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ffet «ttthor tdahes to thaak Dr, !-* ft

for eneomraginent aad u^oful diseuaaion 

to tfoaslc ^p» p# 2»« 0©-giE for his

fir* ^* P*

«tt»«*ttlM:iticG. flMI i^NMI^t wo^ mm 

ou,t during tho tenure of a D,S.I«n.



JL » i f 1.4 <l Jt

thonis ddscribfts tho proposition of a robber

of poSyttfttata iiggftitt &4£t$4a$ »itrog<sn t or aitrog^a 

aa the donor atoas* Coffipicxos of theae

s«verr 1 transition r,otAtr» w«r« @tudl@d find their

and ft^^rtl^s art fi«oejrt!>e<J# Dodaotioctd of 

of tiui rtm»ltin^ corplex ioas ore

of t!wi linand Iff

le tSo^-pribod o&A tiie

(13*0 tion) «nd tti* pc

»er« pr«^ar@4 with both pfroaphorue ani

wort 9^tjtheals<«? by tis* notion of a miltRbl«

the ortho«*lithio deriv.:.tlve of



it
of e®*r II w«w»

trai ,,
C,

naif awB* f a«l f0| X*X f a«Qf 3C«*$@$ t a»lj 

K.«C10 f n«0| X«J*>0|. t self ;irsaootr>

b#ti#&en violc-t 

colour and uore mtaxil ail Incclublo In nl t r or ;Q thane

sp^etrr.l otu,:4es of the

in a s^iamr® pleae* tt» ligemd field of wit«r JUfc 

*II^O e«n«4^ it to 'fen iriolet
&* &--,

with a wtaker Ii§@i^ field y ID

eould INI t1̂  -$ , tli^ infr^-r^i ep«otr^ ccmtlrm that

of paliagluss XI 

9IMI fMHMTc<2. to«mla wn© m^^iME (whop* Xc£l Br da

90, )• $toM&9 ««i^0«Bda wer« lersa well oiiaraeterloed than the

f^r onoa* 

to fe© e99«Atlally «^®ar® plonari they «HU?« not

in nos*^oj^r a«33^r@^ta to nelse 

so tri» smd t^titedentat© lic^ndo of tlii® 

type «r«r€ not

cIoCl t no4 f Of X«rt n»5 t 0} t la t

of the w^ter of !sf6i?ci-feior4 ehaa®^@ the yellow colour



1U

to rr«on «&& eh^n^ca tfe* ©agftetlc a*o$&t fsroe 0 to 2,66 : . 
this b*luivi#ur ia aJUsllar to that of the Litootiit* 
of niofeaX with iMti«a« 8owr*r f it 10 unaamal to 
tfe* fftfttfttioa of ft pMR»6ctagt»*tici spool** OH <3«hydratiott«

»pcctrr:l «md sagnetic evidence of structure in 

10 eo«^nr«a with ocas* jw&llel ciuseo, «m<l it 
th-t

t/hllat t&o §f««fi cwsi^ttfMi i« a

of fch« type
:-;r f r-,,}, TJbe^t white*/

to the J>^?tien -:tr.olo^«>0 ^*i^ the

to confer no ftp*clal

fee @uit&bla for 
of ecHCplsscca of tri- or teir«Kd«ntete

ffg* fiil 

of tli* foxrjul^

*ts& X»Cl t 8T9 

an th®

f ; d MHH* 0T±d*r;Cc ahMiti tti&t ho eonpcmt&dd were all

two h&lide loaa



t*
on* phoaphortia and on* aitrogea *t«** It is of ff*»* 
interest that although I"!?! ia fottsaULy oaaloe&tsa to the 

ligend trlo(dlpii*nylareila«^eayl}*ftiieia« f QA5 f it doeo not 
fora fcfee t*i§eaal bipyr*tt»i&fcl *0tg|&«9g*« veil kao*m for th© 

latter .lin-nd %rlth palln^ina and pla,tlausi» inet^od
e

retained in the d

It is po«aiblo t&ut & c<w»la«r«fei« «ao«m of

to ot^blll^o t&« fxvo-coorOin&t« iati.

of the throv

M fomalo. 

Br 9 

soluble

peotrp-1 end magnetic

in f,hooo cwr.po^ids too, the organic li&aad ia b^uad to 

tlui noirl by one nitrog^o e^i oae plid«plw>rta» atora 

Xlie evidenee ia not eonola0iV9 b«t di 

tft^t the nicli^i ia in c eoaentlally 

«nviro«wmt t thou^t totr^jonc-.liy AlJitortod, Dirferonooo in 

t&* sp««tra 00 then attributed to iAtftraotio2tB 9 »ltli0r otcrlc 

or ©I««t*oai0| botweon the isetol BIS& the *froe § nitrogen 

ia PM laiA WB«

The eob*lt ttowpowjida of the fonaiXe. iLGo^^j
*r

]^Ff!ff IW f H; and A-vl f Ur) vfore proparod* In thin 

the i04i.de oonploaees «<P«ld not bo i@jLat®d*



f 

ft****** grots*! #**$** tot «&«*«ti*l** «$•**«*

t&*«* ewapottfids ww* 

with fch« 'fr^c 1 

feefeli ths or-eofers*

Fin&lly &®m *®i%$Mi& of

of

uld b« made on tUe ^vsllablo @irid@no€ of the 

of thesis WMjwm&k^ rCltfeo^i the 

t ell

with tb* met-la £tudie6 t fch* rdK&a f^o«fli®itei«4^Ltri»p»i

ty to

f«S«^l t&ft ftVO-CO^r'-'iln^ ":0 ---.; r^lontjo^ Of -i&&



If

40A!

601

09IIwry*** *q

III

its jon

$^0

•er mi I

f & M r-: ft fi o D



Tvozumnr IIA

Iff

*€

40

oo^
m •*
ids •*

It
*q



VXX oont*

£. *i,.r;-^i^ ' 237 

3. liitife** £36 

4* Cobalt 

5. Coyptr

2,

B. Carbon f S^dro^n <wd ftttfftgM



gJS



jo

*(T)

jo

uc?

1 JT9 H'a 0 tt A tf X

I *1A4¥E0

jo



these donor etoft*. This is : he only bor-^.flg ssshaiiisa 

•tollable in • • the order of stability IB

&oweverf « eoapariaon of the stshility of the 
S*a$le%eft foiled by transition e»tal ions with Uganda 
th««« 4ooor tttoon «how« that the rolRtlrc atablllttcfi
•troogly on the nature and oxidation etebe of th-^ --co •.?;;•• tor 
eetcl.

In 195^ the diffor«"cc« in reiatite atabilltiws
fey Ahrlmtd <^} ana i,^r»3o^ w'. they di^id0d the

acceptor netfcla into two elaove** ClejM (a) In t^hloh the 

erdtr of affinity for group Vb donoro i® 11^ F > r; a >Sbx* 31 
and for the halogen* ia fj^> 01 > Br > 1 and €1*0* Cl>) where 
the order ta I <^> > G > :;b > Bi and *4*JUarljr 

F<^C1> Br> I«

The r^sin grmrp of olaaa (b) netat* lies is gtwifi* 

?1IX and Ib of the • <*r'o,ac table f ^Ithou^h fla f Vila aad lib 

oetala ehow aoae <b) ®h&f©otcr* ^ae extent of the (b) 

ettar*%eter vuri^e nith -e«i€at4oii state of the s 
with low oxidation state withla a transition ??•• 

Howevor 9 outol^e the ocrieo vl i:h full • orbltcl» t (b> 

ebaroetcr increaoes with Increasing oxide tlcn atate as the 

assent of norecairjc? fwsi tiie outer 8 and r



3*

Close (b) character DS..V be explained la teraa of the 

availability of electrons fro* Metal d orbit olo of the correct 

*fMM>r,ry and eooffigj £®r baefc^doaation Into e^ty /r*orbitoli» on 

tee ligttnde, Stiofc haeh-dooation cannot occur with nitrogen 

a» tfc* donor atom sire* ruitrogen ttontaisa nd

of t&* rt^t enorg^ «md •3fi»etry to 

form strong TT.accontor bon4a« SlJdl r argawmus clearly 

to th« halofttn «««d«»«

i'he variation in the pr^owrti^o of a eoaplox with a 

donor atoe waa dlsetiaaatt by Teuchida (5) who con* 

0 true tod a atNWtroc! e^dcal aeries for 

fan 

lipaftaal eorl«o In tsrEG of a variation of th* {splitting of*if ift ^*r

tl-« d oloctron onorrr/ iovola, ^, aa a lunation of the 

field* Than taJ?l»f aecotmt of both eleotrostatio 

covalent boadin^ w* nay wr.iie

^\ e ^(eleotfCMitatlA affaot) ^ «r(t

where a (L -^?') rei^rcoer.ts t&a dative o-bood etc. ffea 

TT( -^ L) artfte* fpoa the back do««t5on of elect ron« into 

d orbital® on tl-o liga^d afl dioouooed above* ^Iria

the treild-^p of nagmtivo eHargo on taa «alai iaa and 

aahanocc th* atalillitj. Clearly a terra n(i, 

tfce rtvero-e effeet*



A ofeftitgo la Uio groap i etttaehed to tfeo Group 

atoe ooa fc«yo * naffeoo: +f foot on both «*4oaft* oa4

proportion of t!*o Ugand aolooulo. In the eo*» of

nltrogon th» atreaipet o bond* ar« fortsed by

and tfe* b«li«Mriour follows the ord^r for caoe of

ia only ^rotonate* in A ec^ie«ntrated add 

thay are th« «««k««t 4e»or

•trong tMAte ?-d.th treui^ition metal ioa« 

my ** eoliAaced fey 7r bonding. i&tn » 

iaductivs efrect will incrsaa* th« cir^llfrbility of electrons 

in tb* »|5^ hybri^i««4 orbited fomiag the ta^r l>o«A «ftd * 

»t9B«t « bc«Ut wilX b« fom»4. OH tfeo 0Uwr hand, If H ia «a 

aryl grottp tfeo « ^»aor ^$w«r of tb© ^oioeul® wllibo reducod, 

Bor« f tMWf«v0r» * 9Mf^«d of feet an the /r«6e*£t$? orblt«sls io 

to bo o^pofttod* Btrt>ct ccrtspetiiioc will occur belweoa 

electrons of th« dolooelloo4 bonssone ring syotott ovcrlft^pia^ 

OO^ty d orbitolo on f 0n,y f -ho8^ ' .oriifii 006 ft si -dl ar overlap 

ui til tho mil table cl orbital® free the motal a.to0«

mo of root of the eottir* of R on tho yv^trtioft of 

have boom ifivootlgoto4 for Boo^ploaoo of divalent nickel (9). 

frialir 1 and tllolkylaryl t^hoopiiinos formod 

woro di»»gnotio and o^uaro



MUryl

«Bp«&r«d electrons whilst dicrylalkyl 

in both •t*r»ooh6adUM& forse*

ftit d orbital split ting* for oquarc planar 
**%MfeiN&r«a aeoi&ftxa* ore:*

a
(?

t^tf^hedrol

1.1

Clearly for nicJ:cl 11^,-ith ol^ht d ©Isctrouo^th© 
planar coaii^or»tiofi «H4 U» pref«rr©(5 unlo&e 
hac a r»3,rtiv<>ly weate field,

A lew valtt® for th« **t^ -* 0" splitting nill 
tooth « end /r bonding are at a tdaieaw^d ttn» tco

au- orto the r^retrtotsa dlr>ciaMii<wi cm the r^loLlve 
effect© of aryl aa4 ullryl gr0u|« on bo&S Btro-nf.-th. Ono 
further «ff®ct t not eonftid«rod f io the pOMdbllity of atorie 

b«tw0«n bulSty eryl group® in 0<?ueurs plftnflr eon* 
which omuaoo th« molecule to distort Into a 

aal fom* tti* partible offcot i* aor* <Hf ficnil



•tafcillty of * 60ftf£«s ta *&!«& tortiary

**** th« ^omatliNI «p**l«* r>af *a flatmate** if a peiydaatatti 

ratner U*«a a$aa4*i*t«t* lig*nd is %&*4* fal* 1* due to th* 

chelato effect.

A cionodontat* lipRit will form A *m$&«& uith a 

ie ttim&Iiy

fWT J * a

This reaetlon Ir.vuXveG onl. a ar.all

s«nMMi%i@iit^ tte*
f«eter • B«wtvor v If »ie now eoneicier the 

with a similar ®atlmi;f^ ehanj-o, bi\t witfe an *n-»d«Gtfe* a* 

L* in the place of I*

Here th© EW^M^ of pan Id on ine 

roceu-de an4 tli^ l*i*g« itt«r«a^0 la »atj?op^ will 

to ft 2T*ir or fre© enoro^r ehan??« em4 tJ^tMS er.ha.ncea

o. a

tha Mae tie stability will idao ba fMfttwr* A

aietit a&d ao will be held in imet a position

to ff'SWoo.r y^coawtftfttx-<sn* A ttattawMRtv^ta jJl^aii^ -la

®b3U to travel at*oy froa tha ©|^i®r« of 

of tfe* aatal ion



?*
of traaoltftaa metals «dt£i poly 4«»n tat o

V b donor* feaw &e*a

workers. In th:l3 laboratory particular IB tore© t h&* b*ea

of liga&d* having 3tri»«»»t at«kcn in the

\

In order to ofeetrre the effects of

of

\

of th«

in

the : 1- f (10,11), 

thmt All the do&or at&ce are

of 

•ter«och«Balstry ia

*

to

in

preclude the 

favoured

for stetal ioiie* taeiei ia forced to

five eoor4iiuiti«i^ tti« fiftii posit 1©» feeing filled 

& «ui table ^oao<;ier:tate lii^a^d ouoh ae a halldo 

of the ll^«ad teMl a&sle 

ooor<ilsatlon , flie five

in tr.e d ' syateta ^ ar«%mtejr



(13)* 

the

fivo coordinate 

(l4 fa,b) end

x*ray cr?<itttU«grft$feie

bifgrfttal6 erructure for
liof the d left* described

(25«**!&> *3P« aloo of interact, 

of tho

a«talc with

(L), Thr««

(1) Dm
*f W03Tft •* v--*V..

whore X i» * h«aid© ion; ail

1ft

(11) which vor« all uol-

;Ltlibria with or

fr-.tffc- .*WU# - •*

to

(ill)
fttctora whlcla

It to a4o t four or five eooratnatioa

leu and

5>Ond is b tho

, there la an att^a&wat

of tfee fifth

la Ut« esi»rg7 of ^
«nd d „ orbital® due to electrostatic

la tti«a« <MpMt«d» »ad th«M froo tbe

th©

Jiave



Koto* to ii^mdTT -donation will tiithdro* «***§»

fro* the a «nd a orbital* upon tfe* formation of tho
«9» •» «*•** *^

and ao tfeo repulsion effect on th« fifth ll^s.nd will be 

On the other iaai, ftK2r*co<»iittatioti M^r fc*

to ri?<^Gordim;,iua If tfe« following
2four &&*&**> bottO»

ifeia l®«r»o th« pg orbital wfcteh la 
of fondism Igrbrids id.th A f d ovfeit&la to gitro

«*S jf«B

direct ionol Trbondiag |>*4 hybrid orbiUOa with

». • * *"•
1'- ~
*•<-

will lead to stronger /rboodia* 

intornetion. ^ho dap ir?foricd0atioa ro«uir«d for

«ot lewv* a n orbital available lor auchis
hydrldioation.

Tho stability of flvo*coofillMit* ep^oioc ic found to 

bo in tho order \ f > r > t-t* ?k±* is to bo •ae^ootod ft&uMi 
««f oo^wr*U4>*4« ir ' laua «e4 jrtOiauiim aro Xaygor than



that of nickel (1>). Oa&atqtttlitl^ Iba ha^vier aatola prafar
P tfea day aatiaaa with one JLaaa &!&& a&fttg? p orbital. ..

tlta p»a«dl4a di«t«ipti«m of t^a d-aloctroa charge cloud

ir. tfea fUwt

field aplittinf: and st^MXifiatiaii of ol^etrou® In 

artdtal fa* a^iwur-a planar eon£ii$tiration ia
^9 rtm^ j^h^^^b.t^fcri^^dk."A Af l^dh ™ « iMk^k»Mlb Jft j9*& ^^."'tt MB A^MBb "S *f A 'fer-^S 4k ̂ M <dt ^^ ̂ fc ^Mfcjl^.^tt. Jfc-^fcJBh- «buBAJLQ SpfffSflMrSUl. till® JLJUriSsaS ijLwJLd wp'XJL v wufcHfR JfcliwywsapflMI w^F

*i'i * ̂ *''*» V**\? A. A* «* i» wW w*8V

tii im^ ita <JOf»pX£*^s wltJb ni&k«l 9 palladium

in tl-.e

•olid 8 tat o and in aat^atiol c.ol-ullon, the aolid aja4 eolutlo»

1:1

in nit«ob«yMm«, low«nrttr the

Ci''V>i'dI 33 ia five««KMPdinfflto in tho solid dtata«
In afct&aftol 1U? ap^otnwi ia •<pivalont 

to Umt of CT^iMJJClO^ and it ia ttm® fov-r-coo^tiioa.to. It 

li** a law «on4tietivity in nityotMNHMii* tea to an aqoilibritsm

of a ilftfe boud «r?an in



n.
wttfe

tfcftt* Ml «Kp«*t<id, th*

greater tondeae? to

*0«pl*X4* With

The greater electro*

of :hoaphoru» u»

to

it haft

of a4t*c

points, Ttii»

oJUietro

orbltals but

tfct f our*c< crtilftntloii la bj one

th t the iiitro"-«n unttloga* would .viol 1 flvr-coordtnato

othor if

tfe* «f oct la th»

eci ./ill ^i f«ivotir®4 in i

with

Fart II (19)*

la

eoaplaxeis of also

1*3) «ad r«4ifteolve In of



Ctsl! (TO} carried out

studies t&« in aqueous solution

to

of trioa

oould b* Isolated as ory*tallim>

4n

ftp r© fluxing th« bi^-41*iotir;2

solvent with tri«n

hygsroooopie

A/

were as or 

with tfe*

A/ . _ . -•'V-
\

A

A/

[Ft



15*
It is pMtatblt that th« fi«*C~C-i! dtatfimeea ar« ollgbtly toe

to yield ri^ht^aasiaMS 9 •» ?t « ft bond nnrloo and thus

is cj trained In tho trie., complex (fl,r. 1

but not In th* fcUMfttiqrltfi* ittwiJi* ooaplftx (fir. 1*5 >*

could then occur tu; vttacfe wouZd bd e:^' Rt A* 

An alt«xtiativ« jj*eoiMl.it.y in that tfee h 

la palysa*rlc tdth !WJwC»fl Isriwjiii;: ::.MU.-V;., 

«^»s^l03t^ of ths ii^iaia 'rioCr-^ud.iOo-'.hyl,: - 

tr«n f with pMllediwi «ttd. f»latinHi havu ^l^o been r«i>ortod

«a£ fD^i m^pMittt Itet it

the lntr

»f®f*®«iMW£43tF3f» I'^O f©»®0 Of tlMI

lodidft oe^piex ere kao*m« the wMtcs cr^t

»i^ored t?y tl4fg®B««» (^*> to 

tlie CI-^T; ^" -'droua p0wd.erad fom 

only tho lodid. ^^^leawa &f pailadlua and 

b© l«eSjtt«4 (19) and it 1® uaeortalc 

theae co,— ounds &r« «ifi^te or ^b^tlMHr «3Jt ths aitrogen

a 6WS|»a*l»«s with the f AS and

trtwra % is a haHdt l9Ht IMHNI all foimd to be 1:1 &3.«*tt«&yt*tt



1%.
oquflOtte ftolutloa although tke high veJLae fe* ft** iHilegjrte

CM filea ClJ* 4 B?0 ^yff £P£ dieft B^Oj*'" * Cl* 

In ooltitiofl In ®seh a Tery stjpo«^r donating 

Ml weter it is net «irprl»lii« that no evideaee for

ie obeorved, A weakly boun-.i ionic Ii£en4 en the

gain in energy by iiydratioii wbilat ita perturbation 

lie repi^oe^ by ili^t of Bipolar water r>oloculo.

eolution 3hoire4 tyjdc 1 ligaiid field ahifta fro® the oliloride

betiJo-o:: Dol5.fl , nij t:*olutior; o^cctra in each

than «tnr feature observe :„ the solution &p®®tx»a» 

Inter r. t e tod efi evidottec of int«rs<:tiOtt» In the 

will; a higher ec^riiin-r-tion nfiaib«r in this 

fall studiea of tiie i^o^e co&f&esaif had 

toy the insolubility of t*« <w»wotm4« in 

s olv.-n to. Oa« of the aijfi» in y^ p7e»ent »torfe wa.« to 

ft U&8ttd of similar t^pe ntkloh wo»ld form eottgliMitt wif.h bett ••*

aitye^en HflffftAi ve^t ol^s^n for tiie firot 

th« ftlcmleat eotepoua^a to ©ynth»Air>e» The

ae*o*atllbene



15.

4evi**tivef fr»lrti*a t were ®?ath«ai0*6* Although the,'; did 

not mset the requirements es»etlT t several eettpeua&» of these 

ligands have been $r*pftred during the eaurrsat atwdy and their 

properties gissaseeei* The taaekgrouad to this research with

of se$f*r 11 and alefefcl II will now ,.e const *I<ij*®a« 

:'or ::nrrf y«ari$ eonpowi^s of tfeesse ootalo ndth tiiia

type of lig«&4 hfi^« been hnown. nc very

of the ©tody of tills typ* of
** iw 0t>

b«h«»iour t p-:\rt.lcul^ri,;; la tho caee of rdckel II, Go-rounds 

of nl«l?el II ®»y be sl^-lficd aa either " 

are <tt«aangii«tic , or

to t**o

«i«iilflaa«t orbital^^

Proviti.ng that there 1© xs*

of lo

eight d eleotrott*

iocf

rules that there 

1 of

(fig* !•$} will not e&ni*js» the

e level »»ill o^ot^in tfoo two

in 

atate

be two uapai?*4 electrons* 

in ao octche4ral 

sui tfee

»i«tortioo of the

effeot of 

»« be

the

electrcne*
will -,

a



of tha bond* on tb* a~&tiL8 (t«t**$aaal dlatorttaa) 

la a*«aapNiU4 toy atMNftaftiftf of those la th« f&aa*t the

af th« d * $ orbital la increased ao& that of 6E4 •«»;/''-

finally IB the «<nwr« planar

la conpl©te. l!Sie coisplox
/ 

until A 10 larger them th» eiierf 'rod

electrons.

A
. I

ion oct-'.hodral
Afcatortion

1*$

In a tetrofee^ral o?ivirc«i«»fit nlc&»l

i@tic as th» «pp®r lw«l i© triply 

tlma 01% ftagftette criteria ftloo« «w nay a&oatt*

or strong tetra^tmrv ly dlsfcorted e«arl€K of nicl^el 21 

la $!$B«gB»il6 aad an ootahodr&l or 

trill



2.7*

fro» tetfttbtdyal to squat* $MMM* ftOMf&UM** tfc*

of aoii**ft«fe*r and v«nonisi (^5»^>) on triaubatityt 

niefeel, 11 4M*|»lmNi hwi •trawi Uiet tlie Atroeturoo of the

nic'tcl 5:,..M .©a cbsjige 1'ron to tr ahoclr£jd with trl1 

through the tetr«i@«mal ftosploxes of n-but'/l 

to tlfe« tMuuM^o«r0 plMHU^ fore of tfe©

pboaphlne eonplex. ven the trii hen?/l

ere not repiXar tatroli04ra 9 the bond aaglcs are 151°

for a;U$l~ai &ad loa for 

Gtfc»r aeries of 

the atmottire r-a^ chaste fr^^o afl.l^ht.ly distorted

ti.> a etvongljr ^»tort«d on* 

lidgli field thcs 0utw»ieh0 tlm ©leotron 

term

eoespleses of alcfe01 iidth ooeo C fltabetltutad etliyles©
;.',;': •'

(P

to dor-emd in ^o obviofHi way on Hit 

«otioii f h^rdrattoa or condition© of



for

violet

wtiot*

of nlchei.

the

lo tlt« literature

eoBprnia40 f«ll into two eidii groups $ blu* or violet and

p*ff*tt*$a«st.ic con-ou-uls an^ yollow or orBn-:« 

Ola«*r «n4l Ff differ (33) wo«tul«te4 that UMI blue

noloeulea te the mioisol i«m to farm aet*h*dral

l©®t on boating

in b«tfe

and hy«lri»t«^ fofwi of tho oodles ware fallow 

whilst in ®iii«v®i aalsgptfapott* aasd bydrate<J

of «toiohioiaotr3r

Llfeeliit%

colout1*

tr.c electro I:/ tic

of of hie



to be It?, electrolytes;*** deduced that they were four- 

coordinate epecioo [t-NijX^ and aeau&ed that ho : • c ;^ 

inter*lt*mi» between totrafcedral end aqu&re pioaa 

tioae. ffcft Mfaetie criterion we* at thta tiffin

eufilciont for structure aeol&ra&oDt and 00 relatively

were carried out.

& aeries of @

the phyoicul properties of the aeries.

Sfce&e comple^ec ha4 t&e ^ensr^-1 fornula 

frequently hydrates «?ere of a dif fer^at colour «nd 

to the azihydrcufl compound , thuB th« 

whcro a^dl&ea is f*,! diotl\/l ethylen© dlfimdne la orange

the dihydr^tc 10 blue aaifl parawagtie^ ic,

the electrolytic coaductanoea of

eociplexea in nitrobenzene *an& found t&at all blue

were noateloetrelyteaf so alaa were the yellow

)pj aftd [, i(s*sti«n)p(o

la all of these compounds the anion tmst be finely attached, 

«& the &*&xi6* The sa^rit,;/ of tho yellow and.

diholide and nitrate eoetplexes were 

e electrolytes in nitrobenzene* In these

partial QulTol^als cniat occur*



0f

ffe* 4' Ion aasy farm

cobalt *r» ftlfte of inttrott* 

or <s$ta&«&ral »$«*1«* tfeft

having either high or lot* ©pin* Urn*

u -,«, of

CDS) fo«»d that eebalt <H) balldM v CoX 

with v^i- OK ro fluxing In othaaol to

f thenot fotsei In

tli®

f»tfii.r»4 -'o II 10 the

only

in

for tti© lir olectrolytos

to the

tiea rt act. lea.

tho

the not h«wr» oil

to

"; c% rc-.ctl .n



£1*
AMikt JM ft'^Vh .^KidUHiMMiV jfeiMtjhjm j^.Jf ttt^vfliMdh « jAh«M •Ldtt^H m*Ljfe4gu|HL4|kJk«4| ^& ^^jUMMu^wk.A'tfb i£ uhTfie «gF ootBfMtWWB o« naanBJ.n|r **&** BUKIIWIJLP SOS®»VBI in 

the ras^e 1»8^*1»93 B»ll^ end a© eont^ln •. •.. ..: ...red electron, 

the ->^B oooplftxes liave a eosKsntj whiai oorrcct^d far the value 

o* the CCoX*.]'**' ioa t ®^ 3.»^^»B B»^ ^bi« 10 loir "4orWM ™

of hlfcfe aii<l Ion

fora comp«a5Ba« of t&* 

otrueture he

been esorlbed to tM® t th» four oor^r atoss l^iBg «% tbo 

o of a totrrhftdron with eoonSic-^tloo iw^Mr of four*

ft ^oaorarQlas &.id eiU^r c,,.- • - I or copper IX 

o^t^rlc te^pldK wcai loolatod*

C.Cu(daii) j;:,3tCtiOX2J (39). The o©i>per IX

co:.tid not be Iso3., ie;'1 . ^aim. ft al 

of th« 

areino ($0)* $1» fom® oo^rona oosploxoo of

fonmla t-l^ux^ (%!)* fte ^ethjl ioclide 

re --ot laa w@« poaltive, »tagg««tlc5- tlt^t either the 

otoaa are very weakly b«m«le^ to oor»fer or that ^-11 of

mre not



work doaeribad in thle th of tha

of a eerioo of nitrogen iigaa&t **a4 a atudy of

tfca oompl»x«tfi of theao Wttfe traattitlofi a*t*l

ions. F-.rt of the work describes MMM ooeplerjreo of

with 6iv&l«fit 0«|?r?er and 

derivative witfe nickel II*

of th* pp

art of

io an invofitir-otior; of t'-c eornplexeo of tha nolydtmtate

PK is

* 1*6) and 

phoajshiaa (flg» 1»9).

1,7

of tha Ions II f Pd II

ft

do -.or atom ch«e»a rather tha?i 9

.

aroentic e,r,ino wuld fee expect <^<i to have eico»cdiftsly wank



jo

10

q



X A f> f £ E II

OF til LIGANDS

tfc* **tt$:i*ges »f the Uganda

is th« Fitrt II ttUMitt C19) h&O DO^R llrdtcc1 by 

of such i&ai* ®paoie«s In ^on-r?ol^r Golvonto,

to prapar* analoguea of th 

nfeleb ifoald isprov^ tfe* solubliitj proper tie© of th«

tho

to r>rep<4re tad were ftd^tt& « to dlvtover wh®thar th« 

the r«^utr»d proper ti*a»

of 

•yatbetic

in flfr.r* 2*1*

acid waa emt«rifl<»«a % rofluKiag with 

of »«thanol in tfc* |»r«»«fi9« of o©ft«««trat 

add. The f«r« r«distilled *«t«r ««« pro4iteod in 

yield.
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ffee eater *«*» neetl Ir a ccorli -r r<r-ctlon to produce 

the basic C.* ciiaitt required, with activate* e^rUm aieaci at

and _. An ion and

wae performed with moltea aoditiA expended in dry

ia

to wrw tfe* atl y of tb* reaction, cixtnra

the

heat of

Th©

le

of 105-110°0» l^cel 

of the 

of

ta th« n

y irsificieut

r«a»fttloa of

ths v --ere

difficult to r«ati»T« fraw the 

the rdaetura elowly

tho

Aa th«

»crc

pro* 

a

gave low

tfci*

of ntirr-er ^ -

wire triad t0 find; t'be o»-tlawBl oosdltloas*

fetftt atlrrlaif «y»i«m ««• found to bo a twi*i®<* 

otirrcr attacte^d to a niMS rod «»d «h«t^s«il to the

of a 5 11 tr* flangtd fh»

tbe e

ailatloa of

3 litre

aodluo w«i tattroyad by t&* m^Wdtlon of s&tfe&nol and after 

cooling, the alka.ll ressored.by ox tract ion vita vat or and

with acid ^nd sodium biearbona; •*• The eaproln was



fey removal of the ar^leti* by vactma Motillstlon

rut her ihim y»* »t«ar, di*till*tioft desoribad 

tfco product fractionated under oitrofom*

tfee iAft***<e4 •«*etrA of the tferee fraction* boiling

s>otn

in C « O ®« til* boiling mint 

fSme the first fraction contain 4 r-ost of tfi» 

wltlt *CNB* <a*dl ':<:; tone,

4MI llBrther. purifitatiott nwft fttt f»e--ib3 «j the 

tt«*d IB «a attmspt to r.-rs— -re th* ^*hvdJmiqr«»o«i?ie.

ion of 

of tbt

a concert tfttiril aqtNWMi •oXation of 

owl;? wllli eooil 

for .five fidnuf.ea ^r4 tlmo rfcflttarei for

flir« •!»*%*•* ^fe«$ edolec . .'tliMi INHI «e«re€i into

cr.\ • i;;o 

*m» 9*$*Ate4 v^' th

^ time® but if no <3«i* »#?>« ?> <jr^»tr.i-lr?» pro 

isolated,

It is fMM*d>ae thAt tiMl iNMfttWRiitfttiof;. with 

te A fdJKtaj*« o* uwrti^l^y oJdLfrA^eif r*^^w5^« »?J ;f th© 

f<'4ll«<3 to er.:?ata!li?ifn An attempt wee,



to roM&a® tlm imfore »cyiclr to -.,.c dikaioa* 

Isol te t&U *» tae di*xi£**

ffctt »etJi©a of oxidation «s«d is **f$rfc*d to 

?ielui with fc*»»0ia®* Xhe irpture ac^loln 

a n.«j»h fiit«i with tut raflo*: cor.ae*«*jni ad

Kith c^jflumiun nltrate/capric wcei.!xt« :tn rootle .'.

for two ^:

<Jiry«t^lIine product* Oc dilution ••ri.i. •. ; or 

oil ^«|^jni'&«4« A» no fiioaiat 

feyetro»ylj8iBiyt^ fej4n&«tooriac? the 

tfe* cil frftCtlcnated» InftMMP 

of c«m»»irei^ii Id th» ^Ht«touo - istiah 9 tar ting mater!

route m* «feil4*ble. Th« ran to waa the com^rsion ©f

to its <ja«s<?i3« by t!?* swtfec£ of Bloiak C%6)« It

to th« aoetie add aolT«nt at 0°G f

witb the 

cr.,st.-:;

thc>



*9*

tho Q m 9 »tro fcchtng frt^uoncy io low****
~40eia»~ la t.tiis eon;mr:- fed* system fimi tfeat usually

tfeere are wo visible. ffe,t* eoisxlcx

good

A *tt&ti»oie of *f to

H«da9tlon -^ith aluminium * tarry

of taer>«r*.t«r«ii. with

on

then

ethod of B« C.

* l^rtnsh on

l»or-.:

-l "Ctloii

in

te with

to t-h*

ro-cticm otlr with ether

tbe

•pootrn of the frncti«wi *tM«f*£ It « 9 ttMktt atill in 

in t-fto flrot fr«etien» The 0«eon4 fractlor •"';.?

fMPtlall;

r^ t^leal. dliwdne type eoet|»l«x«0 wltH ct

rot -':

te

were ia*eiiU&*t«<t*



ffco •yathootft ol t&U 14«»a£ 4* oo**feiiaUy timt of 

(50) «&a Is

904 yioli

he r-?th0€ 0f

product, -,ith ...cotla aaOiydri^e. /> oo^iric&tioii of

Into

afeetvt cn^ «4imt0 the flno 

time it ««a«i mx&&*m®%$ to h^at for tha cuetoi^ry t^o uaura on

a wr-:or K^':h. ""ellinr out t%/lcs rlfcr, sthaaoX sorreci to 

ftt^lff tfcln product an<? a ylel^ o" 'sO^^A^ 

The 3*ot ptc.ge t I^cli'^l./Lda of t, 

to MMMMitilbono dMU»i*ie w-rc the ;*:oot 41fiicult*

eoaaider^ble ootoajHMritica vf t,;* diK&ae h&£

$m the noi4 otwwi^tli retl csd tho UMO roqulrxJ omt

rat© ^f ©^iaatioa of
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conditions were found to be 35®sl» add to 5QO&1* water* It 

found to fee es««atial to c -ol the simture Uior-.-u^lO^ wtien 

g tile acid Mixture) tfitfe ,l:'80 «eaa«nia f careful

stirring la * 5 •Hire be®&csr full of iee aufileed

&¥«*ftf® field of tlin l«st stage w@® IT^^tho overall yiold 

?•? of pir« »«»o»stll&«a« iiftstne*

flMl 9«mflexe»6 of till® llfftfti are dl®iNMNi«d la 

next elM^terj tb«y did not have the required solubility pro*

pcrtiea in non-poi^r oolvotsta «md eo triacntatcs 

t©trad«it«ate d»rivtai^es of thin lig&nd

a siibQtdtut^d stilbe r e til&irdsac wn»

»ijs «f providing * nsore eul table llgfi^id for tfe© atudy of tae

<^c ; ,rdc 1) «#@a r-:di»tilled bu Itts ro^ction 

did not give n solid p^dast* ?^h^tlng with *i>oo 

for seven da:yo onl,y yielded a £nll&f aeiaiw»olid g.iue 

a mrj^ewiitent «u^teott« lay<sr. fM^i w«« ee«verted to ih& 

eobstitutsd aaej*in bv heat, aa &@fore t sad the rinrt was opened 

l^f e*e*3rletion laador the ©an® conditions. ffee overall yield 

of Use benRO^l aeetyl derivative t*®®



ffee feydrolyfti* of tbia to yield the <U«ttlno 

etfcrried out wttfc 5M eulpburlc aoid , atWN»»4L*tillin& tint 

bett»cic acid a* before /but tee yields in thia stage were very 

low due to oxidation and deeoepottitioit of th* aaiae* the 

was 3*3$

fros e^tieoua solution with sodluia

yield tf$& iii^r0v0fi at thia ot«^e foy t^o alight

firstly the oulr:huric acid/vm er mixture 

, acid to ^Otel* w@t-©r f L'dnlsiiElng charring and

acondl;? the aqueeua extrsatioti of the product 
to further deeiwBpeeitioa and it tea* £cund to be preferable 

to avtraot ifitti etbanol and to precipitate the prodnot with 
dilute aau©.,-ys alkali* Tteo yield in the bydrolyaia atage was 
tfccm 10. 'v ^.vii^l an overall yield of >;i» Sbe infra-red 

aad aaalyaia eonflrtaed that tMe wsso the

of tfeia lipwd t*we stttdled tmt itere found 
to t*air© unuattt«l aolvestictt ©f feet* end it w®» decided to pre* 
pare tiie tluree ligamds below as a eeapesrlsm: with the

to
effeot® produced by ehao^ifig the ^roup f do&or



tie route ts&ed in tlie 

ligando le shmm dlagrwa^tieally in

1 f

of

2.5.

a throefoia of

tfeat all coast«dni5<!

freetlottftiiof) 

tt*e

of the

p-tol;/!

m:dne

*?a® «dHi

eulpfcate fey

at

of
the boiling ones

tint 

afr long to

3fee belling peinto ar^ rooorded

the

solutioa «lth

acid f libers te-il as^ fractionated. Infra* o<i

the fr^otlofta showed that tfee .ppe4aei still 

acdne, tbe««& tfee n » H ©tr etc nine

of

reduced in
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It nas loo® t i&fttrta&t to ff*®oir« all tti* activated 

hydrogen a ton© froa $&a £r$4uet before att^ispting atag* 

530 a aaao&d purification mthcwf, of At*w«nr® (v4) *&»

The impure adaa na* refloat* with

in ordsr to ace t via t* all th»

i«4iifl»* fta* product itaa 

with a®i& f noutrtxLiaed and extracted with eth«r,

pvoduct aBwwcd no II «* S $40k in it® infra*r©(S spoetram tmt
<* to € « 0»

tbex»efora f carefully fraotiottAt«d uiid«r 

recced pressure and uader ar^oa «&& the fi'v-a y-roduct

th« ^@dtm^!? «»eot«Hl for

few*
tho arignair^ resgwutii of cor.-,>omid*3 ^irdl^T to 

aniline and &® this method v&,3 flrfst att«ssptett. It ^as fotsnd 

to be y«T7 4iffieult to initiate tlNi driimard r0«t6tio8

ia* f da0|)it« iMtimiI0u« drying of 

reaetsast® mid ^i^i^ent* floith^r an 

nor a f«w 4rope or

or

In one 

a atic&y dapoeit but on othor oceaajUHHl t&a

with cooling in ^ i^a^bath* ..^@ raaatlaa



ifc* 

situ witfc tlws eel0u£Ute& quantity o,f pJso«^iore©

f&i* w«* ftMfeft *ery etenty., ®ire* several hours, to the 

reagent in a dilute ©olutloss la 4r^ ether. i*e& «o t

la an axwstono/CO,, bath w,-a required to k««*> tbo t^Mptpfttant ** 

»10DC. The rroduct v?o» hor<a^o«<i ^?itfe a;; onitm chloride in

tieual swmn0.r &n£ th^ baale conatitxionto o the

tlMl Isn^ ** ff^ittot «3cpo«tod;lt n&s very

or

v;U- the llthio dorlvativc vros not? o,; tcurpted.

tfeia r®mt«

•^v BW- "V** 1BPl|B|BB(BBpwfc™"''*wfc

All ttp^atfttu*- *a* ^©P? c&r^fullf dried «md a 

et a-butyl litfelwis in $tii©r $?#»f*r®4 as ae£icrlb«d in

oectior^ Eartldy (18) hai «©e<l codlo of 

XifcM.ua %*lr0 to px»©v*nt the fuoing of the Uti^HI dutl-Qg ttds

surface oxidaticm of th« lithluss occurred during th*

of the coils. a p re ferrule? nat-;od waa ftnind to be the

of tho lu^ipe of eetal into a t!-dn ey^eet, t:;ift boing 

eat into thin otripe with »ei««om» ^.Xao tho



tarried e*it un<?wr ejrgcm and at looter t^.^erri.turea than 

by ilertley, the yi*34 feeing improved by thee*

lltblated and tee ealeulntaft QddaHtf *f 

in 411at« ethor«al solution was

an off««^tlt

recipe tainted ipm *tliaiiol prov<s€i to

, tho infra-rod

yieltf in Ui« la^t d^ft wm

(b) (19^ tta^l general sot hod aa that

the tid&mtat* I4®^i4 fetaCo-dia^th^l^

of

of PCI, in dilute
*X

Golutloa at tHe Ifyst st^ge,

%tw ,fl««t ps^imyatlou of Ml ylelftad a broim oil 

3 dif flottlt to

Imt left a taviy oil. 'rbe iBfl^G•r®d «feetr«»i had 

features and 30 urlfioatlon wa$ uttfmptod*

uith ctlwool yielded no solid p**<x»ipltate f 

jpod-aoed a ©tielqr iapwpt product.



39, 

ffca a&Htio*} of aa at^uuiolio ^olutiea *f tfeius to ats

amae or n4ok«I *& afthanal aid fora

of a aofsplta Mailer to tfea

of dlcodiu- oth,Ylcno ftft&i all

©oluticm. oil

of ctbor

not

cmeh

rodia tilled for this

of

(c)

of

oethod

of 3^»

in

at

from in good yiald* Tfta ovorall ?iaxd of m naa

Thle wot&d »&&» ssodificsittof? of

8 * B atretoM^g frequoaci«5« on th« foamntion of a

and thin provide aa to ilia

af In .



ffeui route wm m «i*«w* wmpt t&ai t&ree 

butyl lithium wttl^ INH|«i««i 10 l^%& lithiate t!i0 ortho-

»to« aK4 r^act trith the labllo hydros«n atc^ie* 'Cl.. 

th«n MldM Hftft tSm product h^drol^s®*! to re. c -::r/'-o ths

, no ptodoot oould b« iM&ated th



CHAfffift III

ouprie eoftplex«0 were p9t$fti>*6 If 

tito g*R*rai method of addition of i sola of i&& Ouprio

in water to a aolwticm of t^o 00X0 of n-ctien In the 

of b©iIiB^ water (?7), Th« Mioeouo oolutiona

the hot solution && fwwderod ^at oriole. The nitrate t

d oualate aeparKt€»d oa stanel^g for a short 

pwrlod wlsiiat the «!jlorid« t broaite aa<l aeotate nniuirod

of t&s 0ol«t5,oti In a vaonosi d«eicoator over 

sulphur±« acid, t^ati®n,;OttBzvj cr-yBtatllaod
e. <K

as a violet compottnd from aqueous ooluti n, 

n atandiag sv<sr c ae^it.rat«>4 sulphuric acid for a 

treafe tfe©@a violet or^rvtala «oold b€ oonvortod into a ^reaa

aad raorjrvtal'iiaed fron anhydrous s«thaaol in thio fora* 

ffeo iiathod «Rfloirad for recr-'at-alli«at:lor. of 

varied. Tfeo very iasolu le ouV?>t



-^K tracts with water for pwrifleattoy? a& no eolvert

for recjrystallJUsaUor*

wore r««ry*t«I»li«*# free

be fouad. ?h« otto*

or aqtteoua

«*ti*M9**itl®ri

in fttblc 3*1»

The eoeipItBB* $**p«red f together with their colourss,

In

quoted in tho tabl* «md @vt<i@n0® of

in by the

feelow, Analysis for cop «r c&os«d oosc difflcalticm

In tft« an*lytioal ncction.

speatrr, in the «odiua chloride region siKwed the 

b*ft6* fdT iR^oo-otilbene di<^in« ^Ith aor.o noteworthy

of

« sodel of th« .

will

* Slsr vibr&tlond will

HX* «**yww>trlc end avrnetrio 

Ml ®tr^tolit«§» Ftor fch^ point group C,,.,. ell 

lcfra-»red aotlvo, the n*.Ii stretching fre^ttoncioe ere in 

than

f&etore m*y t»o

in tJN) fr^e

for thin 

Safearoto

meloeulo.

shif t ?-nd this 

ia ch* «ff«ot of
oo rdinatioaj in the
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tfe* a tr etching f**<iB*a*y ftvgroae*® in tfa* ordor afcowu* Tt**

or&er fop «h*M co^rouatto la 00(ZI) />^r(ZXX»Hi(U)«

the H«B bond streagtli (&a£ frequency) deft*****® ao the

MI bond atrength la«r®«»©« irn UM order |^,ir0n# li^^pog^a 

»u«t &10c lowor t&* JMt Gtrotchi^-^t frenu&no^ as it 

th« H*E bond.

;f tr^fiai? ion

have feh?j poimi grcmp Ca «ws^ fros this sytt»!«trf the following 

aoda* ari«« In apppoxteat.® 4®«sr0«®iag •afC^STf* KB*

the

in the previous ca^aj PM^ lilt, -H., b«sd «&<| HH^ ro«fc which
W* »Gl <f -

Must be aiN^l|jfj!i<MI t&y Inspect Ion niiem pons'lble- IMI^I an Hwil 

stretch* framienci00 of !i«fl stretch, tilt aad wag 

occur but B?$ not soal^ti*df

of snoli ft«»Ji tftretol*in(v yo0io.?5® in 

in coiSf!iPiis$® tf*tifis>tl* IHK^»f*t^t«J licifd

between cpectra with dlf:.*arant alkfl fro«j>a H ^itncts^d to tl:©

jtft&MBtity ettine ssey IHI itit^rp^ot^il in tcsfi^ of r*©^t3rlct©^2 3?ot®)«» 

tioa of ill® ssisise «&out th« HiJI bonti. Potential barriors to 

rotation @ay aried throafh aerapcl c&uo^s t firatly atsrlc

ft and chlorine ato&s f @®eondly 

bo^aimg aai thirdly

»toa» amd aon-b -n--inr d oloctpoas in the



***
&ydr©$®*t boadtagr a*y occur either 

ft W£-.ter molscul* or through ®. onion tsucfe as a 

«at6 difference* are etoerved in the P«H fraammctas of 

fcf6p*t«d and enhy&roua euprie eogpotrnde*

In th« r«tli*r ooisrlcx oyatea here eaaaidersd fch<s 

strong lUfi otrcteltlaf freqvenei^Mi fear® elenrl^
to -

in the couples ap^ctrujs btit not in tb- 1 of the
** been

to th& rolifor of

region for

two

dtr@tdl.iimf fro^er.c!^ 

ttMMHI ffiay be evsGiaeritally de0«B«y^te. f"?-rs free

t-/lt. iarg® anlono show tv-?o 

to «tt«h ««*a«ratt» s$od@s» it

to note that tfee©@ ban^® @piit Is th« eas©0 of 

the di^rogiid* arsd til-iodide. ^-rent^tabiy it r^eiution of

occurs f dn« poattibly to a @ii&&g« in ili^ Xoeal

th« 0r^stftl« %rth«r^iii 0o0f» @p«etrn @ strong
<*lbimd at l^Ois than 3 9lCOoir^ is obaervcd in sd ition to- two

H~il baiida. Thic .10 poff«i?jly im ©roisfeUc c-R a tr etc.. tag basd 

witieh fea« •borrowed 1 isten®itT frc^® the «1©0© appror^oh &t tbe
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qpwttrle H-H «tr«teh« This aaai^nmnt i& supported since 

band only occurs with th* B~B baaA* of loweat ®a«>#gl«e. 

oth** H9&** of YibratiGa of stotol anise

not bse» assl^^d in the Cr-wjllor^Cta^j con-
<£ c.

oecmr in r@gloiis with ®m$ l*®8&* and csrmot bo 

brocably aelectM aft thty 

C'Sl) 2
found two

of .

type A >f?« «xesspllflea Ijy- *> ***t ^ HI, 'Sit XU

Ft II an<S Pd IX 0q^aa*e planar ocmploscea and

Uwn the t^pe B ®»8o|s2.1fi<?^ bj Bl XX 

On IX acuare pXana^eoaplcxor.. fhoae outhorti
* ^fr : •»!*;

a dictlnctioi v/it.h rd@na^t to cla or ga«cho

of tr-.o dth^lene dlcMaln* »e4^«aX«*0* Xn & 

this tteovy is t«fUt«NA as aa &*araf 

ahovod that both t;^p<m of 

eonf ovnatiott , m> ca^LainAtiofi in oi^an -for t

fh» ti«R atroto-'.-izie 'fi»*^(iii«t«» ©f t^ divalent loss

aw lioteA in fable ;s*at
*»i Xn tho r^lan ^(M^flOOOei** tb* e^ecadtrie aad

or wnt^r r-Oao occur

ttc'€^3 t^X)o^« f refv 63 )• 1ti®®« bcmda are o&arp In 

water but in the case of la' tics wator



fcimdc ia^p be abaem** ataratohtng oror «w ttieh m

In the *mpl0 eooitQB*» ettadi$<$ tho

«*»*•

JMI wall ®@ feaada £$* to the

in the oett^KK^ (tabla 5»a')« 11*0 spii*tff of 
by ooor^a

of «^i® of 

of the eeleotloii raJLoa* fhaD inf reared

«*$$ttfe$* tfee a^:v>m-it of

that of the 

freo aulj&atc ion bt^eigRi to

th» four ftm^w«wi%ftla y oBl^ v LCi^o^ca** ) 

> C5>9> ®*® ln£r«M*re<3 -..etiir©* If tht lorn 10

to a

of <l«|s»»0rat* »oc;ee oocuro. The ct«m^« of 

for u&i* And

m if
\ X \

0 O 0 ©0 0 H —» 0 0 -»• H
\ X \ X \ / \ /

ii « v e 
N X \ x \ X -\

0 0000 00 

ion uoldontfttc feidontat©

Flgor* 3*5



53*
fable 3*3 ahott* tlwi freqtte&elea observed

at al* for typical eolpimte CHMipl«s»9» f&e appearoaoe 

in Eco(tiS«)3<SO).*$SO ssay be ftttvlbutttd to a nolKI

seeoo to bold*perturbation ikH fcb*

f A B & I 3*3

*^ 7

ftji

(1050! 10606

* v»| very atroag; s f 
sis •hmtldcr.

1030011

Hit*r« ^ in the

on in) urn bromide region le <'n formation 0a to the nature



«&r In this r*gld& &sid *o interpretation of interaction* 

in the $eiid fttate are facilitated, In the 8«*tieB wtprie 

thia in tarnation *M§ of gre&t value* Ts-.ol» 3*3

•bows tha fr<§MHMW&ei«»3 exr^ctfid for a yi<i*ivta. e a^Ifilimt0 1 

maty Interpret tfei« o» liAVii^ th^ sulphat*

^ the r^&3ci» of

radical will th<m serve a» a bid«ut«to li-a d to two

loao*

^Iorld© «cw»pie« &h®m * atrong band 

whleh may be «u»ei,|p0^. to the ait^OI atreieh* "i 

la

nitrate complex ai-owe four m«w boa*® In the 

C»8r legion at

sot a3slg^^.» fb* biNWwS fe«a4 «i 5% i*

l» diaens»%i i>@lo^ the 

Ionic In t?ie eomrl^-

a bro^d abs«rt;tlon at 36,^ ^hioh

eaerlteod to rho On*Br airotcbin^ f r^aeaci . ^'^i® b«tid ia not 

in tlid violet hy Crated, bro^dd®. Tho ttiioc^an

to tha



-ode. t%* Caar s$*etr*f therefor©, au^r^^t thct 

fe«%w**ft aaio* aa4 emUO. *£*•& wear

pfrr€hl*r*r« eo^plex givsa a slogi* 

absorption at 1^038 W1 wklafc IB «oo*la«Uat *ritH oa

' ,• •-- ; in

1* split in «B0H Ia«tfencs:i. The ionic

la tii* 00Br region. 'Its* quoted value for ca tont* 

1* !&•% &»£ it lu »flit by eovi&e-nt bonding*

flfcfr niknstte 4MM$&e3t show two ^.r> : ou. Iwifj^s^ &f^9 very

vL-, out-of-pla 

«t 83&*a*'~% -'vl" is>» would •••• to

in the lattice* Botk
«

« 

ttOt been assigned* flM» thiocyanate

in tho Cslf «tr«tohiftg r«gl«e «t ^ tX(>£ an<S 2 fO70«ft« f

«*1 la U»iooy«m6ite *i»e9itft dUie to eoovAiaatioa of the ft^m*

He lietfl a eerias of eoameea** wfe&r« |h^ ion is either S or ft 

to&ded -r,u , c/viuci.'.: the »e^settee II,:,-'.. in fable .3.-^

•rBw^B ^SVH^B ^I^^^^B^^^^B ^B^^B^^^^^^^r^F^II^Bi ^t-^« ^, f t fir jf^rMM j i^ ^^P^B^B^B^b^^^^H^H ^^HKi^u^BlHI^B^Bi»fl|Hr^^ lF*^^eF ^|r^W"BPPTp^l^ ^P^W^WF^W-*P W ^W^^^ iMm^v •^i«-*.-^w wn'^vw. «•* ^r^BT^^^^ ^WW1 ^WB^^ ^^WKpBB^V^V^ ^F

i,h*t the SON iof*. iftt>er$0{*i} witli ^Ni co-^Tier* proJxst&ly along



36.

f A B

<tofor&

9& free ion

ft »

both

lB,^ la tho bonding* ^lt«rnatlvely ft the 

feas^e mmy bo due to 3jiis.etri® and ao^, sine trie a0'd«« of 

for i,helc-Tll bound to copp-sr b;/ nitrogen In two 

The meac of the two bands falla at *

quo tod for 3C1M by Tr&ser*

0tfe®r than

to b« ii^olubXe 1& zdtrM«th«xi» and 

©o tiiclr eondttotlvitle<» eould »ot

ift noa**e»ordi mating oolwnt*. Botli t...c tljlo^mi^t® ar»di 

porenlorat* li^d ««iidMOtlirltlos of the order 1 *!</*<£ si 

•lfH»tro3.yt«« is altrom®tfe«ni«>* itto malar oeaductswce ©f o

a.ay "b© ruleted lo the my^er of lonA p^ea^nt in th@

at low coiio«fi,ir«tlo:icf r'3uc;i a 

ul^es »nd oobllltiao of tlis con^l*x Ions .aa4 t&u*

o»iy bn Af'jar©.«laat®« fa bit 3*5 

in 0*OC:^ M sol.^tloB in



57,

f * 9 S»S 3.5

of 0

• ^ aitffebeiiftefi«< o*a 20-25
' ®-10 &V^

»etbyi cyanide 0-10 170*lSO

wate* 0*10 - 130

230-250

voali m Dielectric

yet

In 9 is nitro-

to water. Th*B » true non««l«etrol7t« of the

to the

of

ffeis 1© partieulftr&y fMrrlotw with eompl«x«-s of eio»rei II

11 »«eaeia «« ar» quite

ffce a««tieii eti^rie t^erohlorete and,

of a"-«i 19»9

of tfee of MtfR&tudle for a Itl

•leetrolyte tbae the v la

Clearly ejre for&mlated
inieractior»9 the
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cuprlc ion in the0e aolveata, t&ougl. ctich interaction Bay veil

be l@r??ely a» electrostatic ion pair attf-aation*

Th* ®a@&etia astteitta of the eoeplexea were m*aaurod 
*tt a Faraday balance and the affective aagii^tlc lioaasit® of the

iorsn wors ealc*Jlat©a* Tbose valuer sro listed ia

fabl« 3*^» Wit oaleitaated ^sla^ojar** aa**a% for aoav 21

til* noeanta of ths cupric lona are thus soL.ewiiai r:rca:,-;r than
tfea .a^iis-oal^ valna* , fhl® wocld ba a^a«%a^ for an. octahedral

*» 
or tetrag rial aooft^uratloat ooppar II giva® riaa- to a *"B

«tata wfeich ia aplit ia an eotahate&X fl«ld into

triply Mid doubly dogaaairata lavala with aajplittiag- of

# fba lower l^ia^ 1 atsta eatinotIs
to an orbital contribution to the aajpietie oonont.

II haa a lar^e ®|d»«*orblt eonpliag aonatant (A «

tfaoa eonoiderabla Interaction occiira batw®^fi f _a
Tabla 3»7 oorrolatao the .aaafgiao of the atataa

the conatr-inte applied to tlMi $pit«m« 4 totragoaal distor­ 

tion is Inevitable In eopper II (Jahn«C©Xlor thooron) and ia 

the cc^s now couaidcrsd we h^ro non-e-uivo-leno© of llfmftdfl and 

thaa a etrcr^lj tctragswaal field. The dlagrasi afeow@ that the 

«pi»-»orbit coupling aplita the nppar ^ level a&d tsiKian «f 

the resultant states isay then oc<mr to give rt®e to aa

orbital eontritwtion* Valwee of ^ from
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0 B»$f* are fre^ttemtly observed* St|$£is and Harris (68) 
list e> series of result® for s^uart plftn&r complexes su^porti^i 
this theory f though is one ease they find m ssossent leas then 
tfee spin only value of 1*73 ; V * There 10 no obvious 
explanation of this froa the the«ry# ffce ca«e of copper

i® w*13l«4saowB wher* th« valu® of |i *- is lower than
*

is that of a

co-operative effects either a d«*fccwl i« formed or a "super* 
correlation*1 occurs tfcorngfe the bridging ftcetnie grcttpo in the

The sMit&«it cwd&te co,-:. • lc.y: has a loif 

(1.-H75. !:low^rer v tkiM &ay lie due to iimecuracy of 

«e«usure::.cnt f i^ the disj&ftg&etlo pert of the euscoptibility

tlte ptirJBBcr.otlc pi-ri in this mibetaaea 

ao o^ly a vef7 sr-all resultant deflection «e« ob»«rved on 

the f9&G&$t$' belf^ice. Tho other oo^lsnes have tha « ooaents 

expected for c*t$er II complexes with tetragonal crystal 

fields.

tfMi ultraviolet absorption aad solid reflectance 

of the ea&plexes were r.i»aourod* fable 3.G 11 etc the

and extinction co*«fficiants of tho features 

the spectra* Fibres >«$«S are correl tion table® 

tlte effect® of the ionic ligeati^i and hydretion oa the spectra 

whilst figures %9»1^ reproduce the observed 8|>eotra f the 

oxtlnotlos ec^efficientd being plotted OB a log* scale.
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Solution in
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Formula

Co-etieauCirtaX},

Iglution in jnj&thenol«j|>illli>iii'<»««i i" i • 'a»i»'i«'»"«< "»«•<«»»»•• iii • |N<«<I»
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em
33 f 000 
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.99
i:- OOO ah

* oolution w«» vlol«t t altbottgh the 
§ both is«tfett»ol an<l c^rbo-i



ffee apeatra &?& etiaraateriaed by a broad difruaa

peafe of law axttitotian eeef ftetent t (lea* than ?OO>, extamdlag 

over aono 10 fc :c «~~. 7M0 pcsk ia not gwterally »yaaa®trio

probably corresponds to more than one absorption

^uch bro»«$ fcazwi ««veio^«J f ratber than 

are oh«t*ii«torl8tlc of 4

z^e mre

'' but bc«o«,« ^allomNH* iini to vlbronlc 

the complex, Tbe foroi> oon«t«i»t« .;d e-ul : 

r,r« cif fer':;nt im tb^ grouna ^a oxalt^a s?t&t«e afiH no 

of tfe» atatt** Oftft occur; attj^aneirlc vlbreti 

tdJi4i forbidden t3,loc Ironic tr.-noltlcma and thu» broad

a field of «fiH»®ti'y D will

the

« .^^»» jj. | ®%jis
Jig eg X®

of

or4er 1« tii» invar®© of that §lv*a by Bolford *t al* (S9) 

thoy Hot the energy Iwela of totrajpMHO. ooppar II &» 

>A, > B, > s , ffci* weaitf «a«fs to b» falAa sss «a aay
AS *S §

tha lavalo in tajftso of "posltive^hole'' fornallaa for 

« 4^ ayatais* Tho laMUixiff of tha ojrib)fe«il« in a tatrafatiaa. 

field la taw® of tfc* roaltlon of tlia positive hole ia 

included In Tablo 3«7* Clacrif a faaltron will ba »o«t 

stabilised IB posltlona af BHMrtiaw »ago:ive charge and t-;e
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asaign tho orbit ale arioAmg fiw tho R state as (a g 2 )*
I» 3* **^

lemur ia OIUNFS? *&*fc (***)* wfe*tt th* *i»*«*ti<w

to an elongation of tho &*»axio* iiatiarly wo

would or fcct tho (&««J 4 euad (d_)* orMt&la to ha*o
2O»

oaoo but with a change of sign* fttiat nesigaation then

the E otat* Ml iM^iftf tit* MglSMit eawnp-, Thia st^.t* Is 15
split by opin-orblt oo«$liiNi f tto di$08**od earlier, but this 

have negligible of foot horo, oana&ag ealy a ollgbi further

of the te&d«
UHLMajfJi Jib Jfc^ft JMfci^k- AfcftktfaJh)i^MMhA^A .^^Aft AkoHkid^Jll A^MMMk ^h,rfft ^k^^A^Hb^kdferfteibMk'llP**«*Q iMraW atiSWwTJIWfcOw 'WjpWP WW 9* wwifcJFCT^lPiBBrlt

copper II iona or* imoli sore almplo thaaa •n^gootod by tho atmiro

»MOtiOB ooNfloxoo were studied it& atatJM^ol

thio modlnett fe&o pirodo«&»aiit ttoor*31na?-lon apfeore

<]u(aa,o«>g3* v th« two

dosoviption,. wo 0ho*il4 os^oet tliet all the 

would bo idomtioal with roopoot to t; e llgoiad field feoada*

bo ooofi froa tlio oorral^felon diagri^o (flcure® 3*6 f?) this 

iffpfoaelaBatoly tho «»*« ^Itbou^h there aro oo«o intereciiac 

diffor^aoes. Tho aaiaydrouo dlbrojiddo favo a groon oolotiMi 

fa aothanol with a poofe at l% fSoOo@*'w ooeiparod ^iih tho

of 18 .SOOoia.""1 for %JMI r •"-- • J - -- "• " ^Morido*
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77.

advents ft wiaa* of atudy of tnia It
la coocluded that in

occur

(Coax*

solution Xl&aad

otliar to aiagla

fit paaitioG of tfca b^aa la t.h* »aa« la

tola

oxala o and

a

file «p«ctrttia ef

it is

to th*

tion of spoct^ ur of thin

not

of the

bf a

at

of the

<MI a

r>«utleru here*

spectr© oit^n show

obvious it «««Br«Ott tr&noitioa

in this aye tor;* It tap «ria«

in th 

entiraly

tha

do not praaant »weh "

ie not

atnte in th© eryet^l

r .,-, ;,,.ro 

in

oan

the solution 

IG tha aolid

rl@« to

of tha *&&&*& tiia

accurate avidenoe
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*%*
la both (b) and (e) tha ce-^tr® of ia*@ap*4aa ia lost la tha 

Ion a&d ao the § and u *ub»oript* r-,o longer have

ftiia fea» t!*« affaet of incwaaeitt 

ft possible transition*

fit* *p*ctrum of the eJbJU»rid0 co " ia

ht to 

Ca) f la the ©oli4 ®tat« a® UMI &a»i at o«» 33l* ia

to « Cu*ai otastchlnf ss^^e? this r©qul 

the Cu*Cl bond la cor«laat» Slallar ovia*nce 10 cited 

for o0val«^Qj with eavarftl of th* aaions* in tfe« solid etat*.

of tli«4so «0iip!«Ee® would 

<m *«eh» A» this

?j«««ur«aefit« diMariMa abov^. iih thsoa

fro^' coreuotivitlcs Is iiialisei by the 

the <M)@pl«am» IE ncnWlonor sal^^^tG tlie

do f fe0weifer f confirm tbat

11 ho* a tet*»^ii*l tmviroeisent with two

ill fiwjwar^ &3&m» arr«»«*««nt, a^a c;t a 

on tfc® »*4ncia v two waaHtv tiganil ^resps* Of

of the natal emrlroaimt botiveor; tl\a solution and 

aolltf at^taa may ari»«» ^ifeiwity at baaaviawr witii 

dlffarent acid radicals ia mat r i«?ces5oari I;/ to fee oxp«ct«d and 

tixa axact coni'ttfuration® aamiat INI ttatyaldp^tMlar atated.



80.
ffe* *ft**l«»** b«Vft the na^oetie »oaettta eitpeoted 

«ft$ttir*4 electron in 3d9 and show a *tn§le bro*6 

absorption v-rsd with a lir;and field of tfce *a«* order of 

a* that of ethyleae aieodae,

bio-atllbc^e * palladloa eosif 1

with ewa* of in

2 mole of ligcmd

foisr to

The hot othftRollo aolntion filtered froe a.

t of black t t*-nd on cooiias a crecn or 

fhia wa© reeryat&lliood from 

white powder* YheMI an

together with thalr e*«coapeaitiaa point« f art lifted in 

table 3*1 (p*^3)« ^ovortil ua8uooe«»f4il atta-,:r-ts were 

%• isolate an iod!4« eoaplax »«t soaa «a* obtaifto4«

of

r««ults for asaeiination of the infra-reel spectra

atroag Uydronyl band« f a« illuatrated in figureu 5*1 > 

5*17* 7he«« ma^f be attribute to ait^er water or etbanol

of The

«tlll

tbe« at 10

tfie

by

for a «N»O&» the ini ra»red epeetra 

of h^Aroxyl ^rompa. Klion tht
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63.
palladium ooatent wa$ radatarai«a4 it ***# found to 

loaraaftad csarkedly, altfeoii&b it had sot aafeiavad tha eal*uXa£e<' 

pareatttaga Cor the a&feydvo«Ni eospouncJ* &«p»atad yuNpftag did 

not yiaXd thle v*au« oxeapt IB tha oa<» of tt*« dlthloeyanata*

of tfel® tottpl«x dboiw no «i£a of 

'K>ticoo.blo in the other 

not «*

out to ohoek fiwrtfeor ike suitability of 

for otv'Tooche leal lnv«stlgetlon*.

J*S Droll a/3 th«9 hycirox'/i banda alroc.dy da^crlbed, the 

l»fr«»-rcd spectra of fche ccfflpoar;do rthow^d oompl«»« br?ado im the*. *• •**

JM! «tretehlng legion and tb«o* f too f cire ®lMN«a in
At low©r •n«rri«fl tho thiocy«ri«t« und 

©hour typical bands du® to the anloruu Of th®

only tto* 0*11 «tre toeing freqwMMtyr w«tt
i d aplitting w&® thua a.c,aller than 

In tha ooprle oo«^p2,a»«ii •» aorraiipoading to a aiMaiaf 
Intaraetion with th* asatrU in tola e®a^. fha nltrata
ita waual vary atfoag afeo®ffftioa at l fJKK) t 1

It would avpaar that naitbar of tha«a loas is atvoag&y

to t&* »atal .la the ccnraox* Tabla 3*9 lists th«> nain 

frequoncioo of th« abnorr-tior, paakG In these oosipioxos which 

are not equivalent to those of the free ligaad, over trie
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the oration pollftOltui coaploxo* went

la

e froa of

is thaee

Tho ..:ar; otic bill ties of

of

vrlth tho^e fo^md (?1) for »om« 11

tlw Ugsmd field aplittl treji«itloii »»rl«e

to
A

•:• .

or over,

strong

tfele i* by the

not

fl** lie®n« of higfc and so

are loot ia fefee of the ^uch ctr..r4 ..or
:'ho in
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tsaa fr«(XIj)jt3** wt ^

~\ sbould^r (triplet) t

, t »

but th« iaolualon

of tMHUMtt* rings in

In t'-,!© regioTi. The feeture^ In 

3»8 (p»6S)« flM» «««tl«

tfcua snu^re plaivar bis-di^ilrto cor-p-loxo© ^ith In dot ̂ r

of the type

Insolubility

IB rion-4*ttor aolventa iy»4 Ift^c of -c . . ,ti^a of

oas l£*ed for 

of this work, th« reform, Ii«»2i4 til tit

wa0 ]:-roparcd 

inveatigatod,

of
II cottploxea woro py*f***A

g*ner**l xttl^od of fcdaiag orse ssol« of t&o niekol e©lt in 

hot ot!y<mol to two eole of tiie li^an^ in etiiemol. Th« oolution



*aa filters 4 aft* ;f«ll<w praalpitata*

alowlj separated is foad jield* ,ho -

Tha produeta, t 

sir daaattaaeition taints ana atMofeetivitlaa , t»d In

3*10 f v-/, of

tli* et&evid® aad Uw Io4id« efctaagsd in

at 10 sai&./GO°C for several da^, ttur

chloride ow a jf***a

cr.;st6-.l iin« but A of

l.ifscrltr:

GO

This behaviour 1«

of

with t&at of

eonalderc-d in th©

until th« phyaie&i

th«

in

tJi«

3.1.1 tli« tJ#ual of

la

spectrum in this r«glOB t

of intMfvatioo itt til* »olid

of this

it Rta feav* cior« fehaa

faa po»*i51«

later*

i*al«* ©till ahowa of
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93.
in intensity, vrhich SMSf feav® boen ftbaorfeed during 

nulling. ftie 0®«$le for nae^yaie w*» ^ue^wi md U*ea dried 

over c.IigSO^ for a week*

Tfee temple*** wore soluble In nitroa*a*«a* ead *» 

tae *»!** ea*&t*tiviti«« IH^NI a»«fttirv5d in thi0 solT*ut 

(Tcbl^ 3»10>» All are ee*ts to b« iat«n£»diat« electrolyte® 

tt^nduotivlties l«as thejs 111 ©leetrolyUo.

la thia od-srent. The CoSsf s-ec truss of the 

d^l«« tt&en» no 0?l<?@nc« of a M-^31 

frequency t hm^v?>** f ?md so i»t®raetion cast b« p

in origin t© euraouat for tfe» low 

^-ia^notl* a»fMi«»«tteata of tb-: o<xr-ploxee are of 

Interest inMl ar® liatod la T«WL* 3*1.". I^oth th«

ati&ydirotaa lo^ia«« and tfc<? jol.io^ chloride : r-« 

the VMlue of th© corrected isagnatlo

tklUtjr b»iRg 0, Klthia tH« littitu of w^*rlffl«Bt«tl error*

n*8iCl.J fr:,/;- ^- 1- '-vr. c ?-?t 10* iws./ijC^C for four hour©

the Fwra^ay foftlsuftoe and the ssta^aetlc '^sent of the

A ireJiue of '\^

obtained end tliis value «nni not altered b*r farther 

flie lone of welgfct of the «a»sile oori^.-'Q^oci to the lose of 

four wat^r molecules free the tamla wei-hfc ^
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f&o tjltraviolot and vialbl© absorption •pootra of 

tfeo oottf&oso® woro ©tudtdd and the ff>otttrcs of the apoctra are 

listed i» Table 3*13. Figure 3,21 1« « «orf-elation tafelo of 

too feature* of ttio solid and aolutio , apoetra* figaroa 

\.?:>-?** reproduce tho actual apectr , oxtinotlon ooeffioiofito 

j»Xott*d on a log. seola,

Tho Ot^ctf^ mr* all virtually idonticol itt ttotfeaaol 

.oti. tbc .;:aio%f aad gp^on foanao of th« ehlorid*

diasolvc to givo yollew fiolutioao wit a a oiaulo iatoaao broad
*»1 rccsi-; at P*2 f500»»» • Tfce p©ak ia not ooe&pietdjly 07000trio

and has m definite fci&fe oners;/ ®t*®tti»ler HttgpN»ti«f tiiat it io 

a tompoaito feature of tire or ooro abaornticn tamda, too 

•fttivaloneo of tfeeao spectra suggest th.-it tho s- eclos in this 

aolutloc id CzyM9tieajRi(G!I«CB),,3*'''* -:h@ iodide ooapXox wan 

inaolublo In oarson totraoiilorido Imt both for&o of tuo 

chloride diaactv*^ to &!?© gpooii aoifttiona in this solvent, 

fao yollcw hydrate ro«iuirod ftoetinj; to diaeiolTo it ia v>Cl^ but 

ootftpottnft wao readily oolublo* Thio csay oo *

of tlio lattice «n©Fft7 cf tlie tfcr® forms "out it ia

that tho aoat helped to Moaooi 

ooleouloo on the ««axia of tl&o hydrated

-'. con-ariooB of the opootra of tao two 

green ia CCl^ and yellow in Cfl^OH, IB Ivon in f J 

It r%:^/ OQ .-•:•-. that the ^reon form afcowo evido&oe or too poaH



98.

p 
/ J

SOLUTION r S>OLI[)

£

$0f
1
1

1 
1 
1

jo

£00 ' 

1

! ! i
1

T ̂  —

^0-

ii *<•-
i ii

^^A/,^.^

1
1
1 
1

i *.

^

' ' v> .2* /<? *»

p-sk '<.*«. A/t '£t / i * _ _ t

•

^v ^

— , — 1 — I — \^-
2-t> /0

f3 * ^^1 ^ ' *

-•

it^O
I -

S '

/ -

i£>*

2.0
\ 

10

3.21





H
 

O
 

O



HO
 

H

VJ

V- o

i

!!I 
I 

!
^*s

M
 

N



102.
at *?2 f50^c««" ao well em ^any additional faaturoa* a

is observed in tb« ««lid rtfltefciiaa* 

attfetfttgfe an «a6itft6aal f .weak, band at 1«* f SOOcra/* la 

for tfee fallow fcytrftta* The similarity oC i^aUd aad ®olut&» 

«p««tra su^^at that th-s factors liin.u©a*in|r tH« aaargy

of the raetsl i«m ar« raeticalij the r^ .,u^ in

tho nol«4:ml«tr atmettira® of the Cffi*»ti«n..!»ij" oompl«at«« of 

tiffeohlta d«j»cr3.b«<! briefly In th« Xatroduotion*

to tha

cxatiaa cosplaxd^ fr«qu®ritly oootsda
n 

of crYst&lXlastio* ini «* «id(i% in

or

the alMM»rpl4e® ap«eira of the 

on*

with tha aid of Sartwoan 1 !? theory of electrostatic

P. , aai 0- ) wwi 9an«i4at«t» figure
»'u jrv

table (afta* Forlani) «lM>i«iii« •«••

In ib® bln» «eal«5»« a«paa»«nt bstwecn

calculated and oboorred epectr:'- is obtained on tfea baaia af a

*ia*orte4 octabo«i«a «wift«iM»tion' with two Urtr-nd nroupn an

•ft aleegatad »*««cia» For ' ^ •- 'low diamagnatig
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**»
in cloa« praeiaity ar@ «xp«oted f In substantial

tfe* out large awuu eoservtftt in both nation 

and f*8tiea oo£ipl*se*ft» Th* quantitative 3gr**m®r,t or tfeo 

f#*o,ts«tt*y ¥*an«* is loss »&ttaf®«*e*?* It ««& b* te^roved 

if »«B» OOY«l«lt HdftilJ te«tW«Nm th® oe- tr 1 io^

ono 

r.iefcsl

tfc*

that

•lial conpoaent : >

thtue

A o

-*«>r: for

t ting -of th« ... in c.

i4,@hr latter th« a.U:r:rlifi«4

tfeo of ih

iovels In tetragonal oickei 11

to

on the ;^ oi r. L 1 perturbation*

as for tin* jetton til cospl^aeo &ro

on *&•



»/.

; , -

>. 
1

utter i*

facur w»t«r

3 '"<»/' 
• <!t>

It ftta&a «urprl,3l:v:> &t I>ir^t 9 that ^,n Ui« p«^ti«n

feJfwJP'^b© JL9 tita w2L,ttfl8BtJ*!SMl 11C 3'99d<MI WfuLlJSt ttUI

t*s li, of

than that a* :* h,--:iae tan and ao

would b®

Xatt«

eo tr,.o

*rc<?u«-jtljr

1

In the

of tills
n«y l:o r-thtot poor. AaaM^r*! of the ^..-t-or '-rill 

a ooUUpea of <.-— •.,' ^tntttwra «*f*« a

in by

in thin ehlo^lila lon»*

of the »peetrti!3



Cotton and Poeklar (75) dtactiaa tfea 

and a$*atxtiffi 0£ niofeol 11 bi*~p««it«y*» 1.3 dioata, thay explain 

their rwralta in taveft of ©*i aMtoiatioa of ttol««ttia* IE 

colvonto of low aoor&in&tiAf po^or* ffcay «t«44M 

toluene solution «&& <im«<rtrered a C',r,ca--lr®M««

tor.t with thla ptMm<9®tt^ii« lai t&» prese-.t o&a« t however f no

•Hill «mmer5tr- tlftn dtro»nd*tt<ta waa «b»«w«d« further,

•I al» have recently pabilsh^d an 3Uri

of C^^tlea^iCaiiaif1 f!.

«2i«ii« rcT^Kit of thlo

two forca of this <HM^l<Mt* "Hie blu© compound had tfee

octahadralljr

iia*

both o0t@he<tr^l si.5C-oo<»r^JLn«te aiokal

nioli@l t tb® cr^etal eell 

IMO a©3.®etil«*0 of tb« fo 

fjtifli Aitttiora lotorpr^t thedr 

la tho lirht of this ovldorico* 7h*^ obsnr^* A

of r.5-:r' ;' :v » for thle yellow «Mpii«* ftM 

for ootAhectrcl i&efeal. II 1® c«* 3»l6 B.H, s^id thoir 

*** inc-l.c^tive of th© «^U»4 octahedral and planar

ive



haul a single peek at 22 tsooa»* Smax. » *V» f

whereas i-lybufg*® yellow eoeplex has a peak *t 2«*

in 954 ethemol. Tlds eay t»* taken ®& * 

of the ooiteentr&tion of the dlemgnetia ©pecioo in the

eolutiun aad giir^s $a aaiswer of on© third of the oonplex

The X-r-^ anal^aia of the blim dichloro<io»tat« 

showed that the axial posit lone w^ro ocoupiad by 

w&ter •oleculoG. However, is «u|oeoua oolutioo diasociation 

ooourred leaving « j«!10%* pleouxr eo^pXex, fhe author® eon** 

cludo th&t in aolutioa the i>Jcial poaitiona are 

hiMdorody preventing tho close apv;^oach of tviloaa or 

eeleealeo* fhi* argasE*at is supported by tue observation 

tb@ oeso-cUa^iiie gives tii^a« .yellow ^olution^ 

dia^ine give© blue a««eoim aolatio?50.

The p^stieB cor-pl@3f her© oonsidered le sgftin that 

of the r-.eflo fora of the die^iike e%d corroapon^o eloaely with 

the ja-ation oaae* Tho m£m®nt for the green forr-i of thia 

ee€t$iex is 2*6fi and it th^is have © als4.1ar orysttd 

atructuro ta tlie felim^greeo B^itien diohloroaeet«te«

the IT? eJtaorptioa spe&tnm of thia cotr?plox in 

of m 9vlxe4* forrtj and su^cKito Wiat Qat^hedrctl ntu& 

noleoul.08 oo*eKist In thia oolvent* ^Uio ix»int to clearly 

Illustrated in figape 3*^* f̂ ® o«» »^ tho speetrn of the 

blue Ei-stien riiokol diohloro&cetata (no«4) end the



108.

dlchloridea (no f s*lO flg) ia idantioal with that of tha groan 

eomplax* 'Ihe X»rajr atructura daaorttHHt febova titan 

tha population of a atruetura aii^ilar to that of tfea 

diehloroaeatata t haviftg a sstxtur® of ootaha.drp.1 aad 

oqua*« pl*nar iortMU Farther oonflreufttlon of this etruofcuro 

would ranttix1^ an K«rey «tetex^inatia*u Agala *i*s Cl@ur« >,? 

it la s«*n that th& 'oct^ftdrrl 1 fro^,i«intfies corrern-orid quito

wall *dt!i tha Furl^ai'o asloulations for O, «und D, . * .,7 burg*«
oaloulatad tha aner dliTaraneaa of tii@

in tha e^atleti eor«pX0x and haviog aa«iiM@a& *<• raitucticm in
1 3Hf «• ^p eajNM^ticii froa that of tha fiN»a ion f tia obtained very

tilth axperie&nt* For tho *octah«4r 1*

ha asalgria the ovootrum as

fliia eontryaicis tba aaaiK&isant given earlier 

wl o considers tha transition* to b*

of oourtae, the 4^ <?*) — *•$,(£) iranaition is formally a
T ««g xg

two-elactron jti^p tlioti^i In a waals field at At a milting

Irt D.L. «pw»try tfca t levola will split into E
**»• 15 o

althor A or a levels and thus four s^ia allowed transit iona 
S S

would !>a axpocta/i fro«i a triplet grand tstate. Tha situation 

is not eie»r f thoii/jh ae eeen In figur© %*?5 no»5» the 

calculated traasitiona for Ofef aasignad aa above, ara in good 

with aacperli -



3.09.

aoaplajr &howa a weak a&eulder 

fhifi would aoetr to ba ftttalogouo to a waafc band 

*aa«*ib«d by Nybuvg at this ftfeqaaaoir* it la aaaignad to a

<saua* th® latter t«fn to nix with a and an4 •*^0 1^1
th* latenaity of the band Is &&l%aiM3@d*

The ©Ingle absorption baad ia the diawqpaetio 

may be 0g*igii0^ to a tr*y:i0itlon fro® the X

»tat* in this o^e* to A (G) el though

th© «irp«fliBftntetl iralti® «md that ««loulate^ from a 

crystsa fioid r.iodei la poort «a ttlways, v/ith planar

conclusion t:.io yellow pwati^n coEpleKca of 

nickel uro dlaisag^etic and aquara plaaar o v:.ocioa t with tho 

at^rically iilau^rlag th« approach ;vf potential 

on the E~a£ia. Tho ^Pft^n forr:i of tht» ohlorld* t^y 

be & nixturo of octnl^vlral mid plansir foro%3 both in !,*« solid 

«fid in earbon tatraohlorida ao^titioo. ^hi® oontontlon .10

in* op©otff«ffl »n4 mi^:,oti-O aa«a«t and 

b« analooua to the ®«etlan diohloroaootata of

aanw t*f

of 

th@



iio.
refluxing of stolchioaotlc quantities of lig&nd «ad salt In 

ethanolic solution. fhe compounds wore isolated an white 

powtiero and were rocryatalliaed fro® ethonol as such. The 

campoanda prepared, together with their colour* t 

point© and conductivities are liatecl in i'able 3*10

analytical resulta for these ooaplexea woru rtoeh bottor 

for the EH*0tien pcilladiu^ 11 coiuploxais and correspond 

to a forirsuXa p-^tloUgpd-X^.^HpO. ftiispiiig of the
-40at 1O £^*/6o gave indoteniiinate atatea of hyciri-fci 

for all tiie coiipIeKua. .lie chloride complex 

to give valuta cio.ie to tho^e for the ftaliydrouo 

*ltl.ou^h the infra-red S|>eetrum of ttila a- ecioa wm@ the

as tteat of the isydr&te^siiowiag a broad pesk due to water at
*»! > fM^Ooa* « *lie iafriMred apaotra of these eostplexaa were

rather indistinct in tlie HUH ©tretchiiig region d«@ to tua 

bro&o Heater abaori'tion @ii^ have not uoe,;- reproduced hera* 

The nitrate compl«« aho%^ad the «0ual strotig band for aa ionic 

nitrate*

11 too cocnBlexea «s«eept for th« ohlorlde uihyUje*uto 

were insoluble in nitrobaftMifia* fta chloride dissolved in 

the hot solvent and g*i*e a sa^ULsi^^ conductivity* the 

CaBr apectru© showed no evidence of a Pd-vl bond a&4 so it is 

poaaible ta»t tbo oo^lex oKisted oa en uncharged ioa triplet 

is ttltrobaiisena, Altaictively f the chloride ion cay still



ill*
to psllsdlua,

r@pu!i*i0ns on th0 a-axls will -^^ wo aaks

oo in a 6isa*gRetie square plsasr ooflml*** ffe* 

will then fall outside tfc© otMMWoblo

otreteh for.y no P 

In

ill* fiakgn^tlc suisc«-^tibiliti^B of
<* «*6*»50 x 10 cj-rs* unity ••& eicp^cied fcr equar»

ultraviolet absorption 3p*«trs »t

a

fi 6 ' Ions.

In

3»13(p»95)» with the ligaM field

eolld

•teuldora at

<»or respond with th«

as

obocured by

«peotra (figure 
*'1 which

disetOHied previously and

£aid single U»triplet

tiona % w«ro not allThe solution 

net &zi

of spsotrctl fstttttrss in this 

ffeBS th* p*tit!0« 

to the n-atien compounds s»d fefes

attached to the bonK©:\© v±nr& of tb^ ligpnd do not 

give «*»y sitbstantisl b©n®fi^ in th« study f conduct ivitieo

fully
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The synthesis of thio bidentato ligtxnd had proceeded 

in very low yield and no it was ec~ded not to attempt to 

prepare poly dent ate ligatido of this type f a& they would

not give the renuirod properties to co- rloxeo wltii
8 d metals. Gonaonuently the rdxed

wore prepared ••: d complexes of theae Xiganda are

described in the next chapter,



1 A F f I 8 IV

OF mi. JDfT. A8» !?»

The compound Ft!?, formulated a» a

ligand, was prepared with the ain of corapariaoa with 

arsenia and phosphorus compounds, ^M and J . ,4 

i f rather than *£|N* with four nitrogen donor

since nltrogea at the IHP^X of a pyretaidal 

would fe« too onall to allow the whole to be stable other than 

planter oon figuration. $tai© trlphenylaicdne is alrsoat 

with the b@a®one rinpi in f propeller* orientation* 

the synthetie rout© employed f^oapbom® trichloride which is 

»or© readily handled than IIClr . The nitrogen ato®« are
-*»^

tertiary In the ayntheaie although they i^ill have 

lower donor power* i^owever f Baaa «^d wateoa C?7) have

prepared complex®® of bitieatate tertiaapy eninee aad found

-de to i>o rot nit

H aad FfJ t formilated c-*a tri- cand bi- dentate 

were repared one© doubt had been thrown upon the

*ff active coortHnatloja nueber of nil in ite palladium and
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in complexes. Coe^minds of th«s« tidteCU fefill be 
first dlaeu/.;a*d*

*• gJBft*** of naUfffr. II and -alA*<Uua II.
ffe* chloride eoaplmHMi *#ore prepared by the general 

•ftt&ftd of mixing cmo ettle of Ugand in ^thanol with on© 

of aodlum ©hloronall*Aite or plaiiait^ in ctbenol* 

aolution wad filtered hot »ad on 9tda€i&f yollow or 

crysteil© separated. Th@^»e w^r^ w«»&«4 with water and 

attfeaael and roerystaillaed fro^ batanol or othanol.

oy Ixing

oolutionr^ of th* «odlua haXld« with the chloro-
«**? ««tellite aolutiona and filtering the rooulfcfeat M&r or

Into tlio hot solution of tfe* llgand. In

of broedde and iodide
ts«thylen« chloride «nd «th.*^jnol <!id not |dlve analytically 

pure prortr^otG. For ow»njpl« f tfe» e©fij>ouad ti'PtJl'tZ. 
incre;.oingly hif^k Vfilu«« for P «ad Ft «n»Xy»le on 
••eryetollififitiofU la^peotion of Ite lnfrA»red ap«etrur.; la 
th« oaeoitir bromide region shewed « band at 3<¥ incr«r<stng 
In intensity wfdlch la &N4g&ed to » Ft - Cl stretefciag aod«, 
This «xoha&g« wn« d»« to m«t* ylone ohlorld* and w«« quenched 

adding aodium Iodide to the oolvent. ill th« »ub«tcnowi
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then gave v«r^ good analytical roo tilts and their fomulas, 

together with colours, tiscoapositioii points, mid 

conductivities in nitroMrthans ora listed in Table 4,1,

ffce tafra-rea areotra of the complex** eoafiroed 

the absence of water* The fret? li^ond had a peak at

*1 in JTO f to S^^Oca,*"1 in T14, fhis p«e& has

a H~€H^ fx»©qu©noj <?8 f?9)» It ha® been 

that tfilo is a C-II sir® telling fr«<|tt«Bo;/ of the

IUCH. groupf but a aer« attraetive wt»gge«tioii in that it is 

a combination of this with the overtone of th« ayrsrsetric OH-

dafonaation node at I f4j50ci5/* to give a Fared rooonaace

doublet, obaanr&d in Hme«m »poctra«

antl Hill C?B) licit aor-e typical
i i dliaethjl anillno v 2 tfc»07o®«* I <*••«• thyl derivative 2 t7^^cii«" }

p*B«thyl derivative, 2 f797ca»** t i»««»tliyl derivative

? 980308 • j diethyl m7iliBe f no band* The ortlio ouhatituted

derivative thus corresponds elouel^ fe*ith tho HI

4,1 shows the 1/8 spoetra of spsotrf^ of two fro®"

atid t. eir ohar^ec; $md ccordlru.-tea derivatives* In
•i 

sase the band at £ fto>crj/*' fa®B disappeared in the

derive tlvs*

BraunUoLts ^^^ observed that even in p~»itro 

dimethyl onilina the Imnd lii® disappeared, although it ia

in the ssts derivstiv«* FrsstKiably the oharpred
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auinonold apeeias ia responsible for th« <&*«pi)*«*a&6e« Thus 

the abse; ce of this bwtd la indicative of coordination in

7
A 
6 
S

"
r-nd It

In

Ae
s.

eaotred such a b-nd at

this bund w«* oo«T>l«tQl,y a^i«nt in the K. coapl^x«a* this 

n aur eats that all t^.e AontMT ato«« In PTH and PBH 

not f in f^«t 9 coordl»«teil. In other respects tn» infra­

red spectra of

ahow no fefcttuNMi of int©retst end are not reproduced here*

ffce spectra of eoaplexee of the same lif*«nd are ail identical
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and show slight changes froa the ar>ectrfi of the fro^ 

The iscdn difference* between tha Iig#nd0 tire the appenr 

of fa*»de» associated with cano~oubetituted beneene rings, 

The ftpeotv* in the en***** bromide region are

rsore interesting* Th« fr®qu®noi@® of th« &baorpti.on bands 

In this rfsf&Qii are Hated la Table ^.^ for the ehloi^de, a»a 

either brouide or io41d© 0oapieK«e ©f the tfere© ligands, 

Th© chloride oorrra@x©0 ere distinguiohed by the

ehar«ietorl3tio two b?^«Ss at ea» 30|i and 3^n* these may be

eaalgned to the gy^otr
^•Cl

fr*quep,ci0G of 8^-- in
irX

cor sparable with the values givea by 4taw for the eoapoeads

j (8O)» The trail® compound** studied by 

only on© frenueney st 339.3^ ^•l©o« <" (^9»^5^) whioh

therefore, insemltive to tlie lie ^nt^ ,

gave « wide r^nge of iraluee very dependent upon the

fhtui

for t « pyridiae (rt^Gl) * 34.%M^a.%) 3^7. 9, vs

for t «

f or L »

very low valisn for I?H- ma^ be due to hydrogen bonding in 

thla ©a®e t/e<»kening the fWI bond, In the P/9 eo@pleicea f 

whero P/(f reprosenta ^J^y of the lij?aeda f we haTe two non-

I* and two ois chlorine croupe (farther



* A B Ir ft **+?-

.Abeo.gp.tlof! .' "!B of Pt and rjd
-»»-«Wi*#.<aH>w

*;'

broad

^ ,

lro;;-d 
broad

id«ntle£d to c!':lorii« below

2 3

va f verj
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evidence Is gives for thia later) end so wo should expect 

the two Pt~01 bands to foe quite **idely separated in energy, 

«s ia seen to b© the case In Cable *u2. Certainly the 

infra-red evidence suggests that the two chlorine &tona are 

la si tea equivalent to the els square planar conplaxos of 

Adci« and thus suggest© that all the &»donor atoms may not 

be coordinated.

ffee conductivltes of the corspleatea were 

In nitrot^thane solution. These lii::^.ncis gave ooaplexea 

readily soluble in this solvent* Hie values or the 

conductivities are invest In fable **•!, *x>tb the 

with all throe Uganda, gave cornel&3C0© with niolar 

of lesr, than 1O* Thus OR th& criteria di«c««o«d 

(c.f.table 5»5,p.57 ) the e«»i»leiees are essentially non- 

electarol^rtea In this solvent 9 filthoucfh fit little oolvol^sis

tmve ocourrod. Xh@a« reaults are p&rtlcul-rly

for tno FTH copiplex«a as a trigasal blpyraridcvj. 

of this ll|-aad w uld he & 111 eleotjrolyte^ aa ^re the

ooaplexss* However, the standard test for uncoordinated 

donor ato^3@ gave a negative result. ^hls is the addition of 

•ethyl ioditio to the solution, A ^looise* atcaa will be 

aethyl&ted and positively charged f whilst an iodide ton is 

relenasd. lh© conductivity rises r^iddly in such an 

Imtteuice. Uert&inly the free Ufn&d and dl&iethyl aniline
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are very sensitive to the aethyl iodide teat, It we* tfee 

conflicting evidence of this teat and the »/V apeetra of TO! 

imd IOT diaenaeed later y thf*t vea resolved »y the preparatio 

of complexes of Pff, The isethyl iodide test WIMI dhmm to be 

quite invalid in thia inat . Pre»a««ably tide ie du« to 

• toaetivntiun of th® niire^en «t«» In the oonjugated 

of the coordinated e^looule f thus in o-dlr^tl;ylaniiiop 

diethyl p^oephine only a isono-eetfciodlde i« isolated.

the coonlexea were all diawagnatic, ao ax poo tad t for 
e 

d second n-d tiilrd trmnaEion aeries in what i« shown to be

aqa&re planar

f&e vatr." violet and viaible «bdorr>tiott apeotra vere 

pefe-iurgd in both the solid i^-u in solution in fu*n~polar
.- .._ -.

solvents- 'jthe data for the eo<- ^lexee of tJi« t^ree 

with all the rsetule studied are iioted in Tabled

r« roduee the solution apectrf. of the

and palladiuE cof3plexee f tte tfaluea of extinction coeffioiont 

being plotted on a log. ae^le. the arv«etr» of the «5opjpo«nda 

with all three liganda w«r<? identlo^l and onl/ one aet ia

thia eiridecee clearly iadiaeted thnt the

ber of tl'.e .li|?«nd ie the a«me in eaeh caae; 

ao all the nitrogen ato*?*? in the quadri- »nd tridont&te 

ot be eoordi»«ted in methylene c!;lorido solution.
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^d^^^HBP^^K^

»h 33*000
2,450 29,VJO

«h £6,700
***

19*800 18% 18,700 &h 
80 14 ,600 ftH 
•b 13,000

ah
«h 31,300 .99
•h 29,300

19,^00 .51 
lS,100 fth

15*100 oh l4 tSoO «%i 
1T,»300 126 11,000

eh
33,700 ab
;>9^iX? 3,^70 
?5*900 2,1 -SO 23,300 
^0,500 2,130 ^3,500

16,100 
14,0(30 »& 13,900 ah10,500 ta% ID,$OO

3?,%oo »h
3'$,>00 eh
3^00 eh 29,500 sh

3^5 17*500 .52 
290 15*700 .$1 
^75 14,400 ,S»75

9,500 «fe 11,100 .21?7,1500 ***
* "•- ^
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Th® eolid refletttoftfta spectra and ro rodueed ia

figures All theoe s were on the

'diluted* solid* The solid w@» ground with

to j^ive &n intlm-;,e rdxture containing approximately

1096 of the **B|tlex, The resolution, of the •psetr

ffitteH fpNN*t@r with j otter vnluise^o-r th@ optical 

though t of oo«r»o % the rol tiv« valuoa of

then

tionc In solid

the crystal

ftpparently

can be attributed to 

in tha various

varia-

Theee

solid 9p*ctre> ejpe fully -fio.io f ;->ijo to the solution 

All show repil&r shirts of th© lin-nd field

be

froa chlorlco to iodide co$spl*sea «w»

the

iodide eoEiplexeo df Ftt Fd Jlaarly in this

ths platlmtm 

fe«itur«<5, althcni^i «hifte<l

e^ctr- L vc the

triplet ,,r

f the nickel

".e und so

aot the *««e ligand field bunde. Such a cJbsmge of

1-- ^r-. . octoa for the ^ver^ge iigand field 

ot nitrogen v plto^pfclne and two hallde ians.

Th0 »f?ti«upo planar palladia* and plutinurj cospour.da 

tbe »innl*t ^iroimd state eonfigwration

. In a * ; «®«spl^x therefore ell tho^
^*-^'-5 " EJ
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subahella are full and the transitions may be diacuueed in 

tense of the one electron a0vla§ frees eaoh of the orbit ola

b- * a. | e to the erapty b« orbital. Both singlet-oinglet
*ni *e 6 -Ms

»i*iglet~tripiet transit! ns csan art©©, but the •forbidden'

of all transit ions i© woe&ened in tho c«,«ie here 

eonsidered* The interpret A tloa of the spectrum ie siecle 

difficult as in the e@Gontl an4 ti-iirc transition ooriuo 

orbit coupling destroys the ue®fulae*e of the epin 

nurber (c 1 and so the c-xti^ctior* eoefficient for singlet- 

triplet ap- roiidheo thnt of the singlet-kinglet type* 

Furtheri:'HLTt-, the nc.-ri*Gy,^:?iOti-lc n^tai© of the eo£&pl&xe3 will 

lend intensity to th© trnafliltono* Thus we should expect 

three forr&lly •forbidden 1 b^nda in the apeotr.,, to ooeur with

Three b.--idfl are obaorvod in the

at 31 »^-Ooci.*:i f 3^<?00<ja. *sid 21 f70Cca. -* f 

& shoulder ~t ca» 3<5fOCX)cn."*' « However f ftltiiotigii Uie

energy band .is alnoot cert:.-iz*ly a d-d b£X!<2 9 the io4ide

will fo«ve a M-X lo%i ener(̂ y charge tapanofer buua f
•»! th&t at 31 f2OOor. since the extinction ooe

rCt £.^GpcsG*.<z/e$
of this band i* high <ifcjtX». The ratio of AntenaAtAem of 

the first b nd in the pl&tiawa and palladlias iodide eo&plex 

is ^6.^ft21»7 « l«££3l« 'i'hio agree* nail witli the general 

order of iacresiMJ ir. lig^na field ajOitting from aeaoad to



third transition serle* of l«?ltl (81). Chatt Gaslen

(82) asaigaed the spectra or a series of 
* * and related corrrounda. of particular 

interest wita tho conpousd els-t(Cr ^ tai^j which 10
•/' .'.JL '-'-- ' ^

to the ppe^KUt cofnr.'ouu sl&MWfc eia^lot- triplet

be r<or« int«rto© in th« l*«ii ey«wi«trio 

ciolecule« Their vtaluee an4 iHMipWttftta are listed in

f 4 S l» I

5.a triplet 

27,300 23 . triplet

shift in |>olar

i* ouppertoti b^ t^i* oba«rvaticm of 

of ths S? 9JQ6»»*

of tho solvent on the 

would porturb tfeo 4^ f d energy levels but would not in;l

the d and no suoh shift occaw with the 33 f lOOcn."*1



la the £/& complexes tba absorptions due to the 

ring* f*ad charge tranafer '.rands ovorlay tfe® ligan 

fluid bands and oo only the lowest energy feature can be

dlatiAguiohed In the platinum iodide

l pi*-'>of of tho atereocliwqlAtry of th* 

in the rt and Pd ooapl«xeo of the three lin«*fi«ia

of tbo nuclear aapietlo rcooaanee (:iMA) opeotra 

of theo<5 coBiple^^ow » the features of the »p«ct*a are 

re«ord«^ in table ^«7* 8&»» of the spectra are recorded In 

figures ^«c!«»l^. Xntergrr.tod intenaitieo oon finned, tho

of features* 

the BHi*ap©ctra are due -to Dr» Jl» Frit ft of Munich

The S&K* sr-ectra of the plafcinw- eonpleieeii a how

that IB no oat^ is P©P« than one of the

oitroren a^scw fros each ligcaid' coordinated to the aetal* 

ffee results KUP@ liated in Table 4»?» 'Mist In the free 

ligfcnd the proton rooon«nco ?.-3i/-*np-l ^"ros the j^oth/1 ffroup 

attached to the nitro?:en ut^;-a yhowt; o qhonical shift of 

X^-l6lop@» with trie re«peot to t&e tetraaetiv'l Lilltne 

«tand*rd (fig. ^*8), in Cl'NFtBr ^ad f :,I^ the shift
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m* r**-f»«tiv&lv 73.5, -d 75.5' e-e* further to lower field* 
(fig. S9>* Th* co.->rdlnatiraly bottad nitrogea ia depleted 
of ftlaetfcoiui and ttma the fthiftl&ng of th* ^^thjl protocui i*

' -tXftr but smaller lowortag ift ote*»pp*d for th« 
of th» aro^atlo rinp^ attach** to phocphortuj in

In the ®m* •^ootrn of tht P 

y the algnal of tfe« 3Q*U-^1
c t- t:.^ unbound nitfo^n Atoaa ia ahifted 1% to 19«pe* 

to higher field t&aa in th« ftroo llg*n<*. Th« al^al of tfeoae 
to th« bowi-d nitre n^n •>*;«» ar« shifted " f) to 75

n the PJ5« co^to^Sf do« to the

.r? of th« «el«Wile t the sliloldlng of the t?-.-. . -thyl 
,»ttiaoJi»4 tn tho ccor^infltod nitro^vn la dlff«y«nt«

In ttw> W9U sp^titra a dlftartftt «lMMi««l afclft reauXta for 
the proton* of tit* e*t%X grottp tftflo«iac*<5 by the
&itroe*e* siatlarlj a di^farotit ^.t*'--^"^ c^ 1̂  
coneitr^-t 1» obsorvad.

This .'.ay t>e oxplolnod s» foliomis the oacoordia-' 
«tod dl«*thirliW5dLno i^pottp ia r&ff lnflti»nco« tit*
group om th<s bound n5.trof*n ^.toroi so ruoh th-: !-t

tbl* t*rr clearly (ftgf»* %«15 fl^). TMa s-llttlag is not
ia th* l;4tH oortpl*a *iuce •' !. •" •- e^/*.e both methyl



1 Interacting methyl groups
2 Nitrogen atoms
J> Phosphorus

Figure
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1 Interacting methyl groups
2 Nitrogen atoms
3 phosphorus atom

Figure
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ftftft, •pectr* war* *Udiod at lowr temperature. At 4 

tfc* P0» ptOJUtdtttB •Qfeploxos G^ovjod « flat brood (***

proton f*o«onaiioo i»4$Ral for tb« methyl pro tuna; ?.t ~Z
"WF 18* V ^

th* spectra W£» ful^ nnalo(«wMi to that of tfco

OO0fl3k09l ttltll t^O

PW pollMltti «oi9l«Mtt ««f» only
e bro «aing of tlie ci/^-.a! which wea ojo«rp at roots 

toetpor®ture to (@a» 1006|M«)« ffeo »pip*r*ta« WM not

•tti table for tho atudy or tiie or-ootrQ At yet

*» proton spin splitting wr

Yho «ddo rsa^o of 

oat on the Ft le«e» of mif 989 aod f»H ooafl^a 

«nat f In oil of thoao ooopi«»Mi % the aotal io oooroiaatod to 

ono pboe^horue, one nitrog«n and two h«Xid* donor grouptt.

ojnd Ml io fodwood to ouofe *n oxtomt oy coordination of
tvG -roupa in th« m»lO€ulo th t I4« JBOthyl iodide qti*t«rzii«a« 

tioa roaetlon doo» iw»t ooour* Clearly ouoh douctivntion

flm» tte« «?*t*tt with PfHf 'oittiaiy tho oquivalomt 
of m* m& <-p t dooo not give **- -— ^*-**ii«-fe4«»

although tlio latter two consul*** ba»* tortinry orMMtio
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** tSB&SSULSi- , ....JLtt
'.;';€* niofcol eonr-lestes of the tfett* lifftftdft 

fftaerr- •• the icjeneral method of adding one cole of the 

aiofcel OP It. to ozio ml® of the ligaad in a suitable «ol*eat,

aft ethanol9 they were "Tsr-^r-?'. 4 in hot butariol* 

products were still fierceryetalliaa and in «o«t 

not be reerystalllscd* The PB and P£N iodide 

obtained aa relatively l@r^@ cryotala* The alcohol 

were deep ror' In all coseo bat the rTOCiydtfeiod 

varied in colour* The eoapoonda prepared, together 

their ooloura, cl^o^gj^osition pointa and eoaduotivitie* In

in fable fc*B« .lie ancil^tioal reaolto 

lioted in the 

in the pufO 

w«o possible that the oonpooada might have

'' rather than CP/H»iX^3. However.c *

too U/V «pectimi§ (dlflMHMMMid b^low) ahowod BO evidence of the 

"^ ion aod heating the eos^lex with a large OXOOMI of 

gave no oigft of foraation of another complex, A 

or haliao*perohlor??tc oorrol«t of nickel XI 

not bo isolated ia any o«we»

The infra-red apectra of the nickel complexes obov 

at ««* ?»80Oo£a»*"^ aooooioted i4th the prooonoe of an
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«**tt$» Tfela bund la weaker than in the Pt «*d F* oo»- 

plexea arid la split into & doublet In ell @c-pt the thio*jr*aat**

two p**3g» f*u in the rang* 

?***.*1 in froth the ft* «** 

not obewred In the PH

In other r«*f»*e%« the apectra in the M»dltta ehlorld* 

ar« similar to tliooe of he Pt and i>d 0o@potm^» aaa

naiur» of th« «OPf)10iro8«

infr^rtd j;^ectr» la tfc* ea^oitiA t»ro»ldt region 

for all the <joaple*«i «ul «r« r«ettrd 

The toiklt showo «l*arly thai ,he r.-a-..»

t

th« halid««r 1^ In th@ 3<W*Oj» region*

_'hc c lori^.«« chow two b@nd« f often ooa^t«K t In this 
whllat th« brer dele .tjLo%rs oo* or two at lowof •nargy

;? ecrslcnod to tho 

of two l>endG in th* 

hat hex* again the nynaoctrlo 

«tr«tcJ;-ia^ oodee of a ola coopl^a are

(*** lat«r)

planar oonflftar&tl&n anllkuly ard ao it 1* possible 

that tho oo«{>l«s«« IMMNI either tfitrfth*4ral or cic*ootah«dr 

ocBflgureUon on th« i fr»*i^d arld^ft*.

Tho condttotiviti«« of tha compl«Jt«a wore ; ec^u 

In nltroaotlnwso a«d »ro rooordod In Table %»8. Th« i itt



TABLE *u9

AhpprntAon jlnada, of p/Tt Bicfccl
»>n» ij<n^itt»i;*gii6«iMi»Mitoi^.>iitM»iii«i^pB!^^

In .the ri-.^p .1

chloride 
below Sly,

ehlorld© below 30|i

below 20n

f ver:/ strong e f etrong



y-

ehloridoa an* broeidoc botfe roquirod noattair aa4 ao

dissociation may havt oooarrod. It i« of 

interest to not* t^at tlio m iodido ia a 3lil olootrol; eoA 
rr>Jl iodida elsoat ao in thi« aolvent« CN^ might expect th«

to bo woafely bound in nio&el II* It ia

to noto thnt ir bla-triphojxyl phoaphlao niekol
dichlorido tho Cl«^i«*C,l band an^lo i® 151 <^uo prod-uo^biy to 
C1*C1 rapulaiona* In the Hi cowrlexoo tha larger bulk 

ion

the metsa-iialid* boM. It ia not oovloua why 
tltls t«a4oiiO7 s^umld bo greatest with PK but ho -..-. <-., rrrour-o

ifiO

»ay storioall^ hinder the attack of solvent ssolooule® in tho 

oth«r «aso««

Bftgnotio »owwup«o«nt» on the eottplexeii aro recorded 

in fftfel* ^«10» The cor^poisiida were all parmsagnetic with

aommta ijj the rtrH-@ 3*13-3*^ »*H* ®*&*pt for th« pitl 

t!J,cxjyanato at 1*93* this roleoule my i**.tl be on tho 

borderllno for P dio««gnetlc ®|^»oios* 'iho j^!:iont@ of tho 

othor molecules cor-flrr tho triplet gvound et^to out 4o not 

ii«tiai?'.->i0fc botwoon 'octoJNMlJ'al 1 or t tetrah©dre 

tho latter would bo atrengly tetwwsonaX. Both 

ohaadUitrieo givo rise to cogent® groat or t";:an tho 'apia-only' 

value of 2.83 B»M»t 0«tah«dral nickel irequoatly h«a

! w^iat tatr,hoc!ral niofcal tAth a
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297

J

586%

403?

327
347 
379

i

4396
4474
1571

4332
4472
3616

1*93

2*93

296
293

£93 
293 
294

tffililOl-,] **<*»

4429

5.28
291
291

9173
327 4,71

4.74
297

315
4.^7
4.60 93

CPfK3o€l~J 6U5
8410

4.46 
4.V, 293



epin-orait coupling r. vl proci-.er orbit f*l contribution

Ottob high«r values. However, in the tetrftgoofti aoleoulea,

of low ey»*t*3r f eoii*lcl*r*« htf^ ea«ii of tfi* orbital 

contribution will bo quenched* In tfa® isor*

whleh ar* 

eoneat* of 

Th« «»gaetie fa^MHii 

support * di«tort«d i«tnOi«arol aftaigsug*nt,

Fisftlly, th« ultrarlolet absorption ep«otra of th*
/*££*ro^

«offiplez«e wer* fe*— - ;>oth In r.-.c'thjlene c&lori<I« solution

ore recorded in Ambles* %«5»3 (p*^* 1P3-131) wut th* 

roproduccd ia 'figures %*1S»30, ?fe© D -TJ^Ul^j 

in ail aolventa.

Inlorprctaticn of th«a« epectra i« difficult. Tfe* 

- ry of t&ft fflol0oul«o tMklu

ir..---c.v..'..;.ible i-nrf on^ :; ; ^*f Infer tho otoroochesdotry of 

til* gttHArfid twsiiA <il6t^lbution. Cc-rt-- la

ifi the ap^otrt r,ay b« &ot«d« Tlia solution 

of the chlorid* aaa broai4« ar« th» atvae for

tl6) but ti.«oe cliff** froe th* 

(fig* %«17>* All th* iodid*© oro 

fft^iA^ to tho -: : chlorid* &tid broaid**

of FfR mid FiH tt******* ia l»t ^d INk f will lie
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IB poaiUans where thof m*y iater&et t*Uh tfeo fcietfcel io** 
eortainly tboy will pwrlde «. sterie hla^ranee lo tho approach
of *olvoftt in these &a0«a aa«l 0® th* ajj&tlarlt;/ of opeotrn i* 
•ottu&eacpeoted* S!6 such iaterftttioti or blookisg ia 
toy HI* f&* «i?2iXarlty of t&ft iodide »o|?g«fite that

arc outti®lgii04 hers by protection <t«® to t!i« 
of Uie iodide ion - tliia o^i-:^ the aase* is *«*&

fig^r® 4#ai 9hown th« change® in relative eaerg^ of
l«*r Lying tens »y»tor,a &•© sy«B»»trf ia «!**R|?&4 

to (?.-)•
t« fewo for tf-t at oa» 11*000 and ^.pOOes* aa4 tbree

U9

Il foo0j 
28*000011. which oould orioo fro« #& oloneato4

1m the s.0114 at--t© tbts altnamtloa, in ovos 
dif rieult «B crystal p»aeklRg ottot inflitoaoo the 

r v eoe-o tr@nto ©pj>oar ^ert «^s *»!!• The 
aiailar oolid ofeotrfi* ^o HI tomid* ^iffera frwi the 

otlwm 1® that tho oo«A »«ria« *t es;« S2 fOOOo®»* i@ jsoved to 
lower oiMMPgy* tho I« iodido oloo aiffera fro© the ff> and FIMI 
aa^logu<?®* The oolution spectra ,>f tho !»/» OO^sle^ro show 
oiailariti«0 with the @p^etra of bJLt«4Mtyl dlphenyl ri-oopioo 
6®a$les»0 C9)» These @s0©nUaliy tetrtiliadrai coalesce* gave 
three oJUitinot tom&» Ii»to4 la fahle ^.11*
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I6 t?oo %?6 U 9360

2?00

of tffjUtaie®, there f or© t loade feo fch* 
tluii e3n« cocpl©»® *xi*t la distorted tet

aya^stry «f th» •»l©cia« doe© not 
perolt »pootrc-l eoaieiuaftcta but the f-* fer*>gmttil distortloa
«<m»l«t4»^t with the low a*f»*tie Reewsnts* •lfi1er®Rc«ia in 
the apectr:.. ^sy be attritotttd to Iat0raotiona f eltlior 
or elect roiiie* with the rrrue* nitrogen alMMHi* ftnui
lower Ilgjaisd field opHitiss in ih« firot trensi,ion

Ce

a triplet j$*wm& atat® for the a ion whilst the
oonflettratiofi la prof«rr«4 for 

a*caua« nlok«l haa a afSAllar
*fe* U§an4 aai apaa tita approximately



the cob/ it ooapoondii wtr* prepared fey the gonercd 
of allying ono aoio of tl*o oobalt salt la hot oth&nol 

to 0*0 aolo of tae Uga®d in hot otbaaoiU *Ihe 
4t|*«itod blue ory»t«lji oa $&0H%g ai^l tlHNMl 1*0 ro

fi*o© ®tfe^a»l» ffe^ oo^ploxoo pr 
with their coloiurs, ^aco^oottion point*

in nitvoootlMHio 9 aro Hatod in Tablo 

eonfiread tlse fomtXa* ^liran In 
iodide eo£spl«xett could t>« iftolatad*

of the eoailei^a Is tlio

at

fci> ihoa* of th@
•!»*

again in tho !W4 and PHI cotgpotiit^dis and t aa with alciioi f It 
is a doublet at 2 f?90| ?. ,77001s**1 in PTH ond ^«790|

in PWI» Ag-eia, the a?-- 'oara^eo of this band

that thai* ciro *ff*ea f nitrogun atotsa In the aoloottle* 
.;.o ro ;..tttros of the* infra-roc! ar-eotra in tho cootf-a,^ 

rogioo are rooor^d in f^blo %«12» titt pat torn of 
•pootrr In ^-i;o region 30*^0|i la of interest*

atiow l»aad« at diffofin0 poaitior^i in tho 
tat of t&o **&# typo a« tijooo provioflyaly 

to ...a-, .'."i-chlorino ®3?«sotrio and aoyasaotric Qkrctefc«

ad
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4KMitributio& will

•a* thM (UffereoM^ia th« »&lu« of

tte eoanl*w»8 of dlfforent lieanda,
T-Ati, 

""T, - - ' _

V

ioa tctMdbwXrn}. fle.14

of th« ooasplesr^s were

r.iit^o«5« thane ai.d t:.c eo&p&en&i iNNrt founc4 to b« inter* 

electrolyte® with ^ *a£ift«* ^eaglag b«tw»«a 6 an4 
y eucfe solvolyals oec^ire in th-.^ ot?ivent» fluMM Is «& 

is eonduetlvlty in tho pi%^mee of MitHyl lodia© 

with previ&us- o««MN8« «&& so it asay Sys that

fleal otld«ttc« of tli® structure of tb« cobalt

ff^K the ultraviolet absorb' tl^a &p0ctr&, Th©

of



173. 

*nd tfe* *$**tv* «** r*fv*dtt«ed in figure

Tfco solution *p**tr* of all the couple*** la 

chloride solution wero identical end only ©a* 

r»pft>*BCod. ffeey «*e ag$dm ideatioal with the solid 

*f»00tr& of tH^oX^j. Tho solid apeotrn of the FDIi i^nd PTIf 

oofl^&opMi It&vo baato In tb* oono togiodo «a tfao l« oottpoi»4o 

bat the IntOttSitieo v \rv,-. • rooafcly int©rsctioafi in tfc« 

solid atato with tho f 'unbound" nltrojf^en etoaai give rloe to 

varlAtlo?ia» Hiocio difforottooo are parell^lod in the 

aMBO&to diecusscd aboro, where the PR ooafilosoo botti

a .VS , oonoiderobly lower than the P»*5 «o4 Fltl 

The b&nci@ in the 15 f000ai* region are quite intenoe

thla etii-m^rts an eoeentiall;/ ie trihedral 

tion*

ffeo femtiiroo of the eolation o$**t*& uro

tbo«e of t(CK>atOaJ (63).

of bttnrts is the WNQO, the whole being shifted to 

t&&h0x* eiMHrf^y by .'.''"ooiit 3^0C0CEU * l"feo

the ooispleatitf slightly? tho© In 

ao A,, but the f^ level* t»*R*fori'j aa A. t 8. and B* 

ftnd the S'-* cs0 ^'j t -U and B,j in C>*^—, *y©ffietry» Bund (^ou^e 

rother then single traneiti ' 3 v;c--;-ld te oxpooted and ex* 

observed. ?his evidon** doe* «*a*l«fti**ly *iNM» thmt the

do not contain CoX4 " ions and further Is oonoisi*a(
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17ft.
with the tetrahadral nature of the eobalt XX in this rang* of 

oenploaco** A* «*e& ftfeovo, a*f» iat«raetlon «*jr oecur in the 

PTS and pmi cooplexoA in th« solid state, but tfci* ia 

qualitatively <5<joerib<id. MAhaa««n <Sl) es&i&Eia tit* 

grour at cs, Is^jCcG,*1 to ^A^ — ̂ ^^ (?) «M» tliat ^
'£M *JU

^1 to £fA,» —— ̂ -\. <p) in aoClfc^* In tho
^•» **r ^r

field of Ui* tetr^edral aoleoule tfcw firat tratuKktion
% ^t

?? «feould occur at «lx»ttt 4^XX>cn« t*it this 10

fie the solvent absorbs in taia region. It® other 

of eb«orption« cor-rcor-j^d with the 

(cl) for T^ •jTKNMtrsr* 

Aft X*ray ^eiograpii of a cry»tel of 

and alt^ougli no detailed work w«e carried out, 

noo of tho p::ot0£ra$Ki ia not iaooaoiotont with A

TlM6 present coaplexe» ftr« thtto aiiailar to those of 

nickel in giving **«onUally totratio^al ep«ele» «« ahoim 

••gnetic «ad epeotral ovldofiee, i-cre ^rdn t!:,e donor 

of th* tertiary teiirMi i» too low t ewm in tho flm*

r aericG f to peroit higlior ooordinatloar

of
The copper co^pouii4» «•»• propared by tho go»or«l 

*fttfcftt Of Ptflsxiag •quiffloler quaatitie* of the ligcmd and



avproaa salt for aawal feae** in atfeaeel, TIM 0119*09* aalt 

alotfly diaaolfod to form * aoaplwt ia aolutioo. Tibia waa 

filtered faot and u*a pyoduot aafaratad &s lar^e fallow or 

t&ita eryatfiOe. tha PS barocdda ana iodide formed only

containlnr two eol^s of PI? «n« of oo^cr but

were in 111 sol&r ratio. Tlie roducts

All r©cry«taXlia*d fros AtlMitol and th*ir coi ,

pointa sod ooftductiTitieo ia uitrojaeUian© ar« 

ia Tftble %*13« .malytieffl result » eonfir&ed tb« fcrrmla«

in tfi® t. bio,

The cofvpoundd MNI all true r,ori-*lA«tf»lyt*« ia 

@jtcopt for the a si ar^^ioe in which notioe«bl« 

e«r@. '"'??"" ^'".^@ f haw@ir0r $ tha value of "X *- 

balair that of & 111 electrolyte. She obaanretion of 

an incraaa* in conductivity on ,-v.: '•tlon of rethji iodido ia 

tliaae latter oo^potm&a au^rcste tliat oolecut«r 

aacura in th« eolv^nt with the rola^o of ana of the

& of the

afeaw t«a wmal fo^turaa far P/» ao«pa«ftda. The b^id at 

a** £ f5O0aia«~* appaara fi® a doublet in tha F&t eottpound^, ct 
2 f?85 md 2 f?79a«."1 » is *• »» t«^«tida aa a aingla
abaorptioa at 5 f7BOec,"' fiad in the ((?.)«, coorloxce th«

•* 
ia again ol>aartad at 2 t7"
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that la thie ea0a f wttli all thr*a Uganda t thara ar*
tia*oa*6iaAtftd ssltrog«« *too*. [itiGtsClJ shons a doublet at

~
It seacB possible that war* is tha iff! 

alj tha {dMi9iH»ni» nt«8i ia ooordlnataa to giv© a 
to* «o<MNUL»ata IMJ««« ooXeoula. /atayoativel tha

infra-roc! or-ectra In

racerded in lefele 4»i4» H0 elaar pat tarn @iaayga© frocs 
theaa Although the band at ecu 31** in PTTiCnCl iaay ba a Cu«Cl 
stretch. It appaars at 5S*3» is tha feronsld®. ifeo spectra 
do not pamit .%:>ny str«otiirr,l doductivns to be rsaCa* Tfea 41 

loti« ,,^a aaaadJ^riiy dlnco^ztatie aiad no aajpietic
. ,r© porfornad» Hia altrmrlolat abaorptlon 

af ttee owprcHia eoislajtaa wert E^aoaurod in bo'-h tha
eolation and ^olid ©tatos and er« rccordcsd in fal>la@ 
(p*o«l?>»131>« H|pir©a 4,2?*29 «te# tha aalid raflaotonoa 
or ectra of i;,o oomplaxaai tb© oolytl^^n smctr^ dlepl&y no 
additional faaturaa and »ra not roproduead ikera. Tha 111 
and ItS o0®p©im.dfl a!*aw no notabla feature® in tlia vlalble or 
naair ultraviolat raglon*. l%@ra will saa ao iigaad field

10 d«d traiuKLtiotui its ttsa A i<^« ^^ ®o tha
a*i*a elt&or frois tha ligimd» or from

fba available at root oral s^idaaaa tot thaoa
and no
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•ootpowte em,i ricall j tiyCttl} &*y I* , f 
th« pym&a* «o©pl®xe8 would eeen f OK t&e i&fret»r*d evidoaoo, 
to l-mve only t^« phO6pi;oriu5 utois bou^a* ***«y rnialyain of

Four eop^er ^±V.M wo.-o ,it the apie«a of a

froe three iodi4« lo o ,'-•- t' o ;'i.d»points v but 
above, the Cac^a of the tetr«b«^Vft» '*'&•

r« on tim QV V 0^00* ,x«ray afKOyeis i© 
to mak* a©/ prediction® on tfe» eenptoMS of ooi^or I ae the

from £«»i$4M. cio^awrciaeKtss in



0 M * ' 0. & ¥



0 8 A ? f I i

.•-,.,,.-,„ 

C --..-,} attfcaaol in a 1 11 tr*

**«» 

and

with

stilpiiuri,c ae.14. ways

adxtdfft «m» ro fluxed for

alotrly with careful

of

during w-;ic2i tlr-.e tv/o Is^eftt s2©r,arat©D . r£h« r?roauct 

Into 5 iitr* «old water with stirring en^ tho

t*@e 

aolotion

at

with tha

ia

of

to wee decanted



IBS. 

«ala> ao&ua in

•tirred rapidly at a acmtvoUad taaparature of loj°0 uada* 

BitMflHU 63®0L« (»5 raolo) Mthyl h«*afiaat0 tma addad 

at eaah a rat« that Hit t«»|>erature aid mot esoead 2JtO°C and 

th* cov vi«0«ra» 35lsttar« t»wi »tlrr«d ^or * forthw half **

hour.

asethanol wer« adi»d slowly to aooosapoee 

wlkoie allowed te «ool to 8O°C a»d 2Qal* 

ter wa^e «ada4 to dissolve the »odiur h^rarcrf..^, ma

Arat«4 and wafced ^uccoBGively with %*ater f 

twice, ^eutraltaa* with hy<lro<5iaoric acid (P?O aad thaa thia 

n^trellaed with ooditm Moarbcmata fiwl3ti<m» Finally 

aolutiott naa wafl^cui with tmt$r @ad K'l«"» ro^ovad hy otcaa

The ir^ra -rellcw oil r 

at l».&»2cB». «««* e®»« three

than ll?°e. All thrwi

aad aft*txs«rl taaAe ic tho infre.-rad apaotnss 

apcctrtir «rr® of'--rp««t with HM palaat yellow fl»a%

'The f>rod»a%B *mra naiad la attanpte to isafea a 

oryatollina deri*©tlire (A»ili*b«Xo%*}* tto «i*tt3r® had galled 

4B*4.ftff th«» 2kaaotioi& oo attaBSf^ba warn mada to |^r.fom tha
^PWJWP ^Bpawjp1 ^^wB^» W ^F1^^^^ ^ w

raaotlon with «ft*a effieient ciirrara aad graatar dilation. 

A "iarbo-atlrror*1 with »ta.tor attd rotor vsnaa of aatal vac 

triad *fMjtta*a*affelly and tha eolutlcm aaaptad waa to uaa a



18*.
5 litre nm*&A ilftrte with a I&*ge twisted «ire »tir?w t t*e 

*e*0fcU» feeing $e*foitte& «tttb % raole 

in 3 litre

5?

(lil)

Of the

la with

for fl.ve

The alxtur* «MI

into 50ml, 

Be

warn forced «tti the

oil* ?h* ^sr^ri^ent wr<» ^epeoteA witii 

(1V2 aii4 3 hotira) but KO ci'ysttaiia© product

It io l>oe«ible that ttie l^po^ity in the etftrtiag oiatorlal

to » c«»sT>l««ity of pro*.itt«t©*

Two *tte«$t* ve«^ tboa ^n4e to oxldlee the 

to the o-4iteeto»« wltli MWMdUM nlt««te f bwt ae 

INI

aeetftte end 350*1. » BO' ao»tie aoAd ««ere dwd and



with •tirrlng until all waa dlneolvefl, Slight cooling

to ooatmi t&e wolutioc of nitre ren. ffce 

then refloxed for one and a half hetM and

Be crystalline dike tone 005; -.r, tod, so the oily layer

with tUrnr* vraahod ^itb aodtuia 

with ini''-er| aftA the ethCMftl solution t 

Infra-r«d ap«ctra ia4i«ate<l that o?d(feiUoii we*

5«x3L* a^l«i» aad ac^l» nestle cid wore cool«*

0°C t It INM fottttd a»tti0ftoi*f to «44 a little iwpotdofdc acid to

provert ooiidificatlon* fmr« 9 ^dlatHJLoa ptumyl 

(X5ol») was adccii simply ar\d tho whol« allowed to w.m up

f wm-eryatalllne f yollow 

up «a4 *h^ i^l^ture l«ft to 

onsa of white noedlaa wtta filtered and 

irith aootlc acid, yield 3»25g^» The infreMPed apectnai 

aliened a € « it strratehlmg fremieaey aad the ebeeitee of C * 0 

frequency ao aatioipixted* ^^ e«peflae«t wa» repeated twico 

th« product r»cryatallis«d twice froa <&t:

, m*5°c



m»
•>' '-: Of

C«) Iteduoti&n wl:,h a

foil C»5») w**» ®t*afe*ii wttL 2Xi nerettrlc

eolutioa far t*o ainutefl. Wfe&Lo the solution still

effervesced it we* waa&e* well tilth vmter &nd ti*e

v&fl ^HriMm ov«*nl^ht. The liquid wms dilied 

• re4/brotfa oil extracted teit& etlmr. , o dlasina o-uld be 

fros thia oil,,

(b) iNNbttttfitt ifitfc hydrogen over « fr*»h

» dried @mrlNHi powder end 80s 1 , *b»ol«te 

in a ^UC-1, 51a«^. *3f »o41ttK oi.Ioro, ^ 

in athanol i^» &d4ed cad a solution of 1H

in oihe^jol (lOca*) i^s injeeted taaroufih a

a Mtgneti« atirrer

end the platinum formed la the reaction deposited on the 

carbon* After one laiaute Scl. coaoemtfikied hydroohlo*i« 

«a« injected to foim a nydrogeu at^oepherd* ^ i^llllr.ioXe of 

the ~ in ethanol va* 01o«l3r ad^ed with swioh stirriac and 

tlie !r~/v^gen protftfQfe kept at about atcsoaphorie presenre by 

•It- , ditiosi of ao^GB* borolxydri^e over one and a half hoitum* 

the aoltttioa was etlrred overelgbt and the filtrate 

after renovol of oaH»» »«« re4A«*w. A«idifloatien



Oft «Wttl9ion «a* *o tbe wfcole *a* treated with 5» 

hydroxide until Uaaic t and the oil *xt»at*e4 with

of Hut product ^rter Iryi;i^ gaw two 

nith

iluit

att«i-?pt« also failed :>-M

iu;U oecurrod,

s^stl^eaii©

»* o;
•MO* 

(i)

3ft» outlet

white sollc f 

dried In v&«\Kj f yield 

liaed tf*m

hottre I

of

(ID

flanfe for five

aiiait»e tilth «6iO

Btiehn«r
t>u:ir i:.oic in p

filtered, washed with water and

A eeall quantity waa

d tsclted at 101°a (recorded

repeated

of
i:

Heated in «
at 12o-.lj.oc in ma oil br,th



ffc* liquid turned yellew «Ksd set to a gi^. or. cooling, 

Prolonged heating (oine to tea Uoure) yielded a sore

product and tliis ro-diflcntlon was adopted* tlwi 

w»ing repealed @iz tl^ao*

(iii)

to the cru^.© waarln

ft»*d sodium

th* «Aol« ms r«fl«SE»A ©« an oil bath for tliree

*ft» a««aBt*d wlkllat hot 

a«ld In JOQel*- wator. Af t«r

ffii&uto the omdt product pr&eipitated* HXtr&tiaa 

then •srtr^eticm of iaparitifta %»lth two portion* of bciilng

»f b«»oyl *cet 1 ,-VMt>cr» <Uaaiii« wfeich

''f?'. I esall {lortioa mm rserystsllissd

to,

50e-t crude bcn^ojl. ^.cot ••! otiZbcao diaatae 

with a SKXtel* w^i.er/6oOr.JL» ooneontr^ted sulphuric acid 

th* whole ster.n-aia tilled for about four hours to

rett&re the ^en«oi« «oia« t^e« all the betUMio aeid had

tfee •olutiM **» cooled ^a neutralised

to *ool Urn rorotiom



•ixturo, a* othe*«i«* *wy low ?i«ld» were obtain**, 

off-white precipttat* wa» foww&cl end filierod, *fcie 

ttt*»®l*ed in «*t*r SUR r*pr*cipitat*4 with aolld aodiua 

tiydpoid.de to ylold pur« ««io«atilben* dlaolno. fields 

varied frois 3 to $g»i«

C. > rer^ratioil of .

nothod doecrfbod afeovd for @eao»otilboo& 

used. p^iso- XOT-I bensaldelyde (l^Orl*) was ahAk«n with 

* «B80 aamoaift for stvo» da.y«. Th« «HJfiar t glooy product 

oould not be cryatallisod a.-id w a uoed in tho next st&u« after 

***feing with water*

the above ppoduct *ms h«*t«d at iao*150°G for 

hours to yield thu aawarin, «si» waa r« fluxed with 

anhydride (1 r;:.l.) and sodiaei ao«toto (3&^«) ^or throe hours 

and pott*** Into ft hydrochloric acid (30C^1»). The dirty 

nfeit« prooipitet© forced w^s Cilterod aad tlMa boiled out 

with mieb othaool to yield fe«»»oylL aoatyl |>-iso|>ropyl stilbo 

4i«sd&e. ¥Ho owrell field fro® two batohM vo» 150fB« A 

portion it«Mi r®o«y»t*aiis®d fror, nitrobowwMi and noltod at



195.
of thla to pro^ae* tine aianlne 

6iffi0e&t and very law jfielda war* obtained, 50cn* betche* 

w«sr0 steaasMll® tilled with SO' vnI» wator/Sactel, concentr 

aulphtiric acid, &ight to «iu«j hour© irere rec: aired to 

1^* iMWsolc aeid (M»d th« bromdah li<5nl<! had a tarry al 

f!** ae'd otren^th wa« ct0dlfi«4.%t ataittl&0 oxidation and

oonditiono wtr* foxmd to b« 530ol. ocid/500»l» water. 

acid BO lot ior wns notir^d into 5 litre b«ek«r0 full of ice 

and n*ntralie«Hi ****• ."-^ ^«^mt&* file 4irt^ tfhit« preeipi- 

tatt was filtered fro: this alkaline solution and waa

tw£o« with %00al* boiling water. TldUi led to the 

of farther t^-rry prodattlt «aid wea oo-diflod f the 

liquid be ins extracted with ethane! «nd pr@eipit.atrd fron 

alkftlin© «N>lutlori with wa.or, the tiadne woa 

ted fros thin bj acVtioa of eolic sodiniB hydroxide* 

Total ji*sld fron three bat ©he® * 3*JJ$»»% Mft» a 119°C. 

found C t8l*Ol{ H f9 

c ,80*961

of ..trliete^^thYifii^ftj^^ Mg

iocgr.1* o-^rooauaillne and lOOstl* wator were atirrod 

1 litre n*& m 75»«* dioethyl oulpbato w*a elowly aided*



196.
The fixture WSMI fttirreti until it besaa* j»«ogenecm»« flit 
relation wa® n«uUvateed with potaceira hydro*!** <
*eoli»g in «a loe»b&th. A «ec&ad portion of dia*ti>yl
**lf&ai® (?36C!»> *«® then &4«*«,i^t!5 stirring «aA «TUr 
eta-ding for c-c hour the acid w?*« n«utralia«d atnd a alight
****«« of !»««« mMi «4d«4, A third equivalent of diaethyl

wm addee and the edsture left to atafid for one hour* 
oii^ layer una esetXNiet^d with et&er f w^ahec! wit is water f 

dried ever |K?taa^ium carbonate aiid froctlooatdd*
ef flNMItion iOO«1020C/12oai« ?5»5^» t 60% 
fh* imfr@»r^i 3-oct.rii a bowed strong peetee

of «*a emd HE« pponp@« rki0 lni^rity niae removed
followed by

of the irr.ure pve&tet tree reflnxed with 
acetic -?nh;7drld* for tbre<i aoure* After cooli»g> ether 
added ai'd the whole esetraeted with three 350nl« portiowi ef 
Isl hydrochloric &cld» ',:-hc £«id seliition w&a 
with 50^1 «4ueou« «ediw» h^droaeidie OB Ice «iid the 
extracted with ethar. The ethereal solution wae dried -over 

•«r^onace rjifi fr^ctloanted uttdor nttrogen. The
freetloa teoi3J,ng at 99*10SC/liffls« %?c^ colleeted ejid had no 

or 0econ.dwy «ffliiie ftoups totoJi yield »



197 

CU>

Th« apjwmtua required j a 1 litre 3 n*e& fl*sfc f 
atirr^r, ewi<Sea»«r t and tap tarn*! we* dried ov«rndgfct at

4*1*4 viUi flodl-aa and then stood over and

•thor imd«r aitro&ea and about l>nl. of the

reaction tras difficult to initiates an iodin» crystal
breffiide both b©lnp uwinee^aaful; and l r? dibro^othojur

4s the i,
in cm io<?-ba^ to iSAlnt^ln the e :.cr 

gentle refluxlag tempera- uro.
ffe* saiaturd M;-B utirro-a for ft fur.h** IIOOF 

ttMl Edition **m ewapl«t« ftad tiw>» &?*2g*»

10O. 1# sther nnd cool«d ia Ice was ©lowl,y 
to th$ " '• 'o rn w&® inaint^lB»d -^t -10'C i& &a

L .. . o aduitioa took two hours ^n4 tli« 
wer« stlrr. d «a* anawd to wsm up to rea* 

tura ovaralj^ht.
fixture w^ hydrolys«4 by 100^*

th*



a«|*reted. ftm thl» »• rat w>uld be Leolated 

frscticmation or estr^etioa 
tiii) • •• • ' '

(a) tion of ft *oX«ti0n of n«*tmtjl lithium 

Til® raujiive natuf* of this reagent t*ake* it 

iaperstlve that all apparatus be por ,ectly dr? end that A 

atuxMipfe«r© be gmintainod It warn found to b« 

u«« «rg@s rather tiiao nitroi^B for thJjs 

413, apt>«ratuo MEHI dried overnight at 120°C. 

A 50CM* flaak fitted with a iB^cimnlcaliy a*ol*4 etirror, 

•os4«A««r f tap fur.; ol, lQw~t«*per*tttr« th«roott*t*r counted in 

a rubt^r bung, a»d argon ialftt war* ftee«ftW«€. Dry ether 

(;K'Cr:;u) nr«a placed is tli0 fl«ak and litMus; (9 

ad4e<i. EarU®? (18) u,'3*d liUdia irfjrt but it wa« 

preferable to harbor " ; " 'o a thia »lie@t aa4 cut it ir,t

oora* *«ci- .— • -.--!«• eoatlng of the natal 

caused in thi» wa^ fisid the rccscticn proceeded »ore 

i«ioXe *m» otirrtd aad a few 1, of a

of e-batyl brooid* (5^?al*) IB dry eiiiei* (lOOnl*) added fron 

the tap funnel. ;<a »o«n M a slight cloudineac in the 

•olutioa i»« fcrlg^t apot« on the Utbluo indloated th.-*t th© 

reaction w«o initiated the «A»U «•* cooled to -20 to «*00C

in an aoetone/«oll - o&rbon <Iio2d.de bata aad the rejoinder of 

the o»butyl broaida added over one boor. The solution waa



then allowed to mam up to «&&, atirred for half a*

and finally cooled to ~6$°G before filtration,through a glass 

wool plug *ad then * sintcrod gl&®® filter, wad** argon into 

* graduated tap funnel* Connectioea were a&d* uaiftg 

tubiag »a4 th«j Boltttion forena through tlM filter* tof

v«l«mtt of the solution w«e noted and th«n the 

of lmt;;l lithiur doterrinad by the method of

,» of the solution t*ui added to IGol. water 

in a eottical fl«a% and the solution titrated againat Q*J?n 

hydrocLiorio acid taking phenolphthalein indicator9 tin* 

giving the total h,ydr<:,>ly»abl« lithium*

2* 5&1* of tho eolutlon w^s odced to' a solution 

of tut* NHMtvl. c';3.oride in 1001* dry other. This roacted 

with the butyl lithimi

BuCl * C^I M

0^51 *• Hclii «w*w«j^ !3)B£HI

gm^j jgsl0O BftCl * Ctii^ifi "*"" 1""1^ BffiCfcOrt •*• ^i^l •

After one tsinute the rdsture ^<*o treated with 

water and titrated with O,3» hydroohlorio aeid naing

?hio titre gave tho h/droly»able lithiua

not present aa butfl Xithiu :.:-.

In the abow e^^rt^sect f titro 1 n ^%7«a, titre 

2 « 8*9ol» thn« the •tren«t^ of the n-butyl llthitw aolutioa



aoo.
8 x » i**79» 9fc» total Witt*e of solution

<3

which repreaeaU ft ?*** yield* 

(b) Preparation of

*$98tre>ttt» constated of ft 2 litre 

**tfl lithium nolwtiaa and fitted with a

tirr**, ooadeaser, top fttim«l t 

inlet. ^ dry sa^goa aUaosphere «f«o eaintain*d 

iperlffler t ,:,nd ph««frf»jw«i pantos!** tolNMi fittoci to 

c r>d«a»er «u*4 t»p fu»&el* the fX*«k *0»tfdLa*4 *<^ ncle of 

llthiu in ether ft&4 *^ ^oXe of o-bre«oticiaetbyl

) la Kfel* <^rT ether w&a .r*cided ovar one hour

at »2O°C. Tfeo EdUttur« was allonod to warm to rooa

nn<t stirred for another hour. it «^aa then 

to «AO°C m4 pfeeapJsoros triehloricio (^©l,) In 

dry cthr-r ad'. 06 dropwiae over one fta4 A fcalf hour^.

wna a^raln stirred for one hour at jrooa teapernturo 

then oool«<l in ice/waicr n.a hjdroi^Re^ with riortifikl 

ntld aatil the wisole WMI acid. ft* acid 

«fe« aeparated and the ether washed tfltli ooro 

aold* i^e ooablnsd fcoid wm newtrsaised In iee w*t«r with 

oonc«ntr«it«d oo<Siur- Lydror.ide solution. a he lisht brown 

oil mm extracted with ether f wwMMid with w«ter «ad the ether 

dried over pot«»sittia oartKmmte. Hither *e*



201.

at the pwtp *»d*r argon and the of f**&it* 

tMr?0talli£i*d t^ice fimi «thiuiol to give the required 

product.

, t 3051 %u 109*0
f?*^rn tl*10*?0$ 

li t?*?2| ii,10

found C,

i OR 0f

-ar. ••;.ioa o

•ftoept that phevs7li'ic; 5 loronh«i|shla«

stage rnther than

butyl

oicdLler to ih^t of Ft®

la the last

were ua follewes 0*1

«olution

In 30el* ether; f?*8f§l* rhanyldiohloropho»piJii5« In dry

r.-.o»d 075.

The rrof-ar^* ion c.

r?.-ti.cr

except that 

trtchlorido



*»

*«&*%«



**T«nP*@«>soo pirnoo

0 e
•^ 'fjl !*»

*

a crcxxj

oo

SC X 4 ? ff 0

*v

- .t



atfc.
s\ilrhuric acia theoe ooold INI 

la to a greas fotn «n4 were reerygtaliiatd Jtroa

eldt (tot&l) * o

foani for violet exfstiO® C tSO»o6|

Thia is tii* moao&ydre<- $* .he £:reer fore, 
to «;'.t£T .In the infra-red sr-eatru*!! a$i4 i®

(iii)

writer mud M§n« (4 -3ui;lv- B ) pot«aai«« iodide

after two ffilfmt

found C f

To a SK^-tlon of 0*Xgr» f .- •- , , r^^GuCl^.H^O in
K* 4&

a cezv «Q«i«mi«i eoltitic^ of 
Xfce solution ti3m«« polo felu« t a pal* 

on



0 found C f5?«?2f Jl fS*?!?f n fl3.

In

deep lilac er ••%«!• ««|vajrat«d and «ould

tield «

of cu 

addition of perefclorio acid to

Hi« Xiifet blue aolwiioa i#as filt«r«d 

m*«ti«n in 3001« boiling war.or and tM idMil* twr»*d lilac.

lil' c-ro' .te^a on ©tsvid^n^ fdnk/ lilac cr •- ; u

in aoOml* hot Wat**. A



•Btraot** Kith to git* the pur*

f55*!X>t H»

»

our/rlc »*.cctaf hot

la 9CM* w^ter fo^ t'-e.-tf filtered hot

found C f 57*07 1 H^^TO? !! 98.3M

Ct57.ni E t5*51|! - c On 
>> ^ 9



W7,

(i)
ehlori&ft v«r*

in TQea, •thonol for four hours, ,'--.e a.-.aution

filtered whilet hot aaul on cooling a white product 

aad w&6 r«crjattuli£s»<i from

found . V

of * Off the

for

inclusion of 3*5 * 1*73

in tfee uapu&ped

in the

though 

10 sj«u/6oc>0

th*

lattlo«

(11)

with broMBl»» ia of

of 

of

ted nit ire

itoure.

with «<»•$*»*«*« «t»-» O.^S^gia* amities en« 0 

brooid* w»r« ru fluxed ia tea* ethaaol far fiv*

nitration and coollnf; yielded &. or«««/wbit« product

f d.



£00*

9*4 optotnia showed atreog » Ofi ft*** which coald not t* 

rwsovrt by

Sound M ,13.99$; after r

In

0.19®B» «€>ditta

«oliatlon.

'I1ie

in etr: ^nol (TOiAl.

ifi
reelvitAt«

tho

aad flltarad and

lh.ioc:'flauit« the addition

of f@&,

in wnter. t*r©c5,nitate of th©

filtored 1TOL- the

•;•• reel *vU ->.

action wort v«fs«* la

and wa« recr - *tiianol.

*. r-l?ic

(v)

of

90 * eolut ton of tfeie in eold

orud«

w«a filtered



0«M60B* ©*®tl®si is I00r,l* etiumol us til t&* ooloi-r WMI a* 
<UUMtaVK*4* *!%*• whit* po^4«r®a jBrooi^iU't* f®r©Q-<3

foorui t^t^ aftor

***** oat 
by

to 30rJ.. and on

froa



ao.

found a t6ot iO| H 98***5$ ft 96*96| ttL 97»*?t

tfet yelXow Bfct**itti mm tfcaa th«

voe
* o10 a»«/6o C for tfcrat 4afH iai4 tfe« rtMittltmt green

wno tiMi aabyoawms

Aft *tfcMK>!ie Bolatloti of nlci^ol iodide wj» prepared 

oi€fo«X nitrate ®eA O.X^ggsa* aodiu« iodide

«th«*nol, eoiNieiitratiiig to ^-X* «4 ?iltorin(̂  the cold solution, 

-This w;:.i@ ^oCod to 0«2*^>pi* ^Stieji ia 30nl# ethnnoX* A yellow

recipitaiu »lon3^ COIHBMW! nad ««• filtered oad

found O t51*^S| f! 96.%3| H96t12$ ftt 9€.X?«
W

the oooplex »®B thtt» the

f to resaov© lattice water oauaed © breakup of Use 

Iwife no colctur oliaage 1» tlslo 00005 tiws



33*o'>t n t/>4 -• ;; | w »S.19; t-

(1) 2

fswr tern houno in

ohlorldo

ntfe^rml. ffee ©olutioa

mm filtered froe s a^all

evar»o?tttioa a tihiie

ftad

r»r*cipltate* This

a found 0^9*30 1 B f7«71|

the for ciovtttt «t 10 ao*/:S<>0G if*

lattice wat@r w^a lost «n^ th* «hi%«

two •olutioa

fcot '-Bd o<;neetitrftt«d to 20tsl* oa



^^MBP^WUP

pnritered proeipitat* ferna* «i<t mm rwy«ti»lli«»< taw
•ttutool*

C

(111)
^^^^HH^^^m^^H^4^^^"KHMm';'-^'9I|PV i* -ffi w^MI^PI^HIMHMHHVi^

f*oti^i r«sflm*4 with

El in ^a» aihama ,:-ieie«e no oolid 

tion of tlws mtrata fco

of atversl att0^pta brown oils
obtained.

(iv)

««a etbanolie

•f i>»llftdow« ait9ftte woo rilt*«NS 1st© 0*250^* i>»afei^s in 

JGrJU @tlianol until the oolottr ju*t pemlot«d. Th« solution

was fllt«rr*a &ad «va^cri*ic<i to aoall byl**, Additioik of A 

little wi-ttor -T«dr,«0t5 a »tl«^T «^it« fr»eif&t&t* which wsm 

trittiratod with b®as«a* to ^iv« a vrh

fouatf 0,56.0?!



21J

0

&a bot
On ©tantttn

M.pt.

found

ebiotld*. 

blue

d.

**£

(i)
4a WMNI filtered

late a ooltttica of 0,591e»# ^SS in aoca. hot ethanol* 
9Olotioti IWMI heated for two gdnuto® aa4 fUterco, to reaovt a



a&ftgfett «bit*

was froa

hot

<*$m

aolution of

In

brooido

(SOrJ.,)

reoryot^lll^oci pale yallow

hot

fro®



ft ,$,00 1

*"** C

la
mm

an

boura two t;/pes of or^otal
and 

ttmt ^©1©

to 0 

then

os

in a hot 

Imllc eaedl,

in 90;'

into

90nX» vims ©tfeaaol,

ff» la £0i3l* boiling 
noedles



n*5*39|
(Hi)

BaX In 10ml • hot cthanol wao added to 
Cl^ in «d»a. ethMsol md th« 

into 0*3^X901* Ml in £0nl* boiling -©tfeaaol,

ttp&nMMii HMM tb« tartl •olniion* 
reer^otalliatd

* filCl^«6E^O la 20al* «thanol we* eddcd to
#»«• ^--'

*391§a* Ptll in SOCtei* boiling Inxtnnol* tfct «plQtic>n
IB eoldsar awl tiMMi «3«Mlt lor-edAatcly a light

Tfit® oould tsot 'be Aloaolved in

c t 56*06 1 a^ssi 8*6*501



!31Br2,3&20 in bet IratanoX woa added to

0*3$igB» W8 in TO*sl» boiliag butanol, flMl eolour darkened 

and 0ir0r hRlf an tew ooh*e*ool0u*ed needle® precipitated* 

fid* eonM not be

nic'.cl Iodide ^ad found to to* 

in cthonol f and oo «» etbAOol

of thi* ««a® j?repi«Nrtl «• fallowii 0*335^« **cw!i«B Iodide la 

tSfil* imtfinol. mm a&ted to 0*291^::, ttl-o^el nitrate in 

but-:ool. :-:he ioiii© £K>!u.lion w«td <$ooled eni filtere 

the preoipltsted oodiocs nitrate into 0«39l€Q« Pi^ ia 

H»t tmtnnoif ^wrooe tieede« Qla*1& ••{Mumtetf HPQ-S the 

•oltttion ao«i w«5r® re«r^©talli^ed ftt>® feeneeno. 

Viold a 0.360^» f 53* SN*pt* 211«5°C
•ShfWWIIMM"**

| S t^*^« !I/>,^| P t4.44| Hi 

requlrto S

thioc-aiisto in >:•: 1. but^uol 

added to o*??lr^» aiekel nitrate f hexa^dr^te, la



&•*
told thlooywaetc colutlcn wa® fllt«f*t Into 0*39Xgn* FW 

in 20e*l» hot btitoaol* i 4*6$ feram solution w«* Con** lmt

no prooipit^tQ ®*$>ariiil*&. Btapofmtiim at the pu^ gav* « 

brown gl*ea« Extraction with b*niMiR« §tey« & brown aoltitlaa

tlw

solution

ftrcwa

v H ,^« i f 10*66$

(1)

chloric t^e In

to 0«39lfm* PTU in £Qf&, boiling *tH«iMii« 

On «t«R41ii« * ITO^f 1 bluo er^taillne prooi-dt&te

o C



CS&*

la

to o*391g»* fWi in

ML** solution Glowly

fron

*th*mol» 1ft» r**«at«nt 

blue ije-l^is wbioh

*
to athft&o&ie solution of oobalt lodldi

©tiumol

to G.?8tos. r-n in~ » ^y -^

nitrata

oolutlon wa« filtered

ethanoi* bet

fos*^!3tioo t tout on ooollnc tbo

to

CD jt

Is oo»w>yitrota4

part fled by r f ociritf?.tlcn fron

dilution with

««» in with ®*



220,

ehlorid* f** tfeg** Jttero, ffc* •olutioa «*• to

the Hat
and

« 0.057^5. f

vith p, CuDr is

ethanol for throe solution ev-'r^pat0d at th*

mir.a C f53«77|

Cili)

with ftil

solution orvotrile

r tefi oa tli« product ii^a jp«eryatallio»d from

J',5.32



filtered

into a aoluticm of Q» boiling etiuwol.

tea*

** prolonged filtered m»A with

la 8»tfcyl«$»* chloride and fror,

filtration fi*ort ft

of colofired

c.-loro- «) and

is 3^?-3l» 9^/> oqiMou* ethftnol. ffe« oold 

bro»oi>latlnito .ocivr ion WSB filteftd «ud4 added to 0«C>9%:n, i^a 

Is 30isl« tx»iHat •thoeol« f«iy T^l^ y«lle*r cr:?0tajj|

after a f«» o&mttc «ad WNNI v««var»t«aiiae4 from



aicJLd a l,0$Gn. t 7ft* H

c,37*38i n
C f37*56| H,3,58i 3,3*981

(Hi) 'd*i••*!*» -«. a» !»-.-»,— -.+ -.- • • ••» »-*.T»

O.Sm^ri. 0o«tinfa iodide

to 0«455«n« Ha^FtOl^ is 5<feOL« oold otiianoX and th* 
•oltstion filtered aad added to 0^3^70a« PBH in 30na* boiling

A yaXlotf crystalline preeipltate r«»idly 
filtered eaad waahed with wator nnd octli.:.inol ar.d 

fit© product wen recryotAlli@od fror ethrnoS/cethylena 
*^30B«t ^"^» lowevor, thic pruduct ^--ve high 
for F and Ft after r«p«at®d raer^rotolliaationa f 

orrors incra&elng with the number of rocpystalliastlona.
of t!^ oeSr infr^^red apeetrm alioved * $aefe at 

a Pt~Cl ©tr^toli ifhicli :'ncrc .,;o*:i in.
intenoity with the QQgber df raaryatalliaatlonra*

ohlpride Ions arf> introducod fron the nethylono e^orlde* 

the anlHitance tma f therefore, dlnaolvod in ^otti^lene 
filtc"*-" to roffovo a little r^t^liic p"atlnui:i c.-j-.d add@d to an 

ethonolie aolwtlon of aodiun iodide; evaporation of the , 

nettylen* chloride yielded chro;.:c-yello*r cryst«ae of the pore 

weaMag with water removed traeea of aodius Iodide*



In !K)fa» hot ethanol were L 

c;l» cthanol* ffe* d««p orf^eo solution 

filt+rwd «n4l elovlgr .yleldod ;f«llo%? isler©c«7»tiaiin« 

pro«lpit&to* Tblo w?3® r0er70talll««4 tuitt* faro® a alxtorc of 

chloride aai

(11)
r in

l^ In ctbanol nnd tho brcaaaf«ll»aite •olguion 

into 0»3%7^:;. T'tff-- in hot ^thanttl* fte yellow eolation (50nl«)

epositor ^. d<?ep yellow crystalline precipitate t which 

reerfstalli@»4 from

regolrco



a?

szoajpti»

(TIT)



f 73:1 H 

found C t46,?9t R fJt»£tt B 9t,&3t

Cf^SOi H />,*!; i 

HI 110,35$

cold butanol aid tha rasultaot Ml.

Ol into 09 j^?gi3, P0!l la 50fal» t*0t butanol, A 

precipitate rapidly fonsed ead was

fro®
TieM

found

m*1*3,

CD Iloal2£lfc d-

Hot cthtmolic solutions of Ot f?5N%c, ID" nad 0^ 

0 (3®al») w@rt tsiased ond left to ot:,nd for tlirco 

A de«f blue eryatallia® pr^eipitate fomed nnd this 

recrystf&liaec "ron eth«moVnethyler.e chloride*

found O



-3 £ncl90*

JTO

3

pits



*,
found C fyv.?3t H f%47| ri^S.lS; P f7»0*#

for
four hours in £»Gal» etfeaRol. ffe^pal* yellow solution 
flltar»d wsd on e tending v&gy pr;le 

aa4 were rccr^et-llljEi*4 from «tliaiiol»

found G. 53,71 1 Ii fl>.12|

(ill/

0,190^-. -^2 ^«"e ron«»t« for four 
, «tii«iiol* Th« filtrrt.e j'ieldt4 a whit* 

erj«t*lline nreolcitpte ^loh wna recryet- lllead from



or

Ci) Pa PXatlnott* difolor^df

•UUHftolle solutions of (5Qeil,) 0»4S2g®. fH ait*

*3it20 iw>r« odtarod r-d .-.r. pr:orr,hoii^ off -white 

wee produced. Both ,. -...-„ ,t •• •-•^ • -oa for thia 

»ttb«tftnc» wera bad and ec . . . -Ion was att<wapt*d by 

awth^lcr.c ohlorld* *oli;ticR into alcohol and

boiling off the CH^Cl^* i'Ma produced plotlnmn r et^l and eo 

the &xpwi©*iit w^a reper-.tod in th* coldj a©th,yl*s« chloride 

b«ing removed &t th<; _ - p to yield a

C

(ii) Ml

(0»63<)ii7:...) iwid sodluc broaid« 

aqueous «fetuuiol and aolutioa

filtered and niix«d with 0*4100% FK ic 30nl* hot tthanol . 4 

al0 c*7»t«3&in® ^.reol^itaie formed rapidly e»nd tfaio



from a oetbyleat oiilori<1e~«Uuinol :.i>;turc, tho 

cont&iaiag eoae sodium bromide. the product woe 

washed *«r«f nl: y with water sad B*thfi&ol to remove r>ny trace® 

of eediua fcros&de,

e t d*

(ill)

asid 099pi* 1^1 were rdxed In

•thanol and the coid solution (jSCtel. ) filtered into O. 

PR in 30sil»

r»<3±©eolved on belling and ehr0^ft«»^«Iiow nceaioa b«gan to 

fora. The product w&« «ntraet«d ««v«roi ttm«is with 

hot «ti4uiol i»d the puro perdue t thus ot>trdned,

3Gnl. hot sth;^iol mid 

0 in 30«1. othanol filtered into the 

•diotion. A chroae-yell.o«? crystalllae »reei?iit«ite



roor?strlli.oal.lonQ if ere required to prodaee itn*lyti«*ll?
pur* material.

^/«

ohloro-ftall«dl-t» and Q

In
eolutior* to O.^

bolllug ^thanol end, ill® solution 4«poaitod j«lvow cryatala*

wore recryp,t-lli«»d fro@ dlcliloroneth^^^/eth^nol in the

of

(iii)

of

placed and IMltcrcd into

(tot ^

wore reer:/sted;is#«l

found

t 5H 0

in hot

and



231.

C« CO!*?'"" m*$ OF
~ _.—u^_^- _- v * J^^^^^^M

nickel ^^hlcridft

la hot butaaol

wtrt «&•»** 3b* detp r«4 solution 

the litotm , Icrocrr/atrCtltiie product «utt«r 

thle could 'not *;>e

found C t^.39i n t^.. 

mfl3.27fl3.35

nichel

«) of 0*?Sl6gm« Ml 

« ds»»p r«a eoltttion 

yielded a violet alcrooryatallis* precipitate irtiiefe could 

not be r*«7y»tatti»ed,

found

Hi f 11* 5

C'..

w«» tampered by cdxiiig ethanollc solutions of 

0 and 0«$3Q|B« »«a» evuporatinG to



3Del» and filtering the cold solution. Yfcis wa» edxe4 

with 0»6l6ga* Wl in fiChal, hot ethancl r.ed slowly

a black ei7*t»lltn* prodoot f*®e the deep 
solution. fills %f«e analsrtioeilly

0,36,771

D, QOftPL^^ Of Q€B.itf

CD

of

cthanol gave & blue ^solution whlcU w*wi r^duc«4 in bull: to

20ml* at the pu^p. On Co; -.ling a bluo ory»fcajl.i.ii!i© precipitate

Thin waa re^rateOlio^a frois

Bot

O»6lOg8i« HI were ad^ed* The hot solution 

and f on o t ending , rojid blue cryotal« **&&****

were



found c t4%S2| li f3»88f n t3,7£| r,5«9$t 00,11.14*
C ,45.631 H*3.8Sl M«^7* * ,5.91s

to 0«6l0|p.i* m is 50al« athcaol* Ae-ain cooJJUg and 
eottcentr«ti<Hi of tho solution l«d to preolpltatiois of tb*

in 50&!* •t&onol for four houro* tlui solution nn0 filtered
pvoduot f^cryotallliMid faroa

found

(11)
a of

with 0«6lO^» *-t^ IB 
for f^ur houre. 'Ph* hot aoltitlcm wa« liltorod o^a tht whit«

or. oooling V



fbia «ho*m to th« *oa<x»itcm

(til)
of to

fonmtlor; of ECKU^uIJ. 0*

iodtdo %r«re raflux®4 In 

»01«t!ott wsis filt«r«a hot

whit© product 06";t?2*':-tssti* Thla woa 

•thiicol.

CuX

for r. ur hours* 

oa eooltng a

froo

fotmd

Civ) ^/

ftee solution

ov,o chloride

in athtsnol ClCX>r4«) for four lioar«# 

filt®ro4 hot and on cooling a wfclte

noodle©

s0pari;'.tod, This

thylono

a* white

.ptt 226. 5°C

found C59.77|



G 8 A p 9 £ ft 1TI1

oethod* were employed a® 
of por* ooispouada were prepared •

netii0d@ v/ere ueed and abaorbonce

In I
cello. HAaalaWtl r@©@«i3ita wo.r® u0a$ throughout*
j-v» * »»T** ^**

method daoorlbed in "Cheedcal Aaelyaio'* fej Et B. Sond«Il 
Kie s©thod v?a.s .modified, to alloif the weighing out of 

quantities* It was £o«m<l to b« ufm©©*«a®yy to evaporate tfes

acid asitifi£ solutions to drynooo to rooovo nltrio acid 

4«oovlbed by aoudftll,* Bofitlne to Mwll bulls la a

flaol; tJlth liy^roolilorio aci^ aavercvl tinea, veto found to be

The eoaplox (10»ao«®*) wa« fe«at«d witfe nitric

for two hours* The bulk was than reduced by vigorous Jutatiag

until the perchloric acid funed atroagly* After



the solution woo heated with three oucceccivo portion© of 

concentrated hydrochloric acid (*fcl«), 1'he resulting 

solution woo washed Into a 500al» voiunetrie flaate td.th 50ol« 

hydrochloric acid and with distilled w.' tor. 100ml, of « 

stock (solution of otonnouB chloride waa added and the volume 

•atie up to 500ol. with distilled weter, then boin0 ^uot less 

th<*n 2H in hydrochloric acid. Aftor ?t le^st twenty rdnutea 

th© optical donoity wca oeaoured agalnot a reagent blank at

Solutions t Aeicle used wore A.H, pjrado. 3tannou3
•^M^'4MMlK«ftM«r->4NNMIweiM» ^^

Chloride I f.-;,he a toe!* solution^ nolar in otannoua chloride and

in hydroclilorlc ocid wsus prepared by dissolving 9£®®c;, 

O (A«R» 0raac) in I f300ca« h^rdrociiloric acid and 

to *l litreo* The solution turned cloudy during 

dilution but gentle warrdag yielded c clear atook oclution.

Curve : A series of aolutiono was

prepared u®ing Jotooon and iiatthey f 3p©cpure' cusnoniua 

chloroplatinr.ta an a standard. A graph of ab0orbor.ce at 

*K33o|i against platinum concentr tion w©3 found to oboy 

Lav over th« range 0 ~ ^M)p*p»n« f at leaot*

Hitrlc ooid interforoe but ia

removed by the above aehlnr: cethod. iorchloric 

acid f hydrochloric acid, phoephoruo and halocen csused no 

inter fcrooco ,



237.

ffw&toftiit of m acidic solution of 

tetrev&lant platlane with •tannoua chloride solution yields 

yellow to ortuage products of uncertain constitution. Th* 

iate*»«ity of the colour ia very dependent on the add 

«MM*ntratlo!). The sajdfsuc in teas! ty occurs at afeevt 0*5K 

SOI but the colour is more a table ©t aciditiea greater than 

0»7W* the otarmotss chloride ooMM^tr^ticm fe«« little effect 

cm tfee colour intooeity ond a &arge eaeeesa io uoed* At low 

acidity 0etall iMMmnto of etarmic chlori-3o affect uhe colour 

but t;ila lu^ no of ect IB. the 2H soiutloa used.

oetliod of llettia «a4 lUdea (<>S)

It could not be need to yield reault* with a spread of 

tfcan 3* and oo latex* eooplemMi «#eiNi not anelyBcd for 

pelledlua* Samples of the eotsplesoee expected to ooatain 

•boot 2»g« juaiftdiuia were diireoted ia ovapor»Ung bAeine with

nitric and perchloric uoide end thea twice with 

« hydro ctaoric add. The resulting oolution ne» washed 

ir«to a 500ial» volusotric floal: with 30nl* hydrochloric acid 

and distilled w?ater» 50nl» afeeolute alcohol were adoed and 

the *rtiole diluted to ©boot **C0ra« %iith distilled w«t0r. 

X«a»diatelj before aeaimring the abaorfceaee the a-furil 

dioxis»e reagent w^e prepared isnd ?0a4* added to the flaflfc, 

the volnae boiag awte l«? to «5OCfel» with distilled woter. The



absorbimcc 

the

of i|pa.« «**f*u?il dloxlmi dissolved 1&

** $&* *$•&*«* a naafpor.t b&eafe ifti 
t«&en t &£tc-r about fouf adante*.

00X11 tioo 10

u&# t It coB0int 

absolute alcohol

up to XOCial* wltli di9till*a water.

Solutions

a graph of a&sorbr-nce 

plottM* It w@® a 

solution*

onc« « Gth«?

ani

ftinetloB up t© leg* Fd in

t In the

eeuse^ no txit0i»f«r0£iQ** Bowevcir, Um colour- 

termed to procipitnte on the cell walls 

f tfcla tendesoy i&ereooiA^ with Pd

it w®® »0«*»®ar2f to cl^ok the ooli wltb a

between 0olutloa0* 
three oftmttea and then

colour 4eir@loi>e<l over two to 

aore slowl* Thisua a

deter-dncjd >tr th*

of of

nitrie

l>e«<ohlone in a 3<tel flaafe to destroy



ill*
natter* ffe* aolatioa na» tfaa&od into t:
Mtttiwllaad with HI ©odium hydroxido solution*
following r®n$*itti» woro «4d»ii 2^1. oitrio acid (10^ ®olu-»
tioa In 

cold
&& /> solution

(I/:* solution in eth«nol)« 7h0 solution

^ia tilled tr».ter

at ?0«OC for »©v«*n to «ight 2adnut«« y
up to 500^3.. in a trolmselric floak with

optical dtiuiit; of fcfee roc eolation
against & r«&re.nt blank.

nickel

Qtt'.&&®r3 ooluti^xiC

Stem's Usw up to l»feg*
t Bo interference waa

of ic or p«*reMorio oth@r

tha

nature of th* eolourod opoeie© i© la 
doubt • A euflfMition C6B) th.it It 10 & eo^lox of uickol II 

«a endd^tion product of dir-et^rls^oxiat i« couBt©r»d 
bj o»« (B9) thJtt it cont<:iai nieliol 111 asd dinothyl*

@u«pwt« th^>t the ratio of nlofe*!
to is 1*^ ^* 5iv«»o neither atruoturo nor



*o.
™ ^^2CSSE55ffiS^

fit* otftthod of Hciiattght (90) worn used, involving th* 

of a rod otmploir nith mtroeo «» ft salt (sodium 1-

ooeplex (10~15fs$«) was hoatod for two homr* with 

Bi3E«d aitffie mid p^i^hlorio ^oids ia a JOasl* iljoldmhl 

fleak to da«tro.y orgaaie nattor w\& th® awlutior sta&e op to 

^0«1« with distilled water* A l?*k"»l» portion we* tr*sat»d 

with! ?»5«1. cone«tttiwNi IqNbNMhlorle aoidf 2««^1» nitrle 

aeid (10^)}- 5csl« nltroao*3i a«at (0#2/S aqueous solution)} 

100* sodiuir. aocttnto (hydrated). Th© ao3«Ucm w^s oh@k«n to 

the ro events and hoc tod In a boiling water bath for one

aeid (10r,l«) ndded orsd th« whol« hootod for ft 

further ^Ismto* tlM solution was allc*red to cool in the

up to 100el« and thd «bflorbftne« o«aaur«d at 

a roa^ont

wsa utij^d out ^t a stewdTd -,d treated «§ 

Beer 9o l*«*r was ob«y«d b^ solution® CQr.t.ining «^ to 10^6

oobr.lt •
• - neither nitric and perchlorlo «0ldo

nor other olenenty ''^t intorferod,

Thoorji /': cor-.loac onion in for»edf aolubl* ia
«««M*MW««««*»

«ad stable ia aoid oolution* Tho etruoturo of this io



jo

e v

00

jo 

(16)

tip* PT®^ Of t TV pof?*Vw'OCKtoo jo

jo



i*t«
final volute wp to IDOrCU en«J the alxture titrated againet 

standard isercuiWMi nitrate until the colour woo juet

7fe* last 3nl« was added e&owly, alloisiiag about

between drops, 8ep*o«Juolblo ota&dardiftation 

wer© obtaiaid «flto tMB

and AUMiolved in 23^1» water; the otfo©r reagents were

tao *}-loodUred oolutlou t*:.-o titrated with standard 

eolation

In ICOr.a,)? "nl, r-i.xionlur,: tl'-loo^anat® C^O;i aqueoua 

solution}} nereurouo nitrate OtOlH in 0*^1 nitric ^old«

He Interference MOO observed froe

tile «aslse? or aa,ioas r>reaent#
This setliod f?RV<s 0ood recults fcufc 

f^re eettf&ex to yield tlitee tltreii and was thuo
a general ssetltod* The method wss attempted 

using o«003 otri4 r>«ooilf tteveuroua nitrete Imt the end r 
weie ao longer well defiaad tsa^er these eoaOitioas.

(41) Ttie eoajpleiBMaetrio titratl-^n is^thod of l 

and snk (93) w®« ueed* 2tie isetlkod Involved titr&tion 

copper oo3Lutloii ageinet a atandmrd solution of

tetr- «-cctic ^ eld (,.D'i,^*), 

titratlen with a known bissaith

solution



hiacuth nitrate aoluti a C?5ca*)
diluted to about 50nl« witfe writer find 3 to 5 droy-a of

violet Indicator au5<MU $!»» pH *sa than 

to &O with 0»5K a^ua^e® oaaoQla, until tho 
solution bad ^ blue gather thr.,n ^«tr^L« tint* Thia w«« 
titrated agttl&ot ^10 WTA« until UMI -solution turned yollo«i 9

colour*

toy tSada oetliod both at o»U-'' and 0

co-por solution* fo of the

ttitvate f 4*5 te&rs indicator mid the acidity adjust^ ni.th
asaaonia until a fela« colour Juat appeared* 
aoetrle wiss eaddted and the wholo titrated 

Cerrolation waa fdr C*^') t*ie

in th« HM^od I?in0 in difficulties in 
tho blue to green trrnoition at tfce end point*

Ta* coesplox wisa tr«at«d ea @l>oire t acv3Cfeg» being 
titr&tad **g«to®t O tooar-i :.1>TA» acm^rer^ r-t this oonoeatra- 
ties reetilts w»ap* not wittin th« required lisiito*

biacaith nitrr.to

500ta* «ith water )f

nitrlo aeid and dilute

violet

we tor).



it**
ir t erf •*»»«* wtwi cm«a4 fcf ft* 

ia | ho**v*e? interference froo

eitrato.
(iii) TtoeoiiJWMJ m& then raido to the colortfitatrie

of eo.pj>ts* fs-oa Oflli «cid e»oiutioo
in eej^oti totr-c-cshlorii© &nd ;,o-,ouris tl*@ colour

of th&

hin^ with 

up to

in 0*.2J^ I^drochlofflo itdd* ?5«1» of • tM« i«» diluted

to 250cl* and IQol* of tSic .solution na® plaoo^ in a ^>os^r*. 

Shaped atof̂ ^ef«d JTXcitik* .fkslt 0,00%^ dithlsenc \;.:> ,A.^ca rp.d 

tlMi mi^ter'^ rtMMn aNMh«iniO(<tly fw two atoutc^ , ,^,,.;d for ono
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