaoÈonrt¡d bldcat¡tc, tbc ohrrgr of æçler
1r lnsr¡¡¡rd tro¡ +1 Èo +2. rbfr rculd ia üea insrou¡ thr degrrc

of rolr¡tl.s¡ of thc aborphrto lfgrnd. Ë.ûcc lt r¡ould bc lrpcctd
thrt th. rrtG of rl¡g op.ûtrg rhould bc ¡s¡hrnecd. ân cvs lrrg¡r
hbill¡rtioa (foo fold) occuil rit& dtpnÈoÊ¡È.d bldrntrtc

Gob2R0¡E1t+.

lhc rcßlvrtlon cncglc¡ fsr tlag oganlng of both

Goralrt¡Ealt *d €ota2po¡[22* *.r. d¡t¡rd.a¡d rt rcld æncoürrtis¡¡

OrO84f ra¿ O.O2(ll rarpcetlvcly, et rrhfch dlprobnrtlor l¡ æt
ælplc:r. Sraca tùe ob¡swd rtt¡ @nstant for rlag openlng, L"oob",

lr glvo by

8r*.16 h-"b' r atr"tt
Í.¡¿

nhrt¡ f, ¡ ep or tn¡ lfu¡r tb¡ È.ryrartsrc dçeadrncr of k"oobf

r[ .pptr.¡¡ù retlvrtiol rnffg¡r, ,.oaub"r cqulv¡l.nt üo thc tn¡t

(€oN¿PorB+) (Er)

glv.¡
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activrtion €nerg¡¡ for çoH2* (r".a"t

¡aÈion f,or K¡, (Agtl)
) nlsus ths cûtbalpy of, ionl-

+

9.4.29 L.G. Eee t¡et A Elz

Corylex (E+) E".tob" E8"a"tt
kcel.ælo-l kc¡1.æle-i âåÍr.-r"-t

obs
t

H2+
I

Ttrc v¡lue¡ of aE ie arc rnloova f,or tbe bident¡te pbaphato eoçlexer.

brevat, for the ænodcnt¿Ëc corylæea, ü,thalpiee of io¡leation ¡re

4.8 kcel.ole-l (Cotnr(0E2)PO¡) a¡d 3.7 - S,7 kcal.æle-l

(Cocn2(Ou2)mr)¡ I ü¡r v¡hn of, 5,7 kc¿l,nlc-l ritt bc as¡rmd

for the l¡ttcr syttcD. l&¡¡ca it ury be cstiu¡Èsd thet the actlvation

psreætcrs for the dlproton¡t€d bid¡ntatc phorphate rlag opening

rc¡ctl.on ¡ro ¡s ¡horm í¡ Î¡blc 4.5.

lablc 4.5

Actlvation Peraætcrs

u

Gotn2PO¡

0oæ2PO¡

0,o84

0.o20

L4.6 . O.2

13¿7 i O,7

L9.4

19.4

18.9

19,8

In eech cele, the ol8- treecr ¡tudlcs have co¡elurívely daunetr¿ted

th¡t thô rlng openlng reeetLon involve¡ lOO: Co-O bond rrpturc.

rtreso ¡ctivetfun psrsntars e& thcrcfora be coryared to t*re values

f,or Co-O bond nryture for hydrolytil of thc æ¡odcnteta pborpbeto

coçlcx. Itra¡c valuer are 
^Ht 

r 25.o (Coen2(orz)p0tü) 8d
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ÅHl - 26,1 (€otn2(oga)Por). tho dl¡tinctly lorrr vrlæt for co-o

bond npa¡re ol e fsur uú¡r¡d phorphrüo rlng vcty ll.kcly ¡rL¡c

frpr th¡ ftsrlüGd E¡tEe of tbfr pbrphrÞ r{ag" fbr rçld ring

op.of¡¡g r¡¡ctiosr of both bidot¡t¡ phorpbrûo coçlcæ cæ

th¡rlon br rttributcd !o tht¡ ¡trrl¡ @.rgy o! tho phorpbrto

I

I¡ tür Goto2P0¡ ryrË.r, tù¡rr w111 bo r grret* S¡1

ch.aæücr f¡ tå¡ Érrnrltloa "trts th¡B ie thr Coro2B0¡ ryrÈrur

Ihr tutoey to forn- r flw-ooorrlinrt¡ð trrn¡ltlo,a ttrE rcald bc

!¡lrc.d Þ lå. ¡nh¡¡ecd rtrbllity of th¡ tn ltgæd¡ r¡blch rro

rt¡rlcrlly cturdod f¡ thc ¡l¡-csorrilart¡d r..atrrìt .trþ od rn
forced to r¡sw e rlnglc colfonrtfun.



CTIAPTER 5

fIYmotYEIs REACTI0\F pF 4psPtlAIo-qIS GÎI!FT{n EI¡EDI¡¡{INEì

@BATT (ITI)
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5.1 Int,ro*¡ctim

Ibc hydrolyrlr of the corpleercr Co(ilag)5P0¡r,

g&- Co(NEa)¡Of,2PO¡ rr$l gf.- Co(en)rOB2PO¡ fn ¿cid rnd b¿alc mdle

h¡¡ boea 
"wd1.¿33 

31. Ihe obJcet of ¡b,¿lylng thc hydrolyaie

rc¿ctlon¡ of Coto2B0¡ 1r to ob¡¡nre ttra ef,fccte of, incrcrelng th¡

ring oi:c of, çbe non-prrttelpetlng ltgendr on tho a.ta¡ of pbotphetc

þdrolyrie.

s.2 tñdrolvsis tn ncrc,hloric ecid d.i¿

lbe coçletc hydrolyole of the phoaphrüo llgrnd fttn
(0otn2P0¡)0 ln rqurous pcrehloric rcld occr¡rs ín trro sücpl

8.5.1

8.5.2

,ú
\ol

0

þ*'

.zoez
\opo[-'<) P

--------å

0

J

0

[-,<
oEe'l

oPorl [*'-.111*
+ POt+3-

thc rlng opcuing t¡rction (8.5.1), le mrclr ærl rrpld th¡¡¡ th.

hyürolyris rerction (E.5.1). tc¡cc by eñrdylng tbe rc¡etfon wlth

p32 l¡brlkd CoÈa¡Po¡ ln €*ccal ¡cld concautration, thr þrlmlyoia

r¡¡ctioa u¡r bc follo¡lrd. Undcr ttresc coadltion¡, the r¡ecÈfun le

fír¡t o¡dor ln corylu c¡one.útiradon. Good flr¡t ordcr retc plotr

wcrr obtrlncd ln r11 c¿¡c¡ (trig. 5.1). ths ob¡oned rrrt @n¡ttnÈ.r kobe'
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for trydrolyrlr lo tb¡ percblorle aeld range of, O.OOIU to llM at

46.3oC aro t¡bulrt¡d ln Îebl¿ 5.1. Ihc v¡lus¡ of koUc c¡n bc

r.prduced vlthl,a ¡5I. trlg. 5.2 rbor¡ thc dcpcodenco of rrtc of

hydrolyeís on rcid conc.ûtrrÈion.

By rtudyfng thr r.acÈIon ¡t vsrlosr t qrer¡tÉa.r rt
3.54I{ ¡ad 1O.ó2}t tClO¡¡ rnd plottlng 1og kob¡ v¡. Uf Gig. $,3}r

tho eatlvrtlon cncrgy, Bl, for the rrapactLve ¡eLd co¡c¡mtr¡tion

nry be doternl¡ed. tho ¡ccl,vrtlou prractor¡ lrre eolleotd ln

Ieblc 5.2.

t*,lc 5.1,

Obrrp¿d Asid Ëydrolyrl,r Brtr¡ ¡t 46.3oc.

Df. HC1O¡ kobr r 1O2 d,n- r t¡ d,n.

o.o118
o.o4L3
o.118
1.18
1,77
2.3ó
2"95
3.5å
¡f ,13
&.72
5.31
5.90
t.08
8*26
9.¡bå

10.62 +
o.Gt12'
o.m2gr

2.6
1.6
1.7
6.2

10.1
11.8
13,O
14.O
13.O
11.7
10.4
10.1
ul.o
ut.o
22.O
45.O
:t?;,6
2.9

27.2
4t.3
{o.3
11.3
6.9
6.o
5.3
416
5.3
5.9
6r7
6.9
5.8
4.6
3.2
l.ó

26.&
24.3-

t (ao*l"*) . 1.5 r lo-b¡l t (Coryl"*) . 2.6 r lo-rtt

All ottcr coçlaor æncoûttatlonr rrc 1.2 ¡ 1O-8tt
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FIG. 5.3

ACTIVATION B{ERGIES IN AQUECIUS HCIO¿+
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Iablc 5,2

Activatfoa Prra¡usÈer¡

u. Eclo¡ ke't.Ï3lr- I hc¿l.æIc-1^El 
adf (40.¡og) ,

3.54

10,62

26.7 * O,3

18 t1
26.1 r O.3

L7 rf,

Or llr

+5r1

-22x3

5.5 Base llrdmlvsis

In b'ic ndír, tha rc1¡r¡c of, P32 labollad pborphato

lro,n tha coqlGr wE! follorrd la thc eoûêG¡tr¡tlon range ot

tO-3U to O.3lf aodlr¡n kyd¡p¡¡idc. Sfnce the reeetioa ¡n¡ rtudi¡d tn

Grcc¡¡ þdæride ion concentrrtlon, a pruedo flrrt order rst6 1ar

w¡¡ ob¡cFtedr [aClO¡ we¡ r¡¡od to ulntrln tUr ionic atr'agtb of

thc rcrctlo¡ d.¡t¡¡rê3 at unlty. Good flr¡t ordcr raÈc plota werc

obtrlnod (flg" 5,4). Îh¡ obrc¡a¡d r¿tc oo¡¡t¡¡tt ¡rc aho¡rn in

t¡blc 5.3. Fig. 5.5 i[lu¡tr¿tG¡ thG depcodeoee of thc rrtc of

þdrutyetr on hyürtxlde ioa Goncantrrtionl A llacrr telatloarhlp

ern bc ¡¡cn wLth a poaltlvc lntercqt on'Èhc Lobl si¡. thir tr

rttribuùod to the srl,¡Èrne¡ o! t¡p coçorltc tatu for the obccwcd

raÈt, olo iadopcadGût of the bydroridc :lon conceatratio¡ and tbc

otber dopcadcnt lturerly on tbe bytroridc fon ænco¡tratíon'



0.4

o.3

o.2

0.1

FIG. 5.4

T\"ICAL FIRST ORDIIR RATE PICITS

o

o.297M

o/ o.1e8M

0.099M

o
lx

.l 
'l*

:
b0q

o

o

0

T = 46.3oC \

u=1

10

t NTINS.

20



63

Fblr "5.3.
oblc¡r¡d lrrr Ë¡ütolyrir n¡trl rt {6'3oc

!t. ldH lbur ¡ lol d,¡¡-l t¡ da.

O.99 ¡ 1O-3

o.05

o.099

o.198

o.29?

gr72

2.7

3.4g

å.5

6.tr

96,3

26.t

19.ô

lt.4
11.4

Etoclt

!.5.3 b¡. ! k1 + l,!(08:)

l¡!ü th. bt tG.Pt üril llopr ll tlg' 5'5¡ h¡ rnð b¡ ny br rvrl¡rt¡d

(Iú1r 5.1).

Dy lÈ¡ytnÛ, tùr trrycrrhtl. dae¿.nûr of th. rrt. ot

br¡r äråplyrlr, tbr stl.îrtlil prrrrS.sr tG tbr üß P3tb¡ rt bt

d|t¡¡rl¡¡t f¡or thr lery.sc|.l. vrlnr o! h1 rnd L¡ (bblr 5'5)'
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lrblc 5..ó

Yrlur¡ lor k1 r¡¿ he

riry oc L1 I l0t nÍ¡-t h3 r 1Ot d,n-l

5¡[.9 . O.l

¡[6.3 | O.1

36.t:t r 0.15

26.? . O.1

6.9 ' 1.0

ZcO t. O.3

0.62 r o.o9

t

18r3
14.2
3.3 r O.Ô

O.93 'Or15

Îåbl¡ 5.5

Aetlvrttoo Prrst¡rr for B¡r Ëydrolyrl¡ rt Õ6.3oC

E¡r
kÊ.1

a
aEr-
Lc¡l ælrr1¡-l rt À8f al¡

ß¡r ¡r
hc¡l æ1r '

aErf
kcrl ælc

I-l a8r t¡

i!.1 t O¡l l!.t r O.1 '.O.3 r 1.O þ r t ¿o.t -16rt



FIG. 5.6

ACTIVATION ENERGIES FOR BASE HYDROLYSIS
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5.4 Dl*r¡sslm

Tlre rcle¡¡a of pbosphato from Cotn2PO¡ ia ¡cld ædia nay

be dcseribrd by thc gcnonl .$ret'lo¡

3+

8.5.4 tn2 (n)3++ nso nþ t ta2

(H)

(E)

:*t .,aB.z6'
-o",

+ (B) gPor

nhrrc (E) dcnotor tho porelble dcgroe of proùoartlon of ttra pbo¡phrto

ligend. In pcrelrlorle rcid, hydttly¡l¡ of thc ptoryheto ligüd

í¡ for¡ad üo proeacd vfr Co-O bond elc¡vage crelurivcly (eee

Scctlon ¿1,5 Chçtcr ß). lt l¡ corvomlcnt to dôYldc tt¡e ¡cid

con€cntattioo rengr lnto tbc lollorrlng tbroe reglonr

1) O.OOIU - Oro4tf¡

2, O.O4!l - 5U' and

3) stf - 1U.r.

5.¿.1 fhs acid cmccntratlm tlgrse O.ælM tD 0.04M

!n thlr rrgloa, tbl prdodaent rprclor rrc tb¡ !Þæ-

p*þùor¡Ë.d ,"tr- (Cotnz(Onr) OPO3E)+ Ff) ¡nd tls diPrtæ¡¡tod

gtg- (Cotn¿(Og¿)OF03Fz)2+ ¡fZ) rprcilr. Iña r¡tc of þitrolyrlr 1r

¡worard by tbcir t¡dfviduel r¡tc eon¡tt¡ttr k¡ æd h¡¡ ead th¡ rcld-
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bere açrlllbrirln eonst¡nt, Kâ2, th¡t lnter-rcl¿tc¡ tbc ap rprcieo

-oEz
l¡,sCp./,- .Xo_pd.*- f.:cid-

8.5.5

9.5.t

than

8.5.8

(Pl)

-

(P2)

Tbe ovcrrll bydrolyrl,r ratc D¡ bG wrlttc¡

8,5.6 B¡ra - kob¡(01) + (pZ)) r k¡(Fl) + k2(p2)

Sínco tho ¡cldlÈy eon¡t¡nt, hzt ie deflned a¡

l-,

þ'<il'**oo.'- F,*

Gr) G+)
(P2'

lc2

9
oseJ

3+

+ tr2PO¡

Le

*oo"[@bËfâì ktK.a

{õ'
+ k2

Using a pKa2 value of. 2.69 calculeted asatrming a AË

value of 4.8 keal/æle, ad oquatione (8.5.7) end (8.5.8), k1 an

k2 were enaluated to be 3,1 x tO-z tío-l arrd O.2 x lO-2 ein-l

recpeetively at ô6.3oC. &eraforc tfu Pl rpecíca 1¡ tc¡ tíc¡ ære

rc¿ctíve thå¡ thß P2 rpcclo.

Oa tåe bells of plotos.tion ca¡r¡lng ¡n lnductiv¡ ¡hlf,t

and a vcekrnlng of tbe cobelt-o ygca bond, the ryected o¡dcr of
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labl1ity of the pFotonsted phoephato ltgande ehould be P2 > Pl.

the order of leblltty fe for¡r¡d to b€ revet¡cd in the¡e etudie¡. An

¿ddítíooal lablltsing effeet my aríce fron hydrogen bondíng bcnveen

the vieínal aquo and phorpbrto ligædc. &e partiaL þdnon ch¡r¿-

etar of tbc rqrn ligand æy i4ert, by r-bondlng effect¡, ea cntranced

labÍltty o! thc glt- ptto¡phaÈo ligend. Bron¡ted60 firgt ob¡erved the

labilieing effcct on the hydrorc lteæd ía Co(SBa)¡08.lK)3+ wtrlcb

bydrolyeed l.oh tlm¡ faster than co(NE3)¡oE2Nor2*. rn the P2 rpeciee,

trso of the perlphersl oxyge¡r rtomr are protônated vbieh reducec tha

baeirfrty of the remlnlng o¡¡ygca ¡ubstsntfally. Ae a result, ths

hykogsn bondíng aflset¡ bGbrGGn ths aqtro md phoaphsto lígand¡ rrould

bc less içortæt ln tbe P2 apeeies coryered to ths Pl spcciee.

5.4.2 Trer..acid æncentratipn rqtse Q.O4M -. 5M

cåg: (cotnz(onz)oPosue)2+ (P2) æd efq (cotn2(ou2)oroeus)3#

(P3) are tha predonlr.nt spôeies in this ecid ¡¡ngêo Bottr theac

coryLcxee hydrolyae et cb¡rrcterictic trateo.

8.5.9 tnzGo )*,
/an _ 

Ks¡
Co

OË,o

\-Bv
(P2) (P3)

l-,
f og.Îs+
laze'.s '| +

L_ \EaJ

\+
r'

J.*)l
\t

I

Ir,
ù

l= -oE;ï'*løzcaz | +E3PO¡L *"'l&Po,,
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lbc ob¡eped rate conatrnt, bb", r,ncre¡eca f,ron o.o4ùl acld to ¿

uexlm¡n rt 3.5u. Tt¡la n¡xínm l¡ tåe rate prof,íle corrceponds to

thc pofnt rt rhích thc proton¡tion of g.tre p3 apacle¡ í¡ al,æ¡t
eoryletcr Abwa 3.sl Eclo¡, bbe l.¡ obs¡wed to daereace ln value.

&fu decrcr¡a ln r¡te l¡ ¡Ètributed to Èh fall in wetar activlty
vlttr l¡ercering percblorfc ¡cid co¡ccotratlon ln thír range

(llg. 5,':1r.

In líg. 5r9r bb¡/rgzo ic plotted agelnat perehloric acid

@ncsnÈrntl,on6l. a plateeu rcgion ¡ppears betsacn tho ¿eld r¿nge of
3.5M üo 5u" rn tjrir rcgion, the phoophato eoqlex eri¡tr solely

tt the P3 specíes rnd the rrte l¿w lc

8.5.10 R¿te - bUg (fhidng) e3)

. k3(p3)agrg

A v¡lue of t.83 r 1o-l nfu-l wes obtalned for k3 rt 46.3oc, For

the coan2Po¡ corylex, k3 (ørreeted to the sræ teryeraurrc) h¿¡ a

v¡lue of 2.91 ¡ lo-2 d.o-t.t3

At rcld conceneratlonr Le¡E tå¿n o.5M, the ?2 rpecíqe nekee

r rlgoiflcant contrlbution to the overall rate of, hydrqlyris. rf
thc bydrolyríe of, 92 ¿lao srblbíts ¡ flrat ordcr depcndence upon

at2or thc werrll ret¡ l*w nay be yrfttcn

8.5.11 Rere r ke6s(e2) + (p3)) - k2@2)as.6 + k3e3)as.6

shcre bu, t" ttrc obsc¡nred tir¡t order r¿to const¡nt incltrdlng the

aetívity of wrtcr

l¡e. kob¡ . oio"..rao
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FIG. 5.9

DEPE¡TDENCE OF RATE OF FIYDROLYSIS ON ACTIVITY OF hIATER

T=46.3r0.2oC

+-i-+-

4

lic104 nrolarity

oôl

I

.È

Ø€oi4

o.4

0.3

v.L

0.1

0.0
? 6 a0



r¿
8.5.12

pcat¡nl¡c'
Itetrrd.Er

ulr(¡nlt
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to¡r.(tr1nitf¡s)
sEzo

lcs

rr pravlourly dellncd.

tbr rctlvrtloa cnerglrc æd thr dcrlvcd actlv¡tlon

psrsútsr¡ lor th¡ bfu (trlæt'.bylcacddrnlnc), pcntümfûe, trtr¡nlnc

oð blr (cthyl¡¡¡cdh¡t¡e) sy¡È.ü¡ rrc ¡hotla ln Î¡blc 5.6.

lrble 9.6

Aetfv¡tlon Pot¡ntcrc f,or Phorph¡to Colpl.cx lona

Coçlc* M HC1O¡ B.cr(he¡l/ælo) ¡g/(.n¡)

4.11

5,t

{.O

t.5ô

26.3 r O.3

2:i,6 | o.3

25.6 r 0.3

26.1 ' A.3

-7.4 (6ooc)

-?.8 (6ooc)

-E"3 (OOoC)

-3.4 (ôú.3oC)

tLl¡c"la
enå Strr¡k¡

t&{¡ rprh

lhc trlpælonrtrd rpeclcr¡ Go(xEs) sPortrg3", co(NEg)¡ (otr1)Po¡Ee3+

ad Soca2(On2¡¡pnga3+, r11 ¡hor fír¡È or{er depoaåone¡ oa tb¡ sctlylty

of v¿ter ln tbrir lrtrt of bydrolyríl. A ncbæf¡n b¡r bcro

pttporedSS tor tùr hydplyrl,a of tb¡a Pl couPlcrc¡ rùÍeh l¡volves

8!I? rttrek of rrtrr qon tbc P3 rprcLcr wlth I 3Grfitn coordln¡td
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tr¡nrltlor 8t8te (r¡É)

F

O["

,J
_t

3+ + OE2 <!==:* 5Ce'- - o¡- f - (OE)s

P3t¡

8.5.13 3+
N3CoOE2

c

r¡h{¡rc N5 lc (tlE¡)s, (I{tr¡)r(oEe) or (sn)e(ouz)

ltc rrte Esy bc YrlÈtcn

8.j.14 trre r f.lef*)¡Bff - ks(P3)fplôE2o/fp¡t . ko¡"(P3)"sro

$l¡er no ehenge |n forn¡l eharge o6cgrs o¡ foruetlos of the trentl-

tlon rtrtc, Èh ¡ctivlÈy aoofficlsnt r¡tio f$ltrS* * L'

Thc fsrutlo¡ of the blæl,ceular tran¡ltion st¿te P3*

lr accoç¡ßiGd by a dccror¡e in ontropy duc to the direppoerencc of,

a nlccnlc of yet¿r fr¡on ¡olution. ttíe dccrc¿rc in GOtsoDy ls

orgintGd üo bc -7.9 cu66 ¡nd l¡ fø¡nd to bc æn¡L¡test rith the

obccrvôd aS#v¡,lue¡ for tbeae three eorylaxer (-7.1 to -8.3 eu).

Sl¡cc tbc (Gotn2(OE2)PO¡Eg)3* cory3er r1¡o crhlbíta r flr¡t otder

depcndcnce on Ëh8 seÈlvity of weterr it i¡ vory probablp thrt lt

þdnlyrer ví¡ r ¡lnilrr ¡cetr¡nL¡n

&r acgrtlv¡ v¡lue of ¡stt-f.4 eu) ic rligbtly lur

ncgrtlvc thrn tle vrluo¡ f,or tbe otbor coçlex6. lf thå Co'O

bo¡d 1¡ thc tr¡n¡itioa ¡trte rr¡ e¡tesded tåi¡ would dlow ¡

grratêr tpu¡t of frc¡don fot tbo pborpheto glonP. thlr will

i¡crc¡ra ths ¡r¡nbcr of vlbr¡tlon¡l drgfeea of frecdom ol Èbe

NsCo - o - P - (osls

P3
t
3

+ B3B0¡

h
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phoephato ligaad. Also vlttr thc phorphrto grorry furt'hcr awey f,rou

the cobrlÈ (IIX) cerÈro, the ¡Èr¡íoed tríæthyXenedl¡t{¡s ¡{ngo

ean cryr¡rd or dí¡tort f¡nour¡bly tn the leas eronded tran¡ltioa

¡È¿te. Incrcrsr¡ ín entrcpy ehould rosult f,ron all ths¡e püoeesse¡,

It vor¡Id th€n rppcsr thst the bond br:eking contributfuo to AHI

snd Âs' wr¡1d be ære lqortot ln tåe bi¡(trímthylenodl¡nins)

eorylcx coçered Èo tåe ott¡er threa cprylexec. How€rvêr, boad

mkf.ng oceurs ùo ¡oe utcnt in ¡11 easea as dependcnce on the

activfty of v¿tcr l¡ ob¡ornred for tbs ratos of, hydrolycie. thc

ratc of hydrolyefc for tbe P3 rpecier in the b1¡(trinstbylcncdt"-íne)

corylcr is 16O tiæ¡ grestor thsn that of tbc bie(ctbylonedi¡e{ne)

coqlcr, ¡rhletr el,early lndlcetc¡ Èhat sterie cprdlng playr æ

lçortant role ln incrcacing tho rrtc¡ of hydrolycls ln thls acid

region.

5.4.3 ß¡s acid srcentratÍon ranse 5M - llH

Since the actlvity of wêtcr fell¡ f,roa o"61 ln slf BC1O¡

to O.O5 ln l0lf EC1O¡¡ 6l tÍ,. contrf.butioa tp the ov,arrll bydrolyrís

ratô dr¡Ê to Èhe trlpr?tonsted corylsx sbuld dlnini¡h rbarply at

theso bigb aetd @ûeôr¡tr¡tÍon¡' X,t l.¡ however, ob¡ertcd tb¿t

ko¡g/enzO beglae to Lnerrese above tbe plateau regíon st sbout

5.5M ECIO¡. ltric i¡ ¡ttrlbuted to r fourtlr protooåtion ¡tsg€

oeeurrlng ín thc eorylex. lba f,ourth púoton ury be ¡dd¡d to thc

ago ligrnd, th bridg!.ng phocphato oxtgcn or shsrod boüto€a the eqlo
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ltgüd rnd the bridglng pborphato ox¡rgaa of tho aquo pboephato

eoqrlcx. Bae¡use of the n¡rked ¡eccleretion of tha raÈGâ of hydrolysle

ln thl¡ rsld rogiæ, it ia plopoaed ttrat thc fourth ptÞûtB lator¿ct¡

dircatly wlth thc brtdglng phorphaÞ oxygcn. lIrís wor¡ld be æ¡t

dfoetlvr in lneter¡ing thc labtlity of tüc phocpbato ligand.

Tablc 5.7

l,\cÇF¡tlon Enrr$les of Pbo¡ehå.ùo Comlex lons

Gorylcx M HGIO¡ 8..3(kea1 mle-r)

Ipcntrmlnr
t

[¿!¡rrrnln¡

blr (ra)r

bi¡ (ta) t

10.4

10.8

10.4

10.62

23.5 * O.3

25.O r O.3

26.1 r O.5

17.7 r 1.5

I Llncoln end Stræk¡

thls ¡mrkt

Ilre ob¡ewcd ¡ctlv¿tioa cncrgy for Cotn2Po¡ hydrolysls ín

10.6!l E61Or, la eignlflcently lcrs thsû ths ¡ctív¡tioq enetgy obaernad

ln 9.511 ECIO¡, rbera tihc phoephrto eoqlcx is corylctcly Protonsted

to thc t¡ird etgGr tbcre ís no srridcncc th¡È wsn fn 1O.6M HC1O¡

tåc rate of hydrolyels "levala offtt ¡nd thl¡ cuggGtt. that only a

¡nrl1 frretlon of the phorphato corylcx ir tctreprotot¡tt d' tcnce
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to the obec¡rvcd actiyrÈioû cnergy m¡¡t be addcd tbe enthelgy of

lonlsrtloo, ÂBlrr, of, the tGtrryrobo¡ted corykx to give the true

¡etivrtíon êurt!/r A nlnf,n¡u v¡lua of, ô.8 kc¡l ml,e-l probebly

4plicr ¡o tlrst t'he tn¡¡ retlvetlon GnsrEZ for hydrrlyrlr of the

ÈGtreroüosated rpccÍ¡r i¡ ast 1r¡¡ ttræ 22.5 ke¡l m1c-1. Io thc

e¡¡c of t¡t¡¡rrn{ns end rt}ylcncdleninc æçlcrerr ¡ctlvatl,or

ooergloe .rG very ¡lullar ln both 4u snd loll äClO¡. This tor¡ld

¡t¡gge¡t ührt thå mthrlpler of io¡itrtlon of tbase phoepbeto

coryleror src n¡ch emllar ttr¡n for tbe trlæthylcnedis¡dsG æq1cx.

5.4.4 Basc hl4lrolysis ln lo-3ttl þ o.sl I\mI{

Xn br¡le mdíe, tbo ovetall rrtc 1r for tb¿ rslc¡¡c of

pborphete 1r

8,5.15 R¡tc ¡ tc1(coçler) + k2(coqplêx) (oE-)

whcra lt1 le r flr¡.t ordrr rate conrtânt pGrtalnt¡g to tho rmcatalyaed
t-

bydrol.yelr rctßtion of gþ-(cotnz(on).Pob)' , 8nd k2 íe a Eecond

ordcr rrÈe constæt ptrtstntas üo tibc br¡e e¡t¡lyrcd hydrol.ycis

rorctfo¡ of the aeæ rpceicr.

5.4..5. . t&atslvs€d base hyùìpLysls

Oonrfdsrrblc l¡b1li¡¡tlon of thc phorphab llged l¡ obcartrd

f,or tha eir-hydrcrcphorphato eoçlcx iona æry¡rcd to tbe pentamlac

eorylo*. lha pruonca of ¡ ¡-bondlng þdeoæ ltgüd g!g- b tbß
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lervlng phorpheto gtel¡p io crptcted to ceuse thÍ¡ cff,ce$0 Thc

vah¡o¡ of, kt erc ll¡tcd in Teble 5.8. xhÍg l¿biliríng ¡ft¡ct lc
greatly r¡hrnc¡d t¡ (cot¡r(oB).Por)l- where e 7o fold inere¡¡¡ ín

thc rrte þdrolyrtr l¡ ob¡crved ooçarcd to rhrt of, (Gornz(og).por)t-.

B¡lfof of rlng rtrrln to for¡ ¿ fivc ooordln¡tcd rprcícr tr highl.y

ferounble lor tüc (cotn2(oE).F+)l- ep.clce. ths gaGrtâr rrbtltty
of l¡hr t¡ünnin¡ rpcclcc coryerod üo the bí¡(atfryl¡oodtd.¡r) rpcclcr

Î¡ble 5.8

B¡ts con¡ttntr for Unsrtllyced Baae þdrolyels üd eorfarpoading

åctivrtlon P.r.nters of ?brphrb rrdnc cobrlt (nI) co4lc loar

u.1 Îrry.55oc

Coç1cr ron Lr r lo3þiû-t) au¡J(tcel æle-l¡ aslr(au)

tr
a.B

þb

51.4

1.1

68.8

26.7

28.8

23.2

-o.19

-3.3

+o.8

t r (Co 0Es)¡(OE).PO¡)-r

¿¡ r (GoËn2(OE).pOt)-

3¡ r (Goco¿(Otr).p0b)-,

Y¿lur¡ fr¡n Llncola 8.t,r ?tl.I). Ihrsl¡ coracctrd üo Sj.SoC.

Velue¡ obtri¡¡d ln tihlr rorl¡¡

t

b
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hr¡ been explrined ln teræ of tbe grortcr ¡t¿bil,lsetio¡ of thc

¡sg¡¡mine tr¡n¡ltion rcatc owlng to grcater ¡olvrtloa. thå

(Cotna(Ou).F0rll- rpecL¡r rppear to be ær¡ hbilc th¡n tha

t¡!¡lo-¡lno rpcclcr ¡nd thl¡ rnry be egeln r¡crlbcd þ t¡G rclief, of

rlug rtrrín.

fl¡o cetivatloa cr¡.r!¡¡r E¡¡, ter Ëhe ttürt-llna epecicr lc

rügþtly r*.llcr tårn tb¡È of, thc btr(cthylc¡*dl¡nLse) ¡pceic¡.

â" S*2 srÈer ¡ttreh Ëeh¡nl¡n h¡¡ bcon proporod fot thc¡a lyrtcme.3b

Sc æ¡t rlgnlfleent cffoct of latroduclng thc trintþleaedÍ¡uinc

ligod¡ ls to rcducc tlro ¡nthrlpy of ¡ctiyrtlon for hydrulyrír of

pborphrtc f¡o¡ thr þdrorogbrphrto coçhx. lbc lower v¡luc of

¿fr uqrtd bc æn¡l¡tcat rlËh ¡ ¡Ècrlc¿lly etrriaed txln¡thylonodt¡qi¡¡c

c,oqlex vltb ¡ roduetlm of tåi¡ ¡Èr¡Ln on forning thc tr¡n¡ftion

rÈrti" It r.ould be erpeetcd th¡t tbc trrn¡ltlon ¡tatG will heve lcss

\2 ehrnet¡r thrû for the totr¿nlnc and bi¡(etþlcncdírrinc) corylexear

5.4.6 Ease-catab[sed ]nd¡olvsls

Îb¡ línc¡r dqendcnec of r¿tc tryon bydmride lon coacont-

rrtloa for tha hydrsopborphrto rpreicr nry arl.rc vfa trro æctunl.¡m¡.

1) 8N1cB ln r{¡l,ch ¡ flvo coordlnrtcd lnt¿ru¡dl¡tc f¡ producrd in

r rrytd proüon bare cqulllbriun æd eopaÈcd for by P(h3-, oE- *d
H2O.
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2) 8*a 1a ¡ùlch thc ¡rtc drËard,nlry rtep lr thr lor¡rtíea of ¡
rûr.ß coortl¡¡t¡d tnc.rúdt¡tr b¡ürcrn Èho þdro¡rldr lon e¡d tb¡

þdnæ.ghorphrtc æçrkx ioa.

LtücÐh39 ü8itr.. rgrlnrt ra 8*t nohesl¡l þ coçrrlng

tùr r¡tior ot L¡/L2 for tba (0ofitrg)r(OÐ'Pq)¡- od tå.

B¡r¡ Grtrlyrcd Brte Co¡rtrgt¡ ¡od cot:r¡pondtng Aetlvrtlon PrnuÈ¡r¡

of PhorpbeÞ-rdn¡ æbalt (ttl) coçlcr lonr

utl Îcry -55oC

coçlc roa k1 r lost{-lrlo-l anrltcel -1.-l a8e
(
aa

I
P

tr
¡aa

tûb

p . (co(!rtr¡)¡ph)0,

¡s r (Gornr(OE).F¡)-

35.O

2t.6,

29.O

1t.5

t . (CoüE¡)¡(oE).Pot)-

C¡ r (Cot¡r(On).f0r)

2t.7

22:1

6r2

ltó.o

+81c2 r

*t.tr

, +2.6

-16.t

I

b

Y¡ls.r ,f¡o¡ Llncola $.tr ¡ PhrD. ltrrlr :eorroct¡d þ 55og.

Yrlr¡¡r obtrtncd t¡ t'htr rcrbr
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(cocn2(ot),PQlr-. rf thr five æordin¡t¡d rpoclcr (colhog)2+

l¡ fotuÄ, Eh. ral¡tlv¡ ¡fftatticr for Ego ü¡d on: 1¡ ¡ot rryectd

to chægr nrùndly wtr¡n lt - ffis ie qlrc¡d by ll ¡ ¡n b$t ¡ glG.t

chrng. sr¡ obtrmd. (h¡/k¿ (t¡t¡¡,ntm) . 2.33r k¡/h¿(btr

(rttylcn¡dtd,E¡)) . o.18). þrrrvri, tlrl¡ ls thc rrycctrd otter o¡

t&r grþündt of ¡leet¡o tùetlc rapllrlon bcttr¡cn thc hydroæpbrphrÞ

lon æd th. ¡ttsckfng bydrortdc lo¡. lhr chrrgr dcnrlty on th¡

lrrgor btr(rtbytrn¡dfunlnr) coællx loa vlll b¡ lnrt rnd thc

c¡oa¡rqsmt latcrfo¡lo rrpnlrts rfl1 thcr¡fors bo l¡ut. ftfu lr
sop¡tlbh wlt¡h S*l reeetlo. &r S*2æcbenit! QP..rl r1¡o üo bo

coarl¡ürot lor lñr bl¡(trirrtbylæodtrntns) erts ¡l lihc rrtio h.¡llrZ

lr O.39. l.hr grcrtcr r¡tc of b¡r¡ ertalyæd þdrolyri¡ of trtrrd.n¡
æçrmC ûo thrt of bl¡(¡thylrardfrdar) 1¡ rttribuÈrd b rolv¡tlon

ottoetr f¡ thr tranltlos ttttc. Goçarrtlvoly, thr bfu(trt-

rthyha¡dlni¡s) þdrolyrcs oto lr¡tcr th¡n tlærd.nr rhich

l¡dl,c¡t¡r tbrt rtsric rffrctt tt. nrc lryottst th¡n rolvatioa

rffuct¡.

5.5 Ganerel hclu¡lms

thr lryortæer of plþþ¡rtlsn ln rff,cetlag tibe rcrettvlty

tr dræ¡rßrrtrd by thr rrlrtlva ¡uctlvltfu of, tb¡ p¡rbnated

rpcclø 1n botb the bis(cthyl¡mdhd,ar) æd bt¡(trfntþlrnrdl¡d.n¡)

ooplurr
Pl>P2<P9<P4
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Ia grnrrrl, th. btr(trlntåylcodld,nr) rprclo þdrolymr Eü.

rrpfdly tb¡û th. bf¡(rtbyhscdtntnc) rprefrt. &¡ Pl Ed Pz

¡Drel¡r rr.ct rbout to tln¡ frlt r rhllo tho Pl rprclu r.rgtt
f6O Ètil tutrr. l¡oto¡¡tlon ern ¡nhrp63 or Lnhlbtt dlÍf¡r¡¡t
lrbtlt¡tng rttreS¡ od Ltr nrÈ cftrct drprndr æ thr rolaÈlvt

utrlbutlon¡ of thu. f,æÈorf. In tùr b¡r¡ þdtolyrlr ol

cotuz(oE)Po¡- rnd cornz(OË)Pof-, th¡ totur tprcl,.l hydrvlyrÚ 7o

tlr¡ f¡¡ter lbe th. lrttrr lor tb¡ ucrtr"lyred prth üd tO tlnr
trtar ter tå: bu¡ crtrlyrd p¡tü. thr dlttrrmÊGt l¡ thr a¡o

rrntcü ryp.rs Þ bc rololy tI. Þ th¡ dtft¡r.D€.r io retlvrtios

p¡raG.r¡ r¡ dl¡or¡r¡¡d. It lr rrrg¡lrtrd thrÈ rtrrlc crcndlng

l¡cr¡r¡ar Ëh¡ trt r of ¡eid æd b¡¡c þdrolyrlr ¡lgnltternÈly.



CHAPTER 6

PREIJMIMNY I}WESTIGATIOI{S OF TIIE

DI¡qn-Brs (TRIME1}M.ETW)TAHINE) æBAIT (rrr) SYSTEM
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ó.1 Intmô¡cttm

It hd bcal boped, nltb tbr frol¡tio¡ sf th. c!1- ¡"d

træt- dtrryo rpcel.lr of th¡ Co(III' blr(trlutþlcorrlt'-f'lr)
ûytG.û, tih¡t r rtndy of th¡ ¡¡ltloû ¡¡rctlon bGür..n t'he illrqrm

rprclor od tbr ghorphrtr rnlæ ny b. nrdt. SJcrtrn rad

nr¡u¡¡rah8, nd &ag rod I¡nhdeh$ tmc ¡uecerfully lælrtcd

thG g¿f- od græt- l¡omr¡ of, trhr (Coeo2(n2O)rf rprclu. ftrcy

bm lnvutlgrtcd Gh. æld-brrc r¡d çfl-Êræ¡ cçrlllbrf¡ of, thlr

ryrt r r¡hlsb f¡ctlttrtc¿ tbr fnto¡pr.tltlon of tbe kl¡ctlc d¡t¡

obtrlaod ln thc ¡oatLos of (Goans(g¡o)z)3t by Þq3- ælo¡. up-Èo-

d¡tc r corh ha¡ bc¡n rcPort¡d on tbo rsld-be¡c æ¿ elrtttn¡
.fftltbrfr tor trhr (CotuzGao)r)3+ rprcl"r.

¡+6.2 Atûoæt€al lolatlm of (&tn1(tt!o)a] rycetes

frr errtonrþ æç1c*, (Cotnsæ3) clo¡ ra. prQ¡red l¡

vlcu of lrol,rtlng t¡r -g¿fdtrço rpoclrr. Ia reid rolutiolr tbr

crrboa¡tr gfoup h¡droly¡r ûo llbcrrtG cabon dloxldc. $i¡co tbr

egbo!¡t t¡¡¡up l¡ rotlsg ¡r ¡ bld¡ntrt l¡¡ tho oç1.:' Èh dfuqro

coçlc rrnrltlng rtor¡ld br f¡ltfully elr in ontígur¡tfo¡. It

hr¡ b¡ra ¡o¡nd tå¡t 1¡ thr bt¡(¡thyl¡n¡dld.cr) .ytt 8r tür dlaçn

rprclo slet¡ gr.at t thrû 98t la tb¡ gþ- forn ln ¡ctd ¡olutfoaft.

Iß b æt mpr¡snrþlr !o rt¡rrr tib¡t the el¡-trrnr equlllbrlu

tor tb¡ btr(trfntbyl¡crdfu¡fnÖ ¡t lor PB ûo h vrrT rld.lrr.
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After vacr¡ún drytng ths golutíon f,oruad by trsating

(Cotn2@3)C1Og wlth a rlíght cxee.3 of, trn eçrlvaleats of peretùoric

aeld lor a wcek, cryrtale of glg- CoÈn2(tr2O)z(C1O[)3 ïGte obt¿lncd.

Du¡ to the hlgh rolubíllÈy of, tbr eorylcx, racr?stalll¡ation to

obt¡ln a púre product vr¡ dlfficr¡lt to esblcvr. V¡riou¡ rthodr

u¡.d to pttparc the tr,anc- (Cocn2(B2O)e)3* epecíea rcro rdapt€d to

|¡olate th correepmdlng Èf¡¡l¡- (CotnzGZO)Z)3* rpccier' thcsc

ir¡volvad the teecÈiou of trrne- (Gotn2C12)+ sslt wtth Ag2o rl8 rr9

or AgCtrO¡ 50, but in e¡eh cs¡s, no crystllllne prodnct ¡re¡ ieol¡ted.

However, ereuníng tb¡t thc (Cotn¿(Eeo)z)3* exietg aoleLy

Ir rha eis- isoær in low pEr a ¡olution of glg- (CotneGeo)ef *y

br prepgrd by hydlolyrtng ts3 (Cot¡200s) C1O5 coçlax in p¡¡ahloric

tcld. ftr W*l¡íblo abrorptlon ¡p.ctruu of th¡ Sig- (Cot¡z(Eao)a)3+

.pGcict l¡ ¡bornr ln llg. 6.1 a:¡hibiting u¡st¡r ct 36OnU (e I é5) and

5o3qr (s ..5ô). th¡ eorn¡¡ponding gil- (Cocnz(neo)e)3* rprciæ

crhibita nprin¡ rt 359q¡ (e'63.1) ¡nd 492nr¡ (c'8o.9).31

6.3 Em¡illbrrati.ør of (Cotr¡2GI2O) r) 
t*

Solutíons ol (cotnz(H¿o)e)3+ of votTing PBt¡ b¡ücecn 2

¿nd 1O rare rdJuttGd to loaLe ltrcngth ol ualty rltb ¡o¿itn parch-

Lor¿t¡ (Soction 7,4 Chsptet 7) and rqullibrrted ¡t 5OrO t 0.1oC

for 14 hour¡. 5-d. 4ryles of tbo¡e oolutlon¡ wcre pþcttrd into

l0nl. voh,utrlc fl¡¡kr oolod f¡ ¡¡ íec-botb and n¡da try üo tb.
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nrh vlùb ie¡-colð O.5ll pcchlotic rcl,d. Ib¡ Wrltlblc rpcctra

o! ucb ¡olrtlon vr¡ tü¡n nn ln 2cn. rpeetþpbotoæÈsr ccll¡

rryloylng tbr üslør SP üOOB ¡prctrophobrtttr At pE 2 ü¿ 2.5

tbc rpoatrr tît ldoatlerl, glylng Blo prlkr .t, t60qr (e : ó5) rnd

S0tlr¡r (r . 5l). thu rÊ th¡¡c pE vrlwr, thrrc tc@ þ bc argll-

gfblr fomtfoa of r poratblr Êræ¡- lloçr. It vt¡ f,or¡nd thrt rt
pHf r equrl e ad gs¡rt r thrn 3.Or r d*coporltLoa produot,

hydrrttd obllt orlda, w¿¡ forud gnlto rrpldl,y. Ol nnntng tbc

rgactrr of trhr tfltcrd mlntlsnr, lt wer obrn¡d rhrt thr pr¡b

rt loagrr vrvalength¡ 503qr, reoÍncd io tbe ren porlÈloû but thåt

rt rbrt¡r rrrrl¡pttb rnr n¡h¡d by rhrt prraubly sr. r rttoag

rbæçtfol or llgÞt ¡crtt rlag Crre !o tbr dccoçorlt{pn produet.

[cr:ltr, tb¡ c-rr,lü.¡ rt 5Oh d¡erc¡red tntttrlly Þ ¡ nl¡in¡n vrlur

rt rbor¡t pB ó od lner¡urd ¡g¡la witb lnerorrl,ag pE.

D¡pendl¡g o¡ 3ù¡ pE of thc roluttoa th¡ tollorl,r.g qullibrlr
ronld r*ir3.

þ

OEil

'"J

3+

--à
-

F.
Co -.a8 |

\oErJ
2+

[.6.1

8.6.2
þ.'" ------¡

_-

+ g+

+
o"l
OEJ þ.*

2+
g+

oE-l

'qJ

+

0n ox¡d,nlng thr otfcctr of brvtng t¡n trirtþlcnrdtutn groçt

lnrtr¡d o! tp etbyhnodlroinc groupr oa übc ecldlty coa¡tr¡tr of

tår pborphrto oplcrrr, th¡ genrrrl Êrüd !e.ü. Èo br rn f,scrurc ln
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ætdltt t¡itb thÊ trtmthylcncdí¡-i¡e ligandr. flcnce, it ney be

o¡çeatrd Èh¡t the effaet¡ of dlf,f¡rcat dí.r,rlne groupr oa tho

¡cíditicg of thc dlaqrn coqlcorcr to be aínller. At pE < l, ühe

(cotn2@2o)¿)3* rpccl.cr wtll bc prrdoninant. Bctr¡¡rn pE I to ebout

pB I thc (cotne(on)(oHz))2+ rpccicr will prcdonl¡¡ro rbrna¡ at

higbcr pHrr the nin rpecia¡ uíll br (CoÈ¡e(OE)z)+. Frm tüt
eggllibreeíon ¡trdíar, deeoçoritíon sppêars !o be groaÈcrt b¡tree¡

pB 3 rnd pE 8. thía uy bc ¡n l¡die¡tion rhaÈ the cota2(oE)(ou2)2+

opeclrr fu tüc rc¡t æ¡tabh rpccicr fn rqucou¡ ¡olution.

A ¡olutlon of, (Gotnz$¿O)e)e* r.r edJuetcd to pË 7.09

rnd y r f. rt i¡ fo{¡¡d tbst at 5ooc dccoryoríÈion occur¡ in 1er¡

th.q fívr d,n¡Ècr a¡ detcctrd by trrc eoatinü.l crrengo Ln rpcetnn

¡rltb tfr. allo rÈ þon È.qcr¡bre decoryo¡itl.on anrræs 8t I
¡lov¡r r.t (t 5 tiæ¡ ¡lorrur). Gonrcqpcntly, lt lr æt for¡íble

!o tollw Ghe u¡ch ¡læcr rnrtio¡ of tlrc díaçn rpccirr by pboephetc

¡t thl¡ pE nhleh h¡¡ bccn ¡hom crrllrr !o bc fn the rcgLon nhrrc

nsínn eoordinrtion of tbc phorphate ltgüd occur!¡ lbLr l¡ r1¡o

tùc pB nborc tbc coryle¡s cxf¡t¡ cølely a¡ the bldratrÈl epcclcr.

It lr foüûd, by rddtng, phoepbrtc lonr to r rolutLop of,

tbe dlaquo coçlcr rt ptr ?.j ln tlt" $Sgþp) conconrrsrlon r¡río(d¡'r$lo,
o! 1o, tbcrc Lr r apccÈr¡l ch¡ngc rberc both tbe urlnr ¡rc ¡hlftcd

to longcr vanhqgtbe f¡o¡ 36Oq¡ ¡¡ul S03nu'üo 367ur üd SAOl¡tl. Ib.

ftn.ol ¡p.ctru corrcepoadr ro rbrr of gåg- (aóme(nao)n2to¡)1+ (aea

?ig. 6.1), Ihr pcrcoatrgr of thc bldmttÈG coqls rt pE 2.5 ir
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rþ¡t m¡It¡lbh tcr r 1¡l pborphrùr - dlt{æ rl¡ãsrr. lvfdotly

tb. lrlûtr.lrd pbrph¡t Gücæ3r¡tlo¡ ..Crblfuh.r r út¡ftr .qrtlt-

brln GüÊ.ûßü¡tles s'f th. trftt$fï{f¡{r pborpbrÞ ,gelPh*¡

Bsnvrr¡ tl¡cr thr draqorltton of !!. dtrqs rprclff fu

rab tutrr thro gtorphrtr ¡ùlËlürtloa ¡t htgh.t pE rrlugn lt

prord tçorlblr Þ fotrtor the r¡rtlon ¡¡¡stþl o¡¡r r vlðr pE

r.¡¡t r l orl¡ÍarllY ¡lrnrót



CHAPTER 7

EXPE R I MEN TAL 1E CHN I OUE S
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lbc exparlænt¡l ctbod¡ eryloyed in obt¡laiag thc deta

dlrcu¡¡ed tn tùt¡ vork ¿rc dogcrlbed, 1n the follorring rcctfone.

7.1 Inf¡s-red Spcctra

tho lnfr¡-rod s?ôctra of thr corylcr Lonr ¡rorc dctcruíncd

in KBr dl¡c¡ u¡ing ¿ Pcrkln Elæt l&dcl 21 doublo bso fnfrr-red

rpcctrophotor¡Êtêr¡ fhe tot¡l revelongth ¡c¡nncd sas 650 - 4OOO 
"r-1.

Sfncc the phoeph¡te b¡ndi rppcar only in tbc reglon E{Ð - 12OO cn-t

only tbia rccÈi.on of the spcctrun 1¡ Ll,lr¡¡tratcd ín útaptar 3 Fig. 3.2.

7-2 P.M.R. Secm¡m

The P.M.R. $poetnrn of tb¡ corylar ion we¡ m¡rured with a

V¿rl¡n A-60. the ea4lc (O.1,!l ln corylcr) rat prËptrcd in

O.251{ E2SO¡/99.91 Deo at zoC,

7.3 Wqrisible Soectra

Al1 llV-vl¡ible epcctrel æ¡¡ureüÊrrtt rrerc udc in tho

tåaærtetgd eell block (withta thc tcqcr¡ture rsgc of, 5oc to 25oc)

of e Sbln¡dzu Qß-5O or ¿ lh¡lern SP8OOB rpectrorpbotomtor. l-cll

eillca e¡lla ¡rcrc u¡Gd.
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?.5.1

ttr rpctrd tr¡ü¡lüût of rqsn¡ rolntfo!¡ of qll.¡
Ia¡¡ rrn rrir rltùt¡ thr vrnlcstb c! tl0ru þ úrChge All rrrsm-
ntr nrl rfr rfrt¡¡t I rrt t blËb. 8ol¡tlo¡r ctü¡ ps.püd bt

nt¡þlag t¡hr rcl¡B lEo ælntrlo flr¡kr. All rpætrr nn
r.nm{ .t æ¡¡GEt te.r¡Erlr ül rttùt¡ ttr çttcrl arutËt

sr¡t et O.t þ 0.6 þ ob¡ds thr ¡rrrtlrt dr¡rre o! æcunr,y.¡

t.5.2

Solltlær (O.lX) cf rodûn {fþdro¡n pb¡pbrÈr .üa ¿bodtm

bfd¡c¡g phoryårtr srìr ¡rçrrrd. Ibr pbor¡¡hrt bdflr ælrtlo¡¡ l¡
pI rnn ! U t n¿ 1.5 Þ 5 mrl pslDrrr¡ bf rdt¡rtf$ Èr pE o! tùr

¡olrtlon¡ of trrI¡I\.tIlO ni rr¡F0¡ rrrfrctlnlt dtü ptnhlcrtc

¡dd rla3 r lbtllpr dl¡ut lrdln¡ pE rtrr.
ür Cotl¡FO¡ æ11æ (O.Ol5t¡.) mr nt¡ù¡l l¡¡o clrrn, d¡t

rtntrlc fL.L OOr1.,. tr ry'p¡ulrlrtr bdts rolntic r¡d
n¡¡hrr tlr¡L .ort¡l¡frû tl"r loçlc n3t tetb tå¡¡rrtrted tl
¡O.t . O.loG. lhr rr*don rn rt¡rd by ltrælvt¡¡ tùr ni¡b¡t
tlçtrc lE th bnff¡r rclrtloo üf rfll3 ç tr tùr rrù ts th. l0rl,
alstrll tlrrt. â l-rr æ.GGüpbmrrt clll rr¡ qrl*¡y tttl.a
ui phcrt tD tb. rib¡¡rrtrted crll ooçrrilEt o! tùt Sblrdn (ll-tO

t?ctrçbÐttr. lt¡ tlrrt optÍc¡l dottty rrdf¡g nr trlm rftæ
tO mæalr nl trr ¡ftlerl lodtlrr urn n¡rcld 13 ¡l¡ülrr ¡h
l¡tl¡rrlr, tl¡¡rllt tlil l¡lt¡lg :lr rrln cl th¡ optlcd dflf;t
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wrs recotdGdr lbo vavelqgttr 540nl¡ was choton to follow thc re¡etlon

sl,nee thorc ls a 6OZ ebenge ln optleal denrlty la goíng from the

bldcntsto to the maodcntetc apccior.

7.3.5 in O,OIM þ 2.5M

Solutioar of, eorylex (0.O292!f) nGra prcpered,

Stock ¡oLuËion¡ of, parcblorlc aeid (7.38U) ¡nd ¡odiun

perebloratc (3.75ü) r¡rc allo nrde trp. frrenty-flvc al. solutioas

o! scld eo¡centrrtio¡¡ slthin the rrñge of, O.o1!l to 3,oM were

prr,percd,aud edjurtd to io¡le stlongth of 3 u¡ing rodlto pcreblorete,

by nírÍng tba crleuleted wluns of tha stock ¡oluÈionr.

ttr¡e ¡olutLo¡s of diff,ercnt ecid eonsentratioa¡ sad thG

corylcr ¡olutLon lrcre tharærÈatcd ln a nat¡r b¡th ¿t IO.OO t O.O5oC.

2.581. of tho apprcprlrte acid rolutloo werc pfpatted lntç a l-ca

6pactrophotoætrr ccll ¡nd thc ce11 wcr placcd in the the!.EDrtrtcd

coll block t¡ tbe Unl.ca,n SPSOOB $poct¡opboloúlar. O..5al. of tåc

corylax colutíon wer plpettod and ínjeatcd rçídly i¡to tbe cell uring

¡n rtt¿cbsd ryr:inge to .ntur. rapíd end coçlctc nÍxing. thi¡ nr¡

Becôærty since aoæ raectlon h¡lf, tiæ¡ werc ag ¡hort ae 3 eeco¡da.

Ihc rlng openíng æ¡ctfon ue¡ tollotred by ths chrnge ia ogtíeal

dcactty ¡t s50tril a'*d 540ug for CocnxPO¡ and Cotn2PO¡ coryluet

a3rPcctiY3ly.
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1.1 litriæbic ætlod.s

7,4,L Þtqrd.qlt'¡st .of acid atisæcþtiq¡ csts-tants of

pho olpæh¡o coþrtt (III) ,comloc ists

A eolutfoa of eoçlcx (O.O269È0 nag prepero{. Stendardiced

porchlorle ¡cid w¡¡ diluÈcd to O.O236ìft A ¡tock ¡odlr¡n pcrchloretc

¡olution (O.ô!f) r¡¡ udc rp by dferolvlng utrydrour ¡odlun pcrebtrorrtc

in di¡ttllod rrtrr. Sodlun þdrorldc rolution (O,423u) we¡ ¿1¡o

preparcd ¡nd ¡trnderdlrcd nltb perehloric ¡cld. All ¡oLutisnr wcre

ude up ulth @2 - lrce wttot¿

frc bidc¡Èetr eoplox and ¡odir¡n perehloret¡ roluËlon¡

rsrc thlræ¡trtcd ¡t SoG. A nixg¡rc of eorylrx ¡olution (5n1.) ¡nd

¡odft¡n pcrehlorete ¡olutfon (1OD1.), arde rry to 25n1. witb CO2 - frcc

y.È.r, t'.¡ prlp¡rod i¡ th¡ tharæltst d R¡dfoüt3r sitrrtioa Y¡¡¡el

et 5oC. ft¡. R¡dtoút r pE rtcr 25 ri¿'b fitntor II n¡ opant d

rrnnelly. Il¡c titr¡Èion wu cerricd out qulekly (rtthia 15 rLnrtol)

wlth O.118!l EG1O¡¡ ro th¡t tho coryl¡r rcn¡Lned rolaly ¡¡ tbe

bldrqtst eoqrlcx, Ring o'pculng of thc coçl€a occuts vcry rlowly

rt 5oc (al * t hrr).

lt¡ v¡luee of pH ssd # won plottod ¡gai¡¡t yr tho volrs

of tit¡rat .dd.d r¡ ¡bonn la Fig. 7.1. siacc, to a voty good

ppro¡inÈloa,

eE : pKr + *r lå*åì

&r pfa v¿luc wlll bc cqurl üo thr pE vrlur whcn h¡If tho cquivclæt

o! th¡ titrrnÈ is tdd3d.
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ûG pKe v¡lu¡¡ f,or tho ænodent¡te coÐlex w¡¡ dctcrd,ncd as followcl

A nf¡ture of tt¡e bidcntato ærylcx oolutlon (5n1.),

pcrehloric ecl,d (10n1.) aad ¡odiun perchlorate ¡olr¡tLon (1On1.)

var cgilllbreted tor 2O d.nute¡ et room tsæeraturÊ to ellow the

bldcnt¡te rlng to opcû to foru the maod¿nÈete phorphrÞ eorylex.

Îlu colutfo¡ ¡r¡¡ rti¡rcd ¡nd thoræståt€d st zCI.3oG in tåc Jaeketed

vc¡¡el rnd titr¡Èed wíth at¡ndard godir¡D þdmxide (O,óæM)..

1o obt¿la the pKs values rt soc, the abovc uirb¡re w¡s

prcpered rt loon È€peteÈrrc end allored Èo stand for ring opening

to occur and then thornstttd and titrated at 5oC.

7.s Kinetic æas¡re¡mnts usinc phosnhon¡s-3Z labell€ð ptpshate

7.5.1, Ac.id lñdrolvsis

Parchlorle eeid ¡olutíons in the taqgG 1o-3u to 10.6ü

rotc prcpercd by dllutlon of a gt¡¡dardl¡od ¡¡¿lar reagert pcrchlorle

rcíd.

Ibo F32 lrbellcd coçlcr (1.6ng¡ ¡¡d rr¡fficiont in¡ctive

oryler, Èo n¡ke ¡ O.OOl2M soLutlon (tO-bU gorylGx for thc lov acld

qtnesaÊr¡tfone ), ïGr€ wcLghcd fato a dry 25n1. ptrrme¡¡lc flesk.

ltc çptupriatr perohlorlc ee{d ¡oluålon and tb¡ f,la¡k coatalaing

corylcx ssrG thotæststcd et 46.3 r O,2oC. A rbp-eloek rn¡ rtsrücd

rü¡sn Èbe recction wa¡ laitirtcd by diacolvlag thc coçlex ln tt¡e ¡cid

¡olutl.on rnd uklng up to ttrc uark. 1-û1. c4rylcr rcrs thên pþettd
et roguLrr tln iaterval¡ and qucnahed in ícc-cold 2M pcrchloríc
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rctd (1 to 2u1.) ¡olutl.on rt tbc ùop of ¿ Zcokarb 225 C¡tlon erchrng:

colr@. (Col"c' height 5-6cn r dfuuÈar 1cn ) fhc colum s¡¡

wr¡hsd rltlh dfstlllo¿ ttrtcr: rad thc frsc uLoalc phorph¡tr eollceqc{

ln r 25n1. roluntrlc fl¡¡h. frr clflr¡onÈ w8¡ nade tp Èo tbc 2541.

urk ¿d rreycd for P32 ln r ¡t¡¡dard rtirted rcll GM tr¡be wíth

¡roelrtcd e@tl,ng aircultry. lbc üotsl eormÈ t¡3e s¡t detcrniaad

by nkfng an ellgæÈ r¡p to 25d. wlthout rc¡reratlon.

7.5.2 Bqpe llwl¡,olvsls

Sodlu hydrpxide rolutl'ot¡ beÈrreaa 1o-3lt ùo o.3l{ ucre

prcperrd. tÍho ÈoÈrL lonlc strêngtb of fùe aolutionc wee edjurtad to

rmlty by ddlng thc rcgaired r,ær¡nt of sodft¡o perchlorrtr ¡rlt.

Ih¡ r¡rctipn r¡i follored by tbc ,¡æ Pnreedtrrc 8¡

dosarib¡d for ¡oid hydnolyrt¡ (Scctlon 7.5.1). ftra æ411.4 soncont-

trtlonwu6¡lO-bN.

t.5.5 Equf:lftrùm llq¡¡nqr,ts

Â ¡trndrrd ¡olutfoa of, P32 lebollcd eorylcx (o.OO21!l) wer

prc¡rrred. 5r1. rllgoGr $rrs t¡krn ¡od n¡dr rrp ùo 25¡1. rdth di¡tilled

rr¡t a eqd edJurþd to r givcn pË rilå N¡OE or tClO¡ rithln tbo rrngs

1 . pE < 13. Srr¡ ¡olutLou vcrc s3¡t¡tatcd by tha ¡¡c proeodnre

dcreribed ln Scctioa 7.5.1. Eçrillbrluu üasurenrst¡ ¡rers erd¡ rt

vrrlou¡ tlnc¡ rnd rçrlllbrh¡n yr¡ louad Èo bo reachsd ¡f,trr 3 dayr.

ttnrl pE *enrrsæEÈt ¡t 46r3oG vcra nrda with tåc Phllipr pH æter.
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7.6 Ol8 - Usa,sll{!ryts

1.6.L Bqd C[ænS¡ Strdics

Goh2PO¡ (O.@ó9.) rrr rnlgborl lno r el¡¡o dty 5n1.

volmrtrlo flr¡k rnd u¡d¡ ug to thr nrrh yith 2lr gtreålorie rcld.

1-û1. of 1.5?I olt-rarlehed rrÈcr (fr¿r l¡¡cercb end Dr"dopmt Co.)

wu pþrtt¡d {¡to th¡ fl¡¡k. ltrt ¡olutlo¡ rvrr d,rod rnd ttctæstrt.d

¡t 560g. Aft¡r thr byd¡olyrlr rrr coçl.ti, thr llbcr¡tcd pborphrte

srt ¡tprHt ¿ by thc lo¡-qchrngo tcchfqw d¡rerlb¡d La Soatloa 7.5.,L

tor P32O¡ orrye b tb. ltrueÌrr a r¡turrt¡d æ¡f¡cel rolutlos

of brrüo oltret¡ vrr ¡ddcd Þ prcclplt¡t¡ tha pborpheto r¡ b¡rlun

pberyhrtc. lb¡ fln¡ ïblÌ. prlclpltrt¡ va¡ eoÈrlluged r¡d srrhcd

trrler rith vrt t ud tlb¿n rltb tcG?oÊc æd drlrd fn vrcæ æd ttarlly
hrrtd fot È.r¡ rlnußer ¡t l(þoC þ r¡mr tåc le¡t trtcês of ¡olvrnt.

tbc¡o fr aegllgLblc fuotopl,c exehrngc bcarren pborphrtr

md ¡olvrnt r¡ßrrs .rndrr tlhc aoadtttoÊr of t¡hlr trrc. rrpcrlnrnt

æ th¡t dllltt gll-¡s¡[y¡lr of rclrar¡d phorpbrtc .Gr!r.r ¡r a dircet

nr srr ol gorltJoEr o! boai clcwrgr. lhr Ol8-gaÈcß tn thû

b¡rlr¡ phorphtn rrs dct¡trú.ard þ hcetlng vtth gurr¡fdla. hydro-

cblorlðr.61

llarly gurntdtnr þdrochloridr wr¡ drlrd la r¡ ov¡n

rt ll0oG tor !O n|,¡utcr. th¡ b¡rlm phorpbrte (1O¡g¡ r¡d drlcd

g$eld{ûc þdrtahlorfü (1ærû) rrrc CrgtmÄ üog¡th¡r rnd trr¡rtc¡r¡d 
!

fsþ tUo botto¡ of ¡ brcrh ¡c¡l n¡br rblc.h r¡r tbrn att¡choð to ¡
vrcw lfnr r¡d rvrcu¡tcå Þ r prærure of lc¡¡ thrn 1o-3n of gg
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rld ¡erlcd off- rbe ¡caled þbc wr¡ tåen hcrtcd ra r lurnr*r at
4oooc ovarnlght. tba ca¡bon dio¡ido wü rnely¡d wltù El,t¡¡hl-rcrkla

, ¡16. Ds¡ to the
lld,¡rtlonr of th¡ in¡tn¡urat, tt nlr¡ r¡tlo of {6,#45 ur¡ æ¡¡urcd
ad tùc !r¡¡ r.tfo or 46ú$4 s¡¡ dctrrnfned urrng thc &¡p¡r¡ n¡r
hslil rr3io of 1.lgl ¡ lo-2 (dsc to ctso2l6, l.lort rnd clfolzgl6,
o.ogoz).

a ¡Èock rorgtron of thr dieçro coqlcr (o.1!0 uer preperod
by hydnlfiag tbc errbonato-bf¡ (tríuttylrncdiruinc) eb¡lt (IlI)
pcteb-lorrtr ín perchlorlc reíd, botltng gentl, Èo drívc off crrboa
d{o¡idr r¡d uklng uP tbc ¡olutíoa wíth c¿¡boa díorldo-frrc dirtíllcd
rrïr. A rtock ¡olutlon of ¡odlu prrclrloratc (4U) u¡s alro grapared
rri'g @2-f,rcr w.t'r. rour. or tbr dlrqrre ær.utro. ucrr pfprtÈad
lnp r 1ogEr. bcehcr od 6on1. of co2-!rec r¡ttr uc¡e rdd¡d. Ib.
¡olstlea rrr rdJrnt å to thc eppruprrrÈc pE uarng prrclrlorlc ¡cld
¡od ¡odfu¡ bydroridc rolutíon¡ end edjurt d Èo íonfc rtrongth of
mlty wftb tbo erlcurrtcd rclrm of, ttrc ¡Êoch codrun prrchrorrtr
¡olutlon od n¡de rp to rooür. ttrc¡e ¡orutl.on¡ werr cqrlribr¡ted ¡t
5o.o t o.l,oc for 14 boutrs, rfn¡l pË æarnr@ûÈs wcrc ndc efter
cquilibrrÈíoa.
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