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1.

CHAPTM I

I}TTROIIJCTION

I.1. Synopsis

-

Thia thesis lg a stuQr of the atructr:rct end energctlca of thc

netal corq:,lexee of dittLlzone, Q'fl,.,N:N.c(S).Nli.XH.C6Br and

thiocarbolrydraziclc , HZN. lN. c (S ).ItlH. NHA.

Dtthizonc ras flrat prcpared and gtuclied, by E" Flehcr r|

part of his clarslc rcrk on pherlyllgrdrazlne. It lt a rcat rcld

capabie of forming lntcnsely coloured retrl couplexca rlttr at

leagt tre.ntythree cleuents Md, girrce t}lc rork of trltar2 srd
1

H, Fiacher/, har boerr r-rsod. extcngively for trace retr,l enalyrla,

particularly ln colvGnt extracti.on procG&.tre!.

The applLcatlona of dlthl rrrna tn analytlcrl ctpm.trtry havc

been covered lrr nrrrnrou.! rcyier rrtlclc .4.12 and havc alro bccn

t}re subject of . bookl ).

Thlocarbohydraddc carr bc conridcncd ar tlho parant conlnnd

of fblly radlced dLthirctrGr I rFiliPbqythiocrrbarldc

(C6H5. ['lN. ]lN. c (S ). Nfl. l{H. C5H5 ) r rnd elso a! tr}re noxt highor }reloguc

ln the series boglnntrig rlth thlourea, tlfl. C(S ) . ffiZ, end

thioaemicarbr-z,idc, H/i. HN. C(S ). M2. Although thc mte-l erylerer

of both of tho preorrsors have been rfrrdledll+-17 rnd thc I-r!V

cryrteJ- stn ctuca of ner6/ of tlrem publhtrc Il&.22 thcre h-' bccn

virtualJ-y notldrg prbliahed conccrning the ueteL orylerca of
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thlocarbotry-drazlde. Drrel and IpoA) rncl hru-llot, Loc rnd luorrg4

reF€rtcd, t:he fornatton of colo.rr':r and preclpitatc! of thtooefbop

hyd'razide rith tonc nctel lone tn equeqrs eolutlon rnd the oryl'gcn

analogue , carbotprdrazido Hzl,l. ttN. c(o ). Ml. ffi2, hag been 
"ho*25 to

form rctal, conpleres with co(rr), Nr(rr), crr(u), zn(rr) ana ca(u)

in d.ilute acid, golutlon.

Thc reatons for relectlng these c;rutcroa for trrveatJ.gatJ.on uc;
(") en intercst tn ligends rith thrat donor sltca 1vr{]i}ls for
coordjnatlon to retal lont,
(U) the clifferent pllysical ancl chcrr"ieal prcpertlcg of t[e tro

atnrctrralrf 6{nifar systcns of oqflerea enablea e rrnge of
plgrslcal mthods of investtgetion to bc ruedr end

(") the poasibl*llW of obta.lnlng inforratj,ve orralationr of thc

plysica-1- prnpcrtiea o? tlhe lerge rn:nber of rctal dlttrtnnetcl.

I.2. Thc Chonigt{f qf Dlthllonc

Dithlzotre ir a vlolet-black solldr Elttng at 1650 to t6goc,

end soluble to sotre extent ln mst orgenlc eolvartr gfdng grecn

eolutions. Ite golubillty ln chlorroforn at rooo tanperabrra is Z gn

Fer 10o Dl. and in ce,rbon tetrachlorlde lbqrt o. o5 gn per 10o nl.
The reak acld property of dlt*rlzone (n*. *5) cnables tt to dlrsolvc

in alkaJ'lne mdle gJ.vfuU rn orrntc-Jrc1lo; tolutl.on end la etrcrg rctd.

to give a dcap vlolet solution. In aolution, dtthlrone lg r'rro

potenti"rlX capable of tartoner{,an

l{ethylation of dithlzone }rer been ,hosrt%,Z7 to ylel4 t}c
S-rethyl d.eri vative t6"5. N :N. C(S. Of) :N. NIl., 615, rtrieh t! I forlrazgr.
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S-rcthXldithizone disgolver ln organic aolvcnti gtrvhg e vlolct
solu-*ion initi"lly but there ir a gredrrl colour oharlgc to yell6l1-

brcrtrr. Sirnilar oblenrationg have bcen nadg for g nunbcr of formgant

ancl the change hag been attrlhrtcd. to the pnescncc of onflgurational
28].SOltEfLSm .

t{ild otddatlon of d.ithlrcnc yiclda ur orrngG, crX6tqll lnc
dctryrttro dcrivativc ;hLch haa bccn ahorn4 tc bc I tctraaollun

thiobetaltte. thc structrnt tas dcptctcd. er a rorlee of resonancG

tSrbrids of the t34pe shorrr bclor.

*\.n-i/^
ltlN-N
\,,/

c-
I

s-

Dcltydrodit'hizone rcadtly rddr oa net\r1 todtda to glve t5c ycllot
tetrazolfun lodl.dc.

*\o-i,P
llr-
\,'

t\,



I. 1. lioapnclatr!rc

I.J.i. Dlthj.zono.- The nelne dithlzonc lr an e.bbreviated forrr of

1r5-dipheq'lthiocarba?pnep ;hich ls the rranc for tha thioketo tarrtorcr

C.:H(. N 3N. C (S ) . NH. NH. C.H-. The altcrnativa fornulation al the thioenollcb) b,

tautorcr lmercapto-1 ,!-dlpherlylfomaz&n, 
"An5. 

N:li. C(S. H) :N. r\H. C5H5 r

is aLso u^sed. The procedrre adopted for naurlng fornasans ls that

cf Bei-l-steinr g I'Handbuch". S-XetftJld.itlrizone thus becoupg

]-rne thyl thio-1, 5-ciiphenyl fo rmuan,

The synbol tl.tzt has been suggested by Hlbbar'ilj0 to repreeent

dithj zcne, lnrever th'rDzr i.s norually prefcrred as it i-rrpliee that

4i ti..r zone is Cibagic an d i t rilJ. be the s1mbol uged throughout t5-is rork
Dehyrtrodj.',"hi :,r'ne is 5-nercap to-Z r Fdtphervltetrasclium thiobetaile

r}.ile the S-r:etiqyJ oerivative ig 5-methyl thlo-- , Fdiphenyl tetrazolirn
iorliqo.

f. \..ii. llctel Corcl,eres of Dlthlzone.- lYo qrateurc of utal corylexea

have been ituntified,, ritl the gtclchioretrl,er tfl*(nD")r, ana f+ (Or)o/2.

The for:rpr have bcen called tpri-urarlrr and rketor 6lthizonateg arrd thc

Iatter I cecondar5rt and I enol r a[thizonates , horever orrly the I primsrJrf ,

'secondarJrt notation rlLl be retairred rhcn 4tacuaalng the tro cleraea

as the al ternative tltl. es are misl eadlng.

It-l. i ii. Jl4oqgrbohydrazldc. - The DArrre urod 1g

I. U. F. A- C. 1%7 Rrdea. The spbol Htcaz ;lll be

the rrncba.qged ligand.

that glven in ttre

adoptod. tc reprcrent
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I.r. &Unsnrlq!*gBl

Tha ahErrrtrtcd form of tlrc, coEPoundr lXrtcfl baLor rl,tl
ttc uecdl in thG fotlorJ,llg chap,brf.

J dlthLaonr

B thfosrribbbab!'aui.tib

Strcss :D t'}ll,orqfcrrteratdr

Ernz ,!, crrbofqydmddt

Ur 3 thtqrrtr
py B p;rr$&trrc

Cn E atfigt'l;nedll*rac

UfS - df,lcthyfaflpbrtdr

Ifff ! l5s:ahydnslU1a1

m i dlfntlryUbmn[itr

HlC, ,r rOa-tle io,ld,

nfr
ffteal
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B.

CITAFTER II

TPERIUEDTTAI

I1. 1. Analwes

The nricro-analyses for carbon, hydrogen, nitr.ogen and sulphrr

rere perfonred in the ml-cro-analytical laboratory of Otago Univerelty.

The miero-D"mas nethod used. for nitrogen generally gave poor results

and the earbon and hydrogen anal;raes for the rcrcury corplexes rerc

initiatly inacsurate although sotrc J.uprovement ras lator affeetcd by

usi-ng gold. foii to ronp\re the hcerry retal.

Ch'lorl-de ion rat deter:riined either volurctrically rith stendrrd

silver nitrate solutlon or gravi-metrlcally rs sllver chLorido, Iron

was determfured volurnetrieatly rith potasaiun perrnanganato by fi-rst
re&rcing the ferric ion to fcrrous urlng a Joneg red,rctor.

Corrplexoretric titrations rith EIllAI '2 ,"t used for cobe-lt, rtth
mrreride aa the indtcator, and for lead, zinc and cednlura uslng

eriochronre black T at the lndlcator. Copper ras dctemileri

volunetrically rrslng tlre potasslun lodidc-ttrlosulphate rtbd. Hlckcl

and palIadfu-lu tere d,eternirred gravimtrlcelly at their dl mthylgll'orl6
dcrj"vativoa and nersury at both Fgs -d Hg[Ztt(m)r_] . Si]ver r&!

determined, voluutrically rft} both rtandud ercnlln thiocyalatc e1d,

conplerorctrlcal ry ;lth Extra'. rn thc EDIA fi.trau"on excGrr

ftlltf(cNU taB addcd and the nlckcl l.ons releascd by the fcrrnation

of the sllver cyanidc coryler rerre thon d,eterrnined uslng nrrexide a!

the ind.ieator.

fifjfint $ 'i r^":ir"'r ir 
"i 

j-- '

v'. i
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The metr,l d,lthizonatc! rcrc dccoaporcdl by dtgcating thcn

rith 74 perchloric acid ln a larga Kjclilrhl flark. Thc proocilrrc

a&pted rar to reigh art apprrrrl-oatcly O. I to O.2 gn of thc coqilcr

onto tisauc papcr thr.a cnabling $te raryIa to be rcedlly trengferrsd

to the flask. Five ml. of perchloric acld ;cre then rdded and rftcr

flve ntn. of gcntle hertlng the aaqrle ter heetcd atrong\r untll all

of the orgrnl,c natorial had been remvcd. The totr-l tir: rcquJ"rcd

for corylctc decoupoaition bcing of thc ordor of 10 to 15 Dln.

The deconporltion of the tlhl,ocrrbotrydnaldc coqilcrca for ttrc

chloridc 1on anal;raca inrrclved 'rigcltfng 0.1 to 0. ? gn 1r'T'1c! tn

20 tnl. of dilst6 nitric acld for P nin. Solutlonr for thc urelSrrlr

of the rcta,l ion rere obtejncd by dronposing ttrc eqlo ln 5 tl. of

concentrated. nitric aeid rtllch cnabled t*re hcetlng perlod, to bG

shortened to 5 nLn. It tar nccGrlarJr to ulc I al,xtlra of conccntretcd

nitrlc and s.r"lphrrle rclds ll ordcr to dcooqroac ttro corylcr

qg[c"( tcu)rcrrl , rlth r digeation tin of approxLnetcly onc hour.

Thc naJorlty of thc netrl &lthironrtcr uG tralatcd u rrcrphn
prdcra ttrlch rctrln var5rlng emurts of rolvmt. lbt r$r unrteblc

since tle llgrnd le orJ.dlaca to glvc &\ndrodlt}rkonc (tcc Cheptcr I),
the rcaction procccdlng putlo.rtrrlt rryldly ln roilutJ,on.

Thc rctal tttioorrDoftrdraalilrr lrG, vtth tha crccptlon of tha

t{f(II), Zn(II) errd ca(II) 
"o+lorcrp crtra\r lnrolublc. Thcrc

propcrtiea nelc lt Alfftcnrlt to obtetn ur5r of thc oorylcrc! of eltlrcr

aithtrnc or thlocerbo\rdnr,ldc tJr a rcuonebly prrc form.
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II.2. Solvsrtr

thc folloring eolvcnte illnr tuod rttturt furtlrer purdftcetion;
tAnalrn| gredc ohloroforn, rcctonc, nthrnol, rtlrrml, n-tlutrnl,
n-proprlol' I glaslel ecctlc eeLd, pyr{.dtnc rnd. bcnlstGt rcrgent grrda

cthanolrnr{ n61 trlcthrnol.rp{ nc r laoqrtnoline, crrbon dtnrLphtrtr I

n-herlnG r cycloharenc encl nttylctlylkctonc. r B. D.E. | ;{ nrtt{rlfond,tb
end &incthJrleulphorltb rurc drtcd rittr rclcouler rlcvs (grral. $r)
bcforc urlng.

!IEf. - lbo rctlrods of obtalnf4g lurc rrtar rGrc uacd. Ordtnery

distiUed' retor contalnLng O.1* rodfirn \ydroxldc a1d O.O* pteretgn
pctlttulgsnetc ;e! nflurcd for one hala end thcn tJ1c pua dtat1ltttt
colleotcd. Altcrnattvc\r, tbc dtsttllcd ntcr rtr pltcd tlrrargh r
colun of rblodcd,ncralLtr, r d,rcd oetlon, rnl.on cobragc rcrLn.

Gilrtolr fctrrohl-ord.d..- ThG golvcnt rrr flnt ahetrn rrlth r&rrlrRr

ruLphrr{'o acl'd for.onc bqrr end tbn nf,Lrucd, ovcr pottrlul hg'alrorfab

for alprotlqrtcl.y trc lnul. Tb flrctlon itbtdltlng ovcr bcFtrn
6l+., end 65.ooc ru oll.cotcd rnd tir prrfty obccbil by nrrurrag itr
ultrrviolct rbaorptlon rlrotnn
tltrrahl'ororthlrlanc.- Tbl flectJ.on aUftltllng owr ln t&. rrng.
119.5 to lzO.5oC ;er olhotrd.

rtr t.5o{a , lrtt L r.riorgo).

Iathrhne Chlortdr.- tr oollcotcd ttrr frrotJsr itLrti,lllng o".r rt ,g.5t.
,tr 1.l;l7z , (ut l i.tzlzl).

lctrelrilrofirrrE - tc ootlcotcd iihr frutton dlrttlttry ovrr la tb.
rerrgr 55 to 66t.

t
i
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II. 1. heparatlons

1, E-Dipheqll t}rlocarbeaone ( ai tfrigL. - This coq)ound. tas r5mtlroaired

by the methc'd of Cleland and Biltr"rr5 fron phenylfrydraalne and cerbon

diaulphidc. The resul-ting black solid ra.g prrtfled i-redJ.ataly

before rrsing by one of tro rcthods5. The first involvcd dllutrrfg a

filtered., saturated chloroform solution of dithizone by hd-f rlth

carbon tctrachlorlde. The black microcryatallilc aolld thich rlcly

ceparated, out ila! then filtered rapldly, rashed, rlth e little crrtcr

tetrachloride and dried by preasing betrcen filter p.pcr. Al ratbcr

large volunes of pure solvent rcre reqrired for thi.s rctlrod an

alternative proced,rre ras develo1rd,. Thig ras to cvaporetc thc

ch-loroform solution of dithizone dorn undcr a strean of nitrogcn at

approxi-natcly fpoC until half to threeqrarterg of tnc di*rircnc bed

aeparated out fron the golution. Thc prrc aolid rar t}rcn fllter.cd,

tashed, rith a fcn ml. of crrbon tctrechlorLdc and dr:led u bcfor.c.

A-Icttrylmercapto-2, l-d.tphcrlylfornezaa (S-cthyldtthilonc). - fhe utbod

of Inrllg and BeIlT t* used. rhcrcblr armtJrJrlsulphrtc 1r addrd droprlle

to a cold aolution of dithtronG ln rynofl1rr hrdrod,dG. Tbc rcuulting

bleck preclpitetc rar reorystalllacd fron ahloroforq/crrbon tctreahlor{cb

rr clccp v:Lolct nacdlot rlth I EtaILlc gfccn 1urtre.

Anal,. Calc. for C.,LHtt*Nt*S z C, 6?.23 n, 5.2i N, n.7.
Fo.rnd,: C, 61.9i H, 5.4i ll, n.7.

5:Iercapto-2' J-dtrDcrurltctrerolir.u thlobctclne. - th ntJrodr of

a5mthesl,at-ng thia ooqpound ;arc used. ?bc ftrtt, rhlch ru sl-nllrr to

the rethod, of Bar0"rg""8, lnvolvcd bubblfng a1r tfuoqgh e ao1utJ.on of
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dlttrlrcne ln tQli,/nef:,heno1 for 24 hrg. After atudJ-ng for tro d{rr

orenge-brctrr crystalc terc obtrined. Thcgc rerc recrlrstrl'l tgsd flm

ethanol to yleld orangc-rcd nccdlca.

The alternatlvc nctlroa9 uscd. ng to rdd eqylnitrltc clroprlsc to

a boLLJlg solution of ] Srn. of dithtzona ln cther (Zm nl. ). At ttrc
firgt aPpearance of a grecn 4patrff thc solution rer coolcd raptdly

and fiitered from undlscolvad. dlthizonc. After apprcxi.ntaly 15 nin,

an orange-yelIor preclpitete aeparatcd out thlctr ra! rocrXrstrlllrcd fron

ettranol r again ylelding o rlnge-rcd nec4las.

Anel. calc. forcrfrdrf: ct61.4i H, i.gi N, zz.o.

Foynd.: C, 61.5; Ht t+,?i il, X.g.

l-Xcthvlmcepto-2 . J-4lptrenyltetrarollun Iodldc. - thc ntlrod of
ogilvle and Colrinlo r- uged, to prepur filr dcrlvetlva. IclJ.or

crystals r€ra obtained frcn the rcrction d.:ctrrc.

f,p. ?5;,ro d!c. (ltt. vdue ZO>fiT dcc. ).

EqFraLu.n Dlthj"ronatc.- An orccgr of dl,thlrcnc rr! rhekcn rlth a

golutlon of l0!,/ut*ranol for lO ltfur. end. thcn eny undlasolvcd. mtorlll
tat flLtercd off lcrvlng r br{.ght, orlngc-rcd, nt}ranol golutl.on. tbG

rolvcnt tas cYaporetcd off und,er rcdroed lrclalrc to ytcld, e vlolct-
brcwr rolld. It ;u not lnaalble to obtrln tfie co4ornd f!.ce flron clttrer
l!08 or dchydrodtthircne fryrrlty r.r ar1f roryttr.llieeu.qr hrd to b.
camied out urlng poler rolvcntr tn rtrlch od.drtl.on ooculrcd.

lleryr of the rcta.l dlLthlaonatcr €u1A bc prcpercd by uriag ono

of tho threc utlpda qrtli.ncd bclor. ThG rclerrnt datrtla for urer
oorylexcr ara given ln Teble II.l. togcthcr rtth rcfcrcnoct to rny
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Previously published rork. The rorc dLffieult preparatlona rill be

given tn detail in the text^

Iethod.A.- An aqrGotrs scluti-on of the lretel ion tar shalen rith a

chloroforn solution of dithlzone for P nin., the FI of the tqroou!

phase being maintallred, at a constant value. ThG solid rhlch ceparatcd,

crut was fjJ-tered off and recrystaUised, from sor6 au1teble solvdrt.
lde thod B.- The taln pr"oced.rre as above ra^s trsed. but lf thc rcrnrlg31g

corplex le-a soluble ix chlorofom lt ras necclsery to eepamto off
the chloroform lqyer and then rudrce the volum of thc solvcnt by

evaporation in a atream of nitrogon. Tho aolid rhlch separetcd. out
tas filtered, rashed rith e llttle carbon tetractrlorLdp end. dried tn
vacLr,o over , 

rO 5.
Uethoci C.- An aqrcouo solution of ttrc netal lon raa a.dded r1orly,
rith stlrrlrrg, to a golution of ilthlzone tn l{O{r/rcthanoL. Thc rcan1tlng
precipitatc ra! filterad., rtahed. rlth aevcral portions of hot retcr and

then dried in vacuo over * 
rO 5,

Antimn-lr tlichlorlds'.ditlrizonc. - DlthLaona rat r.jLard. to a bot aolution
of SbCl - irl hydrodrlorle ecid untdl a satlratcd roluuon ra! obtdned.)
on coolJ'ngr E€tallte Srcan crystalg rGna precipitrtcd fuon tlrs golutlcl.
Thesc ;€rc filtercd, ;rshed rith dl,lutc lydroctrlorLc actd, and tbcn dth
othanol, amd dried in vecuo oycr ,f j.
Anal. Crlc. for Crff fl+SIfOr C , ,Z.ti n, z.ri F, ll.G.
Forrnd: C , )q- 8; H, 2. 8; H, 11 . g.
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ijis( ditlr:laonato )mril^ganese( f I). - An aqueous solu tion of iln01 Z, MZO

was adoed. slowry wi th s ti rri ng to ;1ithi zone ix Kotlr/nethanol. The

resul ting srlxtrrre of violet-r'ed [{n(IIDz), and pink }frr(0H), was f iltered
of'f and washec with di I u 1s hycirochloric acid. The lfrr (tfrr) Z ras then

extracteo with warm chLorofornr and the solvent renoved by evaporation

1n a stream ol' ni troEen. This yielded a metallic green m;icro-crystalline

sci"jd. i'ieedLe shaped crysta-is of the corqlex were algo obtained fron

d:'y acetone solu tion. Hosever , the con4lex i,s extremely gnstable i11

ei ther chlorofc rm ur acetone sclu tion and the rocrlrstaliisation mrst be

corple ted i.n aa short a time as poss j,ble.

fural. /-als. for CZ6HZZNf/&t: C, 55.2; H, j.9.

I'o'.rnd: C, i).1; Hr 4-i.

Big( d.ithiaq_nab)irrrn(U).- A femous cation exchange regin ( Zeo-Karb Z2r)

was prepare d by soaki-ng the resl_n , in the lrydrogen foru, in a

concentratcd aqreous solution of FcSOb. &ZO. After stirring for 1O ELn.

the aqreous solutlon ras d.ecanted. off and a frcsh solution of FcSOI+. HZO

was ed'ded' and the d.xhrre stirrcd, for a f\rrther 10 nin" The resil
wa.s then collected, ;ashed ritll rater and ethanol and ntlored to dry.

The ferrous resin tag nor eddcd. to a chJomform solution of
dithizone and the rnixttrc shaken for ]O mln. The CI of tlr€ aqreou!

phase was malntained in the range I to I by the carcfirl adrjLltlon of
dllute anmniun trydroxide. The violet chl-orofom aolutLon rla! ttrcn

separated fron both the aqueci,rE lqyer and the resin and tlre rrclum

of solvent redrced by evaporatlon uslng a gtrean of nj"trogen undcr
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redlced. prcssure. The black solid rhich separatcd

ra.shod. rith carbon tetrachlcride and dried in vas.lo

Anal. CaJ.c. f or C*HZeNd t* C , 55"1 i H, j. gi Fc,

out ras colleotcd,

ovcr , 
rO 5.

9.9.

Fonnd.: C, 49.8; H, l*0; Fo, 9,6.

Tr:Lg(di-thlaone1to)q.ob*t(rII). - A solution of co(ff ) dithizcnata tn

ch-Ioroform ?as shal<en with an aqreous solutlon of CoCl2.fiZO for 2b hrls.

The violat-brotn chloroform lqyer ;as then aeparatcd off and t;1c volrrm

of solvent rc&rced, by half by evelnreting ln e ltrce.ur of nltrogen. Tht

violet solid rhlch separated out ras collected,, ;ashcd rlth carboa

tetrachlorid.e and dried in vacLro oyer p205.

Ana.I. CsIc. for Crrnfflrf f*r C , i6,8i H, lFO.

Fqrnd; C, i+9. 1; Hr t,.o.

gtql(d+thizongto )coee€.r(tt)15r - Catlon exchange realn in thc fu( ff )
forrn tas Prepared. by r simllar nethod to that clagcribed, for fe(ff).

fhc Or(If) regirx ra! then added. alorly to &lttrizone tn chloroforn

and the mlxhre shaken until ttre solutlon tumed a deep red-violet.
The resin raa filtercd off r urd after addilg an cqrd rrclqrna of carbon

tctnchlorldc, tlre volurc of the oolvent tar rc0rccd by cvqnrrtLon tn
a s trean of nltrogen to yteld, a rcd-brcrn eoll& Thc ro1L4 ra.s ol,Icctod.,

la.ghed. rith carbon tctraatrlorl.tlc untll the ftltntc rea r vlolst colanr

ancl then drlcd ln vqcuo ovcr PZO5. fbc filtrrtc la tnttldly olorcd
brwn &.re to thc prelcncc of lou of th! le€ndary ocplu.

Anel. Celc. tor C*HeCfflrC, %4i H, !.gi Cu, tt.l.
Fq,rnd,: C, 5l+-r:, H, q.f ; olrlO.g.
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so.oonaarv g.r( tI). oitrrizorlE,Eel5. - An aqre*rs solution of cu(NH -) - 
2+

'"'t'6
ra^s shaken witJr a ctrlorpfom aolutl.on of Cu(HDr)Z. The ohloroforu

layer turned brol.rr and ras separatcd. off and the vo1rlrc of solvent

red.rced. by evaporation ln s strean of nitrogen. The black golid.

rhich scparated out ras collected, wa.shed rlth carbon tetrachloridc
and dried ln vacuo over p 

ZO 5,
Ana,l. Calc. forCrlH,tOil4SOrr C, /+g.1; Ht ).2; C\rr 2O.O.

Found: C, 45.0; H , ).Zi Cu, 1g.9.

Iono( {i.thi.zoneto ) qgpper( I ). - An eqlroous solution of C\.CIf- r* preparcd

by addiag 1 gru cu.Sob.6Hz0 diarolved. ln 10 ml. of Hro to a bolltng
golution of 2 gru. N.zs, and 2 gE Ndl in 20 e.l. of Hro.

The rq,reorB aolutlon of cu0lrz- ras ttren ahaken rith a chlorofor:n

solution of dlthizone for 10 Dln. The chlorofom lqyer ;et acparetcd.

off and' the golvcnt rercvcd. by cnrpratlon tn a atrcrn of nitrogan.

This left a dark brcrn rotld rbich rar tashcd, rlth a little carbon

tetrachlori,le and drled ln vtaro ovor ,rO5.

a- Aa aqrmrs rolutiqr of HAuClU ;aa ghrkcn

rittt I olrlorofom rolutl.on of dithizonc. Thc chlorcforo lqyer l'rna
orengG-brorn in colour but alorly changea back to grecn on ctandl'g
a! thc coqller is unstablc tn rolution. The oralg€-brorn chloroforn
lalrcr rar ecparrtcd off and tlrc eolvent rsrcvod, by anelngtLon ln r
strcao of nl'trogGrlo The solld, tas collcotcd, ;ell6al rtth cerbon

tctrrchLoriCc and dried in vecno over p2O5.

AnNl. Calc. for crrHlff ft'": C, l*8.5i H, ).1r.

Fonnd: C, L).1i Hr 5.5.
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Mono(ditlrizoneto )srlA( t ). - Bxcess of an aqueous sol.rtion of HAr-rCIU

wa.s shal<en w: 1.h a cirlcror'orm sol,rtion of di tl.rizone. The green chloroforo

Iqyer first tarrred orar\iz€-brqrrr a.a the Au(III) eorylex waE forred., then

after further shaki-ng a blacx solid, slowly separated. otrt ;hich ras

sparingly soluule in chloroforu givilg an r.rnstable vioLet solution.
The soli I w€rs f il tered. o ff , washed nri th carbcn tetrachlorid.e and. dried.

ir. v&er.io ove r , 
,O i.

Anal. Calc. f.-'rCt.,i/.t NUSAu: tlr Txj; H, 2.5.

For.rnd.: C, )1.7; H 2 2.6.

The orr-ly ner corylex described, in this work is that of enttrcqy
which is apparently an adcluct forrred. by d.i.thizone rlth SbC1J. St(fff)
ha's previously been ghown to forrn a dj,thiaonate rhich is oralgG-red ln
rrcIten naphtiu.I"rr"17 and strawbeny-red. in chloroforrn and carbon

tetrachloridel 8'19 hrt no solid corpler ras isolated. an6 characterlsed.

The meta-l eorylexes of tlriocarbohydrazldc are atl reportod.

here for the first ti"me.

azido.- The rrethod of

prepare thls conpqrnd rhi dr ras then

An&l. Calc. for CH^N, St C, 1 1. ); H,o4
f'orrnd: Q , 11 .5; H, 6. O; N, 51 .7 i

Sg.- A rem solution of ?,rfrL
ẑ

in rrinetlyffonnamlaey[ro (5t t ) r* addcd. to a rarm soluticn of
thj-ocarbotydraaidc tn {tnethylforrnani.l,c tn an approxtnatcly 1 :2 rcla
ratio. CoLourlesg crystals aeparated cr.rt flm the go1utlon on atendlng

for one hr. Iheso terc filtercd and sashcd rith 0.1 I hydrcohloric eoid

Arrdrieth and Ktpprrzo r* usod to

rccrystrlllrcd from rater.

5.7i N, 52.8; S t 9.2.
S, JO.5.
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and then dried. in vasuo over *r05.

Ana.l. Cnlc. for CrHl{f ZrcIZ, C, 6.gi H, ).5i ?.r1, 1g. g; Cl, n.r.
Fonnd,: Q,l.Zi H, j.li ?,n, 18.9t Cl D?0.6.

. - Colotrlegc cr;rsta_ta

rere obtained by a simila.r rnethod to that given abovc.

Ana-l. Calc. for CrHf dfeOillrz C, 6,1i H, j.1i t{, Zg.ri Cd, 2g.t+;

cl , 17.9.

Found: Cr 5.L; H, J.L; N,29.0; Cdr 2&L; C1, 17.g.

. - Solutionr of mrqrr{.c
chloride an'il thlocarbohydrazido ix direthylfonoanldc rerc m{rcd 1n !n
appro:cj-mately 122 mle ratio. A dcnsc rhitc prccipitatc acparatcd.

lmd'Lately. After stending for n min. tho coqxrund ;er filtercd.,
ra'shed rith a little 0.1 X hydrootrlorj,c acld, and, then clrlcd ln vacuo

over 
"r05. 

ft is lryortent not to heat the rd.xod. solutlons as a black
decoryosition pro&rot is forred.

tuia.l. Calc. for CrHf ddet|gOlar C, 5.Oi H, Z. ji N, 25.1.

Found: C , 5, Zi II, 2.7 i N , ZZ. r.

to )btr( thio lreLfII).- A golutlon of
lntrsaiun thlocJranatc (z.o $a. ) ln retcr (to nl. ) r"" added. alorly
rith rtirrtng to a hot sorutr.on (-- 7oo) of Fcso u,ft* (z.g gn ) urd.

thiocarbolydnzlde (z.o gp- ) ln ratcr (rm ml. ). Tho pale grcen cr5nstela

rhich ceparatod ;erc filtcrcd, raghod rttft hot retcr an4 ttren drled in
vacuo orrer *ZO5 for trc hqrrg.

Anal. Calc. for CUH'| df dr*F", C , 1 2.5; H t 3. 2i Fe , 1lr. 5.
Fournd.: C, 12.5; Ht 3.J; Fe, 11h9.
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. - Tro isorcrs of thia coqlo,rnd,

were isolate,l' A violet corqpormcl wa,s prepared by adtll1g a hot solrrtion
of CoCI Z.rHf ( e.4 r,.,,. ), ,.'Ii.sso1ve,f ln the srinirrum volurre of tater, to I
hot solution of thioearbotlyd:'azide ( e.o grn" ) fu rater (zu 6.l. ) contai.nlng

one mi. of 2 M hylrochLoric aci-d. Vj.ole t crystalg separated out

imuediate.l"y, and after decanting the solution, these rere rarhod rith
severaf po:'tions of e thartol anri then collected, anrt dried in vaeuo over
P^O-.

1)

Ana1. CaIc. for CrHll8t'ZCdlZ! C t l,Oi H, ,.ri Co, 11.2.

Found: C, /.'1.1 H, 1.'/i br16.l.

A bnrrrn isorrer ras prepared using the sarne reagents aa abovc

but in the absenco o.f / lC hydroctrloric acid. The crJrstals rhj.ch

separateri out Ere sinr:Llarly treated.

Ana-I. Oalc. for CrHf /*Se0dlel 0 , 7.ei H, j.5i Co, 1l.Zi CI , ZO.T.

Iroirnd; C, o.gi H, ).li Co, 1l.Zi Cl, 20.g.

Tris(thio" ._ Ttrlocarbotrydraztde

-

(5., P.) waa acded to a solutlon of Nl0lz.bHzo (z.r* gn. ) ln retcr
(5O tt.;. A fer drcps of 2ll hydrochlorle acld,cp eddcd. end t*rc

nixturc taa sbaken for ono hr. Thc rcanltrng bluo rolution rrg ftltcrcd
and allolcd' to gtand ln a desiccator ovcr conccntntcd, aulph*ic acid.
Blue orystrlr of tthc trls Llydntc rero formd ovor a porj.od, of
appnoxinately ten daJrs. The anllgnrnour oqllcr ral obtaLned by hcatLng

t}re tgrdratc at 1100 for 2t+ hrs.

Anal' carc' for cfrdrf5{rcrrt cr 8'0i Hr l*1; N' 57,5i Ni, 1i.1 i
c1, 1 5. 8.

Found.: C , B. O; H, 4.3i Nr 37.2; Ni, 12.8i CI, 16.O.
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l,rigLthiocarbot$rdrezido)copper(fI) chtorl-dc. - A solutl-on of

QrC12. tlf (t.7 gm" ) in 2 M hydroc.rloric acid, (f n.I. ) raa addad, to

tlriocarbotrydrazlde (r., grn ) tn 2 U L\ydrochLoric acid, (Zt d. ). fhc

green precipitato rhich ceparated imedtatcJ';r ras filtercd.r rarhcd,

thoroughly ritJn hot 0.1 M hydrochloric rcld and thcn drLed ln vrano

over , 
,O 5.

Ana-I. CaIc. for CrHfdff3Qr0fr: C, 8.O; Hr lr.O; Gur 1I+.0; Cl, 15.7.

Foundr Q, 8.0; H, 1.9i Chr, 14-O; C1 , 15.5.

Bls ( thiocarbohydrazi{e ) pa,Iladiun( II ) chiori.de. - A solu tion of Pill,
(o.45 grL ) ln 2 X byalrochloric acid wa.s added, to a solution of

thiocarbollydrazide (o.55 gm. ) ln 2 u hydrFochloric acld (eo ml. ).

A yellow preelpitate separated. frorn t*rc eolution. Thia rag flltcred,
rashed. rith 0.1 l{ hydroc}rloric acid and t}ren clrtcd ln vasro ovcr PZO5.

Ane-l. Calc. for CrHldf fel,Zl C , 6.2i, H, 3.1i Pd, 27.).

Fonnd: C, 6.5i H, J.O; Pd, 27.O.

Atterytr to lsolate coqflerea of thc thl,ocnollc teutorcr of

tiiocartotlyilrazJ.de, analogo.rs to thc utll dl-thlrcnetca, gcnerrl l y

yteldad, amrplurs black prod.rcts. Thc crccptlon rlr q{Co(tcas)r0f21 ,

the preparatJ.on of rhl.ch ia dcsorlbcd bclor togcthcr rtth a arruur3r of

the otbcr attcrytcd, prcparationa.

IerqrrT dlohlorobfu( thtocarbohydnlldrto )ohIt(III).- I solutj.on of

tzlriocrrbotVdraztde (2. Z gn. ) dbrolvcd t'n 2 N hyatroohlor:lc ecid ( 5O nl. )

ra! rlmly addcd. to Har[co(or)rl ( f p ) (p*perod by thc uthod of

Oaucr arrd Drlnlcl*da ). An rquccra rolution of rers.rrlc chlorldc ru
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then aCd.cd. to the red-brcn solutlon and a aakon pink prcolpitatc

separated. out. The prodrct waa colleotcd, reshed ritlt hot ;ater and

dried in vaa.to over , 
ZO 5.

Ana1. Ca-}c. for CrHt ONf ZCfr[SCo: C r b.4; H, 2. O; Co , 1O. 9.

Fou-nd.: C , 5.Oi H, 1 .4; Co , 11 .0.

Ig(lf). - A green precipitate rag formed, on the a&ri tion of rn aqreort

solution of cyanl.d,e ionc to an equeoLra solutlon of Fc(Htcar) 22*. thc

coqro.urd hrrned, black on exlpsurc to al"r and ttre reaultilg black solld

ras similar tn epp€arancc to that formd rhen cither hydnorldc or

nitnite ions r6re ad.d.ed, to an aqreous golution containltg Fc(nrcafif+.

The pale green crJEtalline complex [n"tnt""o)rnOJ I dcacrlbcd. carllcr,

also decouposea over a pcriod of d4ys giving a black pr.odrct of unhorn

conposition. Analysis of the prodrct in''rolvtng cyanlcla lon gavc ttrc

following results for *rich no eintrle fornrla corrld bc aralgncd.

C, 19.2; H, 1.5i N, 18.9; Fe, ?Ja.z.

II(II).- An orange-bptn crJrulrl'lins oqllcr raa fored, ll an alLattnc

solution of trhiocarbotqrdnzJ-d.e end nickd(Il) ioru. Ho;cver, m,

exposurc to air the coqpotrnil derkcncd, to gLvc e black rrcrpho.u aoll&

IIs(rr). As,(r).- Thc rdrrttion of Ee(ff ) ot Ag(I) iqrr to en rqrcou!

solutl,on of thlocartohgrdnzldc ylcldrd, en tntttrl ;hitc prccipitrtc *rlclt

hrrned black. Thc roactLon bcing rrpLd for Ag(f) Urt alorcr irr ths

calc of tIg(II).
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go(Iil).- A slightly ecidic oolutlon of thiocarbolrydrarldc and.

co0l2. 6HZa grad.r+'lly changed colcur on standing to glve a rcd-bnorn

solution fron ;hich a brorr: ao1id. oeparatsd. out. I{o solvcnt luLteblc
for recrystallising this ;olid ;ag found.

PI(II).- The addition of an aclueoLrs solution of Kftol5 to an

aqreous solutlon of thiocerbohydrazidc ceuscd the slor fometLon of
a black preclpitate ;hich tas later for.urd to be a nlxture of tm
corylounds. The najor pro&.ret rar soluble h both ai'r'cttrylforunl,da

and acetone to glve a bright groen solution rhlle r acond conpornd,

dissolved, ln rater and. ln ethanol to givc a bluc-violct golu6.on.

A n alytical rcsultg for the fompr corutr)ound. rerc: c , 11).1i Il, 5.1i
N, 21.9.

Cqfbohvdrazidc.- This coq)ound. tu pr€parcd by thc rcttrod of bhr,
BrezinskL and Audriett 22 frm dicttryl cerbonatc end hydrazlnc tvdratt.

f ri s (c ar U o hy+ra,zidg)nickcl(Il) ohtorldt.- BLue crJrgte-le ,Grc obtetnod

by g gim'ilar Detnod to tlrat uged to prepare {:lrc comeslnndilg coqplex

of thiocarbohydraaldc.

the Ni(rr) and Ag(r) couplexer of thl,orcd.cerbazideg

Nl(Htscaz)gt, rnd ,tg(Htgaaz)cr, rc'. prqparccl by ntdng aqrcous

golutions of the frce ltgrnd and the natr.l lon. Thc toluu,on ra' urcn

cvaPorated. ovcr r lrter battr untiJ. crlrstala bcgen to fonn end on

etandirrg eolotrrlerg c4rstala of thc rg(f) coqpler and bluc cryetala
of the nf(ff ) orylex rGrc obtalned.
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. - Rcd-brorrr crJrB te1s ;crc obtelncd
on heatirg a nixture of ttr.i.oacrd.crrbazldc and NiC Lz.6Il{) l',
direthylnrlphoxide. These wctre calIectcd,, rashed rith ethanol and
then dried in vacuo over ,rO5.

The folloring'B.D.Hj conpq.urdc rcrc uscd rithout furthcr
prrification; rcagent-grede s-yudlphenylcarbezone (Iftrunho Lr25 hu
slElm that this eoqPound ig a 1 :1 mixtrrc of the nazl.dci and raaoncn 

) ,
oxani d'e r ai'thlooxamidc, urear thlource, nctlrylthloruce, plrcrlyl-
thiouses, sym-diphenyLurea and sJrtrF.r{Fhenyfthiourea;'AnalaR' gradc
sSrrr- diphenyl earb azide and thioa cnicarbezidc.



(r) H.

(a) G.
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CEIFTR ITI

I-RIT CNXSTATI.GRTPIUC SIIIDITi

In rnJr ltruourn-l tnvqstlgation the ultl-ntc nqutrc-ntr lnc
th' aprclrl dJlrecrrrlona or crrtcrlu coor{tnrtec of tb etolr rhioh
onatlhrtc tle mlcq.rla undcr lbrdy. For tlrlr rauon it re.r c*.aldcr..d,
t'hat I nacG!8arJr part of thr.s proJoot uhould, be en l-rltr cryrtrllqgrtphlo
tfu{y of the mtel dithlzonrtca.

lhe follwtJlg atnrctrrt problor requlrr aoklng tn th d1thlpn€
ayatrn,

(t) t}c atmctrro of dlt*rllonc, rhlch 1.r potcntd.etty oryrbl ot
both tartouricn rnd golotr{.cd rrour-lrl,

(u) t*re stnrctuna of t}c prhrry dtthfuon corlplorn, ritl prrtlo..ler
ragard e'c to rlrticr ccprd{netlqr oaqrrl througb b€tb rulph* rnd
nltnogrn d,onor etor or only tluquh nltrogcn dcro' end.

(") tlG rtnrot'rcr of tho rcondrr5r dithircnete.
For crch teutoHr of d,lthirone thuc rrc fcnu lnroiblc oonfitg.retlm^l

lanrr (rcc rtnrcturcr r-vltl) rad lt 1r r-*ortrnt tJrat tft. rpoclo*hloh
rrtjl ln rolutLon end ta tb. eolld, rtrtr bc rabnu.fll,od. l hillcdgc of
t'bc rtnrcfun ln ttrc rolld rteto gharld hclp to td.ntlty thG r Trortrnt
r;tlctor ln roluU,on.
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Harcliagl h"t corylctcd an X-l'aJ crtntellographlc etudy of rltttrtnr

in ;hlch the rclesuLe rar found to oxist rr th6 thiolcoto tautomr rltb

thc trang-anti conf iguretion (f ) shorn ln Rlgure Ill.le. Hardlng lar

unable to locate the N-H groups by detecting &ifforcnca tn thc bandl

lengths aa both -N-N-C s3rateos rcre the sam, rtthln the expectod .rrcr.
Tho planarity of the -l{-N-c(S)-N-t{- skercton (ae" Figure rrr.1b)

agaln preventcd identification of oither the a,zo group or the N-H

8rcups. Hardlng tas able to concludc that there ran no cvldonca for an

S-H grctrp i-n dithizone in the -qolia statc.

The orrly corrylete three-dircnsiona-l struchrr&I strr{y of a mtal
conrplex of dithiTorre FBS also by Harding rho investigated Hg(t{Dz) 2.?py2.
The rercury(ff ) ion ra.s found to be coor€inated, by the thloenol-ato

through ttre arcapto and. aao groups rhiclr formed r rlistorted. tetrahedron

about the rctrl at sho'nn by gtnrctre IX (f s Hg(ff)).

IK

A tro d.:lrcnsional X-f,et crystallograptr-ic strrdtr of Cu(ffO") j showed

that the copper( f f ) ion ve.s aleo coordinated. throtrgh eulplu:r ano ni trogen

wj"th lhat alrpeared to bc a tq$rare planar arangement of the ligarrd donor

rton (D(rx=ftr(rI)).
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v.

t.*; tcd ltnrctrnl tr.:o!Dtt({c }rer bocn obtrlacrt ltor turf,eco

fl-h rcgturcnntr of <tl.ttrlzone an.l. tre of trhc -te1 chcl rtcrLr5.

Tho prccent rcrL lnvrrLvco .r rt dy of tbc X-reV poraLr dl'ffr|otJ.o[t
lloctra of e rnrdcr of tho lptg.l" o4:Icrca, prf.nrlly to lnvcltlgrt
tln posslblllty of tholr bollg isoo:ah<r:e, end e tm-,r{ rrrLonr1 I_rey
cryatr'r'r ogrrpldc I hrab/ ot ?rr(Wz) Z to lcern rh.lt*r coorcllmu,on oc,rn .

throrgh nitrogcn donors only or rhetlcr thc ltnratrr 1r tLrilrr to

thrt of tho tlithj.zdrrtrc of crcurlr( II) !d coppcr(:f).

Itt.2. lxpcrlpnt^rl

III.2.1. Fondcr S nrrllcr. - I-rry pordcr ilj.CfrecH,on Frtt nnr rcrFc

obi;r'ircal uair.g e Phu,llps Gelger coqntcr Diffrrctort r rltJr !{i-i!.1torod
Cu f,e rrdlation.

Fordcr pettcrnB Fra obtdncd for tho prirrry itl,thi zcnetca ef
Gl{Ir), un(u), cd(u), ug(fl) raa tri(Ir) and arso for tbe recandrry

{itlizonatc of er(II).
Unit ccU p r Fr a.G t c r I for the Cd.(II) rrrd xi([)

dl'tblzonatcr rc* obt i.ncd b; rtc t a p"".*doo6 rtrr.cb is bri*f.L1. ,rtrriinetl
bo1or.

@-!+3{e*:,'..+.:tlfiglg^ * rtr:
bagig of Itctr sr'tlrod rs tha.t anJr untt ce-i.l ()flrr ty. reirres...,r,ted aE &

tricLinlc caIL corrcBilsndlr-S tL three iloB-c{,r1ar..;ur v.G€t(:n:, .-i_: rv*l-;rcr;cj.
ll)Ecc. tsach .LJ-no of a porder patterr:. is relateci tr, r_ vec.t{-,r. ir.
rGciprocal specc so ihet a tel*ctton f,f sirx- 'rr.iitabi{e i,-Fctairr ;r iines
riiL dofi.-rre t,-e ecgcs and ini;er:facial &n$lct ot, tire reetprucal cc;l"

rtor E metlrco is co;1urcFfled wit.h tar tectr^rigre of arjre€tixg thore s1J. ri:res.
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The caleulatlons are baaed on thc reciprocrl ec1l r^elatl,onahlp

Q*r = h2.t2 + y\t2 * r2"t2 .* ark 
tbt*" y'

+ zl.l.t .t n^ f 
t 

+ 2k1'br 
"t 

** Of

wherc 
"t , bt, "t , C , pt end Ut anB the aix pareletan ncccslrrJr to

dcfine ttre r.oclproca-l llttice and QU,.t 3 t/flo-r.

rnitlally' three lines ar'a eaeigned il Q1oo, %lo ancl Qool end r
aearch i.s ther, mrde for paj.rs of linea thich are crarly apaccd rbcrrt tha

su* loo + Qotor Qtm + %ot *d %tc * Qoor. rheao rrc thcr rsrlgnod.

as Qt rO *d Q1TO' QtOt and Qr OT, rnd Cfi 1 urd gOf i nrpcctlvcly.
Alt'bough a rociprocal coLl is dofi-nod, by tlncrc nlrrc 1lner or voctors

there are u8un]ly r rnnbcr of poaclble irrterarlly coraletcnt rots ot
nilo Q valuer rhi.ch ril] lead tc r roctprocrl cofJ., Thir ia pertleulrrly
trre ol' uonoelj-nic and trlellnic rmit ccllg.

A mtrF'uter prrcgrrFr! dovj-scd by Hrcrdler and. Coonry7 har bcGD,,uod

ln tlia rork ta obtein tte varLoug pocrlble sets of Q vslueg. only thocc
vcctor=gcts ;hlch geve correct {rrr} Q vduae lgre retelned. arid thorc
tera hstcd t\rrthcr to tac thetlrer tho obrcncd porder pettcr1, could. bc

colpletcly lndered. ulrcct ooll prrntom rqre obtrincd fron tL
reciprocrl ccll pararctcrs for thc vector rot cnabllrf, thc lnrdcr lntt rn
to bG indcrcd rnd finelly, tha refrrced, ccll rirl obtajlcd. rnd tortcd b
rce ;hcthor it could be trenrfor?cd lnto l ccll of htgbsr s5rr*ct'r rrs{-g
thc Dch.lnrt cthodE.

flf. 2.lll. Silslc Crrltrl Studlog. - Singlc c,xrutelr of zinc(I[)
dit'hlrmatc lcro grorn tlron tetrehydnof\uu rolution. ?h! torrlct
cl:ratrl! brvc I mtallic gnEcn lustra rnd ue roivatcd. Anrlyals of tb
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c4/strlt eftcq tcvcr!-l lcekg lndlcrtrd, tht thcra r&r onc lolccrrlo

of tctnlgrdrof\nn for cacb rcrccrrto o1 oorgiler.

Sirrglc c4ntrlr of crarridll) dlthtrpmtc rerc grorn flon

PY/EZO aolutlon as ora4ga-red platca conteJ-ning tro rcleculea of p5rrldlne.

Other rJJlgle cqratr,la that tcrc obtrlncd hrt not atldlad lncludc

n(nUz), fr"'on acctona rolutlon, Bf(ml), frn chloroforn ao1u6.o6 urd,

HgHrrs tbou W/\rO.

Unit ccl1 parantcre for zllc(lt) rna crad.udrr) dttb1zcrata

rarc obtained fror prccclllon photogrq*r.

Dcnsitles tere rcastrrcd by flLotrtion ln rqrcous potrrairrra todldc

rt zooc.

lbo-dlncnrlonrl X-rV crlratrllogrephle date ra^a obtaj-ned for
r1nc( fr ) dltlr-izonatc fbon cqul-ilclilation teisgcnberg photogrephE of
thc b-proJectlon' A n'l tiple flln techniqua r+r uled rith the

lnteneltlcg of tho strnts bailg eat{qrtcd vlsually with the a:iC of I
cellbratlon atrip. Obromed intenrltlea rcrc correeted for Lorerrtz-

lnlEJ'eatLon frcton hlt no rbrorptJ.on mrrections rcrc apprled-

lII. J. Roultr

III. 1.1. I-rw Fo'lder Dlffnctiqr Detr. - The X-ray pc,Jer diffracticn
rpoctn! for Or(*")a ootrld bc iadcred in ternn cf tno sir.gie cryntal

Ltnit ccIl prre-rctera obtailod by Bryar, ano Xnopf" t;e obeesrerL *rcj

calcrrlato<t Q*t vduee for the prirrclpai faccs rrre gi-uen iil Ta]:le IIr" 1 
"

The oonplett Pot'dcr pattorn for tl(*r)z is glven in *pperid:-r r- rcge.ch;er

rf tlt thc lwdcr pattcrns for Zn(*r)e, ce(i:itlz)rr lig(ir'lz)-, i{i(rua)A an3

CuDz.
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Valueg for CLr(HDz\'

hkr

100
010
001
110
Tro
2@
020
to
10't
Tor
011
111
ol0
m2
222

Ql*t (carc. )

0. oo57
0.0o8L
o.4552
o. of l+J
0. Ol l+O

o.02?5
o. o)1|
0.0509
o.o57 

'0.0509
o.06oJ
0.c625
o.0752
o.2?o7
0.2500

Qr*r ( obr. )

0. oo55
0.0082
o.0116
o. 01l+1
0. ol jL
o.0222
o.0J12
0.0501
o.0167
0. 061 &
o.o5v5
0.0'5zO
0.0751+
o.2M
o.u25

Thc X-rqy pndcr patternr for the dithtzonatca of zinc(Il),
cadaLur(Il) and. urcurSr(fr), that r'erg tnitlally isols.tod froo solution
ra lnrdera, cd.tld rpt bc indaxed, ln terms of the unit col1 pare-ureters

obtej-ned fron the rcarurcrcnts on the alngle cr5ntalr of each corryrcurrd.

thc pattcrnr tcrc a,11 sinilsr to that of ctr(Hoz), heving intense lj,es
at qrproxiratcly tho !8!D 2g valuea, ht it ras noticeabte that the d,

epaclngs for the tttree princtpel vectors incr.ea.rcd by &n r.rount

approxi-netaly .t$ral to the incretso ix rad.lur of the centra-i retal_ ion.
By rprpl]'fng Itora proccdre to t.}rc drtr for thc pord,er rcdificatlon of
Cd(nDt)zr e trlclln{s urrlt ccll rre obtalned. If re coqpare the ceIL
1|{mnllou fbr Cd(IIDz)Z ttt}r thorc prevloualy obteined for Cu(HD")2,

thc taatA nrggotrd by the pordcr petternr 1g conf!.rrr,etl i;r the cpqs of'

thcgc tro coryIcrcr.
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Thc I-rQt lnrdcr pattarn for cnrched, alngle cqntrla of crAnfudff)
dlthlzonatc can bs indoxed tn tenu of the aiagle orXrtd. rrnit ccll
pararctcrs gi.ven tn t}rc ncrt rcctlon. lllst of thc cdculated rnd,

observed Qnff vrlueg ls givan tn teblc III. A.

T.TBLE TLf. 2

Crlcrrlettd end Obralrcd -Q. ur Yaluer fol Cruahed

Slfudc Cnntr].r of Cd(ED!),

ar(mz),

r:l\fi I
b r 1O.97 I
c! l.29 l
G = Itot*t*t

p = gr*oe5,

f = 9Oo48'

hkJ.

1m
010
001
111
oo2
200-111
oa0
2n
lol
,oo
o22
Tor
0ro
hz
2zz
ht

cd(I{k)a

I r 15.17 I
b - 1X.5, I
C = t+-fi t
O( = 89ot 5'

F - 98oJo'

Y = i60 t*5,

ah,, (crlc. )

O. @l+2' o. fi71
0.m52
0.ot15
0" ol 26
o. 01 67
0. 01 7J
0.0285
o.o8,
o.oJl ,
o'o176
o, o41 0
o. qL95
o. (S{o
0.0700
0.0006
0"117)

Q*r ( oba. )

0,0112
4.0125
9.o172
c. 01 72
o.02gl
Q" 0291
o. cJo6
0" o"18p
o. oh$5
o" 05Qi
0.0057
0.0700
c" 0806

']" 1159
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Thl'a rernrlt auggcatc that the crl'l'f'rnco of trc rcdlt1tcetlonr of tba

*ithizonatag of slnc(Il), ora'd.ue(u) and ruercury(rr) 1r not irc to
a phare changc rhen thc alngrc crSrstelr rr. cnrehed.

Itots proccdrrc ta! e-lao eppllcd to tbc pordcr dtffrrcu.o drtr
for N1(HD")2 end rn ortborhodlc unlt re.r obtrtncd dtl,

r= 12.j1 I brlo.ggI cr{-jzl
Iho obealrcd rnd oalcrrl-etcd Qnff vduoe erc lietrd in feblc III. ).

rABTr rl[. ]

-

Thc l,-rq;r Dordlr pettcrn for G\rDr rlrorr
follorcd by r yc4r brord r {nc rlti r ndlr et

epprort'etaly l+. ] l, rhlch orrarlnrdr rttn tb

o.ffi4
o.mE,
o. ol l}7
o.o)r2
o.0195
o.0589
o.05gg
o.c55'
Q,.672
o.2w

thrco lntrnrc ltacr
r d rpro{ rB of

mt rrf,LrH.o of Ar(HIL)'.

hkl

100
010
110
on
r20
ool
2n
101
011
002

Qn* (calc. ) %kr (our. )

o.m5L
0.m8,
O.011+5
o. o jljit
0. or95
o. o'ot
0.610
0.6t5
o.65l-
o.2155

.- thc rlntantJ,c rbrarFr ftr both
rtc(rf) eaa orfiH{II) dlttircnetc rr.,

hkl h+k + Ar

hol I + h (u+h)
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ro thrt ttrc apecc group Le rltber

dLunrLonr ara;

z"(nDr) z

C: or C2r/a. Ihc rcnocllnlc oell

cd(ED!) 2.W

16. g2 I
11.86 L

19.&o I
tr fto,
fi58 l' '

l=

br
C!

p=
[,[ =

zrr(rcs) *Tff
zn(mr)2.!g!

zn(mz)2

cd(rrDz) 2.w
ca(noz),

2O.4 I
E.g I

22.2 |
97o2o'

,997 l '

D
o

Do

D
o

D"

Do

1.198 gt/c.c.
1.On r

0.9-57 r

1 .l+57 ft

1 .162 r

lr
br
CE

B=
u=

Tho cerculated dcnrltlcr for four rcIcarlcr pcr untt ccll rrt I

Tbc obrcrcd a*rfty for rt-qg1r orXntrJr of rino(Lt) dtthlzortr thet

rGrr rol: nntb o.Ld, r 1.11 Jt/c.a. rad for rlnglc o,ryttdr o?

o.*rr'-(fl) dd.tllzartr - 'l.la2 jt/a.a.

Zfnc(ff) dlthlmnrtr crlntrlllrcr rlti fanr rlcqrlcr pcr rrnlt o.IL

tn t;bc rcnooltnlc aptl. th. ryrtrrtlo ebrrrco lnd.lcr.tr th. rpr.lr

grury C{c or Oo. In t}. foru, tlc nhcrrlc rllt lnuor olthrr r
hofold rrtr or r csrtrr of r;rtry rlt nrr ln th. lettrr ttcro ln D
d-rn& on rlcanlrr ryutr;r. l, ocrtm of ryrctry nrld. tru to b.

unlttc\y rr oor{lnrtl.o rbout t.bc rLnc eta 1r pnobrhly trtrebrdrrl,

brt tbc nlcqrlc qrld lprrr. e bfold r-l I tltrargb tb. dno et*
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The method of llowells, Phillips and Rog"*9 for distinguishilg

betreen centrog5trnctric aflC nu-n-centros;frnre+.ric crystuale was anpliecl to

the intensity data for e:.nc( If ) dithizonate. The calcuJated intensi t;r

dirtrihrtion is given together with ttre theore ti-cal surves f cr the trc
cqaes in FJ-gure lif.2. The resultjr€ c'rrve is inte::nierliate bebreen tJre

t?o possibi.lities leaving the question oI the Dresence c I' cen trosyrarrtry

unanEwered. This resuLt nay be &.re to the zinc atonrs possoss ing too

Iugo a fraction of the tota-l scat.tering pow""1o.

A Patterson suruntion ( ecgation ( 1 ) ) w'.q then conquted f'or the

b-pro jection.

p(u,w) =*trz(om) + t i[",hor)ouu.]t"os zn(Hi+:.n] ...(1)

A6 ls ttre arca of ttre b-pro jcction and U, H lre fractj.ona,l coordtnates

rEaturod. rlong t,hc a and. c lrGsr Tha are& onsidered, ras one eighth

of the writ oell.

No peaka tere of sufflcient intensity to bo asalgned. as arlsi-rrg

fnon tbo ?n-?m vcctor rhich luggcstecl that the zinc atoms 1j.e either

on l trcfokl ed,a or on r centrc of a5rretry.

fc aarurcd, t}rt thc eoordlnatca of the zi.nc atom in b-Frojection

r||Fc (OrOrO) end tbrt rrt of thc g{gFrr lould therefore be positive.

Br|rd on thil ranr4ltlon, e tro-dLurrgional Fourier analysls (equation (Z))

rlr oflSrt d.

F*,2)our. ! * tr(o@) + E H. r(hot)obr. co! 2n (rur* r")] ...(z)

lh. tp-df.nrtonrl clrotrcych"altt proJrctlur eloag t.lrc b axLa

for ar r{ghtt sf tb. unlt odt lr rbm in tlgurc lrr. }. Atrprolcrqtc

rtoa prttt'ae trt rfto ahora for rn rqllvalent lnrtLon of thc rrnl,t coII.
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III.I+. DlraraaLcr

The rcst noticeable feature of the X-ray powcler dif'{'raetron tte ta

tal that only the pattern for Cu(*1r) Z cor-rld be furdexeC ir: tena.: cf il:e.

unlt ceIl parerctcrs for the single cr}'stals. The :Lithi z)rtar,c,s ._,f

atnc(Il)r cadntum(ff) arrd. rcrcury(ff) nre evj-clently pglyrrcrnirot-rs rrirt it.

lPPoara that t$c mdification of each corryounc obtajnod in the prcwd.er

foru haa a lattl,ce lith only one rclectrle per urrit cell , as fo,.rnc t'c r *-he

tricllnlc o4ntalr of Chr(HD")e. The single crystal nrrdlf icaLions ,;f the

zirrc( II), ceatun( f r) and mrorry(ff ) dttJrizonates are obt.ainecj &e

rolvetrg end' it ia rpparent that thc solvant mleeule plays a1 irr_ccrtart

part ln tlre cryrtal gro;tb of t&erc coqnunds.

Hardtng2 obrelrcd that the pyridtnc of golvatiion in Hg(ilitz ),,,. /Fy

tlf lfydrogcn bordcd to thc l{.8 lroton of crch ooordllated d,ithizone

rcIccu1e. fbcrc aolunr of pyrlctino rclccrlea ln t5e intersticea or.

tIG oryrtat lrttlcc rrt rcrvrd falrly rcrdl-ly leeving crpty cha.nnele.

Thc llD phcnntrcn prcnurbly ooarra ln zfnc(ff) dltnizonate eirrgle

crSntah eLncc tbc obaelrrd darrlty nrggorttd the prclence of one

rclcculc of tetn[ydrof\rnn ln cryrtrb titrrt rcro acrcral ree]cg o1d..

Inltfe'f\y thcrcforc ttcrc 4y herr becn trc rc1or1or of solvent, as in
nS(nn"1 2,4!. tfo rolYut rclcculcr rE! forrnd ln th. tlo-d{nensloneJ

clcctron dlrrlftt np rnd ettorytr to obtdn tboc-dlsrrlond data rtth
Otc .lr o4rrte'l! tc nn{*u rftrr thr ortgtnrl nbotoglpb 1lare ta}en

onlt ylcldrd pordcr pbtogrel$r. fha orlntrl lrttloo 1r GrlabltfJt
elorly dartroyrd rftcr tho lorr of tb rolvrat rclcarlr.
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The pordcr pattern obtainod, for C\r.Dz, brving a vGtTr bnoad

linc rith a Darl-mLn corretpondi.ng epprortlately to t5e d spactng of tL
0Ol plane of cu(Hoz)r, srggcats sonc fom of rttsord,cr along tbc o rr{1.

The electron dengity nap of the b-projection of Zn(Hnz)2 f"
roa"sonable evidcncc for bon4ing by arlphu and nLtnogcn donora, a!
found for both tlrc Or(ff ) rna Hg(ff) 4tthf zonatce. ltttrytr to obtel.n

three-dlrcngional eryatallographic dtte renc curtd1cd by thc

dcoq>osition of the original cryrtala end the unru@G.rfuI ettcqltr
to prepare ne; onelo
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CHAPTFA IV

INTR.ARED SPMTROSMPT

rv.1. Introdrrction

Fnon a abrily of the nplecrrlar vibratLorrs of a sJrstem of metal

ccrylexes te can obtain infotnation abo.rt thclr structrres and the

&latributJ'on of electron clcnsity rittrin cech rrclecglc. Therc arrt

alternative rethods of obtatntng thir infometion. One ntlpd
involves a qratitativo shrry of the ligand vibrationr by a oryarigon
rith the infrared spectra of related rclecrrles and by considcring ttre

band shiftt c-r'ed by iaotoptc eubstifution anC rclvent effocts. The

assignrents nade for the ligand arc ttrcn taken as the basig for
interpreting ilre infrared apectre of tho nctel corryleros. An alternative
method, rhieh ls a'lso a rDre qrantitatirrc approach, is to obtrin t5o

frequencies and nonal mdcr of vibration of cach uoleo.rlc by carrying
out a norual coordlnatc anallnir.

Therc has bean verlr llttlc lnfnucd rcrk rclnrted for gre rctal
dithizonatcs, tnd rbno concernfuig thiocartolrydraridc and itr rctal
corylexel.

D5rfVemanl h"" prbllshed band, freqlencies for e rnlnber cf t5e

retal *ithtronatea tn ;tlich dlffarencc! betrecn the infrared absorption
rpectra of thc pri-aa:y dl.ttrizqrateg of Nl(rr), pd(Ir), pt(rr) and co
on the onc hand and the pri-nr5r dithLzonetta of Arr(rrr), Ag(r), ng(rr), l1(I),
cu(rr), ar(rr), cd(rr), rn(rrr), m(rr) erd Bi(ru) on the o$rer rere
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interpreted as ild:icating that the trc groutr)s have cltfferent rtnrct:rea.
Drnean and Thonas2 shrdled. tho N.H atretching freqrorrcier of

*ittr.izone, the pri-ury dithizonates of Cu( II), rfg(rr) ana co(I11) 
"nd

ttte cecondarlr dithizonate of Cu(II) i.rr carbon tetraehloridc aolution
It ras concluded t}at the prinary dlthizonatts al1 havc gtmct're I

with the atrength of ttre intralrclecular hyd.rogen bond dccrearilg ix
ttre ord,or cu(no")r) c"(noz)) rk(m")e.

mnplex, CuDzr rto N.H stretching rri

In the caae of ttre eccandary

ras detoctcd.

I

The i-nfrered rpectra of zn(wz), and cd( ttpd z have becr

corpared rith the epcctnrn or Hg(EDr), ,. The similarlty of grc

skeletal vibrationa fron I ,OOO c-.-1 to l rl$ cE -1 ,,erc intorprctcd.
al reaning that the zn(rr) r cd(rr) ana Hg(rr) conpleree arc isostmctrrel
1n the solid stete.

The diffiollty in interpr"eting the infrarad. apectra of the mtal
corylcxes of ttrioamides snd. thiotydraaidee is because of t;e giFilaritJr
of atoulc mallct end forcc consttnta. Ertcnsivc arzpllng occrrr. and

t'his ncatE, for cxaq>lc, that no onc band in th€ infrared spectnrn can

bo ersigned as the C:S atretching vibration as it wiLi contrihrte to
e nutrcr of rrortal rcdce. Idoally then, only the gocond of t5e t o

rcthodg of sfuqy srentioned earlier i! practicable. Horever, a! dlthizonc

ior

;:n

bratio

Ph
I

. [1.,

",'H
-N-

I

N,/
I

Ptt
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hea very lLttle ayrutq7 (pnobab:.y Cf ) rff EL tundrDntrl rcdil of

vlbretion arc llkcly to bc infrarcd ectl,vc rnd tho rso.rlar cquru.on

reaultlrg fru thc norurl eordtnrte enelyrfu rlr conrl.dcnd to bc too

untialqy to ramrnt f\rtlrer atr{y. tor tltrl,t rceron thc dltJnlmc eyrtr
hes bccrr atr4lcd by the fl,rrt rosttrod, rtrilc ttrc rcrc nnegceblc

thlocartol6rdrqs{dc aSntcm hrr bcqr lnvcatigatcd by carrXrlng otrt I
noru'l oordinrtt andyalg of tltc ltcc ltgend. Ihc glm{r ar{ty of

trho tro llgand mleculcs rhould qrablc tnc rcrultr obtllned for

thlocrrbohydrr-ldc to bc ueod, to intcrgrct aon of tlre fcefurcr of

tlrc dit}lzonc eSrrtem.

A brlcf eSmoplr of tlrc thaorT ncoo.lrrJr for en undrratrniltng

of rclccrrlar rlbretlqrr i"r nol glrrn

fV.2. Thc Studv of blccrrlrr Vlbntls
f,c bcgln by raardlg thc Eorn-Ogpcafrclnr thcororb fitch rtrtct

thrt rG trry aeparatc thG problo of clcctrurlc and nrolcrr rct|ong.

It, for e sSratcn of n na! potntrr rc c4ptrrlr thc rurclcrr ldnctla

encrlgr ln teru of aultrbh ordlnatcr, ti. rlyG cqratlon for nrc.Lcer

rctl-oa can bc rl'prcrlr'tcly rqnretcA |.nto cqrretlonr for trrnrhtlon,
rctrtlon end vtbratlq.

To tolvc tfi. tdbretlonrl problo rc oboorc r oortnrtc a5ntr
tn tcru of rhlch tG c.n clpnt!! tnr HnctLc and lntcntid cncrgr rnrt

tJrcn alttorulnc tlrc tnnrfornetl,on flror o,r rorkl4g ooordlnrtca to

nomrl oordinrtca tn ftlch tlrc vlbretlonrl rlye cqlrtion la agrtreD.Lc.

norurlly qrr mrling coordlnetoe rrc tclotcd g r pt of

tnt,crnrl oor{lntttr. thcrc d,ceorLbo th. lntcrnrl orffguretlon of th.
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rcIeorlc only and satisf! the nckart5 and Sqlrv 
"tr6 

conditions for tie

rercval of tranglation and. r"o tatl.on. A set of lnternal oordLnater

j-nvolvlng bond stretchiJrg, valence-aflgf€ bendingl out-of-plane bendlng

and torsion hrve been defined by WiIeonT and, by Decir.r.c8. Declugg

has ahort ttrat this set of internal coordlnateg is sufftclent to

d'cacribe the most general vibrational dtaplacerent of a43r mlecrrle

ano has outlLned. a trnoced,rc for dcfining a kinematically complete

set of such coordilates for both cyclic and. acyclic lmlocrrles.

Having d.efined, e eet of interna-l coordlnatea, Ri, re ca-n not

rr:lte ttre total potential enerry of the spleculc a! a firnctlon of thc

oordjJrates, V(Rr)r rhlch nqy be expand.ed 1n Tqylorra series about

tle egillbrir.rn conflguration.

v = vo + 4,*," Rr . *f +,tr )o RrRr

+ terrng of onler RJ ana hlgher.

Vo deflJrcg tho erbltrarSr zoro, ttrlle tJac ocfflcients of R, tn th3

recqtd' teru aro atl zero slncc the dcrl,vatlvcr arc to bc talcn ln ttrc
oqltlibriu.u oonfiguratlon for rhlch by fuftnltlon V ls a nd.nlmln rlth
roepoct to all Rl end, hencc t*#1" - O.

The cocfflcLentr of ttre ttrLrd tcrn arc hrorn a.g the herenlc
forco congtrrrtf rnd, can bs rrl.ttsr

r b1' \(5Ts) 3 ttJr )t \');F\ to 2

The ocfflclcntr of hlgher tcru eric ttrc rnhrnontc forcc @natentr

rhlch arc Scnonlly lgnorcd for lnlyetod.c ml,cqrleg tnvolvtng rnrr I
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aryflibrdcs of vibratiqr. Therefora

v=*EFTTJRTRJ

or Ln ntrlx notation

N=BrlR

To aolvc the eqnationr of rctLon for angr systco lrt cither ele^ul,cal

or qrantr-l rcchanls t reqlirc exprclllonr for both thc kinctic crd

potcntta-l encrilea in teru of Eor aultlblo act of cqulvalent

coordlnatcg. Forturetcly lt la poaalbla to rritc tJrc kl6tie slcqgf

Ln teru of the coordLnrtc" Ri ar

s..7t - il tJ*,*J

or il ntrix notetion

n =i, ri
Thc oefflcientr l{r, lrt t\nctLonr of trhc etod,o rrtr ead, tzhe cgrlllh'l.rr
gcoutry of trhe rclcqr1c.

The vlbrational rravc cqnatlon for r rclaculc, tn tc1as of thc
ntrlcer F nd I, cen bc aqnretrd by f{ rl4{ ng tfic trurfo6etlon frcl
the rcrldng coordLnatar R to nomal oordlnrtr, Q, 1n rhlcb rr r of
thc cros! tctua ln th. klrctlc end ptcnthl Gnctgr rxplra!.lonr rr.
clld-nat€d. fo roqutrc thc noruel oortineto tmnrforu,tloa , Lt 

'6tch
glrultaneously dllgone.lllca both F end I. Thc nrtrtr L 1r d.ctilned, e.r

R-LQ
rlth thc oondltlonr for t'hc a{.tcno. of L bcing glvo by ntrt-r tfr-tyfO.
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The resulting vlbratlonal srsrlar cquatlon

(F-).u)l=or

rhere the It g arc the elgon ve.lues, is r.r^suclly ccqpresscd in teru of

the reclprocal kinetlc energJr natrix, G, to glve

(er-)r)r,=o
This eqnatlon 1111 havc h4 elgorrvalues Xf end. an a.gsoclated. vcctor L,

rhich iB a mlurrr of the L ntrix"

The problem is thereforc to set up the G and. F natrices ln interrral

coordinates and solve the resulting sesllar deter.mtnant. Stande.rd. rrcthodr

harrc been given for eva.luattag G and, tablea of G netrix elelrcnts for

the various coordinatcs are in ttrc literahrrcS r'f 1 ,12.

The rcre diffiqrlt problem is to evduata the F natrdx eLements

or force constantr. Ot}er than for gmalf rclco.rlcg lt is ug.r+lly

tq>ractlcable to urc a gcncrel trarunic force fleld a.rrd it bemm

nGcctsrrll to nrkc sorc rpprorl ntLona and erarrc that certrln forcG

aonstents can bc neglected. Urcy rnd. Bra.illit prcpoBcd. ttrc rrrc of e

function rtrich la basically of thc velcncc forcc tlpc but rhich rttoilf

ccrtrln rpn-bondad, LntcractLons rhlch nqlr bc llIencd to the vrn {3 fml g

forccg bctrccn luch rton. Thc potcnthl errt]r ln urey-Bredlcy fon

rcqnLrcr ttrr vrlaroG forer ocrrtrntr K (ttrctclrfag), H (eng1c bcndlng)

end ttrc mn-bodrd, lntcnctLon onatenta I md Fr.

Thc ordrr of tlrc G rnd tr ntrtocr rlll. bo dcfincd by thc nu$cr

of lnternal oordl,nrts rlcd to drmlbo thc lntcrnrl wrflguntlon
of tltc rcloculc. SortJ,u, tt le nrocurrtr to clcfiInc Drrr lntcrnd
ooofrdlinetol thrn ttcrc r$r tprnl mdce of vLbratlon. lhia rcerrt thrt
ppt rl r qf thc lntcrnrt ooor{l,nrtm rn lndagrndent, aartell oo6lnetlonr
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of them beiag redrndant. The resultirg sesulu cqurtion rl11 havc a

zero root correspondf-ng tn eacb rcdrndancy ;hieh tJr1g provJ,des e check

on the calcirlation. Hotever, it ia usually pjc valqable b rcdrcc

the order of the secular cq.ration by factor{-ng lt lnto blockr accordJrlg

to sytumtrT class. This also enables the redrnd.ant coordlnrtcg to bc

rerroved'. To alo this tc usc symtry coordinator, Si, obtalned by a
lilear trangfortation of the interrral coordlnateg Rl, uring the

orthogonal U rnatrix dofined, by

S=UR

After transfordirg G and F to gJ,ve

q=UGUf
J

and ?= U F Ur

re ane left rith the factored socurar Gqration

13L= Lr\
rhercA t a diagonal natrlx of the eigenvduea rnd L1s t,11e eigcnvector

natrix. For each root )-l there ig an aaloclated co}:ur of tJre JLm.trtr
rhich FvEs the relative aqlihrdea of ribration ln cach ayretrXr

coordinate. A rpre reaniagftrl plehrrc ig, horever, provi.ded by ttre
potential GnerEf dlstribution {tong the s5rretry coordlnates, obtained,

fr om ttre relation

The fractional contrihrtlon to eacl )1 fr"on ttre varlctrs 3 mtrtx
erenrents i.s then given to a first approxirnation by

i= F4t Lo?r*

CtrJ,, /\,
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IV. 1. . Experigental

Infrared, spectra were recorded on a double-beann Peddn-Elner

llodel 2n epectrophotoreter. NeCt optics rere used. fnom lmO "*-1. ? -- -1 -1 -1to 650 cnr. , IGr optJ-cs frrm 75O cm. ' to 4OO cln. ' and. CsBr optics

frrcm 65o 
"r. 

-1 to z7o * -1 .

Wavclength ca-libration rag carrled. or.rt usjxg polJrutSmcne flJ.n,

indene and. rater vapour.

The spectra of solid samplea rsnc d.etermined. sithcr in ttrc forn

of I(Br discs or as rmjol or herachlorohrtadienc m'llr. Solutlon rpcctra

;ere obtained, using NaCl cells supplied by perkin-Elrcr.

Deuteration of water soluble coqrorrnds rtat carried. out by

dissolvieg the solid in DZO (99.fi Merck reagent) and then rercwing

the solvent under vacr,rutrL This proce&re ras relrated, ancl then tlrc

so1j.d was stored. over ,rO5. Xater inroluble orcpannds rere first
dLssolved ln chlorofort and tfien shalcen rith DZO. The aqrcousr plrare

ras decanted. off and the chloroforr golution shalcen rith a se@nd.

altquot of DZO. Thc solvent raa tben remvcd. rrnder yao.run and tho

solid storod. over 
"rO5.

Relative band. lntengiticg arc doscrLbod. h tlro tableg a!

a = stnong, m = mdiunr r = raakr !h = ghould.cr and. br = broart.



IV. /.r. i, A Norua1 _Coorrtinate Ana-l-ysis of H

4.9.

W.. l+- T4e. Thiocarbohvdraaid.e Slgtgg

a-

Thiocarbohydrazide is a 12 atom rcIesule havir4g P ftprrrrrrngal rnd.es

of vibration. To sinrplify the calcul.ation of these rcc1es we have

assumerl tLrat the rrclec'u.Le is planar and have calcul"ated. only t5e 1n-plane

rcdes.

1. The SY:nrctry of Htcaz. - A planar thiocarbohydrazid,e lrclectrlo roul4
have the following elements of syrrretry, E, cz, du Gz) and q, (y") a1d,

the nr'leq-rJ-e woulC belong to the C* poirtt group. The n fundan€nt&l

vibratiorls can be brcken down accordirrg to their syrrntry c1a.ss uslng thc

CZ, character tabLe.

cr, t"(r,z) c"$z)
\ 1

1

1

1

Qz

1

1

-1

-1

1

-1
1

I
-l

1

-1

-1

1

In

inclrrsive

A2

Bt

Bz

tenns

of the

of cartesian coordinatos thc inc&rclble

translations and. rotatlons is

reprosentatlon

[= 14t + 5AZ + 18t + TBz

On rerrcvirrg the sSrmetry species corresponding to the rptationa-I and.

tranelational rrctlon re aro left rith
r=

tfo sha.ll consider tlre planar yibrationg

11Al + 10Bl

If instead, of cartesian crcordiaatos to dcflne the interrnal

conflguration by ttro % internal oord.lnates shcmt in Flguro fV.1 ttran tc
obtaln the j.redrcible representation

11\+tA?+loBt+FBz

l= 14 + 1Fr



AY.r

AY" Alr,g

ftay,/

I
aY-+

aYr A.uz

t

I

t${r, a ocl

\'aF't A oc;

sonJ Lersths (i)
r(CS) = 1,71

r(CN) = ''N.31

r(uf) = 1.t+3

r(rur) = 1,oo

ilna Angles

. AlL asEuned, to be 1 2Oo

ATJ -avlAI'J(

()
LFu

A13

^[i -"LF,

ATJ

Atorn:ic ],hsses (a.m. o. )-1

JrC = 0.0853

P;t = A.992O

l D = 0.1F95i

tsU = O.0711+

PS = 0.OJ12

She assuned, molecular strueture for thiocarbotS,th'azide
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Thus re have flve re&rndant cnordileteg, tto 1" \ and J in 81 r lhich

correspond to {fie flvc sets oi lntesral changes ln bond, angle

$r
Lp,

AYI + AYz + AYI =o
trr

AYr + AYz + AYI =o

In settirg up the geeula.r cquation to golve for the n planar

vibrational npd.es, all % internal coordinatea ar,a retal.ned.

2. G ldatrix.- General expressions for tlne G natrix elements aFc

calculated uoing the Yilsorl e-vector tcctrniqr"l5. Nurcrd.cal valueg

cen ttten ba obtained by substitutilg in the bond ler1gths, bond

angles and atortic merr!G!. Howeverl lt no I-fQx crJnBtallographic

shrdy of ttriocarbotrydrazidc tra.s been rqrrtcd it rar ncccssarJr to

use data obtained. for other s{'pilar mlccrrler. Tnrter }ra.r coryletcd.

X-F&Y ghraieg of thiorre 
^17 

, thloacot.*ida18 
"r,a 

trlrctllylenettlo,r"*19
rhlch togethar ulth t}le X-rqy data obta'ined for ethy1enethior,u""2o

and dithipne (aee p. 29 ) enable reasonable eatimatca tc be nadc for
the C.N and. C:S bond lengtlrs. Thcae arc fhs giJr? rithln tlnc expcricntal
orror for all of tt:e aborrc oqro.rnd.r. Thc stmctura.l pararcters

;hlch bavc bcen ugcd lrc glven Ln FJgure IV. I and, the G aatrir clerclta
are tahrlatcd in Appcnd$r II.

AAr+Ao(2+AGz'

Apt + AFr +

AFr' + AFr' *

=O

=0

=O
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,. F l{atrix. - The advantage of using the Urey-Bradley for''ec field.

is not onfy t.hat it red.rcec ttre nufier of independent force constantg

but also tJ':at the coruitants are transferablc arcng gluilar mleculea.

Baged on ttre {'orce @nstants obtained. frcrn stldies of ttp norzraL

rribrations of thi.onmi d""21 '22 , hydrazi n"') and. other si.ni.l.ar rcle*I""4-Jl

using the Urcy-g3adley force fielci, f ive gets of Urey-Bradley force

constants tere selected and are glven in Table IV.1. Theeo rere then

used. to set up F matrices for thiocarbo\rdraaido.

4- S-YlrrBtrl' Coord.j._nates. - The constnrcticn of synoetry coor&lnatea

is d.iacussed irr detnll. b.1, WiJson, Dccius and Crr""12 and by Slanskyjz.

Symnetr;r eoordinateg for tftlocarbohydrazid.e, excluding tlre redrndant

set, are listed in Table IV.z. The ( and. 3 mtrices for the A., and B,
d

cJnrurtry species of thiocartohydrezido and thiocartohydrazio"-% src

given in Tables fV. J-5.

5. Solvlng the Secular Eo.ratjlon. - Thc product natrir f,3 is non-

a5rrmetric and consequently nore tediotrg to d;iagonallre tlran a Eyretr{.c

matrix. A pr:ocedrre har, ltrrerrer, been grvcll 2')3 rtrereby e sy@rtrlc

netrix can bc obtained. and lt is thLs rcthod, ttr"lcb re bave uscd, to soltr

tJne flve gccrlar cquatJ.onr for both thiocarbo\rdra-{cp and lt! dcutero

analogue.

The calcrrlatcd freqironciec obtai-ned for ca.ch of the flve foroc

fleld"s are listed ln Tables fV.7 and. W.8 together rith obgernrod band

frequencles. Tho potential energy dlstrlhrtion rmng the syurtry
coordlnates for thc fj-ve setr of norna-l rcdes for ttrtooarbotgdrazid.o

aro given ln Tables IV.9-1 ).
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TABI,E IV.1

Urey-$1'ndl sy Porce Constants

\cs
\cN

\sr
\uI

%crv
qwu
Hcnnt

hcrs
qour

tffir
Fg---lt

Fu----lr

Fc--t
Fc-*lt
Fn----tt

Fu---tr

Note: Ff 3 -O. 1 F.

Thig additional supliflcation ig Eade tlunqrgh the applleatlqr of
a g;abledJr lntentia,l f\rnctl,on of ttrc lanar-d-.Iones typol\ D.'5nl5
onstd€n tho asu.rrption unrerantcd rltbough hc agrocs

cqrtributlon of Fr to the vibratlonar potcntial encrgr

cmal] oryarod rith that of F.

t. rO
,.5Q

,ro
5.50

o.u
0.21

o. Jo

o.57

0,20

o. J9

1. 06

0.60

o.50

0.50

0.49

0.6

Set r

5.5O

6.m
,.60
5.55

o.20

o. )o
4.25

o.57

o.#
O.l+2

1. 05

0.50
o.50

o.50

0./+9

o. 06

Set tr

,.70
6.oo

,.60
5.55

o.20

o. Jo

o.25

o.57

o.tr
O.142

1.6
0.60
o.50

o.50

o.4g

0. 05

('. sm"/f, )

Set 2

3.fr
5.00

t.60
5.55

o.24

0.21

o. Jo

o.57

O.l+2

O.I+j

1.06

0.50

0.50

0.50

o.4g

o.6

Sct 6.

\n
5.54

,.60
5.55

0.20

0.50
o,25

o.57

o.#
O.l+2

1.6
o.50
0.50

0.50

O.l+9

0.6

that tlc
la probably
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IABLE IV.z

Synmetry Coor-dinateg

Syunetry CoorcUnate Vibrational
bdo9

At Speciea =ft(Ar,
=ftA",
=;firari
= !u\rr,
= ftz.'u
= An

* A"r,)
+ A"a')
+ Ar]')
+ Arut + A",
+ A"Ut - Ar,

st

s2

s]

s4

s5

S,
t)

arr' )

arr')

)crr
)nw

)mt
)*,

)*,

Vcs

d rru
cf oor

p l.er

Fmz
F*,

\)crv

\hu{

!mt
)*,

!*,
/ rcs

"f crn

pm

F*t
F*,

At-)
4",

A"-)
Arl

s,*

s5

')
r)

s6 =;St0,dz - [e,)
s7 = 7futrbf ,-rLF,,'- bf z* L/r,- AA* Lfr')
sB = ft LFz Lfr,-LF3*Apl' )

s 9 = ;futeAYr-zaYr' -0 Yr * AY,' , - AYr* Ay], )

s ro = ftAyr- [q'- Ay]*Ayt')

s7 =ft('41-a%-a%')
ss = ;fttz BFt*zLpr, - LFz- Lr.r,- LF )- AFr' )

re = ft Lf ,, Lf ,,-ap f Lfl)
sr c=;fo,( zAYr* z A6r'- AY, - AV., '- AKJ- &t, )

s11= ftAX,,*AYr,- [yj- 0fJ')

Bl species sl = 7[t A ", -
i 1rn
'z =Et (} rz -
r 1t A

"j =5r t "] -
=$tA"u-

1r Ag--(tll., -tE+

arr t )

arr')
arr')
Aou' +

a"b, -

"y, F ,Y and. f, dcncte stretchirrg, bending, roclclng end
dofor:nation mdes respectively.
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IAtrJE llf.5

Matriceg for Htcaz
At Spcclc

end Htoaz,.a5

sBs

o. 816 o. o)5 o. 1 15 -O. 1 71

0.125 O.17 

' 
-O. I 9g

-0' 151 -O.OOI+

-o.085

0

o.52\
o.676
o.:t ,

I
2
5
4
5

?

sto stt

-O. I 9b

7.2?4
7.7U
7.7U O.,E5 O,585
7.7?,1+
7.2?4

I
2

,
b
5

st

0

t )u a6l
z)i,ts5
,) n o. t7z 0.526 o o o
t+) tf

il f' t)6.tzl
z)6. tll
,) r o o o o
4)r
il il 

r )5.9m
215.9t+5
,) f, o o o
4)r
il r 

1 )5.Bot
2)5'&51
,)' o o
4)r
5) r r)5.rgo

215. 180
,)5.175 4.559
415. r75
5)U9751)r. r r r

elt.trr
5)r.og5
,.) r
5)rr

2
5
t+

5

sz

sl

tr*

ot5

ooos5

o0

oo

o

. r97

.5X

.571
I
tiir

tz

sg

s9

sro
)o. rroa

)o.i5,
lo.les o
I) ' r )o,r.oz

2lO,ne
,)q5x
tlt
il'

st't

i
I

i
I
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TAE;E TV.6

T latricca for Htcaz end Htcard5
Bl Spoclcc

tr sr* t5 sG tz sB sg sto

o.3ffi o. *5

thfl65
5.155

: 
o''72 o'5'f,

o.fi4 o.115 -0.171

0.125 O.17t 4.199

-0.161 -O.OO|+

-O. 086

o

o.62\
o.676
o. gt,

t)6. z9z
z)5.t92
,)6.tgz
r+)6.Tgz
5\a. Zgz

li
il
5)

s1

t )6 .'t zl
z)6.t77

il :
5) 'f

L]Z
,)

ii
sh

sz

t)

t5

s6

sz

sg

-O. 19ll

o

0o

.900
'91+5

;o
;

1 )5.8ot
z)r-*5t
,)r
l) ,l

5) r

o0

t )o.9tF
z)e. st

tlirl

't

t )o. rg7
a)0.55t*

ilo':tt o o

5) I r)o.to,r
2)O.5r'

ilo.t* o

r) I 
lHf,'
,)o.6tl
t) t
s)r

s9

sro
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TA3I.,E rV.7

The Obseryed and. Crlcrrlated FrcqrcncLcr
of the I'lornal vibratlons of Thiocarbohlnirazidc

obs. (.*-1 ) calc. ("*-1 )

2rl+
5]oo

,po
t27o

,270
,245

5205

1642

1622

't5ro

1 \gb
1l+r,

1 287

1 080

111+2

11 42

9n
586

t$9

,6

1r11

,r11
t279

5279

,207

t2o7

1 496

1 f8]
1409

'a 5zg

1 2"1

1 18,

1ofi
10?5

919
g1g

851

vn
u6e

,fi
18)

31?5

,3U
,29\
,294
,220
,2n

17t Z

171O

1 519

1495

1416

12tt5

1c6,6

1055

12lo
12]o

874

559

r+59

M
16

trx
,t?4
t29t+

}ryt+

,2n
t2n

1659

15rt+

1539

ll+48

1t+97

12t+5

1c5t
101+9

1 154

'l151+

65
5fi
l+5/,+

,57
178

,5%
,5?r+

J29t+

,44
,2n
52?f.

1658

165t+

15t9

lrr'rB

1 497

1 251

1c55

1Ot+g

1 154

115t+

87,

5r
116l.

,r7
r78

,r%
,r?t+

,44
t29t+

12n
52?f.

16fi
1652

1 529

1l+'l5

1l}78

1n,
r 05r

I orr7

1151+

11*
852

515

t$z

,15
178
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TABLI TV.8

The Obsernred and Cr]cr:latod Frequencier
of the Norr:nar vibrations of rhiocarbotgraraziilc*

obs. ( 
"o. 

-1 
) calc. ("*-1 )

,4
?456

?,9;56

?J+70

u70
2r2'
2325

1215

1?p.5

1 4OO

1 525

1 050

'l'l 17

971

960

878

878

80,

5&
UJ"9

5n

?J+15

241 5

z+2,

zat
2r11

25',11

11 45

114'
1l+28

1 2gO

88t-

1055

915

972

707

707

715

528

t+47

n2
51

4%
w8
2l+rl

Z+37

2J21

2t21

1 295

1 292

l rtd
',495

1Og2

1 119

970

971

945

945

711

5t+7

t*5O

,1'
62

z+25

?)+%

2417

2457

2)a
25n

1?5]

12r8

1W
1488

109€

1117

%7

fru
887

887

781+

5?J+

U+6

,otr
60

2t+25

21436

?457

2417

25n
2rn

1?6l

1 258

1 

'801l+88

1 o9g

1128

%7

954

887

887

788

5?4
t48

rc
50

2ttT

?I$
2457

2417

2ln
2rn

1%t
1ry
1to
1 4t5
1097

1 102

%7

%,
887

887

775

54
h42

n,
50



S-tnm. Cccrd..

-

50.

TABLE IV. g

Tl:e Potential t{nerg3r Distribution Anong the slrnnetry
Coordinates of rt iocar$oh5nl'razide with u-B Porce Field, 1

CaIc. Freq. (cm.-1 \

,279 Itb6 116,

s1

se

tl
sr,

s5

s6

s7

s,,o
s9

sto
cl
"11

d.4 -
5.5 il.tl

o.g i.g
0. 5 1z.l+

72.8 1.7

1.0 14- z

- 6.2 21 .1
_ ,.9 _

';::- 10. ? 40.5

- 68.2 16.2

- O.7 O..}

- O' 4 ,5.5
- - 0.5

15.7 49.7
*,:a t t._a

+t- 1 z-.r*

2. 8 
'.425.2 0.6

8'2 ,5.5
_ 2.5

2.8 -
1.5 -

-l

0.8 -

O., :
o.J a

O.2 -
0.1 -
9&6 -

- l0l .r+

SvE Coord.

B1 1 8J 10?6 
'1't 

1

td". F""o. (.* -' t

5?"o7 5279 1Wg 5t+1 12n 1496 y9
s1

sz

s]
s+

t5
S,

o
s7

SE

sg

sto

1m

-

-

-
-
-

100

-

l+.2

5.1 80. I
_ O.L

A,*g 1r.o

?).8 1 .5

- 1.2

- 77. 1 1 .8 22.t+ -
- 10.6 5.1 5.0 - -

,;:::::
- A-l 22,2 - 1., -
-2.47r.1---
- o.8 - 1O0.g _ _

- 22.9 - .r 78.9 -
101..l+
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TABTE TV.1 O

The Fctential Energ;r Diatrlbuti,on &rcng thc Symrctry
coordinates of Thiocarbol5rdrrizld.e rtth U-B Forqe Rle1d z

carc. Freo. ( cm. -1 \

]48 ,,tcF,(, 

"6 
32?0 

'?gt+ 
u6e 1z+5 974 1519 1710 12n

st

sz

t,
s,*

s5

s5

sz

s8

s9

sto
str

-
_

o.7
gg.2

-

-

1 00.5
_

-

-

10. 1

68. g

0.6

o.,

lz'.g
15.5

o.9
'l2.2
o.5

1l*.6

5,1+

r-2. g

4.1

25.6

lr.0
or2

22.4

6.7

-

-

8.8 -
t.7 '18.9 o.5
a QrZ 1tO.2

5.4 51.2

,:o
O.8 -
1.8 -
--
--
-a

--

-

T. ) e]a
0.8 1 r.g

71, 9 ?.1

o.7 1. ,
- 0.1

o. I 1.2 - -
A.2 0.8 r
8r.3 - -
O.1 100.2 -
- - l00ro

Srrm.. Coord. cd". F""o.. ( 
"q"-1 

\
185 1055 ,tU ,2n ,8L 1i+95 559 1Lfi 1712 1z]f,B

st
s2

sl
sr*

s5

s6

s7

sg

sg

sto

- ,.9
5.4 8r. 

'
: 

o:'

--
67.t* 'lz.z
2Z' 1.5

_ O.5

- O.2

--
--

lm -
- t).2
--
--
--
--
--
-l

- 80. , 1.8

: 'o:t lt
---

IOO - -
- tr5 n.l
- 2.1 7\-9
- 2lk7 o.1

- 1.6 -

16,2 2.6 -
O.l 1.6 -
---

-
a--

0.5 o.1 -
0.5--
76.4 0.2 -
1.1 9&L -
- - lm.E
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TABLE TV. 1 1

The Potential Energ_y Distutbu+,ion .furng the Symetry
coord.j.nates cf rhiocarbohyrlrazide rith u-B Force Field ,

Calga-Freq. (en -1 \

3J7 1$3 
"% 

52'N 1:294 t$t* 1?Lt ffi5 1539 16'+ 't15t+

st
s2

sl
sr*

t5
s5

sZ

s8

s9

sro
stt

I
(r

7

0.6

7+
A

"R

5.7 5t.L
1.6 

'.7

9.4 
'2.370.0 f5.8

o.6 6.9
_ 1O.7

_ o.7

15.4 2Q.? 1.O -
5, | 5.4 2.O -

,"8;:::
,.8 1.0 - -

2r.6 0.1 - -
J.8 85., a -
O.2 O.2 I 0O. 0 -
- - - 1m.g

10

f,i
2

1

Slm. Coo.rd. ca1o, Freq. -(an.-l \
B 178 10Lg 

"4 
tzN 

'29t+ 
1r*A 5fi 14g7 165A 1$4

s1

sz

t)
s,o

s5

s6

s7

s8

s9

sro

l.i -
2.7 8t*t - -
- O. J 101.2 -

- 99.2

---t

58.8 11.1 - -
22.4 1.5 - -

- O.5 - -
- o.z - _

----

- 57.8 2.1+ 57,6
O.5 lFO 10.7a

rm]s :
_ 1.5

- 1.1

- 51.4
_ 2.9

n,, 11
75. 

' 
1.4

- l+9.8

r 1.4

4-1 -
1r' -

--

--
--
--
a-

95.8 -
- iOr9
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TABLE TV.1 2

The Potential ErergJr D.atrituil.on Arcng ttra Syuntrlr
Coord,inateg of Thioearbolgrcrezidc rlth U-B lorce Field h

Calc. Freq. ( @. -1 )

,t7 1065 tr% tz'n SzgU l+bL 1zl1 Wr't5tg 1G5U 11:'i*

S,I

q
"2
tj
srn

S-,
s6

t7
sg

s9

sto
stt

7.9 - -
,.1 79. o -
_ _ 10O.]

-tr

-_
--

99.2 -
- 1 OO.6

--
__
--
O-

--
--

5.5 51 ,g

,,6 5.0

16.9 n.2
tt-' 

':

,rf]O :
2.8 1.0

2r.6 o.1

ug &5.,
o.2 0.2

1'l . -
1t9 -,

--

--
_

O.1 -
0.1 -

-a-

99.O -
- lOO.9

5.4 1O. J

o.5 1 

'.77i+.7 'l .6
5.0 1.1+

- O.1

-

-

-
-

g.g

70.8
o.7

_

-

*5.O
16. t
o.7

10. 2

0.7

S-',rm., Coor$ Calc. Frco. (cr-1 )

Br 178 10hg 15u rzn ,2g4 rl*8 5fi't4g7 $5A 11*.
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S,
sr*
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I
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-

l+.,

8l*. 1

---
-I-

,7.8 L4 57.6
0.5 lr- O 10.7

t.r -
1.5 -
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95.8 -

- t@.9

es]a rr]r
22.O 1.,

- O.5

- 0.2

0. , 1 A1.2

-
-
-
-
-
-
I

---
99.2 - ,-

- 1OO.5 -
_ _ 1.5

l.l
_ _ 5l.b
r-2.9

n,5 1r
75. t I .l+

o,l Lg.8

- l.lr

--
-r-
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TA3I,E IV.IJ

The Potentia-L Energ;r Dj,strihrtion A.rcrrg the Syrlmtry
Coordj-rrates ;f rh:ocarbohyo.rt-zide rit}r U-B Force Ftelcl 5

Calc. Freq. (cm.-1 \

Al jJ5 1051 1J26 ftn )Zg+ Lbz 121' 852 1129 1652 115/{
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sz
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S
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2
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stt

0. 1
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).'/ l/., O. 1

- 0.2 {0O. }
- Q.6

ol, :
o.7

99.2 a
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Q.t
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''-u
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-
-
-
-'/.t 1u. L

0.o 1t.,
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6.0 0. ,

0.1

1O. J 
'2.O58.6 16.5

0.5 0.8
o.2 8. o

- 0.5
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4.0 0.7
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,.4 gg.7

:'' 
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o.1 -
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Bt
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o.6
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' 
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The irtfrared absorption spectra of thiocarto\Snlrazidc and

thiocarbo\rdrazide-d5 are shorn in Figuro IV.2. The bands obgcrye4

frpm /+roo0 *,.-1 to 280 sn.-1 are listed. in Tableg rv.1lr and rv.15
together with band assigrunents mad.e r"rsing ttre norzal coordinatcs

obtajned for the seoond. and, third Urey-Bradley forcc fields. Includcd,

in t'his table are the absorption band,s for ttriogenricarbazide and thc
hydrocl:lorlde derivative of thiocarbohydrazide. l[aahfnaA tras madc

qra'litative assigrrments f'or some of the abeorption bandg of the forur
coryound. in the region 1pffi-^$J0 c,r.-1 and. these ars Ln reasonablc

agreement rith tlre preaent resuLta. fe havc been able to iaterpret
the spectnrm of Htcaz,?JfCI in term of the asrigrrmntr for the flee
a'rdne wl'rich suggests that the rclecuLar vibratj-ons of thiocarbotgrdrr-l,dc

are reasonably rell r.rnd.ergtood.

The infrared spectra and etmctrrer of ttre thiocerbolrydrazid,e conrplerca

have been interpreted in ter:rrs of tie normal oor*inateg of the frco
ligand by conparing band shifts rittr thoge obserycd in ttre infrarad,
slrctnrn of thiogerdcarbazid,e rhen metal corylexea of hnorn stnrch'c
errc forrned'

Bands obgenred in the ilfrered cpcctn of triocarbohydr:r,idc
and the rcta't coruplexes fnon IOOO-Z8O cE -1 arc glvon in Tablea IV. 1G

and rV. 18. Sir''{ lar bands obseryod in tbc lnfrarcd apcotra of
thiose@i.carbazidc, Ni(Htla az) ,ctr, Ni( tacaa), and Ag(ntroaz)cr arc
included in Tables fV. i Z and W.1 9.

I/..lr.ll. .Infrared Spectra of' thc lcta1
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IIBIA fV. 1l+

rnfrarea rur;';;."*:'ffi#$; a'. and'
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TIBIE rv. 15

Infrared. Abso4rtion Bands of Htcaz and,

Htscaz flron 7OO-Z8O "* 
-1

Htcaz Htrcel

/ cmr * /r.lcs

of rcu

c

dorr

5EO s

588 g

555 ;h

469 n

l+J7 n br

l#r

57t n br

5%t

)o[ r
295 v

281+ r

6t*t r
597 g.br

#6 l.br

5ol n

l+08 n

lrOO I

i57 n br

327 ;
Jo5 t
289 r.br
ZlJ t.bc

Footno +.e to Tableg fV. 1 h ana IV. i 5:

" Th.uo bandl arE considcrcd to bc sqt-6g-planc vlbretlonr of tha
}5rdrazfure groupr

b Thi" band nJr be arsigned as e couplod, mdr oonsistlng of )mr A )CS
on thc bqllt of tnc N.C analyrtar although thc lt1gh intarutty ruggcst!
t'hat it ls mrc rcuona,bly uslgned ar sn d.rt-of-plrrrc vLbetlon

o r!ri" band oorrcrponda to thc torrtonal Ddo of [yrtr."r*zt

,{lt
:'

'q

'i!
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TABI,E IV.l 7

Sou Infrared Absorptlon Bar.rls of l&tal Thl,orcs'r crrtegtdt
Conplexca fron IOCO-ZOO co.-f

Asrtgnnnt Htscaz Ni(Htac az) rct, Nt( taau), rg(utscaztsl

!*,

Fffiz

Fffie

Fau * )cn

!o,r a Flm

)cr a r)cs

f*,

lcs a lqr

516o n

J25t+ a

,170 r

161+5 s
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15tlu* s

ItrSO n

1282 a

115O s

798 g

lj6o n

5%O s
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15OO r
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1552 n
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1612 t

154O r
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TAELE IV.1 8

fnfrared Absorption Band.s for M€tar Thiocarbohyd,razidc Corylexes
From 7oo - ZBO *. -1

zn(rt) ca( rr; ug( rr ) re( rr ) ni( ir) or(rr) pa( rr )

6ll
58t

550

458 w AbB I

39t w
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,16 m
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,% eh
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4m sh
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m 6ll s

m 5B1s
s 526 a

ti1
,%
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IABLE rV.1 g

rrrfrared Absorption dands for Ni(Htseaz) 
ScLz 

ancl Ni(tscaz),
hon 7OO-28O ot.-'

Ni(Htsc az) ,ct, tti( tgcaz)e

6tol t
597 m.br

552 m.br

3%t
Jo,l+ t

597 n

529 s

$or
l@r
J88 n

1+7 n
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The Bimilarity befiocn the infrarcd spcctn of Zn(Htcaz)r1Lr,

cd(Htcaz) rct r, Itg(Ht" az) pt r, isorcric fco(ut,cez) zcLz) end.

tti(Htcaz)rCtr rouLd. auggoat that they havc stmilar etnrchrF{lar

Of the poseible strtrctreg lllustratcd belo;, X-rlX ctTrstallogrephic

sbJdieg have shorn that rr existe in Ni(Htacaz)flr*. yrffr and

ar(Htsc ,1ctrb, ur in l,ti( tsc"t) rfr and. vr in Ag(Htscaz)c1F, rherc

R = H ix oach cESoo

"I
t\r-NH-R

I

I{H

,/'\./NH-R.ll
\{n

Hz

l-r
7*\lsll
l\,*
LHz

n/
Hz

II

t- H2 H

v^-n\x 
l*" -*,/-sLHz H

III rv

, N-Mz
/+S-cl
\p_3

VI

In the lnfrared apectnrm of Ni(Htocaz)r01r, rhich ls congl,drmA

to have stnrchrre II (n = H)t9 '\Dr bands rhtch havc been araLgned. aa

)*, and. F*, ln thc fbce ltgand arc optit, glving one band rltJr a
Iorer rnd, one tlth a trlgher frequ€clcy. Similar splitthg 1r obrc1vcd.

i'n the spectra of the rctal ttriocaribotlydraaLdcs nentioned. abovc, frcr
rhich it cen be corprudcd that gtilcfurco rI and rv (n = MIz) uc
lnsaible hrt ttrat atnrcfurc V Ln rtrich both of the NH, grqlps r,r's

coordinatcd is unlikaly.
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Bands at 15n c-.-1 and 1495 cn.-1 in ttriocarbofurdrazldc

have been assigned €rr couplod ncdcs consiltilg prlncipar ly of p ffr
and' !cN. Thc band. of trlgher frequency, rtrlch ie predonilantly F1U,
is spltt and rraiged in t.tre corylexee rhile the band, at 1Ug5 c'.-l
is raised onfy slightly. Thege ghifts can bc orplained by atnrctuu rI
whereas stmcturo rV lnvol,rlns a coorclinatcd NH gr.oup rould requlrc a

lorering of one of the split f mf bands.

0f the corresPondirlg bands ln thiogerlca.rfrerldc at 1Dn *-1
and 1l+8o *. -1 , that of highcr fbequoncy ls abecnt tn the l'frarod
strrectnrn of Ni( tscaz)2 thile ttre 1or frequency band ts ralecd to
152'' "t' 

-1 rith j-ncreaged' interrsity, &ro to ttre lrqge lncrcare ln th€
c'N bond ordcr. Both changes substantlate the asrignmnts nadc for
these bands.

The C:S stretching ribration oontrlh,rtcr to trc bands in
tlt'j'ocarbohydrazide. Hsreverr both contqin contrlhrtionr frcn otbcr
vibrations, in particurar \)cN. Thcac bandrr at lzgr cE"-1 and gJo o.-i
aro raiccd' in t'he cter corplexes irylyirlg that for gtnrct.,.c lt 11rc

incroage in the c.N bond ordcr rnrllifies urgr lilcring of )cs &ro to
coordi'nation. The raiaing of these brndr to hlgher frequencles
could also be explalned' by rtmchro rv. The cvid,encc ageinot t,1'ria

i'nterpretation is that the coryarable banda t-n thloscd,cs.rtasidr
undcrgo a ncgllgible Ehift ln Ni(Htgcrs)frr. only for t5. t{riocnollo
stt:uehfe 'rR ln Nl(tscaz)r, is erly signiflcerrt rhift obsenred,, tnc
band at 798 cn -1 belrrg lorered, by alprorr.nato\y 100 o.-1.
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fhcrc rcru.ltr auggcst t&rt

of zn( rr) , ca( rr) , ne(rr), co(u)

t.tr ttrlosrrbofgr&rz{ dc oqrlcrcr

ana nl(If) hgvc rtmctrrc II
(n - lU2) ln ;htch clreqgea in thc C:S bond onlcr are ncgllglbLe by

coryarlson rith tJre clrarrgca tn thc C.N bord ordcr.

Irargc shtfts to higher frequencies are obrerved, in the

speotnrn of ctr(H tcu) rcL, for etl bandr , drc pertly b )ctt.
the firat nor trangitlon rctefs C\.I(ff ) displqya the ttrcngcat

Arhlendr chatt and hvler B-tJTrc chanctoLl ro that of thc

thlocarbo\nilraaide coqilerca of those rctals (proriding ttrcy all
havc stnrcUrre II), Or(Htca-z)fr, rhotrld heve tbe atrorrgest Etel
to aulphr bond. Aocording to tho above crplanatlon ttr:is rorld.

recult ln a hlgh c.N bond ordcr, rhlch 1o obrcned, and, rhlch

thcrcforc favo.rn the aasLgncnt of gtnrchrre rr (n = Mz) ror

cu(tttcer) 
rcJ'r.

rn Pd(Hwez)fl,* thc rtratotrlng vlbratlorrs assigned,

free MIt Eroup fui tho other coqrlcxca appcar to bc abaent.

at 11tP t*-1 rnd 9Jo tt -1 in tlhc frce ltgand are split into throc

bandr and' tro bandr respective\r. The splitting of the letter band.

ia slmller to thc apltttlng obaened ln thc hydrochlorid.e and. in

tlre 798 cn.-l band, of thlogerd.cartasl,dc in Ag(Htacaz)cr. The Ag(r)

coqflcx ras alprzr to contain sulptrrr atom ln tto 4tfferent onvironrcDtr,

coorrillnatcd to trc and. three siJver atom respcctJ.vely. The sulptrg

aton ln Pd(Hlcul r0l, ny llkerlac be lnvolved tn tro dif ferent

enrdronrnta. Horgvor, thla rotrld not e:qllain the changes * )*L

lnfrarcd,

Amng

to th€

The band.g

arrd. f*, and lt Ls nccettary to Lnvrke either stnrcturc fV h *rlch
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Rt(rr) i. coortinatcd, by four nltnogcn donorg or a plyrerlc
rtnrahrc sLnllar to II hrt rtth the frcc NIt, grarpc ffnkfag thc

rcnotrEr units.

The sr'a]l shif ts obrerrred. for the Hgand. abgorptlon bands in
the infrarcd spectnrn of F.(Htcsz)zmel , ruggect that

ttriocarbohydrazide is only roakly coortinated. ttrnough the thj.oketo

Sroup anC the hydrazinic nitrogen atom. The rernaining octatrodral

Lattice siteg are presumably filled. by ttre thiocyanate groups for
which t"o bands are obserwed at 2ogg "*-1 and l.7o .r.-1 . The flrgt
ig aasigned as the ClN gtretching froqloncy rhj-le the lattor ig
asslgned. as the l€S deformation rcd.e. It has becn 

"troorl€r4) that

in N-thiocyanato corylexes ttre dcfornstion rcde 1g sinilar to tJlat

for potagaium tlriocyanate, occurring at ryproxinateLy l+7O 
"or.-1

lhile in S-thiocyanato corylexea it is lswered and. aplit. Th€ CtN

stretching flequency is less characteristic, horeyer tltchcll and,

lTl-lllo-r& h"rr" observed. that the frcquency i.e usually lwer for
N-thiocyanato than for S-tiLocyanato gnqJps. Hence the obseryed. band-g

suggest the preaencc of N-thiocyanato groups lrr [fe(ntcaz)y't62] .

W,lr$i. T4l.ocar*olUrdrazidato bt4 Corylexes. - It ,as ehorrl in
Chap ter II ttrat attcrnpts to i.solate conplexes of the chaqged ligand.

tcal-, analogous to nt( tscal)e, genera'r'r y led to amrphous black

prtodrcts of indefini.te corq>ogition The intensc colours of the

solutiong of theee pro&,rcts auggests the presence of a chrospphore

other ttran c:N, already present for exaqrre in Ni.(tccaz)r. Their

infrared, ablorptlon spcctra havo been i.nvestigated. (faUte fv.20)

tn t}le hope that BoIIE light would be throrrr on their conposition
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The omplex & [co( tcez)rCf; is t:lrc least etrong\r

coloured. and nagr be the on-l-y qre involving the anion tcar-.
The ffie deforrm,tion mdeg arc lo;cred, rylth the shorter ravelenggr

as5rmletric and sJnnnretric bending lpder being ruplaced. by e alngle

broad band, at 15g5 cn -1 and ttre rocklng mdo rc: occurrilg at
1125 .*-1 . The absencc of aplittlng Ln ttris latter rpde, uaignod.

as F *, in the free ligand., rngr be due to the rcrarry iong actlag

aa brifuing grrLrps lidclng thc free Mt, grotrps of III (n = NH2).

The cotrpled rcde at 1287 .* -1 ln the free ligand ia roplrced by

one band at 1ryO .-.-1 ald another at lAOh or.-1 rhich ia tcntatively
asaigned as a olpled mdc involrring )CS. The roalr band at g% 

"-. 
-1

is assigned. aa )Cs, bcing lolared rone lOO *,.-1 fron itg posi6.on

in thlocarbolqnilrazide rtulch ig str'llar to th€ lcrertng of )CS for
tiiisg.ldcarbozide on forming wi( tcorz)r.

The infrarod spectra of the arnorphors black

for Ag(r) , tti(rr ) , ana Fe(rr) generarly show broad

Tho cyanid.e d.eriva.tive of the re(rr) coryor.urd has

barrde r at 2)lr, .r,. -1 and, 1\D5 
"* 

-1 . The first is
rncde and the longer wavelength band. is assigned. as

prorirets te ole. b,ed

unregolved. bands.

ilo r trcng rrbacrption

the C iru stretching

an azo s tretchJrtg

vibre+"ion 'c'q it ocLr..trs in the region e:rpectcd for such o *do57-5o
arirt the Pfe.sence cf an azc group roul-d erplall the intgnge colour o1'

the conqrcuncl. The Ui(ff) courl>ound ha^B a trar,d at 20gO "n 
-, aa have

a]s. the brc,wit cotra-Lt anci the water sol-lrblertblue-rriclet, ft(ff )

connpcundri . iSuch a bancl sugges ts trre presence r:f a C iN gropp which

can otd;' have resu-l-ted from structrrral changes tn the liganci. No



Infbared Absorption
Couplexes and Their

76'

TAIITiE TV. 20

Bands of Sors Xeta.l

Oxldatlon Prodncte
Thiocarbohydrazldato

frcm 4ooo-7oo -. 
-1 a

Hs [c"( tcaz)zclJ co( rrr ) re( u )cr ni( u ) Pt(u)
I greonf lbl-ue-

,295 sh

12fr ah

511$ s. br
p& s. br
2925 n

1595 s

1L94 r
1479 n

1 355 r.br
1290 m.br

1 2Ol+ n

''|.128 a

95O n"br
tl26 r

5%4 n

fl8O r

298O n
&5O m

'1615 s

15Ol+ r

1[20 a

127E n

1227 s

1192 gh

1t 11 !r

rO85 !h
1OOO !
&5t t
765 s

t]6io r. br

,165 s. hr

3125 s.bt
JOl O sh

?o45 !

1605 u 15e5 n br

vlol
5Wr
3250 n

5315 s

,125 r. br ,1t$ sh ,135 ah

,1o5 I JllO g

1616 rn br
16OO ah

'1550 t
15'16 tr

1l+B5 r

2058 s

17?5 n
J610 g.br

1550 t
1514 n
1fr2 s

1W5 r

11 t2 sh

11fu n
1O)2 n

98O n

tt65 t
1trc5 t

1276 sh 1275 !
1255 I 1?,q;9 ah

1n6 r.br 12?0 m 'l2g a
1155 r 111+O I

107 

'997

877

875 r.br 885 D Vj
78r+ r 765
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coFesponding band is obgenred for the tgreonr Pt(n) coryoqnd,. Bar16l

a:ne also observed for thego four ooq)ounds in thc reglona 1151-1141' co.-l
and 850-9OO cn.-l lhleh can be attrihrtcd to N:N and C.S atrctclrisg
rpdes.

It is evid.ent ttrat the deprotonated, forrr of thlocarbot\ydpddc Ls

an unatable entlty, undergoing oxldation to glva prodrcts rhich qy
conta'in N:N or CiN groupa. The al4rarent stabiJ.lty of the top- ton in
the cornplex Hg [c"( tcaz)rcla1 can bc attritnrtcd to tnc bri.{gl4 aercurlr

lons coordinated. to the frec N. H2 groupr prevonti,ng o:ctdatlon of
.M.NHZ to.N:M.

rv Fir Infr of tel
Aesignnents for certaln ligand. abrorptJ.on bandr bclm 70O "r"-1 havc

rnade on the basis of the norna-l oordirrate anal;ralc, although the

as;uqltion that the rplecule ir planar ahould renrlt in larger
discreparrcies for these akeleta-l mod.es. The bands of rrcgt lnteregt
ixt the ilfrared spectra of ttre reta-L thiocarbo\rdrazid,e corylexes in
this region are those dre to netal to ligand vtbrationsr Hmevor, tlrc
changes in the ligand abgorption band.s on coord.ination arc oryIer and,

as there nay be some doubt about tJre initial assignnnnts for thc bandgr

it waa coneidercd that an empirical id.cntification of' ba'ds d.re to
metar to 1lgand vibrationa ras not ramanto&

.- Firgt t havc investlgatcd the

lnfrared absorptton alrctra of airylc coqnrnda etmctrrally girailar to
dithizonc. A rnuiber of thege arc given ln Tableg fV.A1 end fV.22. Doth

dlG. -

bccn
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TABLE N.21

Infrared Abeorption Bandr of Sorc

hydrazidec ("r.

e-Uiphergrlurea

AniFaa and Carbo-
-1 

)

s-Dipheryl Hcaa

!co

F NH"
Ph-

fmr
Ph

)) cir &,6lH

f*,

Ph

>)crv

1594 d

1547 a
149J e
lrr,trl !

lLlB !
1Jta7 t
15',19 I
1292 a
1267 t
12)O a

11j2 t
1075 t
1oU n
1O49 rn

911 t
89] n

752 a
69u t

,r55 s
))2J n

'po 
!

5195 I
'1722 dh
1745 sh
fSbO g.br
1628 s.br

15;ll_ n br

11, t, J rh
1t*28 t
1tt$ r. br
1)2) t

1AJ s

111+2 n

1O4] n

1O2O n
J12 a

{r'+O t
ttt+D n
,zffi !
tWr
51Qf gh

1667 g. br

1596 s
1575 n
1515 m

149o m
1455 sh
1tf5 sh
1415 sh
lrlo m
I 297 sh

''l25' !
1175 D
1110 r
'1075 n
'to25 n

970 n br
912 sh
9OO sh
881+ u
878 n
8O0 sh
767
757 sh
750 .
66r

v.35
,r25
32ep-
,1 95
t1w

164516ffi s
1629 a
1505 s

1l6i* m

1110 a

lOlO br

10OO g

7&5 a

719 a

gh
E
g
D
n

Ph
Ph

" D"t" fbom rofcrcncc ( el).
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TABLE IV.22

fnfrared Absorption Bands of Sore fhioanid.cr

Thior:rea lfethyl g-Dlphcrgrl-
thlourea thiq.rree

and Thlo\rdraald.cr

Htcaz a-DlphcnJrl thio-
oarbasl,dc

)mr
YluI
)tut

]t+20 !
3265 s

3165 a

1625 a
1c'1 0 s

1l+7O s

1417 D

7Ja t

tW gh

t2N g

3150 s

1654 a

15ro r

1490 n

1#r
1257 Er

972 a

77t+ n

Jl$o n

,n5 !
,125 I

1691 E
1592 n

15t$ n
llr9lr a

t45O n

1*3 n
lJlO n
1295 s

1?J+D m

1070 r

1022 t
10O2 I
972 n
9)z n
765 n

7fi!
695 s

3]oo n

327a t
1?o5 t

1bl+Z s
1622 s

15Jo s

11195 n
1455 t
11+8 n

,t 297 !

11t& a

1081 m

'lQ'l? a
gjf,_l,

tpo ;
5274 n
525o n
)'150 ;
2925 I
1597 s

15\7 a.br
152) t
11188 n

1470 n
14fb n
1 1lr8 a

1lc5 n
1285 n
1222 m

1255 ll

1155 n br
1075 ;
1065 !
1o2J m

998 ;

F*t
f urr

Ph

Dcw &pNH

)crv of m

Ptt

l'tttt..I
Ph

Ptt

Ph

)cs *dcrw *
Dcti

)}qv aVcs 108, a

9l-6 !. br
887 nen!
8?5 n
76I+ n
75o g
6%!Ptl

718 a 755 s
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th.ior:rea and urea have been sbrdied, by a ntunbor of rcrkcrsl}FqS ertd

Yamnguchl and co-rorkers have canied. out norm,l ooor&inatc ene,l5raca

of the planar vibrationg of both rclecu1 ."4*9. DctelJ.ed, burd

asslgnrents have also been prblished for isorcric tydrorryu".."F, ornldc

(Hd. c(o ). c(o).Mz) and tithioox"r,ideSl, et\rrcn*"r"52 and

ettlylene thiour .^51, diacetamtacd, diketoplporazin "25, ttriofomad.dr,

tlrioacetarnide and thsir N-m€thyl dcrlvat Luo"22 and various gubstltuted,
zt Et ctr

hydrazln"r1 t54'55. Using these rcsul.tg in conjunctLon rittr thorc

recorded, j-n Tables IV.21 and II .22 band assignmonta have becn nadc for

dipheryt thiocarbazide (ph. HN. Hltl. C(s). l{H. NH. Ph) thich on oridatlon bcoorer

the &itnizone mlecrrle. Thus re ere indirectly provided. rlth a Eeru

of interpreting the infrarcd, spectnr-n of dithizone.

Information c.rf a direct nahrre is obta:"ned oy atu{ytng t}rc band,

shifts on exehanging the Iabile N. H protons rith detrtcrlun aton to givc

dithizone-Q. The j.nfrared. spectra of dlthizone and di.ttrizonda

88 nul1s and ln chlorofom solution are given in Figuree fV. ] end IV.4

rhiLe t}te fbequencies are tabulated in Table IV.Z\.

Dithizone has been shosn to eclgt in t}tc goUd gtetc rr tlrc

tlr.ioketo tautorcr rith ttre tra$- antt configuration (a* p.8 ), !o

that we rould upect to obgenre tro N. H stretchlng vibratlonr tn firc
solid state specttr.rm. In golutlon it is conceivabLo that ono or Ero
of the eight posaible rcnoreric species erigts ard tho natre of thc

solvent would be expected to bc iryortant trr dctcroining tlrc

predominant species.
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TABIA N,2'

Infrarcd Absorption Bandr of Dlthi ?rinG and Dltblurc-d,
frrn 4OOe26g o. -1

Ditltisone D[flrtrone{

296a n
'1592 n
'1512 sh

'll+95 s

1l+8J s

1t+75 sh

1160 n

1455 n

1t+59 s

1!-21 m

1fil;-^l1p5 !r
11)9 s
1250 n
122A s

11BO !r

115O s

11Og sh

1080 n

98O I
9OB r
897 a

8O2 gh

Elt* r
779 n

76t s

751 s

711+ g

679 s

658 rh
60) a
573 s

5l+1 t
5ffim
5Cr5n

lr95 s

4l+g n

lr20 r
J98 r
#Y
t76 !
,51 t
125 t
Jof a

2960 a
E9s
1592 t
1514 r
l4Jth a

1t+5, I
1l+fi D
1l+20 n
'l )89 s
1rt$ t
1322 t
1 279 sh

t ?5lr s

12?o s

1188 ;
1'172 v
1157 t
l tlr0 I
1096 r
1O7O n
1058 n
1020 !h

975 t
9O2 t
89f !
85t+ r
8zB r
798 t
771 sh

762 s

747 !
7o9 n
677 !
651 !
597 t
577 |
*5t
516 !
500 !
45L t
)tlr r

;.sr

I
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No shar;l N.H stretching rlbratlon Ls dctcctrblc ta t.hc rpcctnrn

of dithi?pne in either tne golid stato or ln solutlon ln ctrlorofonn

This srrggesto that the N.E groups arc partJ.oipetlg In sor forr of

hydrogen bondlng. On d.onrteration a band, ;trich can be asaigned ar

)hD agpears in ttre solid ltete spectnrn and !.n tlro rpcoteru of thc

chloroforn solution at 22fr *-1.

Ottrer bands of intcrest Llr thc rpoctnrn of d,ithionc uc cotrplcd,

rcdes comeallondlng ta thoae at 1l+7O, 1t+!4, 12&5, 1?22 etn 9\6 Go.-1

iJr the spcctnrn of etplrcnyJthiocrrbr'ldc ("cc Tab1c Tt.22). Dandr at

11J5 and' t[J/ *.-1 ana shift6d, dl deutoration and can be tcntrtlvoly
assigned, as couplcd @dca.conaiating of )61{ and pNf.. Bands at 1Zn

and 897 
".. 

-l aro apparcntj'y r.ucbangcd on dcuteratLon rnd can be uslgned

aa coupled mdes ilvolving at leut iCS and lCN trllc bandt rt 1180

and 11!O "..-1 rbich er\e shlfted, arc pcaibly NH dsforuetj-oa trdca.

Bellaqlr ad Rog"r"r,F havc outllned a nethod for rdrrrH,tlri-ng

bands dre to the CIS group by solvuat gtrrd,leg. Shon t.hc thtocarbongrl

group is the orrly najor polar grcup prcacnt lt rhf,rlil glvo rl,rc to t&.

onfy bands thich are at ell solvcnt acnritlvc. Holevar, tJrc proaencc of

Polar fusino groups in Althi zeinG rltt rcsult in r Dm oryltcatcd

dolrndonce on tJrc golvont" Ihc other U.uiltiqg frtor rl}l bc ttrc

ertent to thich CIS atretchiag snd N.H daforntlon Edcg ar{B corplcd,,

al tblg rltl algo ccrqiltcrtc tbe aolvpnt dcpcndarcc of thc apcctnrn

Bends obrcnsa ln tbc vlcrnttil of fAm or.-1 for dl,thitonc in r
rangc of solvcntg arc gtbcn ln Teblc fY. Zh Ihc bancl rt nn orn -l

ahd that at 1150 cm.-l aro ahlftcd to laur frcquancCct l:r pol,er or
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basic solvents rhlch ig in qgrecnnt dtlt t,tlclr

coupled rpder involv:ing )CS and. t{H dcforution

bclrg ercJ.grud er

nrlnctlvclJr.

TAEIL8 IV.2l+

Solvent Shifts of Sonc Infrared, AbaorptLon Brrtib

of Dlthtzono

Solvcnt

cfrcll
ffi,zcL2

CLZC:CCl,

1 25O

'tut
12rO

12t$

1?J&

-
1Z&
'lE,

1n7
1n7

't217

1 Zr5

1nb
1n2
1ry
12o5

1175

1175

'1175

1175

1175

11:5

1175

1 rL5

r 1L'
(trp
(tt rz
1r Ja

11Jp_

11>5

11 2g

11?9

culcN

6z
cHSr

THF

PY

Th€ abgence of ar1y dctcctable ahlft ln thc bead, rt 1175.t -l

auggosts that it is not dle to r vtbntlon of r 1nIu group end 1r

therefore unlikoly to bG en N. H doforsation Dd!.

Thc solvcnt dcperrdcncc of ttrc band et 89? co.-l oqrld not br

ghi&ied, at the solventa trled, ebsorb too atrongly tn thb rcgioa.

^f,lt}tough no rlnrp N.E strctohing bandr aro obrcncd urlogorr

to thosc of dlphcnylthlocerbes.tdc tt ls prslblc to dctcct I roelc

and rattrer brcad abeoration rt 52?o -.-1 tn orr$on dtsulphldr, ,nO -.-1
in chloroforn and. t16o or.-l ln cartoa tctrrorlr+rldt. Tbcsc bradf r$!

a.ssl.gned as the N. H stretohing vlbratlonr broadcned by DE forn of

hydrogen bonding.
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The abeence of a detectable S.H stretchj.ng vibration from the

spectrum in all of ttre solvents that rere tried lould auggest ttrat

dithizone eriets aa the thioketo tautorer in solution as rel1 a!

in the solid state, These results do not, lrwever, precludc tho

exis tence of the thioenolic tautomer they rerely suggest that ttre
thioketo forn predominateg.

The stretchirg frequency of the alo group ha.g bcen sfrrdied, by

Le Fivre and co-rorkersST '58, uo*59 and. rcre recontry by Bassignale

and Cog"o""l5O tho assigned the )frl{ rcd.e +n thc rcgion thlg ! 30 co,.-1 .

In the spectnrn of dithi.zone therc ere trc bands rhich cqrld be

attributed. to )tttttt, these are at 1412 cm.-1 and 1)fu1w5 co,.-1 . The

latter band ha,s a sllght.ly higher ravcrnrriber rhen Ealured using the

I(Br disc techni qlue.

Apart from the band^s &re to tl.e rcnosubgtitutod benzene rir\g at
1592, 1512, '1495, 1L55, 1108, 1OBO, 9O8, lb1 and 679 "r.-1 it has been

possible to rnake certain other asstgnrents rhich are summarlse4 i'
Table Tv.?5. It should not be possible to interpret the infrarcd. apectra

of derivatives of dithizone and' obtain confimation or othelrisc of tlrc

validity of theee earfunrents.

fL.5.1l-. Potaerirro DitJrlzonatc.- Bands obscr'tred in the infrared
spectra of the potassiun selt of dithizorrc together rith groge of thc

other d.erivatives to be d,igcusaed are given 1n Tablc w. 2G.

No -9mr vibration ;as detectsd for KHDz brt thlg nagr bave becn

becausc of ttre pregence of a brpad. \)Off band. &re to lryclroxidc iqpuritlor.
The coupled,)crq ana y'rur rc&g at 1l+8) ana il+jg cm.-l ar' apparcntlyI
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TAETE W.25

rnfrared. Band A*sslgnrents for Dithr ?,.ne

Band ( 
"* 

-1 ) Assigrmnt

1485

1l+]9

1 t+21 or 1 l90-f l+O5

1?r,0

12?o

1180

1 150

897

)cN a pm
lcn e pffi
! n:t
lcna ?

)cn a )cs
)cxa ?

MI dcforu.tion

raised, to 1512 and 1151 co.-l reapgctivcly llrile bands at 1ffi and.

12n 
"t 

-1 are respoctlvcly raised to 1281+ 
"*-1 and, lonered, to 1Z1Z 

"*-1.
Thc changes ix the first thr€c band,g can be cplained by an l-ncrcasc i.a

the CN bond order ;h1Ie the lorering of the band. at 1Z3g.*-1 can

be ascribed to the lorer GS bond ordcr. The shift of thc bend at
897 "*-1 to 59o 

"t.-1 ic arso explaincd by gre lorcr Cs bond ordor.
The band at 1372 

"^-1 ln KHDz rE tcntatlvclJ arslgned eg )NrN.

rv.5. ii-i- s4thvrdltiioo4".- fhe coryound,1 5-rthylthlo-t r!-diphcqJrl-
formrzan, is lcrtorn to od,st ln aolutlon a! tto configrrratlonal isoElt
(t* po , ). In thG lJrfrarcd spcctnu of tbo aolld, rc rerc unablc to
detect ar5r N. H atretchlng vlbration. Ec,rever, fui chlonoform, cartoa
disulphLd,c and carbon t€trrchlorLdc solution bardr occnu rt j r j)4 * -l ,

,rr% "*-1 and trrr| "*-f reapectS.vcly ;hich can bc eaalgrnd, ar -JfU.

A subaidlary band ocars ln crch golvsrt at ,rw o*-1 , 1rzfi o*-1 .,.d
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T.EBUts IV.26

Infrared Absorption Bancls of Potrgsl,un dithlrcnatc e

S-llethyldi ttuizone end Delydrodithizonc

S-Uethgrl HDa Dchydr Dz

29?t;^ t
16m a
1512 s
15Ol+ gh
1l+6'l sh
145] a

1372 n

1)1O I
1281+ n
1212 s
1172 ah
t15O r
l1lo r

1O8O n

774 lh
76O t
7t*6 r
590 n
585 n

29fr t
t60) r
1525 s
15o1 ;
1455 t
rL)5 n
1l&2 s
1177 r
lrlE tb
1#t
1258 g
1?-2 a
11EO r
1165 v
1155 t
11112 n
11Oi !
1O9O ah
1O7O n
lO20 r
ISO r

97O n
#O Eh

917 t
891 r
882 sh
865 n
854 r
79o t
767 t
7l+9 r66r
677 t
665 n

#5t
]c12 t
2955 t
15&5 t
i lrEl+ r

1457 D

1596 t
tT?5 t
llsB r
lW eh
1?57 E

It65 r
1t7O r
1fD a

107E n
10?5 t
98tr a
979 !hgnr
917 I

85' n
772 s
762 s

6e5 I
67a t

I

I

I
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and ,r})ft'c&-1 , rhich irrcreascs in lntcnsity rith tirc rhj-le the

shorter wavelergth band. dccrea.gos (see Figure fV.5). The positJ.o.ns of

both band.e in chlor.oform sclution tere obeerved to be indelrcndont of thc

solute concentration in the range O.Ol l[ to O,2 Y.

The solutions, thich are initi']Iy violct, Urm ycJ-lot-brorrr dre

to e cha4ge of configuration. Thc lcrcring of tlre N.H etretching

vibration and the conccntration ficlcpcndencc of tlre N.H bands ruggosts

that the configuratiorral drange irlolveg the forsration of an intra-

rclecuJar lydrogen bond.

In the solid state spectnu, the coupled updo at 1l+8) *.-1

raised to 1525 "*-1 dle to the increa.ged CN bond. ord.er. The rcst

interesting change, howeyetr, oceur! in the band. at 12n "-.-1 
rhich

lorerod to 1n2.r.-1 . In carbon disulptricle this band ig initially

121E "*-1 but j-s grartrn]ly replaced by a 8rcond. band. at 1'195 o*-'

shift is presunably oaused by ttre foroation of tdne intrarclcorlar

is

is

at

. This

trydrogen bond and suggest^! that ttre Dd6 ilvolvas eithcr the Ph.N.H

group or t}rc ea.o group. Thore iE apperrently no shj.ft ln the band. at
a

897 "*-t rttrihrted in put to )CS, alttn.€h a ncr band. doeg appcer

at 585 cn -1 r*rich can bc roasonebly aasigned aa \)CS for the S-rctiy1

derivativc.

IV.5.1v. Dehtr,clroditJrl-aone.- Dchydrodtttrizonc cur bc forurlatcd as t

tetrazoliun thiobctrlnc (ace p. , ) "o thrt 1t! i-nfrarcd rbeo4ltlon

spectnun should b€ gl.ul.ler to those obscrtd for rcilatcd tctrazolc!.

The eharactcrl,stlc infrarcd abrorption brnda of thc tctrezole

rj4g and of 5-rrcrptotetrasolea havc bcen strrdled by Irlebcr snd
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61 
'62. A band was obgenred at appr.oxir?r,te1y 1W "r.-1co-fOfkeDg

and, attrihrted to the cyclic N.N:N group, three skeletel rcd.eg rero

observed, beheen 1O9O cm.-1 and 98O "*.-1 and, a vibration d.re to thc

C.Li.c group wa.s obgenred in the viclnily of 68O *,.-1 .

Bands obserrred at 1128 
"r. 

-1 and. 981+ cn. -1 for dc\nCrodithizonc

can be assigned. as tttose &le to the cyclic N.N:N group and to a

skeletal vibration of the tetrazole rilg. Botlt of the coupled. rcdcs

involvi-ng, the NH group r at 1\8, and 1419 
"r. 

-1 , are abgent s,is arc thc

ttrree strorrg bands at 12ff. 1180 and 1150 *,.-1 erd, tfre lCS aboorption
,|

at 897 cm.-'. These obsosationg substantlato the asslgrrrents mdc

for dithi rcne since there are rp N.H groups ln dchydro&ittrizone and thc

CS bond, order shouLd have dcereased- Apart fron ttre tro bands mentioncd

above there are bands of medir.u intercity at 1217 cm.-1 and 11m .-.-1

which may involve both )cn ana )cS and another at 585 cm.-1 rhich re

can a.aslgn "") CS; In thc S-rctitgr1 iodidc dar{.vativc of ac\yaroAitnf zonc,

tlre bands at '1257, 11n and 981+ "t 
-1 e.rc replacad by bands of ooq>arablc

intens i ty at 1 1 87 t 1 157 and 1 OOI *. -1 rcspectivcly.

fV.5.v. Infrsred. Spoctra of thc Uetr1 Dlttdtonatc.-

1. The Prim-ry Dlthlzonatcs.- Tbc infrerod. abaorytion slrotra of ttro

pri-nry ditlrizonatcr havc bcen Eersurlcd in the aolld statc aa nr1lr rnd

a8 KBr d.igcl. Bandr for rhich reasonable assigrurts can bo mde rrre

glven in Table TV.27. The J-nfrared. abrorAtlon apcctra of Zn(IIDI)A rrd

its deutero analogue are shom in Flgure IV.5. The speotrrrm of Ar(nUz),

ig ln realonable agrcemnt rittr prcrrlotrsly prb[shed qpctr:el-J a! alrr

tdpse of the other retal dithircnatc!.
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Spectra havo also becn reagtrrcd Ln chloroforu aolutlon hrt tltc

onJ'y dlffcrencea obseryed. rere amall shif ts in bandr dre to N. H atrctching.

Ttre N.H stretching vibration for each of the rctal orylerer lres

appr.oxinately the same freqrcncy a.s the shflldcr obsenred for dlthizonc

in golution in ctrloroform, carbon d.isulphidc and, carbon tetractrlorldc.

The band at approxiruately 'l5n 
"* 

-1 ean be assigned. al the
1

1l+85 cm.-' band. of dithizone shlftcd to hlgher rarrerunberg due to tlrc

increased -CN bond order. This behaviour is analogous to that obserrcd.

for both potassiuru ditJrj-zonatc and S-rcthyrdithj-zone.

Band.s at 1idl0 rrn--1 and 1220 .-.-l in Aithtzone are shlfted to
higher and to lorer ravernrdera res1rccu.vely il a-11 of the coqplexer

except lCrose of Ni(rf ), ra(rf ) and Au(III). fhe shorter ;avclengtr

band is partly fue to )Ctt and is raigcd in the raetal coqrlexca

for the aarc rceron al the band at 1\8, cm.-1 ls raiged. The longcr

ravelength band $e in part to ) CS i.s Io;cred by the dccrearc ln tlrc

C.S bond ordcr.

The diffsrenoca obacnred for ttre dlthisone corylcrea of ttrc nd8

rctel ions hrve prewlo.rely bccn e:cplalncd (""r p.lOg) a! betng dle to

a differerrce ln ctmctrrcr rlth the rctal Lon oordlnattng to fotrr

nltrogcn donor atoo rather than to tro nitrogen and trc arJ'ptur donor!.

This rould e:cplain the shlft to highcr froquenciea of the 1Z!f, cE -1

bancl of 4ithizone if tJre band. rere minly ) CS. le lrcfcr to erplein

the *perircntal observations i.rr tem of a grcater ilcrea€e in ttre Cl{

bond order for tlre clithizonateg of the nd8 rctal lons drc to e d,lffcrcncc

in conflguration ratlar than gtnrcturc. If thc 1220 *.-l band, irrolvca
both )CS ena Dcrv t'hcn thc largc inc-rcaae tn t:lre CN bond. orrilcr nqgr
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TASI"E T.V,27

Sonp Infrared Absorption Barrds of the Prltrary Dithizonatcg
r -1 r g'
\ctr!. )

)mr )crv *Fmr Vcr,r Vcs aVcnr ),,bs

zn(n)

ca( r r)

Hg( rr )

ne(r)

or( rr )
cu(r)
&(r)
tr(r)
sn( rr )
pu(rr)

su( rrr )
ni(nr)
un( rr)
rc( rr)

co(rr)

co(ur)

ur( rr )

pa(n)

et(u)
,ru ( rrr )

J2lJ n(zltz m)

5214 n

32N n

129 br.w

5225 m

1t6o sh

J19o w

,172 ut

,285 E
1211 m

,215 E

,175
tW sh
,221 E

JlBo I

5t88 n
52]o t
l19O r

1525 s
(t+gs s)

152t I
1525 a

1525 3

15?Ia;. s

1510 s

15n br
1512 B

15:zl.- r
154. s

15?o br

1510 !
1512 a

1508 s

'15?4

1517 br

1528 s
UnE n)

1527 s

lJ?f- s

''1512 a

1274 s
(1?15 sh)

128f. m

1275 a

1259 s

'1285 m

1%o br
1 250 br
t67 ar

12ffi sh

128O s

1?54 gh

1271 a

1 268 sh

12& g

1289 n

1 ^'r5 gh

1287 n(tnl a)

1JOO n

1?71 n

1287 m

12Oh a
(t'tgt a)

12o5 s

1191 s

1'187 a

1215 s

1190 s

1195 s
12Oj a

12O9 s

12OB c

1ZO4 g

12OO g

1197 n br
1?o,5 sh
1190 s

12Ot+ a

1185 g

12fi !
(t eoo r)
12fi s

1?.5 s
I 22O !b
1229 t

715 n
Qtz n)
727 n
7o9 t
7r1 '72O t
7r1 Brt
7o5 t
7nE
71on
7O7 ah

72O sh

708 r
7OB r
767 t
708 rh
725 sh

7to rh
709 r
710 sh

7o9 n
72O gtr

7o5 ah
752 n
712 m

7r1 ah
712 eh
729 sh
71t E
7p sh
712 m

t250

,2?l,*b

52t+D n

)2h t

a

b

values in parentheses are for dcuteratcd. oqnurds.

This varue is for a chloroforrn soruil,on of pd(I{Dz)2.
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nullify a4y lfierLru dre to a dccrcaac tn thc C.S bond o*", tl
has alrea.{y been oboerred. for tlrc 9JO 

"n. 
-1 band of t}riocarbo\ydrtzldr.

Thig can also e:rphin tttc larger shifts to tr{ghcr fl.aquerrcl.cs for othcr
bands lnvulrldng )cnr, et ir+Bl+ cm.-l rnd 1260 cn -1.

The 897 cn -1 b,,d of dlthirpnc ir ebrat fl.or tha rpcetrr )
of thc retal corylelce and cither onc or tro nerr bendr rlDcer tn thG .

rcgion frron 70o oo -1 to ?P "*-1 *r5.oh nagr be attrth,rtcd to !CS.
Infrarcd spectrr of the derrteratod o4plexos Uf(mz)e end

zn(noz)2 terct Eelurcd ln thc so1lil gtatc. Thc bard at epproxintcly
15n -,.-1 la shifted to laor frcqucnciec t-a both oqilccr and

conflrus ttrc aaslgnrcnt of thls band er a co,rpled. rcdc tnvolvlrrg rdnly
)crr rith sor pm. Band! at 12fi *-l in H1(ED!)2 rrd raor* oo.-l tn
zn(noz)z ane lccrcd, by fi "*'1 and 7 or.-l rcrpcctivclJr tndtcatlng

that thcy pr$ably l-nYolvc sorc ontrlhrtlon fron ln tf.f, dcfomru.on

vibratlon

In oonc}ELon 1t agpcar! thet the p rlnry clithlronatca ntaln
their aolld gtete onftguretlon ln rolutlon and that ttrir lnvplvca
coor&lnation tfbough thc tlrlocnoll.o eulptur ,atol re har bcen glp'n for
th" tlg(rr), tu(rr) rna ar(u) oqflcraa frroa l-rtx orysteltogrrphlo
s ttdlcg.

2+' tlr.r Secondrrv DlthLrcnatca.- Thc tnttrr:cd rpcotn of thc rcordrrtrr
dit}izonatcg of qr(rr), ng(rr), ar(rrr), r1(r) ana ag(r) rcn nceau'd
in tlhe goll-d etatc aa both n'11! end as I(Br diaor. Broad,, porly ncaolvod,

bands terc obgeryod. tndicatlng ttrat tbc oqflerea are cttlrcr po\pr *.
rtrongly conJqgrtcd' onorcrt. No ) m rlbretdon rpr arly burd fn 15.
vlct-rrtty of 15fo '-". 

-l raa tlatrctcd conffud,ng prcvlanr obrcprtt mr tbr
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CrrDzl'2 and suggeatlrrg that the corylexes involvc ttro &ubly charged,

dithizonate arrion fomed by thc remvel of ttre sccond N.H proton;
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CHATTER V

A FTTOTON MAGITETIC RESONAT'ICE STJDT

OF TIiE DTTTI.T,A)I\Tts SISTEU

V. 1. Introdrction

It has been shoiln ttrat there arc four posaible configuratj-onal

isomers for each of the tautorerg of d,it}l ?firle (see strucfi-lree f-\rIII

on p. ZB). One possible rqy to distl4guish betreen the sJm and anti

isomers is to use tlne fact that only the sJrn isorer should be capablc

of intranolecular hyd.rogen bondiJlg.

Hardirg has "hmr1 that tJre trana-anti fortr of the thioketo tarrtorer

erists in the solid state and lras found no evidcnce for thc presence of

t}e thioenolic tautoner. The lnfrered apectnrn of dj,thizone ix tbo

soLid g tate ( p. 8i.) confirsr tlni.s and elso su,ggests tltc proacncc of

strong Lrydnogen bonding. Ilmever, it is not lnasible to tcll rhether

this is lnter or intrarnoleo.rlar \ydrogen bondJag. Agaln, therc ic no

lnfrared evidcnce for tlt; prerencc of thc ttrioercIlc teutoner ln goluti.on,

brrt there erc indications of strong hydrogcn boncH.ng.

The trang-anti onflguration adoptcd by dtthlzone irt tJtc solicl

gtate i.e rcre llkcly to bc involvcd in tnterelecular hydrogut bondtng,

hrt h solutl.on cithar one or both lypcs of frydrogar bonting rorrlo be

fceglble. It las bopcd that a atr{y of thc prcton ngnetic rctonancc

apectnrn of dllttrl rone puld gho; rttlch QTpc of ltydlrogan bonding ras

proscnt in aolutton end thur indicatc rhlch of th€ igorcrtc rlrcler

re^s lneecnL
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Derd.vatives of dithimne and

and thicarnides havc been gfud.led go

correctly interpre ted.

of a nuder of re.Lated anides

that chenical shifts could be

The proton orD't ro spectra of ttre retal- dithizonates have also

been investigated.

There were three difficulttes ln this rcrk. The first was that

we wer€ unabl e to find an inert solvent that raa cotnron to all of the

cortpounds irrvestlgated- Horever, ln sone caaes a particul,ar coupound

couJ.d be stJdied in rrc::e than one solvent, thr.rs giving an iJlaieati,on

of those bands rhich Tere solvent genaitive. The second clifflculty

wa-q the instability of rcst of the compounds in solution, rhich together

wi+.h the use of a high resolutlon instnrnent operatlng at naxirnrn gain,

rreernt that ca.rtion was required before mating proton aselgnrnntE.

Finally, the proton magnetic resonance spectra of hydrazine and its

alkyl d.erivatives have been sho;Tl to &lve broad N.H tignalaz girdlar

to those obtained irr this investigatlon. This brcadcning, attributed

to couplinlg betroen ttre proton and nitrogcn quadmplca, rn'kes tlre

d.etection of the N. H proton sone ilJ'fflcrrl t.

V. 2. E]cperi-rcntg]

Measurenents rere nado uaing a Yarlan Assocla-tea, D.P.5O

spectrolctor. Chenlcal ehiftg rerc mees.lred i:lr c.p.s. fm totre.nettryrl-

silane aa ttre lnternal rcference, uaing tfie sld.o-band tectuuique.

Uea.s.rremnts can be nadc to ! o.1 c.p.!. at 5O b,./aec. The tonpereqrre

of tlne pr"obe, unleaa atated, othervlae , rls 2OoC.
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Darterc aolvqrtr rcrc obtalncd fron E. Icrcl rtrlle thc rl"'{ trdcr

rcre |B.D.H. I solvcnts dtstlllocl L.odJ.etcly bcfore ulce

LabiLe protona rore detrteratcd. by edding a cbop of DrO to tlrc

aolution and" then ahaklng for a fw uinuteg.

V. l. Regults and Dbcugrlon

V. 4. t. Dlthlzonc. - Thc ched,crl rhlftr obrcrcd, for dlthl-zonc end rm

related arrldoa anct tlriermi fl6s ue glvcn tn Teblc V. 1 .

In conpornda rlth r phcnyl group, banda thieh oosur at

approxinately 450 c.p.!o rrc attritnrtrblc to pbcqyl protona'. fhc

renatning bendr ua ttrereforc d.re to protonr bondcd to eltber nitrogcn or

sulph.rr r or to botb. fhla ls conffuud by thcir rt{ rsfpcerancc ql tXc

additlon of DZO, slncc it la iust ruch protona thich erc brom to bc

labll,e[.

In d.l,thirone thc probla 1g +e aLoddc the exeot natrrc of thcae

protons cincc, tgnortng geontr{,ca1 ironrl^rn entl [ydrogen bondlng r thl

follorirrg three cnvl-rorrnnta lrc lnaeibh,

,/\ \-/ \ \N

H
I

SH

Ir"'
s

u

u III

A totrl of tcn dlffcrcnt rclvcrtr ?Gnr H.ed tlt.h ditttl.rcnc hrt

only tn trbore glwn ln Trbt t Y.l rrr tt lfflodantJy aolublc to obrcrrr

nadngru clnctrr In certon d,r-rtlphtd., celbq tctrrchlorl.dr, rtlgrlcac

chlorldc, aoctone and pJrl.dLnc lt rrr cLthcr too lruolublc or drcoryorcd.

too rryLdly.

Ph
I
tr



98.

TABLE V.1

Chernical Shifts for Dithizone and Related

Amides and Thioamid.es

Bands tlulch di s appcar on d.euteration.
IF Th" N.H and N.H, bands rorc very broad in this apectnrn, halrlng

ha-lf-band. ;idth! of approxi-m.tc.1y 1{O *d 70 copeso respoctively.
The cornesPondir€ values for carbolgrdrn-id.c ;erc p and 25 c.p.!.

First ;e ril} consioer thc n.D.r. rpectn of tlrc oq>ounda

listed in Table v.1 rhich arc reratod to dithlzono.

Dipherlylcarbazlde (ptu HN. HN. c( o ) . I{H. MI. ptr) ha.B tro bands r tt
y+5 and J+8O clposr e rtrich cen be asaJ,gned as .Ltrc Ph.N.H end. C(O).N.H

protons reapectively. These easi-gnrenta are based on ttre epectnrn

obgenred for carbohydrazide (Hd.IlN. C(O).ltll. Me) togettrer rlth ttre ghiftr
obsernred' for ttre amid.e protons of urea and tdriourca on forulng thcl,r
s-dipherlyl derivatives .

Conporrnd Solvent Chesrical" Shif t ( c. p. s. )

?hiourea

c-Dipherqylurea

a -Diphenyl thiourea
Carbohydraaide

I
Ttrioearbohydrazidl
s -Diphenylcarbazide
s -Diphenyl thioc arb azl" dc

s -Diphenylcarbezone
ili t,l-izone

tl

tf

ac e tone-dr
o

tt

n

DIGi

n

ace tone-dro
tl

n

cmlr
J

TIIF

Dts

Sulpholane

I
EN

I
500

I
560

a
l+r7

I
5l+O

I
r#8o

||
555

I
56

t
760

I
765

47 1 - lab 4-t, 51 -U+> l+'U U51

$, I -t bU $Z_r|tf ,| _{,l+O_429
a

2%

i]ffi]
l+J8-428.l+ 17 -t+12 W'

4r5-t+1 7 -Ll 1
It

t+lUta6ylpS ,58

tr:#
t 56-ul./,{-Ltt

t+57_t+l*_41o

a
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The N.H proton of phcnyllVdrazine is obgcwed rs a brnd' et

W c.poeo ln ttre prre llqrid, Ln agrcccnt rlth eu elsignmt

for tfie PL.N.H prcton of s-&ipherlylcarrbasids.

Dtpheqylcarbaane (ph.HN.lIN.C(o).N:N.Ph) has a broed. band at 
?

558 c.prso hrt none at l+8O c.p.!r, althsrgh l nst brnd appcrre at

5f5 copreo Thle ner band oulil be elther tlrc O.H prcton of thc

enollc tautorer or e \ydrcgen bondpd. N.H pnoton

Figurea V.l-J ahor tlrc rr.tr ro spectra of tbiu.rrta, s-d.lphcnyltbloureat

t}iocarbotgrdrazlde, t-dtl*rcnylttriocarteztdo end dtthltonc.

In ttre spoctnrn of thlocar&otryrdr:r-{dc the bend at 5l€ c.p.Er

is assigned as the C(S).N.H proton, aa thc lltangity tr approxinatc\y

ha"tf that of the N.H, band, at 28O c.prlr In E-dlphcrylthlocartrzld,c

the C(S).U.H band is Lt 55, c1p;Bo brt no PluN.H band i! obsercd. lhis

magr be explaincd, if re consldcr e ahlft oryareble to tbe 1lp c.po&

stLift forrnd, rith thiqlrca ancl s-dlphcrgrlttrl.ource. Thlg ruld lorer tnt

broad band et 2n c.p.er Ln ttriocarbolgntreddc to rppro:dntcLy l+fr ce pfo

in c-dipheqylthiocarbrsidc, rherc it rcu1d. b. nrkcd by tttc brndr d.rc to

the phenyl protons.

The spect^nrn of ditlrizono tn clcr.rtcrochlorcforn (ace FI.gurc V. l)
ghorr e broed brnd at /60 c.pooo trrt no brnd corr€lponiling b oltlror tlc

O(S).N.H bend of t-dl-phcqylthl.ooertrrtdc or to tbe Ph.lt.H band of

tt-dlphenylcarba.Dne. Ihc J,arga ghift for {tc obrcrrcd band. lndicrto

that aore forur of intrt or intcrmlecular intcractlon 1g taldng pleoc.

A sinllar band. 
'is obsenrcd at 765 ce po !r tn tctratrydrof\rran rtrlch errggeata

that the bcnd Ls not dlo to soluto-golylrtt intcrrctlon. Tho apcotnrn tn
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d'euterochloroforn rva's found to be tndepcndent of tJre temperahrre for
the range zOo-5OoC and also inclepend,ent of the conoantratlon of colutc
in the range O.O25 l{ to 0.1 J M. The abgence of any nea.gtlrable shif t
of the band rith increasing solute concentration roul4 be e:cpectcd for

be

AE

n)n 
*a*

/\$-Q- )tt
\,,\N_ N/

\Fh

IV

the azo 8rouP. Although the structurc ghorn ir thet of ttre thLoketo
tautorcr thero is no reaaon to luppolc that thc thioanol tautorcr 1"
absent' lre have been unable tn dlstinguirh bctrecn enyironrentr rr a'd
IfI, a's no sccond' N.H band. ras detected nor ras a band obgelrcd. tn tho
region e:gected. for an s.H proton6rl fron too-2oo c.p.s.

'- The @q)ound J-mthylthlo-1 r5-dlptrcrgrlfornazen
T4'R investigatod iI lome detri] as it ie suffictently goluble tn a rldc
ran€e of solvonte and can 4lso bo isolatcd as a 1lrrt cryatelli'e solid
EDre readlly ttran ttre parent coqp€und dithiuonc.

rt is obrenrod to und.crgo r slor colq.rr chengc fron vtolet to
yellm-bnoln on dlsrolvlng itr non-polar solvcntr rhLch erc rrnlilely b bo

intra'rcleq'r1ar interaction but not for i.nterzplecular interaction5.
These results can

rncLesular lgrdrogen bond,

extr'lailed by tlre formation of an intra_

shown (fV), betreen the ph.N.H proton and
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invorved iJl strcng hydrogen boncting, and a rrcre rapid

in polar solvents capable of hydrogen bond.ing.

rn Table v.z , the chenflcal shifts obseryed for
tn a nrraber of different sorventa aro given.

color.r change

S-rE thyldi ttrizonc

TABLE V.2

Chernica-l Shifts for S-ldethyldithizona

Bands rhich disappear on dcutarail.on.

solvont band^g preventod the identiflcatlon of sor
of the bandl for the solutc.

The slrcctnrn of S-methylttthizone in dgtrtcrochloroforur ahms trc
sharp slnglets for both the rcttqrl and the N.H gnoups rather tharr t5c
e:rpected aingle peak for sach (see Figr:ro v.L. ). The lntcgral of ttrls
slrctnrm gave the rclativo intensitlea of the thrce diatlnct regi.one of
absorption al 1.0 : 10. 1 : 3.e ( 1O.e). This agrees rith ttre t o

singlets at 617 ec 57o c.prso bcing assigned. to thc N.H proton rlth
the ten pher{rl protons et l+74-416 Ge po !r rnd tlre rcttry1 protona at
1lr8 and 1 J9 cr pa Bo

a

/

S olvent ChemieaL Shift ( e. p. s. )

cmlr
cHzcil
caclr*

THF

Dil6 /
cFJcooH/

47t+t4,4-L5 lt*g 1r9
l+[4-4l+_r]26 'l rg

l+74-lJrrr-L]4 1l+./9

l+74-l"l+O -l+t2 1 t*g 1 ,g
47b-U+c,-l*lo

47t++&o-fJ0 148

-rf
bl 7 57o

t5n
64r' 589'
5%t 5ro'
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The relativc i-rrtensitLeg of the tro slngletr et 148 and il9 c.poEo

in deuterochloroform slowly changed. rtth tLme, the lot fleld, slngJ,ct
increasing rhJ-le the high field einglet dccrea.rsd. A sl'ilar ohrnge
occurred' rith the tro singletr & 57o and 51/ crpolo; the lor flcld.
sirglet beconing mre intenge.

on the additlon of a drcp of CFrCOOH to thc dsutcrochlorcforn
golution a rapld' ctrenge ocq.rncd. and ttrc htgh flald nctlryl al.glct
diaappcared conpretoly. A14>arently, there is a changc fton onc form
to another ocetrrrlng ln solutlon, rlth the oonvcraion bclng oetrl'rrc6
by lqrdrogon bond.ing solvcnt!.

}hrhn hae reported8 four gerutricel isoer! for triphcnylforrazer, frf
The trans-gJrn and eLs-trll lsonerg, rfiich arc rcd., and. the yerlor treng-entl
and cis-antl for:ns,

/
c

\n_

-(-

Ph-

The convereion from the tred.r to the f 5rc11wt igomers oco.rrrl'g tn t*rc
presence of visible 1ight.

The rerults for s-methyrettnizone can be G:cplaincd in tcrus of
a sinilar ctrange, the vlolet trens-anti fora fI being ccnvGrtcd, to tlre
yellor-brorn trans-sJrn forn vrr in golution.

/fr
In\
>h

v
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The mlesule is erridently stabilised ln ttre rclld. state by

intermolesu1ar hydrogen bon4ing vhereaa irr solution, as the npnomer,

it ie converted. to the trang-syrr foru rhicb is the mlne stable lssnrrs6

of intrarclecular tryrclrogen bond.ilg. Thj-s ir analoga.rs to ttre hydrogen

bond formed bf dtthii?nne in solution irr deutarochloroforr and il
te tralrydrof\rrar:.

That lnrtlon of tho spectmm dre to t}rc phenyl protons is obscryed

to broadan aa trDrc of tlre trans-gJm lsorcr is forued. (ree Figurc V.L)r

due to the increased. ablllty of the tlo ammtlc ring s;rrtcoc to couple.

No shifts tere obserycd ln the apectnrn ln dcntcrochlorofom rhen

either the concentration of thc solutc r88 incr-eesed fron O. 02 U to O. 2 U

or rhen the temperatrre ra.e ratsed, frou 2Oo to 600. Thig oli"d-natcs thc

lnssibility of interrclectrlar lSrdrogcn bond,ing.

An n.m.r. lhr{y of som t{fl-dirubstltutccl acctenidea9 shwed that

the bulkier $rbttitrent on nl,tnogen la trans to the acetyl mt\yl

Sroup in the prefened. isomr. Ic Fivrol0 h^r ccrfimed thig ritrh

soE &tpole ronent rca.Eur@nts. The simllarlty of thc acetamido

skeleton (vfff , fi) to S-cthyldithizone strggects trat gre vlolet

*/t\ N,/'n\,, n/'\n

Ph
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trang-anti lsorcr (Vf) rcdd. be preferred,, a! ls found. ln ttr pl!.d

statc. The ablllty of tlro rcnorr, in solutl.on, to forn tlrc traru-

sJrn lgorer (Vff) bctng d.rc tD tbc eddltlonel rteblllty geined {ihrough

hydrogcn bondlng.

\

"f/

o\. 
:.n/'"

^f/ t*,, 
-n/*'\r
vltl IX

Errld.cncc t}tet thie intcrpr=tation ir roe.aonahlc 1s e,Iao obtrlnod,

frtm ttre obaencd ecparatlon of ttrc trc retbyI einglotr Jrr VI and. YIL

The valuc of 11 copoEr bclng c.lorc to thc vduca of the ordcr of

10 crpes. roportcd. for VIII and I,K.

Y. f.iii. The Iatal Dlthizonatca.- In Teble V.5r th. ctrcntcal ahiftr

obsenred for ttre protonr ln potaaglun dtthlzonatc end cach of thc ntrl

dithizonatcs investigetcd anc 'given bgcthcr rlth the golvent uscd.

The nrD.ro apcctra of the rctal cllthionatos cen be grotryed tnto

five clasger.

Clese 1. - Fotarsiun di.thLzonetc and tfie dl,aegnetic r pri pary

Hs(rr), sn(rr) , Pb(rt), nr(ur),
a brnd. ln the reglon 500-76 Gopotr

zn(ff) dtthlzonatc ln Flgure V.5.

dlttrironateg of Zn( II ) , Cd,( II ) ,

tu(I), As(r) rnd qs(I) dI havc

Sce for cxeqrlc the slrctnrn of
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TAEILE V. J

Chemical Shifts for the Xcte1 Dithizonatcs

Com1rcr-rnd Solvent Chcuical Shlf t ( c. p. s. )

KIIDz

^r,*rr,
ff

cd(rrDz)2

as(ruz),
sn (nDz),

Pb (HDz)2

Bi(rrDz ) l

ClllDz

AgHDz

HgHDz

tT"

Ni(HDz)2

Pd(rrDz)2

rt(mz),
.eu(roz),

h(HDr)2, ro(Hoz),
co(roz)r, ar(IIDz)z

HgDz, OrDr t tl,rDz
sbclr-Hfz

DF
cDcl'

DIS

THF

Dt6

Dt6

cm15

DlrS

Dt6

cm15
r$s

rt6
fi'F

D6
crc1,

Dt6

rlfi,
rr|q

Dr6

DIS

{ns(c81,
ITR

116

I626 458r445-4JiO-415
rf60l l+Zo-L5r+- tl+f-.ufu
I

6l't /rjl ^
I

617 /1*/ryJ,-t+y+
I6t6 t447
I651 tSZ

t+54-u*418-lp8
454-4{1-412-UD2
t+55

[lo-trtO
r{5cLJo

It'r0

t+66.l,+r1

t+5O-4&4

l+4o

l+56-u4o

585 br+7 41't 5t7 %7

451-4lO

&60-UrO

l+.6ctc|o

Broad, phcnyl band.

ccntred, at 450
Phcnyl bend only

rrSo-r*So 5l o-z-o'

a
592

I
598

I
5fi

a
622

a
508

t
605

I
6t+6

I
57'

I
592

12m

Barrd, disalrpearcd on dputeration.
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The ar(ff ) ana Hg(ff ) corylexes havc been stpm (eee Chepter III)

to contain the thioenolic tautorcr of di,t.|lzone. Thcrafone rc cln

ettrlhrte the bands at 5tl aria 65t c.p.E. respectlvcly tn
a{ met$lsulphoxldc to tJre Ph.N. E protonr of threc trc corylcrcr end.

the presencc of a band ln thig rcgion for tbc r+o.{ nllg orylexcr

suggeats tfiat t.l.ey are strucbrally gJ 
'n{ }ar .

An Lndlcatlon of the effect of t,}rc solvcnt nr obteincd by

s hrdyrng the zn( rr ) corplcx tn rrr -+t&ylaulphox1ctr, tctaa\ydrofiren

and deuteroctr,lorofom and tho orylcrer of fl(f ), Sn(ff ) and BI(III)
in dircttrylaulpboxldc and, dsutenochloroforn Th. alrctra obtained.

in&lcate that thc N.H proton is ehiftcd to lwcr f1clda tt tht solvcnt

becores trpre strongly hydrogcn bond.ilg.

No effect ;as obsercd. for an increase i.rr teoperafure fron 2Oo-5Oo

In pertlcrrlar, tlrcfor Zn(II) aitnizonatc in dcuterochloroforn

absence of an3r rnerkecl ehift ln the N. H bsnd

intermolecerl ar solute-golutc iltcrecU.on.

nrggests that t*rere is no

The large chemicaL ahift o? 66 c.polr for potaaglurn dithlnnrto
1n dimthylaulphorldc can be splaincd, a.a an intre-mlecrrJ.ar, l\yclrogcn

bonded P}LN.H and, mJr be aqpatod rith the band. obaerryc4 at 596 c.p.!r
for S-cthyleithlzonc iJI lfio tancr ml,vcnt. The free Ph.N.H proton

rotrld be e:cpectcd, to have e bend at epprori.uatcly 570 c.prlr lf thc

change irt the cheoical ghlft on \rdrogcn bondlng rcrc oryarable b
that obgenrcd in the S-rctnyl derivatlva. Thc vrlue of 57O co po !r tt
tn rcagonable lgrccrcnt rlth the frec PILN.H band oblanrcd, for thc

retal corylarca.
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A deflrdte trend ig not apparent 1n the nagnitudc of the

chemlca-l shift for the Ph.N.H proton. There iE an increa.gtlg ahift

to lorer fields

1n tessiun s a1t ,

re go fron the dithizonatc anlon, present in tJrc

the covalently bornd. retal corylexcs. The larlgcot

ehift belng obscnrcd for ug(IDz), rhich is *rere re rculd e:gect

to fird the strongeet covalcnt bond.

In Figure V.5 ttre chcnlcal shift (J), for the ph.N.H proton,

is plotted as a f\rnction of the log of ttre ovcra.ll stabilLty

const$t (Fo). The vrlues for 
F " 

are tlrosc dsternined, by Pilipanb11
I

using a spectrtopbtomtric ntltod, and lncludc a tcm P, ttrc

distribution cocffl,cient for tnc corylex bchoan trc pha.rcr. ll,wever,

Pllipenkorl valueg ar'a ln roa.gonable agrceunt rlth tbose of anbacqnart

rorkersl2-16. The experirental crror ln thc value of t !r furdicrted.

by a vertical bar. Th. crrcrr tn the valucg of F n uc rcIre dlf ftcult
to Sg-rge altho.rgh, they are probably at least oq>arable to thrt ln t.
A ll'near relatloruhlp 1r shorn to e:d.rt betrcen LoS 

f n ana f,, thc

shift to lorer flel-ds increarrng a! p n incrcrscl.

Class 2. - The paremagnetlc, prinarSr dlthlzonater of &r( II) , fe(f f ),
Co(ff) ana Or(ff) havc spcctra rith onfy t[e one broad band., rlth ha-lf

band. rld.thr ) tm c.p.8.

Olalg J.- Thc pr{-rry dlthlzone borylcrer of Pd([), PI(II) .n.l f,u(fff )
have spectra ln rhlch only tl}re bandg of the plrcr\yl pro tons arc obgcrrcd.

Thc slrctnrm of thc Ni(II) coqflex ln dfrcthylaulptnridc l-g ooqflicetcd

("* Figurc V.7), e8 it La teuperatrre dcpcndcnt end heg a band. ar la
a8 12OO crpoto Thl's rcsult la erylalned by e change tn t5c lpin gttt

rl

to
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of ttre Nr(If) lon. rf(ff) dithironatc ls g dlrqgnetLc lqrrn3 plrnar

corylex ln the soIld gteto, hrt can bc lgoletcd ra r crystdlin
paraFigqetic corylex fron pJrridine golutlon. Thc n.Drrr apoctrun in

'rt'rcthrlaulphoxida cuggesta that ttrc nf(ff) lon ig bcfurg onvertcd b
lfie hlgh spln octahedral state rtrich thug causes large eontact

interactlon shifts. Simi lar effects have been obseryc4 for par+*gnetic

nr(rr) ana co(il) acetylacctonetes tn prmtdinc-typc b"""rl7.
The abgence of arly N.H band ln the spctra of ths pdl(Il), pt(11)

and Ar:(III) dithizonates and tllre natrc of tho alrcotnrm of Nf (II)
dittrlzonate suggests ttrat they nqlr be bonded, diffcrently to thorc
ln cJ.asges 1 and Z.

A recont infrared lnveattgatiorrl E of uetal ilithizonatcr

dif ferencos in tJre s tnreurree of the ni( rr) , ra( rr ) ana pt( rr)
aa coryared rtth t'}rose sin'{rar tF t}re ltg(Il) coryIex.

A detennination of the fomatlon corutants of thc Zn(ff)
NI(II) orylexes of dittrl,pnc end aou o- tnd FarbatJ.trted.
d.Lt}ilonea Icd. Freiser and @-;otk"""15 to poetrlrte at1rc11rFr X,

lnvolvlrrg a planar f,lve menbcrea rfng for N:.(II) rith fcr.rr nltrcgen
donor atorc.

An earlier repottl9 oo thc stnrchras of sorc N1(II) rorczanr
agrecs rith Nf(HDz), bctng nltrogen bonded., altnangh thcse rorkera

favoured the slx rrcfrcred ring rtnrctrrre rr.

lndicetcd.

orylcrca

and,
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Ptr
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-N//\PhH

XI

our results n'y be explained, by stnrchreg such as X or ;g1,

involving nltrugen coordlnatlon to Ni(II), ra(rr), pt(u) and Au(rII).
Hcnever, 1t is also possible that they have a stnrctrrrc a{m{163 to thst
of the &ithizonates of class 1r lnvolrring nitmgcn and gulphrr donor

atorus (aeo the stnrcture of ug(IDz), on pr 29), hrt hari31g a dlfferent
stercoehaols try.

clq,ss ilr+- The'secondarxrf 4lthirpnates havc apectra dth only onc broad,

band' dle to the phenyl protons. No band attrihrtable to an N.H proton ,aE
obsoreed. This ie aa e4rccted. fron their infrared. spectra, rherc rp
)rur vibration 1g obserrred,, and it also agroer rlth ttreir belng cLthcr

pol3rrerie or highly conjugated s1rccieg.

Ola+sj.- The addrct forrcd. by dithizone rlth the Lc;ris acid,, srcIr, has

a slrcctnrm rith a concentration depondcnt banct Ln tnc range 24,b1*g coprlo
The band is broad and from ttre relatLve lntensity appoars to bc &re to
both N.H protons of d,itltisone. TIE dllutlon ghift of the band to
higher fieLda lndlcatcs some forrn of intermlcqrrar bond,ing.

x
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CIIAPTER VI

X,Ir.ETRONIC ABJORPTION SPffiMA

VI.1 . Intrcdrctlon

VI.1.1. Dithlzone.- The visible and ultraviolet abso4>tion spectra of

dlth'izone r lts oxl,CJ.sed, and redrced, forrns , ed their respectLve

otrygen ana-logues rere firgt seriously shrdied, by Grarmaticaklsl.

A conparison of these absorption spectra ri th those of related. azo

corryounds and fomazans led. hin to onclude that tn alcoholic solution

dithizone regeurbled the latterr Eo that in the tautoreric equillbrlum

betrreen the ttrioketo (r) and. ttrioenol (rr) forzm (q = R2 = ph) r

II is the ilpre irq>ortant.

S
ll

Rl . N: N. C. NH. NH. R2

I

This tautoreric

s.nd soErorkers2-4 rho

withdrarlng prcpertles

(nt = Aryl, R2 - 11y3r1t

SH
I

R.' . N:N. C:N. M{.R2

u
equilibrium has since been investigatod, by Pelr kj.s

sfudied the effect of tlle solvent and the electron

of substltrronts on the phenyl rirrga

). Valueg of & for ftithlzonc, rhere

PeIt = -1og

" Rofo"errcc to tlris rcrk ras orrly evallablc tftrough thc abrtrrct rhich
appca.n to oontr,Ln an anonaly ln tfr^t pff fu dcflned er
-1og frnroaml.] / f*rrotctd. rath, Fernendo end, Frclror (maryt. cbm.,
E, 1762 (1964)) aetcra:ncd valucr of dqf for clithircnc in Hro/lj:oranc
u.rtng the ret*rod. of Paltkls, hrt rith the onsct foru.rra.
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rcrrD alrparently d.etcrmlned at room toryaratr.rrc only and vrrlcd fnm

2, 55 ln ctrloroform to O. &5 ln ret,}renol. Thcac ve.lucs ere bercd, on tlttc
,-{

aralgnrcnt- of a band at approrinetcLy 22rm0 oD. to the thloenol

tantorcr and a band at approxlnatel y 16r@0 €u. -1 to ttrc thLoketo

tamtorer, but the cvl.dcnce for thosc alslgnrcnta ir rpt elcar. It
appcars that considcrable ovGr-BiupLiflcatlon of ttrc a;ratca hnr oocuned,l

the forrr possible lsorcra for each tautorcr (acc g.29 ) hrfqg bcsn

ignored.

The bands of mgt intcrcgt trl thc rbrorptlon rpcctnu of dlthlzonc

are transitions of the azo and thloketo gricup! of tnrtour I and tdrc

bandg of the formazan rptcn of tautom II.
In ord,er to ldcntl:fy ttre tranritiong of tJra thloketo group, thc

spcctra of afuryle thion-i dog and ttriohydreridet rILl bc oonsJ,dorcd flnt.
Jrnrecn5 ancl Sandrbon6-9 h."" strmn, uslng rtnpLc 161g-D tlrcory,

that long ravclergttr lcr intengity bands (U^, f 0O) tn the apcctra of

these coryorrrrds nagr bc assigncd aa n{ll.' trenattionrr and a shortcr

ravelength mre interuc band (n ^-lOrOOO) as a 1r +1T' transltlon

Both barrdo are obccnrcd to undergo a \4roctrronie (Ufue) shlft rith
incrceslng aolvent polarity, wittr thc ahift of thc n +ff trsnsltion

beirU nrctr larger. A bathochromic (rca) shift lg obreryed, for both

bandr on conjugation dth phcnyl or acesrl groupr. Shortcr ravelengtih

bands in ttrc rcgl-on 50roo0 *.-1 to l+tr0oo "r.-l rhlch turdcrgo a

tgryaochrontc shif t rith incrcasi.rag solvent polertty have been -"fgntJ 
O

a
e! n+d transitl.oru.

Hlrpaoctrrod.c ghl.ftg rurc obgeryed8 for tbc n-tTt ead, 'ff -+'[l'r

trengltLons tl eotng fron e tlnJ.oarridc to ita corrcapondlng tbiohyclnzldc.
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The elcctronic abcorpti,on bands of thc rro grtup bave becn

sur*ied' by a nunber of rorko""1 '-15, partlctrlarly in cls and. traru-
azobenzenc r the abaorption bands of rtrich aro givar tn Table vr. 1 .

rncludcd in thls tabre arc the abso4>tl-on bandg of their conjugatc
acid^s in 7q perchloric acid.

TASLE VI.1

The Electronic Abgorption Bands for cig and rrang_
Azobenzene h c5Hre and rheir confugate rcids in 7$ ttcto,a'4

trans-Azoben zene

E
ma)c

conjugate acid
E

ulax

cis-Azobencene

E
na)c

conjugate acid.
EuEx

" D"t" t" fron roference (tz).

Jaff6 obs"rvedl4 ttrat tbc n >frf tranrition of trrrr.s-t obGnrcslc

is j'nsensitive to golvent offects. Holeyer, it he! sincc bocn 
"n-r.15that there is a gnn-Il tgpaoctrromlc shift ;ith ilcreagrng polarlty and.

hydrogen bonding ability of the solvcnt. The nagrLrtude of tho s,hlft
taa snaller than tlat for the n -+ Tr 

I 
of thc thloketo group, r!

obgerved jx ethylene triilriocarbonate.

AF

Vf .".-1 )
t8r5t*o u+r44o LtrSTo r+2r5ro ,1 ,55o ]f l+e 2gr9oo zzrSzo
t.98 Jr- 1 5 t+- 17 lr. Ol t* fi l+. 51 ]. 9g Z. 65

l+8 ,78O U2 , r7O l+O r 
gAO ,3 ,11O Z, ,7 jO

t.76 ). 85 ,.5T j. rg tk t+l

47 , B5o 4o,L9o j5 ,Bt$ zgrgao zz ,7ffi
l- 01 l. oB ]. GB 2.60 J.1o

t*&rlto t$rw ro165o JSrgm 291670 23rgn
l'- OB J. 81 U lZ ,.69 ,.15 ,. gl
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The remaLning band,s to bo onsidered tn tautorer f are thoaa

&re to the non-conjqgated, rcnosubstifirtcd, bcrucnc ring. In bcnzeno

there are trc alLoreit and. one forbldden 1r +1rr transitiongo These

are obsenred to undcrgo batlrochrornLc shiftg rhen grcups tith ]one

pair electrons &na ciubstitrted in thr "ing15. In partlarlar, ttrc

shift of the tro bands of longer rtvelergth tra.g been shsrn to bc

characteri-stic of ttre eubstitrrentl T t18. The band, na-rina for ben ,.ene

and anil jle ln rater are given in Table VI. 2.

TA3I,E IJII.Z

ELectrontc Abeorption Bandg of Bonzone and

Anl.]-irre in tetcr t

t 
o,, ** 

t t.,,, E
DA.I

tnr*- tt^
E

Eax

Benzene

AniJ.ine
49,1!O

4t rl+ffi

1.87

t.9t
,9 rr70

,5 1710

2. 11

,.16

t D"to from ref erence 1r r*).

The electronic abaorption band.s of t}re thioketo tautorcr of

&lthizone should therefore be a conposlte of band.s &re tp the thioketo,

pherlylazo and. phenylthiohydrazldo grotrps of the rclecufe. Bandg dre

t,o the fi+frr and. n -+ 1r' transitions of the thioketo group rhen

conjugated rith the pherlylazo group, riII bo expectcd to undergo e

bathochrcmic shift Tittt rcopect to ttrelr pocLtJ.ona Ln an rrneonjugatcd

thioketone. It is rcre diffic'ur1t to predlct the ghifts that ralght

be c:cpected for the corresponcting transitions in ezobenaene thcn e
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oon$rgrtcd tJrlocrrtonyl grcup npleocr ono of the oonJugatod phcnyl

gnoupt. tlorevar, the nqEdhrdc of arrJr ruclr rhLfts ahould bc !nrl-l.

The bendr of ttre phcaylthiohydrazidc group rho.rLcl bc ai-niJ.ar to tlmac

obacrrcd. for anillne (acc T&Ie VI.2).

The thloenollc tautoner (II) h! thc fomazrn skeleton (fff)
ehorrr bclotr !o that itg electron'ic abrorltion bands should. bcar r
dlrect rerctrlencc to thosc reported, for other formazan"l F26. thera

,/n:R,
Rt 

-t\N-ffie

III

hevc bcen no detail.ed. asalghmnts for formazan abeorption n:dma

publishcdr a'lttrfl.rgh the intanse, long ravelengttr band ("* Teblc VI.5)

can nealonably bc arsigned. as I Tf-+1t' transitl-on of ttre onjugatcd,

rao grfl{r.

Itrcrc both trcdt and fycllorf gerutrlcal isorcn rne obgcrrcd.

(ace Trble vl.r) the changc lrr ;avalcngtn and lnterrlity accoryanSrlng

thc convcrslon of the f redr to the ryallorr forn pare:Llela thc c5angc

tn convcrting traru-aaobengonc to its confugatc actd (ace Tab1e VI.2).
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TABLE VI. J

t V"Irr"" of log Er"* arc glvcn tn lquarlc brecketr.

Havlng dLscrrsged, the abso4>tion bends of the conrtl,hrent grcupt

of cLithi?nnc it nol reneLns to intcraret th. alrcotre of ditJrizonc

ln various rcdLe iJr tcrns of;

( 
") the tautorcric o+rlllbrtun,

(U) the farr poaaj.ble geometrical igorcra of each tautorer,

(") the ecid-base prcpertles of each of the specl,es, arrd

( a) the irrtra and interrcIeq.rlar \ydrogen bon&ing ablltty of eectr

of the strrcloa.

-YI.i .lL The Xetrl Dithizonatcg. - The vi.sible ebaorption bends of t*rc
retal ditrhizonatcg havc roceivccl consLdoreble rttcntLon drc to ttre rrlc

of dithizone aa en analyticel reagent for utal ions. Hotcvcr, no

attcryt has becn nadc to asaign either their viglblc or their

ultraviolet bands.

Irving anil Cox obuerved27 an appro'r'r-rtcly lincrr relatlorrghlp

bctrcen tbc ravclength of ttrc intansc vlgible ebaorption band, for ceA

Eloctrcnic Absorltion Bands of Sorc Forta.suls

Subs titrrent
Rt Rz *5 Solvcnt )) 

-, 
("*-1 ) Rcf.

ffi5 Ph Ph

Ph

Ph

Ph

Pb

Ph

Ph

H

H

Ph

EtOH

EtOH

Benzene

Benzene

58rt 5o [r* r z] Si rogo [r. ez] zrry1o[r*ld
,8,\5o [r*ro1 ,r,5p Ll.tg] 21,5&b*14

| 
5re11or 

| '24r5l0
f rrdr ?l_r?ff--

f 3re11w) 2Lr69 b. td
I red.r 20 rO8O F.l{

22

20

u

6



117.

coqrlex and. the stabillty constant of ttre @rrclponding netal lr]ifls.
This was ccrFidcred, to rcfleet the ability of the rctal l"on to forn

datlve lf-bondn. I:rtring, Cill ancl Cro""26 havc invegtigatcd tia
electrcntc spectre of nf(ff ) for:rnaaans and Ni(*r)2, hrt agrtn rp band.

aaalgnrentg lerc made rrcr tere any obvious oncluslons d.rarn conccrnllg

anJr reserblance betreen tlre tro systom.

flil.iil'. Xetal Thiocarbohvdrazld.es.- blt rcte-L ioru cooratnatc to
thc uncharged fom of thiocarbot5rdrazldc, so that fer sid.Ieritlcg
rall'd be e:cpectcd. betreen the absorptlon apoctcl of the meteL

thiocartotqrdrazidcg and tlre metal dithlzqratc!. The rcta1

tt-iocarbollydraaides are of intorest, both at a ner class of coordinetl,on

conpounds and becerrs€r ltke dithizone, thiocartohJdrazldc lras Aral ritca
aveilable for eordination to netal ions. The infrared abaoq>tlon

alrcctra of the uetal thiocerbolgdrazldlcs suggcrt t}rat they all coordlnatc

thnough eulplnrr and nittpgcn &nor atotns. It should. be poaalble to
confi-rr this by stu{y:ing their crystal fteld bandg.

E-2. E:cperi-rental

AI1 slrctra rcre mcerurcd. on a Unican Sp 7OO recor*ing apcctro_

photoreter. Abcorption spectre of solutLong rere obtained gsing 1 co.

siLica cells ;trile reflectence spcctra rerc obtainecl rrslng an attactrrcnt
described elgc?h"t"28r Tittr ugcoj al tlre refcrenceo

In the folloriJlg tabLes, band. frequerrcles enclosed in parenthcaoa

fuply eithcr a rcak abaorptlon or a should,cr.
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YI. t. Rcarltg ancl Dlacuealqt

VI. J. l_. goupqrade_ Bqlatsd to Dlthizone. - Tb! cLaotnonl,c ebro4ltl,cr

banclr of rorc rirylc o4rundr urtaining tle thloketo groq arc givan

tn Tab1e VI.lr- The assLgrrnnta ere bascd on t*re rclatLvo intengltlcr

of thc bands ancl, thcir bchevlour aa thc polarlty of thc golvent dra4gcr.

fith the exception of ttriocarbohgrdrazld.e, ebgolutc encrgies for tbc

band naxi'rra rere not iletor:rrined, for these or anJr subaequent oqlourda

sUrdied.

In tJriocarbotgrdrazid,cp it ls trnssible to dctcct t*re na} n ) ff '

transition a.s a rcalc band at approrinately J7rO0 -.-1 , ht Ln ttrc

s-dlphergrl derivatlve thlg band. is prcar"rablX nerkccl by tha seconderlr

bend. of the rcnosubstitrted, pherlyl gnoup. Tho rcat Lntcnse band. in
I

each spectnrn is that asslgned as thc 1r+11 trenrltlm of tJle thloketo

group. Confinnation tbat this asafunmnt is rcasonable ras obtalned.

by a coryarleon of sore of the coryannds tn Trble VI.| rfth the spcctrr

of ttreir orqfgen enalogues (sec Teblc VI.5) rhlch do not shor ttrig b$d.

The abaorption bands of s-dlphcnylcarbr?onc aro alao llsted. ln

Table VI.5 aa thls enebles the clrangec tn the f aaider slnctnrm to bc

irvestigated rhen an azo group ls intro&,rcccl.

Barlier shrdies of dipherlylcarb"oorr"l '29 'fr lnclud.ed a coqlarLaon

of Ltg absorptlon spectnrm Ln cthanol rtth thst of NrNr -dtptpnylformttan

ln toluene. It vag oncludca thet diphenylcarbazone criatcd ninly ea

ttre keto tautorer stabiliaecl by the \rdrogcn bond. forncd bctrecn t.}rc

lonc pcir of elcctrons of ttrc o:Sngen and. tJre hyiroryllc aolvant. Itr

both carbon tetrachlorldr and. toluene thc elrpcraerra of t;o long

ravclcngth abcorption band.r res a^rcribed to the lnecarpc of r dr(Urrr
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of thc ta'toreg. Tho teaJaer band al -17 r7OO c!o.-l ras attrlbrrted

to the kcto tautorcr and. the band. at - 21 ,5N ot -1 to tttc rnollc
)

tautorer, analogous to PeIr kisr s assignrcnts for dtthl'zotlc-o

A lrcre reasonablc aselgrunent for both of tho long ravolength

banils of diphenylcarbazone obgerwed. ln carbon tetrachloride and, toluene

is to attribute them to the keto tautorcr. The relatd.ve intensl-tLeg

of ttre tro bands are very similar to those of the tro long ravelergth

bands of trans-azobenzene ( see Table Vf.1 ). The bands arc thus

assigned as Tf-)Tft ( u zlr5og "*-') *d n -) Tf 
t 

( n lBrOOO t*-1 )

transitions. There is a negligible shift in either band as t.tre

polarity of the solvent is changed, and, thig is trr agreerlent rith prevlous

obsenrations for azobcnzor,"l 4'15.

In ethanol ttre bro long ravelength mcima are replaoed by a

silgle i.:ntense bancL Contrar;r to lnerious lriewe this spectnu ia

eonsidered to be t,ttat of a forrazan, frryIJ'lng therefor'e tltat tho aollc

tautoner and rpt ttre keto, ls predonilant ln hydroXyllc golvents. Tha

noro polar enol tarrtorer rould, bo expected to bc rcro stablo ln polar

golvents.

In neither carbon tetrach.loride nor ettranol ts lt possible to

mal'.e a4y d.isti-nction betreen the for.rr possible georetrical isomers of

each tautoner. Horever, it ig corpeivable that the tno bands obseryed

in carbon tetrachlorid,o and. toluene are due to ttre trans-anti and. trang-

s5rn config.rrationaL isotrerc of the keto tautoner, although the apparent

constancy of their relative intensities in n-butanol, carbon tetrachloride

Find toluene is erridence to the contrar;r. The change of solvent wsulcl be
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expected. to affect, to som€' dcgree, the pooltion of t,tlc eq..rllibrlum

betreen the t;o isorera.

VI.J.ii. Fthi-zoae.- The absorption spectnr.n of dlthizono Ln non-

basi,c solvente of lor polarity (see Table VI.6 arut Figure VI.1, orrvc A)

ha.s certqin stmj-larlties with the spectnrm of s-Aiphenylcarbazone iJt

g{rni'l,ar. rnedi.a. In particular, an intense band. ls obsenrcd at

,r22rooo 
"*-1 

vLth a slpuliler at n 17IOOO ot -1 , vhich can be assigned

es the 1|--+1|-r and, n -+'tl-t transitions of the conjugated azo group

respectively. One other jltense, long ravelength bancl ocstrrs 1n tllre

abeorptj.on spectnun of dithizone in the abovc solvents. This is assignod.

as the 1l--+ 1l't transition of the thioketo group rhich tras shifted, frcra

* 19r0OO crr. -1 in diphenylthj,ocarbaaide ls ,J 15 ,5OO * -1 .

In the proton donor solvents, chJ.or.oform and. glacial acetic

aciil, the tfij.oketo Tf -+ lf 
t 

transition und.ergoes the expected,

lgpsochromic shift (see Fi.gure VI.1). In lydrochloric a.cid. (S.G. = 1.18)

the absorption spectrr.r:n (see Figure VI.z) may be lnterpreted in ter:srs

of the protonated forsr of the thioketo tau,torer (I), on ttre basis of ita

similarity wittr the reflectance spectnr.m of the crlrstdline solld thictt

js lmorn to have the thioketo stnrcbrre (see Chapter II). Thero i.a an

intense band, at 18r7OO ctL-1 rith a weaker band at ?7 r1N "*-1 . Thi-s

is comparable with the spectnrm of the conJugate acid. of trans-azobenzene

(see Tab1e VI.1) vhich has bandg of sinilar iatensity at 2tr75}.t -1

and. 13 ,11o crn. -1 ,

In polar, bq.sic solvents, a ne; band ocsurs at '' I|Q'OS "*-1
(see Figure VI , ctrrue D) wtrlle in all but the prtton donor solventa lt
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tr pglblc to datcat i sbouldcr ln thLs rcglon. tb rpcottu! 1r vrqr

rld.l,er to tlrat of thc ptesaLrrn ralt of dlthironc (ooryrrc Flgurc VLr)

rhlah tr thought to hrvc t$c forugerl atnrchrrc of trutoncr II. Ecncc

tn proton acccptor plvcnts dlthizon la preacnt nalnly as ttto ttrioanolic

tanrtorcr.

Thc solution epoctra of dLthizonc can thcrcforc be intoqretcd

in tcrus of a precbntnance of thc thtoketo ta.rtoucr (I, Bf = R2 = Ph)

ln proton dorpr rolvsrts rlth ttre c+uillbrlun Bhtftirtg torardr tlc

thl,oenoll.a teutour !! ttre proton ecccptiag atrcngttt ancl polarity of the

golvcnt lncrerscg.

Thc onfiguratl.on preferrod by each tautorer i! not evl-dent

from ttelr v:laible abaoqltlon spcctre. Horever, thc proton De rL !o

olrctra of dithi?rtrc ln dcutcrcchlor"oforu and tetralydnof\ran suggest

that the tbloketo tantorcr has the trans-syn configuration in these

golvcnt!o

The r"enarkable stdlarlty betrecn tJre reflectance spectnrm of

ditttizone and ltg abaorption spectnrn ln concentrated, hydroclr,loric acid

(ree Figurc W.2) dpgeryes sorc coucnt. In solution in hycirochloric

rstal the clrctrel drangca are i.ndicative of protonation of t}re thioketo

and, aa groupt. Ttrrs it lcirld geecn that the aanc phenorrenon occl"rni in

{fie golld ltetc. fhe prcton &nor in this case m.rst be an N.H proton

of an ad.jacent &ithizona rclecule. Such an arran€{ement (fV), with st.rong

l{- H ! '.o t{ and l[: f, ....$ lntermlearler ]grilrogen bond:ing, wo,iltl erplain

tltc ebrcroc of N.H atretcttfxg vfbratl,ons from the lnfrared abscrptic'n

apcctnu of dl.tilzone i^rt the pllct gtate.
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il

lhff pfmon of lnts:rctfry ur'nillrtri ofmqhou her brrt

obrcrlcAI for tcr.rd o4lcr oqfJd! nfianlcr rnd qggctr tirt

eo1idl il,thizon nlght brbrvr er e rd.oainbr rttb rn crafEf 8rP

of ryporllatcly l8rlOO *-1.
ft rbuld, nr br lnrlhlc tD tntclnct tb rbrorytJon alleotn

of thc &a'I.vrtLvaa end rtrl orylcu of dltlllorn ln torr of onr

of the rtnrcb.rrct Illurtrrtrd bdor (V-Xf ) 1 rrrtry t*rc ullgrrnnta rtrteb

hrvr bra rri. for dltll,totlr

Ph
I
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t$Phitl*\ 
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II

{

/EIr

B-s- "(tr 
x/

\r
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n-s-
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\PhIlr\\lh

r VI



,/u- ,y''\o '/h
'( rzI

,/s\r/\l^t(* 
r'I

VII

Ph

s- "(':t!-\,u-"(*
/';-(*g-g' \ln
\* _r(

\h

Ph

-/;:*(er-t- \f-__\
\n -/

I
IU

\

vltt

1*r

I
Ph

I

Ph

Iu

.II

YI. l.ill Pptr|rtur lllthl"sonrtr.- lha ebrorltlon apcotre of ti.
dltlrltcrtr rnlon, roluhlc on\y tn poler ndtr,, en givca for r ru€c
of anob lolvntr ln lrbll VI.7. Ihe intanc rbroqptton brnd, et
*?fl(nO o*-l (reo l5.gunr vl.r) 1r enrlogotra b t{ro rbrorptlon brnd,

r|rlgncd to thc tdriocnollo tlrtonr of ctlthlanc md, botlh ue rseLgncd,

lf thG clreractarttde lons rrvchng{fi formeren rbaorptlon ba1d.
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IAEI TI.7

Eloctrprtl.o lborTtlon Erndr of Foterdur D'tddrnrtr

biflr Vt-.-f ;

lrfiLcotrner
rcE
rtoE
n-FnE

t.fiOE
lootosrc

c5ff*-
I5

18r&o
l€r5m
57rm
17'm0

(*ram)
(u,zm)
(*,roo)
(t*5rrm)

(n,w)

( ze rr oo)

tErgo
frrls^
8r5@.
rr'tr_
fr'7@
ltr6@
l9 tlPO
ltrm

,6,p
f1dIJ:
15t?8
fircp---

yrp 27 116^

(a rzm)

(lr,lo) ,,nn (n rp)
(55rmX:orm)
(rz,jmXprm)
(rr,7m)(p,m)

Bercd on thla rarignunt, potualln dtttrtrnrto rtnrld. brvc ctthc
rtnrctrrs V or ltnrctrrc YI (n - f,). t}r hf1llocbod,c ahlft for thc

long ravclcngth abaorTtlon burd, fn Sofag. frot the rcltd or ltr aolutlon

in dtcthylaulpbrl,clc rnd, krtona aolvtrtr b lt! solutLon ln rlooble.
nagr bc drc to the converrLon of V to fI.
thc I rodt to t yallorr drarrgr obrencd. Ln

Horrvcr, tlrc proton Er]F. rpcotnu ("*
atnrctue YI ln at rct\ylulphorldr rhioh

conflguntlon 1e rlnyr rctrlncd.

b lt! solutLon ln rlooble,

Thl,a ruJ.d. bc oryareble to

otbcr foruelans (tce Teble ll"L]).

p.l6) n1ggcrt! thrt it her

t-qltcr tlrrt tJrc trenr-eJm

pbtlv

- Thia oryounil he.u en intenre abaorTtJ.on

bod tn tbo rcglon 21 ,1mb22rJm -.-1 (rcc trblc YI.8 end Ftgnra rl-I.))

ln proton roocptor aolvcntl l rhich udargoce e lrypcoctrrod.c ghlf t tn

prcton &nor aolvatt. I rld.Ier lhtft ooarn on fordng the S-uttvl
dar{'vrtlvc r }n tlyl thlo-2 r }aUfhcryl te tren l lru lo dtdc, gre nc fl eottncc

apotnn of rhloh her r rtpuldar at 24rjo} .r. -l . fhia bchavLour ls
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enalogoua to that shorr by potaaslru dthtzonatc *lich arggcotr thrt
the lattcr coq)cnurd her rtrrcturG III *rlch tf the gtmctrrc Dst }[kr
thc tctrezole rlng of dclgrdrodlthl!(trler

TABLE \[.8

llatnontc Abrorptlon Berrdf of Dchyilrod.lt*rl,rnc

Icdlur , (oo.-l )

IdE
r-h.OH

Glacr r.1 HAc

I5
Accton
ffifl,/.s
st

l+Er&OO 19 rfr ?J+rm (tZ,ZOO)

47,qp ]8,&o ( trrooo) zzr70o

]8r&o ?J{.r?sp (16rm)
22rp
nr9f.n-

nrw
a,1@ (16,zoo)lErom

It"I.J.v. S-l{cldlyldltl4zonQ.- thlg aoq)olrnd h8s been g}Drn +n erist i.tr

rolution ll trtm-rJrn rnd trans-rntl conflguratlonel isorrra (soe p.lO)).

Bandr oblclscd ir tlrc rcflcctenoc alrctnu of thc rolid and, ix a rangc

of solvents ant given ln Ttblc VI.9, The rcflcctrncc cpcetnrn has I
barrd at 17 ,m -. 

-1 rld.hr b t;}ic intonac bend et 'l 7,B@ *. -1 J.n the

abaorption apcctnrn of a frcsh clrlorcforu golutlon. A ner band at
-tl2) 17W_ crL elorly appean tn thc rolutlon qrcctnrn rith a corresponding

colour changc fmn rlolot to Jrclla-brotrt. A alorcr c5angc raE observed

in carbon ilbulphida (a.c Rlgure YI.L) h ;hlch ttrc band. at 17 rm *,.-1
ra! rcplaoed by ors at Z'rtOO 

"..-l , drilc I rc1.e raplct cfralge octrrred.

tn polar, berlc ndla r3d tn hyc!.ogen bondirg rclvcnts. Thc bandg at

-'l7r0@ at -1 rnd ^,'2rr0@ cn -l erc tlF clraractcriatic absorption bands
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a

of rrcd.r and. rycllorf foru.zantl. fhe lralGncc of e trrcs of acld can'rlct

the rapid @nversion of thc rrcdr Lsorcr to tlp tyellorr iaorcr, e! obaetrcd

l,n the proton n.D.r. !fudy (a"o p. 102)e rtrile thc rdditron of l{sH cruseE

the rcverse charrge. The elight h3ryaochrod.c ahift obeerred for Itr lncrcase

in t,11o barlclty of ttro aolvent na;r bc dre to dcprotonation of the rcrraJning

N.H group.

Thc obse1'yed colqrr change Ls attrlhrtcd to ttre convergion of ttl

trans-anti f rcdf iso6r (V, R = S.*f) to the trana-aJrn r5re11o;r isorer

(W, R = S.Of) rtrich irrvolvea an lntrarclecular hydrogen band. Thie ig

in agreerrrnt rith botlr tlra n.n.F. and thc tnftarcd rasrltr. Th3 violet

solid can tlrercfore be asaigned thc lraru-tnti onfiguration, also fcund

for solld dl.tfiizone. The tranr-antl onfiguratlon ig pre$rroably stabilised

by intenmlecular interactlcrrs, rhich explains the absence of an N'H

atretching rribratlon fron t}le infrared abrorptlon spectnrm of the solid.

lDz)^.- t.lrc

-z

corplex Ug( IDz) , 1a lmor6 ( see p. 29 ) to invoLve

oordl-nation of the thloenollc tautorer of dlthlzone (Vll, H = Hg(II ) ) ' irl

tJrc solld ltate. Al crpocted for the forma.zen gkeleton, e strong band is

obaenred ln both the refloctencc rnd the rcIution spcctre tn the regj-on

-'l 
I

1 B rooo .* -' to 20 ,hm cm. ' ( ao" Table W. I o). Thc slmilarity betreen

tle ref1lectancc apcctnrn of the colld and tlre plution spectra sugges ts

that the golld gtrte mnflguratl.on il rcteJaod. in aolutloru

The bathochrod.c ahlft in pol,ar colvent! can be attributed to

llydrogcn bond,ing of 15" 16na{nirr8 N.H lrotonr e! in rtrongly basic

golutiona thc conplex hrrng vlolet end a I aeondarlrr ouplex, FtgDz r cari
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taEt tE.lo

lil.cotronLc Abcor1ltl.on Blrrdr of Eg(ED!)Z

tn fect bo lrolated. Add{ tlon of a drop of Af NdE to a ,il mthyl-
nrlpholcldc colution of I[(IIDz), Iotcra t]r brnd, fron 18,JOO cEL-1 to

l8rlm ot -1 , rhlle e drop of rrlphrr{.c rcdd r.eirca t}p band b
lgr8m Q.-1. (..c flgurG vI,5). It egnere tlret ltro renalnirrg N.H

proton of Hg(EDt), le rcrcved, et rlryrod.netcly pH 12. thc ebillty of

lou ntrl l,onr, lnclucllng Hg(ff ), to fom accondrrl' dlthlzonateg lnay

bc rttrlhrtcd to tl:tr heving lorer fl! vrluea. Thcae nqy ln turn

bc attrlhrtcd to t}rc rblJ't ty of ttrcgc rctrla to f back-donatet or

partiolpate ln an lnterllgend lt-ortltel rptem, al depicted, belor (Xff ).

bdtur P ("r.-1 )
Rofleetancc

61.
4

csz

crDlJ
cG%

ts"t'o,
IdH
n-hrOtt

Acetonc

Acetone + NdE
Aectcno + Hflf.
otw{s
[rG
rrrs + HSH
nS * Hflr.
Glachl HAc

?orlm (rz,zm)
,7rW (prOO) ?or]tr (r7,0o)

19r]tr
(Jsrloo) ,7 rw (rormo) aori@ (rzrmo)

20rtm
1gr7m

r+8rrfm (rgrroo) ST rp (rorm) ao Jae (18rooo)

LTram (fir9oo) 57,ffi (Jormo) rg,w
20 ,'l OO

18r7OO

20 r&OO

?f.rw
*rw (Jorom) (19rJoo) 18,Joo

18r100

l grgm

,7,W (Jorom) ao,4.m (r7,zoo)
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XII

As thc ff -bonding ablllty of the retal dtntniehca , thG encrgy of thc

onJrrgated syctcnr gtrcu1d rige cnreing an inoreare ln ttre beslclty

of the N.H proton. This chonld alro reault tn I dccrclsc ln the ebltlty

to hydrogcn bond thlch trl€ht crplalrr tlE llncar rclatlonhlP obacrvcd'

bctreen the chendeal ahift for tltc N. H proton Ln rt{ mt$grfrulpborlclc

and the atab1lLty constant for ttre retal Althlzonetea of clara 1

( see p. 1 O?.

vr. l.vtl. N1(Hps\e.g(Dr)e. ry$D3l@5.- The Lnfrarcd'

and n.1.r. alrotar of the dithizcratcs of tlre nd8 ntal Lons, Ni(II),

pd.(II), pt(II) and m(frr) have becn atrorr to bc dlffcrent toon thc

rom,frder. Theee dljfcrcncct cen be ettributcd to e dlfferencc in

Itrrcturc, although lt has rlso bccr arggcatccl that tlpy r[ght arigo

(falfc lJ|[.tt) a,].ao qrycu b be d.Lffcrant fron tlrc rpcctra of orplexeo

typtfted by ffg(HDn)Z (aec lebLcr yI.lO end f J) tn thrt eddltional

long revolengtlr ebrorptim bandr uc laclcnt. fhey ell hovo rn htenac

baad et d AOrmO *.-l ta olrtorcforn (t"" Ftgurc VI.6) rnfcU ould bc

bccaurc of e cllffconc ln oonfiguretlon (ecc p.lO9).

ThG elcotrcnl,c ebrorptlon epcotre of tnc nd8 ntal dithinnatcs
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1 rr.
TIBLE VI.1 1

ElcctronJ'c lbrcratlon Bendr

Corylceo of NI(II), Pa(ff ),
of tb Dlttd tonc

Pt(u) end. Au(IrI)

Y(-5Coqntrnd, Icdle

Nl(HDz)2

tl

ll

Nl(rDr)r(rv) 2

Pd(HDz)2

Pt( HDr)2

Au(HDz) )

6zl
cc1, I+l
'GHG Ite"r*, 

IllcoH 
I

r-Br.oH 
I

i-PrOH

c,urcocf: l

Acetonc

cflcl)
CFl, + pY

lctacte.t HAc

1""
lRelllectancc
I

l*',
l*tr
l*t,

(2orr@) 1 o,m (lr+r5oo)(lo'8oo)

(z5rmo) eo fiao 17 rw 1&'8oo (1t ram)
(z'r9oo) aorrn 't7 rW (tr*r5oo)(tt raoo)

zrrcm (mr9oo) rz ,p (llr5oo)(tl rs@)
(z5rw) zorfoo 17 r7n 14rlpo (to'm)
(zz,m) zo tfr 17 'so 

(t r*r5oo) ( t t 
't*oo)

(zzr8m) znrToo 17 rW 1t*,40o (11 
'600)

I grso (1 T rzoo) (lr*r5oo)( t t,5oo)
(e]rom) zorgoo 17,7oo 14,6m (1tr7oo)

( 3o rooo ) (zzreoo) 20 ,2oo 't7 ,r@ llrw ( t o rZoo)
18r5O

(zzr8m) 2or9oo 't7 rP t4,6m (tortoo)
(5trmo) 19r&m 14,5oo(tormo)

Dr7m (t8rmo) t5rooo (t zrom)

(rorrco) 2o,too (t7,gm)(tf,too)
(

( 5t ,mo)(zlrzoo) zor2oo (te 
'mo)



r1.

errlgncd er thc band drarecter{.rtlc of thc fbrnrm rkclcton,

auggcatlng thcrcforc tfirt rtnrcfurce II rrtd' II ero rntLtclt $rc

fotnasrrr ekcltton 1r caprblc of oordtnetlng thrurgh elthcr allplur
or nltrogcn aton !o tbrt atnrctrrer EI, VfrI r1d I 11\c rl1 porglhlc.

Dtanagnetdc M(II) foruans rrth rtmeturo I (n r ltl(Il)) hrvc bcan

Prq)u! d21 '?5. theac el.r hrvc e etrorg ebeorptlon brnd ln thc re-ngc

t , rooo "* 
-l to I 5 ,ooo -. 

-1 ( acc Trble \,:r. t 2) coryanDlc to thc

barrd, at 1&,fi& "*-1 ful Nr(m!)a tn ohlorcform. Honvcrp lr no S.H

abrorption ras oblcrrcal tn elthcr ttrc tnfnrcd or thc n.lLFr rpcctrr,

of thc nt18 rctat dit}rlrnatcr, thcrcat l{.H rtrctclrtag bandr havc been

obaerrcd,r rtnretrm x rould appcrr to be unllkery.

lhc ldcntjflcetLon of d-d tranrttdonr nrld ergist tu1 rtirtlngulrhing
bctleen cnviraoncntg of forrr nitrogcn &rurs or tto nitrogcn and h
rulpturr &rrcra. There hevc bcen e nunbc of qrantttative trcatrrents of
the clectrrnic apcctn of equerc plener na8 coqlercr 52'fi. Gray

rrrd Brllfr-tttl7 hevc lhom, ttrat ln qTetam lnvolvlrrg a liga5d, 7f -orbital
strrrtar ttrcrc lLLl bc thrcc olordy lprcGd utrl to ligend ehargc

tru||fcr bandr arrd trc re]J apeccd llgend to D}tel bands. I]us tn
l{f(HDt)e tc mtrld crpect ttrrcc rarlc drd bendrl thrcc uetal to rrgand

srd tF Ilgord to ntel olrargc transfcr bendr er rlJ e! the bard!

fue to lntrrllgudl trrnrttlonc. Bandr of e.11 four ffper rene idc6tlftcd
tn nd8 Ctttrtmreletr mqll"t"r)Z by orrryhg crlt o x.0. trcatment of t5e

lll(Il) oo4lcr. A oo4lctc ratgrrnnt of t.hc bands of Nf(HDz), rculd,

rcqllrc e eld.ler trcaturt.
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Ils.l Yr.lz

E0.sctmntc lbrorAtl'on Brnn of Sor Sqren

Planrr Nf(II) C41ao

Abbrariatiotr urcd: fomrjrn 1 ' lrtJryI-l ,5-6Slotttfornezrn;
formr-zan Z r |acotyl-1 ,S,-Alplraylfornelrni dto - cllrtlry1 dlthlocertrnrtc;

cran = ettryl gntJrrtc; cltp E dlctlyl dltltlophoaphrtr;

atoz- = di thloore,Irtc; thiopic - N-rl}VltlrJ.oplolined'dc.

t
Denotca e bend. eralgncd as a d-cl trrruttLct.

(-.-l)

*r1@ ?6rffi
,1 ,ffi ?5r70o

!5'70p ,1 ,6@

J8r5OO

firm rrrIl-_
?,+r/{ff.

28rOlO 2)198 12r8,?p/

y rry 27rlfr 14r5O

zrrfff ?0r/1tr 151600

zrr9fp 2or&0 lrrw
torzm 9rJop.

26rlo l9rlm 14r'on

tl}rm 9,0@

,rr!ff l9'9m 'l7 r7AO

azrtrf/(r?rmo)(lo,l+m)
lgrm(l6r7mxlorl+0o)

jOrffi(2],8m) (rg,em)

27r(In Z+rW 18lpo (tOr9m)

15rzmr
1 5 , JOOr 1O ,5m'

5
n
rp
l'o

rp
rp
r+o

to
r|o

Bar zcrr
EtOH

cI{lcl{
rrr$

Bcf.
rIR

Rqf.

GrcI,

w

l+lf

l+l{

b3

ls
lrS r A{

hs

l+S, A{

r$
8, t{
25, Al
6, A{

25, A{

8, A{

8, 4l{

Nl( foru,an 1 )t
Nl( fomurn z) z
Ni(dltr)2
Ni( eren),
Nt(cxrn) F,
Nl( dtP)2

nr(atp) zwz
Nr( dto ) ,'-
nt( trcar ),
Nl( trcrz),
Nr(nHrxmr),
}Ii(mr{cs.),
Nl( ttr-ioprc ) z
Nl( tnlopic)z
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If lc rccryt th€ aarignrcnt of tho brnd tl nt zOrm "*-1
ag e Ll,gand ,lr --+f ' trrnaltl,on, tlren ttre tihrec longcr nvelergth

bendr ould bc rslgled, ag ttre rctal to llgartal chrrgc trenrfcr bandr.

Eo;wer, ttcrc erc no bandr rhlch cen bc eralgncd ar d-d tranrLtlone.

The other qpmach 1r to ouparo tnc elcctrtnic abaor?tion

lpGctre of lquarc planar corylares rlth cnvironrcntr of four eulplarrt

fc1rr ni.trogcn , and trc nrlplnrr and trc nitrogen &nor aton ( sec

Table VI.IZ) riUr thc abaorptlon alnctnn of Ui(tIDz)r. It can be scen

that begideg heying e band slniLar to t*re lorrg ;avelengtlr abaorption

of fYi(ff) forzazanr, the rpectnrn of t$(tOz), also rescniblos tlrat of

Ni(trcar)z (aee Flgure yI.7) *rich ie trro*r59 to involve a &i^etortcd.

sgrar\E planar arrengercnt of tto nrlplur and tro nltrogen &norg.

Thc ebrorltion apectnrn of N1(NH'.M.62)2, considcrod to have an

clvtronmnt coryuable +a that of Nf(tacrz)rr i! rlao ll-nilar.

In dtnttylarlphortdc erd. pyrld.lno, nf(nOz), ls converted to I

high-spfr corylex, lrcaunably rlth octrhedreL ayurctqy. The abaorptlon

spectra ln thege golrtnts ghor e aingle lntensc btnd at ^'19;OOO "t 
-1

The rcf,Lectarrcc a1rcctnr.n of tlp puenrgnetio oryler isolated' fron

ctrloroforq/pJrridinc rho;r an eddl.ttonr1 teak rtrouldcr at d 1210@ *,.-1

rhich 4y be the ftrat epln-allmcd dpd trangltl'on.

It can be oncludcd that thc clectrcnic abaorption spetntm

of Nf(ml)z strsrg rtrilarttlcg rittr Ni(II) foruazanr rhl-ch involvc fqrr

nltrogen &nora and. rith m(t!cea)2 rnA ili(M2.ISr.CS2), rhich invoLve

ho ulphu ard tto nltrrogcn &norl. Hmwcr, lt ls rpt evldcnt fbon

thclr ebrorptlon apcctra rtrich of tlre rtnrcturc!, VII, VTlt and. X, is

prcfcrred by Ni(HD!) Z or ttre ot*r"" .aB rctal dithlzonatcs.
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1l-Irlovillo l{iscellancour Dithizorp Comlcresr- fhc electronLc ebaorlti.cr

bandg of the remaining nretal diilrlzonatca, ahrdied. ln chloroforn golution,

are listcd in Table VI.1 r. They all havc one intcnse band in the reglon

18'OOO- zzrxffi cm.-1 , rith tore having a shouJ.dcr at ^"16r@O "t 
-1 rhlch

rr&y correslrcnd, to tlre rhoulder obsenrod in the apectnrn of the trans-ayn

isomer of S-nettlyl dithizone and to the shouldcr at *17 $& oo.-1

J-n Ni(HDr)z. The intense banct can be asaigned, ar t}rc lf +fir trenrLtl,on

of the forrazan skeleton, a^s obsenred ln the dithizonateg alrea{y

disstrssed. Sudr an assignment rould hetp to e:cplain the apparent

abgence of any correlation betreen the ravelength of absorption of

indlvidue-L dltlrizonateg and ttre electrpnic stmcturs of the cation

from rhietr they are derivedl r€rnerked on by Inring 
"rra 

Cox42. Thc

ravelerrgth of the ll-+Tf ' forzp.zan band ghould nainl.y reflect

tlfferenc,e! in the strcngth of tlre metrl to nitrogen bond., rhereas it

is the atrergth of the covalent, rreta1 to snrlptmr bond ;hich is ttre Imre

irportant variablc. Additional evldcncc for t.l.is conclusion can be

obteined by consldrring the ebaorption banda tn thc electronic spcctra

of the retal eorplexes of g-dlpherlylcarbasonc (see Table \t.I.1J).

Both the ravelength and ttre intcnsity of ttre raaxi-ura ix the s-dJ.phenyl-

carbazone and. the tltfiizone corrylexea of a particrrlar metal ion are

gimilar. Thie can be explalneil if both aeries of couplexes involve

gtruchrre VII, anil its orrygen analogtre, rith the band being dre to
I

the TI+fi bancl of the a?n group of ttre for:nazan. This band should.

then be little affected by the orrygen or sr.rlplnr &nor atom, as is ix

fact obsernred..
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TrEtE lrl.1 5

Elcctrcnl"c Abrorptdon Bandr of Sre Dltdrlpnc ud,

Diphcnylcartrnm Coryleror

t D"t" frpn refercncea (lf) and (r*), rith log E tr rqrane brackets.
b D"t" fron refersrca (r*f ) , rlth log E ,- ta

bt&t Ion
Dltlnlrn Dtphdwlcertrste

Vmr: (-.-] ) Vmlr, (cr.-rf !tot.r-,. (odt )o

n(rr)
rc(u)
co( rr )
co(ur)
Hr( rr)
cu( rr)
c'(r)
ar( rr)
pa(u)
lg(r)
ca( rr )
rn(rrr)
sn( rr )
rt( rr)
ru(nr)
tls(u)
rr(r)
m(u)
si( ru)

srclrlfr
C\rDz

1grzm 16,m
1g11@ (16rom) r l@

(zt,Jm) 18rmo

n rw (rar5oo)

?or?cp

17r*5O (rJr2Oo) 5r?m
20rO@

18rl|oo (t5 ,1oo)
20r&oo (r7,goo)(rr,100

20rO5O ltr]ff-
20rrcO (15rOoO)

20110O

19,w 15,10o

22rtrp (rOr5m)

t 8 rr+5o [,- ZZ]

zo,En [r*16l
1B,1Bo F 65]

18,6n ir* IZJ

22r2a0 ;t*fI
21 ,6n [r*. r.f]
1g,zF [r**1
19,610 [r* fl]
'tg rzlo [r* zx
2O,l+1 O [r* rO1

22 rz?o [4.5q
?o16?0 [l{. sr]

19,610 [u f e]

1e;2e tud
20 ,r+1 o [r* rr l]

19r?ff.

19 r6cp.

18r2OO

20,OO0

l Brmo

1 8 r9OO

20,8OO

1 I,9OO

1Br2OO

t 8r5oo
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.

Iong ravelcngttr bandr of reak tntcnei !r ( 
"* 

Flgr.rrc lII. 8)

obaened tn tlre spetra of Fe(HDz), and Cu(IIDr), ngr be arclgnecl aa

d-d trarul,tions.

A tnoprr{qensional X-ra,y crystallographic study of Or(HOz),

(see po 29) ras interpreted in terms of a EqluaFe planar corylex.

Horever, the absorption bands at ltrzw 
"o,.-1 

and 6 ,2N *,.-1 jJl

chloroform solrrtion suggest that the ccmplex has tetratredral eSrn'rretry.

A band, at l Jrooo crr,.-1 ix the tetrahedra.l anion cucrrz - has been

assigned. as a charge transfur Uan# wldle a band at ,,8O0 *r.-1 ix

the absorptlon sFectru:n of Cu2+ in ?,rfi haa been arsigned. as the crystal

fieItl., 5rr** %", transition4T. The band.s in ttre absorption spectmm

of Cu(I{Uz), are similarly assigned, giving Dq a value of 520 *u-1.

The band of wea.lr interisity at g IOA cnL -1 in tlre absorpt.ion

spectrum of fe(nnz), (see FiEre VI.8) can be tentatively assigned as

a d-d. transLtion, possibly the 1tZS 
'Or"band, f<rr a tetrahedral

corplex.

VI. f. ix. Hetal Thiogarbohvdraztdcs. - The electrcnic absorption ba;rds

of tJre re(u) , co(rr ) , co(ttr) , Ni( rr) , crr(rr) and pa( rr ) corylexes

are licted. in Table VI.14. Includcd. for c.omparison are the electrc.nic

abaorption bands of the Co(ff) 
"nd 

Ni(Il) ccqrlexes of thiosencicarbazide

and tJrc Ni(II) 
"onplex of carboh3drazid,e, Assignrants have been mad.e

for the Fe(rr), co(II), co(rrr), Ni(rr) 
"r,.1 

ar(rr) complexes assuming

octa,hedral s5rretry abotrt the neta-l i-on.

The double peak for lfc(rf tcaz)rrcSJ at 1 ],600 cm. -1 aric tr, eiu 
",,,. 

-1

(ace Figrrrc VI.11) is corparable to that at lOrbOC.*-1 ar.C br5og (:r,.-1



I

o

A

/\ ,^ .-\ A T

A

-utt!F{,.7

f,A,.\..|\|,^|\r\./\./\/
^8s I I I E,Fuo=t(K-+

arFtttat.rdf R E R N
t8.ro....i.r \/ v \/ \-/ El ^ A ^ ^t^

RgH,ntgRRgR e*, a .
itatalaaa.F

& SRFSFSFS -flA+.rr .. .. .r .e 
aV 

\-/ \J \-/ \-/
oC{aaa9
€ 1s A-^ R R $ I

ro|tl..t.
€).<Bta\./\O\O\OV)
r{'rFFF

f8.....r.rrq,\i\r'\/\/*^aS.
g e e e 9 =i Fuo tua^
(JLI\JOONtF-S+ O O \o \D + A -$Iaatr.rlH
tn ln tn tn U\ v v(!

rFrF?fa ^g 8t
-u R r\ --bo.r .. rr o. .r !.1 i -? -F{A A A

^qD^?'\/Utr+,rto-f- Fx A A : e e
+ + t r a j-h ^ q q
't0 -f0 \/ I{ r\ I
$f .,F- ;rI (\l

FtHA4\rf[ .tt O l_ I t 3
\/ v \/ v \./ lilAO .r

t€.AI .-
9Q I I e a oSgRRRR?g\/\./d*id d d d ffiffigRgE: n

aatlaaa.(^() 0\oc'\oo\o
(F (F (F

Bo

+,ttroEd]F{}apT PB E o*
,<r r?t F'1 t(\l r-t CV F{ o (\f CenNFt()$l$lt{$lNAd* ,h, +q"q"$#d,..d*? ? $ t G ? i ,s? r

aao+.td?JNqtqtssa 8r x88s ESii5I!, 5, .-51,59E,555
OOOU.d.l{.c{.rl=d

,!rJ2, .-g f = = = = 'J r{

1l+O.

bc

.5
oI

F{

c
ht
H
EI
l)f
a

F:

.9
+t
ar{
B

3
8
3,
a

.5

'do
t{
J
H
I
Ftl 6Ot{t{ +tf'OD(tg
6qlk
P{l
8HAdo+t(,o0)
!|FIl) q-.
,c 0)E{k

.l

N
ql

st
S{
o
g,
tl
xo
Fl
Fl
Bt
o

C)

t
{J
oIrt.aq HsHAE

ElOLtNElrC
H ET€E

F:
o
$
Fx
oa
.a

o
.Fl
c
Px
+t
oo
d
H



\

-- --- \/p.

q)

ar

dp
Fl
o
rOp{



tn tJrc rp.ctnrn of fr(H20 )e'*, rhcrc ttc aplltttng lr rttr{'hrt dd

to r Jrbn-fcllcr dlatortlon.

Thta cll.atortccl octa]rcdbr-l cnvlronnnt 1l

thc co(II), Nl(rI) ena cu(It) orylerca.

The bancl ustgned. es ttrc \. ^) !" -(")1g 1g'

of ure isorcrl,c corylsxcs p"{t*"r)ru) ("." Flgure trr.9) is apIlt,

rlthorgh by cliffcrcnt emrnts. The orrerlnndJ.:qg bands tn thc brcrzt

and viol,et lsorcrg of [C"{nt """);fl""" also rpllt; end in botJt cases

this rpLlttirrg can bc attribrrted to a tetregonal or rhodLc dirtortlon

of ttre qrbic field. The dlffcrent splittiag of the brcn and violet

lsorcrs auggcats that tley m41r bo trang end ci.s gcomtrical isomrr,

ra a larger aplitting t! axpeoted, for the tranr L"o*"49.

the ralrrcn pJnlc co(trr) oorylex Iful*(tcaz)rcrr], has trc

bands in tlre vlsible rcgion (see Elgrrc VI.9) coqparable ritlr thoac

of co(Ill)("lrtcinatc)5> "t 17,ffi "r.-1 and 22166 "r.-1 rnd, Co(III)

(rcrcaptoctlyl 'rr")l et 17 r55O cdt.-l and 2Jr05O -.-1 . Both of these

ltgandE provido a ctrbtc fleld. of three rulphrr and three nitrogen donor

.to-ts auggestLng that ffS[C"1tcaz)Z0l?] lnrrolves coordinatlon by tto

aulplur, tro nitrogon end tro drlorlds dorprs. The "upo"f1 of a Co(III)

oorylex of t}loaed.carbezid,e, lnvolving an envlrorrrent of thrcc sulphrr

encl ttrce nitrogcn dorrcre, rtth absorption bandg at ||.LDO "*-1 and

tgrlOo co.-1 , 1g addLtlonal cvi,:lence that the co(fff ) orylex of

tlrlocarbotqrdrazifu il oordlnatcd. by both sulphrr and nitrogen donor

ltoG.

fhc spllttfry of tfie flrst spin-allored, band (lOrra \ *)
tr tfrc Uf(ff) coqflcxes (""" Ffuurc UI.iO) lrtdieates a tetragonal

lh1.

dso obrencd for

transitJ.on ln caPh
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splitting pararctcrsr

the splittlng of the

a'a h* levers*.

1112.

di.stortl,on sicllrr to that obserwscl ln ill(Htgorr)fr*

Nl(py)Ucrr". A dctaitcd rtrrclgr of tranr-l{1(mr)b(rc2)z end

trans-N1(MI,)U(tCS), gho;ed tJrat the tctregonal aplttttng of thc)
octahedral level! ta! dependent on tnc relativc lnaltlons of tJre sr.lrl

and equatorial llgard,s ln ttre spcctrochotcal t""1""5J. The tetragonal

for NI(II) irrludc the parametcr Dt, tlcftnod, by

oc talre dral for*{ f ) levol into ttre tatragona} 4,g

values of Dt for Ni(Htca z) ,ctr, Ni(Htscaz) ,clz and

Ni(ttcaz ) ,ctr a:r.s 1 1 l* clo. -1 , 1 ol "* 
-1 and 6o .* -1 respectJ.voly. Thac

auggost the errvirorrcntg )l{JS end $r.p ratdrer tharr an snvironrent

consiatl-r1g of nltrogen atom, rhich rurld be expectod to shor negligible

aplfttfng. Thc envlrrorurent l{rp for Ni(Hcaa)rCtr l"s contrarT +n t}re

suggcstion of Caupl and co-rorker:s55 ,fn preferred en onvlronrcnt of

four nitrogen donor atom.

Ad/ii tl'onal cvldonco farulriag a stnrcture coordinated by

throe suJ"phr and tJtrec nltrogan donorg nagr be obtained by calculating

Dq and. B, tho intereloctronLo rrlrrlrlon tort, for thc Nf (II) cory1ox6!.

The rpectroclpmtcal lncltion of both thLoaod-carbazLdo and

tfilocertolgrdrezld,c, at Eartrrcd, by Dq, ia betrccn 'rnonia end. rator,

and la +1ro su,ghtly htgbcr tbam for cartohydre-ldc, rhero Ni(Hcaz)fr,

is tltottght to have t }lfrp crrvtronrcnL Both fects arc in acord, rith

J/rgcnrcnrt apcctroohed.ca-l scrics for filgh-rptn octahedra,f ni(ff )

corylerea ontalning rrrlptrrr ligancl etongp. Thc nephelauxetic paralrcter

P, dcilncd, aa thc ntio of 158 for t*re corylexed metal lon over 158
l

for tzho gaafinrt cts,l lon, ig u$rally ann]] er for llgands rith the Epre
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IABLE V.t.15

Ligand Field Pararrctcrg for NI(II)
Corrplexes in Aqueous Solutiou

Corrplex Environcnt nq( cro. -1 
) 158 1*. -1 

)
t

FO

Ni(Hzo ) r'* 
c

Ni(gl1'c' u)l c

Nr(NH, ) r'* 
c

ui(Htca ,) j'
tti(Htsc 

^r) )'
Ni( Hcaz ) ,'*

60

rf ,lo
5tl

$'F
}{, JS

$rF

850

1rO1O

1 ,O70

1rO@

1rm5

9n

1t+r10o

1)r9m

13r]c,A

12r7w

1 J r0oo

1]rBm

o. Bg

o.88

0. 8l+

0. god

o. gzd

0.8?d

t Thu secular d.eterrninant for the bo fo,* eigenvaluea tas solvod

rrsing ttre d,iagonal sum nrl .97 .

b Thu value of 'l:5B for the free gaacous ion ras taken as 15r8{O "*-t 
58.

t Thu"" values are talten fron referenca (:g ).
d Thuu" can be considered. as uppcr lfudt valueg dtre to the approxirnate

evaluati,on of the energJr of the '\?h,,rtf) 
transition.

polarisable strlplrrr &nor atom ratirer than either nltrogen or oxJ45 un56,

A coryarigon cf the values tahrlated in Table \n.15 shows that this

also hold8 for Nt(Htcaz) ,CLZ. Ttuig can be construed as evid,cnce fa''rourtng

a NrF envirorrcnt.

Abaorptlon band.s occrrr at 1 7 ,m t* -1 and 1 , r7OO ct,. -1 in the

spectrrm of Cu(Htcaz)rcrr. fiorgenscn has suggest ed59 ''oo that the ratic

6fu/ dHi, betrreen the tavernrder of the first spin-allored band of the

Egh-spin rctahedra,l Ni(II) eorylex and the ravenuder of the principal



1l+l+.

band of t'}r Cu(II) congflcx, glvca ln lndLcatl.on of tbc etrretrrtatry
of ttrc Crr(II) orylex. Thc reti.o rrngcr tton ^'1.O for e orblo

envlronnnt to u 1.7 for a atrcrg tetregonal dl,etortlon lf rr aclcct

tlre band at 17 ,m c+, -1 a! thc prLncfpd brnd of Gtr(Ht""l) ,ClZ thon

6g{ dff = 1,72, {TrJdng a atrcng tctragonal diatortl,on

Ttnrs the ttriocarbo\rdraalclc co+Ierea alt apparcntly lnvolvc

ooordinatlon by the thloketo grctrp end, one N. E2 grqrp, as nrggcrtcd,

by ttrcir infrarcd, apectra. The oqrlcrca [f"(fftoer)4rcSr] ,

[c"1ntru)*Lz), Nl(Htcu)rctrand cu(Htoaz) fuz a.tso havc atrcngly

digtortcd, oetahedre.l srvlronnnte abant the ccntra.l rcta-l. Th.

ttriooarbohydrezldrto oryler of Co(IrI) also appcan to bc bonded

tluorgh anlptarr and. rrLtrogen &norg, althargh it i.e the thioenollc

fonr of the Ilgand rhich aoorrilinatcg tn thig c8!co
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CHAPTE YII

xAcNufrc .m dssBartEn rustRunr$l

VIL1. Inttodrotion

llegnettc Da.aurcGnts can ytcldl lnfonrtlon .bout t.l|. ltt ,
.y@tty and thc cl.otronlc configuratlon of e trenrLtion Dta.I lon

In tlro casc of iron ooupounil! it ahqrla bc poaelblc to orrchtc legnctdo

<l,ate rith ttre SsebauGr lnrautcrr Af*, tl, qrrairupolc rFl,lttirrg 1 and

of, fu leour shift nagurcil rlttr rcfcremo to rco ttenilrr{ lrron oqnurd.
In s q.rblc crysta.llLnc ttela, A!- for an 1lon ator abul.d bc

1qza!o- so that ar|Jr dis tortlon f!.oq qrbic ly@tr:r 1! inilio.tcal bJr thc

Eagnih.rdc of Af-. .Aniaotropy Ln th€ cnvironDnt of high rpin Fo(II)-q
coqu.rnila rcant in e largc Afn are to Urc for, grqrnd ltata, rbna!
lor apin Fc(II) coqorada urur.ll.y havo roall,cr veluer of AE-Z. !b.q
isoer sbift also diffor! for lrlgh end lor lplr coqrounal! by rppmd.ntcly
'l.O u. /acc. ft lhouJ.tl thcr.forc b. polllbl€ to ttbntify tho .IrLn.trta
of ttre lron aton anil allo obtrtn cm lntlicetl.ol of t]rc ugnihrib of tlrc

anlaotropn

1rII.2. ExDoriDntal

llagnotic Daru.f@nts at rooa toqrcraturc rcrc nedc by thc Gorgr

@tlDd, uring a pcroncnt ugnot rith a flcld a trqgtb of epprorlntc\r I

JOOO garsa. Glasa arq>le hrbcr rcrc usctt, rlth qg[co(ms;a] , dd :

nf(cn);s20, 4 ar tbo orll.brant!. Dleugnctl,c corrcou.om rorc ndr
tutng Pa.ecalrr oonstantg u liatcd byr Frgqlr and, Lsrle5.

Thc X6aabauor raturoonts for firrc po*lcrcd, aeuplcr ( ZO ry. of
o

troq/cun ') of th. coqpoundr rena obtaincd at Foll tcqlerafurc rlth r

i
j

I
I
t.'*n,

J.Etr'
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strnderd lCIssbauer spcotroretcr brrllt round an tL I. D. L. l+OO-chrnncf

analyacr used in tirc mdc. The vclocJ,ty md.rlation ras achievcd. by

a trans&rcer vibrated, sLrnrsolclally at n c./sa. The spectrcretor raa

calibratcd rith potassitrm nitropnrseldt pcdcr end 0. 6tg1 isch thLck ircn
foil. Data ras obtained by graphing the l{Bssbauer s1rcctra, the crru3r

beirrg 3 o.o, w./sec.

l4I. J, Rcaultr

-

TASLE VI[.l

Iagnotic Data for aorc Xctal Dithizonatos

Coq>ound
J"r t 106

Co $. to ll.
acorr r 106

Co $o !.llo
,/4tt

B. I.
Tcup.
o[

nr(noz),
rc(mz),
co( ttoz),
co(toz),
Ni(HDz )2
Ni(HDz) z. ny
or(ttoz)a
6bDz

G\rIIDz

9 r&80

2r9fr
765

o
'o
,rLn
1 ,O2O

5ro
-1l|o

-295

-4
_?95

-L51
_2gt

'19t
-292
-1t+9

-152

29'
29'
29t
292

29,
29,/

29'
29,
292

&.80
2.79

1.57

dlrmgnctic
dlq"'rgtl€td,c

,.m
1,.75

1.1b

cltrneg?tetio

t C"lolated uelng /"tt = z.g4 &"""..T)*
Thcre ir En arpcrlrental crrrr of S rn tnc va.lue of p"tf
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TABTiE VII.2

t{agnetic Data for Sore l{eta-l Thlooarbotrydrazfdcsa

7r,105 .1.Dta x 106
,bett

b Tmp.
oK

C. $,. S r Ur Co $. 3r U. B.l[.

[ro1nt""")rto j
cis- Lto(Htcaz)rcrj
trans- po(nrc y)rctJ
rre b"( &az) rctJ 

-

lri(Htcar) ftz. frzo
cu(Htcaz),ct,

1o trTo
9 ro7o

BrB5O

_19

,,787
1r6fl

-197

-1 Bl

-1 Bl

_157

'281

-?H

293

290.

292

29]

n,
291

5.00
1,r65

t*52
diar"rngqatlc

].1 0

2.11

Values qrroted, arc the meana obtaineil fbon reaEurerents on a
nlninrn of tlree aeparate preparations.

b S"" footnote to Tablc IIII. 1 .

TABTE Vrr.5

ll6ssbauer hta for Sore fo( f f ) Conryounds l[easur€d, at
Room Teq>erahrre

Compornds Er.^-r 
---^- 

r. I t ^oo Aa _ [
Hlgh spin brvironmnt 4':! l]1^ -t _ ^ -iB.l[. m. !oc. rL !@r

& 5.n ).frFaSO, . Zl.-O 
a

tu*;. 
"; "

l"lTn){TC 2.6[20
FcC^0, . 4I^O'

? 4+ c
[r"(it"""lfoJ
Lor Spin

-

F(rr""Ll (rff,_)2"

["o( dipy);cNd

KflFetcuiel- frro " 
^rrfre(ov)l*] .a.f"

rc(mz)z

& 5.o? 2.65a & 5.5o 1,75

1.70

2.gg

0.00

o.65

o.oo

1.8'
1rfr

1.Ll
1.fr
1.57

1 .22
1.S

O.15

o.22

o.12

-0.1 I
0. to

&
J+Irl,5

5tt

I+l{, &
&

*rO
N1ZS,

5'F
5.00

6lnmlgnctlo
tf

tf

tf

2,79

r Deta obtalncd fron rcfcrencq (g).
Abbrcvlatl,onr ug6d arc: ph'cr r I ;1o phananilrroltne; dJ.py = dlpyr4yl.
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IIII. tr. }lgcurslon
VII.lr..l. Ictal DlBlronatear- Thc nagnetlo rcnntg of Co(tOz)r,

Co(ttoz)r, Nf(HDl)2, Ar(HDz)A and, QrlIDz ara ttroge cr;rctcd for d5, d7,

d8, d9 and, alo rctal ions in a atrcng crJrst']lLnc flcld. Thc 1or valuc

obsenrcd. for Co(HDz)A can be attribrted to thc lneroncc of son of th3

co(ffi) coqrlcx.

Uf(Hpz) e ts rcatily ooor&inated by baree such a! pJrridlne en<[

dlnettgrlsulphoxidc, to givc a tr5.gh apJ,n octalrsdral ooryl.er. Thc oqplc

ritJr tlo mlocul.er of pyrtdinc oor&inated. rar lroletcd and found +n

have l magnetic rcmnt of 5.0 B.L Icsg of pyrtd.lne occurs otl atanding

to givc ttre lot spln dianragncu.c coq>lcx. Aftar trc rcnths ttre valuc

for the nagnetic mutnt was r<1.0 B. X.

The prlnry dithizonateg of nr(ff ) ana Fo(II) erat thc seondary

dt thizonatc of Cu(ff ) all dJ,rplay eoonalcrre Fgnotic rcurtr rt rpon

teqnratrre.

Tho nagnetic rent of Fe(HDz), orrld. bc cplai.ncd by J-qrrltlce

euch as Fe(Ott)r. Horcvor, valuer of ,.% B.ld. and, ,,6 B.l{. have bcen
A

relnrtedo at nooo tqleratrrc for t.tre planar onplarea, fc(ff )

pht tralocSranine anil bia ( pcnteohlorophcryl )uir ( gftf 
) f e ( f f ). SuLt

nagnetie rcmcnt! 1 of the order of I B. X. , havc nl ro bcen reportcd for

tfra fe(ff) coqil.er of 5-trd,fluoront[r1tctrarc1c7 ard for arltr of t}r

coqrlexo" [ro(dipy)rl2* enafrc(ptrsr) ,f'* 
8. rplanetlonr for thro

obgffiatlonr havc bccn thc partlc{ntl.on of e lm-Ifrlng, parenegnctLc

cxal,tcd strtc and tho prcacnco of fc(fff) lqurl.tJ.ca. lhc valuc obrmcd,

for Fc(*")a il tJrcrsforc mt unroalonable. Ttrc Saabauer parutcn for
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rc(ru2), are s{qrtlar to the valusr ror K2LFo(ON)4O].Zil/f) (gec fablo

WL 5) where thc large Atn can be attrihrtcd to tlre dlffcrencc in

donor strength of the llgand.r Cf,tl- and lO+. Of ttro trc lneglblc

environrcnts for Fe(ffio)2, consl-eting of cither 2SrZt or l+l{r ttre

forrer shollld result fu a uprc strongJ.y anLcotropic fleld about t,trc

fe(ff ) atom. Unfortrnately, insufficient da.ta ha^s been accumrlated. to

d.edrce anythlng defjnite about the envirrcnment, althorgh, tho laqge Atn
could. be seid b strongly favour ttrat rith tro sulphrr and tro nitrogcn

donors.

The anorna-lous nagnetic rcrent for Mn(*r)Z can also bc e:cplalned

by the presence of iryrrity. The corplex is unstable and cotrld. contaln

Itn(Ott), or l&Orr both of rvtr.lch wouLd. lorer the obserrred hl€h spirr
. 6.(S = 1) va-}ue. Other rorkers, horwer, have obgcnred nagnetic rcmntg

in the range 4.71+ to 5.7 B.}d. at room tq>erature for Xn(If ) Schlff ra

base coqplexea of substihrted salicylalclofydca and, et*rSrlenedLa-{nc.

The only e:cplanation advancod. vas that tho corylexes rerc not ngnettca.lly

&ilute. A value of 4.5 B. M. raa also mce.slred, for iln(phthalocaran*")e

at zgto]K 
12. All of ttrese omplexea involve conjrrgated, aJrstems coordinstcd.

to the retal ion and. should therefore recult in a strong dclocal,isetlon

of charge from the central reta-l onto the llgands.

The secondarSr orrylex of Or(ff ) has a roon temperahrre nagnetio

rcrent of only 1.11+ B,lt This 1or value i.s lndieativc of lome forrn of

nagnetic exchange, either tltrdrgh CU-6\r bonds or via ttre ]i gendt bJ'

soIE super excha4ge phenorenono The Lnfrarcd aboorption elnatnrn haa

shorn ttrat the corylcx, CrrDz, Ls eltber pol5rrer{.c qr a hfgfl conJqgrtod
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npnorEr. Either stmchtre would be e:qpected. to shot a lor magnetic

rrrmsnt. However, it is not evident from the rnagnetic data rhich of the

two stnrchrres is the upre likeIy.

vltl.4. 11. Metal Thiocarbolrrdrazldes. - The complexea ffe(Htcaz)Zffiel,
cis-Fo(Htcaz) ,cL2), trans-po(ntc az) rc12), Ni(Htcaz ) rct, and.

Cu(ntcaz)rCt, have been shown to have distorted. octahedral environrents

which includ.e sulptnrr and nitrogen donor atom. ThLs diatortion mlght

e4plain t'he lonerirg of the nagnetj.c rprmnts of ttrc Co(fI) ana Fe(If )

corplexes and the rather high value for the rcment of ttre 6\r(ff ) corylex.

ng[co( tnaz)rctr} is diamagnetic ar rould, be expected, for a

lor spin co(tff ) corylex.

octahedral mryloces of Ni(II) should. sho; nagnetic mmente rhich

are given by tfre e{pressiorrl 5

2.83 (r - 4J/1-n),

where J ana Dq * electronl"c apectral para-reters. If rc uee the value
_rl

obtained. for 1O Dn of IO'OOO em. ' (soc p. lLr) and p.rt the spir orbj.t

coupling constantr$, = -5'15 "*-1 we have a calstrlated value of 3119 B.lL

This is irr reasonable agreetrent rith tlrc erperirenta-l value of t.1O B.lL

The l[bssbauer data for fre(ntoaz)r(tCs! , rhen coryared rith tfiat

for other hieh epin fe(ff ) coryornd.e (cee Table VII. J), i:rd.icates that

AE^ is mnparable rhereas d, the Lgorer ghift, is rather Erna-ll. Theq.

lor value for f, na;r arise fron the &ifferent type of donor atom about

the central retal. The large A tn ind,icates that thatever ttrb nahre of

ttre etrvironrent it is atrongly anicotrcplc, aE alrea(yr indj,catcd by

both the magnetic tpment and ttre vtsible abaorption epectnrn
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C}IAPTER VIII

SU}O,IART

VIII.1. The Stnrctrrre of Dithizone

We have been able to elucicate the str:ucttre and ix some cases

the configu.ration adopted. by the dithizone rncLecrrl-e in dif'ferent rredia,

by the r,se of infrared, prc+;on n,rrrrf. I and electr"onic spectral data.

In non-ba^sic solvents of low polarity the thioketo tautorer predonfu.ates,

the nnlectr.}e havi.ng the trans-sJrn configuration involri4g a strong

intrarnlecrrlar hyrtrogen bond. In solvents of increasing polarity and

basici.ty the thioenol tarrtomer becomes the rrcre imprtant species.

A detalled irrterpretation of the el ectronic speetnrm of di thi ?rne

has cast doubt on previous calcrrlatlons of ttre tautorreric eqril ibrium

constant, pq, whi.c:h rere based on a conaiderably oo'"1'simplified pichrre

of the spectnucl '2.

The absence of detectable N.H stretching vibrations from the

infrared spee'.n;m of t}te solid hag been erplained by the preaence of

strong intermolecular interactions between the l?p, thioketo and j:r.ino

groupso This tlTe of j.nteraction is suggested. by the similarity of the

solid reflectance spectru.m of &lthizone rith its spectnrm in concentrated

hydrochloric acid, thich b in trrn slfiilar to thc spectnrm of the

conjugate acld of trua-azobenzene,

Diphcnylcarblzone, thc o46en analogue of dithi'lrnne, haa beon

shorrl to exlst aa tJrc keto ta.rtorer ln aolvents of 1or polarity and as

the enol tautom in polar or basic mdia, a onclusion contrarlr to

that previor.rsly rcached.Jt4.
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\IIII. 2. S-MetltYldi'tltizone

We oonsid.er that the results obtalned from a ahrcly of

S-rcthyldi.thizone nrggest trnssible risilterprctatlon of clata by

previous worke""5'6. The tredr and. ryellorr isoneric forruzans terc

assigned. trans-s.yn and trans-a.nti configurations by Kuhn and, co-totkurs5.

Here we have shorn ttrat the lowering of both the chemica-I shift for the

N.H proton ancl the vavenunrber of the N.H stretching vj-bration tc lorer

energies can be explained by t}re formation of an intra.unlecular tgrdrogen

bond- '/[e have therefore assigned, the trans-sJrl configuration to the

ryellorf isorrer and not to the rredr. Thrs the violet solid. contatning

the tredf isorner has the Barne 'opetrt trans-a.nti stnrchrr'e present in

dithizone and is evidently stabilised by similar inter:noleqrlar bonding

aa indicated, by tJl.e absence of an N.H stretrhing vibratlon from the

infrared spectnrn of the solid. ff.rrttrer eridence favouring the trarts-

sJrn configuration for the r;reJ-lowr lsonEr is that lt has e dipole

rcment of 4.81 D conpared rlt}r 2.2t+ D for the rred,r iuo*r7. A higher

value tould be extrrected, for the t rirrg t trans-EJrn conf iguration than for

the I open I trans-anrtl configuration.

VIII. 1. The Stnrchres of the ldetal Dithizonatca

X-F4I crJrsta-llographic data for Zn(rc2), shots tftat the rtnrcbrro

lnvolves a five renbered chelate ring rith coord,lnatLon by nitrogen and

sulphur donor atoss of the thioenol fora of thc ligand. Thic struchrre

is essentiatly the sane a.s that found for Cu(tpu)Z I 
"rrd 

Hg(HDz) Z.?py 
9

frcrn siniLar crystallographic sttrdiea.
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I\no rrcdificatj,ons of each of the ilithizonates of Zn( II ) , Ca( f f )

ana Hg(ff ) have been obtained. In one the @Dqlound oecurs aa solvated

alngle crX'stals whiLe in the other it ocolrs as a powder. X-rey porder

diffraction data for the powder lrcdlflcatl-ons of these three compounds

and also of Or(ru2), suggest that they are isonnrphous. The single

crys ta-l rcdifications of t*re zj'nc(f f ) and cadmiun( f f ) dittrizonates arc

also isonorl>hous, both ha'rirU rcnocllnic r:nit ce11s belonging to t,tto

space group C{c.

Powd.er diffractlon data for Nt(*")Z sqggest that it is not

isorcr1>hous rith tJ:e above clitttizonates. F\rther rnarked. differencea

betreen the dithizonates of the nd8 rrtaL ions , Nt( II ) , Pd( II ) , pt( ff )
and Au(I$, arrd. ttre other dlthlzonateg rere obgeffed in the

spectrcacopic studies. The d.iamagnetic, prinary ditJrizonates of all

exeept the nd.8 reta-l j.ons shor a band. attritmtable to the iu:lno proton

i:: their ronorr spcctra. Cotrpled. mdes involvir€ CN and CS stretcluiag

and CN stretching and NH d.eformation in ttre infrared spectnrm of 4i,tlrizone

are raised to h-igher ;avenumberg ln the spectra of ttre dithizonates of
A

the nd" metal iong than in thc slrcctra of ttre other prlmary dithizonateg.

Finatly, the vigLble absorltion spcctra of the primary dithizonates r11

shor an intenge band in the victrrity of z0rOm "r.-1 rith a shouldcr

sonetj.nes appeerlng at about 17rOm srL-1 , ht ttrc dittrizonates of tlrc
A

nd- netal Lons have additional lntense, longcr ravelength bandg.

herriors sorkerg1ot11 h.r" poshrlated a gtmctrre involvlng

coor&lnatlon by four nitrogen donors for Nl(*r)Z and rtrile tfiis rtright

explain soEE of our obsenratiorr,s re fanour a stnrchro gl milar to that
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knorn to be present in Zn(tlpr)Z, CU(lIDz)z and Hg(HD") Z.4y b{rt rith

a square planar arrangetent of the donor atous r cortPared rith thc

tetrahedral or distorted tetrahedra-I arrangcnent present for example in

Hg(til)z) Z.?py. There are a mrber of realons.for favouri,rrg ttt-ts

essentially corrrrcn stnrcture for all of the prirnary d.ithizonates. Both

nn(ff) and Fe(ff) appear to be suJ.ptmr bond.ed and yet in terms of

the ,A, , rBf clas.qifieation of retal ions by Arhland, Chatt and, Davi,."1 2,

these are less favourably disposed. than Ni(II) towards sulptmr bondirg.

It is also knonn that the tend.ency for the nd.B rretal- ions to form Iqlare

planar couqrlexes is so strong that in both bis (Zr2'-dipyri{yllminato)

palladiun(ff ) ana bis( )r5t-p-tolylt'orru,zyre)nickel(rr)l 5 
"t""t the

bullcy ligand rcIecu.leg rould be expeeted to trrevent a planar amangernnt

of the donor atore the ligand is strongly distorted so as to allw

sqr&r€ plarrar coordiratj-on. By haviqg a sqrare planar arrangerent of

the donor atons ttr" nd8 rreta1 ion is able to fonn a verTr gtable

-t|-lsnriing orbital involvi-ng ilre (n+1 )p" metal orbita-l and four ligand.

-Il-orbit*1slL. This could eccplain the shift to higher vavenur&erg of

both of the ccnrpled npdcs involving\CN in ttreir infrared spectra, a.s

the C:N bond, order should increa.sc tn the presence of f-bondingl. The

presence of stta-l to ligand. charge tranefer bands ig also undcratandable

for a mrnpler invoklng T-bonding.

The boncl streqgth in the other prilrary dtttdzonates rtll depend. on

the polarlgabiLity of the rctal ion and. for this roaton ttre strongest

bonding iE presont fn ng(ff ) dittrizonate. The linear relationship

betreen the chenrical shift for the Lnino prroton of tfie dianagnetic,

prinary ditttizonatcs in dl-rethy1sulphoxlde and, the 1og of thoir overall
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stabllity constant hag beon e:rplained by the ability of thc rptal ion

to partlcipate in an iltepllgand. Tf-orbital s3retcn This lsterg tlrc

value oi nKZ tJnrs enabli-ng strongcr hydrogan bonding rith ttre solvent.

The ability of the rretal ions, Hg(II), or(rr), ni(fll) , Ag(I)

ana T1(I) to form secondary di.thizonateg ig e:cplatned sinco these l-ons

fornr the stnorgest rretal to sulph-rr bonds. The secondarlr conplex

involves ttre dtanlon of dith:izone and appearg to be eit}er a polymr

or a highly conjugated npnotrEr.

The absence of any narked relationship betrean the lntenge

electronic absorption band, in t$e visible str>ectnrm of the primary

dithizonates and the electrcnlc stnrctrrre of ttu mtal ion has algo

been explained. The ba-nd is the charectcr:lstic long ravclength forurezan

absorptlon and can be assigned. as ttre "* l|--Tt traneition. To I firgt

approximation lt is the covalent rctal to Irrfphlr bond, thlch slpuld

deter^oine the propertles of a partlcrrlar mtal orylex and, rpt tlre dorpr

bond. betrcen ttre ero nitnogcor and. ttre nctsl. Hence it j.s not surprising

that no distlnct trcnd. has been obaenred bctteen tlte band. roarl-u, for

the primary dithizonatog and som electronic gtnrchre pararnter of the

rreta1 iong.

VI.II. 4. Me ta-I Corclexee of Thiocartohvdrezidt

The results of a normal coordilate analyais of the free ligand havc

been ueed to shm thst the rctal orylexes are sll coordinated. thrq.lgh

the thioketo sulplnrr aton and the trydrqrlnic nitrogcn aton of cach ligand

m1oarle. fhe clectrcnic abaoration strnctre and ttre ugnctic propartlcg

of tihe tnnsitl,on rctaf oorylerca of thc ltgand. shor that a ttrong\r
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d.istorted octahedral environrpnt surround-e the central reta-l in eaclt

cory1ex.

Atteryts to Lgolate mtal complexes of the thlocarbohy'rtrazlde anton

generally lod to the lsolation of amrphous black pro,Arcts. The onl}'

thiocarbotlydrazidato corq>lex isolated, q{to( t'caz)rCfrl , is rcst

prrcbably a pol3mrer ln which the ru( f f ) ione are coordinated to the

free N.H2 gnoupB of adjacent [c"t tnaz)rctr)z- octahedra. This rcu].cl

have the effect of preventing oxidatlon of the coordinated liganclr a

phenornnon that agparently occtrs readily when the ligand. ls coord:inatod

t" lls(rr), Ae(r), ni(n), Pt(rr) and. Fe(rr).

The first stagc of the oxl,dation aFpea-rs to result in a species

involving an azo group hrt this ig follored. in rost casea by f\-trther

oxldation. tTe have isolated PI(II) ana fe(If ) corpounds havlng intensely

colo.rred rolutiorls rhlch suggests thtt for these rcta1 ions the aao

interrrdiate j-s relatively stable. Thl.e behaviour i.e entirely analogous

to that observed in the dlphanylthiocartazldrr dittti?nne systca. No

complexes of the former @q)ound havc been iaolated., as the ltgand is

readily ord,tlsed to ditttlzone.

In onclugion, lt can bc aaid that althegh thiocarbol5draztde

and. dithizone arc potentially cryablc of coordinattlg tltrough eitfier

eulptn"rr and nitrugcn &nom or through only nitrogen, as oblerrcd for

both thianroa and. tJrlosanl.cartarldc, btr oordinatc t*trough rulphr

and nitrogerL
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Appendfur I

X-Rav Porder Dlffraction Pattcrtr

The poder patterns ano r*orded ln tcrms of thc d-spactngs

reaslured ln angstrons end the linc intensitles , I, lrasured witlt rcspcot

to the rcst i-ntense line *rich is arafuned ttre er$ttrary value lm.

tu(ms)2

d (R) d (R) a (8)

1r.t+85
1 1 .050
8.612
8.1+27
6.709
5, rcO
5.661+
5. ol+5
l+.1+70
l+. ]OO
l+.2r9
tk1g8

6f
100

I4D

55
6

t*8p
82
10

9
1l+
19

l+. 10O

4- o1+
,L-, 019
1.829
1.75'
,.5Y
,.61*2
t.L9
5. r70
t.178
2.929

2.66
2.627
2.7%
2.6fi
2,50'
2. t8,
2.299
2.196
2.1t$
'1.1 ,2
1. 9gO

11

21

11
I

12
1'

7
8

12
1'
I

20
15
15
47
24
11
1'
fi
e5
n
12

zn(Huz)z

d (8) a (?) d (R)

12.7fr
11 . J12
10.571
9.2/,tE
7.678
7.n8
6.822
6.1+16
6.rn
6.o#
5.6U
5.172
tl-gW
IF 8LL
l+.roz
l+.fi6
l+.159

5.96+
,.870-
t.924
,.77\
,.6n
).51 0
,.t*g
,.417\fiz
,.zfi
).1 20
5.O79
2.971
zil$
2.89,
2.8\l
?.79t

LTrt+
2.679
2.6A'
2.1+27
2. J8O
2. rr0
2. ?A2
?.171
2.151
L1?s.
2.494
a 040
2.041
1.959
l.9Ol+
1 .857
1 .824

62
t$
l+o

51
I

2g
r4
15
2g
2'
6
14
15
I
7
9

12

100
%
1'

8
9'
I
fi
hl
,2
*
15
h
7l+
25
37
94
l+,

5
I
5
7
6
7
I
5
6
4
6
h
l+

I
I
6
l+
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cd.(HDz) 2.4y

( CrJ's taff fne lbdt f ica tion )

il (B) d(8) r d (l)

9.455
8. 950
1.617
7.500
5.u2
5.698
5. O7o
tF972
4- 871
{- l+50
l,t- 540

th
U+
50
54
8lf
fi
,8
t*
l+6

l+4
146

t+.zN
,.942
,.779
,.715
,.58'
,.525
,.t+g
,. rn
1.1t1
5.16

cd(HDz)2

(Povder ilodlficatlon)

d(R) r

9I+
,4
#
tc
50
7z
88

100
fi
7o

2.925
2.8r9
2.7h
2. \85
2.w
2. r29
2.n,
2.12'
2.107
2.o58

72
l+8

fr
l+O

?+
n
28
58
48
28

d (8) cl (R)

l lr- 116
11.CJO

9.927
g.5n
7.1 48
6.or2
5. tr7o

5. O50
l+.51i
lt- 288
J.957
,.711
5.569
,.168
t.50,
,. r7O
,. rr7

t.275
,. 2'l I
5.1F
t.0J8
J. O2B
2.gto
2.797
2.7 17
2.659
2.578
2.504
2. !Ol+
2. !{,
2.294
2.?42
2.1 gl

2.',151
2.118
2.005
1 .950
'1.9p
1.912
1 .898
1.851
I .8?1
1.7 15
1.715
1 .585
1.51+O
1.576
1.r94
1.r51

7o
too

9
9
7

10
10
I

10
7
l+
6
L
5
,
4
,
,

4'
45

6
L{t

7
65
20
15
12
11

'13
]o
15
1g

16
1'
17
25

9
'|7
1t
l.f
10
12

9
18

9
5
,

tl
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ttg(IDz),

d (f) d (l) d (t)

1lr- 890
12.2)P

9.881
6. rgt
5.81 1

5,1+r2
5.2n
u927
tk716
l+.1+27

100
65
5t
17
21
1l

5
18
1l+

h

l1. oo7 18
5.872 n
].701 22
).4f8 20
5. y'J 28
3.258 n
t.1 59 15
,.oo9 12
2.957 17
2.Br'l 15

Ni(rDz)2

2.762
2.610
2. r+51

2. rgg
2. r58
2.198
2.108
2,060
1.gt/

1'
10
12
18
1li

7
I
9

10

d (8) d (E) d (8)

1 2.49O
1 O. 978
u272
,. r59
,.o29
l+-W
[1.122
4- 05o

69
1m

85
58

1m
22
60
72

3.grt
3. V1 l+

,5t+1
),1166
,.1+19
,.fi8
,.274
,.1 04

cuPz

d (R)

2.ggg
2.915
L7t1
2.517
2.271
2.1 8'
2.W4
2.06'

,2
t5
fr
28
%
6
27
fl

r+r
100

7l+
75
4'
fi
,2

d (8) d (8)

22.7+
1i5. I )
15.94
lJ.OO
11 .l+0
11.28

10.o8
9. tO
8.55
8. 05
7.70
7.66

6
29
25
,1p
*

22
17
10
10
n
22

75
60
60

1m
50
5z

5.82
&- 90
&- 88
&- 68
q- l+7
lr-24
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