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Ti-,e au¡tiror wishes tc express his sincene

ai:, pnecial-ion for the erÌcoL¡ raserilerìt ar¡rj acJvice ç;iven bv

ì-)n. I'/"J" lJiern¡anä ciur.inç; the ccLrrse c¡l his s'cr-lciies.

Ti,e authon grate'f'r-il l¡, acf'.r'ìor"leclges the

€\.ncoL¡ r'ec,r.-ntent !:iven b;z Carr¿¡di¿¡n Ini.'l ustnies, Ltci ., irr the

1-ci'ri¡ ol- a i:e | | or'rsh i¡r anrj er fireì¡r-t- 1'cr nese¿:rcl.r, The

{'ir-l¡lilci¿ll ¡lssist.ence <.íiren b'r, the i,i ¡rtional liese¡:¡.cfl

i,cr-inc i i ís ¿l I so eicl.,.trol.rli:iig;ed"

i-ire ¡rut.[-¡or is indebted to ilin. L"!'J" lvílkirrs erici

i.'¡t'" G" în ider Í:crti;e co¡.lstrr-¡ct ic¡n cJ' tl-:r: equ ir:r¡lel'ri. ancj

i'or tl-reir su1, ç;est iolrs abor,rt ii:s cesign, Tl.ie aut--hor

u, i si;ies ta ocl..nor.,' i edge ii is i¡rciei;teciness to ir,¡ n " Georçre iii',¡-,

'l''cr" ¡-:irotoco¡ryint tire ijiegnanrl usecl ir¡ ri-lis th<-:sis anrJ to

iur¡-'s. lllex ire¡wlui< Êc¡n 'cyçsin! 1-i-ris thesis"
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TÌ're attack o'i" chrctrr i Le ore bv su I p,hui- i c erc i d

ern¡r lo;, inc, teri¡xl i^êtures attove the bo i I inç, pri inl, o'i' the

sul¡:irur-ic acid soiution, has iteen studiecÍ. The ex¡ìeni¡nental

data obtair¡eij in tiris rese¿lrcít cìr'e aciequatelv e>q>lainecJ

by tire tollowingr rneclianisn', an initial pnotonic attaci< orl

the cirrcrn ite iat-t ice on irrgs the ¡;re-ca I i ic cor¡st itue¡rts irrto

so I ut ior¡ in the sahle t-.r-L io cis ttìey occur in the I at'u ice ,

under suf f ic ient l;, h igh ac icj conceritnat ions ancj h igh

tenrperatures v.rn ious su lphatopo lycl-it-omate ( | | | ) art ions

ape jtortne.¡i lvirc;se i-ry<inoc¡en anci otiren rnetei I sa l'cs ene

i nso I ub i e <lrrC prec íp itote i ri ei seccnrj step '
-io l-urtirer stnenç¡the¡r -tir i s ex¡:, I errat ion , 'cyp ica I

compout'ic.i's ol- i¿ire ty¡:e pos'tu late,,' i{eF€ prepareij under s irn i len

conrlitions. üises'cinç; clrr-onriu¡ir ( I t i ) suiplrate witir sulphuric

ac ic.i , uncíer s inl i lar d igest iorì conur i-û ions, producerj i¡rso lub le

h)rdno!ìe,r s¡-r its o{' the su lpireil;o¡:o l),chno¡nate ( t I ¡ ) air ions

whose propert ies corres¡-'onc''ed to '¿ilose o1- the i nso I ub le

rri.¡te¡'ials procJuced iir the Cigestion of ch¡'omite"

Chem ica I ana lys is oJ'- these hydroger¡ sa lts slrarved

th¿i-t tirnee distinct classes oJ'corn¡;ourl'-Js rlere pnoduced"

-l-tre coriipounds oit'ciie tirst ciass have a sulpho-Le to ci'lnomiunr

eclu iv.l lent ra-c ío o í' tt',o a¡rcj ccnt¡¡ in cc¡orrJ i¡rated su l¡:hate

arrcJ rvateí' c,t-oupso -[-he ccriipounds cF the seccnd class l-iave

ê su lphate tc ci'¡ncry¡ iurn ecitl ivaier,t ra'l-io of twc on !,Ìreater



and coiìtd ¡n flc ccor(i ir-r¿ite'-i r,/.r'cer-' lro lecu les" The th índ c i¿:ss

c¡l'c<.'lii¡--'ouncis iìrls .ì sul¡:hate to chrci;;iun, equiveilent ratio

betlveetr oiìe onci a ha i f .iiicl -r-ì..vo .rnd co¡lt¿r ir¡ no coorci irratecl

rvôter'- nìc iecu le s.

l-l-ie cireii, ica I ccriì!-;os it ioir o l' cìfly corn¡:ound i s nclt

st¡'itit i c ien-c'Lo iescr ice a conipouncJ iind, there-l,ore, i ní.rared

anci pyrolysis s-i;ucies'rve¡.e uncjent¿ri<en'Í'on chese and the

h¡ucì rates or'cilt-o¡t;iunt (l¡¡) sulphate in arì atteriipt tc¡ est.,ri:rlish,

r"irst, t.i:e ch¿lr¿;<:ter-istic ini'narec ai:s<¡n¡;tion spectnuni oF the

su i¡:h.lte i i1:orrcl i¡r con¡1.)ou¡-¡<Js r\iiìose structi-i res iri€r-ê l.nown,

secon.-ì, 1-o i'inci p)1 rolysis íntenllerj ial;es rvlrich rni-qht reseinble

the su lpha'Lo¡ro lycilt'onr.rte ( ! ¡ I ) sa its, whose st¡-uctu¡es n ic,*rt

i¡e ciecJucec by tnacing tileir l-ornia'cion 'irom i<¡own st¡-uctupes.

A s ínr¡: ie i-her-nroûè | airce 'i'on s-curj ies over" cj i-lpessure

rarì(ìe cÍ' 0 to 60 .rtiiÌos¡,-,heres ivês des ic--r¡ei ¿¡r¡d i¡r¡ i ii- .l''<¡¡- ûfi is

¡)urpcSìe" This ¡''ese.srch c'iicí r¡o't require o therrrotreii.r¡.tce

cû1.)Çìii ¡c ci' operat inc; at ir i<;h F-ii-essur-es but tir is -l.eature wds

i ¡icanFo¡.ateci i n its .Jes iç¡n so th ¿¡i:. the rnach i ne wou i <J h¿,ì.¿e

çrea1-er vensetiiity.

ïhe resuits rde.e ini-erp¡-.e'ueci irr ter.¡ns ol olation-
ccrider-¡s.l'cio¡-l ¡-eoctio¡-ls'";hich L'ene iiriti¿lteci i:), en,t-r,v o.È the

su i¡rhate clrout:r inl-o -the chro¡ri iunl coor-i ínat ion spirere 'ia i ior.reij

t:y ¡:o Iyrner izat ion r', ii;h sr,r I ¡:rhat.e er i'd perhaps þ.,üter act i n<i .ìs

i r ii5.; i n91 groupso
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The rr i¡rera I chnorn ite crysta I I izes l', itir r-he sp ine I

stnuc1;ure ancJ nay be forrnuletecj as i'i(Cr0r)r" The nrcst

conìnìon nretal (iv¡) is iron (ll) but nìay ire reploced isonronphously

by n'ìacnesíurn (ll), môn!ìarìese (ll), ancJ othen <Jivalent nretals,

whe¡-eas the chnomium (lll) may be r-eplaced by trivalent nretals

si:cli .ls alu¡ninum (ltl) and inon (lll)' A tthigh gracJetrof

cirnorr i'Le one woulcl contain ðrppç¡irnately 5O(, ciinon¡ ic oxide

ai'¡cl ir,:r,e a chnorri ium co iron ratio ol'¿lt leost thnee to ofle'

This na1-io is tire ¡rnincí¡>le'l'act.or whicir cleternrines whether'

cr not the chrornite is cl.¡ssil'ied cls lrloiv c'.nadelf on llhigh

1,nôijerr ore. The lance cirnot¡tite cìe¡rosits in North ¡'\tnenica

clne classiÍ-ied as rtlotv f.,radetl, cj '.¡e larçrei;u to -i-he ioiv value

( | " 5 ) 'ton the chrom ium to i non nat io.

l-it ¡ | izat ion o1' these t r lot'' gnade I t ores is rnade

l'easible i¡y sweeterring with contpounds such iìs i\arCnZÚ7,
t^

CaO"CrZOS, CaUrOn, CrrC'3, a¡'id CnÛ="'o Nieclranical concentna-

tion aird cirenrical beneltication of' these ones have found

I inrited appl icer-cion, these metirods l¡¿¡ve iieen comprehensively

corrrp i led iry Liorlb and by ùorçne s and iv;ot-s:an 2. 
f he lattei' g ive

ô cnitic¿ll revier"r o'i' attenrpts at cirenrical benef icaticn of

äonth Amer-icar¡ clrr-ornite de¡-.osits, sulphunic acid leaching

of r,irese cres f i5:ures prcnlinently in 'chese rrrethoci s. Itor

sul¡:hunic ocid ieachinl; o{'chro'r,ite to becolite an important

i¡rdustriai i,r-Crcêssr itowevei', ii-. is necesseny theC the leaching
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and suif sequent pnocesses i:e cyc I ic.

The cf-rrorr¡ ite l.¡tt ice may be decomposecJ by, t)o i I ing

in strong sulphunic aciij solutir:rrs, this Lìrocess ireing

acceler'¿rtecj by the acldition c'i-chnomic anhydri<Je (CnCr").4

Chenrical t¡ene'l'ication rvith ôn initial solution of'the chnomite

ín su lphun ic ac icj chrom ic anhydn ide so I u-c ion , fo I lor,,ed by

electrolyt ic oxidation of the chnomiurn (l | | ) to clrromíurn (Vl ),
end subsequent pnec i p i tat i on 01" CrO=, has been deve I oped by

Illiot, Ívlather", a;.rd !,iyl ¡e.4, 5, 6t 7, B In onclen to establísh

a cyclic process, ti¡e iron (lll), aluminum (lll) ancl nìcrgnêsiu¡n

(ll) acid sulphates ane precipitated Frorn concentnated acid

solutio¡rs cont¿tinirrg the chnornic anhyciricle. This is t-ollowecl

ily crysta | | izat íon o.l"' the chnonr ic onhydr ide, tl'te sLr[]er{natant

acid solu'cion is useci for subsecluerrt attock of the chnornite,

a¡rd the chno¡nic anirydr ide may be used to sweeten the I t low

gnaderr chnornite Õre" The cost of cr"ystallizatio¡r pnocesses

and the loss of suiphuric acid in the acicj sulphates pnevents

this pnocess from oecomin5; inrlrortant in industny at the

present t irne "

I n orcjen to cu rta i I the cost ol' !:enef i cat ion . Downes

and ii/iongan'' leach a North An¡ericar.¡ chromite concentnate r,rith

insu{'ficient sulphuric acid for cornplete destruction of the

chnornii-e lattice, They outline optimurn conditions 'For

lrpre-l'erentiallt ren¡oval of iron {'nonr the chroniite lattice

and opt inrr-rm concj it ions -l'on the rate ol' attack ol' the c[rr"omite
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by su lphun ic ac id. They susgest that aiì ac id concentr-at ion

of li Z by vo lume, ç'¡ ives the best nate ol attack of' the latt ice,

this rate being deterrnir-red fno¡l tl¡e anrourìt of inon that is

1''ound in the resulting solution. H plot of the fr"action of

the total iron ir-r solution, ôs a functio¡r o{- the acicJ concentra-

tion, shows a nrexirnum at ar'ì ac id concentrat ion between ll I

and l:2" At I owen ac i <J concerrtrat ions the rate of ottack i s

s l orven ancj at h igher ac icJ concentrat ions the apF ecìrance of

the clrange ind icates that su lphat ion occurs but iire amount

o'l' inon in the f i ltrate decneðses " Th is process y ie I ds

favounable cirnonriunr to ircn ratios in the insoluble matenial

le{tt ¿rfter such a digestion and'Êavounable cí-rnomiuni necoveny

i n the nes i due.

Doivnes and ii,o"gonZ repont that a | | of tl-re chnom ium

i'ili renroin in solu'Lion <Jur-ing the cl ígestion process providecJ

excess acid beyond that nequired to convent al I of the metals

to the nonrlìôl sulphates, is used. They olso neport a lower

rate oJ- attack at h igh acid concentnat ions, th is rate be ing

deterrn lned f norn the percentage of the tota I inon in the

f i ltnate, rvir icir as they ¡:o int out is not the tota I react ion

but the nate at which -the inon is Itp."ferentiail¡zit rernoved

from tl-re lattice. The visual appearance oí'the insoluble

nrateriei indicatecl that sulphation occur-s at the highen acid

corìce¡rtnations. Since their data cio r not outline conci itions

i'or complete destruction ol'ttre cirroniite i.rttice, ond cjc not
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give evicjence ton the nate of attaci< o{'the chromite lattice,

it h/ûs dee¡ned <Jes irable to outl ine 'l'inst the cond ít ions fon

complete attack and the opt imum concj it ions rec¡u ined fon th ís

attack "

A rìore impontant reason fon investigi:ting this digestion

pr"ocess lies in establishing the nature ol" the insoluble

ntaten i a I fonrned dur ing; tlre I eaclr i rrg pnocess. The obsenvat ions

tnade by Ðor',nes and h4ongan led thenr to conclude that the l=irst

step in tire digestion process rvôs an initial attack of the

chrorn íte I att ice to {'onr¡ the normô | su I phates of the mete I

constituents. After initial consurnptíon of the acid,

h;,<Jnoiysis of'cirron¡ium (lll) and inon (lll) ions occurs to
'fon¡r¡ insoluble basic sal"bs rvith the Iibenation of fnee acid,

which then contínues a rtpre'l'enentialll attack on the inon

(l | ), magnes íum (l | ), .rnd poss ibl¡, alunrinum (l | | ) oxicies ín

the chnomite lattice. Sínce chromite one is not a mixtui-e of

ox ides, one is skept ical about th is I rprel'erent ial t t attack,

Furthennrone, they {'ounrj ti¡¡¡t at higher acid concentr"ations

sulphation occuns napídly and a simultaneous shanp decnease

in the anrcunt ol' iron leacheci in the process" These observa-

tions ar-e not consistent r,,ith a hydnolytic pnocess.
-fo Ie¡:nn n-ìore about the attack o'i'chnomite by sulphuric

acicj, dicestions ernpioying eievated tenipenatunes arrcj vorious

concentnat ions a ncj arnounts o{' su I phun ic ac icj , l.lene carn ied

out irr this investis;ation" lt r^/as inrmediateiy evident that



'úhc c' i5;est ior-r or leaci'r i nç; c it tire cr-e !'./as .ì co¡riÊ, I icatec.{

irrrccess, encj ti-rat 'ci-re behelv iou¡n o'Í' ì;h is sysiem cou icj nct oe

explo ii-re,-ì by a i-rydroi',rtic pi-ocesS"

it is a rvei I estai-rl isi-¡eci Í'ac'ü the'c ireating solutions

oí' ci',roriliunr (ll l) sulphate côuses 1tr.¡eskingt t of 'che sulpira'ce

aircl tire chronriunr ion".l , i2, 22, 3I , 39 This t rrirðsking

p¡'ocess is ev ider¡-'c in that ¿.ri- iunr cirf oi- ide so iut ions w i | |

¡'tot L)rec ip itate a I I or .ìny oÍ' ti:¡e su lphate êìs ban iu¡i¡ su lphate

aniJ th *-b sorj i un.r iiy,¡¡'ot"n phospirai;e r.v i | | not iii'ec ip ita'ce a l I

ûr- any û'i' i:he chnor.¡'i iunl (l¡l) ions Í-'rori¡ i-hese ¡;olutio''.ir"i2

îhese corn¡::r iexes cori'ù.r i¡-r coord iriated su lprl-¡ate ¿-:n,¡,:í ii¡rcj ¡-6r<y ¡

Iigi'incJs, iire nu¡tnber ,-.r'e1:re ncl ir,g uf)on ci¡e .ìSe olt '¿ire squeGUS

salution. the corìcen'cra1;ioii oi'' tire cirronriunr (lll) s'uli-,h¿*i-e

*iicj ¡ri' ior' -ther-nìa I treatr¡eirt oT ti-¡e so I ut ion. Eotii tire

s'i lpho're ancj the hy<ìroxyl group rna)/ ¿lct ôs br-i.-rgirrç, ligencJs

in the fo¡.i¡rotio¡r o1t polyrri¡clean compl.*"u"1' l2' 39 
l-l orveven,

in the ac id so lut ions, orìe lvor-l lcl e xpec-ù tírat the hycirox;r l

gi"oups r..,,oulcj not pldy ôn inipcirtant nole in arìy ccmplexes

that are f orrned or in the t I rìrasi< ing process I r .

i'iect,ur'ô I s rro*k | 0, i n ¡.;enera I substarrt iateci by lrir itney, I i,

shorvs tha-¿ a senies ol'¡rciis rrcì)/ be obr;eiinerJ i:y.-ligesting

ciir"oin iurir ( | I I ) su iphate w iti¡ sulpl'ri¡n ic ac id or'ì ¡i hc¡{.

plate" fi e r"l esi!¡rates-i:l-r ese éìs trci-rronl ipolysulphunic ¡lcicj stt

wh ich rì.ì.r)/ be 'Í'orn¡u lateci .is crr(stìo)= rr" l-irs[n v"nr{s' -[he

veulue c,l- ¡r is deter¡ilinecj by tlte ratio of cirnomium (lll)
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suiphate a¡.i<j suiphuric acid c+r,inloyed irr the <iig;estiotr" lf

ti're ino lan rût ¡o is 2, then the n rra | ¡-¡e is Z" These water

soluble acids do rìol: sirow the chut'octenistic reections for

tire sulphate on the chnomiurt (lli) ion in solr-rtíon and

precipitate as the r¡¡etal salt upon add ition oi- a soluirle

nieta I sa it to the in so I ut ions. Heat i ng these ac ids ¿rt a

tenrpenature of- 150"C côuses conversion to a substclnce ilecouna

designatecì as the t t isomeric fonnl 1t olt t rchromitetnasulpl'ruric

acidrl"

These sa lts lrave nece ivecl ve?y I itt le attent ion and

'cheref or'e ¡he perrn iss ii: le v.¡ l ues o i' n .ìre not c lei:n ly

establisired" !{vnouboffl2u consiciens all oi'r these acids

sirnply as r¡rixtures o{'sulphuric acid an<j tlre trchnonritetra-

sulplrunic acidt r, whereas vi/hitn.yll consicjers tfre procluct

fonmed rvhenever the molar ratio oí' chnomium (lll) sulphate

tc¡ sulphuric acid is ç;reaten ti'ran I"3 to be identical to

iìecourats I t isomenic'f-ornit 1,

lcUdy'' , in ir is -¿extbook on chrom ium, suggests that

ti'ie niaxirnuni rrunlber o'i sulphate I igends that cq:ìn i;e coondinated

to iì chromiun¡ (ll¡) ion in nìononuclear coûìplexes is thnee"
-fhis inrpIies thot, i1'octal-redraI coordination of ch¡^oniium

(l ¡ I ) is pnesenved, the su lphate group i¡ehaves õs a b identate

cheiating iigand. Fogel et "122 report 1,i^ie f'orr,rati<¡n of

tlo inner inert complexes Ic.1uz0)^ SOnJ+ and Icr1l-tz0)o (S0+),]*

in ac irj so I ut i on at 'r:eritpenatures be I ow 80o C , but do not



des ignate ti'¡e ro le thai- the su l¡rh.rte I igarrds p i ays i ¡r these

conìplexes" ,\ search of- the litei'ature shciueci no stnuctunal

intonnratiorr fon .ìny of tfrese complexes procluced irr acici nrecjia.

-ihenei'ore, the seconrJ p.ìrt of th is thes is deals ivith the

pneparat ion ancj pnopert ies oi' the comp'rouncl s producecJ by

digestinl: chronrium (lll) sulphate rvíth sulphunic acici" ln

orden to obta in more inf'-orrn.rt ion ¿rbout t[re stnucture of these

rnate¡' ia I s they fvere sub jecLecj to pyno lys is and i¡rf naned

sDectn.rI analvsis"
-l'lre t rchnonripolysulplrunic .icidsl t contoin ô vdniable

quant itv ol' rvêten cf epend i nE; upon -uhe cond ir- ions o i prepopa-
t0. il-c f on. - ) lL is no-f, i<r¡own whetirer ihc water is I I const itu-

tional waterrf or rtlvater 01'hyclrê'tiontt. U.jrld suEgests

that tire various -l-crnrs of the i'ryi:irates o{" chromium (lll)

sulphate nðy be fornrulated ês LC.r(HZO)lZ_,n (sCin)nJ (S04)5-n

'/, V,?JA whene the value o'i X is usually l¡etween 4 and 5.

The rìonnì.rl violet sulphate wouid hove a zer.o value {-'on n,

whereas the green for-ms, conta in ing coorC irrateci su lphate

i isands, cou ld have v¡: lues up to 3" Funthennrone , i F one

cont i¡rue.s th i s ser íes by i ntrocjuc-û ion o'[' nìore su l ph.rte gnoups

into the coorcí i¡ra'c ion sphere, one obta ins the t Ì chrom ipo ly-

suiphunic acid=''.1 2t Tiris fornrula irnpIies th,st tl-re rnaximum

nurnber o'i' su lpha'ce I igancis th.lt ¡xey etrten into coorc,i inat io¡'r

is 6, a¡rci tí^rat the sulphate ligand Êunctions only as a

bicientate, likeiy chelating iigand, in these conrplexes'
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. tuilecout'ê'", i'roi.,ever, concluCes tirat one no le oÌ' cirnom iunr

(l | | ) su iphate mdy con¡b ine lv itir cìs nìeny as s ix moles of

sulpi'runic acid, r.virereas rhe obove í'ornrulation would suggest

thot'clrree is the rnaxin¡um nurnber o'f'nroles ol- sul1.:huric acid

thet Írcìy be coondir¡atec.i . lf'a'cotal ci'six r¡loles ol'

sulprþur-ic acid cûrì Decor¡e coordir¡ateci to the two cirnomium

(l I | ) ions, ¡t is imposs itr le fon tlie I -icr: ('r.otr[)s to oct ¿rs

bicjentate liçrancls i{' octaheclrai coor',J¡u.tion ol' the chnomium

(l I ¡ ) ions is presenved" ln or<Jen to ieanr¡ nìore ebout the

role ti"¡at the vanious constituen'rrs, waten ¿:¡rd sr-r iphunic acid,

p I ay in these conìp lexes , they !{er'ê sr-r b jecteci to 'Lhenrrroginav i-

¡i;ecr ic .ltr.r I ys is.

Ti'rernroç¡r;av irnetn ic arralys is is the sc íerrce on ant of

rve iç¡h inç; substances; rvh i le the¡, ane oe ing; heated, usua I iy ôt

ô unifonnl hca'cin5; ..t".55 lt. recluines a sensitive baiance,

wh icir usuaI ly neconds th<-: r^re ight crs a 'f-unct ion of- temperature

or tiri¡e autor¡iat ically. Th is plot is comnionly ¡'eferrecj to as

a I ttherr¡roqram I | . A h istony o{' 'che deve ioprnent of th ís

techn ique nìay be f ound irr Dulva I t s Fecer¡t book on I I lnongan ic

Therrnogrov inetr ic Ana iy. i"' ' . 
54 

| rr sonìe s ituat ior'¡s ana lys is

oÊ the thernroç:nari erracies orìe to assiç¡n ê r-edscnable

structura I ro le f or- the van ious const ir-uents in the compounC,

Thus, it is usually assumed th.i'c hrai:er lc¡s{: upon pynolysis

at teiirpenatu¡'es oeloiv l0OoC, is Itr"¡ate¡'oÊ hyciratiortt,

r^rf¡ereas r^,later los'L at h igher tenipe¡'atures is usua I ly
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r lconst iturtional ir,dtert,,30, 3l , 52, 
'4 similar-ly, one

!\,ou ld expect that absorbec su lphur ic ec i<,, i.",or.i icj L,e iost

bel<¡rv its boiling ¡.-,oint whe¡'eas consti'i:utional or coondinatecj

sulphate gnoups, õs sulphuric acicJ, lvouicj oe iost at hiçher

temperatures. Furtherr¡¡of'e, if , upon pyrolysis, coorcj inated

gnoups, such cìs lvatet' or su lphate gnoups êre lost in cì.]seous

products, .;t I east some const i tuents not vo I at i I i zed niust

ôssufte e diffenent role i¡r tlre pyrolysis proclucts ¡:rnovided

the cetrtr-a I nleta I ato¡n preserves tire sA¡lie cooncJ inat ion nurnber

ðs observed in the original compoun<j. 'lhe ci'ii'lrerent possíble

i-'oles tir.rt the constituerrts êssunìíl ii-r the !ìyrolysis p'rocjr¡ct-s

ciìrì i;e i¡r{'errecJ {tnonr o knowledge c't' Lhe composition o'f' the

rnoterioi ancl tíre rirarìrìen in l',hich it ciecomposes, ond i¡ìêy

nece ive expe¡- inrentai veril-icet ion'Í'rom the ir i¡r'i'ra¡^ed

absorpt i or, spectna

The ir,f rared absorpt ion spectnum of' a su lphote ion

cjepetrds uF)on the borid i ng; that ex i sts between itse l f ancj the

other corlstituents ir¡ tlre scli,.j sta-be arici esF,ecialiy on t.he

symntetry of th is bo*d ¡nn"55 ' 34' 36' 37 ' 38 lire i¡rfnar-ecl

absorptioíì sF)cjctrurn o{' e nionodent.¡te suiphate I ig;and rui | |

i¡e dii'f'erent 'f-rom that oi' a i:iderrtate sulphate ligand and

so [-orth" Thus, an ana lys is of 'che in{'raned absonpt ion

spectnunr o í' the v.¡r ious conrpounris ccnta in ing coord inatecl

sulphate iigarids coulcj enai;ie orìe to ossi-1 rr possible stnuctunes

fo¡'these cornpouncis conrpatible with the data cbte¡irred f¡.om

in{trared spectnal analysis atrcj therniocl rav.i netry"
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-i-l-ie cl¡i'ori¡ite user-i in these exFelirirents wtìs ð ccn-

cen'tna'ce ¡rre¡:;lreci fnon¡ ni¿:-i-eri¿¡l taí<en fnotn the Sind Íiiven

cirrorr¡ite ccnrplex ancj su¡:pl iecì tirrc-¡ugh 'ulte caut-tesy o-Í' the

idesearch Ðe¡-r.lr-bniei-,t c. l- -ii"¡e l'ì urj sc ir B.ry ivr í¡r i¡rG ancj Srne lt iirç; Co"

Tir is concer¡trate assal,ed +l "8'1, Crr0-,r, 26"51" FeC, l6.O,q" i\l ?ls
aircl 4"814, ïiig] anc haC e chrcl¡iium-inon ratio <¡i' l'36 tc | , arrcj

-Lile pa ni: i c le s i ze lvas ärlo t-.¡t B0 rne sh "

l,r o¡-cier'l-t¡r the r'¿rte cii'at-taci< oi- the chroniite lat'cice

by su lpi-iui'. ic ac itj 1-() irer corive¡r.ien-L íy r-ap ii, oiie rrr'.lst rila i¡rter in

'ci-¡e -Lei,lprr. ¡ltuc e aboi¿e the ¡'¡oi-lrie i r;o i I in<t po int c,'ít 'cie so lu'¿ ion'

Tirese c igiesl- ions r\iei-e c¿lri- ie.,.j ou'c i n g¡ | ass tules sea i e.j un..Jer

a'Lmosphc.:r ic pressut-e. Tlre sänt¡: le oí ci-i¡'o¡ni're cronciìr'rtrate

and the des ireci quant ity oÍ' su I¡;hur ic ac íci so lut ion l{e r^e

placed í¡r -t.he-tube anci seale<j" This sealer,j tu,ie wês"i;irerr

pl.:ced in û sdi,rj b¡ltir, rr,h iclr con:ì ís'cecl oi' an ond inary iron

p ipe equ ip¡-:ec1 r,v iì:h rei¡iov.rû lc': c€rlls anij i" i i ie.; r.v iti'¡ sancJ" A few

s;i¡a | | h<t les in ti're cops pnevenl:ed presstli-es ['rctii iru i lci inç

up irrs icie -tl-re t'-li>e as it i,v.jìs he¿¡te<.i " The stee I ¡r ípe was <Jee¡reci

necessr:nì/ to rir inimize tire cjo¡ri:rers of in-i ury tjue i:of'l yinçj c¡iass

in-the event oi'a!-ì explcsion" Tiie, ioo<jeci p'ri¡re tvas then piaced

in ê muÍ'fle i'unrrðce a¡'icj nrairrtaineii at Li-le <-iesi¡'ed ternpei-Gtu¡'e

7t'c:r a prcde'tei-nr ir¡e<j length oi-^ 'c ime,

l-f¡e reliuicìr- occurr-eilce c;i' exltlosioirs ât elevatei
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tenrpenatures and I ow ac icj concer¡t ra'u ions r;iaCe it des i rab I e

tc, ft inci ê nlore su itab ie react ion vesse | ' The des ign of- the

vessel cl-rosen1'or this pLrrposie is shown in Figune l" A

simple steel pressure vessel, seaied b¡, a Teflon ttCti ring,

wðs fcuncj tc ivorl< s.:t isfactc'n i ly. A g lass tuibe, lcadecl w ith

suiphunic ecid solubion and chr-on¡ite corìce¡rtnate, lcosely

clcsed with a wisp of- glass wool to prevent mechanic.rl

spnay inç; o1' the so lut ion, rvas p laced ins ide the stee i pressune

vesse I , lvh icir in turn wcls sea lecl by a f- i¿:t stee I p late bo lted

ta the steel vessel" lt r!'as 1-or¡ nc'i ciesirable to coat the 1r() 11

r-ing ôs r.veil âs the netel sun.f'¡ices r.vith a silicone grease,

this pnever-rted stici<ing oÍ- the 1f 0r t rirrç¡ ¡'rnci seenied to

facil itate the ease with wh ích a oropen se.¡l cct.¡lcJ be olttainecl'

The sea led stee I vesse I was ti're¡r p laceci in a thenmo-

stetr eÇuiopeci rvith trvo heatincr elerrients, one of which !vðs

co¡rtnollecj b), a Fenwell thernroswitch imbedcJeci in tlre steel

vesse I and fed d irect l;, f ror¡r a I l0 vo lt I irre, whene.ìs, i:he

auxil I iary heoter wds J'ed by a Var iac so tirat he.rt could be

supp I ied rap id ly whe¡r irr insr ing the systenr up to tent¡>enetune,

a1'ten u, l'rích tl're poh.rer to the ¿'ruxiliiar¡, tvas neduce'J to a

poirrt which gave nrinimunr cyclic vania'cion of time"

l-he vesse I ivas equ ipped w ith ð pnessune gauge wir ich

tvas usec'! to g;ive a ncu5;h estinrerte of the nate <¡{'the reaction"

ils suIphuric acid is usecj up in the reaction, the vdpor

pressune increases , a ircJ ierre I s of I' to a cc:nsta¡;t va I ue as the
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na-ce (Jecpe crs€s" Th is was i=ound to be a va í irJ cn iten ion for

the cjomplet ion of tlre r-eact ion. Thcn, when the nate ol' the

reactiorr had slowed dol.rri-Lo a negligible vaiue, the rressel

was nenioved t-rorn the thenn;ostat orici a I lor,¡ecj to cco | , aften

r.vh ich the contents were nemoved anc-i arra Iyzed"

;"\ften d i5;est iorì o{: tire clrro¡n i'ce concentrate u, ith

sul¡:huric acici, the reaction vessel contained una-ttacked

clrronite, soIution, anci a l'inely Cividecj acid a¡rci water in-

sc', iub ie subst-êrìce' l-h is lat.ten, l'on lacl'¡ of cl nìone <-iel- in it ive

cJesiç;nntion,,",ill ire called ttaltered cirromitetr" lt r^,ill

r)e shown later- i-hat this ltaitereci chncnriteti consists ol-

insolut:le l'r;,drogen and cther rne'f,ðl sal'cs o.f'suiphato corrìplexes

ci' ciinor;r iun¡ (lll)" To cjetenmine 1;he tot¿rl rveiç;ht c-l- the

i¡rsoluble niatenial. tire resi<jue wcìs woshecj rvitlr eitl'rer lrot

r\'a-{-en or hot d i I ute su i phur ic ac iC so I ut ions and dr ieci at

ll0oC" Tire arnount ol"' insolubie residue was usuaily slightly

lerger when r,vashed with acicl than r,viretr washecl lvith [rot water.

Ljn,Jer s inr i I or wash in5: cor-l<ri it ions these we igi'rts were nepro-

dr"rc ib le to r,; ith in a {'ew pen cent.

Tire ma in pc.rt iorr of the I I a ltered cirrom ite t t rvês

'í'curio' to be inso iub le in bo i I ing rvater and i¡r bo i I ing

sul¡rhur-ic aci.i solu-cions" lf the I f alteneci cliror¡riter I lvas

¡:'nocl uceci ds a nesult o1'hyci nolysis, as sugsÌested by Dol.,nes

?,arrd i'riongan-, lt shoulc.i dissolve in troiling sulphu¡'ic acid

solutions" lt is a rveil established fact that corlìolexes of
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chr-onlíum ( l i l ) crr-e inert, bu'i ¡t hi:s i-.een olt¡- ex[-ei.ience

that 1-he ii;,,Jno l¡zs is Þroducts produrced üy bo i I ir,c a I ka I iire

s<¡luti r;i'rs cJ' clrnorniurn (lll) sulph¿.:te, can be dissolveC rvhen

i:o i leci in s,-r i¡:irur ic ac ici sc; ir-r't. iolrs, tirouç;h acirn ittecJ ly, th ís

occLrrs s I oiv ly " /.\1r'cel- sonre e x[ìen inent.rt iorr , it ]',i cìs ltound

th¿r-i: uoi I ing the I î.:l-i;e¡-ed cirron¡itet t rviti'r 2 N sodíurn

i'i¡.,ç'l¡-çxicJe solutior¡s nender-er:i tirese rr¡¿¡teniais into arì eclcl

so lui: le ge iat inous substance r{hose aFpe.ìr'ênce hrrìs 'c;,'p ica I

{;i,' ¡)rec ip it.lted r¡¡<-:ta l hy,.-irox icjes " 
'[-hus 

, so l ut ior'¡ o í"che

ge l.li: inous sui:sì;¿ìtl ce in cl i iu'i:e ¡rc iC , 'ro I lor.,rerJ 5.0, i- i itra-b ion,

enable,-i us ta sletì¡ar'dte Lire fr.:lt.eneii cirroiilitett l'i-cill-the

rJrìi-ìL1-i-,ici<ed chroini'te concc¡rtr.ite' The res,i¡luc cirt¿:inecl in

the dbove nat-ìiìer ire h.ìtzc: cìes icrrate<i ûs u¡i,ìì:'c.lci<ecl cirrom ite"

Tne weig;ht oJ'tiie llelitere'i cirnornitell is; then tire

ci iít'i'erence be-i:\n'een -Lhe ¡'es irJule L,e iEhi- ¿¡r-lc-'i the excess cir¡-om i1,e

conce¡rl'rate " The conî¡)os it i on o F the I 1.r ltene<j chroni ite t I

\.{¿ìs ciei-errnined ftnonr -i-he f i itrate obtaineci 'Ênorn the ci-rnornite

5s;'ìíìrat ion "

¡i¡irri_l'T I c,iL TEÜi'lii i [ì[ri:s

-ihe t-je-i-erin i net ío¡r oÌ' ch rorn

'citrcrl-inc'; rvith ;r stanCartj solutiorr

aftel' ox idat icn oì" i-he chnorn iuur ( |

ôln.ìrì.ìot-r iuri persu l¡,h;;te, u-s irrc; s i lver

iuni (lll) r!ôs dorre b)r back

o i' ¡rotass iurir ci ichi,crirate

ll) i-o chnoririum (Vl) rvith

ions ers â cata l>,stl 3a,
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and add¡tion o1'excess fennous arrìnìonium sulphate. The

cÍrnornite concentrete containeci trace arnounts o1-' manganese,

rvhich wcìs oxidized to the F.]ermanganate ion in the oxidation

of the chnomium (lll). The permanc;anate ion wds, thene.f''ore,

neduced i:y boilin.c the oxici ízed sclution ¡r'Ften the addition

of 5 nr ls. of li3 hy,Jnoch lon ic ac id. l3a

Tire c'ieterm inat ion ol' i non was aç;a in through the use

of a stanclanci redox titration. To detennrir¡e the total iron

content , ¿¡ recjcx t itrat ion l^/as errrp I oyed ¿rfter neduct io¡r of

the l"ennic ion-. lvith stannous chlonid.'l5b

Su I phate was ciete rm í rrecJ ín a i I cdses by pnec ip itat ion

anii rveighing os beinium sulphate' Since chnomiuni (lll) co-

onci inates'clre sulphate Erou¡: in solution, it was foun<j necessêny

to nemove the cirnomiurn (lll) ions' -fhis was achieved by

extnac-t ion o'Ê the chrcm ium ( | | | ) acety Iacetonate cornp lex into

ch i oroform" To test th i s method of ana i ys i s, a stondard

solution of sulphunic acid was prepaned. Analysis of this

solution by standand techniques of precípitatinç1 ancj weighíng

as ban i um su I phut., 13" and by the fo I I ow i ng procedure, showed

that 'che I atter- Sðve nesu lts lvlr ich were 5 parts pen thousand

higher tharr the fonmer"

liuf f ic ier¡t chnom ium was addecl to tfre su I plrur ic ac id

so I ut ions ín the l-o¡'rn of potass ium cJ ichromate so that the

CrlSOn ratio would be near the value'fcunti in otlrer typical

sanrp i es ' Socl i um hydnox i de so i ut i on Ivas added so that the
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nesL¡ltin¡r soir¡tior¡ í¡acj a p¡-i value t-)e'crveen 4 a¡,rd 5, ês ¡-ecoi.de<j

orì a l'llotov'c¡lt iuiodel I t0 ¡:lc+ctro¡ric Ði1 rneter. 5 ¡nls" cí'

eti-r',, i a lcoi'lo I anci 5 ri¡ ls' o ¡' ôcety iacetorre h/ere ther¡ ¿rddeci

to ti'ie soiui;íon,1-c¡ brirr¡.fi-)c¡u'c t.ire reduction c''f- the chronriu¡n

(Vl) -bo ch¡-on¡iurr'r (lll) and 'che 1'orn¡atioir oi the acetylacetone
IA

ccnll-r le-r" '" ln order -¡ or tirc ¡-eâci- ¡ons tc ¡:r'ocec--d ¿lt a

reasonaùle rate, tii,: s<.;Iu1-ions \.vere ire¡lted without boiling

unti | 'che conversion -{-o the coinplex was (rcnrplete, cls evicieirce<l'

b)¡ the cjisep¡>ëdrarìce o'i' 'ci-ie yellow coloun oi' ti¡e ch¡'orir iu¡n (Vl)

species. Àl-ter ccolini,: oi'-uhe sclu'¿i<¡n encl -ûhe ¿rcjcjitic¡n of

5 nr I s. c¡i" | : 5 Ìrycii^ocir I or ic .¡c ic'.i , tilo success irze extr.rct icns

eni¡: lcy irrg 25 nr I s' of ch l<;r'oforrii , nen'¡ovecj a | | oft t|re acety lacet-

onal-.e c;l' chroriiium (lll)" -ihis exl,raci-.ion is rìecessitatecj

because oÍ' tir¿ loi.r so iulr i I ity o{t tl-¡e cc,mp., lex il cìqL¡eous

sc> i u'i- ions. Af-ter exti'.rcb ion, t[ie so | ¡-¡'u ions',{et.€ ilea'cecj ic

¡-'ei, ove erÌ1'y' excess a¡-:c cj isso I'ze<j cir lc¡-o.{'ornr . The su l¡-:,Írate wds

ti¡erì p¡-'ecipitateti .rs b.lriur¡ sulpirate'oy ti-rc addition oÍ'b¿rriunr

clr lor ide sr lu-i; ion, aneJ ci ig¡estecl 'Êor' a ira l{' irour' Í-o I lorved by

cooling, usutrlly overnight" -i-ire preci¡:itate oi' [ra¡'iurn suiphate

was co I iec'cec; in a s iritere,i []'ÕroL¡s [.)or-ce la in cnuc i[r le , then

ir,n itei:l i n a rì¡L.r l'i'le {'unnace ai; 900ÕC.

In cl"der -bo ,;jeterm ine tl're sLr lphete con'cer¡t in the

sariipies o1t llaiter''ed cf¡rorr¡ itell, aniì othei- coinpiexes c,.f'

chno¡niunr (til), it is r'ìecesscrry to stort rvith e solution j'ree

oí- cocr<j inate.i sL; lphatc, gnoups. Th is rd.i-ìs .rch ieved by c¡x icJ iz ing
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tire chrc¡miunr (lll) to chromiuni (Vl) with hydnogerì penoxide

in ôn a I ka I ine so I ut ion wh ich rvðs necessðry not on iy l'or

tire ox id¡¡.t ion process bur: a I sc, in m¿lny cases , to destnoy

tire sulphato corTìpfexes in the traltened chnornitetl.

Fo i I ow i ng the ox i dat i on pnocess a¡rd ti-re destnuct i on o{'

excess hydnogen per"ox icle by bo i I ing, the p¡-i of the so lut íon

was adjustecJ to a value between 4 and 5" In centain samples,

such as aniryclrous chnonriunr (lll) sulphate, alkeline solutions

wou I d not destnoy the comp I ex and in suci'r cases a scd íum

canbonate 'Í'usion in plat inum cnuc ibles was necessdny" Since

the oxidation c-'Í' cirrornium (lll) occurs sirnultanecusly l'on

tire se sanrp les the hydrogen penox i<je ox i<jat ion was unnecessôny r

i-tu c pno I onged bc-, i I i ng o'l' .¡n ac íd if iecJ so i ut ion wds rec¡u ined

to nen¡ úve all <¡f the carbcnete ions {'ncnr tirese solutions"

A luln inum rr'as detern¡ ined spectrophotometr ica I ly, emp loy-

ing a Beckrnann lvioclel DLj Spectnopl'roton¡eter, using alizarin

ílec'-S in tlre pnesence o'f' ca l" irn"'. l4 
Slrop ino and Bnanno"kS

lrave show¡r that no inter'l-enence w í I I r'esu lt f rcm substances

pt-eselrt in these sanlples" lriagnesium was ti'crated ivith stancJard

ethy I ened iamm i netetraacet ic ac id , us ing En ioci-rnorne B lack l-

as i n<i icato r ,l T

îuËiìfviOci(¡rV I ivitTlì | C Ái'i,t LYS I S

Tl-renrnoç;nav imetr ic ana lys is oF the van ious conipounds

was done on a ther ri)obð I ance wirose noc.le of openat ion and
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'*jescriptíon ône'Êounci in the aFlpendix" llre'uheriiiognarns in

a I i cases have beer¡ obta inec in an atnrosphene <¡f a ir un less

,s clii'Êerent atmosphere is speciÍ'iceiliy stateci. In all t¡zpes

of thenrnognanrs, an inert atmosphere , usua I Iy n itnogen, r"/ds

used under iderrtical conditions as tirese cbtained in an

atmosphere cf'oir, to rroiie sure thi:t the atnrosphene played

no ínrpor.tant ro le in the deconrpos it ion o'i'' the substa¡rce"

I iiFi{"i¡ìrÐ SPtCTi{;rL HitiaLYS I S

The inf nared abson¡:rt ion spectna wer.e oota ineci us ing

a Fjerk in E I nren f,4ode | 2l I nf rarecJ Spectrophotome'cer equ ipped

lvith a sodiurn cirloi-'ide prisni' As absorbent, presseci pellets

ol' the substance ancj potassium bncnricJe, on a nru¡l I of the

substance and i,lu jo | , spnead betlveen two rocl-. sa lt p I ates,

r.iene used. The potass íum lrrorn icje pel lets were pre¡:ared in

a l/2 inch potassium nromide cJie sul-iFrlied by Bec[<mann

instruments Inc" ds Catalog Number 5020" The technique used

was ti-rat cjescribed in circul.-¡n Numben 5lB-4, supplíed b;, 'che

i¡ianufactunen' The n¡aximunr pressune applied 'co the cl ie in

the preparation o{' the pellets was 19,000-20,000 p"s, i"

In order to obta in sl'ranp deta i led spectna w ithout

scotter-ing, it is necessêrv that tl're perr"ticle size of the

solicj substa¡-rce be in tire rnicnon region" To oirtain this

recluc'Lion in size, nrêny techniques have f<¡und appli"utionr40

of these , tlre rnost ccnveir ien-c method co ns ists of gn ind ing a
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rnixtune o'i''che saniple and pol:ôssiuni bncmicJe in a \tiig-L-ßug"

f-iowever, grinciing in the l¿tter is ¡rct satisfactony f'or sub-

starrces wfrich cJeccrnpose neadily with the app-'licatíon of' heat

on vigorous gl.intiirig" The spectra oi:t¡.rinecJ {'rom the L'i.oducts

of gnincJing Crr(SOn)= l6HZ0 in a b/iç-L-Buç: t:r.e shov.,n in Figure

f 8" Ëxper imenta I ly, it was l-ound that the hycJrates in th is

invest ig;at ion, wh ich hove low temperatunes of deh¡zdrat ion,

cannot be <'trcund in a lilig-L-Bug, rvheneôs, anhydnous substances

on substânces wlrose deiiizcirat ion teurp,enôtures ôre above | 00oC

coulcÍ be tre¿rteci ín a l,iig-L-Bug; without altenation o-l'the

sanlp le "

*c ímp I e lr ancJ s¡n i Ird i ng of the hycirotes w itir low <Jecompos i-

t ion tempe¡'atunes ¡rnoved unsuccess'tu | . [i-rese samp les, even

thor-rgh dny, tencj to cake irnn¡ecliately, i;hus nrai<inc; it impossi[:le

to çtnind these subs-i-a¡rces" li'tixing the sam¡::le with ¡rotassium

bromícje prrion to SninCinç, prevents cakinç;, but expenirnentation

showed that i¡etter nesults coulci be obtained b;, grincJing the

nrixture in ê nlort.¡n ancj pestle in which the mixtune r{as l<ept

unden ethen. The use of ethen ensures the¡t the sam¡-. le nen¡ains

coo I dur ing tire gr inc-l ing process ôr^¡cl resu lts in a homogenecus

nrixtune thus leaciing to a shanper s¡-rectrurr,.23 Fi-cure l9 shorn,s

the diffenence betiueen spectn.r <¡btainerj {'nom vanious 5:,rinding

cechnigues" Hancj grirrding o'i'the sariiples uised ir¡ the rnull

technique, was stanted only a{'ten the rriullinc; agent haa' been

¡nixed with the saä:ple" This ¡>nevents c.rking c1-'tlre sanrple,
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but a l so pr-events tire acir ievernent ol' a ç¡ood gr ind , because

of- the lubnicatinq propenties oF ti-re i'lujol. Forthe conìpouncs

not a ltened by En ind ing, the irlujo I w.rs acjded on ly a1'ter a

good ç;n ind had i:een obta ined 'l'rom the or ig inal powden" In

the fu'cure, it mig;ht be advisable to t)repône those hydnates

which decompose neadiiy by nrixing tlrem r',ith potassium bncrnide

on sor¡re o'¡hen inent and in f-rared tnansparent suirstance,

followecj by çlnindirrçr unden ethen' Tlrese saruples caÍì then

tle ci r ied at room ter;rper.ature or unde¡. vacuum -i"o I lowed by

m ix i nq w iti¡ tire i!u jo | .

lìeage'i'c crade ilotassiunr bnornicie wôs 1:ound to have .l

fairly str"onç absonption in tire llOO ",n-l region" This

absorptíon is iikely clue to sulpl'rate ini¡runities in the

potass iunr trnom icje " S i nce typ ica I sarnp le rve iç,hts requ i red to

give gocd absonption spectna cf the sulphate wene in the

narìge <;'ft 0' I to 0" 3 ¡n i i i ignarns oi' compound 1-or every 4OA

m i I I ignarns of potass ium bnom ide, tlre ar;rc:unt of' su I phate

impunity, O"OOO\(" reported by the manufactunen, is quite

suff icient to yielci ô substantial abscr¡rtion bancl in the

¡ IOO "n,-l i.,rh icir is tfre sulphate reE ion. To pnepare opt ical

grade potassiun¡ bnonric{e, the f-oilorving rirethoci found applica-

tion" A solution ol' ethyl alcohol and w.ì'cen, sOfi oy volume,

wôs satureted w íth po1-.rss i un.i i:norn i<Je at a 'ùeiri¡renatune rìean

-bhe boiling ¡ioint of tlre solutíon" This soiu'Lion wês then

alloweC to cool sul=l'iciently so that ô goocJ portion of the
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potôssiur¡ bnon¡i<je precipitatecJ, ivhiclr hi.ls ren¡oved by ropid

Êiltratio¡i anii'ciren discancied" -fhe seconti c¡-op of cny5f6l.

tvn icir f-orrned imnled iately a f'ter' Ê i ltn¿lt ion *L¿ìs neta íned for

spectroscopic purpìoseso Tírese cryst.lls \!er-e clnied at BOoc

followed try suf-l-icient gnindinç; so that the ¡':noduct could

pass a 100 mesh s ieve" The potass iurn bnom íde rvas then dn ied

ancj stoned in a cJnyirrl; oven ert 200oC" The pranticle size of
po1-ûss iu¡n bnom ide is !ie¡'ìena I ly reconlrnended to lre êpprox inrote ly

25O mesh fon clear pellets but the experi,:nce in this

I aboratony showed t[rat gr. í n<J i ng: o'F the potass i um b nonl icle

efter recnystal I izat íon wðs ur'ìrìecessâr-y" Th is is | íkely due

to neduc'ciorr <¡f part-.icie size ciuning the ethanol precipita-

tíon as pointecì out by luieloc[re and i(albu=.23 ln onder to

pnevent contam irlat ion o{t the necrysta I I ízecj potass ium itrom ide,

a nrontar ¿rnd pest le and s ieves weFe thorouç1ir ly c Ieaned and

'chen ur secJ for no purpose other then tl-re ç;n ind ing a¡rd s iev ing

oÊ the opt ica I potass ium bronr ide"

ln preparing seniples'l'or inf-rared spectnal anal¡,sis,

ar'ì agate niontan a¡rC pestle rvene used to gnincl al I sarnples,

fxperimerrtation shorneci that washinç; t,he nrortar ancl pestle,

fol lolved by alcolrol a.d etiren ninses was not sul'ficient ro

ren<ier tl'¡ese spectnoscopicaily cle.rn i{' a wa1,er- insoluble

ccmpounrj hao been grourr<J in it. For '¿hese iatter sa lts ,

thorou.c;h scnr.rbLr ing w ith A jax C I eanser. wds su í'Í. i c ient to

clean the mon.tan arrij ¡:estle pno¡ler"ly. To check for cIeenliness



opt icd I potess iur¡t bnorn ide lvas gnound in the mortan and

pestle prior to pelletization" Tire absrrrption ciue to tliis

ire I let rr'ds r-hen detern", ined in the inf ra¡'ed spectrophotorneten,

wh ich shorvecl no abson¡,-rt ion i n the | | OO "t-l or su lp,hate

nec, ion.
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EXi-'riì | pitNTH L ¡lÈ*cü LTS

DlGi-Sl-l0hl 0F üi-ii(Oi,ill-Ë 0iìE

rt ) ¡ìËSU LTS

Table I shols the iveights o'F rtalter-ed chnotilitert

anci unattacked chromite otrtained unde'a veriet;, of conditions"

The õl¡ounl- of sulphuric acicj is cjescnibed in tentns of
rlpercentages of equivalencert, an equivalent of sulphuric

acici being calculated ôs the arnc¡unt ol- sulphunic acid nequined

t<; conrzent the concent-rate coh-ì[)letely to the ¡'ìonnal sulphates'

Thus , one çjnanl oJ' the chnorn ite concent rate u sed in th is tvonk ,

wouid be equivelent to I"751 qnrs' ol- pune sulphuric acicl"

Concen tnat iorr o F the su I plrur ic ac id is descn ibed by a con-

vent iona I vo I unle nat io oí' concentrated su lphur ic ac ícj to

wcrte r ,

The weigrhts o'Ê ttaltened chnomiteII as given in

-fai: le I re1'er to tlre ive ights of e ither ac id on rvðten inso lulr le

mater'ía | , other than ci-¡rom ite conce¡rtrate. To obta in th is

mater ia I the ci ig¡est ion pnoducts wene tneate'J w ith ôpprox imate I y

200 mls' o'l- e ither d i lute su lphur ic ac iC so lu-b ion or rveten

ancj bnougl-it close to.ûhe L'rcilin¡-r point oÊ tire solutíon'

Hea1.ing; was rec;uirei 'f'on it wds 'l-ounci that tire f ine precipita'ce

lvould usui.rl ly not settie ai-¡cl a¡,.¡>eared to i'orti¡ cì sol rvlrich,

hornever, coasu lateci just belorv 'uhe i:o i i irrg po int oi' the

sclution' Sonte of the insoluble matenial produced in the

d igest ion d isso lves urlcier these cond it ions and, therel'one ,
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ti-¡e we ight c,{' I 1a ltenecj cirro¡n i-re t t ¡: I us the r''e is:irt of

rrnattacr.ecj cr¡nonr ir-e concentnate, ç; iverl irr Tab le i , cjo<rs not

nefer to the totai rveii;ht cÍ' insoiubie nrateriai 1'orned

clr,ining the digestion, buû to the rveight of matenial irisoluble

under'ciie rv;isl-r ing cond it ions entployed"

In orcier to se¡:anate -Lhe ttalteneci chnonliteII l'rcm

the unattackecJ cirromíte, the insoluble nesiCue obtairre<j aften

the soluble ur.:'cenierl haci Ðeen renloved çls cliscussed above,

wôs subjected 'Eo pro lonçecJ con'¿act 'cÇs bo i I íng 2 iri sotj ium

hycJnoxide solution" This wê-ìs then ercie'i{'iecl and nesultecl in

the solr-¡tion o{'nlos.;t ol'the insolulrle m¿'cerial othet''i:hon

the unatt¿rcketi cl-rro¡n ite, iiepeated a I ka I i tneatnrent was

usual ly í--ouncj untlecessary when hydrogen peroxíde was e<J<jed

to tire all<aline solution bec,suse i;he insoiuble chromiun¡ (lll)

h>,dnoxicJe wcìs oxiCizecl to c¡ soluble chnomium (Vl) species,

tirus a I lor^,ing cont inued attaci< on the t t a ltened chrom ite I I

bv sod i um hvdrox i de "

Tfre data suggest that the amount oj' chronl ite

unat'Lackecj by sulphur ic acid is tjetennrineC pn imar ily by the

aniount ol" ac id p.r'esent in the ci igesr-. ion" Th is is siroivn by

compôn ison of runs us i ng cj i í'ferent F)encentage eciu ivõ lence

o1' acicJ ôs in nt¡n numbens l, 9, and 16" 'r/lren tire acid used

is airout |Of" of equivalerìce, "rire unattacicecl chromite is

genenerl ly qu ite close to the atriount ant icipated {'rom the

stoichiornetny, pnovided su['ficient time is al lowed 'tor



25

equ i ¡ ibn ium to be esteLr I ishecJ. l¡r no côse rvos the attack

çireat enou<.-h to indicate signif-icant r-ecrenenation o'1" sulphunic

ac icj try lrycìnc lys isl sorne s i I ica is d isso lved b), the sod ium

hycìr oxíde durirrg the soIution o{'ti-re 1?alterect'chnonrített,

thus òìccount ing 1-or the srna I i appðrent excess oft attaci<" In

no cûse was the excess attack gneat enou!; h to in<J icate

siç;nif icant regeneration o1- sulphunic acid by hydnolysis"

F igur-e ?, sllows ,3 re lat ionslr ip f¡etween the amount o'F

unattacked chnornii--e anci tl-re sulphur-ic acici concentnation,

rilcst ef fect ive a'ci-ack occurr- i ng i n the negr ion o{' equa i vo I ume

of- sulphu¡'ic acici and lv.rter" Á dirninishe.J r.¡te of attack ê)'ù

iolver ac itJ concentn.rt ion is ant ic ipateii in .ì pnesumab lv

¡:r.oton ic attocl< on the chronrite latt icei the f al i in9 o1=l' of

tire rate at h içher concentn¡lt ions is most neacl i ly nat iona I ized

on a punely nrechenical í:asis, that is accìunìulation ol'

inso I ub le proriucts , because, ês shouvn in Fislune 3 , the

arnount of' rraltenecl círnomitett beginsto increase napidly at

sulprhulric acid concentrations çneaten then l:1" t\ ciecnease

in the protorì concentrat ion at h igher- concentnat ions of

sulphunic acid wouicj also leaci to a slorven rate of attack"
/

'vVylie=, in his investig;ation founci t-hat, tor- optimum con-

c it ions 'Êor círrom ite ati:ack by su I phur ic ac id at I 50o C, the

aniouirt oÍ'c¡cicj useij slrouicj be a'c least SOOaf oI equivalence

and the ac íd concentrat ion 75d/ tcy we ight " H ighen ac id

co¡"ìcentr¡rt ions and sno I ler eniounts ( lorn,en i im it rvês nct



Fãgure 2

ilegr.ee o't att;ack of chronríte ês â j'unction o1= acid

concentnat ion"
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F igure 3

Fonmat ion of, I talteneci chnonritet t as ô fr-¡nct ion crf

acid concentration"
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given) of'acid botlr i:nought abor¡t an increase i¡r the arnount

oÊ insoluble moter-ial rvírich, presumablv, is the same

tnatenial designater-l hene ês t taltered cirrorníi:et 1" ì-his

cieci-'ease irr tf-re rate ci t¡e to tire f'onmat ion of t t a ltere,j

chnc¡m íte I t is ve"y ev ident in nuns nunibers I anci 2. The

slowet't"ûte oi'' a.Lr:acl< in 2 nlust be ciue t-.o tlre'iornration of

tire I lalterecj chnomitet r at ôn earlien stage than its

formation in number. l" Two ef'fects ðre nesponsitrle for

this, l'irst, the acicJ concentrai;ion, ancJ secon<j, the clrnonriuni

( | i | ) concer¡tnat ion ôr'e both [r ighen in nunrber 2 tl-iern in

nuniben I fon e ç;iven deE:r'ee oJ' .¡ttack, the t raltered chnonritelt

l',ill f-orin at an eariier stage i¡r the fornrer- thus cjecneasing

the rate ol' at-Lack on ti're cl'¡norn ite.

Tlre dotted port ion o{'' f,i1,ure 2 shows that the n¿rte

of attack at higirer ecid concer¡tretions cJrops as the

'cem¡:erôtune is incree sed to 250oC. Comp.rn inl-, nuns nuribens

l, 2,3, ancj + in TaLlle i shor',s how r-his increase in

tenrper-eitune s imu ltaneous ly bn i nçrs a[:out c] lnari.ed increase

in the anrcunt o{- traltered chnon¡itett r,iirich is thcught to

coat tire unattacked ch rorn ite t hus f-rrevent i ng f urther attack

bv sulnhunic acíd"

Generai i;, the weiglrt oÍ' t taltened chromitett incredses

crs tne tenrperature oi- the ..Ji5.iestion increases ernd as the

.rcid ccrrcentr"ation incneases, ¡-icrure 3 shows hcw the weight

of' rialtereci ci-rnoäìitert incneases with on increase in acíd



Table I

ir¡^otiucts .l'ornerj on sulphur-ic acid ci igest ion oÍ' ci'rrornite-----Cõñõ:---- --tñãf ¿ãõ¡<õð-îîÃI€eFed
iìun l-ipS0^:Hr0, f, Ternp, 1-irne, chnornite, chnomitet r,
!e.l---,iI /,tL---=sïlyeleree--:q---hggr:- --s/sv- --slgù-----
lrv t.
Zw Zn
5w iJ.
4w
5w
bw
7w
Bw
9

l0a
llrv
l2a
I tlfv áo
I A - | o r"I tu ¡ o r:o

lbw 1"5"
l6a
t'/w
lBa
lva
20w

.5 200 21 0 2l
2lo zl

2CO
200
200
200

200
200
200

200 7.5 .406

250 24
250 ?,+
ôl^ ôl<,tv ál
2lo 2l

200 7.5
250 24
250 l9
2Ãn

,F.^

t Ãaì

2trô
250

l9

250 7ñ-^á3V luÐ

. <,¡o

.586

. 1U5

" 009
.380
.5BB

.708
,258
ô OOa

" 362

.424
" t]UU

|"lô
| "U().t95
. o57
" 004
"015
" 000
.000

.224

.310

.320
" l58
" 339
.l89
" +54

" Ð('a'

" 324
"2ll

1"5

I
I 00

00
00
52.5
52.5

40"6
40.6

7"5 "4777"5 ,499
7 "44+
r, FAQ/ 'IJWU6 "42+6 "433

"5

Zla l;1"5 52.5 250 19"5 .452 "419
250 7"5 "619

Ék The weigl-rts of'
the cì igest ion

J- -ine syrnbo | (w )

we re t'er¡oveci w

diiute sulphur

concentnat i o¡r.

t t t¡ | tened chnorn i te t I is no-L ev ident i n the rurìs enro lov inc

1Of/., eciu iva lence oí ac id" Th is ís attr ibuteci to van iat tons

in the washinc, cor¡ci ibions an<,1 to tire favoureci l'on¡nation of

the hy<irogen s¿: lts at

d ig:est ions enp,loy ing

lhe insoluble

proliucts crre !jrôrns pen gnanr oi' chromite in
charge "

.¡{'ter the nurnber riie.ìns that so lub le pnoducts
ith hct waten, the synroo ¡ (" ) nreeìns that
ic acid was used.

-fhe ç¡enerai i¡rcrease i¡r the weicrht oi

iriç;h acid <:oncentnai:ions as i¡r tire

2OOl,' equ ivaients'

mater ia I wh ich iras ireen des icìnated cìs
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I r e ltereti chrom ite I r is f or¡r¡ed rvhenever" tlre ac id concentra-

'cion is higìh errougih to s;ive q pêíìsonabre rate oi:: attack on

chnomite. This¡ pr.esumairly, is the sanre nraterial that the
iv¡ i nes tnanch rvonkers cons icien to be hydno lys is pr-odi_rcts of
the t-¡'ivalent ior-rs but wi'r ich assumpt icn is not cons istent
rvith their oùsenvation, substantiated in this wonl< ds rnell

as that o'F 'oiyIie4, tirat the amor-¡nt oí'this nratenial increases
rvith sulphunic acid conce'tnation. The physícal (l.inely
d iv idecl , non-qe l at i nous grey green ) ancl chem ica l (ac id

i¡rsolui¡le ond altened by sodium hycÍnoxicje) t)roperties are

also susiclestive tlrnt .ìr-ì aIte¡ nate ex¡:!anetion is reciuíred"

This was {'ur'chen de¡lotrstnated by cJigesting; ci^¡ronlite concenrrare
r..,ith .ì soiutíon of.' chnoniium (lll) sulphate (l cìranr of. r,¿aten

pen sìnônr oJ'the decahydnate) at zsooc, which cl içestion

¡,'ri^oducei no ac id i nso I ub le prec ip itate othen tha¡r the
or ig i na l chrorn ite concentnate. Chenr ic¡'l i ana iys is o í. two

nepreserrtative sdiirples ol'the tlaltenecJ chronritef r clne

pnesented ín Table 2, and tne cationIanion natio seems to
indica';e corìciusively th.r{- hycirolysis cannot be a sig¡nif icant
f:actor in the f'c¡rrrt.,tion o'l'' ti're irrsolubie r¡ratenial" Complete

ana lys is o t the pnoducts wûs not f_rerìer-a I ly nrade , pant ia I

analysis of the pnoduc'cs siiowing r,hot -rhe resul,ss r\'ere quite
consta¡rt within a given negion of acitj €XC€sS. Tire slight
excess c¡l' cat ion over. su I phate \,vös typ ica I of the ru ns us íng

5O/, ec¡uivaience of' acicj. This is ascnibecj to '¿he lrydrolysis
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o{: i-he products cÌur íngr t-he r¡ an ipu i at ions sLrilsequent to

cjígestion, ¿uning the extnaction ol'the soluble pnoducts

tire pnec ip itate tencjed ro ci eve I op ô Ee I at i nous n.lture ,

sug!;est i ve ol' an hycJnoxy I at i orr process" Th i s behav i oun

wôs not icecj ðs rve | | f'or sonìe su I phato cornp i exes lvhose pre-

r)ûr'at ¡on anij proL)en'c ies 
'.v 

i | | subsequentiy oe cj iscussecj.

Table I I

Þr ;;;;------ - -tIelyet¡-el- -lyprsg!-IlcL!srgn-to;:iij=;;;;;;i;;;=;
drse:!rel-!e:-%-9r----le----þ:! !g---!!e----ee!le!:ielrgl---

l8a 7"25 9"56 4"39 l"BZ 60"0 l"12
- - - - - -? - - -!9,292 - -9 :*V - -? :!? - -! :ÞÞ - -9,9-? - - - - - - - - 299-- -- ----
H Same as in Table |, page Zg

The ava i I ab le l-acts ore betten exp la ined on the

¡--,ostulate that the I ¡oltered chnornitel t is a m ixtune o{- the

hydrogen, aluminum, maanesium, anci iron (ll) salts oF

sulphatopolychromate ( I I | ) anions, íìecourô1s rro"kl0, in

genenal conf irnred by !,rhitn"yll, substanti¿rtes the pr-obabítity

o'f' this explarr.i'ciorr, since ire nepor'cs the iJrep¿rnation of a

senies of richrorniurn p-,olysulphunic acidsrt unier concl itions

rathen sínrilan to trre digestion corrdirions, anci oirsenved thet

¡nost of theín salts were insoluble, anC closely resernblecl

the lloltenecj' clirornitt¡1t ín dppeûrÕrìce. lhe worl..¡ published

suûsequentiyto ours, of i.Ìecif'enn anci Sululon4-l' 42' 43' 44'

substantiates this .issurnption as rvell since -i:hey f-ind

analagous l¡ehav iour in the tlo systems , it?,A,-CrrQ"-H20, and
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,',s-[ì--C"-['--Li -C\. Ti'e 'Í'onrilar- ian c]r'¡c.i colÌìr)os it ícn ol- suclr/^/

corílp iexes rr,i i I be ¡ Jtunct iori o'i- I i1: an<i c()ncelrtrei'L- icit, centra I

ío¡l coircei¡'cratio,-.¡21 an<i Gi'tiro relative concentrotions o1'

protorrs ôi^rd c'r:her nietals l',iricn cðrì iur¡c-i-ion as catioirs.

l-iris is coiiìolet.el5, cc;r'ìsìi-.:tent witii tÍ'¡e oiiserrz¿:l-Lic¡i-, tlr¿¡t ilic,h

su l¡'h.rte ccíìcentrat ions iti.ivc,rrr jtcrni¿lt icrr o'itt 'Li:e i'-,so i trLr le

;:,r-ocJucts, th¿-rt the iie¡'cer'r t.rge of' su l¡:i'i.ite in the-*e ccnlnoun<.,1 s

ís oi.,'senveti to i¡icrease r,,heil excess sui !¡-,.irunic ¿:cici is useci ,

¿lnii ii',¿¡-c tire reirov¿i cj'' i¡'on cì¡-rcl ci'u-<;r¡';ium (lii) is f cr.iest.

it'ii-.i^' corìcenl-¡'¿:teci sul li:htrr ic .rc id . r.vi: icn i,. ¿r I s,c thei rìiosrr;

favou¡r¡'ia.,ie ccn,.ji'tion 'iton tl-,e ftorrr¡¡tíori cl:';i'¡t':se corììp1..:xes.

la runtl-ie¡- streligl-l-:en tir is ex¡.r I allat ic,.rr, f'.,¡: ic<ll

c(riiipol¡¡-rci s <-'it 'tire t-.,r¡rc Fì:ostrj ia't-e.i lnÌer.e lr'ìepi:ìl. e ij u¡-l<r'e¡'' s i¡i, i | ¿l¡^

ci-'¡'¡,--j itioi-rs" iiy <1 iEes;ti¡-ic: cii¡-o¡,iiuLl (l¡i) s'-rl¡-:hcte r.;itir sulphuric

ec i.r' utrr:l er v¿rr ior-rsr d i1;e::t ion ccn,.j ir iorrs;, ûs ir'i i I i;e <jescr ibed

subsequer-rt l y, i i'lsc i ub i e irrroducts ) ivllcse pir,,,s, !c-' ¡ ¿¡iicJ chen¡ i c¿l l

¡-lropei'tíesj corresi:jo¡r<'jei tc thcse o'l'tlre II¿'ite¡'eij chror,liitett,

se[rcìratec{ " 5i¡'-'ce tlri-- ¡'esidu¡e F..r'o('¡irced i¡r thes:e ci i:,'e-stions

c 1i".,¿rys cc,rìt¿l i ¡red aii ic-¡n ecL¡ iv¡ri en'cs ilr excess 1-c thos;e crÍj cirnoni iunl

(lil),-chey rvere as-suniec'i to oe irv<ir-c'gen s¿¡lts. -í-i', e hydrogen

icns r-1'ì iì)1 be i-e¡,:lacecl i:), r¡etcii ior¡s scì 1.i-,¿lt the rrei¿rl c¿ltioir

.li-liÌ anioir ecì{-¡irz.ileiits cì¡.e icje¡¡i-ical in -clre rilet;ri s,,¿irs,, ci'-tirese

slr ipiratcl,clvct'r noniate (lll ) :;¡ric;rrs;"

ii) ÐlSCi;:j!jlûii üF ir¡-SiìLl 3

The h)rdnc lys is r¡eci'¡.lr¡ isn¡ f)roposei:i by Ðowne.; etici ioiorfl-*2
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fcn -¿lre attac'< ol- chroinite by suigrhuric acid i',culcl seerii to

pnci'it l)y ir¡od if icst íon to the io l loiu inç, schen¡e. The in it ia l

ottaci< is e proton ic otl-aci. of' 'che chronr ite I .rti ice ,

bninging ti're riietallic constituents into solution iir the sarne

na1- io as 'uire¡, occun in tire i att ice " ?rec i p itat icln occurs i n

¿l seconrl step. bL¡lpirate conìplexes oí'chnor¡¡iun¡ (lll) ane

for-med arrd unCer cor¡d it ions o1- sur f'f ic ient ly h igh concentra-

tior-rs oi' cirnomiun¡ (lll) and sulpha'ce ions, "ûirese r.,,ill include

var ious an ion ic po lynuc I ear spec ies ì\'l'ìose hydroclerr otrd otLrer

salts are ins<¡iuble" {-ì igh acid concentratiotis arrd irig-;ir

-ternper.¡tur.es ít'.rvour' 'che {-cnr¡lat ion <.,1t tirese s¿its" rìttaci-. of

ti-¡e chron ite nidy i-¡eco¡r:e vet-y s lotv .¡ften êccumu I at ion of

tirese ir¡so I ub I e sa lts, i'retrce , the 'i'a i I r-¡re to cornp lete the

clecompos it ion oí' the cht-orn i't.e in a reasor¡atr ie t in¡e i,,, iiert

excess ac id is i;sed or wlren h iç;h tenperatures c.¡re entp loyed"
-f he rilone obv ious ivea[<nesses o-l' the hydno lys is theory

arel First, the precipiteteci iron is erlnrast completely in

tire 1'orm o'Ê inon (ll) r^¡hich is not easily hydrolyzable,

second, Ërnecipitation takes place t.,,i'len ie,rge amou¡rts oF

unusec' ac ic'l aFe present , anci , th irci , hydro I ys is c¿rnnot accot¡nt

fcr ti-re fact that the pencentage ojt insolr,r bie riaterial increeses

as the concentrat ion of the su l¡:hun ic ac íd ilrcrc¿óìses"

ln orcier to learr¡ nrone about 'ihc seconci step ín the

çrrcposed mech¿¡n isr,r an i nvest igat ion of tlre i rrso l ub l e pnodr"rcts

forir¡eci ciuning the <Jigestion of chnoniiunt (lil) sulphate with

su lpl'iun ic acici ì.{as uncjertcken.
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c0i"ii-,LrxËs ü i, ci-ii<i;]i'i l urú, ( | | | ) sti i_F,i.i¡rTE

H ) Si¡ i[ì'H¿iTü ü-¡i'iiíì Lt XÈS

l) lNitl0Di.iCTl0N

Recor,r.l0 reponts the pnepanat ion of a sen ies; o Ê

trchronripolysulphu¡-ic acicJsf ', Cnr(>t,n)a n l-lrSCrn v HZ0,

br- errapo¡-at i nç to cl nrrne.s m ixtunes of hydnatec{ chncnr iunr

(lll) sulphai-e with sulphunic acid on ð rv¿rter bath" The

value oj'n (up to ô value of 6) is detenminecl t>y the nrolar

rat.io oJ.- th<¿ iryclnatecl cÍtrorniunr (lll) sur lphate anci sul¡:,1-ru¡.ic

acid use.d in the pnepar'ation, rvhere¡,¡s the v.-ììiue of y ís

¡:rninr¿rily cieterminecj b), tiie iength oí'tirrie ti'iese míxtures

erre ireated" Heat ing ðny o1'' these ac ids l-or o long per iocl

o{'tir,ie at l50oC¡ cor-ì\zen'cs the acid i:o lr,hat he tc-:r'rnecj the
It isomenic 'f'onni of chromitetrersulphuric acidt 1

lCrr(5Cr4)5 HrSCinJ rvhich is insoluble in waten, l,Vhitneyll

sugç;es'cs i.hat the pnoduct th.rt is f-armecJ whenever the molan

nat io o1' su lpliun ic ac id to chnonr iurn ( | | | ) su lphote is greaten

than three, is the ¡:rocjuct that íìecoure des ígrrated as the
I t isc¡nlen ic f-ortn t I . i-i is expen iment a I ciata on the conductance

encj f'reezin_ç¡ points of'solutions; of this salt, led lrirn to

conclucie i;h¿rt tlris subst.tnce h¿rs d verv higlh rnolecu¡i.rn weight

einci cou lci , theref er-e ) be ca I lecj .r co I lo id. He ac;a in sub-

stontiates liecciur.lrs nesults in that addition of' rnet¿:llic

sa f ts such as Hç¡ (i',lC;= ), on Cu Cl , tc tl¡e so lut iorrs of these

acids cdusesì pnecipitarion of the r¡ercu¡.ic o? cuç.:ric salt



o1r the r lclrronritetnasulphur ic aciclt t. \4lynouL.o'Ffl2 con-

s iderecl a | | o{' -i;hese .¡c icjs s inrp ly ds rri ixtures o'F su lphun ic

aci.J ancj the t tchnonritetnasLrlphur ic acidt | 
"

The ac í<j su I pi-rate Cn, ( Sûn )= I-lZSO4 n H a0 ís ".po.t"d 
I 2

tc exist in two f'ornrs, the vioiet fonnl , pne¡r.rrec.l fnoni cold

solutions of hydreted chromium (lll) sulplrate a¡rcJ sulphunic

aci,:j, aird i:he gneen'Form pre¡--aneci in vacuurÌì' The gneen f'o¡-nr

contains coo¡-<jiirate<j sulplrate srnoups lvheneas the violet form

<ioes not. tviat.hen ¡¡n<J 1,,,;, I i.5 .ons icler tlie cirronr íum ( | I | )

sulpi-rLrte to be in solici solution with cornpouncis such cìs

Ê^ /qrr \ il .r.,,2 H_C, and Al /*rì \ Ll c'¡ lF_lZ l,_Ci andtvz\*'\)4tz t'z-" * á z\t''4!,2 tlzç\'4 
á

rllo(SCi, )o l6 l-i.,O" These sol iciS ïr,er.e oirt¿rinecj by c{i lutingá+.lt

three 1'o I d r", ith waten the cl i gest i on nr i xtune of chnon'r ite and

sulphunic acid (l70tC) anti allovring the solit-r's a¡rcj sclution

to ecu il ibnate 'ton a peniod of 2 to 4 weel<s" The above sol id

phases nray , theneJ'one, rìo'i; be ider¡t ica I to the s<¡ I icj ¡lhases

pnoduced at | 70"C'

l-he chnomic cÍihy<Jnoheptesu lphate, 2 Cnr(SC'n)= HrSC4r

has been prepa"".llZ lty heatirrg; lryclratecl chromic oxicJe with

concentnated su I phur ic ac icj. I l' a lange excess o'í' ac id ís

usecí the chnoin ic ox íde d isso lves ani tLren prec ip itates as a

trey por'ucJen which is irrsoluble in water and is attcci.-ei with

gneet diff iculty by elkali, Sone contnovensy exists abcut

w,hether this matenial ís the chnomic dilrydnoheptasulphate

or anhyclpous chron¡ íunr (lll) sulph.t*.12.
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Foge I et ul22 report the ex istence of ti*o conlF IeNes,

cìn innen inert ccmplex IC*(Hoû)o 5C,rì+ ancl an cuter sphene
4T

coniplex. or- ion pair (cr(l-r ,o)un1 sl,n:) i,r diiute siilphunic

acid sclutions" Tlre Fonn¡atíon cl'eìn inent innei- complex

is postulatecJ Ic"(t-tzc)r,{sco)rJ- in mone concentrete<J sulphur- ic

ac icJ so lut ions" LÌ s ing ion exci'¡c¡nc;e co lurnirs, they nlanaged , to

separate the latten into its cis ¿lrrc-i tnar¡s isomens, Thein

str"rdies rvere lirnitecl to tem¡:reratunes below 85oC, anrJ show

'chat the nrononuc lean comp lex H I Cr" (H 
Z0 )v ( Si)¿ ) Z] is a so I ub le

species ¿¡nc'i rvoulcJ , ther.efore, support Uvt,aÌreylsll conclusion

that the isomen ic f'cnm o{' r tchroniipolysul¡lfrun ic acidl l is

in 'Èect a polymer"

lviore recerìtly, Lui<aszeweski ancl iiedfe.n4S have

stridied tire solid phnses in equilibniun r'rith salutiorr irr

the systenrs Cnr0=-PZ0b-HZû and CrrCr-ltsZ0b-HZ0 ancl obsenved

that, in the presence of excess ac id, anlorpho¡-rs sol ids w ith

a vô n i ab I e rat io of Cn I X0+ are {'orn¡ed" l-he tenipenatu res

enip I oyed by tlren¡ i n the i r phase study wer-e I inr itecJ to Oo

^ 4l ^+2'43,44 The in concl usion is that nolvmerica l-ìCl '/ Lt- \,. '

I : î r'¡ \0,-c.-lu x0.-cnl -H XC.-cn *ì^xci .l*,"" lrecrra I ns oÏ Lt1"t + I tL l,-r + '2"- 4-
l--onmed rvhere X may be P or As. Tirey sugç_¡est th¿rt simi Iar

behav iour w i I I be observed l'or the Cn-0--SCf -H?0 systenr"
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2) i';.íi:ir¡ll'.:,,'-fll.ì,j [iir ii Y,),';Ltìii.: ;rli,i ¡ii-iiri: iì.ii¡i'i :.,.,]ii-l':: tjF
Sl,ii i,i;.,îr. i,CrLYui¡i..tuiii¡iT¡: ( | | ¡ ) ¡\ir iCri'¡S

ilre¡r.rr'¡'t icii o'i i-l-ie irvci r'û(leíì s:¿l ll:s c; f'' su iph.':L;c¡:o Iy-

c¡lnon¡l-te (lll) ¡¡¡rions rïi-ls.rchierre-ti t-'r, ciígestiirg ci.rrarr! iurlt (¡li)

si.ripir'ite v.'it.ír v.-rrious conceritr¡rtio¡rs cÌ'sui¡rirr-rric acici, at

c-ji-f'¡-'et-ent teär¡.:ei-cittjres in t,i-l.irer clc:seci c;r open vessìels. Ti-rese

l--r'ep¡-inat. ions riray corìvei-r ient i;; be cjescr" i,:eci as tl^,nee rj íst inct

n'ocJ es of lnefrt:ìno1- ion. -fhe i irst nicltiio¡:i' r,,crrs i sts o1-' ci ii;es1; irrE,

in se¡'rled i-ubes at"¡-e-i;rp(,-¡-r:tr¡res iretrveeir 200 ,:ìniÍ 25QoC, chroni ium

( | | | ) su | [:, l-¡¡:te i', itl: su I phur íc ac icj r^.'i-:<.ise concentn.r't ion is

greete-,i- t¡-ra¡r iI nolan" J-i.rese ,-ìí¡.esi-io;-r s; rirêrê nrai¡r-t-¡íneci ¡:t

tr',e ci es irecj tetii¡:erature 'í'or a iìa;, i;r-. eirsLri-'e tÍ-rat eclu il ii¡r- ii¡rl

h;d rlecìrì oi--,t.:ineci. l'lrecipiter-i-ion oi ti-re pr-oi.iuct, hor.;ever,

t.i sutìliy oc,cur¡-ed r.itlrin the ,tir.sr: 'lter'' i-lcrlrs" /.itrlsp ci i<;es{-icn,

the p¡-ecipít.rtes \v€¡.e f iltereci a;.c '.vashei,i witlr col<j Ì,iater.

Tci ie'cernriire ti're io',',es;t terirr-(.i'a-LLri=e re..ju ineci to pi-'eci¡ritate

tl-¿is sellt, a s,:ìtr.¡ne1;eij sclul ion oí' cirron¡iunl ( l l i ) sulphate i¡r

9"6 nicl¡r¡- sulphui'ic ¿lcicj (a volunre ra'Lio c{'waten to sulphunic

¿rc id neer | ) \+,óìs ,,i iges:te(] in ¡r vesse i ec1u ip¡recì w i-i:h c cori<'l ensen,

.:t llarSoC" i-'reci¡:it;ltiori ci ici rct occ: Llr in the cc,L! rse oF seve¡-al

t^reeks a{rlcl" 1-ilerci'c¡"e, tire soiuiion teri;r:.,(-:¡.al-Lin,iì Nit:ì increasec

cr'.; ilv in s¡ilail step-;s" Form;:tion <,-,i' an ins;oiuÐie Ðí'oitu{-:t

cies iíìr-ì¡:ited ,rs i{ occr-r rrec.i .¡t. l80oC"

Ihe seccirci inoce oÍì p,-epar¿it ior¡ ern¡:, lo¡rs ídecorir¿l 1s

I lchnomip..rlrrsu ipi'rur ic .rcicisl t arì stani-ing; rr.;ater ial . Tire

[ii'eÐiìr¡'uior¡ cjt'thr: iatten cc'nsii$ts cf- cjigestin¡' ci¡roríì ¡urrì (lli)
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su lph*te r"r ith ¡'e I of ive ly cJ i lu1,e (+ nro lar ) srr lphun ic ac id ,

in ¡r¡ol¡lr r.:tios o{' I to l, ui 'to I t.o 6, orì cr h/aî-er bath

r-rirt il oni;, a guñlmy glassv subsi;ðnce ís lr:fi-. in the vesselu

i-hese n¡¿:terials t,,e¡-e s-t-iii r:noist l.,lren i'en¡<;ved froni the waten

Dath an.:i, ti'iere1'o¡ e, they, lrreîrr placed in an ¿lin thennrostat

a'u izot\' in <;rrjel't<¡ com¡rlete the c'ririçn p¡'oc€SS" it rvas

nol,iceci ti-¡e ttcl¡i-orni¡-,-olysul;;huric ¡,rcii:i srÎ rvith n vGlue-rioi:

6 anci 5 cnystal I izecj in the coL¡nse o{' severóìl d.r¡rs oír hcating

aird i;he oti'rer riieir,irei's o Ít ''cil is sen ies, e xcepi; {-o¡' 'r:he: 1" irst,

cr'\/,<ìtal i izeci u!-ron i:cirtiler irr-:a'u inE' I I, h/¿ìs ¡rot ice<i tirct the

ac itjs i^r i'¿h ii igher fì vd I ue s c¡"..2s-t-¿: I I izecj mo¡'e i-'cr:icj i ly, 'ch.,ln

tire icrier- rirernl)r>r.s o{-'ti're senies' ii-.t* tir¡rs!"-¡ ôplle.ìi'arlce of

tl-rese crrzst¡: I I izeci prociucts sï.iggesteci 1-írat the,v were r¡tix'cures

conta i ir i nq F¡'ee sir | ¡:hu¡' ic ac icl . Tirese ïtere, tirere'Í'ore ,

e I loweci 'cD stcry in i-he thernosr-at e¡-i; I 20"U 'í-or ar'¡ e xtended

pe i- ico o'i' 'u ine in the frope th,rt a I I oí' ti-re f nee su lphun ic

ac ii anC aLrsorirecj rva-i.en lvou lc-i vo lal- i I ize. i¡ ighen tetiipenatures

,".rene nçi; einp loyeri in tire ci rv irr. iarocess in ontJee to preveirt

convent inc tirese ac icis to the procl uc'c ciesci' ibed ay i(ecouna

rls t;he I I isorr¡er ic 'f-orm ol-' chnorn itetnasr: lphr-ln ic ar: icj.r I

lvhicir accorci ing to i(ecour¡l is J'-on¡ned tuhen these ¿rciCs êr'e

heatecl to l5OoU' 
-l-irese 

ir.rl<eci Ðroc-iucts r',ir ich tre r'€ less

irygroscol;ic ¿:¡nil less soluble ti-r¡¡n the stirntingi rira'reriels

belong to the seconii nrel-ho<.í ol iJne[--'i]r"ation" -fhese proci ucts

were not r..,ashed ¡r ith Ì\/.lter i)ec¿luse o'f the i r so I ub i I ity and
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pcìrt icu I ar I y 'Fon f ear of- a I terat ion of the ç:,r-otluct due to

hyrcirox¡r I at ion '

The tlr ind methcd cons i sts oí' d igest inS chrom ium ( | | | )

sirlphate with ir lan5¡e excess of 9"6 nrolar sulphunic acid

so l ut ion in cìn open vesse I " The gneen cjecahydrate ol'

chnonrium (lll) sulphate was <-i issolveq' in acicj ther'¡ digested

or'ì a hot pla'ce at a maxin¡um temperatu¡ e oJ' l55oC" After pre-

c ip itlr t ion appeaneC cornp lete tíre so I ut ion was decanted and

tl're pnecipitate washed lvith 9"6 molar sul¡-ihunic acid, i,,fter

eoch waslrii'rg ê co¡rsiderable length of time is required to

allorr,the Jtine Srey ç,rr.ee¡-ì preci¡:itate to settie. Al'ten

{'iltr.rtio¡r the precípitete was kept at lij5"C until no visíble

f'urnes of 50- rvePe neleased.
Ð

-fire alunrinum salt-s o1' the sulphato¡rolycfrnonrate (lll)

an i ons , wene prepaned by two d i f I'e nen'c r¡iethods. I he l- inst

nrethod is iderrt ical to the 1'' irst methocj descn ibed 1'or. the

prepênat ion of the hydrogen sa lt exce¡:t that van ious concentna-

t ions oJ' a lun¡ inum ( | | | ) su lph¿rte were added pr ion to 'ulre

digestion" The second methocj i'or the aluminum salt is

ident icci I to the tír i rd methoci cjescn i ireci for t he preparat ion

oF the hydnogen salt except th.:t equal concentrations oF

aluminum (lll) and ci¡romium (lll) suloha'Les were used in the

digestíon,
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5) PiiyslcÀL i-iiD ci-ii:ri; lcAL F,iitF¡:¡ìTlts

Gener.llly, these procJucts !^/ere not wasl-ied with hot

r{ater-'for J'ean oi" alterotions occurrin5; ciurinE this ppocesso

In atternpts to lvash -ûhese pnoducts with cold water, it r,vês

always noticed thet the f i¡re panticles would not settleT

rathen, they 'forriiei lvhat c<;uld tre ternred ê col loicjal ciis-
pers ion or sol , th is be íng iderit ical to the behav ioun

observed f<¡n the traltered ci^rnornitetr. Heating caused

f loccuiation 1-o occun at a terr¡per¿rtur.e just irelor^¡ the boilin5;
point ol' water' Tlris insoIuble {tloccuient substance .ìp$r.eaned

very s inr i I ar to prec ip itated a I urn i num h),drox ide. l-here was

no coior-rr .lssociateci witn tire solution at tiris stage, irut

prc long'ed bo i I i ng causecJ the appedrdnce oí. a pa le gneen

co iour wlr ich ivas s I ow i y i¡rtens ií'iecj,

Table 3 shows the sulphate to cl.rroinium natios fon

the pnoducts which lrave been obtainecj under various cono'itions

ol- dig:restion, ancì pentinent data frorn cher¡rical analysis and

pyro I ys i s of these pnoducts, emp I oy i ng the thennioba I ance

descn ibed in the appe'd ix. The pnocíucts are ident if ied by

tire part icu ler nrethod and tenr¡;er''ature o{' preparat ion, methoci

oÊ pneparation numben i ne-l-ens to the I'inst rnethod, outlined

prev ious ly , f on the preparat iorr ol' the lrydrogen sa lts o'F the

sulphatopolychnoma'ce (lll) anions, these bein5; the insoluble

procìucts obt.¡¡ ined f-rom so I ut ion as ¿ì nesu lt of ci igest ing

chrorn íunr ( I | | ) su lphate w itlr su lphun ic ac ícj in seo le<J tubes,
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The cies ignat ion íi ne fe¡'s to the procluct , tironough ly

r.'ashect rvith hot water, obtainecj i'nonr the digestion at IBOoC

as previously descnioed, this was the lowest terrrpenature at

r.,hich an insoluble pnocluct cculd be obtainecj {'rom an initial

9'8 mola' sulpfrun ic ac id solut ion. chen¡ical analys is o't

th is product shows lA"Sl, chnomiurir , 7O"184,, su iphate and the

ciifference lo"9/, waten, givinE a sulphate to chromium natio

ol- '¿" tÙb"

BakinE at 125"C causes cr-ystaliization to occun -Fon

iìecour.ìrs t rchromipolysui¡:huric acicj st t excepl- tor the
t rci-incnrinlonosulphun ic acidt t wh ich trakes ir.lto a hand glass"

The products obta ined in tir is n¡cìnnen pnesumab ly conta in

excess acid (tiris excess cJepends upon tire length of tiri¡e

bakíng ís contínued), which wôs not nemoved by washing fon
-f'ean of pnoduc in<; a lterat ions i n the pnoduct. The p;rcduct

F' i s nepnesentat ive of the baked pr-ociucts descn ibed fon the
seccnd method o'F preparat ion on page fB. Prociuct P was

prepared r-rsing a moiar nat io o'f- cirnonrium (l | | ) sulph.rte to

sul¡-ihunic acicj o{'3 and is-{-ypiceil of a nrixture which makes

ít veny diff'icult io obtain a consisterrt set oF arralytical

nesuits' Tire pnoduct is iryc,r.osccpic and the slight excess

of acici ri¡akes it sticky, The sample could, thenel.one, not

be ground and st inn i ng w.ls not su l'F ic ient to prcrjucc a

mixture" Chenric.rl ar-ralysis of F gives a chnomium content

between f B,02 a¡rci l7 "B1fo and su lphate i:etwee n 70"ZZ and
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'll"32r/;, or d sulphate to chnorniurn r¿¡tio betrveerr 2'll and

2. | 6" r,na l),s i s of the we i ght losses in tire thernroqranr of

P arrcJ tire residure weight si'rolv thet'bhis ratio shoulcj i¡e

2" l7 based on ti-re assumpt ion that al I r'vater is lost below

l80oC. The 21, loss in weight tretween 47O ancl 495"C môyr

however, be due to loss of water, calculation ol'the ci'rnomium

'co su l¡-'hate nat ío ass iEn ing tlr is latter loss to waten y ie lds

a natio c;í' 2.09"

The ¡:roducts ú, Z, antj ij lvene a I i {:horouSh ly v,,ashed

wíth cold rv¡:ten, tlris !vas possible because the toLal amcunt

oi'" i¡rso lub le pnocjüct oi;t¡¡ irreci iv,âs snra I I enouir-h to er¡all le

f iltnation of tlre suspension. These pnoducts, stored in

orci inary bottIes in the Iai-roratony a{'ter dnying at 70oC,

h/epe not hygnosccpic pnovicie.l they iiad been lvashed pno¡rerly"

The sm¡¡ll a¡nouni of matenial av,rilable macie it i¡rconvenient

to detenm ine the chenr ica I conìpos it ion l,ry cheni ica I ana lys is ,

wh iclr ir, theref one, detenm ined {'rom the pyno lys is data"

Tlris ap:pnoac[r is justif iecl because',;here are no losses due

to water in the ternpenatune interval between complete loss

oí'sulphunic acid ancj the decomposition to chnor¡ ic oxide.
-ine procjuct Ç: t prepened by the th i rci nrethcd , wcls not

lvasirecj rvitl-¡ water andr'cheneJ'ore, the same difl-iculties in

clrenr ica I ane iys is rrropê ellcounterecj ds in p" In adci it iorr, it

r.r/as not iced that hot a I ka I i anci hycirogen penox ide wou ld not

comp iete l y ox íd ize tl¡e pnoduct , i n order to ge-ü comp l ete
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soiution a sni.Ell resicjue ha<j to be subjectetJ to e sodium

canbonate 'f-us io¡r" ilasir i¡rg the proci uct e w ith iange arirounts

oÊ hot rvaten ie l't .: nes ídue S, rn,lrose in'f narecj absorpt ion

spectnunr (Figune 25) a¡rcJ thernloqrari¡ Ì{€l-ê ve"y sirniian to

those ol' pnoduct T" Tneat ing th is pro.Juct Ë rv itir hot sod iunr

h;rcìncxicJe solur;ion, í'ollowed i:y soiution of ,:ll acid saluble

r;¡crter ia | | eaves ð nes ici ue liil whose i nf ¡-aned abscrpt ion

spectnunr i s ident ica I to th at o t T,

ir'roduct T fv.ts obta ínecj by <ì ígest íng; ciinorn iurn ( | I | )

sulphate rvitlr a large excess oÍ' suiphunic acid at the bcilíng

pcint oi ihe soiution, 3ii0oC, fon sevenal ciays, followed

Ðy rhorough washing to re$r ove ali <;'Í' the excess acid"

So lut ion of' th is procjuct ìr/ðS ach ievecJ orr ly a{'ter it hacj been

sLrbjec'cecJ to a sodiu¡n carbonate l-usion. Cfrer¡¡ical analysis

of the pnocJuct , 34" 2f" chr.om ic ox icJe ar¡d' 7? . 6li su I phate ,

corr.esponded closel;, in proper-ties ancj analysis to the
r !! | r. t ¡.^ r -l t ) |conrpourrd HrLCrn(S04)Zi (theore'c ical values 34"47 .¡nd 76" l9)

which ivas clesignatecJ 'oy lìi*rartl2a.rs t rchnornicl íiryrcjnoheptasulplrôter f ,

Attenr¡rts to pnoduce thc¿ anhydr-or.rs ch¡-onr ium ( | | | )

su l¡rhe-Le 'oy heat ing inso lub le pnoducts such es Fì arrci P in

ô mu{'f le í'urnace .lt 400 to 450" C f or 36 houns rnet w i th no

success bul- ¡:rnoduce,-l tlre product AÂ h/hose chem ica I ana lys is

siror.ved tire pnesence oF excess su f p[run ic ac i.j ar¡cj a chnonr ium

to sulphate r"atio of I to 1.65, Heating this at b00oC

car;ses a srna I I loss in we ight to occun ancj the s in¡u ltaneous
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pnoductíon oÊ cirron¡ic oxi,Ce"

il was ol¡'ca ineC by d igest ing 0" | | | nro lar a lum inum

(lll) and 0.368 molan chnoiniurn (lll) sulpl'rate r.vith l4 nrolar

s.r lplrur ic ac id, irr ô sea led tube at ZbooC, tV rvas the

insoluble product obtainecj b.¡ digesting ên equiniolan

niixtune of these sðme selts in excess sulphunic acid at

l55oC" Cherlical analysis shorved a molan natio of aluminum

(lll) sulphate to chnornium (lll) sulphate oJ'l"3S corres-

ponding to the conpouncf AIB[Cnr(SCn)ZiS r HrO. lt is

inte¡-estíngi to noi-e tirat the tirennroçrarrr shorved no loss in

ive ight i n i-l-re tenrpenature i nter-va I bei;r../een 320"C and 4bOo C

indicating that tiris latter pnocluct was def initely not a

nrixtur.e o'Ê aluminurn (lll) sulphate ancj ðny o{'the ínsoluble

¡:roducts Ciscussed pnev iously"

Fonrnat i orr of these sa I ts i s l'avoured by h i ç;h

tetirperatures anci h igir ac ii concentnat ions" At 200oC,

digest ion of 0"62 molar- chnonr ium (l | | ) su lphate in I I molar

sulphunic acicj produced rìo insoluble ¡:noc{uct,,,vlieneês the

same digestion at 2500C did" Pnepanation o'í'these irrsoluble

prociucts cou ld be aci-r ievecj at lolver. ternperatures prov ided

tira'¡ tirey were diçested in open vessels wlrere concentnation

c{' the so I ut í on cou I cJ occur.. -fhe proc{ucts h/ere i nso I ub I e

ín waten an<j in ac ici so lu'c ions bu'c upoi-ì exposune to bo i | íng

Ì^/ater, a paIe gr"een solution resulted" 'fhe rate at which

solution occlinred incneasecJ fon tire pnoducts <¡btained at lolv
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tenrg:eratunes, pno lorrgecl ¡rer iods of bo i i inç rvere nequ ír'ed

f on the h ighen tenpe¡'atune pnoducts " The i nso I ub I e

products rvitír d sulphate to cirrori¡ium natio less than 2,

obtained either' {ìrom solution or Lry bakingi untiI fumes of

sulphunic acid cedse to appesn, rì/ere completely irrent to

boiling waten arrd to i-rot al[aií solutions. Sodiuin hyclroxide

so I ut ions a ltered the pnoducts w itlr sr-r I phate to chronr ium

ratios o'l'2 csr gneaten to an acid soluble gelatinous

pneciç'itate ciran¿ctenistic of chromium h)rciroxide" Duning

tire a lt<-¡¡-at iorì process tir is ge lat inous subst.lnce co¡lted 'che

or i-<l inal product arrc'i inh ib iteci {'urther neact ion, tiret'efone,

hy<Jrc-c;eri peroxide was added to oxidize the chroniunr (lll)

to chno¡n ium (V i ) thus acce I erat ing; tl're a lterat ion process"
-i-he appeiìnðnce oí' ti-re ye I lor., co loun ol' the chnornate ion

senvecj as a good in<J icator in cjete¡'m in ing the nate of

aiter.rtion, this rate being extremely slow for the high

tem¡:endture products ¡rnd re lat ive ly f ast for the low

tenrperature pnoducts,

Chemical analysis of these insoluble pnc,ducts slrowed

that si-r I phate to chronr ium nat ios íìe çìp 2 I^/ei-e 'f-ormed neai i ly

in these d ig;est ions, wheneas not ios greaten tha¡r 2 cou lci be

obtained only at tetrr¡renatunes near 250"C aiid high acid

conce¡rtrations" The qufilrúy, classy and hygnosco¡:ic stentinç¡

materials used in the secon<l prepênation pnobabl.v heve

suriphate to chromiurn ratios gneater tharr 2 and may conrespond
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-Lo the r r chnom ipo l ysu l phun ic ac icis' t cjescr ibed by íìecou.., l 0

These mater ia ls rvere not invest igate'J because ti-rev ane water

so I ub I e and cou I d , thene{'one, not correspond to the
I raltered chromitet r. Ire su¡rposedly t tclrnonripolysul¡-ihur"íc

acidsti crys'callized upon heatinS; .rt I20ôC, the rate at

wh icir the cn';,sta | | izat ion pnocess occu¡.re.i increased f or

the acid as the vaiue olt n inci-€ðs€:,i in the fonrnula

Crr(SOn)= n l-lrS0n" I he result ing matenials, of r^rhích the

procluct ir' i s er ty¡r ica I exanp I e shorvecj su lphate to chnonl iunl

ratio neor 2 rûay be the sarne cornpound thot irh itnev ancj

llecouna calI tl-re IIis<¡¡nenic fonmrI o{- Itchromitetrasulphunic

ac idt | " The pr-ocluct rì is ver-y s iri¡ i lar to the pnoc-iuct P in

thot the sulphate to chnomium ratio is nean 2 ancj in that

Lroth pnoducts conta in cooncJ inated wôten mo lecu les and the in

i nfnaned absonpt ion spectna are essent i al l y ident ice | " The

pnoCuct [:'r however , wðs mone nead i ly so l ub l e ancJ a ltered by

sod ium l-ryclrox ide thon rvas the pnoduct R. Tlr i s suggests that

dre pnoducts P ¿¡ncj R are e ither cJ ití'erent spec ies or d iffenent

polymens of the sarne species" lf the pnoduct iV is sinrply

an alurninum salt o'f- one of the I tchnomipol¡rsulphunic acidsr t,

the corìclus ion of Recoune (that the metal I ic salts oÊ these

acids ane less soluble than the acids) finds venil"ication

in th is research" ln ver"y concehtnatecj ac icj solut íons and

high temperatunes (5500C), sulphate to chronriunr natios less

tlran 2 crre pre-Ferr"ed'
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Tl-re pnoperties, (water .sncl acid insoluble, altered

by sodium h;zdnoxide, i'irre Srey green), oF tf-re insoluble

pnoijucts rvith su lphate to chnomium rat ios of 2 or g¡neater

ane identic¿¡l to those o{'the rtaltened chnomitett. The

latter, i.;ecause of the mocje oJ'pnepdnation, i= not expected

to contain large an¡ounts of the sulphatopolychnomate ( I | | )

ac ids , i:ut í s expected to conta i n nra in ly tire sa lts of these

ac ids 'becau se of the L)reserìce o f' I a nge concentnat i ons of'

other met.rl ions cjue to solution of'the oniç;inal chno¡irite

lattice, lt rvas poiir'ced out tirat tl'ie digestion oi chrcnrite,

enrplo¡,in5; excess ecluivalen-bs oF sul¡rhur.ic acid, pnoducecj an

insoluirle material contciining cìn excess of'anion ec¡uivalents

to that oÊ r-he cations, tt-,is excess generally being smell"

1-hermogr-anr Y on ¡rag;e ô3 shows the pyro lys is cunve o'F a

sarnple o{' ltaltered chromitert containing this excess. Ihe

thermogranr shows a sma I I rve ight I oss in the tenipe nature

íntenval o'F 500 to 4500C (this loss is probably due to loss

of sulphui'ic acid resulting f'nom the decomposition of the

su I phatopol ychnonrate ( | | I ) ac íds to'f'orrn e ithen anh;.,dnous

chnomiun¡ (lll) sulphate on sorne othen intenmediate)

fol lor.ved by decoinpos it ion to the ox ides steint ing at 550ÐC"

F iç-¡une 26 shows the i n1'naned absonpt ion spectrum fon the

Ita|-Lerecj cirnomiteII, l-he Iange numben of bands obsenved

in the spectnum oí' the t raltenecj chrorniter t conìpêned to that

observecj i n the othen sa l ts i s not unexpected because the
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fonrier i s a r¡ íxture of ffdr'ìy sa lts"

ln ordeF tc.'j'untner chan.lcterize these insoluble

prodr.rcts , they rr¡er'ê suir jecced to pyno lys is in a thermoba lance

and to inl''r'arecj spectnal analysis. Since most oÍ'these

inscluble matenials contain lvater', it wðs cJeemeci cl esinable

to cjetermine the temperature at rvhich this waten was lost.

It is usually assunrecj that ôny water wlricir is lost at lolv

tenrpenatures is lost ôs Ivêten o1" hydration on absorbed on

occ lr,¡ded i\'êter, rvhereas, const itut iona I waten on coorcj inated

r"¡ater is los'c at h isher tenip.reratures" Thus, a knolvledç:e of

the teriiperatunes rec¡u ined to dr ive o'ltf- the lv.¡ter shou I d

enaÐle us to ciete¡-mine the role that the water molecules

play in these coroplexes" Furthermore" i-Ê tire sulphete

ligands are not all equivalent in the stnucture, this should

again show up in the n-Ìanner in which the mar:enial deconposes,

The infnaned absorption ol'tire various constitue¡rts i¡r these

products depenc's very nruch upon the rilanrìer in which these

s¡:ecies are cfrenically bounci one to ti're othen. Thus, an

interi:r'etat ion oi-' the i n'Ênaned absorpt ion spectr'.r of these

inso lub le pnoducts and the resu lt ing proclucts o'f- pyno lys is

shou lcj lead to poss ib le sì-nuctunes for Lhese comp lexes and

rvi | | be the sr-¡,lliect o[' the ¡rext sevenal sections"
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4) TfjËÑi'icGil¡,v li'¡LTi< ic äi'IALYS ls uF TijÊ i-iyiJ;ìcGtir /iNíl
HLUil;i i Niiivi S¡rLl-S 0i' 5i;LPiJäl-0püi-Yt¡ìii(;iv¡i.-ft ( I I I )
¡ä l0itiS

TI-¡e pyro lys i s cJata oì¡ta ine,j 'tnorn these products aþe

most nead i ly rat iona | ízed on the bas is of thnee cJ if í.erent
ü\

mechanisms of decornposition" These meclrariisms wene

{'onmulated ôs hypotheses on Lhe bas is of we ight f osses rn,lr ich

occunrecl in the van ious steps and a l<now lecJge of the

colìl¡-ìosition oI the rneteriel" These mechanisnls wene tested
erap loy inç; inf'naned spectra I ana lys is as w i I I be d iscusseij

sul¡sequent ly"

i',1 i oî these pnoducts lose i^rei5;ht betwee. 50-lzooc
r.r[ion pyrolysis, tiiis loss in rveiç;ht is attributed ro occluded

an<i acl sonbed waten ' Pnoduct rrunií:ier iì i oses 5.4o1" a'¡' its
rve ight between 50* | 20oC" There is a -i.urtlren loss cf I "41o,

rvlrich may ûe water or sulphuric acicj betrveen zlo-5looc"
Loss of sulprhuric acicj starts at szo"c and rvouic èppear to
be complete at 4l0oC. Thene i=, howeven, i-ìo pla"üeau

estatr I isírecJ in tire tetirperatur-e intenva I between tlre conrp lete
loss of sulpi'run ic ac id .r¡rd the decornpos it ion o'f the anlrycjrous

suf phate, instead there exists cì veny slow loss ui) ta 4750C

l+here a p I ate.au cor responcJ i nsj to the anhydrous su I phate i s

estal-ilisired, 'l'olloweo' veny shcntly, bzboC, by loss of sul¡---f¡ut

tnioxide" The weight loss i^ the tenrperetune intervai,

4lOô C-495oC is +.21f", co¡-responcl ir.rg .Lo Z/S ol a n:o le oF

water pen mole of clrnon¡ium (lll) sulpha'ce, ttris loss plus

* The term rneci'lan isnl ís usec as e synonym to represent ê ser ies
ci'steps in tire deccnipositic¡n"



ltigure 4

-ii'rerniclç.r,ai,r f<¡r' tiie f,r'oc'Lrct ¡'ì

( riolcr-( so+) 
u 

( ltr; ) ri rr I.iru )

Sarnple weigir'c : 78"l riìgse
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the pnev iouis I osses o1" water- (tota | | | " Aqr) cornesponds

clcsely 1;o t.i-'e tctal hrô'tor corrtent of t'A"98," lL is ne(lsonable

to ðssunre that the ass iE1 i'inre¡.¡ts o'[' i;he ive ight losses tc tl¡e

various constituents is conrect, rrot c,rrly becar-r-*e of the

clcse ccìr'nes¡:oirc.lerrce iretween the percentac¡e of each

constituerrt as <ieberrr¡ined f-"tr,,ì chernical anaiysis ancl {'nc¡rn

thernroEnavin¡e'Lric arrnlysis, but also, as will be shov,,n laten,

bec¡ruse I oss o'i' i^/aten tvõìs not. conlp letecì itefcr.e the t.erirpe natune

lrac! i*eacl'red +'lO-4BOoC uFron p)rrolysis oÊ the ir¡7dn¿-rtes of

ci-rr.ori¡ iurn ( | | | ) su l¡-.hate " Anei iys is oJ" the thernroçrçìrì fon

¡:roduct lì leaci s to the {'ollor.iinç; tnechanisn'¡ {'or .Jecompositiorr"

r \ t¡ Í r. t \.t, \ /t! a \ -l ¡, 
^il Fl-Lt-r'-tJL,, i^lhÕUJ.,J n l-i ÕL,' li ó' 4'ö' ¿a "¿, 

La

z) z H=[crr(Sa+)6(Hzci) p]

r) [c"u(So+)n(uro)nJ

+J 3 Cnr(SOn),

irrIcrr(So+).(Hrc)rJ + n iìro

Ic:.u(so+)r(l-irc)oJ + s ¡-rpso4

sCrr(Sün)r*+Hza

3Cr.r0=+9S0g

The theoretical rveiglht Ioss ratío in step 4 to the

res idure r.ve ight o1- chnonr íc ox ide is | .58 ( | .59 {'or ii, I .58

fcr. P ) arrcj 2"4n (2,. +Z "í'on Iì , 2. 38 for F- ) {'cr the lve iç¡. ht I oss

nat ío o{' losses in step 4 to losses in step 2" ßoth pnocJucts

lì anc{ ¡j f it i-he scirenre nather r.ue I | , The low vcr lues oi:ta ined

i--cn tíre ratio of weight iosses of suf pfrur Lrioxio'e to that

cí' sulphuric ¡rcíci ône likely due 1-c the slight excess of-



I r<'t¡¡'e 5

Ti'¡ernr<;cn¡¡nl ítc¡r' i;l:le [)r"o(jiuct L"

I tt f ,' t:.., t I ii , \
|.i-l .L\,f-,(bUn),,-) n i¡ñt-Jr_. .+ + Y a_.

Sanrp ie r^re ight : 61 " 5 r¡lgs"
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sul¡:huric acicj pneserrt in these sanr¡rles, Fon pnocì'uct i{,

this n.rtío rvoulcr' have a theoreticol velue oi z.z4 on the

ôssurnpt ion that the knowr¡ excess (0" os nro les ) of su lphur ic
acici h/ês al I lost in thi.s tentperatune interval.

The pynolysis oí'tl.re insoluble p*ocìucts obtained

at 250"c lrave ve"y neot therrnognårr¡s, rvith ve"y cieonly
ie í'inecj p lateaus' Thus the thennrogr.li¡i l'on the pyno lys is

ol z shows a 6"+fo loss in wei-ci'rt starting at 4boc ancj com-

pleted óì'rl BO"C foilorved i:y a piateau up to a terrpenatune of
5500C" Loss ol' sulphuric acicj sterts at Z:SOaC and is

comp le-te et +6Oa C. The therni o51 ranr ti-¡en shows r-ìo f-unther.

loss in wei5;ht up to a ternperature o{'bgOoC rvlrere the {.i¡.ra!

deconrpos it ion to tire clr¡-ori¡ ium ( I i | ) ox icje srants.

Tlre pnocuc-ts such as

water oe lorv | 00oC" iincì lys is

sug;cest the {'o I lorr ing meciran

I cse ð vô r iai: I e aniou nt of

suÐsecluent r.,e íght losses

¿

ol-

isnr

| ) z Hu[cnn(sc4)e]

z,) Hn[cntz(SO4)zO]

Hn[crtz(so4)zo] + 7 Hzsa4

6 CrZAS + 2 ¡lZS04 + iB Sçf

The thernrograms {'o¡' these products sirow a stab le

plateau iretween the loss of sulphuric acid (Fiç;une b, poge

13) and the deconiposition to 'rhe oxide i*<Jicating no loss

o1- water i n i;i-r i s reg ion" lt shou id be notecl that the

avenage tenl¡ret'ature at wh i ch tlre ox ide is Êonrr¡ed i¡as sh ifted



[) i]

tr,585o[) in tlie seccrlii Íìcciìanisnr frarii 5lOoC i¡-r îhe fir-st-

¡.¡ìecl-rcir isni ' The 1-i^i ecret ic,,¡l l',,e ii.:i^r t Ioss nat i<;s i'cn tir is

r¡rechirìi'ì istì'r (,ìnÉ) | "79 (l "?9 Í'c,r' 0, l.BO 1.,' or lL, l,?7 I'cr. U)

-í'cr i-.i:e losses: irr .:;'l-ep 2, tc: tiie res ic.i tie 1,,<r icJi'r'c c¡ít c:< i<je c,ìiìc.i

2,"39 (2"76'l'or C, 2.42 i'<ir Z, ?,"41 for Li ) 'i,o¡- tire rertic oJ.

ti.le losses occunrin<, i¡r ste¡: 2 t<: ti:ose in ste5.. l.

i\s ¡rie¡rt iorre,-l pí'ev iol¡** ly , i-ro ci-ier¡r ic.:¡ I an"l i¡,rs; i s Ìviìs

c,:;t.line<j i'or'' t!'re pno,-i ucts l) ü i:ìrrc:i Li . 'fire ¿rir¿ilvsis is i.,cseci

entí r'e 11, on tlze i.i^ierrii().irav ínietr ic nesu lt::" lt ¡¡i i.,ht [-lc

arqlte<j Lir¡rt. ste¡ ?, in i:ir is; ¡i¡r--:cl'i¡rn isr:i is irr f ¿rct e¡ corlrb inat ior..

ol' ste¡:s 3 a;',ci + i;-: rrrec-:ii¡nis¡ir |, ti^,,,t i=, ii-r l_ire I.isi; sl_e¡r

¡cti-, ttaten a;-rci sui¡irr-rn trioxide are lcrst siriruitaireouisl..,, lr-¡

orcier tc si.ji)Frort ch is inecl-rarl isr?r tlre frrc,dirc t l-irrICn, r(:lCrn)rO-1
þ.rds pr'eoaned arr,,j pyro l)rr*r..j. T¡re pror.JLlct i,'iA tr{as pnef:Ê.neci b).,

heat inr: ¡:i'o<ìrlcts suci^, (ìs ¡i .:¡rcj i', nla is1-eneci rv itir su lpi-rur ic

aci',:i in ð;'lìuit'ftie f-ur"n¡ic:er rì/iìcse leni¡rer'atl¡r-e r{iìs slor,vly

itrct-easecÍ uF tc ¿r n¡.1 x irnui rn oJ' 4OOo C , l'c,r. serrere¡ i ci,rys " Chenr ice

anaiysis of this pncrt--iuct (A,q) si^¡orvs ír sLiipi'ratte -Lo cilromíuin

natio o{' 1"65, coriÌparinç, i'evoirr.:i:iy r,,ith tile thecneticill

voiL¡e c¡1.' 1"67 t'on ti^re cc,nipouir,.l irnICr-¡2(si +)zof" Tire !tr]/rol),sís

f,ìurve'i'or'/ir.r (Figrrr"e 6) si-loi.,,ed -¿i-r.,r1- tiiis conipoui-r,J, upon

'-jec;cm[rc'rsitio¡r. yíei,-is ci'¡ r'ornic oxi..je" Al.reri¡':ts; to cl eccrnpose

iioLCnlZ(5(4)-O.l i-c -ulre .nirycii-cus Crr(:,1 +)2, o:., h<=at irrç, in a

rnuí'i''Íe í'u¡-r'cìc(ì irt 45OoC nret lvithcr¡t sLtccêss. Some deconrposi-

't,ior-i wcrs c\/icient rlrhen AA !vês he¿l'ce<i ¿;t 50ooc ítor ?4 hcrlrs



re su l t,i nç in

ir'rociuc t

rJecc,nipos it ion.

f osses in ste¡; 2

C 1:he Êinst ste¡:

che f'orniat ic-.rr cJ' the

ù appeê rs to l'o | | ov,,

I n v ie tv c, i" r:he h i 5.i^,

to ti-rat in step; | ,

shou ic'i be

6Ê,

c¡reen cir rcnr i c ox i cie "

a di'FÊerent nìarìner o1'

v¿r i ue 'f crr Lhe nat io oí'

i'c is suLìc¡ested that {'on

foilov.,ed iry decomposition of H*[cnlz(s('4)po] as in mechanism

(,ë

The theoret ic.:l r.veiç;ht loss r¿rt ic, fon th ís ste¡' is

?,.78 (2,.7 6) " 
-[ire pno,Juct, C, ciìnno't be cons iderecJ as .]r)

internied iate betrn,een the procìuct ii .rncj 71 , tnat i=, one in

r^,lr ích part ia I d i sp lacerilen'c o1'' i;he r'.,atet' b.., su I phate çroups

iras occurned. l{' it hr€p€ sucl'l .lrì interrnecl i¿:te, then tlre

deconiposit ion to the oxide shouli nct proceed through the
T^ t,,' r -l

conìi-ouhtr l-ioLCntZ(St)+)ZOJ. li is thereFone I ikely, that the

pnoduct 0 is a conrp--ourrcJ cliff'enent frorn that of í{ a¡rd Z.

[:unthen d iscuss ion neganc'l ing; the va I icj it;, o1' th is ûssumpt ion

i.,iil be c;ivet'i loter.

l-ire pnocìucts T .rncJ S w ith su lpha'ce to ch r'on íurn nat ios

Iess th¿¡n 2 rvou lcl see¡r to ieconlpose irv a th ir.cl nrechan ism.

| ) 2 HrCrn(Sû4)? Hr[c.u( sc4) 
| -<] + Hzso4

z Hu[Cru(SC,n),,-,J Hn[cn¡2(soa)26J + 6 Hzso4

z) LirICn*(S04)t5] 4 Çrr}" + i-lZSO4 + l2 S0r
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-l-he thec¡-etic.ri weigir-i: loss ratios ðne 1"74 (1"75

{'cr T, 1"72 {'on J) aird lrO"79 (10,9 l'or T, 9.ZO fcr S)"

The cìeconrpos it ion of 0 cjoes not conresr:oncl to êny

ol- these ti-rree rnechein isnrs. but tir ís conr.esponc'lence is not

expiected, f-or it r./.rs shown prev ious ly th¿rt -ch is product was

a nrixture. The pyrolysis cjat.r an¡,'i 'Ll-re ini'narei absorption

s¡:ectruriì ane eas i ly rat ion¿i I i zeci on t.he ûssunrpt ion that A

is a rriixtLire of l'irICrZ(Sû4)4] ancl HrlCrn( sCn)rì,

The tr.ro insoluble proclucts U and\.'\r: co¡rtaining

aluminum (lil) ions, ,-'{iffer in pyrolysis benavioun,
-fhe thenniogran fon U resemli les the the nnroc; nð!rrs suclr as Z

in th¡rt it has well <Jef inecj plateaus and sl'ror..¡s no cietectable

we íght I os s betlvee n 440 ¡rrid 590o C" The we i ç;ht I osses

oi-.senved in this thernroCrarn cìne neadily ratiorral ized il' one

dssurrìes thot the a luni inum ( | | | ) ion isomorphous ly nep laces

the chromiurn (lll) ion in the pr<,ciuct Z, The rr,eíght loss

ret io obsc-:nvecJ .Fon tl're loss in we ight at tenl[]eratures above

5900C to the loss in weiç;ht in the tenrperel;une interval of

33O-+4OaC wôs 2"41 compranecl to the r,¡rlue ol' 2"38 fon the

nrechan i sm d i scr-rs sed {'on the deconrpo s it I on o1- ¡:nocJuct Z"

The we içht loss rat io i'on the ioss obove 590"C to the res idue

rveight cl'oxides was I'85" This vêlue Tvóls recôlcr-¡latecl so

that ¡t could be ccnrpared ci irecti¡z i"ith the rz¿.¡lues cbtainecJ

f'or tire l'rycjnogen s.llts" Chenrical anal¡rsi5 of the nesidue

cF chnorníum (lll) ar-¡tj aluminurn (lll) oxicie shorved 90"6ll"



F i5rure 6

Thenrììo(ircìrìi ltor 1-ire product AA,

ttt T,^. t..r r lr
['-t4.1\-n | 2 | 

)u4 J ZO, J

iSaiii¡:' ie we ight : gS.4 nrgs,
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r I cur-e 7

Tiìer-iììocii-aiii -Ítor' tl'ie Ðr ii(iLt ct T"

t \i 1.. I t r -l 
r(ärLLr,1 tJL.¡)'_jJ

Sarrr¡:le weight : ¡16,0 ilìgSø
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^A,OU

oi'tlreCrrA" ancj ti-re

n¡ i xed ox icles

Í.''i''e re nce 9.391' tj, l 
ZA S"

tl¡ene f ore r eÇu iva ierit

cii

¡>,

I .000 !ìrûnr

L^t-u

1"000 x 90,61 + l'000 x 9"39 x 152 :1,046
Toõ- too 'foT. g

$nôr¡r oÊ Cn.-,0o. -flte nesiCue weight of rnixed oxides t^ias
-tL)

coirverted to an e<¡uivalent r"eigl'rt oÊ CnrC;f iry nultiplying

tire residue rn,eight ity l"0+62," -[-his is equivale¡rt'co

dividing the ratio of l.85 by l'0462 rvhich gives the vclue

cf | "77 g iverr in Ïab ie 3" The exF,er- imenta I val ues of: 2"41

aird | "77 corìpdne 'favcurab ly lv ith the theonet ic¿¡l va I ues of

2.38 anci | "79 ani , tirenei'c¡ne: su€jcest th at U cf ecornposes by

tlte sôrrìe rneche¡n isn¡ as <ioes the r:noduct Zn

The product !!, rvirose pnovisional empirical formula

may be wr itten as A lB[Cnr(S0O) r7= starts to cieccmpose at a

tenr¡:eratLrre of- 5B5oCe and yields the oxides o'í'clrromium

(lll) and aluniinum (lll), and sulphur trioxide. lf the
, f ^ | .. r -f -Ban ion LCr", ( SC'4 )Zl " ex i sts , its decompos it ion to {'onm the

inteninecl iate anirvci'nous Cr^(50, )- or the I- /\ / 'iC ) - ^y+' á' +'ö ênlons t""lzf-t /zo'

or sonre other an íon wou ld not be cl etected a s a rn,e igirt I oss

in its thenmogrilm cìs ollsenlreci 'l'or the pnocJucts Z anci R

because tir i s decompos i'u i on wou | <j be accornpan ied by the

1'onmation o'f' anhydrous alurninum (lll) sulphate and not a

loss o'l'sulphunic acid as in Z and R" Dil'{'enential therrnal

anei lys is sircu lcj be Lre I p I-u I in prov ing the ex istence of the



Fic,u¡-e B

-fherrito5-rr'ani Í'or 'cyte pi-o<iuc'c Lj ,

(i-i "[Cr. ,il (- r -r " \

Lr +*x ^'-t4/9J 
r¡ hzt'i

Sairp, l e lve i5;ht : 69, 8 rúcl so
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ân ion" The data obta inecj j-or tlr is pnoduct .jo, hor.,ever ,

suçg:est th at th is a¡-i ion ex i sts" Assum ing; that it does not

ex ist, one nrust then cor'c iude that the procjuct ir is a

mixture. The conciitions unc{er lvlrich it ui.ts prepareci ôre

the sôrrìe concJ it- ions employecJ -i.o þìnepðre pnoducts such as fi'

Theref'ore, if \,V ís a n¡ixtune, ti're mixture rvc¡ulci ireve tcr

ccnta i n hydroger¡ s¿r lts o [' the su l phatc¡:olyci'rromate ( l l l )

anion (not anhycirous chnoniunr (lll) sulpheite) and either

anhvdrous alu¡riinuni (|¡|) suIplrerte on sonle <¡ther aIuminum

sa lt" Tl'le P),ro lys is o1' such a nr ixtune nlust sholv a loss o'f:

sr-r lpl-rui- ic ac i<J pr ior to cJecorrpo-q it iorr to tire ox ícjes o{' tl-le

^,^-¿-- | ^ -'^,-!rrrçuqIr), qtru r¡ruist si-totv an anion-cation nat.io gneûter than

unity. Since tirere is no loss of sulphuric acicl prior to

tire decor.n¡rosition to the oxicÌes, and sirrce cherlic.il analysis

shows no an ion excess to tirat o.f' nrc-:tal I ic cations, o¡'ìe must

conc li¡c'l e 1-ho'c the proci uct i,V is not a m ixtune conta in ing the

product l. it i=, however, possible that the pnocluct !,1 is

a m ixtur.e o{' arrhSrdrous alunr inun¡ (l I I ) su lphate end an

aluminum sait o'f' or'ìe of' the sul¡:hatopolychromate ( I | ¡ )

anions' Tlre in'fnaned absonption spectnunL'í''or \d, i'louieven,

suggests tha¡ tn is is not the cdse" The ev iclence susreests

'chat this is o salt oi'the lrchroririheptasulphunic acidlr or"

Cr.,(S0,)- 4l-i-50, wlrich ppeci¡>itates <junirrg the di5;estioni1' +'ö i¿ +

and is cons istent rv ith iiecourô 1s oi:servat ion thet tl-re

metaliic salts oi' the acids are less soluole 'chan the acids

themse I ves"



i r5¡ure I

Thernio(.ircìí1i'Ítor" tlre ¡rr-oiuct'f{.

(ii|.-['J.-(¡.ìi',)-ì,, r i-i-t )' ö 7,' 4=''/ ;ì il

Sari:¡r le rve igirt : 77 " I nìcrso

Figune l0

Theri¡rollnanì Y for rreIr:erer-i chromiteII

Seni¡--, le r,veiçht : 97"Q trleso
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5) DiSCij-(3lCN tlìF ¡iTSULTS

ihe results obt.linecl {'roni tire cligestion o'F c}rromiunr

( | | | ) su lphate w ith su l¡:hun ic ac icl c{en¡onstrete tl-rat the

format ion ol' i nso I ub I e pnociu cts i s {'avoui-ed oy lr içh

tern¡:,e¡'atunes anci high coíìcer¡trations ol-- sulplruric acíci,
-these be í nç, the san.; e cond ít i ons 'f-avoun i ng the Forniat ion of'

tral-¿erecJ chnorrriter1. The sulpha-ce to cl-inoniium ec¡uivalent

nat io i n these inso I ub le i'trocìucts i s invar iab ly | ,rnc-;en tharr

I '5, i ncl i cat ing that prec ip i tat ion occurs ¿ìs e r.esu lt of

su I prh.lt íon and no-t hydroxy | .rt io¡r.

Therni<¡!i r-êv inietr ic aria iys is oi" these irrso lub le ¡rrocJucts

suggests that three distinct species or classes of cornp,ounds

(exclucJíng the glasses on tici'rno¡nipolysuiphuric acidsll) ane

pnociuce<j unden various dii;esti<¡n ccncjitions' The iinst cl¿rss

of cornpouncJs such ds ii an<j P lrave.ì sulph.lte to chnomium

rat ío of 2 arrcJ conta in coor-d inated water gnoups" The second

class oÊ con"ipounds such ds 0, Z anc [j, have a sulphate to

cl-lrorn ium ret io langer than 2 and have on ly su lplrate aroups

coordinateci to the chno¡liunr ion. The thind class of comnounds

such as î and ,*A have ê sulphete to chnomium nat io it,etween

l" 5 a¡r<i 2"0 w ith no ivcrten coo¡-d inated to the chnonr ium íons"

¡t i s im¡ross ib I e to s.ìy much aboi;1. the meta I se lts

c;l these ac i<Js, a ithough ¡rrccìuct i'ï suqc;ests that the nreta I

saibs ol'' these suiphatopolychnomer're (lll) acicjs with sulphate

to chrcn ium ra'c ios rnuch lancìer tlran 2, ane less so lub le than
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tire ac ids. fire ndre occurrerìce oJ' an ion excess to tira'c o'F

cat ions in Li¡e I 1a itered clironi ite t r rn,ou I c suggest th is as

r.vell. The sanrple ol' ttaitered chnonitett, Y, contilírring

such rf,rì excess <Jecomposes rvith a loss irr weiçlht dr-re to

sulphuric acicj at a tempenatune of 300-4500C"

iìeccu..l 0 neports tíre prepdnat ion o'F a sen ies of

I t cfirorn ipo lysu I phur ic ac i cjs I 1 r.,h ich he {'onnru I ates ôs

Cr-(S0, )- n H-5C, y H^0 a¡tc' sr-r1;gests ti-ret the maximum'¿' +'ó 2 + i.

va I ue {'or n i s 6" Tire v io let and green i'ontns 'í=on the

!-rydnated chron¡ ium ( I | | ) su lphates may be 'l'onnru Iatecl' as

f n ti... \ /t: r,\ l¡.-n \ ¡ g Cl-ld The violet; í'onrnLr, Z,i 
)u4/ntnZ., ! | Z-Zn J tt )u¿J5_r-. + nZt"

r,rou irj hove an n vê lue olt ze?o, and tire var" ious green fonms,

n values o'i I to 3" iiiany other''Forrirulations includirrE

¡''o I ynuc I eon pnocí ur cts h ave tf een reported ítor 'the hycJrates

o-í'ch¡.onrium (llt) sulphut..l2b'39 The sulphate group can

i:ehave €¡s a monodentate, a b icJentate , a che lat inç, or as a

oni<Jging ligonci in these conrpl"^".. 1' l2' 22' 35' 36' 39

/ìn emp ir ica I {torr.i¡u la tnust be supp lernented bv a

stnucture bel'ore one can cle im to lrave descnibed a contpound.

It is evident tl'ra-t rnarìy possii-rie structures coul<j i:e

1'orrnulated 'For these corirpout'rcis. Êis arì exarnple, we can take

the cornpound hav inç; cl su lphate to ch¡'cnr ium nat io o't ?,"

Assunr i n5: tha-L wateî c.rn be u secj e ithe r ês waten o{' coond i na-

t íon on rval.en of crysta | | izat ion , one co u l<J {torniu I ate the

compound as HICr(S()¿-)Z] n Hr0 in r.vhich the sulphate groups
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nds, Arioi;l'ie r poss ib I e 1'onmr.¡ | ¿¡t ion

HZA) Z( SC¿) Z] where the su I ohate

g b icjentate I igands rv íth the two rvatens

positions. 0ne could have a polymen

waten nìo I ecu I es c<¡ond i natecJ to tlre

oo i ,,0- $tt¿ | so,/l.'-,t2
nlCr\l/r\

$0n I s04
OO I H.C*l

I

I

ln
I(;,litl o Cn('o S0 o-l t.,
I t"
l.-.

' | 
)ue

Iln
I

g(r

n\

in

¡iù

t

fl

I
I

\l
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I
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l

IJ
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ti
'a rl

l u'c

)L

1"C

t¡
frLL

-¿dL

|.õ

OL

HL

t_td
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ho

n

t

I

So

I

I

I

qü
I

I

I

I

l"
I

1- cì-te

i rrg

cire

on

w it

ôs¡

H"o
Il,/

Cn

i\
I

l-¡20

CnO,

a2

SÚ,

act as tn icien

is the i-o | | ow

srncups act ês

in either cis

cha in rv ith on

chromiunl ion

These stnuctu nes ¿Ìne e I I poss íb le structu res ancJ ,

ti'rerefone, ¡t is necessdr), to obtain moFe ini'onmation

negancl irrg 'che ro le that the su lphete çroups play in the

comp lex a¡rd a lso the nunlber oi' ir'ôtêr mo iecu les in each

ccnrp lex" lt lvas Êon th is reðso¡'ì tha t 'che pnociucts rvene

sub jected to pyz¡-ç lys is irr a tlrenmoba lance and 'co lnf r"aned

spectral anaIysts"

Ihe inf-naned abscrct

SjrouF) ch.rnEes ve"Y rnarkedlY

ion spectnutir oí' the su I pl'rate

as ti.¡e suiphate flrcup ch.rnç;es
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its no le fnorn that of a l'nee ion to a monoclen'cate or ê

i¡icientate ligancJ in its compouncl="29, 7:5t 36 ,+nalysis of

the infnarecl absorption spectna o'f' the hycrogen salts of=

the sulphotopolychnonrate (lll) ions slrould, therefore, tell

us sonieth ing about tlre ro ie ti'¡e-u the sur I phate ions p I ay

in tlrese compountJs. Complete anolysis oi'the in'i'naned

absonpt ion spectna o'Ê clrìy compound, however, nec,u ines a

prion kno'led-9e o{'the crystal structrrru24 ancj sínce tiris

is not ava i i ab le f o¡- these compouncJs , it was dec idecl to

corr¡pene the infnaned obsorpt ion spectn.r o1' these conrpcunds

r^rith tL¡ose o{'tlre hycjrertes of'chrcrrium (lll) sulphate"

lh is inves'b igat ion rvas under'¿aIen in an ettempt to ( | )

chanacterize the inf-naned absonption of mono bi êtc.

su lphate I i.cancis coo¡ ci inated to cirnom ium ( I I I ) ions by

oi.rserv ing 'che spectna oi' chnorn ium ( | | I ) su lphetes rvhose

structures wene knotvn ancj (2) to f ind pyno lys is i¡rtermed iates,

ivhich nrigl'rt nesenibie the I taitened chnomitel l or the hycJnogen

sa lts o1'' su lphatopo lychnomate ( I I I ) an ions, lvhose stnuctune

nright be cieduced L¡y tnacing its fonmation fnoni a [<nor,,n

stnuctune" Fon tlr is neason, a conrplete discuss ion of the

pyr-o lysis ol' the ¡lonmal violet chromium (lll) sulphate, and

the inf nared absor-pt ion spectna oí' the ncrrna I hydnate a¡rcJ

its pynolysis pnoducts rvili be c-,iverr beJ-ore an interg:rnetatio¡

of the i nf'raned absonpt i on spectna of the su l phatopo l ycnromate

(lll) acids is atternprted.



t)( pi i.l f i\,ii: ì'iT¡r L iitSL¡ L l-Sj

cr,]i''rlrLI)iË:i Úl- ciiiìL)li: I ii¡,,r ( | I I ) si.lLPi-¡,11-L

3) i-iYi)iìi,T[¡ [1i c!-íiiüiir lLiii,, illl) igijLPi-i/iTt



ii) iJYrlii¡iTiS üF Ci-i¡ìtii,iiU['¡ (lll) Si:Li]H*TÈ

I ) lr''¡TiiüÐijCl l0i\i

Tire hycJnates f'or chrom ium ( l i l ) su lphate nìay Lre

J'ornuiated ûs Crr(SOn), n Hr0' Tlre value o{' n cÌepends

upon the mônnen in wh ich the hydnate is preparecJ" The

common hydnates iìre custonrar i iy refernecj to as tire not'rna I

violet sulphate anci ti'le green sulphates' Fon the norinal

violet sulphate n values between 14 and lB have been

,""po"'r".l"ld' l2b All of the sul¡ohote ions in 'che violet

sait ccrn Lre pnecipitated rvitir Ðarium chloricje fnom its

solutions, ínciicating that the sulpha'ce ion is not coorciinated

to'ci-re c¡r¡'omiunl ions, The {'onnrula i'or the violet salt is

thenefone oÊten ivnitten as ICr(uzO)oJr{scn)= X l-¡zO" The

va lue ot' X cjepenci s upon the mannen of F)repa¡^at ion anC

storage <¡l-'che hyinate' The Sreerr lrydrate c¿ln be pne¡.taned

bv, s inrp ly heat i ng tire v io I et sa lt at ten:peratu nes ðs I ow

ðs 55oC in air or,SOoC in vacuumoldt l2b Son're oí'the strlphate

ions ûr.e trmasi<ecirr in tl¡e gneen hydnate, that i=,'Che

sulp,hare ions r.,ill not be completely precipitete<J try bariunr

cir lon ide" îhe trunrber o.i' su l¡:hate !ìnoups thet ane t t môsked t t

,Jeperrc.ì s ve"y rnuch upon the m.:nner in wh ich the !'Ìreen 'f-orm

was pnepared. Three çneen hyclnetes ane {-'onniu I atecj try lr¿yl d

f,-, Iii ¡,\ lr.'.. \ .¡ lt 
^ 

fr,,- tli fr\ t,.. t 1..,.crs lCrr( i-Í20)tob0+i(S04)Z X HZ0, LCrr(fir0)u(sCn)rJsLn X 11rîi,

f^ ttt.,\ t-'.r. t I v t-.! a,LVr 2\n2u J6\.r4i5, Ã r-rruo
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The la¡tc=r sa lt nôy be ccnverteci ' rn t tr ^ \ | -^' t Iro LUn2\n2ui3l.r4J3l

L.lv lreatirrg et B0"C and al I oj-'tl're irydi.ates ðne cor-ìventetJ to

tire anh¡,drous Cnr(sOn)= when heated to a tempenatune neôn

.^^ô.. ld. i2b
+OQ" U. - ) "-- Tire so l ub i i ity o Í- tne hyd rates decreases as

¡rore su lphate cjncups beconle coond inated arrd as rnore <¡j" the

lvater mo lecu les ône lost'

The fornulas ç;iven above for the fìreen lr¡,cJnates

shou' that two rviìteF r¡o lecur les ane ci isp, laced 'ltnonr the co-

orciir¡ation sphene ol' the chrorniurn (ll¡) ion, -i-hene i",

hov.,everr ilo expcr'inle n-t,el prooí' th.rt ti're suiphate Iiçenci in

fact behaves .ìs a bidentate iigand in t[-¡ese soIids, but it

rnust un less ioss of octahedra I coor'ç'{ irr¡tt ion ôs .rdrr il,terJ,

esi)cci.lly in ihe conrpountì tr"r(;ün), 3l-lZù" ire.:'uinç; cire

i"ryrjrates o1' chnom iur¡ ( | | | ) su lplr.ite resu lts in tire loss of

waten a¡rcj usucrlly the sinrultaneous coonCination of the

su|¡rhate slnoups" -lhe necent investígetiorrs by Harn¡eIin50

of the pynolysis of a violet salt oF ci.iromium (lll) sulphate

end the i nf naneiJ ebson¡:t ion spectra of the v¿lr ious hyd nates

and tire anhydrous rnate¡. i a I pnoduced in the pyno l),s ís lead

'to tire conclusiorrs th¿lt in ti're nornlal violet sul¡:Írate

Cr-(lrc, )- l4 H-0, six of the water molecules are bouncjá' + {) á

<J inect ly to tire su lphate grcups to fonrn the H, S0^: ion,+o
i-oun o'f' the i{ðter nro lecu les .f-ornr rveði< boniis u,ith 'cire chnom iur¡r

(lll) ions, two ¡1ìay ect as bnidlres oetweelr ti-re ch¡'omium (lll)

ions anci arìotherl'our r{ater no lecu les 1'onm stnouç ironds w ith



ti'¡e cirronrium (lli) ions" lt i

f'or th i s h),drete rnu st be ver-v

proposeci lry ijar¡i¡e I in o¡rd Ðurz¿l I

a I um lvh i clr the¡z cons i.ijen to be

cont¡r i n i ng the comp Iex ion

70

s sugE;esteci'chaì- tlre stnuctune

s in¡ i iel¡- to the structune
5l , ,- ì or the notass iurn chrome

l.rf o,^!tt i-^. \ /t: /r\ i ," rr ^f.L \.r ( n4òr' ø) 2\n }rt ) 2J 6 n2r)

s0^[-1,oft

Thein experimentaI results, howerzer, do not justif'y, the

structur.e proposecì Í-or the chromea lum. /i cleta í lecj cj is-

cuss i<¡n of the in work i s Sj irren in .lpFend ix 2"

The pyro I ys i s da'ca obta i ne cl by lìanrne | í n50 rnery be

summar ize.-J in the f o I lorv inc set of ecuat ions"

| ) cnr( son)= ( r 6- I B) Hzc i55 3 B0o C

2) cnr(sûn)= t4 hza

5) Cr".(SOn)s n HzQ

4) Cr", ( SOn ) 

=

ll53 l70oc

l70 - 5400C
sloiven tiren in 2

570 : 73Oo C

Crr(Sün), t4 Hzo

^ 
L'a. \ , ¡lCrrlSC4)r 4 HZO

Cno(S0, )=
-t)

Cr-O- + 3 S0-

Hannle I ir.'=50 at'uenrpts

hydrate by slow cJehydnat iorr o'Í''

niet rvitiror".¡t success" I nstead,

rate o{' dehydnat ion once th is

to prociuce the ürr(SOn)= 6 i-lZ0

the noi-nra l v io let su lphirte

sl-le no'cicecl orrly a nruch slower

compos it i on hacj been obta i ned,

fi ^ca,
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Lul<aszerl/erk i 
45 su(jcìes1- s

l-rexaaquochroniium ( I I i ) oxyðn ion

the phosphcrt.e, ônsenate, and su

condensat ion react ions in tlre s

obsenved í n so l ut i on, wh i ch ane

the sulpLrate ion ir¡to the chrom

sphene. resir l-b ing in

th.:t t,.yro lys is of the

corrtpouncis ( in partíci-rlar

lphate) involves ola'i:ion

olid sirnil.rn to those

initiated b¡, the entry of

ium (lll) coordination

irrg stnuctune"

I
I

I

I

I

ln

r.

-.r_ 
-"-\,rt | \,./

C

the follorn,

a- r.VU
l¡l: ./''. \ .1. .-\,n _ un
r \ -,/ , \
lL1 |
í\ a'L.U

,'.,^<l-wnene A : iiÃt,j4

B : 0i-ì- Gr ¡lXO;- or no I ini<age

C : l-ix0;*, rlrX0n on HzO

Tire infraned absorption s¡rectra 1'on the pyrolSrsis nraterials

show i-rno¿rden ing anrj sp I itt ing of tlre cha¡-,rcter ist ic XA+-

absonpt i on b.r nds i nd icat i nç; a l owen i ng ol' syrnmetry for 'che

XC+- groups. Lukaszewski does not. ott",,,¡,rt a <jetailecj

ana lys is of' 1-lie in'ltnar.ec.l absonpt ion spectna wlr ich wou lcJ

g ive ev iCence suppont i ng the pnoposed structu¡-es {ton these

compclt.r nd s '
Tlre p)/ro I ys i s data obta i neci try h inr f on the hycìnate

fn ¡ ti 
^ 

\ -l t ,,1. \ rLCr(HeA)O.lp(:ì04)f 4 HZA nrd\/ tre surnrrìôr¡ze(j in the 'í'ollo,,vrnq

;Á
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i) Crr(SOn)o l6 Hzü

2) cnr(Son)= lb Hzo

5) crr(soo)s lo Hzo

60- | 00o C

| 20= | 70oC

I 70-5900C

655:i780" C

Cr r(. S04 )5 I b lt 

"(t

Cnr(SOn), l0 Hz0

Cr'r(S0n)= 5 Hzü

Cnr( SO4) q I .5 Hz0

Crr(S04)s I Hz0

Crr(S0n).a

Cr-O-, + 5 ;ì0-
aoLl

4\

6)

crr(son).,, b HzL. 39o345ooc

cnr(so4)" l.b Hzc 45o555ooc

cnr( Son), I Hzo 53056550c

7) Crr(StJn)=

X-ray studies of these hydnates indicate that they

êne amonphous but recnystal I ize pnior to complete dehydnationo

The amonphous natune is attributed to nandom anrangement of

the bn idg i ng gPoupsø
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2) D I SCiJSS t0N rF íÌËSLit_TS

a ) pí{EpAitAT t0i\ 0F THE tiyDRATÈS

The mode of- pnepanat ion of the hexadecahydnate of.

chnomium (lll) sulphate or- the nonmal violet sulphate used

was the method of H igb¡,,l2t: IOO nrls, of concentrated

sulphuric acid r./ene added to 400 mls' of water and cooled

ta l5oc. Th is solut ion was then satunated with chnom alum,

I 60 m I s" of concentrated su I phr.rn íc ac id were added f nom

a bunette at such ô nate as to ma inta in the tempenatune o'Ê

the sofution between !5 and 20oC* The smal I cnop of crystals

formed at this stege were díscarded and the pnecipítate

formed after the addition of anothen 100 mls" of concentrated

sulphur"ic acíd rvere kept fon funthen punification, The

impure v io let su lphate was then d isso lvecl in I bO m ls" of

25/o ethyl olcohol-waten solution l-ollowed by the addition

o'F suff icient alcohol to give a nesulting 60/, ethyl alcohol

so I ut iono Aften severê | such r-ecnysta | | izat ions the v io let

sulphate wds deemed suFficiently pur-e to be used" Chemical

analysís of the impure violet sulphate showed a sulphate to

chnorn ium rat io of | " 59: wher"eas the necnysta I I ized product

hacj a natio of 1"52 compared to the theonetical value of

| '50' The impun it ies irnpant a green co lour to the a I coho I ic

solutions and e¡.e pnobably species of r tgreen clrnonium (lll)

sulphaterr and othen sLrlphato complexes of chnomium (lll)

formed as a result of the pnoduction c¡f local high tempenatunes
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dur"ing the addition of concentrated sulphunic acíd" e.fl, liCn(SCr, )2
-l'he hydnate rv,3s found bv analysis to be Cnr(Sûn), 16"5 Hr0"

l-lydnates w ith n va I ues o'f- 4" bB and 2" I T wene pnepared

by very slow dehydration of the lrnornrôl violet sulphatelt

(16"5 hydnate) in a dnying oven. irlacing the l6"f hydnate

in a dnying oven at 65 on 75oC for severðl hours procluced

the 13"7 hydrate" This hydrate, howeven, continues to

show ê loss in weight when left in the dnying oven" The

we iç¡ht I oss was too s I ow to reach a I im it as fon examp I e

at 650C loss i¡r we ight r,/as st il I occtrrr ing aften I I months.

The hydnate left in the oven aL this tine had an n value of

5.65. The hydi-ote hav ing an n value of 4"58 was obta ined

ô'c 75ö C and the hydrate w ith rr equa I to 2" | 7 at 2OOô C,
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b ) TH[R[rOtìliHV lhrLl ii lc,ti'¡¡iLYS I s

(l) RESLiLTS

The pyno lys i s data obta i necj 1-or the | 6"3 hydrate

under vanious heating nates are given in Tables 4a and 4b"

Thennrognam Cr t in Tab le 4b is a cont inuat ion of thenmognôm

Cr wh ich ín tunn is a cont inr-¡at ion o t thenmogrann C" The

sample lveight used in C necessiLo{-ed reacljusi-trretil- t-¡f tlie

thernrobalance because the weight loss up to a temperatune

of l4OoC gave Ful I scale de{'lection of the neconden" A

typicaI thermograrn obtained fon the |6"5 hydnate is sholn

in Figune ll" The data mêy be conveniently summanized in

the {'ollowing"

| ' Loss oit water starts at 50o C and cont i nues up 'co a

temperatur"e o1' 50o C" The thermognems showed an

in.llect ion po int at 40oC wh ich connesponded to an

c¡venage we ight I oss of 3,40. The percentage we ight I oss

nefens to a pencentage of the original sample weight.

The plateau at 5OoC showed an avenage weight loss of

7"21/0" The conrposition of the hydrete at this plateau

connesponds to Cnr(SOn), 13"57 HZCt and appeans stable

up to B5tC.

2* A veny nap id we ight loss occlrr.red between 85 and I lOoc

followed imnrediateIy b)'a rnore gnadual loss of wêteno

The intersection of these two slopes showed ê weíght

foss neðn 3l{, at a temperature of I l0oC¡ provided the

heat inç nate rvas s low" For -f aster heat ing nates the



Thermognarn h4ax imum
Tentpe ¡'at ul ne

Ëiynolysis

Heat i ng rate
o C/hour

arl

| 2,O

160

lryri

oÐu

640

TAiJLL 4a

data {'on Crr(Sû4)r 16"3 He0

5'4

l+

lt "t on ig ina I sarnp le rve ight of the
lntensection( | ¡ ) l'lateau(ii)
____(41 çl - - - - - - - -- - Is: g19L 

- - - - -

D 17,

4l

AD

36

5" 0l
6' 94

2"Bl

5'00

2. B0

A*A "
ùoc)
nte n

) ind icates that tfre p lat
i nd i cetes the tempenatune
ections and PIateaus es m

,z,rl \

+2)
'4tl I

¡n\

5e)

B" 25

6'74

6. 89

7^17

7"4+

6' 4l

( bo-86 )

( 4e*85 )

| ¡- n- \
[ Ðó"Õc /

( sr-se ¡

( 60-85 )

hycJnate lost at

edu is stable in the region
{'or the inter-sect ion o-F tr,vo

arked i rr .f' ig;une I I "

Intersection( lr)
- _-!û:çì

50'16 (97) plateou

30,79 (ll0)

3t.26 ( il 6)

5r"lo ([20)

33"6 ( 145)

3O.?O (llo)
3l,oB (llo)

fnom r¡oC to É\oC'

sloçres"

-n



TriB i-t 4b

Pyr-olysis data f'or Cnr(SCn)g lõ"5 HZ0

Therrnognam Maxinrum Heatinç¡ nate /, "f original sarnl;le r.',eight of the

t_, ,

C¡ 1

g

L

I

hl

160

?,20

700

175

oÐu

640

500

4l

325

/1 ,

ûO

Á*AêC) incjicates that the plateau is steirle in the
fin C ) i nd icates the temperature f on tíre i nte¡-sect ion
ntersect.io¡rs.¡nd PIateaus ês nianker{ in f icìune II.

4O"47 (370)

51,96 (140)

32,56 (t45)

43"46 (480*530)

hydnate I ost at
Finel F'lateau

43,05 (+ZO*nZO)

42"33 (3+O*SAOI

42, €,',7 ( 350*575 )

(sroC)

7s4' 47

37*29

t60)

3+,67

22,0

t75

600
425

445

reg i on 'Fnom Ao C t.o iio C"

oJt tlvo s logres'

47 ^ 7s5

47"11

I ntersect i on

I ntersect i on

^t
-f,
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lve ight I oss increases ( 8- ) .

5" For s low heat ing nates e pseudo-p I ateau t{as estaL-l I ished

near l4OoC show ing; ,an avenage we ight I oss of about 32%

( theor-et ica l va l ue 1=on the l <¡ss of 12" 3 mo l ecu l es of

water is 32"34fr. )

+" For fast heating nates the pseudo-plateau mentioned in

3 was not establ ished, instead the gnadual loss in

weight mentioned in 2 continued up to e temperatur"e

of 470øC" Hene one obto ined a p lateau fon tlre anhydnous

chromium (lll) sulphate" The weiglrt loss being 43"Ofoe

cornpared to the theonet ica I va I ue of 42"831"

5" The anhydpous chnonr iunr ( I | | ) su lphate begair to decompose

at 530oC and was completed at 625oC. These temperatures

vanied somewhat with the rate of heating' Thene were

trvo ver"y obv ious except ions in thernrognc¡ms N and J 
e

these two rv i I I be d iscussed latern

Since the weight losses observed below B0oC repnesent

a small fnaction of the total loss ( nea.. 9,4, ) occurring

upon conip lete pyno lys is, they môy inc lude a 'Fa in ly lange

p."".nt"g* ernor" In order to check this weight loss two

samples were placed in a cJry,íng oven at 65 and 75"C nesulting

in the {'onmation of the r3.7 and 15"6 h),dnates nespectively,

when left in the oven for severê| hours" The weight losses

obsenved wene 6'6/o at 65ôC and 7"O/o at 75ëC" These nesults

lack precision but they show conclusively that the hydnate



Fígure | |

A typ í ca I thenmograrn fon Cr', ( SL-rn ) o \ 6*7-t HZ0

Senrple r'eiçht : 97"6 mgso
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obta ined be low B0oC has an n va lue near" If,,' 5.

The we ight ic,sses in the temperôune intenva I o{'

f 45 to +7CaC wene very sloln¿ and ¡'epresented one-e ighiJr of,

the total weight loss obtained upon pyrolysis. In or"den to

investigete this negion in mone deteil, the hydrates with

n values of l5'8 . 4"58 and 2"17 h/ene pr"epared by slolv

cieh¡,drat ion of the l6'5 lrydrate in a d¡'.7 ing oven. The l5,B

hydnate r\,ðs prepared by heat ing tl're 16.5 hydrate at a

nlax imum tempenature of 45"C for sevena I u,eeks. The hydnate

with an n value of 4.58 rvas prepaned by heating the 16"5

hyc'rate at 750C for foun weeks. The pnoc{uct 'Fornted <Jur in5;

the initi.rl s{:ages of del'rydnation is hygnoscopic and very

so I ub le but as dehydnat ion pnoceecJs the product I oses its

hygnoscopícity and becomes di{'Ficultly soluble in waten'

lìeat ing the | 6.3 hydrate 1'on two weeks at 2000C pnoduces

the hydrate with ên n value of 2.17" All of these hydnates

st i I I showed s low we ight losses at the í8' nespect ive

tempenatunes" The odd values of l3.Br 4"58 and 2"17, for

the hycirates, have no significance" Othen values could be

oirta ined by longen on sho¡ ter heat inç¡ pen iods at tire

nesprect ive temperatunes" The hydnates rnust o F course

neach a I im it i n-c; n va I ue f or the nespect ive tempenatures

but these were not detertnined. These obsenvations ðqree

rvith those of Hor¡nelin30 narnely, the pynolysis curves fon

the violet chro¡nium (lll) sulphate cjo not show a plateau
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cornespond ing to the 6 hyclr.rte (C, 
Z(S04 )f 6 HZ0 )" The

pyro l.,rs is dat¡r for these pant ia I ly dehydrated products

is given in Table 5'

A I I of the thenrnogr-ams otrta inecj by pyro lyz ing the

16" 3 hydnate si'¡or., a gradua I loss in we ight in the tenrpenatune

interval .l'nonr l45oC t<¡ the ternperatur"e nequined to pnocluce

the anhydnous chnomiunr (lll) sulphate (exce¡:t fon'chenmo-

gram nunrber Cil lvhere a sl ight change in the r"ate of we ight

loss is notíceeble). The intensec'cion of the two slopes

occuns a{: a lve ight los-s corr"esponcJ ing to +A.47f." The

theoneticaI weight loss for 15.3 ¡i¡olecules of waten is

+A"21{o, tlrus indícating that the last step in the dehydration

ppocess is the loss of one mo le of water per rno le of

Cr-(SO,)-" The inter^section of two slo¡--res in thernrogrami.' +'ó
nunrben Ð (f or the l3.B hydr"ate ) at 5B0o C and ê we ight I oss

of 36"44f" (theonetical value fon the loss ol' l2"B rnc, lecules

of waten is 36" lSfn) ancl the inter-sect íon ín thenmogram E

(for the 4"58 hydnate) at 425ôC and a weight loss o1- |l4.21fl,

(theor-et ica I va I ue -l'on the I oss of 5" 58 mo I ecu I es of wûten

is l3"1Bf,) indicates that the last molecule oÊ rvaten is

Iost in a separate step" Thermognarn nurnber i,i (fon the

2.17 hydrate) shor.,s a stable plateau {'on the temperetune

intenva I of 550-l-00o C, w ith a r.'e ight I oss o Ê +, +3f"" The

theonetical value for. the loss of l"17 molecules of waten

^^¿f S 4"ö9u/ "



The thenmograms D f igur"e l2 ancJ I Fígur^e l3 show

changes in the nate at which the Iast foun molecules of

weten are lost uF.-on pyno lys is" These changes are more

pnonounced ín L than ín D and lead to the stable plateau

in thenmoç;nam I'i F iç¡une | 4" One rnay attn ibute the absence

o1' these changes of s lope in the thenmogranis 1=on the 16"3

hydrate to tlre fact tlrat upon pyr"c lys is , extnerne ly long

per iods oF t ime ane nequ ired for any nearrangemerrts to

take p lace i n the so I id and , thenei-ore , the pnoducts

Cr-(S(-', )= 2" l? l-i.rc ancl Cro(SCr, )o 4"rB HoL-, obta ined by4- +'.) á á' 1+ Ð á

s low dehydnat ion , cìr"€ in f act , not. ident ica I to tlre p)1r'o lys is

products hav i ng the sarne stc'' i ch i ometry ' Ev i dence to suppor.t

th is v iew i s for-rncl í n the Fact that the ín1=rarecj absonr't ion

spectnurn o f Cr 
2(SC:4_) g 2" 17 ii ZA becarne rve l l de l- i ned on ly

after it had been ke¡rt at a temperatune of U 00" C l'or a

lveek" Luku*=.r=ki4-5 gives a sin¡ilar intenpretetíon oF

his wcnk on the oxyenions, nameIy, the pynolysis pnoducts

ône amon¡--'hous but necnysta | | izat ion occurs befone the

onhydnous salt is fonmed"

The decompos it ion

by the tlrermograv imetn ic

l)Ç,ry(so4)r l6"s Hzo

2) Cr ,( S04 ) r I r" b l-iz0

of Crr(SCo), 16"3 lizC, implied

studies, fol lows this pattenn.

rrolncoc cnr(!104)-a 13"5 frzÇ + 2"8 HzO

ver"v {tast
eo-ît o"c cr,(sco)^ +"n Hro + 9 Hza



Thernrogranr ívìaxinlunt

1"AB LL 5

Pynolysis data {'on hydrates o{' chnonriurn( | | | ) sulphate

l-em Þenatu re
kd--d---

M

695

700

670

Heat i ng rate
29/bevr

[i-i]() ind icates that tl're plateau is stable i¡'r 1,he ne5¡ ion fnoni floC to ûÓC"

Ê) indicates the temperature 'Í'on the intersection of tlvo slopes'

200

nr\

Thenmograrn numben

D is obto i nec'i f nont

I is obtained from
lvi is obta ined f nom

{, "f or ig
i ntensect

28,25( i 50
¡ ¡ | e¡a.)b o 4L4t \ OÕU

I 2,02 ( 550

o"o(220)

na I sanrp I e we i ght o-F the h,vdnate I o st at
ons (*oC) Plateau(rtt-*oC) Final I)lateau

Cr-
Cn-
Cr-(,

32,7?(ffi7)

¡0,)- 13.8 l-l-u+Ðá
sor)= 4.58 Hoo

=ua
s0, )- 2"17 ll^0¿r' i) á

14,21 (425)

4.43 ( rSO-+OO )

59 * 28 ( 455*540 )

| 75+ ( +ao*seo )

9,42(++S-+oS)

Theonet i ca I

I iJ" B l-iZ0 is
4" 58 l-i,O is
2"17 HZO is

va I ue 'Fo¡' I oss of
38,93la
| 7 " 37q,,

I " 06l"

OOU

670

o6c



Fiture l2

l-he¡-¡Lio!ìriì¡ìr numbei- ii 'í'c¡r- Crr(S(o)^ l7"B ilZC,

ìjaiiiple rveíght : 106"9 ri'ìgSø
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Figure l7;

Thenriiocií'cìnr riumbe¡- i: fcr Crr(*ûO)= 4"FB'rip,û

Sanpie r,;ei<;ht : lf i"0 rnES"
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Fic.ure l4

Ther¡¡¡o irrdr¡ì nuruber- i'i ìc(,r!' Cr, ( SOn ), Z" | 7 i-ipú

-(ernip le r";e ight : gl "7 mg s.



&
t-

O
S

 S
 ¡

N
 W

E
IG

H
T

 (
rn

gs
'ì

'-{

m
o

o c Ð (r
,

o¡ o o

T
E

M
P

E
R

A
T

U
R

E
 O

C

(¡ o o
s o o

(¡ o o

fu o o



B7

3) cnr(Sr:n), 4,5 ii20 ,fåÌTno" c C",¿,(S04)3 4.o i.2Ç) + 0.5 Frzc

+\ Cn^lSC.) /, ^:., I vefX =lgy Ç..n (. 7, 4'74.A;i2( i+O_+yO"C._,e,sO¿)'< + 4 H2('

s) cnr(son)a reslez¡oc crra" + s sog

The decornposition of the 4"bB ancJ 2"17 hirdnate would

be sinrilan exceS-.t th.¡t these would now de{=initely show the

ex i stence o{' the mono hydrate , C*Z ( S04 )q Hrti "

-ihe trvo thermogr-arûs .J,( f igure l5l and N show we ight

losses coFnespond ing to the above schenre, but the tenrperotune

at wh ich all oj- the rvaten has been lost has dropped to

340oC irr J and 3500C in Ne com¡;aned to the tenrperatunes

near 470ø C lton the other thernrogr"dñr so [rurthenmone , ihes<:

two therrnognarns, J and i! , show we ight I osses sto ich ionretr ica I ly

exp I ainab le as loss of SCla (step 5 ) stant ing at a temprerature

of 3B0oCe well below the tempenature of- SZboC obsenved in

other therrnöclnarns emp loy ing 1'ast heat íng nates, The thermo*

grêms J and lrl show a change ín the note at which SO. is
r)

Iost, tlris cfr"rnge in slope occuns at a terrperatune of 4z5ac

and 445aC and at 47"3 % and 47"1 '1. wetç1h'c loss" This

change in s I ope occurs rvhen on ly | 6f, oF the su lpl.rur- tr i-

oxide has been lost. These diffenences must be attributed

to the slolv heating r"ates ernplo;red in obtaining therrnogrenis

J and Nl" l-he lor^r temperatune at wh ich al I o{' the water is



F i.,ure I 5

Thenrirogra,ir nur¡ri¡en ..[ îor Cr r(.SCn) o, i 6, ii ¡;20

Sarn¡-'le rveiç;ht : 63"7 rn!ìs"
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lost in thenrnoc;nei;is J a¡'c N nì[ìy i'inc'l an exp lana'¡ ion in

tertns oít the {'ollo'^,irrSå ¿lssuminl--, -bl-iat the mechr¡nísm lvhenelry,

the last fot¡n molecuies o{j rr,a'i;er ðr-e l<¡si: is a conrplex

process ) one rn i¡ht ex¡:ect tirat -l''<;r' f¡rst heat ing rates i.here

is not- su'Ff icient time fo¡- reanrôirgernents to tal<e ¡:lace

e¡rd that water" is sp I it out 'oy s in¡: le boncJ c leervage nathen

tiran d ísp lacerne¡rt of' the coord inatec,r rn,aten by an oxySen

fnom a su l¡:hate grot¡p" Ëon J'ast heat ing n¿11;es one rrrould

then expect- I 1l'io les I î in ti.ie coor'(j inat ion sphere wh ich

L-rresurne¡b lv stnengti'ren i-he Cr-0-S ircirris erid, 'bhene'ltol.e,

neclu ine h ighen 'r-.eiri¡.rera1,unes Í'or' 'i:he deconipcs it ion to r,he

chrom iunr ( I | | ) ox ide anci su lp-,hun tn iox icje" i-oss of ê

p.r i r o í' e I ectro ns 'l-nonr 1-he coon<j ina'r, i olr spl'rene of the

chrom iurn ( | | | ) ion ds i--iìe rv.:ìi:er nro lecu ie is lost r,¿cu lcj

incnease the <-:ff-ective rrucle¿lr change on the chro¡rriuni ( | I I )

íon c1 r'ìcJ , 'cher"e'Fore , str.erigtiren the Cn-0*S ironc's.

À plateau in arry thentnogncinr is usual l;, takerì as

ev icj ence {-or the ex i st.ence o{:' a def i n ite conrpound. Fon

exemple, the plateau 'From 5O-8Oou is teken as evi<jence for

tfie existence o-1. tire t"r(Sû¿)= l3"S HZU h,vclndte. -iuch a

p i ateau i n a ther.llìoqnürTr, irowerrer, <joes not i rrsurr: tir¡rt the

ccnrpouncl is stable ovei- the-i.errr nerature intenvc, I oF'tire

¡:rlateau' ihís is <;uite eryicjeni. 1'rorn 1.he l.-,eif:ht iosses

observed 'l or i;ire r,'.^(:-.Lr , )- l6'7; ii ^[., hydnate rvhíclr .i",hcn¿ +':1 l,

kept ,l'¡- a temperature o'Ê 65ÞU i'or an extencl ed per íocì ancj
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nesu l ted i n ti're í'crtiiat i on o{= tl're 5" 65 hy<ìrate' ;i p l eteeu

irr er the!'nroqn¿rn, i,henelore, tìoes no'L pnove tír.:-t. a (ìompor-rnd

is stable, i¡-,steaci the nlate.ru crives er./icience onl¡r-Í'on tlre

slor,¡ rate oj" ciecotiìt-rosi'i-i<ln. Itnonl tirenn'rocnaril þl ¡t is evicient

ilr¡¡t the ilr,hydnous Crr(l;Ün)= cìe<;orirposes at cì veny slow nate

ai,-. "i:enrpenaturúìs be I ou, 4+54 C ðnd at a .s I i ç:h'" iy fr i çhen nê1.e

dt h ighen tenl:enatu¡es. Cine rnay, thereÍ'ore, conclrrcje that

tíre pIa'ueaus, founcj in the -Lherr,rocr¿ìrrrs: ernçrIoying¡ 1'¿rst

heert i ng nates , cjo not necessar i I y g irre ev icJence {'or tlre

ex i stencc-: o-Í' a st.:Li le l'orri'¡ o{' r;nh;,dnous CnZ(5(i 4)f ancj that

tire high tein¡rereitures given in Tables 4 an<j 5 at r.,ir ich

deconrpositiorr ol'ti're anlrydnous Crr(SC4)r< sterts, ane tlrere-

'f'ore. not r'ìecessari l¡z the lol'rest ienipenctunes a-û which

<Jeconrpos it ion occur"so

l-t¡rthen pnoof 'Êor this explanatíon was'FouncJ in

attern¡rts to produce .1-he rnono hyrinerte ernc'i ai^,h1zrìncLrs cirnontium

(lll) sulphate" TherrÌlocncrnr I''t shcweci a plateau corresponding

"i:o tne nlono hydnate in the tem¡:e r.:ture in'cenva I of ;350 -

4000(." S i¡rcc; 'cire tl-ienrnogn.ìn¡s J and ä harj not beerr obta ined

at th is t inre it- þ./as conc i r-rdeij i:.h at lre at irrg the I 6.3 h-vclnai;e

at a teniperature cl1' 3500C rnisirt prociuce the rnonoirydrate"

lì. tire rrrorlc) h.vdrate r\iòìs i-rct proluceci arrlryc.lnous chnoniu¡r ( | | |

su lph;:te or sonre ot-.i-ren hycJr'¿:rte w ith iìír n va lue less than

l.rn ity r.Jðìs exllected becar-¡se al I oÍt the tirentnoc;rðnìs so .{'¿ll'

had sirç:wn thc¡c f in¿ll loss oft welter <.iid not occLrr irelow
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temneratuFes of 47OaC" The product obtained by heating

the l6'3 hydrate at 550@C for 2t houns hacl d sulphate to

chnomium natio of l.3s indic ating that decomposition of

anhydrous chnomium (l | | ) sulphate had occurred, Since

decompos it ion of anhydr"ous Cr ,( Sü4 )c occuns in a muf | | e

funnace at temperatures es I c¡w as 55Oo C e one n¡ust conc I ude

that the temperatunes obtained fon this decomposition in

the thenmognarns emp loy i ng f'ast heat i ng rates do not ref I ect

the nr in irnum tempenatures at wh ich deconrpos it ion is noss itr le

but the ternperatur"e et wh ích decornpos it íon is f irst detected

under" the conci it ions of pyno lys is" -l-h is serves to emphas ize

the conc lus ions ol' others in the l'ie lci , name ly that one

shou ld ne'Fe¡. to the decompos ít ion temperatunes as I r proced-

urral clecomposítion temperatures or p"d"t. r,,46 Thus, the
ttp.dnf"it fon arrhydrous CnZ(SO4)f is found by Lukaszew=ki45

to begin at 655oC and is complete<J at ZBO'C and by Hanmel in50

to beg in at 570êC and is compleiecJ at 7306C*
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(2) C0NCLUSt0t'tS

The pynolysis data fon the nonmal violet sulphate

show, that a p lateau in a thenmogram does not rìecessan i ly

prove the existence of a thernrally stable compound. The

existence of a plateau in a tl'lenmognêrn may simply mean that

unden the cond it ions of pyno I ys i s, no we ight I oss i s detected

in the tempenature intervaI of the oIateau' Pnoof for the

thermal stabilíty of the compound must be obtainecj othenwlse"

The anhydnous Cnr(SOn)= rvi | | decompose at tempenatures ôs

low ôs 550ôC" Th i s wou ld incl icste that it is iniposs ib le to

pr.ocruce prrre anirydnous Cnr(S['n)f ou dehydrat ion of the hydrates

of chromium (l | | ) sulphate tly heat ing to a temperatune near

4000C as neported in the I iterature"

The thenmognams for the p)¿nolysís of the 16"3 hydnate

show plateaus conresponding to the 15,5 hydnate and the

anhydr"ous chnorn ium ( | I | ) su lphate" þia inta ín ing these two

pnoducts et the respective tenipenatunes cornesponding to the

pfateaus in the thenmognam causes ve"y slow decomposition of

the materialu The thermognams show no plateaus which mðy be

taken ês evidence-l'or a relatively stable hycirate with n

va lues between 13" 5 and O" -l-he thenmograms show on ly that

the rate at which the waten ís lost decneases ês dehydration

proceeds" -fhe hydnates obta i ned by extreme I y s I ow dehydnat i on

under i sotherma I cond it ions <Jo show p I ateaus connespond i ng

to the hydrete with an n value of l, indicating that the
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pnoducts pi'oduced in the thermobalance may be amonphous

wheneas the products pnoduced b;, extnemely slow dehydnation

may lrave had t ínre to cr"ystal I ize"

The pnocedura I thenma I decompos it ion of Crr( SOn),

16"5 l-lZ0 e emp loy ing a heat ing rate of' 560C pen houn môy be

repnesented in the fol lowing steps.

| ) cnr(son,)g l6.r Hz0 30350oc cnr(son), ls"E Hzo + z"B Hza

z) crr(son)s lr'b Hzo 
""39=ij3.t 

crr(s04)s 4"b Hza + s tiz()

3) cnr(son)g 4"b f+20 ll0;l45oc cnr(scn)" +,0 Hzc * o'b Hza

4) crr(so¿),) 4 Hzç 
"åil=!i3-t 

cnr(son)s + 4 rizo

5 ) cn, ( sün ) , t3?ã;nt" Çr ra, -i- 3 sos
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c) | i'lFiì,q¡irÐ SITtCTiiAL r+N,rLYSl S

(t) lilTRoDLicTr0N

In onden to detenrnine the symnretny of a ligand in a

crysta I latt ice, s ite gnoup on f acton gnoup arra lys is based

on a know ledge of the crysta I structune is requ ined' Nakarnoto

et ê1r"" howeven, state that the el=tect of coondination

upon the absonption due to the I igand will be much greater

than the penturtrat ions due to the cr.ysta I f ie I d and that ,

there1tore , ignorance of s ite gnoup or- f acton group ana lys i s

nray be to lereted whe¡r us ing inf nared ana lys ís to determ ine

the symnretny o1' a ligand in a cnystalIine lattice, -t he

J'ree sulphate ion is a regulan tetrahedron belonging to the

point group T¿i it has nine mode= "I vibnations, slrown in

Figune 16, giving rise ta foun fundamental 1=requenciesu

Coondinat íorr oJ' one of tlre oxygens of the sulphate gnoup to

a n¡etaI lowers the symmetny and causeså finst, the appeanance

o{' new bands and spl ittíng of degenerate modes, second,

''inequency sh il'ts of the bands, and th ird , i ntens if icat ion

of the snectnum"
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The synrbols /'\rErB and F refer to the syrnmetny t¡zpes of

v ibnat ion , on ly centa i n sy,rnmetny types be ing a | | owedo A

comp lete d iscuss ion of the ir s i9n if icance may be 'Êound in

i-ferzbengrs text,34op l04'123 Fon our purpose ¡t is

sufficient to neal ize that A and ü ref'er" to nondegenenateu

E to doub ly degener"ate, and F to tn ip ly degenenate mocJes of

v ibnat ion" The symnretny of the mo lecu le i s descr ibed in

terms of a po int gnoup , T,l, Cf*, , Ç r, etc' , in wh ich the

molecule has a certain combination of symmetry elements,

such as i5 fol<J axis of rotation, nrinror plenes, eLc" A

d iscuss ion of these may a I so be {'ouncJ ín Herzoer.g r s text "34 up5* I

Table 6 shorvs that the free suf phate ion (TA) has

two in1'nared active modes of víbration uS and ,L" ihe velues

ín solution ane ll04.rn-l for. uS and 6lB cm-l fo. un""n

l-he su lphate ion coord inated as a rnonocjentate I igand w ith

CS, symmetny shou I d côuse the êppeanance of two new ban<Js

of and v, and at the same t ime spl it uS and u4 into two bands,

Wlren the sulphate gnoup acts ôs a bidentate ligand with

CZ, symnretry, v, trecomes act ir.re ¡ u Z shou ld sp I it into two

active bands, while ,S and vn each spl it into three bands'

The experinnental work oJ' Nakamoto et .135 und Banraclough

and Tot.56 is consistent with these theoneticaI onedictions,

It wês noticed by Nakamoto et al, Lry iìoss, and by

ounselves, that invaniably the infrared spectna of the sulphate

gnoup shotvs absorption Lrands with e ithen a doublet or tniplet
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structune rap¡)ropr iate for CZo on Cf' sytnmetny, in the

crystal I lne state' In these compounds, st.¡ch as potassium

sulphate and gvpsum, coordination cannot be the cduse of thís

appar"ent reduction in symme.tny' i'lakamoto et al observe that

the chanactenistic rl f'nequency (g73 "r-l¡of the sulphate

ion, is present in the conipourrd IC"(inltif )O]Z(S0¿)f 5 HZ0.

ì-hey attn ibu'ce the appeanance of th is band to the per"tunbat ions

of the cnysta I f ie ld on the su lphate iono

R""*rZB in his investigation of various hydrated

and anhycìnous su l phates and pench l onates, shows that the

fnequencie* rf and v4 mastly displey the triplet stnucture

appnopr iate for CZ' syrnmetny" l-ie I ists thnee reasons {'on the

lowering of the syrnmetny from the negulan tetnahedron observed

in solution, They aneå ti f inst, distor-tion of the SO;

tetrahednon in the cnysta | | a'ct ice , second , covô lent bond ing

of the sulphate to the rnetal, thnough one on mone oxygen

atoms and thind, a non uni'Fonrn field dure to waten molecules

around the cationrt" l-i is conclusion, that, whereas an

assymmetnic cnystal field is of impontancee the major cause

l=on the splitting must ire due to distontion of the tetra-

hedron in the cnystal lattice, is based on the lange

spl itting oirsenved in the anhydnous sulphates, panticulanly

irar" iurn and stront ium su I phâte'

Since the sulphate ion invariably shows bands

chanacten ist ic of CZ, on CSu syttrntetr'¡z ín the crysta | | ine
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state, is it stí ll possible to use infnaned spectnôl analysis

to detenmine the symnretry of the sulphate I igand and assign

its reduction in symmetny to coordination ? The aff irmatir¿e

answen of'Nakamoto et al would still ôppean valid, that i*,

coord i nat ion usua | | y causesl f, i nst, appeðnance of new bands

and spl itting of degenenate modes due to lowening of symmetnyi
second , f nequency sh ifts of the bands', and th ird, intens i f- icat-

ion of the spectra ' The f r-rndannenta I s act ive i n the 'Ênee ion

incnease the ír intens íty whereas tlre new ly a I lowed bands

have weak on rned iunn i ntens ity. Ev idence to support th i s

view may be l'ound in the magnitude o{'the splitting

obsenvecJ l-on the u S f r.equency o{' the su I phate ion i n

potassium sulphate (Figune l9) lll5, Il4?t anci ll62 cnr-l

(1095,ll24 and ll49 "r-1, rto==28) wheneas, the splitting

due to coondinat ion is much mone dnastic as shown by the

che lat ing =u lphat.f 6 lOZb , I l?6 ancj | 2l | "nl-l ¡n

f.' / \ l- 3ÃL0o(en)rS0nJBn 2, HZ0, on tlre trnidging sulphEte"" l0b0*60e

n 05 and n zo cm-l i n I i ntH.r)na"ill ?e"( l{Hr )nJ ( Nur )o" The

intensity of the ,t band ,: ;...iì'"",,o c'ifferent {'on these

two effects' Coordination of' the I igand gives a stnong

band fon the t, I f nequency whereas its intens ity is very weak

when allowed cJue to crystal f ield pentunbation.

Scrocco and lviath i"u37, using site qnouFr anal;rsis,

pned i ct the spectra of stront i urn, ben i um and I ead su I phates'

Thein prediction is based on a knowledge ol'tlre cnystal



stnuctune of these isomor-phous sa lts, and tlre pentu"l: ,^;

effect of the crlzsf6 l f ield on the'r'undamental modes oJ'

vibnation' These pnedictions are venif ied in their experimental

wonk except fon I ead su I phate rvhene they f i nd that the

intensities of the bands ane drestically diffenent fnom

those predicted by the zeno orden of ðppnoximation" ìhey

'l'ind that the splitting of degenerate nrodes o{' vibration in

the sulphate gnoup incneases as the polanizability ol' the

assoc i ated cat i on i ncreases and i ntenpnet th i s ds gneater

distontion o'l'the sulphate ion in lead sulphate than in

baniurn sulphate which is gneaten than in s{:nontium sulphote.

Duva I ancJ L*"ort"58, on the othen hand , cons iden t.he spectr"a

oÊ banium ancj leacj sulphatesto i:e characteristic of the

spectne in which the sulphate gnoup possesses neç;ulan

tetrahedra I syrnmetn;r" Scrocco and lø¡ath i eu f i nd a I so that

the splitting oÊ the nine 'Fundanrental moCes into eighteen

modes ês a nesu lt of coup I ing between tlre foun su lphate groups

in the un it latt ice, decreases as the polan iz ib il ity c¡f the

catíon incneases" They attnibute this decnease to shield-

ing o{'the electnonìðgnetic nadiation by the polarizi6le

cat i on*

fio="28 attr ibutes the tr ip I et structune obsenved

to¡. the su I phate ion i n gypsum to d i stont ion o{- the su I phate

ion in the gypsurïì lattice" l-iass and Sutlrerl^nrJ24, using

the nrethod of site group analysis, have shown that this triplet

stnu eture is preci ic{:eri -Í'notn l'-,rlawler!çe oi' the s ite syminetry
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oí' the su lphate group in gypsum, ancJ cons idenat ion of the

pentunhing ef-Fect oJ' the crvstal field. -fhey show as wel l,

that in Eypsunr thene ône a tota I of s ix in'Fnared act ive

frequenc i es, exc I ucl i ng overtones and comb i nat i on bands,

obsenved {'on water which has only thnee non degenenate modes

of vibration in the free statel these arise due to coupl ing

between tl're foun molecules of waten in tlre unit cell" They

attnibute the lange splitting of' the waten fnequencies,

companed to the splitting between two associated bancjs ton

the sulphate, obsenved in gypsum, to the dinect coupl ing

tfret ex ists '1on tl-re waten mo lecu les and th.e nonex ístence

o1- such coupling 'l'or the sulphate groupse

These nesu lts pose two quest ionså f inst , ís ti-re

splitting of degenerate modes of vibration of the sulphate

ion in the cnystal lattice due to ciistontion of the ion in

the lattice on is it due to crystal field perturbation effects"

second, s i nce the I ange sp I itt i ng obsenved 'ton water. e conipaned

to that o1= the su I phate i n gypsum , can i¡e attr ibuted to d i nect

coup I í ng tretween the wôten mo l ecu l es, does th i s mean that

s im i I an effects ( that is the appeanênce o'F new bands for

the degenerate on nondegenerate modes of a I igancJ placed in

a sy,mmetrical crystal f ield) shoulcJ be obsenved, as a nesult

o1' dir-ect coupling provided by coondinated nietal ions or

should this coupling be oJ' less impontance ês coondination

occurs as suggesteci by the wonk of Scnocco and lviath ieu ?
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Thene is no x-nay evidence to show that the sulphate

ion is distorted in the qypsum cnystal latti"*.24 Th" inFnaned

and ilaman absonpt iorr spectra of gypsunr ane in qood aÇFee-

ment w ith that pned icted f-roin s ite gnoup ana lys is'

Similanly, the spectna of bar ium and stnont ium su lphate

asree with the spectna predicted fnom site gnoup analysis

and the ca I cu I ated i ntens it ies us i ng a zero onden éìppnox ima*

tion ôgree well with the expenimental '¡aluess Tlris does not

meôn that the splitting o{'the degenenate modes is not due

to d i stont ion , but tire expen imenta I wonk of iìass and

Suthen I and, and o{' Scrocco and lvrath íeu , conf inrns that one

needs to cons ider on ly the pentunbat ion of the crysta | {'ic¡ lci

in pned ict ing the spectra of the su lphate ion in the

cn¡ustalline state, whene coordination of the sulphate íon

is absent. l{ossts crit icisnr oF hiakamoto et aI 1'on neglecting

the possibility o'l= distortiorr being one of the pnime factons

caus ing reduct ion o{' symmetry in the compound IC" (itlilf )O]Z-

(S0¿)f5 Hr(t, does not appean iustif iecl"

From the conrelation for Td, Crrr, and CZu symmetny,

Table 6, it is easy to pneciict the qual itative form of the

spectrum when coor"d inat ion cðuses necluct íon of the symmetny

of the sulphate ligand to either Cg' on CZo' i,tihat happens

when a | | 'l'our of the oxygens f nom the su lphate gnoup

become coond i nated i n a mannen such that the su I phate

f igernd f inds itsel{' in a stnong symmetrical crystal f ielci ?
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The ônswer to this pnoblem Inay be l'ound in the selection

nules for the crystalfine stôte. 1r The selection rules

fon the absonpt ion ol' i nf r"ared racj iat íon by a snra | | nrc lecu le

in the gaseous state depend only on the syrilmetny properties

of the incl ividual nrolecules, the cornesponcìing rules fon

the same mo lecu le in the crysta | | ine state de¡rend, in

addition, on the symmetry of the cnystal and on the number

and position of the molecules in the unit cel | 11, Hass and

Suthenl"nrj"24 Sínce the selection rules depend upon the

symmetr;, ol' the crysta I and the number of mo lecu Ies in the

unit cell, one Inay expect to f ind bands other than tirose

pned icted f nom the symrnetny of the ! igancj a I one" The

splitting 'For these bands rvill not be ðs lan5¡e as that

expected {'on bands rvh ich appean due to neduct ion of symmetny,

but may show ô considerable magrìitude of splitting ês a

resu lt of ,l inect coutr I ing between the su lphate gnoups by the

coond inated nietal ion , ve"y similar to that oi¡senvecl for the

wôter mo lecu les i n liypsum" The i ntens ity of these bands w i | |

i:e t ow companed to the i ntens ity ol= bands nesu lt i ng f rom

coord i nat ion , i n wh ich recJuct ion ol' symmetry occurs r but not

ôs low as observed 1=on the bands al lor.ved due to perturbat ion

o1' the crysta I f ie ld as in b.rn iun, stnont iurn ancl potass ium

su I phate '
0ne rilay e theref ore , conc I ude that the . in-f'nared

absorption spectra oÍ- inonganic sulphates mêy be classified
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in thnee distinct classes" The f inst class will include the

ionic sulphotes. Thein s¡:ectra wi I I show the appecìn.ìnce of

new bands, not found 'Fon the fnee sulphate ion, due to neduct-

ion o l' symmetry oy the pentunb¿rt ion of the cnysta I j'ie ld '

lhe spl itting oF these irands may be fa inly lange, but usually

less than I OO "r-l 
( I | "r*l i'on SnSC;o, 85 ",n-l f or BaS04 r

ivrath ieu anci S".o""o57 ). The sp I itt ing of bands due to

coupling of the sulphate groups in the unit cell will usually

be quite snrall and the intensity oF newly allorved barrds,

such ôs the bneathing {'re<¡uency tl, wi|| be low'
'Iire seconcj class of compouncJs r.vili enconlpôss the

coond inat ion compounds , in lvh ich the su I phate I igaird has

reduced synrmetry " The bands new ly a | | owed ês cr ¡'esu lt of

recjuction in symnretry will have intensities conrpanable to

those obsenved in the fnee sulphate iono The spl itting as a

nesu lt of neduct ion in symmetry rv i I I be f-a in ly large , usua I ly

greater than l20 cm-l' The shift oF the I l04 cm-l band fon

the f ¡'ee su lphate w i I I usua I ly be much langer than that

observed in the ionic compounds"

The thind class rvill include the coondination compounds

in which the sulphate group exists in a symmetrical cnystel

Êielcj. Tl-re splitting of' bancjs allowed crue {.o coupling

between the su lphates (these ; f' present in the second c lass

are hidden by othen barrds) will be much srnallen then the

splitting obsenved in the second class and may even be sntallen

than those ín the fir st. class e i.e" those due to reduction
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of synmetry in the f irst c lass. The last c l¡:ss Ína-v inc lude

the anh;,droL¡s suIpl'rates oÊ the transitio¡r rnetaIs and oihers

wlrere synmetrical coorcJination of the sulpha'ue I igand to

the rneto I occurs.

Tlre resu lts obta ined for lead su lpha{-e by Scrocco

and iì¡iathieu sl¡ow that the calculated intensities, considering

the su I phate ion to have negu I an tetnahed¡-a I synrnetny , d ¡d

not agnee rn, ith the exf'er ímenta I va I ues', the I a Lter sirow i ng

a much gneote¡- intens ity th¡ln that ca lcu lated' The I argest

spl itt ing of ciegenenate nocies o{' r, ibrat ion in lead, i;a¡- iunr

and stl-ont I unr su I plrate wes observed J'or I ead su I phate "

nccepted ideas o f- bcind i rrg wou I d suçgest that the cet ion

sulphate bond would i:e ionic fon s1-nontiunr and berniuni sulphate

and cova lent {'or leed su lphate as is suggesteC by the in

polarizabllity. Lead sulplrate i=, thenefor"e, pnopenly

clessiFied trs belonging to oun class 2, whereas bernium and

strontiunr sulprhate ar"e best considened as belonging to

c I ass | . 'Ihe expen inrenl-a I wonk o{' Scnocco and lvlath ieu lencls

st-rpport to this classif ication o'l' the spectna" Similarly t

the t.ionk of iJuva ! and L"con,t.58, end oun or{n , incl icate

that the spectra o{' the anhydrous su I phates o'F the tna¡rs i'c-

ion metals, w,hich are mone conlpIicated than oLrr. cless I e

ône best considenecj ôs belonginç¡ to the third class"

The Sirseous waten rno lecu le has thnee furrdamenta I

modes of'vibration, as sl¡own in Figure 17, which âne all
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V ibnet ion modes f-or the waten nro l ecu l e
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ínfraned ectiveu The gaseoLr s nrolecule absonbs inf-naned

nadiation at 3657(v¡), 3?Í6(v.)an.l 1595(vr) .n*l "?'4 In

the solid and liquid state, the abscrptionsdu¡e to the

stretch i ng v ibrat ions v 
, 
arrd ,r Z, êr'e sh ifted to I orven f nequenc íes,

wheneas 'che absor"pt ion due to the bend irrg or <Jeformat ion

mocie ,z sh i{'ts to a h ighen {'neque ncy"27 The nlasn itude ol'

the sh i l"cs that ane obser"ved in var ious hydnates deperrd upon

the stnength oF the hydnogen boncl that the waten molecules

forrn t"¡ ith the const ituents of the so I id stot.. 25' 26

The nock inE, wagg ing and tw ist ing nrodes, shourn in

i-ígune 17, give rise to infranecj absonption wlien waten

becomes coonclinated to a metal ion. Absonptlon due to these

modes is poss ib le on ly if r.vaten fcrns a stnong coorcl inate

bond with the metallic cation and if the water molecule

fonnrs s'cpong hydroç;en bonds to the assoc íated arì ion.29

Thr-rs, absonptíon at 795 "u',-l 1-or ì\i i(elycine)a 2 Hrt', , at
-r*l875 cnr-''Fon Cu(SOn) 5 frrC, and 96,5 and l0l2 cnr {'or

ttf,^ t^ .r \ tri ¡ \ I - tt /-,Kl-Cn(CzA+)r(nrC)rl 3ltrÇt, is assigned to -these modes b¡,

Fu j ita et ul "29
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tXl- rit |Íuiri,lTH L i-''l'itrCÊÐURtS

Good Fesolut ion of the absonpt ion b¿rnds can be

obta i ned on ly if the pant ic le s ize o1- the absorirent has

ûeen neducecj to the m i cron Feg i on.40 The reduct i on i n

particle síze is most readily achieved by gninding the

sample in rvhat is commonly called a tii ig*L*Eug on amalg¡a-

naton' This grinding pnocess, qrs discussed previously

(p.:,. I B ) , rvês {'or.rnd to be unsat is{'actory {'on the | 6"3

irydroi:e" In order to obtain c¡ood nesolu'uicn o'F the absonpt*

ion benc{s For the | 6"3 hydnate , three d í1'f erent rnethods

h/ene tr ied" The 'First consisLed ot- sirnple gn inding o{- the

lrydr"ate in an agate ;rontar and pestleg r'esuli;ing in the

spectnL¡m niarked as irumben I in F igure 19" Spectrunr nunrben

Z, obte ined by rri ix ing the hycJnate and potass iu¡m bnorn ide

followed by grinding of this mixtune, shorvs 'che appeðnance

of a new band at l060 .n,-l , not eviclent in spectrum nurnben l.

It was thougfrt that th ís irand might be due to alterat ion of

the sample during the grinding process because this band is

also evident in the spectne obtained froni the gninding

products in the \¡i ig-L-Bug (F igure lB ) , titene{'one , to insune

that the sanrp le rerna ined coo I dur- ing the gn incl íng pnocess

the mixture of potassium brnomide and the sample wõs gnound

uncjen ether" Th is I ast nrethod produces a spectnum (numben 5 )

lvh ich shows good reso lut ion of the hrands, and was found to



Figure lB

I n'l'raned allsonpt ion spectra , sanrp I es prepaned by

grirrdíng Çrr(SC)¿)-í 16,5 HzO in a '',ris-L-Bug*
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Inj'n¿:necj ai;sc.'¡-pciofÌ si)ectra l-or Cnr(Sûn), |6,i1 HZ0

iïietl^rocl | , 2 cl¡-rd 3 ¿s ciescrii-',eci ot'ì l:i.ì.,e I07

ivre'¡hocj 4.ls cJescnibed cls p.ìge Ii2



109

e

{ ¿;V
oo I l"

\,
":\.
, 9\

: \ì.^
no 

\'-'\---
ct

"\
" tt \ o-.-qro

o

' o oo

o s t B o o I s E n s o B o c s o t o o s s t o s ¡ q's

Ea@@ üe@@ 0S0O Gm"o

^..

rl
¡/

a ot

r0 c !s os o IE
e&@ ü 0g@

0 0 0000

MoElt od

Method

Elsf he d

$ooeæ

2-
$.o"o.o

Mst hod

Ke8 04

4 e@oeo

@aaæ



il0

pE oc{uce sat isf actorlt nesu lts in a | | samp Ies where th is

[vas used. lts advantaç¡es, however, wene not appnec iated

unt i I rnost of th is work r{as cornrr leted" Th is nrethod has

found appI ication in other' !abonator¡"=25 and should pnove

very use.l'u I in the pnepanat ion of i nongan ic compounds

wh ich ane so lub le i n vo lat i le ongan ic I i qu ids , for" so lut ion

of the sample in the volatile liquid followed by napid

evaporation of this I iquid shoulcj leave a {'ine powden and,

consequently ve"y I ittle scattening and good resolution

of the t¡ands"

The spectna in l- igune ¡ 9 show feotures that occun¡'ed

very frequently in the spectne of these compounds' The main

absonpt ion barrci in spectrum number" I is seen to | íe at

s I ight ly I owen f nequenc ies than the band i n spectnurm numtler

2 and the conlpos ite of bands in spectnum nurnber 3o Thene

is no nesolution of the l0OO "r-lband in spectnum numben I

as obsenved in numbens 2 and 3* This lack oF resolution may

bre seen as well in the two spectra of the 4"6 hydnate as

shown in F igune IB' lioon neso I ut ion and s I ight sh ift ing o f-

the bancjs to lowen fnequencies is often ôssociated with

scat'ceníng cjue to large panticle size and has been obsenved

in many of c¡un spectra foi' the sarnp les where ¡t r\i as obv ious

that a poon gnin<J o{' the sample had been obtained'

Ívie loche and Ka lbu=25 in the ir invest igat ion o{' the

i nltrared absonpt i on spectra of i nongen i c cornpounds, -ltound
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anorlìa lous behav iour rcJue to exchange-/ betrveen the spectra

obtained by the potassium bnomide and the Nujol mul I

techn iques' -f he latben cons isted of ni ix ing the ground

sanrple with a nrinerêl oil;whose absonptiorr was then deten-

rnined aften it had been spnead between two nock salt plates"

The anoûrrl I ous behav ioun was ev icjent i n the ôppeônônce of

absonption bands due to potassium sul¡rhate in the obsonption

spectnum of ð sulphate contpound and wês exi:laíned as due

to ion exchange betrveen the sulphate and the bromide ion"

Thein conclusion was that the nrajor facton ín this exchange

was the pr"esence o1'' nio istu¡'e in the samp le, in potass ium

brom ide , anq-'{ mo istune p icked up in the gn incJ ing pnocessg

and r{ds rnost ev ident in the hydnetes w ith iow temperaturnes

of' cjehydnat.ion and genenally absent {'nom anhydnous natenialsu

I n th i s i nvest igat ion the potass ium brom ide rvðs sto¡'ed at

ZOOgC and all sam¡rles, whene possit:le, wene dried at 65ôC

pr íon to pne¡ranat lon f or spectra I ana lys i s , in onden to

rn i n i rní ze th is eNchang;e.

Lxam inat ion of the sÍ-.ectna in F igur"e I 9 shows that ê

band at 985 "n',-l , pnesunrab ly clue to potass ium su lphate , i s

present in spectna numbers 2 and 3 ancf absent in number I e

indicating thai; ion exchange has occunred in the finst two'

It is evident that this exchenge nrust occun in the grinding

pr"ocess of the samp le lvhen nr íxed w ith potass ium bnom ide

becatise il' th i s exchange occun¡^ed dun ing the pe I let izat ion

pr"ocess wlren pressure is app I iecj to the sannp le i n the d ie ,



I lÕ

i-i-len si:ec'trt-¡ lrl nu¡rnbe¡' I sh<¡u ii.j si-tow th is ir.rricj .js rte i i ,

ljince il. cioes nctu one fiìiìv c:on<;iucje -r-ilat'Llre excha!-ìsre

i-rnocess -i:¿ri<es ¡:itrce i:i r.¡r'in(r tiìe ¡,ritrdinc; ¡-)r()cess. The

p¡-escnce t;i'1,i¡c 985 "ru-lbancj neecj no-t ccrLrse clr-ìv di-¡ti'iculty

in che inierpr-.:i;atio¡r c.,i'the spectrun¡ ¡inovi<.Jec.i its existence

is r.ecoc-tn izec" The si--.ectrr¡ ri¡ oi" 'cire excir¡llrce ofloiucts )

hr¡"rever. fir.Jy conta in ba¡rcÌ s o'cher' -ch¡i¡'¡ those cjue to

iiotassiunl sulphote or t,ne oi'iginai hyi,i n.rte" l'¿ is che

reco() rr i1- ion c¡i' thcs;e i'i.;n,.js rvl-¡ ici.l .ìre oí' corìcerr¡ in tile

irrtenpi..-:'L¿ltio¡-l oi' cne si)ec'tra iri r^¡i. ich excird¡ì!ìe is ev iilent"

i¿ lrrils tiecmeC necessc-rr'!, 'rire ri:'i:orc, tc exaiir i¡re i;i-re spectt'util

(nurnl;er' +, rröìsjle 109 ) ci'i' -irr is hycirate eriip loy ini; the ¡nu I I

-i;eci'll'ique. i:ut ii- lvas -Ê-cur¡d th¡L i-ire si:eci;nurn ¡,ir-oi-iuce<J rdas

no [¡e'cter char¡ tirat cbto i necí by the pe l i et tecir rr i que i n lvh ich

'che senr¡: i e r.vas <-rrcu¡ri by i'cse i {t. The r'e.lson f or th is is

obv ious 
' 

irecau se in order to prevent cal.: i ncì ci' 'che ir¡,drate

curing: tire grintJinq process, the hydnate w.:s rnixeci r.¡ii;h the

nr ineral o i I pr-"iot' to gn irr<.1 in9, ti¡e iatter ac'¿s as a lubr icant

*r,ri, tlrenei'ore, ¡rrevents -Li're eí'f-ective ¡-eductioi¡ itr ¡ri-irticle

size" Tiris spectruni ne¡:resents -uhe best ()ne olltair¡erj b¡,, this

rnethod c1 t.iri sl-iows tfre scìrne leatures a s oi;serveci ít'or- s¡:ectrum

nurni¡ei- I i n F iç;ure l¡9. i-h is s¡'-e:ctrurn in,-:r i cat-es thert the 1 060

-t . ì ¡crir b¿rnd nrish'û t¡e preserit, in -th.rt wiceninc, cli"'clrc si--ectrurn

occur-s in tiris re(,ioi'1 . iruu ¿he resolu'¿ir:n is such -Lhat
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th is conc I us ion is pure con jecture, -[hus we have two

spectna numbers I and 4 ín which ion exchange is absent,

i nd ícat i ng the poss ib I e nonex i stence of an ab sor¡,.f i6¡1

i¡ancJ at I o6o cm-l ancj two spectra nu¡-r¡bers trvo an<j thnee -
i¡-r which ion exchonqe is evident and which show the existence

of this band" lt would seem that the obvious source o'f-

th is band i" .tn absorpt ion due to d compound of chnomium(l | | )

bnomide" brut the two spectna rvh ich do not show the looo "*-l
band, show behav i oun , sh i fts to I ower fnequenc i es and

s ímu ltaneous poor i-eso Iut íon, of'ten êssoc iated w ith lange

particle size"

Érssufîring that th is trand (Í060 
"rn-l ¡ is <Jue to absonp-

t ion of the prodr-rcts ne su I t i ng l'nom the íon exchange pnocess 
e

rvhich as shown pneviously, occuns during the gnirrcJing process,

one must ex¡rect the in'ce¡rsity of- th is pant iculan band tcr

íncnease é¡s the gr ind ing of the sanrp,le in potassium bromide

becomes more v io i ent. I n other wonds , exam i nat íon o{-t the

spectna of the gninding pnoducts obtained in the WiS-L-Bug,

shou I cj slrow an incnease i n the íntens ity of the I 060 "**l
band ês the hydrate i s sulr jected to I onger pen iods of

glr ind ing" These spectna shou lcj a I so shou, the appearance of

the rne in absonpt ion bar,qj at | | lb cm-l ,.r. potass ium su lphate

il- the latter is pnoduced ín êny appreciable amounts.

Exam inat ion oÍ' the spectna in F igur"e lB does not ven ;fy th is

pnediction, lnstead, the exact opposite behavioun is

observed in that the l060 "n,-l band disappears as gninding
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proceeds and ther-e is no eviclence of the lllS "rn-l b¿n,C.

The apparent discnepancy L-¡etween the 38 and 40 rninute grind

is due to the sanrple size used in the two nuns. The latter

conta i ns appnox imate ly thnee t inles the ôrnoun-u o'lt maten ia I

(sample plus potassium bnomide) and, theneÍ:ore, the grinding

would be more gentle. Since the l060 "*-l band disappeans

upon grinding one m.ry conclude th¿lt th ís band is not due to

absorptíon by exchange products ( if any) fonmed in the

gn i nd i ng pnocêSSo

The sç:ectna c¡bta ined {'or the 16" 5 h¡,drate incl icate

clearly the need fon small particle size ín detenr¡iníng the

i nfnaned absonpt i on of ðny conipound" Th i s work i nd i cates

that those hydrates which decompose readi Iy, are best qround

when mixed with a cerrier such ôs potassiuni broniide, under a

volatile onganic liquid. This wonk supports the conclusion,

of ivie I oche and Ka lbu 
"23 , that the resu lts obta ine<J by the

pel let techn i<¡ue should be used with caut ion, and that tirese

resu!ts be cirecked by othen methods" This lras Lreen achieved

in these spectna i:y compar íson ol' the mul I and pel let spectra'

For the 16"5 hydnate, where these two do not ðgnee, a

reasonable interpnetation of this discnepancy has been

acJvanced " Tfie best spectnum obta i ned '['on the | 6" 3 hydnate

is numbe¡- 3 in F igure l9' S ince the g8b 
"r-i ban<J pnesumab ly

due to potass ium su l¡:hate, appear"s in th is spectnum, one is

not ab!e ta assign all of these bands to the hy.Crate of
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chnomiunr (lli) sulphal-e, but t't is reasonable to ossume

that most of the ilands i n th i s compos ite set nrust be i ong

to the hydnate, especially sínce this composite does not

contain the main peak of potassium sulphate at I i lb .*-1.

For the othen hydnates rìo anonra lous behav iour h/ðs

obsenved" The conclusionscf i'ieloche and Kalbus ane venif ied

in th is wonk in that the hycinate w ith the I owest tenrpenatune

of dehydnation is the only compound that showed the anomôl;r,

The absorptíon spectna of' the 4"58 hl,dnete in Figune ¡B

ernploying the mr:ll technique, and the pellet technique show

ídentícal pattenns exce¡rt fon poon nesolution in the mull

spectrum' The spectre of a | | the hydrates o1' interest ene

shown in Figure 20 and a schematic r"epr.esentotion o'F their

bends in lable 7" l-hese ane the best spectra that have

ireen obte inecj and have been companed to the spectre in

which tFre pnoduct was subjected to míld gnindin9, these

showing no behavioun different fnorn that shown othen than

much poonen resolution very similar to that sholvn í'or the

4"58 hydnete in Fí9ure lB.

The absorption bands of

su lphates obta ined by ciehyCrat ion

the 2OOO .r-l to r8eO "nl*l reg ion

and compiled in Table 7o Some of

peaks at 2BSO and 2g5O "r-l wlr ich

the sen ies o-l- chrom íurn ( I I I

of the I 6' 5 h;,dnate , in

are shown in Figune Zl

these spectna show two

ône cJue to the absorpt ion
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Schenrat ic
Liands fon

TrilJ [-t ?

representat i otr o1-' t-.i'ie i n ftnane<J absc,rpt í on
vc.rnious hydnates o1' chrotrium ( | | I )"sulphate

ÀLi

6

600 ?oo EOO

t) crr(so4),.< 16.5 Hzo

900 rooo

in \,iig-t-i3ug i'on 2) lO ¡rinutes 5) 40 minutes

Cr'r(S()4)r 2".| Llu0 x) Cnr(SOn)=

iloo reoo 130 0 2 600 SOOO 3¿lOO cm'

¿-\ 38 ri¡inutes

'.t
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by the niulling¡ agent used in mulling setrnples' lis noted

previously" the montan and pestle had to be scrubbed with

Ájax cleanser to renden it clean a'l-ter a waten insoluble

conrpound hacJ been gnound in it" To test th is c lean ing

pnocedune a pellet pnessed from po'cassiunr bromide which

had been ground in the montan and pest le a-Ften c lean íng

was exarn i ned i n tlre s¡rectnognaph ' These b I anks showed no

absonpt ion i n the su I phate neg ion but occas iona I f y shor"ved

these two peaks. Their source rvas not immedíately evident

but since they ane the same two peaks observed in the

mul I ing agent and since the agate montar and pestle is the

same one used 1'or rnulling samples, these two bancj s nray be

due to the nrul I ing agent" Unfortunartely ¡t tool< some t i,nre

La realize the di{'f iculty in rendening the nrontar ancj pestle
I lspectnoscop ical l¡, cleanl t end, thene'ltone, contan¡ination

nesu I ted'



F í gure 2l

ln{traned abso*pt ion spectna f or van ious hycnates ,:f
chnornium( t | | ) sulphate* (rvaten r"egion)
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Table 7 shows the inFnaned absorption spectna o{' a

senies oJ= hydnates of chnomium (lli) sulphate' All spectna

obtained iry the pellet technique show absonption bands ot
_l-r

3+5O "nr-' and l620 cm-' (not shown ) even when no sanrp le is

introduced i¡rto the potassium Dnonride" Tlrese -Lwo bands may

be attributed to tlre syntinetnic and antisymme.{-nic vibna'¿ions

o'l= water', ínvariai:ly pnesent in tLie potassium bnomide, and

to the bencJ in-q on del-onnrat ion mode o'í' watenu l-he 5450 cnr-l

band is ciue to the ant isynrmetn ic stretcfr inç¡ (vo) , wheneas

the ta i I ing obsenved on 'che lower f requency s ide is due to

the s;rirnretric vibnation (tl)" lt is oJ' intenest to note

that tlre s'cretch ing v ibnat ic¡ns have been i owerecj '['nom the
t

va lues obsenved in gêseous rv.ìter, r l ( 365? "*-' ) ancj v 
=(3?s6

-i,cr'.ì ' ) , and the bending mode ¡ v2t has i¡een ra ised fronl 1595

-t 2,4Cmo

Al I hydrates with n greater than 12 show two bands,

one centenecJ near- õOOO .,n-l and another nean 25OO .t-l , and

a s'crong shou I cjen at 5500-3600 "t-l ,ev í<jent on ly in tl-re i{u jo I

mul! spectra oí' the l6 hydrate and the arrhydpqus sulphate.

H poss ib I e ass ignment wou I d attn ibute the 5500-5600 "n,*l tcr

water of w,etting or of ai¡sorp'uion prresetrt in tlrese cotnpounds"

The fnequencíes observed {'on this wate¡'cìne veny cfose to

.tirose obsenved in liquid water, 3450 anci 3?,2O.*-l' The preserìce

o{'the water o'f- wetting wês evident in the pyrolysis of'tlris
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hydnate i ¡r tha'c it I ost rv.lten be I orv 50o C to procìuce the | 5' 5

hyclnate " A Sross ib ie .rss ignment o{' 'che two bands , 5000

ancJ 25OO ",n-'r,voulcj be to the stnetcning vibrations rl and

v, of waten, drastically mocjif ied oy hydrogen bondinç; to the

su I phate ions i n r-he I att ice and i:y ccord i nat íon to the

chnomium (lil) iorrs" -l-he band at l640 "r-l would be the

deforn¡at ion 'Fnequency u Z, aga in nioci i{'ied as are r l and v 
S"

l-his is in agreenrent with the genenal obsenvetion tha't

hydnogen boncJ ing lowers the nurnen ica I va I ues o f- tire s-bnetcír-

ing f requency, and increases the va lue ot. the def-ormat io¡-r

l'r'eqrrenc), .21+,25,26 T!-rese e¡,e ¿rclrn ittecJ ! y, vei-y I erge sh i f-ts,

but no1. toially unexpected since in ice ol has the value oF

- ¡ 27 "r¡BZ =75400 cnl eP¡ tÈ'v'! Jones- obtaineci e very broad barrci at

2AOO-32OO cnr-' f ". tl're altsorpt ion o l' rvater i n L i0Fl" H 
ZLI 

and

othe¡- s25 226 have found bands as low ês lSOO "n,-l where

extrerne hydrogen bond i ng ex i st s o

A d if f,enent interpretat ion is nequ ined , howeven , 'Fon

the to||orving r"eêSonS¿ The separatiorr o'l- fi'equencies v,ancl oZ

ís f'ound to be IOO .n,*l in the geseous state , 226 on,-l in

the I iqu id state, ancJ l8O rn,-l in the sol id state,27 'pB5

ln gypsum, wher"e each water n1o lecu I e is hydrogen bonded to

two sr,r lpheite gnoL¡ps, the d i Êference betweerr Lhe lowest anci

highest conrponent .f'or v,encJ ,Z is !35 cm-| "24 Botll oI and

,Z o ibn¡¡t ion 'l'nec¡uencíes ane due to the stretci-r ing oJ' the

0-H tronds and he¡rcE: ar'ìy changes cdus ing¡ f r-equencl' sh i t-ts in
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one v iitna'c ic:rr s|r<'.,,,.¡ lti ccri..! se s inr i l¡¡' sír iitt:i in tire oi.. l'ler. Tire

iiairrjs in -¿he spe<:tr;--i (Fii urc 2l),ìr'€ s;ul'Í-icii--n-bii, i:nr:¡rcj i-i-r¡,i'c

cne b.¡rrci i',¡cr.i l,i c<rrrl--,. i ti 
'-i-l 

. aLìsot'r:t ic;n Lj!-jÉr i-c tire tr.,c rz ibrel. iori

freqi;erlc,ies, rri e¡rcl ufr, ¡lt -i:ire seI.ìùr'cticît aI 'these tr.vo

{trecir-:e¡-rcies is oj-'-i.irís m¿Ìqrìi1-uc.ie" Tire -i-r"ro,..)¿,li:ljs r',it-ist-their i.ie

crssig:ireri to tr^.,c iror-l-equi'zelelrt sets L:f ivclt(ì¡- [res:eni: in thc:

c¡''.,,st.:i lat.t ice. lt was evic'í e¡rt {'rc;i¡r ti.ie: F)yncl;rsis ci.rt¿r 'cit¡tt

ill .5 nìo¡ecui<rs of w.¡ie!- !i;êre diií'erei.'ii irci,r tlrc 2"8 nrclecLlles

<:í'ì."¡âter" r'¡j;i<:i¡ !'.'ere ic,.s-:t i)elçr.,50oC. l; i'-tfrese l:J"5 rnoi<¡cr.r les,

|2, r:rob;bl¡., ¡,i-,.:t,icíe cc:t¡¡irer.:i r¡ri coon,.litr¿,,tior' 'i-cr- -che t-t.vo

cii¡'e',ril ir.iri io¡rs " tirus le.rv iiic. i " 5 r,¡o lec:u ies o'i' i.,'ate¡- strcrrg l;z

irvrJnoi:en bonrlec t<; ti:e su iph¡:'ce SroL¡ps" Tair i¡-1,-- i¡rtc.; ¡rcccunt

ti'le írrte¡"ls it;- of' the 1-wo ilar:cjs. orìe n:t-¡s-t ess i5'tr chc-, l.it-cr:ep c;'í''

-lt¡re tr.,< : a1; 500i,) crn , tc -i;he coor"tj iner te<J hið1.er ¡l¡r.j i-irc.: 2500

-lcm rär-;st tlTen Lae ass ic;necl to the rvotei- hy,çi nose¡r bonciec to

the sui¡rh;rte icrr,s" j-i^,is assifjrr'ìnrcìr-j-i- is intuitively unsatis-

facl-oFy: because tirc loiver tire i'once constent '[-or ti^'e 0-Ìì

bon<j the lor*'en the j'r'ecuei-¡c--r¡ ci" ei:sorp-'t ion"?5'2€' lhis in:rplies

th.,''t i-lre vJâte¡- nio iec¡-¡ les h¡zcir-cSen iroircjeci .ìre [re id nlc,¡.e

stnorrìglv i-iion those coorci in¡,:tec: t<¡ rire ci¡noili iunl ions, iilso

tilc dbove ess ignmerrt dces rrot êìSnee r.r ith 1-he oûservat icn tlrot

tiie 5.65 hyclr.rte st i I I shou,¡s tíie 25OO "n,-l banci rv i'th o ver)/

I cr', i rr'cerrs ity, , tiir:,uç;h it is irirnoss ii: I e to €r¡v isûçle tire sôÍì'¡e

distni¡utiorr oí' rv¿lter asi exis'i-s; in t-he i€,: h),rinete" 0ne nusi;

loo, i.: Ê<-:r' a n'ìore acce¡rtao ie ass iç¡nme---nt.
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ilefore a ne\{ assignment is possible it is best to

look at the cornp lete s¡rectnum of' the l6 h¡rcJnate-. t\ | | of the

bancis in Figune 20, except the bancj at l060 .o-l nrô\,/ be essignecl

'.a abscrpt ion o{' the su I phate groLrp , th. I 060 .t-i bancl is

best r-eçarcled as due to absonpt ion of ur.rter" F<;n the ntoment

rve will anticiperte the ultimate assignntent of this band,

wh ich is due to the rock ing, rvegg ing and/or tw i st íng mocJe of

waten and it beconres i nl'raned act i rre on I y i {' stronç¡ cova I ent

boncl ing betx,eerr the rneta I ion anC water ex i sts ancj is i¡rten-

sified by hydrogen bonding ol- the water to the crsscciatecl

ar-r ions in Lhe latt íce' I h ís meai'ìs th"lt tlre latt ice ccnta ins

watei' nio I ecu les coorcf i nated ta the chrom ium ions and

s s rnu lteneous l-r, hycl nogen boncleci tc the su I p[rai;e gnoLipo

Fnonr t;ire pynolysis data r^ie knolv that 15"5 rnolecules

o{'wate¡. are nati-rer l'irml;, held in the lattice o'i'the l6

hydneite , l2 of tlrese carì ¡:nov ide octairednaf coorcJ ínat ion {'on

the two chnonrium (lll) ions and l'5 carr senve as waten

br idges between two su lphate gnoups 1.o 'l'orm (HU :,*Og )-4,

(C.Stì---H-0-i-i---0SC,r)-4. Th i s anrangenient r.vou I d I eacl to Cg'

synimetny {'on the su lphate Snoup. S ince the coonC inat ion

o F the weten mo I ecu les to chrom iurn ions i s ex¡rected to

increese tire pos it i'ze c[-ranact.en of the protons i¡'t wôter, it

is pnot:ab le that these w i | | f onn¡ h),cirogen boncJs r,v ith the

su lphate !ìroup cls we | | . lf it is assunred that the three

oxygens, othen than the one a l neacly hydnogen bonded , fonm



t2+

such h)rdnogen boncis, the twe lve water n¡o lecu les cooncl írrated

to the chrom íurn ions r.vou I cJ then fonm two nonequ iva I ent sets

cf wâter" 0f the 24 protons on O*H boncls in the lattice pen

2 chnomium íons, 9 woulci be bonded ê-a discr-issed above, 5

fon each of the 3 sulphate ions ancJ l5 woulcl be bouncj only

to en oxygen atorÌr which , of course, is coordinated to the

chnomium ion' The t hyclrogen-oxygen borrds would irave lowen

fonce constents than rryou ld tlre othe¡ f ifteen and the I atten

rvcr-l lcj then be assigned to the absonpt ¡on bancJ at 30OC .,n-l

and 1-he {'orrner to the barrd at 25OO o*-l . lt i s d i f-f icr-i lt

to say rr,here the absor¡:t ion <iue to the | " 5 r¡ro lecu les oJ'

rvater which act as frydrogen bnidges should occur'e Their

contr ibut íon to the intens ity of a i:¡ancJ w i t I of necess ity

be s¡¡ial | , and Inay contr ibute to e ithen of the bands on

even have ô band oÍ' its own wh ich because o{' its Iow intens ity

hos not been obsenved. This distribution leads to neasonable

re I at ive intens ity oÍ- the trvo bands ês obsenved in the spectra ,

and pnovicJes ês tvell fon the infnared activity of the 1060

-lcrn ' bandn

Fu j ita et u I 
29 show that the N-H stne'cch i ng f nequency

is lowered r,vheneas the rock ing mode is sh i{'ted to h ighen va lues

by ccord i nat ion of' i!í1= to a meta | . These e{'J'ects are

incneased ês ô nesult of hyclrogen bonding to the associated

an ion or to ne ighboun i nE comp lex ions. Fon the iod icJe ,

bromide and chlonide salts, this effect increases in the
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orden o'l-- the in ab í | ity to forn¡ h)'tlnogen bonds' The el''Fect

of coorcjination o{' the metal is shown to panallel the stability

of 'che cornplexes, i.€' tire most stoble coniplex exh ib its the

gpeatest sir i{'t i n f r"equency. These same e l'fects seem to

openate i n the êquo conrp I exes for i n onden that the nock i ng,

wagg ing end tlv ist ing rnodes be observab le in the sod ium

ch I on ide reg ion ( 650-4500 cr- | ) both coorcl i nat ion an<J

hydrogen bond ingl rnust be pnesentn lf e ithen of thenr ís weak

tire absonpt ion due to these mocles wil I not be ob="trr"d"29
29

l=uj ita et a.lo ass tgn rwo ¡nfnared act ive bands at 965 and

!OlZ cm-lto cocrdinatecj water in the compound KICr(o*)Z(H.C)r1

3 HZO, lhese bands nesr-r It from the wagging, twisting and

r-ock i ng modes , rvh ich become i nf nared act ive when water

becomes coond inatecj. The I acr:er compound is I ike ly to

contain weaker cr-OHa bonds than does Ic"(Hz0)oirison), n ilr(r

beceuse the coond ina'ced oxa I ate ion trans'Fers charge to the

chnomium ion in ihe'f'onn¡ation of a covðlent t¡ond and as â

¡-esult weakens the Cr-OÍ-i, bond' Similarly the snrall charge

on the oxa I ate or ne ighboun i ng comp lex ions w i I I Êonrrr weaken

h),droSen bonds tharr wou I d the su I phate gnoup ' The l'nequency

of- absonpt ion <jue to these inodes wou ld , there{'ore , be

h igher in the l6 h;'dnate c;f chnom iurn ( | | | ) su lphate than

in potass ium d iac¡uod ioxa latochnomate ( I I I )' The l060 t*-l

band 1-inds a reasoneb le ass ignment when attr ibuted to one

of the rvagç; ing, rock ing or tw ist ing rnodes of coord inated
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water" ârìd its disappeânance upon grinding is to be

expected, Fon as the su I phate gnoup becomes coord i na'red to

the chnomium ions, the Cn-Ofi, bond becomes weal<er ðs a nesult

of cirarge tnans-f'er fnom the sulphate to the clrncmium ion,

nesL¡ lt inS in a sma I ler coond inat ion ef f'ect" S imu ltaneous ly

the e{'fect of h)'dnogen bond ing wou ld become less' l{' the

above assignment is connect, one should expect to see this

band shi Ft to lowen fnequency and eventuaI l), disappear as

coon<j i nat i on of- the su l phate gnoup pnoceeds upon dehydnat i on

ðLrd ô s inu ltaneous sir ift to h igher f requenc ies i s expected

l'on this viDrational freciuency o'F tlre water" Examination

of the data ín Tab le 7 shows th¿rt the 1060 .*-i band is

not er¿iden'c in'che hydnates witlr n \/ôlues less than +"n4"

The absorpt ion increeses in 1-he 950 "n1-l reg iotr ôs deh¡'dnat ion

pr.ocee<Js ancj then d i sa¡:peans aga i n I'or tl're hSrdrates w ith n

values less tha n 4u The 25OO .t-l band gnadual ly <jisappears

and the BOOO.*-lband shifts to a higher frequency (fZOO

-1. r rcrlr J as oenydnat ion of the hydnate proceedsn

Henn-¡e I i n t s observ.t io,',30 on the h;'<Jrates of

chnorniuui (l | | ) sulphate agree with the above observat ions

but she neports the pnesence of a ba¡-rci at g4o 
"n,-l in the

spectra of t!'re hydrates rvith n values between l4-lB' -l his
,7, I

band is reportecl ôs well by flanmelin and Duval"', tvho

a I so nepont the preserìce ol' th is [rancj in chrome a I urn' The
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|,6"3 lrydnal-e arrd necr-vstalIized chnon.¡r-alum do not shors the
presence of this band in orrn s¡rect'a" lt was noticecl ,

however , that severaa l necnvsta il i zat ions of the l 6 hycìnate

weÍ'e nequ íned before a sat isl'actory chronl ium to su lphate
rat io ( | " bz) was obta i ned i n its pnepanat ion, The impune

pnocJuct ha,.j d su lphate to chnom ium rat io of l"bg and showecJ

a bnoad, I ow i ntens i'cy absonpt ion band at g4o-gbo 
"*-l "

(Figune zz) This band appears in the dehydnated pnoducts

and its pneserce is f inst n'tecj in the I z" I hy<Jrate " rt. is
I il<e ly that th is band at g4o .n.,-l is due to pant ia I ly
dehydna'ced i-or.rns such as(Cr(Sûn,)r(i+rC) U), unA no.t to the
dodecahydnate o f' chnorn iurn ( | I I ) su lphate" They do not
r"epont the pr-esence oÊ the lo6o "*-l band but in view o,r- the
dif{'iculty of neducing the par"ticle size of this lryd¡..1.,
it may be 'chat they encountened d ¡l'f icu lty in obta in ing

good ne so I ut i orr.

There is no neêson to exc Iude tr'le ex istence o't

hydnoxy I groups on hydroxy I b¡- idges í n the pant ía I ly dehydnated
1'orms of chr"om iu¡¡i (l ¡ | ) su lphete" scarq il 152 h.= shown that
the defonmation mode (ô 0H) o1- rv¡-O-H (coondinateci hydroxyl
g'oup ) tends to zeîo i ntens ity cìs the rneta I oxygen <i i stance
increases {i""" ês the [rycfnoxyl cJnoup becomes mone ionic)
and that õ oii incnease.s and the v iirnat ion fnequency of. the
hydroxy I gnoup ("Ori ) decreases as the hyclnogen bond to the
assoc iated an ion becomes stnonger," He as.-signs the vr-rr-1
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lnf r-ared absonpt ion sErectrun l'or potass iur¡¡ chnom a i un:,

f'on inrpure and rec-y,ystal I ized v iolet chromiunr(l | | ) sulphate"
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fnequency to bands between 52OO "r-l and 35OO .nl-l , and

';he ö. ûii 'Fnequency to bands betrvee n g25.nl-l and IOOO .r*-l ,

in n itnosy I nuthen iunr comp I exes" lt is poss ib I e , there'Fone ,

to ass igrr the 950 .nr-l band to the presence of h)r<Jnoxy l

gnoups in the pant ia I ly dei-rydnatecì l'orms but absent in the

l6 hydnate' iJ'these irydroxyl gnoups are l'onmecl one must

have the simultaneous pnocJuction oÊ oísulphate on coordinated

bisulphete gnoupso Potassíum and sodium bisulpherte show tlo

very strong absorpt ion banots nean B5O .r-l and Êoun strong

bands betrveen I O0O and lSOO cm- | " 
5ij The absor¡:t ion spectna

of the !-rôrt ial ly dehydnatecl pnoducts show four bands irr the

IOOO to | 5OO "*-l reg ion , but there ðre no absorpt ion bands

-inean 850 cm e except ín the spectna obtained {-rom the two

prociucts o{' gr índ inE (nunillers 2 and 3, Tab le ?). The

genenô | absence of absorpt ion bands near B5O .*-l f-or these

¡,iant ia I ly dehydrated products suggests that b isu lphate gnoups

ðne not pnesent. The most I og ica I exp I anat íon 1=on the

Fleeting appearance of the 855 cr,r*lbund is tlrat in the

initial stages of dehydnation, h),droxyl and bisulpha'ce cìroups

ane for"med , but as coord inat ion o{' the su lphate gnoup

p''roceeds, hydroEen bond inE between tfre b isu lphate and the

hydroxy I gnoups w i I I make it rnean inS less to speak o f' 'che Ht

ôs be ing bon<Jed to the CrH- or the Strl sroup'

The i ntenpnetat ion of the i n{'r'aned absonpt ion due

to the waten ¡:nesent in the | 6"3 hydnate leads to the fo I low in9,
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c;onc I us ions" The {'inst band at 55OO-5600 cm-l "oo..r"" on ly

ðs a shouIder and is assígned to the Iattice waten in the

hydrate' l-he second band centened neêr SOOO .,n-l is ass i<r¡red

t.o tire v,and uS s,vnimetric errd antis),n,metnic stretching

vibnations of coordinated water molecules, lvhich ane not

hycJnogen bonrjed to tire su lphate groups" The th ind band,

centeneci near 25OO "*-1, is assigned to the stnetching

frequencíes, rl and rS, o1'waten molecules coordinated to

chnonr iunl ions and hycJrogen borrc{ecj to the su lphate Çpoupso

The l'ounth bancl, ce¡rtened rìeaÍ. l6+0 "r*l ancj nelatively broad,

is assignecJ to tl'¡e del'onniation mode ,Z fon waten" A {'i{'th

band at I 060 "n,-i i s ass igned to 'che rock i ncr , wagg ing and/on

tw i st i ng mode of coond i nated water hvdnoqen bondeci to the

su l¡rhate gnoupo

As dehycJration pnoceeds one notices the gnadual dis-

ôppearance of the l060 cm-lband and the zbOO "*-lbancj with

a simultaneous shil't to higher freguncy (3200 
",n-l¡ oF the

SOOO .nr-l band" A new band ap[],ears a1; 950 "*-l wh ich is

assigned to the coordinated waten molecules in the pantially

<jehycinaied l'onms. The 950 .r- I band d i sappeans aga i n fon n

va f ues be lorv 4" The oancl at 32OO .r-l tJ iseppears ôs

dehycìr"at ion proceecis to comp I et ion "
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i i''l-f¿i<lJ;'i,--f¡i t i Uir ûr :,i¡LPiì¡ i i ¡:i,q,üuS

An aûsor.pt ion spectnurri cjue ro a su lphate ion

(iigand), in thc series cf l"rydrates o1" chr-or¡i iuni (ll¡)

suiphate rray be placecJ in one oj'' the tir¡-ee ciistinct cídsses

enunienotecj on pðsle ¡03" The ¡ö hydrete be longs to tl-re I'irst

class ar¡a sirolvs three l-,ands ôt lOgO, llOb, anci ilZb cm-l all

rv ith a h igh in-cens ity and õ very low intens i'cy i¡¿i'rd at
t

9BO-90 .r-' (Figure l9)" l-he iattcr nray be assignei to -the

breath ing 1'nec¡uency ¡ o I , ol' the su lphate ar:d -bire 'bhnee stnong

bands rTìcly tle ass ignei 'co the 'cr ip iy degenenate niocje of

viuration v-t. The srrrali splittirrE ci' ve end 'che low intensít.¡.)ó
of the rl 'Fnec¡uency inci icate 'that this i-ryiJrate is ¡:noperly

placeci in ou¡- i'' irst cioss lvhich one rnit,irt c¿rll the free

sr.rlphate in the cnystaliine s-tete otr¡ syr-rorrymously tl'¡e ionic

su lpirate in so i ids" -i-h is pattern chanecter i st ic of CZ, symmetry

represents sI ight retiuction (pentunbation) in synnetny due

to ti're crysta I f- ie I ci on irydrogen boncl i rrg" The | | gO cm*l bond

is obviously ûn oventone oí' vL (6lO 
"r-l i-iarmelinSO) in

keep i ng w ith the l ow i ntens ity usu.r l ly ci:servec'í l'<¡r. tirese

bencis.

The hycinates w itír

tìre seconi cilass" îhc:se

<¡í' corirpdrai¡ ie iir'cens ity (

rhe i;reatl'iiiig frequency v

in these compouncl s' -fhe

¡r va iues úe'cweer, /+ an<i 6 be long to

spectra si'row {'oun absorpt iorr ba¡rcl s

Figure 20 )"
-l

I ut 980 cm

three baird= -;

-íl¡e 
Ê inst , ôss igned to

is inl-¡-ared acu ive

1040, 1155, arrd
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12,3O cm-r ane ùssisrìned to tire tr-iply <JeEeiìer-ate os

víbration cf- the suiphate, rvhich shorv a l-otcil splittinç¡ oí'
*l

| 90 crì-' o Th is i arse sp i itt ing and i n-tens rt icat ion of the

s¡rectna wou lci ieave no doubt -the¡t i-ecl uc'¿ i<-¡r, cf symntetn¡7 has

occunnecj as û resu it oj- coorcj inat ion o{' the su lphate I ígand'

I i-re tr ip let stnuctune índ icates that the su l¡;hete possesses

C-. symnretnyu but it is impossiule to say rvire-i;hen the-¿v

bidentate suiplrate ligan,-J acts cs û ifniclç;ing on a chelating

sjnoup ê

Trre ¿lbsorpt ion spectna oj' the 6;r ind ire5, ¡rt'ot-iucts

cbrer ir,e d 'oy y;i. ii'i'. ini; the i 6 h)rcjrate in a 'r/ig*L-íluç¡ show qu ite

cIeanly'che tnansition l''roni tire ¡6 irycii'ate -to the contpounds

cf the second class (Figure lB)" ]-he 5 a¡rcj l0 minute grinds

clearly repneserit a transition stage,wheneas the 38 and 40

nl inute gn incJs ôre iden'c ica I to the second c I ass, except Fon

tne sn¡a I i peak .rt I 060 "*-l , f)rev ious ly <-rss igned to ebsonpt-. ion

by '"ía'ùen , i n the 40 rr¡ i nut<'- gr i nd.

The spectrutit o1' the '¿" I hydnate (F igure 20) wou lcj

appean i:o t-.epresetrt a trans it ion state L-¡etlvee¡: tlre hydrates

containing 4 a¡rcJ O nolecuies o'l- w,si-en. The ban.Js òfne pocrly

cef inecj ancÍ lhe spectrurn shovrs stnong si:toulcj ers at posi'cions

corresporid ing 'üo tl-re i:arrds í'or the 4-6 hycjrates. The spectra

cí.''che enhycJrous chroririum (l¡l) sulphates, shc;rvn in Figune 20,

resetnb le sornervirat tire sp:ectra o í' the f irst gnoup , except

tira-i; ti¡e í'requenc ies irave been sh i i'teci to h ighen values"



'i-here: êr'e) in aiJ<ìir-iorr, ntore i:¡¡lr-rcjs in'¿he 1=o¡'n¡ oit s'crong

sirou idens rv[l icil h.:ve not i.;eer¡ ¡rro¡.:er ly reso lvecj, l.lck o{'

i.eso lu'r ion -Íto¡' til is coi¡ri.'.outrçi is no-c tnou5llrt to be c.lue tc

iack ot' necluc¿ion of particle size bui rai-her cJue to some

r.ariclom {irr.ìrrc;ernent ol' the su lphate I igarids in tl-re sol id

---.1- .-.1- ^5 LO L\t.

The sgrectrunr of' anlryrinous cirnom iutn ( I I I ) str l¡:hrr1;e

snor!s ïrvo unreso lveii barrds ili- êLiout I O4O ¿ltrci 9BO "rn-l cìs

ive I I as ui-ìreso lvecj cìDSOrpt ion irdnds betlveen i I 50 a¡'i<j | 280

"r,*l i i-r .:c'<-l it io¡r to d .iÐul-'l et ari l OTO t,n-1 , a tr i¡r !e't at

llf 2, ll25 anci ll+0.n,-', ai¡iJ a ioi,, intei¡sit.', ¡anci a'¿

I

I 285 ",,,-' " ihe I atten f ive b,:¡rds are icierl-l ic.i I to tlrose

repcrtecl b;, !-iernte I ¡n30 {''o" the anl-r;zdnous chnom iu¡m ( I | | )

si: {pl^,ate. iiannre I i"50 ass igrrs the l2B5 "*-Í i.ranil to bhe

first h¿:rrnonic o1= o4, the lOTO "n,-l b.rrrcj to tl ancj the

-briplet to vr, These assigntiients leac'i to tlre conclusion

tirat tiris spectnunt is charactenistic o{' d sulphei;e iigand

possess ing C",, syrnnetny, Ti'r is ass ignntent, iiolever , is not

ín keepirrg witir our classii"icetion because -tirt" spl ittinç

c¡bsenvecJ 1'on tlre triple-t (ZA cm-l) is too sn¡all to be

incjicative oi" reCi¡ction in syrnrnetny c{ ue to coorcjination and

thc-- othen b¡rncis everì tirough tirey i:ìre trc¡t nescive,,i must be

accou¡rted for" lt is not suggestecl th¡rt coordination o{' the

sirlphate gnoup does nol occìrrt. in the anhydnorls sulpfrate'

lr 1'act, it is thou¡ht tir¿:t n I I f-oirt- oxygens ane coord i¡r¡rted
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l-o ci¡r<¡r,riun'i ions, br:-t cocrciin¿:ted ín suc[r a rnenner ås to

preserve the -i.j s;zrnnretny expected {''or d neS_:u lan tetnahedron"

it/l-ratever the structui'e i= , s-i;rorrg coup I ing nlust ex ist

between the su lp[rtrte groups arrci , tireref one, the comp iex íty

of- this specfunr may be explerirred by'¿he seiection nules

g: ivei-ì Dy 'f-actcr -çnoup aner ly,5 is o [' the crysta | | ine state.

This spectrurn is essentiaily, identical to the spectnum of

the prcduct An whose spectr^um shor,,s bette" ?esolut ior' rìs

sirorvr-l in Figure 28" l\rgurnents tc sup¡rort ¿ìrì inter¡rnetation

o[- tlr is s¡rectrurr¡ r.v i | | be ¿ldv¿¡¡rced latei'" For the nresent,

these concl us ions r., i I I on i y i,)c stated" -[he 
sr-r I pl'iate {ìroup

irr the anirydnous chron ium (l l l ) su lphate p()ssesses CZ,

syrrrnetnyz , not as ê r'esu it o.{- cocrrC inot ion burt clue I,o iatt ice

nequineri'ertts" This meõìi-ìs tlr,¡t the sulphate I iganci is

synrrnetnicali¡, coorcJinated but that the sr-rlphate liç;erni iies

,:ionç1 o C^. sytnnretny axis oF tire cr¡zstal'" '¿v
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ci ) l-i-ì¡: ii,rtCi-l¡ri,l | ¡ivi ûr ï)[ü[,rui¡TCSIT l0i']

-f he f inst step in the clehvdnat ion process invo lves

a ?"21" weight. loss r.,iricii is attnibuteri 1-o loss ol' l.rttice

rv,¡ter-n Thus, h/;t.h reÍter-ence to the{ònnul¿tíon o{'the hvd¡'ate

cìs Cr- (SC' , )- n H -0 o{'Ìe obt-..1 ins tht¡- hydrate [r.rv i ng êrì n¿' +'3 La

vaiue oi'' lr3,5" The rate at r.vi-rich waten is iost l.retween 50"

and B0oC is so slolv that one observes a ¡rlateau in tlre

thenurognam Í'or th ís 'ùemFerô'cure inter"ver | " Trve lve of the

lt3"5 vrater rncJlecules p.novicJe negular octaheci nal coor<jination

{'c¡¡' i.ire 1-wo cirrr:mirln (lll) ions, rvirile the other 1"5

nrolecu¡les ct r^/¿l-ùer ð!''e hydr'ogerr ironcl e<i to ti¡e s'.rlphete iotrs

i n tire fo I I orç i rrr'' tit¿:nne¡ I

OC,
\/

S

/\
û0
'fi-¡e ot.he

o-i- neces

ted rvate

ltor'che
1 ¡" ,'.

al4 (HP5

rve ight o

and is s

rre of i4

i-u:<aszew

tr,vee¡r 60

o Ûl -+\.,/ 
Ibl/\l

- -, ii-0-t1 - - Lì ûl

n six oxygei-ìs J'rom the above ion H?,SZOg-+,

s.lrily all, .ìre hycJrogen bonclecj to the

r no I ecu I es. Cl ne cou I d thu s rvn ite sevena I

hy.jrerte, Crr(St4)q 15.5 HZü or

-tJ..)-, itor,,'*lin7'0 rcports tirät the i-inst'¿ !j''.1

ccurs in the 'cempencrture ínt-e¡'va I 'i'ron 55

uch tha-{; tire nesu lt ing h),dnate a lwa¡rs has

arrci is stable up tc> cl 'tetti¡:en¿ìture ol" I lSoC

eski="'' re¡ronts tlre loss o{' I molecule of

ancj | 00o C resrr lt in,; in the {=r:rrnat ion oí' ihe

thouS;h n

coond i na

'l'onmu I as

Í 
^ 

| tt ¡-, \L\,1'|l.n2t)/

loss in

'co B0o C

rìn n fral

rvhereas

wate¡' be
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l5 i.'r,r2,,1 ¡-¿¡'ùs wi-lich is stable up ïo ¡20oC. The second loss of

waien oc()urs i¡r a ser ies of i'asL ste¡:s. Ihe one and a ha lf

nro lecu ies o t w¡lter' l.er rno le o1-' Crr( :t o )= l-r¡,¡ir.-.";'i boncled to

tLre su lphate gnoups, anci sonle r:f the coond ínateci rvate¡. rn'ou lcJ

seenr to ûe iost sirnultaireously. ll- is eviclerrt, Jtronr'che

i nÍ'nar-ecj .ibson¡;t i on spectr.l oJ' thc pyro l ys is ¡rnocJucts

'iorrned in tLre secoucj stage, th.rt coor<j inat ion o'i' the

sr-rl¡:ha'ue gnouÉr occurs sirnultaireousl;, rvith llûten loss" The

in1'naned ai:sonpt iotr spectr¿¡ show a sy,mntetry cha¡ acten i st ic

or':,ither" a cirelating on a bri<J3ing Eroup {'ar the sulphate

I iEan<'ls. l-he d isa¡rpearô11ce o1' ti¡e I 060 .*-l b¡rr,.i at rh is

stage is rrot unex¡:ecteci irecause the nrocje oi- vibration

g; iving nise to tir is banrJ is ven\/ sensitive to tfre strength

of the Cr-0lla Ðcncì anci to the hycìnc,gen bon,-J ing iret',veen the

rt,dt€n and the ôssoc i eted -,', ionF9 The abscrpt ion cJure to

water is sh ifte,J to lower f''nequency (gf;O 
"*- 

I ) a¡rd sirg;i;est.s

that e ithen the resLr lt in1-; Cn-0lJ, boncj has been rveakeneC or

tirat hydnogen boncj ing has l¡econre less, or ooth " I'c rn ight

be notecl that HenrnelinS0 reports tirat tlre in'l''naneci alrsorption

s¡rectnuni oi" the <Jeutenated hydrate does not- si-lorv the b.lnc'i at:

-t940 cni ' and, tirenef-ore, éìssigns tiris bancj to absorption Lry

rvater ' S ince 'che I ast Í'r:ur rno I ecu le s c¡'l' watei' ane I ost

only at hiçher ternpe¡'atunes, one nr ight ask, is ¡t neasonairle

to iìssun.ìe , as we lrave done , th.rt tlre Cr-ÛH, L-roncJ is tveaken

in the + h¡zdr.rte tl-ran in 'the hiçhen h¡udnates? 'fhis is a valici
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{lssutirpi-i()n becausi¿ loss of lv¿rter is l.)resutlreC to result

throucì h dísplocerire¡'rt of rhe coonrJinatecl water nlolecuie by

ên oxygen j'ronL irre sulohate !lpcu[::s. Loss of rvater, there{'ore,

is no'ú correrneci by i-he st¡-engti-r oí'the Cn-[;l-1, bond but Lry

ti'le ease r"'hereby th is d isp l.rcen'rent can occu po Th is r, i | |

largely be detet'mine<j by 1-he stonic ci ii'Êicul'uies encountened

i n the c'i sp I acement"

Since tire hyclrate rvitir r:rn n vó)lue <:i 4 that is

pnocJuice<J i¡¡ the seco¡rd stage o'l' i)ynolys is t"¡ i | | ci isscive

only Lrpon ¡rrolongeci boil ing- írr an aciai'f ie.C soiut ion, it

is suSCiestecj that th is lry<Jr.lte is rrot ¿ì ¡nonc)nr.; c lear irut â

po I ynuc i ear comp l"^" I t The rÌìonorrur c I ean spec ies

[C.(i¡^C) S0.]- r-' ',\ t.'(. t l* 
'Z-,x --+-i atrci LCn(11Zt)y (i()4)Zl ir.rrre leen shorvn to

ire water so I ub le corr¡p lexes by Foge I et nl "22 il i l:'Êerent

flrechclnisnrs wirich miE¡ir1- be postulatecJ l'or tLre decomposition

of' i-he irydrate rvill be linriteC i:y the l-oliorn,ing consicj'enations,

rranrelyl tire hydr.ate with ar'ì n value of 4 rvif I be polynucleer

ancj con-tain biderrt.rte sulphate I içancìs"

iliechan isrn I

$ter- | [Cn(l-i^ç.'' 
-l r" i ' ' fest Í^ ^) I l:;c ) + i.z))6J4(HZSzOg)y, LCn(HZC'6r+\,.\'4,6 J, Hzb

step z z lcr(tlzo) 6n'-* * r s,L,o: 1'3st

l,-. ttt -'+
LLn r¡1ztr )bs04l- + [c. i il zd) +( sû4) u]

('.L^ o l¡-.-t¡t . ¡-È - r¡, ,-\ t¡,- r ì* f,gStSte¡- 3 L Cn (lì?0 )ÃSC4"! + L Cr (H 
zC ) +( :;u4 )zJ
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=
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-51-*,/ lr
lr'nociuct in Step 4 -" O=S0 - 9q - i-¡lrú -vt-

(i;rr ) ul

I

I

'flre resultinçr stnuctune h¡rs only orì

betiveeri each pa ir o F chrom iunr ions ,

su lplrate groups tu;o Gre Lrn iclg ing f,ì r-

is a chelating siroup' Again, the t

l",ou lcJ Lreconie che i.rt ing; I igancìs" Th

'Lo a hyci nate rvir icÍr mcìy be 'Êorrnu late

Step 5

i;:echan ism 3

Steps I to + - ds in

Ste¡r 5 invo lves tne

Z [polyn'"ric cirains

içieciran isn¡ 2

cr"oss I ink inç;

as í n pnoducts

oi: tlvo ¡--ro I yrner ic clra ins

step +1 o
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-rl
1

l-irct -- Cr - Hl"û -,/l\1./
rì 2u

Tlre lrydr-ate rept-eserrl. ing tír is si:ni¡ciune r' í | | acr a ilr

approac¡.ì ðn n vûlue o'l' 4 veÍ"v rapiclly êìs r increases" ln

-iact, i1- ivor.¡ld not be surpnising to see this structure

o¡;proach cì¡-ì n value oi'tirree by l'orining anothen i.lnicisirlg

lvater" €jroup between ti^ro consecutive ci.ir-omium atoms ar¡..i the

elinlirration o'i" one water i¡¡oIecuIe íto. ever)/ bricJç7e f'or"tned"

This possibili',:y 'i¡d not exist in the f-irst trvo ntecharlisms'

i,l oiveven, cnoss Iinkinç; o{' polymen chai¡rs is apt to be slor,,

anci therel'ore in this meci'tanisrn -bire nate should'be rnuch

s lower a i'ter -i:he h;z<Jrate rv ith arì n va li¡e oí' 5 h¿ls been

oi;t.¡ineci" The iirtersec'cion oT the 'úwo slo¡:es occu¡'s at an

n va lue o1" 4" 5 arrcj tl'renei'ore tl'r is nieciran istn does uot agree

w i'ui-¡ the expen i me nta | ¡ acts "

L.l f¡tI2\)

¡i i'ou nth n¡e c ha n i snl w i1

o¡.<ier ca ir be ¡lcl-r ieveci i ¡r the

i'¡¡eciran isrn 4

T.- - \ 1 t,' t fastll LUn(i-i -U),.J,(i1 .-b-U,,Jz -áO+6AYr)

iclr does noL ir¡r,o lve long ¡-ange

i-o I lorr'itrg niecha¡', isnr "

n

zlcr(Hzo)ulr(sû+)r -t s Hzo
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-rT-

r) z [c'(i-¡*o)n(so*)]+ igst
li "[ |

\l\,
ç; p;>'U z 5L z/l

¡-i

c2s0 2<c

2c

?

H,C
{'"i

il"û

freu

So"

+ 2l1z(\

Ta

H r0

¡ \ r' ' : slow4) f't-oduc-1. In 7s + )U¿. ¿ cí -c"-g r go,
\r 
t'.' ,/U\ ¡-i2ü 0"

l-i20

(H"ü),

o¡^ the last su lprhai;e cou lcj enüen as ô Dn idç ing !lroup ers

In meCnA¡'ì lSln þo

iviechai'r is¡rr 5

Steps I to 3 c:ìs ir, i'tiechanisni 4

Step 4 [reacta¡rt ês in step 4 above-J

S0n

Lr 2 S0 "-cl r, "u\r>ú e St) z + 2 H=0.\ ,/t\ ,/ |

| 'l-i20 |

H r0 iis0

iJoth tnechanisnrs 4- and 5 leacl to a hydnette with an

n value oí'4 and result in the fc¡-m¿rtion o1'neut¡'al nrolecules.
-ihe f ive mecha¡¡ isn¡s p't'o¡'osecJ her.e êre the orr l;z ones th at

this author- has ceerr able to cieduce which ere cûnsistent

with'the exDep iment¿-rl r"esults.

In a | | o'1" these s',lructures, one rir igh-{- ob ject to
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showinc,. the water noler:ules as irrici çing fJroups' These cìre

usuriiiy describe.J cls rlo¡rt or ti're bridgin5; lr;,<troxvl cJroLtps,

hnlvever-" as nreil'tíonecj previously, as a i'esult oí- hycìrogen

bonclinc', it is n'ìear'ìingless to specif;, -the ¡.;roton as LreinS

locate<l on t-he 0H* or' 'che Sû,: çnoup.
T

i n orcier to ciec i cre wh i ch o Í' the {'i ve meci'ran i slns lvou l <i

be f avoure<J , orìe shou l<-i i<now the crys'i:ô I strucì-ure of the

oníginal hydnate and the stnuctune of the tetrahycJnate" ihe

rate oJ' {'onniat ion o'i' tfre ¡':o Iynrer cha ins r" i I i cJepencì upon the

ôr'nangenrent, in the crig;inal lei{-tice, oi'the vanious utrits

that corrìpose i-ile polyrner ch¿'¡in" If'theiî posítions ir¡ the

ie¡'utice ðr'.e such t;hot reanrcìnç¡ernent is noi; necessary be'f'one

coorclination oi'tire sulpheite ion occurs, then rhe ¡'ate ot
'Fornra-¿ ion oÊ 'uhe ch¿r ins w i | | i.:e a 1-es-c process" 0n 'uile othen

hani, ii rearrangenrent n¡ust occ:ur, then i:l'te ¡:rechan isms l',h ich

do not produce lorr5; cha ins r^i i i I be ¡:,r'efernec'l "

ln iv;ecirenisrn l, the sloL, rate o1t dehy,Jnation observed

1-on the loss ol- the last four nrolecul*:s o't'ivaten is due to

cncss I inkinE of i.he polymen chains to 1-orm sheets, 'f'ol lorvecj

ity cross I ink inE; o'l' -t.i-re sheets, ¡'inci ,3s a last step poss ib le

recìnran-cernent ol' the Cn-Û-S bo¡rds" -i-hus the lrex'u logicaI

step in nrechanisni i wcuf i resui'c in cnoss línking o'f' narallel

pol¡znrer^ ch.ri¡rs to g1 ive the i'ollor^rinç; sheet like structune"
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-ihis stnuc,¿ure leaves us rvith two rnoles of water,

pen rnole oF ürr(:;0n)r, ivitir a tirircj o{'i:ire sulphate groups

crs l i<jentate ancj 'uhe othe¡. tlvo-th ircis Gs t¡'identate I igands'

Lipon i'tunthen cJehyci nai- ion, these sheets cc;u icl becotne cross

ii¡rked, thus eliruinating oile ¡iìolecuie oÊ tvater per ¡nole of

/-: /(\/\ \ !n tf¡is structui-e, -Ltr,o-.tirincjs oÍt the sulphateur2\ òu4/ 3. | |

gnoups ivou lci act as Lridentate i igands or¡,.1 tf¡e o1;her th ird
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âs cjt.!¿ì(jn íijerrl.ate l ig:+:rrCs. The last ste¡ lvor-:ici ireve to

err-Laii bneskinl: oJ-' the chronliunr stri¡rli.rte ironds .1'ollorved bl,

r-r?âr.FarìS-';errent ¿rnc el irnina'i;icn ot- the last riiole c,{t rr/ê-ú@P.

ln r¡reci.latiis¡r 2l,i",e next siep coulcl resul-i; l'r'om a

set of' pora I le I cha irrs beccm ingl cross I inkerl to o secontj set

o-l' para¡iei cir¿:ins ',vi-ret-er the secon<'Í se1- o1' panaiiel chains

t't,r'ìs at right cìÍ^r!ìles to the f-inst set' Tiris r.'oulcj be

i'ol loweci in¡tr¡eciiately b;, el iräination oF al i Þi clter moiecules

as ¡:i i 1'our ox)/Sens fnoti tire sr-rlphate I igar-rcJs become co-

onciínate¡-'i to the chrorniunr ions' This r¿c;ui'ti nesr-¡ lr- in the

j'orrna'Lion oí.t c.¡i'al iei clrains o.i'

" * ^ûebO¿CrÛz5l-)2U¡'QrSÛ" '--- "-

L'e l' 2\ i)

tt* Ue

cnoss linkeçj to panallel chains cF

---U ebt rUn0 zS(r "Lrg 2S0 2 Cp---

ih¡r f-inal struc1ure l'or the anhyclroLrs Ünr(sOn), has ali of

'cne sulplrat-e iiç; nn'Js eciuívelent in that it ôcts as a cirelating

iigarrcj to one cirpomium (ttt) ion anrJ i:ìs a chelatirrg liçrand

to a secc:irtJ chrciniuni (tl¡) ion. Ïhe resLtlting, s1;nilctr-.lne is

si'rowr¡ in it-i.-; ure 23"

I't is di'Í'l-ículi- to errvisape tire next step in

nechanis¡n Trr.lntj since it is inco¡rsist-.er¡t with 'che exi:]enirnental

cJata, 'chis fneche¡r¡isrn r.viil not neceive l'untirer consiieration.

It is elso CiJtjtticuli;'ú() see irow ¡ueche¡nis¡n 4 could ieari t.o a
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Poss íi¡ le structu¡ne
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igune 24
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reüsc-rfi¿ìlfr i e stnuctu r.e 'ltor

witiroLrt the s in,.r.r It¿:neous

br i<jges" ln nrecl'ran isni 5

v í su¿: í í ze the 'i''o¡^rri.lt i on

in th¿rt niecir<lrì isrr¡ "

S1-ep 5 ín li'iecire¡riisnr 5

t47

.inh;rcJnoLis cl-inomium (lll ) sulphate

rr:¡:tur re ol'' irotir o'í't[re water

, hcrveven, it. is eóìsy enouc; h to

<-r-it po l¡zner- clra ins as the next step

Sûn

i-i"L - Cn>C"SC'..'' ./
üCttt2L

tì+, 0 2 so '1cí
fizc

f"i

* A ,lì0 "'< 
C

i-i

The I es

cr.oss lint,ingr o

nunning at niEh

<J i sp I acenie ni- o i'

ox)igeiìs'l-roni eo

lr,c,t-¡ici resulc ill

wi-,ic¡r is sl-iov'rr

| {' t¡re

2 ¿r¡rcl 5 irarze eveny alternate

of' the r:o lynrer cha in

H r0

p.rnerllel ch¡lins

su lphete i iganci

in n¡echan isnls

orl oFtosite sides

,"0.1^ H"o l" H=o
I ò,U i ¡il, *
' .r/,.1 -'\ .,i//.l '-'-'. - i

r- - t'il"C' 'CrÞ.C's sC.-< Crí - i-liarì *tCn>û r s[',
ll\/i i o, L i i' r- I .-Ã FÍsLr j u"cøu , J\'2 _ 

iI ii,
t step írr tlr í s nrechan isnr cor-¡ lci ne.su lt in the

ft ttn,o p.rra I le I sets ol- cha ins, each set

t angles cne tìo the othen, f'o I lowed b¡,

the r:r icJg ing; rvete'. !ì.cups as the 'f'our

ch su lphate fìroui:; L)ecoriìes coond ínatecÍ , Th is

the sÇìnre f ir.la I stru¡cture ôs in rnechelr¡ is¡i, 2

in FigLrr-e 23"

i'irst- set at n¿lner I le I ch¡l ins in n¡echan isnrs



| Àa

i I' iI 0" I

c, $l' rcr( rsci"Cnc"$c' 
""l "r' -l

I :.', Ilì, I

iril| "Ð ln
u ctune in F igure 24 wou I ci nesu lt -l-rom cnoss I i nk i rrg

cira in w ith teSC"Cnû"S0nCn0rS0*Cn.

Íiince the anl-iydrous chronrium ( | | I ) sr-ripfrate anci the

le pnocìucts obtciirrecj by riigestirr5: chronriurn (lll)

e lv ith conce¡rtrate<j su | ¡:hun ic ac icj, such ds the

roireptasu i pfrr¡ter t ICra(St'+) 
=7, 

lìriìt,o, arr<'l tire ¡:,roclucf

se. i'ornru le rriôi, be rvr it-ter-ì ôs l-io[Cr" t2(:Crn)rO], a I I haye

e inf r¿rned obscrpt ion spectra, ancÌ s ince the la-bten,

be si-,c1.','ny aË,F)arerrtl¡u resui'.;s f't'on¡ cross Iinl<ing o-l'

cfie¡ ins to ç; ive riear ly ident ica I stnuctures, ¡t r',' i I I

nreci that the nechan isrns 'Êor the c{ecompos it ion of

m ( | i | ) su I ¡rf'rate rvh ích shour on ly i:ire Í'crnrat íon o'l'

cl-rains 'ro produce tire 4 irycJrate, neecì to Lre consicjened.

ôns th¡1 "t. rve neeci to consicier only mecíranisms 2 and 5'

s orr ly ê very nrino¡'ci iff'ererìce in these trn'o n¡echanisms,

ftererrce betr.r,eei'r -tl^,e ttvc r¡recharl i sms i =, essel-.t i a I I y,

mechein i snr 51 the nate at r',h ich tire pc, I yriten ch¿¡ ins

med ís consicjenec to be a slow ste¡,'anc'i results cnly

he + hyci nate h.'rs been pnocl ucecì "

-ihesc-: 
'c\,..,o mecl-¡en isnis aclequate ly exp la in the

enta I nesu its oi.rta ined {'rom -tl-re F}rno lys is and the

the str-

of' tl'i is

i nso i ul-r

su I ¡lh;rt
Itciih;'ci

iri:i , lvh o

tlle sû!ìì

as x,iii

¡:o lynler

be clssL¡

ch¡'or¡r iu

¡:<l | ;rme r
-fhis 

rne

-[here 
¡

the cìl ii'

th eit i rr

are-ton

¿rfte r 1-

exFrer ím
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infreneci srl(-)clrn.r c'Í''lire l6 irrzij¡-61ç' o¡-r<j the !j,vnc..l)rsis

¡',i'c;'it.;cts" l-he i'irsi- ictss oi'' ìr¡ôT-13r. c''tiler i.i-',,I^, kJct.er ol.:

hy,:ra1- ioi-' invo ives a i.L]1.a I o-i Ç" I rirc; let<,'rr ies oi' t{citer t-\en

nrole r;i'tìnr(5r,o)=. This l<,',ss nesr¡li.s f-nr:in t.he cisplcìcernêr¡t

o{' s ix coonlí i rratecl rrrcrlr.€-:i- rilc Iecr-l i es b}, tne 'i-hree su I phate

I i1.r.:ncis, ancj e l'urther loss ,:iu¡e to the fcrnle¡tion <;l' bricjging

lv¿l'ren groups" -ll-re e''il''ec'c r:'l' coot-i in¡:i: ion on tir= synmetr;,, of

tire süi¡-:h.lte I iga*d is: ver'y evic,ìent iri -i-ire in'i-'ranecj aLrsc-n¡tion

sFr€rc;tnL,m for sit l¡,hr:to c'roLl ps. -l-i.r¡,¡ s, ullon cj ehvi:r.,t-L ion, the

s¡;ectnunr o it i-he su ltrh.¡te I ic,.¡ir<.1 ivir ic-, tr in the ¡6 li;,ri.ìr.r'ce is 'i;he

spectrutn <¡i'Â rljji-eefl ir¡r-l- er'aìíÌ ijr^¡cc(.)ncjir¡.¡teci tjroLrp Lrer--

turi¡eci i:y tile cr";,rsta i Í'ie lcj rrilcj ir)rcí ro<:e¡r bor-''cí e<j to the

coor.l:l in¡:,te<i uoater ¡irolect¡ les" ci-rançe:s tc a s¡.,ectrurrr rn,h ích is

tyt-ical c.,'lt L:l cc,()rci i¡rater.i bicjer,t;:tr: sul¡:lr¡,:te liç,aird, The

e'Í'í'ect o'Í'coo¡-cl in¡l'tion oí'i-irie strlph,ate is ¡,:ls:<¡ evicJer,t in

t.ire irr'f'r¿:neC aL;sorr"'c ion ci ue to t i^re lvater. Thus , the tr¿¡ncj at
¡

l060 ctn-' ass iç:necl to the ro<.:i< ini,, lveigg íng; or- ð trn,ist ing

rrroc'e ol' ccorrj ineted wdten, sir iits to .ì lorver {:reciuency }

-l950 cm ôìÊr-ri the vaiei'lce viirn.'rtions rrl and v, shiÊt to a

h íç:f'rer l=necluei-ìc\/ i'-r2OO cnt-l {'rorrr iJOOO "r-l 
. These sh ii-ts

êre ,.:l | ín accori r,vith i:ira-i. exoecteci orÌ -i;ireoretic.tl ..,,rcuncis

as 1-.he cc'cncl i¡r¡ite bonci -i'c'r¡'riieC by rv.ìte¡' ¿nr:i i;he chrorniur,l (iIi)

ior¡ ûercr:n¡es l^,,eaker-' i:ìi^rd as i;he eítí'ect <¡f- hydroge¡r boi^,ci ing;

.iecr'eõìses" Tiie ¿rbsc:r¡:'t ioi, ir¿rnci at 2bOO .n,-l .lssiç;nec to
-i:he vale:,ce viirróitioils oi'' thc rrcì.t¿r'rriolecuies rn,iiicir are

cûorcinateci .:ìiìci i¡ycjrcq.en ironci ei to'tr¡e sui¡rhcr',-e !r t-{.;Lrps in
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'bi,e i 6 h),dnate C isapce,rrs, ôs expected , îor the 4 liy'¡j.ua".

The s lo'"v rate o1- dehydrat ion fon -úi-ie iast 4

molecules oí'water coulti result {'nom the cno-qs linkinc, ol-

chai¡rs in mechdnisrn 2 an,.J to the fcnrn¿ltion of polyrnen chains

in rneci-rarrism 5" Tl^re in'Franecj absor¡:tion obsenved for tire

2 h¡zcir'ôte i s i nterprebed as ô superpos it i <¡n o'¡: tr.vo spectra,

one s im i I ar to thet observecj i'or the 4 hydnate , and 'r-he

oti'rer si¡-nilar to tire arrhydroLrs Cnr(SOn)o" The pol¡rmer

cira in f ci-rr¡ecj in rireci¡ari isrns 2 and 5 wou l<j pr-ecJ ict sucir a

spectnurn. l-unthennore , the gnaci ua I c.l isap¡;earGnce o f' the

wólter banci s, as noticec'l , r.roul..! i¡e expected ês tney are

slor,rly ci ispl.rced D), the sulpha'ce i i5;ands" itiech¿':n ism 5 r^¡ill

exp ie in tíre l'onnnat ion o Ê the rnonoh..,ijrete as obsenved for

che tirenr,:ogr-ari; numben tvi " li sixth step in nrecirarrisrn 5

i¡rvolves the cnoss Iirrking o'i' a panaIlei set oI chains to

a seconc'i set of para I le I cha i ns , set at n iqht anc; I es to

the 'l'irst, nesu lt ing in the e I i¡ir ina'c ion of the nonbn icig ing

wa-t-er rnolecules,.ìrìd leaving onfy the bnidgirrcj waten nrolecules"

ì-lrus, each cha írr rvou I d be

0 e S0 *{Ct ¿0-Cr>"0aS0z

ïhe cirronr iuin ato¡¡¡:i ciû ¡rot a I i sirorn, octahedra i co-

or<iination but when these ûre cnoss linkecj thev woulri have

,sic.,/l \ ,/
' - iJ*ü - C¡'---.- (; r SC 

"-<Cr 
-_l- v

I LJrt:
| "z



l5l

octahecira I cooncj inat ion. The l- ina I step tvou l<j therr ente i I

tl isplacenient oí'the briiging water molecules by tire bi<jer¡tate

or icJc i ng su I phate i iç:ancJs "
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3 ) cclicLLis ¡0l'is

The pyrolyrsis of- the i-rexaciecalrydnate ol' ci¡rorniun¡ ( | | i )

sul¡:,hate, rvhicir ÌÌìðry be l'orn¡ulatecj as ICr{l¡20)OlnIHr>rCnJ, 5 HZC',

Õccuns in a series cì-'step-'s rvhicl'¡ nray be <jescribed cls

co¡rciensat ion reac-t ions'
-l-he first step in tire pyrol¡rsis, startinS at a

ternpeneture oí' -Z0oC, involves the loss oít' 2"5 rnolecules of

lvater of h)rdr¡it ion or j'orrnat ion o f' the 13" 5 hycJrete rvh ich

nróìy bc i'<;r'rnu l.rtecl as ICr(tlZC,)O-lniHZSZCg)ll"

The second step, , wh i ch i nvo I ves ój ser i es of f'¿rst-

conc-iensations, r'esults i¡'r -i-he {'oi-r¡¡¿tion oi' 1;he 4 lry<jroLe,

Crr( SCrn)* + liZA, wi'iose stnucture is eiti'ren

a)

tr)

s0"
,/\

C"bt; r4 Cr- HrU-'C';> ¡ 
"-\Ç"t\ /lHr0 H"0 HnCI

I

gCì *l-,t\
HI"U _

t-
I

I

i-
e con

s ¿:nci

/hr "

ve"y

The tempena'cunes at rvh icir th

depends upon i:i're pyro lys is cc¡rcj it ior¡

ancj | 45" C {'or a ireat í nq r'.rte oJ' 360 C

Fun'cher dehyrjra'r ion proceeds

Hro

lz
0zS0¿{.Cn-

I

Í-ì¿ú

SOn../\,/\* Cr- l-l,U -
\i
v
l,v,Z
\ll

Hro
I
I

Cr> 0 
" 

S(;*

I

li P.neu

ciensation is observed

occr.i rs betureen B0

slowly ani results

s!,

2a

H"C

l/
Cr-

I

H*O
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structLire (u )

i-¡?û

i

Cn;=ûpS02.
I
I

H"o

ng of a set of

a i ie I ci'ia ins

a lavenecj

a three d irne¡rs iono

€t resul'cs in the

les cìs the

'i-o the seco nd

ne (o ) ;r bc,ve ,

sets of cha i ns as

king gives the

stnuctunes rvou ld

er:/ a lte¡'nate

possess the

)¡d'r¿rte aricl tir is

ons in a chain

s cìne observed

ctions i'or ti're

i"ra ins of
Il-i-O I

-l

I lur.t¡l:.r/l\
S0"<.Cn - Hl"0 -

t-tltl,:-lr¡zu 
I

I

I

lh
by cnoss i i nk i

l¡e¡' set o1' per

set ) ta g; ive

lr igune 23 , on

s cross I inkin

5t ivater r¡ìo lecu

me coorcj inateil

o r 'u he stnuctu

S of' pana I ie I

i oi' cnoss I in

ulphate" The

2+ i n in,h ich ev

a cho in lvcu lci

Cr

lor ti'ie riror¡ol't

rorniutn (lll) ¡

anc' ci i -hycirate

ítro¡li {tunt'rier concieirsar- ion Feô

above, 'co i'ot'n¡ iong po lynter c

¡-lÊc 
ii uu.i,/l \

t)2SU r'1-Cr -'-1rü -'9"=-0"ilvi I az
H"o I sc,

I

r

-i-h is is í'ol lowecl irnn¡ediately

these paral lel chains to anot

(a" r- ight ang les -i:o the l'ir'st

stnucture sinriiar to thot in

netwoni-. ûs irr i'iEure 24- fhi

e i im inat ion oj' the nonbr icJg in

su lphates f nor¡r one cfra in beco

cha irr" Further clehycird'î- ¡orì f

nesu I ts f"roni the cnoss I i nk i n

g i ven above. The f i na I resu i

cJinycjrate oÍ'chnornium (tll) s

be as sltown i n F ig:ures 23 or

se'ú o['chnoniiurn (lll) ions i¡r

gro u¡: i ng 
,, 

ttU *rr

Cn* H"0*

i nstead of CrOaSOrCr as shown

Sjroup i¡'ìg -Fon ever\/ pa in o{' ch

l'on the d ihydnate. l-he mono
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crì l)/ l-o¡- ex-trerire i;u s lct,, heat iirlr r'¿:tes. n he.¡t infÌ rcìte

cj- 36"Cfhr. is ¡.rcrt slcr.; eiruucir 1-o slr<;r.v tire ici-'i¡¡ertioi'l c,l-'

the niol-¡chrzci rctte "

Ti¡e loss oÍ'' tire l.rsi, rr¡clecuiie oi'wõìter' i;iien occurs

as the L;r- iig' i n1, ì: iclerrtate su i pherte I ig: .ì iìri úecctne s cccri i nated

ès er tetr.ìcjeri'r..¡"ce liSai.rcJ il ispii-rcing tire lrijgir,l, lv¿rter' tÌìoiecules'

The i*st step in'"1'¡c pyr.oilzsis ir¡volves tne cjeccnlposiLiori o{'

tiie a¡rirvi¡-ous cirrcrniun¡ (l¡l) sulpha'ce'úo cirroniir¡¡r¡ (l¡l)oxicie

anij sulpi-iur tr ioxirje .ì'r .ì 'teti:¡re¡'¡rture ol- 375-595"C 'f=on a

heart iril: r'ete oi' 7:6" Cf hr " i'lo c{ ¿lt¡: ex i sts J'cir t-he cr}zs-tcr I

stri¡cture c:[' nirhydrous ci'¡rct'l iur¡i ( I I ¡ ) su l¡.:he'-te" l'i- thc

ç¡-.,cf"11 iitructur-,3 h/ere i<riowir tlre vai i*ii-y oít th<'-se rnecircìnisrits

cc;r; ic'i í'inci sup-.¡rot-'L i:ut i:ir is stii:',i-\ort w i I i h¿rve -Lo w'a it ur't i i ô

con:¡:, lete an.li¡rsis t--f- tile struc-:ure i.r.rs been rii¡rçje 'Ít¡'ciiL x-na\/

ci i i"'f ract i on meesu ren¡e;.¡t-*.
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ct--riyiPL i:;(ts uF ûi.!:1[ii,¡ | [_iiv; ( | | [ ) :ì_ìiii_Èf.lr.\l-[
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r i-iYJiiùGii'j :jaLTS
nt\i i C i:5

The irrf nareci eibsonpt ion spectr-a o'f- ti-¡e i¡rso lub le

Ë,'nocìucts í'ortirecf in ihe .Ji5¡estion a1- clrnoniiunr (l ll) sulphate

in su i phun ic ac icj c¡ re si-¡orrn i¡r I- igu.". 25, 26 , 27 a¡rcJ 28

and are comp i leci in ïab I e 8" ;is cj i scussed pnev ious iy , the

procìuct l- uias tirouç;irt to ccr¡tain absor-bed suIphunic acíd,

the spectpurir of- the procjuct i-' , in F i!-.u"" 27 does not, howeven

sh<:,rv ôì¡ly absor¡rt ion ban<js cJue tc tire su lpi'lur ic ac id. -lrvo

peeii<s at B5O .rn-l ai'rci 875 "*-1, not sholvn, l..,ith en interr sit.,,

e(ìual to ì-he in.tensii:y oÍ'tiie peeks síror.v¡"r irr Figr-l r.e 27, ane

presen'L in tlre spectrurn of sul¡:lrunic ecid" i-hese tivo peal<s

ctr'e altseni: i n the spectncì oi' it' , i ntj icat i ng that í rltnared

alrscr.¡',ticin c:i ue'c<¡ sui¡rhuric "rcícj is d<¡l'initely ¿rLrsent1toi-

i¡r tiris ne<;i<;n the itands due t<¡ sr.rlphui-'ic ecici v",culcj not

be obscunecj ilv absorpt ion b;z liu

ComF',on ison o l- the spectra o.F F', iì, ani L, si'ror^¡s the

ûrðdua I ci isap¡:earailce o'i' the I O7O "r-l band eind the I 2BO "tn-l
i¡anlj wíti-r sirnr-¡lt.rneous strerrqti-lening c;'i'' tire lO4O.,n-l an..j the

| 260 .,l-[ b¡¡rr<js ir, go inç] {'noni i-' to li to l" The d isappe.rr-dnce

oj' tlre tivo l.¡anuts pa¡-aliels -i.he scluirility e¡rij t[.ie ease of

a i tera'c iotr of' tire pror-i uc'cs i:y soci'iurn hyci rox icie " I'c trrds

products i) arrcl i( rv!'i ici-: sirc'.vecl water iosses in lhe ternperetune

inte;-val o'i- 400-500oC anC Ceccmposecj vi¡¡ rnecirairisrn l; 'chat

í" , ti'rese ¡rnoduci;s , LipoIì pyro I ys i s , produceci rhe aniiydn,-rus

L.

i)



F ig; ure 25

I r' f-r¿:recj airsor¡-it i orr spectna o Ê v.ir i cus hycÌncger¡ so i ts

o¡' sulph.rtopolycir¡'omate ( | ¡ I ) aniorrs"

irrccjucts Q, S, ¡ìî(j ¡ti3 âne discr-rssed or¡ paç,re 44"

T lrtis an e¡ììper ic.'rl i-orrirui.¡ oi- ri"lCrn(¡C4)Z].



\

8o
650

!" ':ü" .!

?OO cm-t

\/- o -j '..j iC .'-. ; \
âq
Iqf

¡ J \,llft
t , oo-\ "o 

Lu-on

\

i\

t "'./
f:¿

c,f .',.'

t s 0 0 0 ! u 0 0 o l0 0 0I å¡ ¡ 0s ! ¡s ¡¡Nl¡¡ oloso¡t¡¡¡c
95O IOOO S 0 OO iZO O ¡3OO c'n-B

\/ 0

¿

\d S

I c c c o e e AB c-o-



117

/
f

f
ñ
ã !

650
lt

? O Ocnrrt
e

î
g

\'þ

\"\

\

r/

TII
e

T

c

;t.

ú
/

I

ln-
í 'nn

\\
\\

\\

\:r'

\.*-'A'

I o 0 0 s t 0 I u s 80 0 g ! lc'b'.å 9to-o o¡100ooü¡oc¡!¡¡o¡l
95o sooo o¡oo " oaoo [3ooc,¡¡-E

\

w

V



l-- i ç'"r re 27

in l'rane.l ebsorpt ior^r spectrcì ol' v¿ìn ious l-ryCrocer' sa lts o'Ê

su ipl-ratopolycirnorn.rte ( | I I ) ¿rn io¡rs.

ir a¡rc-i ¡i have i:iie enìpericai {'c,rrnui.r i-irICr.=lSuo)U(Uri )rJ n HrA

Z has ti-re erìrpen ic;ri l'onmuf a äa[ü*o(Sû4)9] n HrC)
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chromiunr (lll) sulphete, h,llereas tire pnoduct Z corrtains

nc h'aten ûnd clecomnoses v ia rneci-ran i srn 2 in vih ích the

i¡lten¡¡¡ed'ia-Le i r^ '^t. r -l d Lr [)on ÐvnolvsioLCr 
¡ 2(*q0a )raJ rvas proi.,luce<J Lrpon p),ro lys rs"

The trvo bancis. at lO4O .,''r-l ancl l260 "*-[ , presetrt in a I I

ti'rnee prociucts ûre, theref oi'e , ass igned -ûo the su l¡:',hate

gnoLrp' The absence of tire trvc lancìs at lOTO .,n-l anrj

-li250 cm ', i¡r product Z, woui<.1 suggest tirat tlrese two mioht

best be ass i gneci to water þ.resent i n [' and lì " ,'\ss i gtrnient

of these i'-rands to r\raten nee<i no-ù be ti-le on ly exp I cnat ion.

These three s¡rectna i nd icate that tirere ane no cirernS;es ín

the srziiirnetny ol' the su lphate Snoup in tta ing; Froni pnoduct

l- to ii to l, such as r.{crs observed for the su lphate Snoup

in ç;oing'f'noni-the violet sulphate enr( SC¿)f lô l-irC to the

gneen suiphate Cnr(sOo), 4lizA o

ïhe inf naneci alrsorpt ion spectrum o l' procjuct Z does

not y ie I cl to an easy i trterp ner-at i on. ihe tlo bancjs at

f O4O ond li;60 ",n-l could-tre assignecJ to tlre triply cieEenenate

uS, ibnation ol the sulphate iigand which gives ¡'ise to two

bands, one be irrg dor-r b ly degeirerate ancj thc+ seconcj one non-

degenerate when -the symrnetny oi- ti-¡e sulphote Siroup is

nerJuced to Crro synrrnetny. Tab le 6 slror,vs , holvevet- , that the

nondegenenate br-eath i n5i f'neque ncy (" I ) becc;mes i nf rored act ive

when the symrnetr;z ís reduced to Cfo' The spec'crum l'or proa'uct

Z does no'c slrow any abscnpt ion in th is reg! ion a¡rcj there'f ore ,

the abcve assigrrïen'r; is not justi'i'íed'
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It i s obv icus tl-rat we are dea I i rrg rv ith a cconcj inateci

su iphate !troutì in tl-re pro<ìuct Z" S ince the bneath ing

l-nequency o I is aLrsent f ron¡ tire s1:ectnur¡l an<-j s ince 'cire

se I ect i on ru I es fon oun J'i rst an.j seconc'J c I ass o f' compounds

are Eclvenned by ti¡e correlation given in Table 6) orìe nlust

conc I uc¡e that if the se lect ion nu les 'l-or inf nare<J absorpt ion

by the products such as Z are tirose out I ined for c lass one

or trvo , then the su I phate çinoup must fretve i egu I an TU s,rzmmetny.

It i=, hcr,veve¡', im¡:ossi¡le to conceive a structure in l''i-rich

the su lphate srrcup tn,ou lri have TU s-.lmmetny f on the procJuct

7.. In or-cjer to exp la in tile s¡:ectnum ítor 'che proc,iuct ¿ t one

must resort to l=acton Slroup analysis r*,hich rec¡uires a p, r¡or'

l<noto, I ecìge ol' the cr"ysta i struc'cut'e.

| í' we êssuûìe that 'clre su l¡rhate ç-ìnouit has C"" symmetnv

in the product '1 , tl'ren the site çjnc,up arr.riysis, whici-¡ ccnsiders

the occu¡;ant of i;ire site just .ls iÍ= ¡t tvere ðn independent

¡nolecule havinq the synrnietry ol'the site, woulcì prnedict tlrat

ti-re bneathing 1'rec¡uency ol lvc¡ul<J be inl'rareci active ancl that

the uS f'requency sirould give rise to'ct-vo in-ltnar-ecl active bands'

Si-ue gnoupì anaiysis, however, oniy yielci s .l¡r adec¡uilte

i nterpnetat ion -Fon tire gro sser <leta i I s ol' the s¡rectnuni.

ù ilt{'erences between ti're ¡;r-ed icteci at¡cj lhe ec'¿u a I s¡:ec'cnum

can be expla irred only by nesot'tin5; to an analysis of the

un i'u ce I i o? factcr !.r rou[] e¡tla lys is" These cj i-f-f'enences

conresponci esset¡tíally to cou¡rlii-rq of vibrations i¡etween
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occuirants of'the cJifi'erc--nt sites irr the Ictti.."48' 49' 50

T,rinston anrj iialfo"d4B point out that if a vi¿ra-Licn is

assiç¡necl ini'rared inactivity in i-.ire si-te analysis, it nrust

a lso i-re inact ive in j'actor sìnouFi ana lys ís" /{ v ibrat ion

rvhich is assigne.ri in{'ranecf activity in site arralysis,

iror',ever, rrôy ¡rot ¡-iecessar i ly have oct iv ity i n -l-'actol- gnoup

analysis" lt is possible that tire obsence cf -rhe breathing

f reciuency r l is due -to tire coup I ing: that ex ists betweeir

the sufphate iJrout)s, i:hus ceiusing it ro be infnerrecí

inactive" Furtner¡iiore. Litey point out rhat ei r,íbnaticn

'*'l-r ich is Cegenerate under s ite group ar',a lys is ivi | | st i I I

ite cJeE;erren.ite uncje¡' iractor' !lroup õi^ra lys is, a¡rcl 1-hat mot ions

rilôy become nìore c'legerie¡^cte u nc,i er" 'í:crctc¡r çìnoup tha¡i the;- ane

unc,ler- s ite çjroup ana lys is. þ, ba¡rd unde¡- s ite ena l;vs ís

íìroy becon¡e clup i icated uncjer 'Í'acton gnoup ana lys is , 'r-he

nurnben oi" t imes no'¡ to exceecl tire nurílbe¡- o'i' s i i-es in the

un i b ce I I . fh is nledrìs that ii' the su lphate Eroup possessed

C- syntnretny , th is rvou lc de f in ite l¡, be ev iclerr t in l-ire
iav

spectrurn c'l the conr¡-.rrund " lt i s conc I ucied , thet'e-í'one , that

the spectrum of i:he product ¿ is ti¡e spectnun one wou 1,..i expect

f<rn e suiplrate cjroup possessin<; C"u syittmetn',r", a bneothing

frequency rl is ¡¡o-t oi-¡serrrecj ûec'Juse o'i'' its inl'¡-'aned

inact ív íty ês a i'esu lt o'l' coup I ínç, bettr,een the su i ¡:hate

gncups in the un i'c ce | | '
ff octai'¡ecjn.:l c<;orcji¡ro-tíorr of the ch¡'onriuri, (lll) io¡r
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is Ðresei'ved in the cornpounc'i Z, (l-i^[Cro(S(.+)O]), tr,,enty-

J'our- coorcJin¿r'fíon sítes nLrsi: i-hen be ciistnibr-¡ted i;etween

the nii'¡e sulphate qìnoups" Ti-,is rne.rirs th¿lt each sulplrate

I igand wou I d , on the averdge : i¡e tx'o a¡rcj trvo-th inds

cle¡rtclte irr the coni¡: lex, o¡- rve c<¡u lcj sêy {.hat s ix ol' the

n ine su Ipirate gncups .'re tr iderrtate a¡-rd -the o'chen thr-ee

ai.e b icientete I icarrcJs , or that seveíl ancí one-ira I l= of the

nine suf¡.-,hate gnoups would be tnidentate and crne and

orre-hall' nioncdentate. îhe sr-rlphe'¿e I igerrds cô¡rnot al I tre

equ iva lent but ti-rey ciìl-l a | | h¡:rve t[re same s-\/riìrnetry (C=., ) tf

the procJucl- cont¡¡ins only lrìono ernri trir'ìentate I igands'

ûi:hen ccnlD ina'r,. ions cìne poss ib le in rv[r icfr tire su lplrate

| í.--; arrrds cou i cj úeirave ês tetnadelrtate a¡rcj b iientate I iç;ands,

althouglr all pcssible combin.rtiorrs precl ict i;hat it is

impossible {'or ¿rll of tl-re sulphate líçancis to be ec¡uivalent"

Tire pr-ociucts Z anci û a¡'e two typ ic.rl exermples ol' the

¡:roc-lucts {'ortneiJ in tire cJi-c;estion at 2500C. Botl-i ¿ ancj 0

cjecompose to give'che ínterureii i¿re HoICntZ(50+)rO], yet the

sulphate to chrorriium ratia fc¡r these ¿ulVo ûne 2"25 arrd 2' lB

r-especLively" Hs nient ionecJ orì pa!Ìe 56, the pr-odr,rct Ü cannot

be corìsicjereci to be .¡ mix't-.ure oÊ ¡:>rocjuct iì ancj 1- even 1-hcugh

tire sulphate to chnornium rr:tio nrii;h'l sugges-t such a n,ixtut'e"

Since the proc,iucts oi' <ìigestic'¡¡r ¿rt 250oC shor^, identical

pnoperties except l"on the ioss ol" diJ'l-ei-ent x,eights c¡-f'

sulplrunic acid in the f irst step o{" pyrolysis, ii- wiil fre
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ôssunled that i;he basic stnuci:uregoj'-t-hese pnocluc'cs are the

sariìe' Tfre stnuctu¡'es w i I I shorv t¡¡ inor var iat io''r s ôccount ing

{'<:t' the r,j i{'{'enent sul I phate to ch rcin i utn n.rt i os. The

ex:-'er iment.a I resu ii-s oi:t¿l inecj b.t, th is aul.hci¡' shoi',eci su lphate

to cirronriun¡ i-atic¡s betu,ee n 2"14 anci 2"29" ]-hese results,

horvever, !(€r'e all obt¡rineci employing cirnontium (lll) con-

centnat ions necìr O" 62 iv¡ eir'ci sir I phur ic ac icJ concentnat ions

betr.veen li and l4 molan" A r¡ore ciei,¡rilecj investiç;ation of

the insoluble [ìroriucts Ítortrred using othen concentnations

oi' tire nee¡ctants is necesScìr')z to establ ish ti'¡e I irnitinç

suipi'late to cl'inomiunr natios al lot.,'ed I-on the r:ror:iucts t',iih

a Z tyt:e st n i-ic1-u re '

The pnoducts P an<j ti [r.¡ve infnare,:j ai:son¡,'t ion s¡:ectna

vt'-?y simiiar to that oí' the pnociuct l" Ëacir o.í' tl'ie two bancis

at lO4O anci | 260 .n.,-l in pnociuct ¿ apl\ears to be s¡: I it into

'Lhree i:ands in the pnoc{uct íi" Th is sp I itt ing ni ight be <jue

to ccupling ol' tirree sulphate gnoirps in the unit cell,

coupl ing rvh ich <joes not exist in the unit cel i o{' Z. The

dif'tenences rrrôy olso be attributed to ínteraction of'the

sulph.:te cnou[,s with t.he coon<j ineteci tvater n¡olecuies pnesent

i n the protl uct ¡{ " 
-fhe 

<i i 1{'ei"ences i n the tr{o spectra <jc no-{-

su5;5;est chat r.ve i-¡ave a rnajon chani- e in the coot-c'{ inat ion o1=

tne sr-r iphate Crcups.

l-he procir-rct iì rnay be 'f'onniulate.-j ôs HrICn=(S0+)U(UrO)ri.

it i s no'r knolvn lvi-lether -bhe wai-en mo iecu I es 'f'r:nct ion ês
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bricJging or bicjerrtate !nouns oF ¿rs rnonodentate qr.oups.
-ihene ane .ì to'i:il i o r- e ig.i1i-s¿n coorcl i net ion ,s ites thei'c nust

be satisf ieci ;f chnomiunr h¡rs octahe,inal cooi'rJination" lf

i-he wûten molecules behave as i:ídentate Iic,anis, then each

sulphate çìnouiì, would, on tl-re avenaser be two ancj one-third

cìeirtate. ihat i=, four olt the síx sul¡'.hate L-trcui)s r.vculd

be biCentate anci the oi.irer trvo tricieni;ate, lf- this were

tnue -i.l'ren the sDectr.um for pnoduct iî shou ltl be tlre spectnum

{'or- cì su lpirate gnour} ha*., inE CZu s)/mrnetny, Ihe spectnunì of

lì, i-lorn,ever. rvas intenprete.J ôìs be ing duie to a su lphate I içand

rrossess inrì C., svnlnretrv" lí' tfre wôten rno lecu les ône mono-' ,tv

cjentttte, tiren tire aveniìcie su lpha'te !l¡-oup wor¡ icj be tr^ro and

two-th irci s dent.lte or- J'oui- ol' tire s ix si¡ lr,hate (ìnouns \rrou ld

be tn íien-cate anE-J -i;lr,o wcu lci be i¡ ic.lenta1.e"

Å\ poss ib le stnucture f-on tlre pnotJuct il is

t :,"

,--u, l');-" ' t.) . ,," -" Q z' '- o.- ./ \02s(j't'r"'- 
o-* .-1,á"'o ".t("i- 

(l?s02

| 
-*S- -'q"/ 

r

H"0 ü 0 l-iPo

o? ê polymer chain

o ò, o ü
s'-,. 

,^ -Þ - ,. t. t-,., ,\ li--, 
t,-U_ z, _- t) i t'_ ,tje U-_ [] s L'- ,, t,

/ Cr -li.t, H,0-- Cr / /Cr/ z'Cr- l-i"t
-Cï --Ü U /'t -Aí "-L', -t,i -"Õ

s 
-' - \s'/ ---\ s'- '- \ s -

t bp 0 t)

I
f
I
I

i

I
I(i-
.t-.li

'l
j tr--.

I llrLli t.JU..(.-

Vz

_Cî.'

i3



t67

ihe six

are tn iCentete

have í'ive

anci the s ixth

lrr bo'ch oi' 'f,hese structures, foL¡r oi

sr-r lphate qrouÐs pen rhree ciinom iuni ( | | i ) ions

wl'r i le the <;ther two are b itien tat.e" Ûtre cou lrj

su | ¡rhate !li oups act i ng as tn icjentate I iganCs

su Iphate group cìs a monodenterte I icand as in
I
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The pnocjuct Z i s l'orlled by, the ad.j it ion of ¡-¡ su I nhate

group to every í'oui'tir cl¡rom ium atorn, wlrere.rs the proiuct t)

by odo it íon to ever-y s i xtn cirron¡ iurn atorn. Furthenr¡lore the

pno<Jucts sucir as iì c¿:n now be corìs icjenei.i -t-o resu It f rorn the

in-rrociuct ion o.,' tv¡-rter tr¡oleculcs to two out o{' ever.v 'uhree

chr'<;¡-niun¡ a-i-or¡rs. fhe trvo oancls at lO?O .,,l-l an,i l25O cni-l

nì€y , 1-l-renef ore , De cjue co absorpt ion by the su iphate I iqands

possess i ng; C=r, syrnriietry wlrose v ibrat ion 'f'rec¡uen,cies.an.e
rrv

moci i l- ieC ôs iì resu l t o i h¡rdroçen bond i ngr "

îlrere is no <jou¡t thaL ¡,rod¡-¡cts -l- , AiJ, and hh

í'eF)r'esen'ù d ifti'ereiit ¡-,r-oducts J'ro¡;¡ ti-nse of it', iì, anC L, õs

shown by their cjif{'ene¡rt absorption spectra" I'c is evident

tha I tire su iphate !ìroup inust have chanç;ecj i'cs sytitiuetny in

gi: inc f rorn the product I tc: An. ¡t i., hoiveven, rather

sunprising to see tlrat the spectra o{'the tirree pnocJucts T,

48, ern<J /-\4, ancl cire anhydrous ch¡'on¡iunr ( | | | ) su lphate

prociucecl by dehycirat ion of' the normai v iolet ch¡'omium ( | | I )

su lphate ûne ai I essent ial ly tire same" These pi oducts al I

írave a sulphate to chrorniu¡n rati<¡ Iess than 2', ¡"5'For tire

ani'iy.Jrous cirromium (lll) sulphate. t"65 i"ot'tl^'e pnoiuct AA,

ancj 1"79 í'or product T. Tire x-r'cìy powdet' photogna¡:lrs l--or

iiA ar¡ij tí-re airir,rrrlpous ci¡nom iunr ( | | | ) su iphate ðne ident ica I

except 'l'or a dari<er ûaci<g;nound iri i-he lati;er in<i icat inç that

scal;terirrg occu¡'reci . l-ire bnoad uands oi:,senved in t.he

inÊra¡.ed airsonpt ion spectrunr l'c¡r rhe arr[rycir-ous ci-¡t'orit i um



sul¡ri'rate rnay alsc oe due 'co imperfec'u cr-ystûllinit1,"

S ince tí¡e s¡;ectra of {-he cornpourrCs lv ith su l nhate

to chrom ium rat ios oetiveen one ancj one-lro i i" enr:i òuio a I i

h¿:ve esserrtioiiy tire seilre infnaneij absonption spec'tna, it

is ti^rou5¡irt these proiJucts r¡ru st a l I heve the sdrne b.rs ic

structu¡ e. In the anilycit-ous cl-¡¡'or,riurn (I I i ) sulphate. thnee

su i phate groups rrru st sat isf .r, the coo¡'d i nat ion s ite 'l'cn the

'Lwo clrnorn iunr a'torrrs. Th is ri.ìeans thet i ¡- oct-aheci¡'a I coorci ina-

t ion is preserve<ì (there i s no i'eôsori 'co su spect tiiat it

isnlt) tnen e.aciì suipira'Le çìnou¡: rnust be tetn¿¡dentate.

In the proo'uct ññ¡ each sul¡:,irate nrust be 3"6 derrtate,

th¿rt i., í'out' out of- i'ive su lphate gpoups r.' ii I iJe tetna-

cientate L, itir ihe i i i'th one ire i nq o ic-lent,:'ce. -f he structure

oft tlris ¡ri-ociuct nçly result i'nom cnoss I inkirrç o{t sets of-

¡:ana I Ie I clra ins runn ing a'r r i5;ht ong les to a second set oF

¡>anal lei clr¿rins in a nrar-ì

^ 
l : ¡', \ T:Un-(5U, Jo. Ine Fol)zn¡en

a 
- 

tJ
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r s inr i lan to th¡rt 'l'-cr' 'che ilnirydrous

ain could be the f'ollowing
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-í-he su lphate çìnoLrp rnarkec'! as
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oicjentate lic¡.ltids' i-lris stnucture is

OS

(2)

wou i ci

(2).rnc

.¡ct as tetna-

tiJJ cìs

l'iç;ure 29"srìown I u



t70

li= th ís is 'che Lnue structu r.e .l=<¡r th i s corilr-iound , orìe shou ld

expect to fi¡rc other proc'iucts r^ritir var-iable suiph.ite to

chro¡rium natios anc one cai-ì cfien erssig;n a siri¡i iar s1:nuctune

to tire ¡:rocJuct T in wh ich rnone su lphate gi-outrs rvc¡u li .ìc'c as

b icjentate i i1-;ancjs" Cne cou lcj lock at tire structu¡.e 'For. the

pro<Juct ¡iii ds i:e inç icjerit ica I to th.¡t oÊ the anh¡rdnous

Cno(St; n)o, except tirat ever-y third chain in i>o'ch c;l' the(, + ¿')'

panal lel sets hcls bee¡'i neinovecj.

It ivoulc seem thot tfrere are a total oí'six bands,

lll2" 1i25, l¡40, ll55 , | 173 ancj ilBb .,n-l rvi-rici'r cornpnise

the ¡aaiir absorpf,ion1toi- tf're corirpourrci An, ll'these bands

crre al I due 'co the uS vibra'cion ol' tire sulphatte sjr-oijp,

ti¡t-ritiplie<ì, cìue to coupling between ti.re si;lphate cìnoups in

the urni-i- ceil, ¡t ivouici nìean that there .lt-e a totai of six

sulphate groups in a unit cell ií'' the sul¡-:hate cjnoup possesses

T¿ synimetny. Tire ìrarrci at iOTO .n'-1. a cloublet, anc ti-re banci

at | 245 or I 285 ",n*l nìcr/ be cjue to -bire cire I et iirc'¡ su i ph ate

!iro ups rvi'r icir possess C Z, syrnrnetry. The i n'l'-narecj a[:sorp'c íon

pat-tern í''on the procuct A¡{ dei' i n i te i y ci oes not su ç1i:est co-

ond inat ion o'Ê i-he Lype <¡bsenvecl f o¡- ti-re hycJnate

Crr(:ijn)S a riZC in which the suiplrate g¡-otrp possessecl CZo

s;,rnrnetny" ¡t i=, holvevcr, possibie that tfre site s)./nlri¡etny

{'or the sulpirate !inoulr is CZu. üne coulcJ assign the doublet

at ¡O7O ",u-l to the r ¡ br.ea-ch inç 'Frequency an<j the three

be¡rCs at lll2l t125, and ¡l40 "r-l to tire vs vibration of
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'che sulphate Enoup. This spiittins pattenn is ¡rnedicteC

in Tab le 6 f cr a su lphate cìnoLtp possess ing CZ, symrnetry'

tach of ti.rese ¡ands cou lc-l be tìupl icatecj in tlre spectrum <rs

.ì ¡-esult oí' coupl ing betrvee¡r -uhe lllrto sui¡:hote groups irr

the unit cell. The neduction in syinmei-.ny, hotveven, nlust

be <jue to I att i ce neciu i re¡ne nt s ¡..¡tirer tir an coond i nat i on c¡f

only tlo oF the oxyserrs i¡r r-lre sulphate ligand. The srnall

sl-.ii-ctinr' thet is clrsenved , 28 "*-1, an<j -ûhe loln' inte¡-lsity

oi"'üiìe ¡O7O "n,-l ba¡lci suSJ Sests titat'this spectnuni i;eionEs

'ra the th irci c lass i i'icc'c ion cj i scussecl on page 103" The

ini=r.cl¡'ec' absc,r'¡:r'cion spec'út-o i-or the prolì ucts'I" Aß, l{A a¡rC

t,re at'ì¡ry(jnous Cnr(SCn)r, thet'eÍ-ot'e, su(ì(-iests that the

suiphate i ig.:rrcl tr¡ôy r¡ct possess l-ci sytrtiretry irr tfrese

cornpoun<Js, tha'c its reduct ion in synlmetry is no.'c c'i ue to

unsyrrriretn ica I coonci i nat io¡r bu-L due tc i a'¿t ice re qu irenient

on pertunbat i on by -tire c¡':/sta I i'i e I d "

The spectrn 'í'or tlre pi:'ctiucts Lì , 'i'i , ancj Y, elne shown

in i-iç¡ure 26" ¡s t¡iscussed previousiy, tlre ¡rrociuct i-i

clecorlpose,.:ì in a ntilrìi-ìer very sir¡¡iian to tt"iat oF the prociuct

Z, alir'i suÉlÉjes'¿e,.,l tiret oile nr ight co¡rs icjen prc.ci uc-l Li ¿rs

i<jeirtical l-o'ci,e product L ir, which the aiunrinunr (lil) ion

r.e¡rloce,j the chro¡nium (lll) ion isornonphousiy, íìou'even, the

s¡rectra oj- -che 'tr^ro pnorJucts, Li and L, Gre st ightl), rjil'i'erent.
"i'lvo stt-ong; absorpt iorr ba¡rcis at i ¡ i 5 c¡'t<i I Z4O crn-l *"" ítounci

Ì. .

i¡r tf¡e spectrurn o'Í'[jr'in adciition to'ctvo .larris e¡-L 1040 a¡rd
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. -l|260 crír r r,.,irici-r are the two aÐs;or,¡.r'tioir bencj's i'ourl¡,.j ín tlre

spectrurn o i the prcciuct z" clie ivr:u lt'j expec-t ti^ret tire
repf acenie.t c'Í- a cirro¡riurr¡ (li¡) io¡r by ô¡r aluminunr (ll¡)
ío* in the pnocì uct Z, should ;:rocJuce soíne cile.,rrcres in the
s¡:ectrur¡r o'f= ti-re cornpounci, but it is c.jil'i'icult to pnecjict

',vha'¿ Lhese cila¡rces wou lcj be" Subst itu,c ion b), the sr¡.¡a i len

aluniinun¡ (lli) ion 0.5?Ho (chror'ium o"6b) shourci Ëìr"oduce

so¡iìe cjistortion o.['-cile sulphate liç¡aricis coorc-l i¡re-becj to this
particr¡1.¡r l¿-rttice site anci írence necjli ce tire syii..iirctrlz of
tlrese p.rniicuf ar sL¡ iphate ilnoupso The acJrJitional ilc¡ncjs

'Í'ounci in the speci;nunr c'l'U, con¡[)c]ped tc¡ the bcrncis i¡.1 the

spectnunr Z, ntay therr be cJue -Lcr the sulphate çnout_]s rvfrici.r

are coorcjírr¿rtec 'uo 'ci-re alunirrunr (l¡ l) ions* it is lirosjsi¡]le

'chat the proci uct L¡ i s a nr ix1-ui-e o [- i;l'le prrocj uct z ancì some

i;ti'ie¡- alurninurn s¿rl-r, ot' one oí-' .f..i.:e sul¡;irato¡:olycfrnonrate (lll)
atr iorrs o¡' ¡;¡ ixture o'i' tfre proiuct L ar',e.i the conlF)ound

;\ | , ( 5C/ )-ri-loS[t, whose ex i stence h¿ls i]een i.eponted by(, 4t .1\ rJ +

i,rathe¡- an.J .,y I i"" 5

The spectrlini 'í'on ti'le product 'ri, lvhose prov is iona I

cherirícal forr¡rula ¡îiûy be wnitten õìs ;,rluICe=(:,ù¿)?]q, is shor.v¡r

iir ltiçr-r ne 26, l-he spectnu' shclvs cì lveeÌ.. belncj ô,r- ggo cnr-¡,

ariothei' b¿rncj .ìs ¿¡ str-crn!l shou lclen at lO6h ",n-l , a stnong bi*ni
l..leit 1090 c¡n ' , a nrec-j iun r¡e nd at l|2,4o c,:.,-' , ein.-l sirou lcjen at

I 260 o,,,-l " i,io attenrpi:s w i I i Lre rnade tc¡ i rrtenpr.et th is
spectruin, it ís Eiverr orrly to slr<;r^,,'í-i:e cj í{tf'enence betrveen
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'¿he twc¡ i¡rsoluble diç;estiorì products i-i anci 'rìr r,i-r ici-l both

contain alu¡i:inuni ions, j-he proclr.rct Li rnas obtained b),

di5iestíng a one to three nrol¿r¡^ natío cí'' aluurinunr (tll)

and ci-rt'onriunr (l¡l) sulphcrte ir¡ 14*o niolcin sulphur-ic acici at

250ðC lvirereas pnc;rìuct ii rv¿rs pre¡ranecJ ity cì iges'c irr<; air

equirnolar n¿¡tio of tirese two s¿llts in a lange excess ol'

sulphuric ¿lcíd at 135"C" The absorpi.ion spectnuni [-'on

alunl i¡runr (lll) sulph.rte shows three {'eiirly s-tnonc.l absonption

bancJs ¿lt iO5O, 1156, ;rncl I2lB cnì-¡, anci cì h/ea¡.i., pocrly

cJe'i:i¡reci bani ¿t g80 .,r,-l " 
5l lhe spectruiri o i' pro<:l uc'c ì,i

cJoes not sugges'c tirat it is e ¡n ixtu¡-e of a lunr inum ( | I | )

su l¡:hate anC sorne al ur¡r inunr (' | | | ) se it o1' one o'f' the su lp[rato-

po l¡rchrotila-te ( | | I ) an ioris;'oecause everì'i:hcucih ti're pr-ociurct

'vr has .ìbsonp'u ioir i-.ands in the re5;iorì corresporrCirrg to the

alumírrurr¡ ( | | | ) sulphate,'chein ¡"ela{-ive inte¡rsities are

sucl-r th.l't'chey wouic.i negate -such a conclusion" Tire'i;irr.ee

saricJs ir: alurir inum (lll)sr-rlphat-e at lObO, l17-:6, and l218

"r,-l ône oi' comp.rrable intensity lvith 1-he | 13,6 clir-l ban<j

showing sl ightly stnorlgen atrscr"ptiorr. l'lre -therriognavinetr ic

arrcj ín'i'r'arecJ absor¡:tion resuit-s obteinecj r'ìûr ¡rr.ocì uct.s U and

v'i suggc-:st th¿li it shoui,.j pnove d vet-y irrteresting slistenl tcr

study in îun{-her cjei,a i I .

-fiie spectr"unri'cr ti-re prociuc'c Y siror.,n in Figune 26

sl-rr-rr.'s consìicienable coiìrirlexity. l-his is not surppisinç since

th ís pi'ocìuct, a sanrp le o1j I t a ltenecì chroui;ie I t must repne.sent



ln^

¿ì ln;xtL.¡r'e o1- varici¡ s Si'tlrr-sì j'crr;:eci in the ¿rttaci.: oit the

cir¡'<rtit i ce lcti: ice,
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2) tj(jt'.icLi-r:. | ûlçs

Hnalysis oÍ'the irij'-rareci absorptíon spectna oíi the

irydnogen sa lts of ti:e str lphato¡:,o lvcirn<--nrate ( I | ¡ ) ¡:n ions

suDllorts tire cor¡c lus ion, ob1-a inet'.i l-roni the ane lys is oí' the

trrenniog;navinletric results,-i;l^rat theír selts rntt¡, i:e ci ividerj

into thnee classilications' The {'irst class o{-'cor'rpcuncJs

ír.rve su lphate to chnon iunr i'ert ios oÎ 2 aild conl-a in cÕ-

cn<j in¿rtecJ r'Jêter Enc)ufrs i¡r tiie comp lex. Ihe pnesence o'f'

the coorr.i ineted water c¿ìuseci the appedrance o-F tr.,o b¿:ncJs st

f OTO ancl | 23O ",n-l " not e,¿ ícient i rr the secon,j c I ass o F'

cc,tiipourrcis rvi-¡ich h¿rve G sLrlphate tc chnon'iium ratio greater

ti-ran 2 an<j shor,v or,ly tro,o absorption irancJs at l0lt0 anci l260

-tlcfn The tì.,r-' bancj s cl'c i070 ¿lr:d i 27:O cnì clre nat ess; ic¡ necJ

tc absc;rpt iori i::y tire water mo lecu les, but ûre tiro¡-¡çht to

anise 'f'rorn ti'rr,: sulphate groui:,s L,hich may be frycil'cgen boncled

to these wûtet- ir¡o lecr-¡ les or- ti're;, ñr ay ar ise Lrecause of õì

ciil-l'erent coupl ingr tnode preserit in the fir"st closs and

abserit i n the seconci c I ass ' 
-[he inl'na¡'ed absorpt ion spectra

o{' the ccinpounds irr both tlre F inst and the second c I ass ône

iirter¡,-,retecj cls ti-re spectra ch¿rnacte¡' i st ic of ô su lphcrte

f iç;er-rcl possessíng ,"r, s¡rmnretr¡r. lt is sus-l!ìestecl tha'¿ all

o-i' thesr-: conipounci s lrave. the siìriìe bas ic po lynren cha irr in

v;h ich 'i-he su I ph;rte i iganci acts âs a tr icieri'uate bn íci'J íng

I i cand"
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Cr0rS0oCrCrSû"Cr. Cnass l inking of ¿he two cha i¡rs above

resuiùs-. in the i-c¡rnre1,iorr of Lhe ar'hycipcu¡,^ chi-cmium (lit)

su I phete. Tne -í'ornrat i on o i' c<;rnpounds lv i'bh su I pha be to

clrron'iiuni natios -<.rneater'chan 1"5 nìôy be consicJerecj'i-o resull-

l'ronr the periodic nerr¡oval oJ'one oi'r:ire cl-¡ains i'rom the

seco¡rcj ¡:ara I le I set. I-irus , ií' ever:v tlr ird cha in !ì/as

rerr¡ oveci J'nom the ar-ihydrous cirroni iurl ( | | | ) su Inhate arrd eve¡'y

sulphate lisand i-ronr the f irst set o'i'ch..ins, which should

be I inkecj to "Li're rn is-s inç; ci-ra in, acted norv ôs ¿l tr identa'ce

I iganci , one oi¡t* íns the cornpounci ¡\H lvhose Ítornlu I a riray be

rvn itcen as l.l[Cr"=(sfri.);-

The expeninrentai r.vonk í'o¡'i:ire aiuininum (l¡l) salts

o'í' the su ipiratopo l;rchnoniate ( | | | ) an ions suS;!tests that

severo:l cJil-'f'erenl- sel-ts e¡rtd possiol¡,, sulph.rto¡rcl;ralurninate

(lll ) anions ar"e 1-o¡'mecl uncjer vanious c-i iç;es'ciorr conditicns"

ihe inl'rared absorption spectnuni oi'!'l sus, cests that tire

aluninunr (lll) salts cf tire suiphatopolychromate (l¡l)

an i ons rn, ith su I plrate to chroni i urn rat i os greater than 2,

pnecipitete as ii-rsoluble materiais under con<Jitions v;hene

tire hydncgen salts c¡J'the suIphato¡,rolyci'rnonrate (|||) onions

êne scluble. Ljncìer ciiçiesl:io¡'ì co¡-rci itions in lvhich the alunrinurn

(lll) ion conce¡rtral,iorr is n¡uch sr,:alie¡'than the chroniium

(ll | ) corìcentnation, in-soluble nrateríais are í'cund ín r.¡h ich

the ¡rlurninum (lll) ion isomor'¡>hously re¡rlaces tire chrcmiunr

(¡ll) ion or whici'r may contain suiphetopolyaiuminate (lll)

aníons'
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l-i^'e exper imenta ldata ol¡te i ned'i'¡^orn the cj i gest i on

of ci-rncniite corìcentnate riitir sulpiruric aciç'suggested chat

the rreci¡an isrü invo lve<j an in i"L ío I pro-ton ic a'ctack of the

chnomite lottice, brirrging 'che nretallic constir-uen'cs in'co

solution in the sanre natio .ls they occunned in the lattice"

Precipitation occu¡.s in a seconcl step due to tfre'ftormation

ol: insoluble sr,rlphato conlpiexes of'chromiuin (lll) lvhich

include vanious ilr-lionic polynuclean species i,;i'rose hyd rogen

an<i otirer salts ane in-"oiubie" These insolui:¡le r¡rcrtcrie. ls,

re'iterrecl La ds t lerlteneri ci-rrorn iiet l : trellresenrú a rnix'cu¡-e

ol- the van icus sa I ts .f'orr¡retj cjur ínE 'cire d igest ion, In onden

to stnengtiren this expiana'cion, cirnomiurn ( I ¡ I ) suiphate rvas

diçlestecì under conci itior¡s s irnilar to tlre <JiEestion o'í- the

chrornite concentnate resultinE in the-Forrnetion of- insoluble

p¡roCuc'cs lvhose ¡:ro¡:ent ies were the sdn e as those o l= the

t lalterecl cir¡-onliter t.

it is a well establ ished {:act 1-l'rat coorci ination of

the sulphaie çincuiì to'che ci-iromiun'i (lll) ion occur"s rea<Jily

:.- ^-r..r:^. irl0rll,l2r3gr 5l --_: __*_r r!_-r^.-.^^,51I n SC lU-[ loh" ' ld I a]nd trn(Jenlvood

report the Êoi'ma'¿ior.¡ oF the innen itrer-c ccnìplexes
--+Ic.(HE)*St-inJ- anri Ic.(l-tzC)^( sc¿)r]- in sulphunic acid

solutions o.L tenperatures i:elc;w 806C" l-l¡e rrchnonripoly*

sur lphunic acici st t repor-tei b;, i{ecou"ul0 are cocnci ínatíon

coiirpouncìs o1'- cilrr-,n¡ iurn (l¡l), anii sulphate íons but the
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stnuctur.e ol" ti.rese coniD lexes i-,as not hereto'Fore i¡ee¡r

estab I ishe,l" lh itn.vl i rc:1ien,.is tire t I isomer ic l:o¡.rir of

chnonripol;,sulpi'luric .rcitJr t as 'ì polynticlear conrplex rvíth

a large nro lecu lar. Ìv€ ight" -flr is rese.jrch iras estab i ished

th¿lt cornp Iexes. conta in ing su lphate to chronl ium rat ios nean

2 ère the predonr inarit irrso i ub le hyclrogen sa lts fo nrned

urrCer the <Jiç;estion conr.:! ítions enrployeci fon the attack o1-

cirromite and are assurned to ùe icien'cical to tlre ttisomer"ic

fornr tr. Since thc, ti¡onortuclear anionic species

Ic" (t-t zo) ^(5û+ 
)r]- i*. so I ul-r | "51, 

'ri-,. assuni¡t io¡r tira1. the

insoluble pr-od'r..ic-ûs ðne polynucle¡.¡l lvould ôppeðrn to be r'¡¡líd"
-l-hus ciigc.:stion of cir¡-onrium (lil) sul¡,rir.rte rvi'ch suiphuric

ac icj c¿ìuses coorcj inat ion ol su l¡:lrate I iganc{s to tìre chroni lurn

( | | | ) iErns w itir ihe ¡rosi:' ib ie Jtornia-t ion cf v.ri- ious rrononuc I ear

species sucir cs Ic"(u zúJ+( 
s0+)rf , Ic"(¡-¡20)r(son)r]:, anci

f r--., t t: /', \ /¡ ar'. ) J-" a secorr<:i s,cep ín ,che ci igest ion thenLUr\f]2r)5\JU4

invo lves ¡ro lynre¡- izat ion oi' the mononlers arlil suosequen-t cha irl

gnowth, 1-ol iorved by precip itat iorr o[' the heav ier polymers.

The insoluble hyciroger¡ salts J'ornied durinç; the

ci igestion o'í- círnomite .:ne cornplexes r.vith sulpha'ce'ùo chromiunl

ra,r; ios rìeû r 2, s i ¡lce -Liiese at-e ti're inso lub le ¡:ro<Ìucts

pr-oiucecj by tjiS;estinç, chr.omiu¡¡r {l | | ) sul¡rheite a¡icl sr-ilrrhuric

eciC un<jer icjeltical con,iiti<¡ns" Clrernical alraiysis oí'the

t t.r lteneci chroni i'¿e r r " hotrever, si'iotvs an ions to be in eXCeSS

o{' nteta I i ic cat icns on ly iÍ' a leirçe excess c'i'i' ac id has beerl
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erip loyeci in tire d ices-L ion" Th is excess i s ert'cr ibutecj to

't.i.le p,rese¡lce oÊ the hyijnogen saits in ùhe rral'ceneci chroi¡ritelr"

5ince the ttaiterei:i <;hnorniteIt consists r'rainiy oî the

r¡iet¡l sair-s of -i;ire suipilatopolyciri''omate (lll) artiotts, orìe

n¡ust concui- witir Recor..'=10 conclusion thet the netal salts

ône les:; solubie tiran tire iiyc.ir-cgeir salts. -fhe rnetallic

salts rvlric,i.r constitu-ûe t¡re t taltered ciinomitet t cjo not

r'ìecessar i Iy ccnta i n the sônìe an ions as cjo the inso i ub I e

h,rrclr.ogerr salts' Th is is e v icle¡rt f nonr the airo i;rs is cf the

¡rrccJuct ri l'rhcse ci.renric¡,¡i analysis col'responcis to
:'| Ír' /'/\ t ]- rr fi-u. Diges"i:ini'ci-irorníunl (ll¡) sulpieoteÄfglun2\;u4t7 c t _

un,Jer ici errt ica I ccnt'i it ions usecj 'üo p¡-eijûre 'cire ai:cve a lunl inurn

sai¡ i¡¡^ocluces dn insolubie hycl ro5;etr sal'¿ iri'uh õ sulphate to

chr.cni iuri¡ ral ic rìeéìr 2" IJ' tl-¡<': iii'ociuct ij was an a iun¡ inuni

salt <;f the insoluble acicj F,i'cciuceci r,incier these conci i'Lions,

ir shou I cl h¿rve cì cornpos it io¡'r cor- nesponci irrg to i'i | [Cr (S0+ ) ,)".
i-iie -i'crnrat ion of ürì alumi¡rum salt o-i' a sulphatopolycfrroniate

( I ¡ | ) ¿rtr ion r'' ith an ap¡,:,anetrt su lphate 'ùo clt¡^ctn ium ¡'at ío

ri¡uci'r greater th¿lr¡ ì¿ is titost reacìi ly nati<¡nel izecl on ¿he

assurn¡r-t ion tho-¡ var ious sr-r l;;i'i,:topo lyci-rrolnarJce ( I I i ) o¡r io¡rs

are pii.oauce<j in sc luC ion .r¡rc'i that the irydr-ogerr sa lts o{' the

anior-rs r',,ith sulphete to clirort¡iurm rat-ios tiruch ç.'reate¡'tl-¡on

2 ¡r'e so Iub le, v; he' reos, -bhe r¡eta I sa lts such êìs c lulli inum

(lil) ene insolubie, ;li si:rrc-ly c{' the vaniot.¡s aniorrs pi'oduced

in tirese r'ligestiorrs shoulcj Lre possible by seircri-at ing the
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var ious s¡-reç iss L)i'esent ii-r iir<': so I ut iorrs us i nE an ion

exchûrìg.re co lurnris ancj t.irus pi'ove or cì is¡:r-ove 'che above

assurnption" This reseerrclr ioes noi: give a complete

r.jescription oJt the various e¡rioníc poIyrneric species l'onmed

cjur ing 1;ire ci i gest iorr process nor a cctnp I ete cjesc¡- ip'c iotr o1-

the inso I ubl e n¡e-i-.-,r i e¡-'i irycinogen s.r its that are f onniecl in

Lhe cjigestion, ou'l- ¡t has esi.rblisl^,ei rha"E tíre irrsoluble

hydnogerr sal-cs invaniabl;, heve a suiphe;e tc chrcmium ratio

nean 2 ancj thai: poi¡,nt,¡cie¿ln arr iorric s¡-:ecies with sr-¡ lpha-i;e

-Lo chr.otrium ra'cios l;rrg;er thorr 2 cìre I ikel;, f'ormed e¡ii ¡nây

be pnecipítateil{'nom soíution i¡y nietallic c¿ltiÕns"
-ihe cleh¡z<irat ior-r ot' ir),ro lys is o1- 1-ire hycirates of-

chroiniuni (ltl) sr-rlph;r-le is co¡isic'ie¡'ecJ ro occtrr thnouç:h a

senies o'i- condensatic,tr recctiolrs' -[lris [)rocess is corì-

s icjered 'co oe s irn i l¿lr- 1-o neact íons occtrrr inç; in aqueous

solutions oj'chrcmium saits whicfr unciergo fr1,çi"olysi."45' 52

f F this assumption is v.rl ii, tne p),¡-oiysis prorJucts

oi:taine,j uiron cìeiry<Íration o[' ci'tromium (lll) sulphate should

[¡e identic¡rl Lo the products <;i:t¡rined upon hyCnolysis of

ûLlueous clrrornii-lni (ll l) sulphai:e solutions" Fr-rrthernione, if

tire inso luble proi:iucts cb-ie ined in tfre ci igest ion c'fr clrrom ite

r^Jer-e tire lrydroi;u sis 5:l'c'<-it-lcts ês sug!¡este,..l }y Dotvnes ancJ

2
iyiorçJdnf; 'ci'ten the p)/i'o l¡rs is pt-o.-..lucts o l' tire clrrom ium ( | I | )

sulphate siroulci irave sinrilar iní'ra¡'ed abscr'ption s¡.rectna to

thc: inso lub ie ¡:nocluc-ts obta ineci ín the rj i,.*:est ion oii ci¡r'orn ite
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íri-e or o i': ci-ìr-our iLrn ( f I f ) sr-¡ Inl"i¿¡1,e rn, itfr su lphur- ic ac i,-j.

l:i nce ti'¡e ini'raned ab*.c;rl-ù ion speci-r.r oi- l-he-=e v¡rn ious

irrorìuc'i:s .rre ¡rot s inl i iar. one- mu,et aga in corrc lu<je -chat

pi-ec i¡r itat iorr cjoes no1; occirr' ðs ¿l nesu l1; of h¡rdro lys is in

'che <Jigestion o.f' chromite concentnate with su lphuric acidn
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-i-his researcir has est¿rblisheci 'chat the tlechairisni

'f,or the diEestion of chnonrite corlcentrate with sulphr"rric

ac icJ ¡rroceecìs , thr.ouE;ii an in it ia I pnotorr ic ¿lti-ack of the

chnomite li:ti.ice, ilningin.l tlre rite-Lall ic constituents into

sclution in tl-re scìme r.itio .ls they occLrr irr tire lattice.

Ai- su-l-f-icientiy hiçh concen'cnations o.i'aciC a¡r<j high

teri¡:enetures, r,an ious arlionic ¡:ol¡'nucle.an species ane

'FormecJ . and prec ip i1-ate ôs inrso lub le rnet.r I or- i-r5,,1 "on*n
solts" ir,r"ecipitation <¡J'the hycìrogcrn sall-s in the c.,riçlestic¡rr

is f avour-ed by h iglr ¿lc id concentnat io¡r, h i'vh te rnilerûtunes

enci on excess acici iie;roncl 'chat ne<-¡uirecì to dissolve the

ci.iromite. l-l^,e inet¡,¡||ic s¿¡lts precipitate'J in ti¡e cl i'.iest ion

l:tt-c-,cess rv i i I n<¡-{, necessar i ly co¡r'r;t in -Li're s¿-ì!re su iplratopo ly-

clrr-otnate (lll) anions ôls do 'rhe insoluble h¡'cirogen salts,

instead 'ülrer, I ilce ly corrta in an ions tvhose hydncgen sa lts ene

solubie"

The hycJrogen salts ol- the sLrl¡rhatopol,vcirnornaJúe (lll)

anions i.rìóìy ire precipitatecJ undel- corrcjitions oF hígh

tem¡:er"atur-es an,--i h igh acid corìcentre¡tions, eind may be cl ivicjed

into thnee gìnoups. -f he i nso lub I e sa its ol¡'¡a ined f'nom

solut ion ¡lt teniper-atut'es [reloin' lBOoC, constituti ng ihe {tinst

group, inv.rr iai: ly conta in coor-c.l irrated r,^¡ater mo lecu les,

wirereas the i nso lr.rb ie sa its produced at tempe natLJnes of

ZbOo C , the seconcj !.ì roup , conta í n no coord i nateci waten mo lecu les'
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terra<--irnonrate ( l l l ), ll Zlt'.r o( St,o) rJ i s r-\¡'o('iuced" The

thenr:ial ci ecoinposition cF the irisolr-li¡ie i-r¡rc1logen selts

oi:ta inecí at 25OoC pnodLi ces irrz,.-i nogen lentasr;lp[ratotr ichnomate

(li l), li[Cn-(S0, )-]" The ani'rvdrous m.¡tenierls, incluciing' ô' +' b

Cn-(SC,)-, cotrstitu'ce 1-he third Sroup' Structu¡'es
/t ' '^ t

conpatible r*,ith the exirerimer¡tal results fon tlre anh¡'dnous

clrrorn ium (l l l ) sulphate are shown irr Figui es 23 arrd 24"

fhe compouncì HICro(--0, )^] is assiE;necJ ên identical stnucture
r) = r)

excef't that ever.v th iriì cha in oí' 0sSUrCn0"S0rCn has been

rcutiovç:cJ l"roln i:oti-l <t,{r ti'le pararliel sets o{' chains" i{er¡or'ínS

every ot['rer ch.: in ol' 0p50 rCrC:"SÛ"Cr {'i'onr h'r:th of 'che -*ets

ot panallel cirains woi¡i<.1 g ive e ¡:oss iDle structune l'cn the
f ^ r,\^ t -ì

coilpound H rLt-r"/ ( 5t-'/ 1 ryJ "

[jpon pyro lys is, the 'i'irst gnoui] of- hy.jnogen s'r lts

oí' su lpÍratopo lyclironi.rte ( | | i ) an ions lose rvat.en of hyrcìrat ion

¡:t ternperatures [:elow l2OoC, follor^red by loss o'l' sulphunic

acicl' in the tem¡:rena-i:une interva I l'nom 520-4500C' The co-

ordinsted wa1;en rnolecuieS qnÍ'e expelied immecj iately ;rften

los-. of' sulphur ic acicl arrrj is usuel l;., corirplete nean 4B0oC'

The anhydrous chno¡,-riurn (lll) sulphilte t[-ren decomposes

stant inç at -Len",penetunes neat. 520oC'

-fhe secorrd gnoup loses h/ð"er cf hy,Jnat ion at

temperatur-es itelorn, IOOÕC, ancl sr-rlphuric acic'i in tlre tenpenatune

intenve I ol- f)20-45OoC, 'ro {'onnr the product HICnr(:;C'o)oJ

lvh ich stants to decompcse nean 5B5oC to {'ortn the chnorr¡ ium
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(l¡l) oxide, sul¡:[runic acicj, anci sulnhur 1,ríoxicje,

Iipon iry¡'ol ;rs is oF the hexaCecahydnate oi' cirnonriunl

( I | ¡ ) su I phate rvh ich rìcry be lronrnu | ¿¡ted ds

f ,'. I tt .. \ -l ¡ rtLCn(H ZÇ) Ai4(HZSZ0g)g 5 Hr0, ir, ioses íts i^;,rte¡- of h),rJr'¿rtion

at terr;pen¡rtunes be I ow 50o C. Start i nc at B0o C , coond i nated

wêter, arrcj watèt., hy.jnosr,en bondeci to the su lphate anoups 
e

are lost sinrultaneousiy: nesultingl in a series of fast con*

cJens.rtion reactions to prcci uce a pofvmenic ch;lin in which

tire sulph¿¡te iigands 'f'urrction ðs briclg;ini¡ Gt.cuFs and ç,ive

a ¡:olynrer cc,-ntainin<-'Fc,un r¡iolecules o{- ivoi:er per nroIe of,

chnoniium (lii) sulphate. Tiris pol¡zmer- is not stabie at

l45oC an,:.i cont inues i:o lose tvater s lorn, ly up to f f boC r..,he¡.e

the anhy,lrous chnomiunr (l ll) sulphate ís produceo'" provícìed

tLre heal- i¡r<; rate is no 
-c; 
reater tharr 36o C/hr. -[he anlrr.ci rous

chnorn ium ( | | I ) su lphate star'cs to decompose at S,/5a C"
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n design is ¡rresentecl i'o¡- a thenrnoenavitr' [¡alance

usab le to a pnessure c¡1' 1000 p" S' i. The rilass serìs it ive

e leruient is a too I stee i cant i leven r.<i ' ti'le <'i is¡.-- lacei"ne¡rt of

which is riieasureci Lr;, .: iirìean vaniabie ciifi'enentiel trans-

'l'or.mer, Thenmogr.a;ls f'cn the pyro l;rs is o{t ca l c ium oxa l a'ce ,

chromir-rm (Vl) oxide, ant'{ i':iohr'1s salt dre incIucjerj to shotv

tvn ica I nerf ornta nces "

A seanch of tire I iter.rtu ne -bo í'i nri e i-he¡'inog¡r'av itv

it¡ilarice <ìesign r,vh ich rvould enable Lrs i;o stucJy sol id-Ees

react ions c)ver cìr'l e xterirlecl teripereture and 'J!'essure rôngle
lÃ

cjisclosecj oniy one de-.iSrrr 'r:hat reportecJ by iìabatin antj Cand"'-'

l-his <Jesign ernploys a nocji{'iecÍ torsion balartce ils tne riiôss

set-ìsii-.ive elemet¡-t ancj arì op'cical lever - pirotoelectnic cel I

transdu¡cen system tc develo¡-' ð voltage ¡rropot"tional to nlass,

i'cn ai.¡toinat i c necorcì i ng. i,íh i le thei-e is rro quest i on of the

in'cninsic excelience oí'thein ci esiç¡n, the construction oÊ

the i n i>e lance \{ou ld seent to <¡i' j'er a nra jor cii a i len!Ìe to the

¡nach ine sho¡:, i'ac i i i'c ie s ava i I ab le i rr rnost u¡n ivens ity

lairoratonies'

ir, the ptesent ciesi5;n, the lrass serìsitive elentent

is a tool steel cantilever rod, ni¡iclly Í-ixed on one eni ancJ

undengcing var'¡zinE cìisplacen',erlt on the {'ree enci as the

samp le, su pporiecj on 'r:he l'r.ee en,.J , changes mas-s' The oniount
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cl'í:'' c'{ i sp lacetäerrt is det'ern¡ inec'l bi' a I inear' var iab Ie

ii i'i'fenent ia I traris'iroÍ.rìrer (LVÐT) , ¡.,þçse output is cjemodu IatecJ

ancJ {'eci to d recond ii-rgi ¡:rotent ioryie'cer" i-¿ìsv zera a<.Jjust inc

oi- the transcJucen a-Fte¡- clos ing atrd pnessur iz ing the system

ís incorpoi.etecl íri tl're desicl n, ovenconrinç¡ the nre.j or criticism

o{' íiabat in ancj Can.JlU *o the aç-.p I icat ion ol' ar-ì L!'Dì- as d

cr isp lacenrent tra¡rsducer"

The cross-sectional cJrawinç¡ oi- Figure 30 shows che

rnecl'ran ic¿i I ccnstruct ion oi-- the ti-¡ennrob¿li once. S ince necent

pa¡le¡-s ¡-ry ùiervk irk46 a¡rci GannlB o,,tliu" in cjet¿ril varic,us

!erìeral cons icje¡-a'c ions reSìclrcl ing lile cìesign oí' -Lherr¡¡o-

5;revi'uy it.'¡lances, it woulcJ seetiì supei''f-lu¡ ous to repeaL thenl

hene. Suff ice it is to sêy thet the present <Jes iEn is in

he nmony w ith 'che ir van iotls sugges-t ions"
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l-he irnessune vessel consists ol- three cylincirícol

chcìmoers. An upper chanber ['i , with ð ¡.en¡ovable top nlnte,

houses the {'unnace and serinp le ' Cornmun ica-û inçr lv ith 'che

u[]L)er ch.:¡liber through a tube is tfie transducen chanlben S,

f ronr tlre s ide ol' wlr ich pro jects the th ircj c;, i incjr ica I

chetlber", housing tire cantileven rod and its associated

atJjustnrent meclianisms" A reriiovable bottom plate anc'l ô

renlovab le entl p lete penni i'r êccess Lct these latter ch¿rn¡bers.

-i-he ent i¡'e co¡.rst¡.uct ion rvôs f ronr type i!;O4 sta in less stee l ,

enr¡,: f oy ing wa I I th ickness of 0"25 inclul'on the chombens,

0, 50 i nci'r fon the 'i'langes r've Ided or¡l-o the ope¡-r errds of the

chanrbcrs, a¡rci O"75 inch Í'on tfie ôccess ¡rlates" These plates

wene secur-ecl by handeneci stee I cap screws. anC gas-t iglrt

closure was e'FÍtecteci r,rith Te{'lon lt0ti rings.

Instead o-í- us ing {'1,¡t plates on tire encjs o1t the

pressure ciiarribers, they coulcj ¡:lternatel¡7 be macirined to

spher ica I segnrerrts rvh ich wou lci pe¡'rì it the sðr¡e pnessunes

to be containeci rvith thirrnen walls. if: lvoulri also be better

practice to use racjius cutts on the termínatior,s ancj' joinings

oí' thc¿ cÌranrbers ratiren th.ln the n icr ht-hancj cuts wii ich ar-e

shcr,',n on tf¡e c'i nalv inS"

h tripod su¡rport, ¡rot shown on tlre cinatn,inS¡: holcis

the pressune vesse I about 6 i nches of f the v ii:¡'at ion pad on



í: i gr-r re 50

i'r¡echai¡ical ccrl structíon of -bhe the¡.nioi_, ¿¡l¡r¡ice.
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*rl'-' ich it r-ests , F)eFrn itt irrç; acl.ju stnre¡rts to ire nrac'ie thn<;uc1h

the lor^,er ðccess ¡ior"c. usini.; a ntir.roli"cn vision" The

v ibnat ion ¡:acì cons is'r;s o{- seven.¡ l layer-s oí' leacj an<¡' ccri<,

sanci rv ici'recl betrveen p lywooci , arrcj iüoun-i;ed onto (3 concrete

bloci-:. wal i by riçrid braci<ets aniJ rvas oniginoi ly irrtended

to suppont ên arra I yt ica I b a la¡rce "

Caicula'L ions indicate that the [inessune vessel

snould sai'ely holri .r pr¡-essure of about 1500 p.s"io, and ¡t

has been testeci up to | 100 p"s" i" by apply ing oxySen f'notn

a cy I in,len"

¡\ vent ic¿ i quantz rocJ 'i- supports 'che oi ish-shaped

p lat inum f o i I sanip le pûrì on cì tr- ipc':l sulpport I'l in 'che

cente¡' o'i' an elec-i;rically heateci furnace" Fixe<J ol-ì 'che

lrotto¡n of= the quertz noc] is tlre core of a Schaevi'uz Ty¡se

175 ES-L LVilT. Tlr is pant ícu lar LVÐ i- \{ers chcsen because we

had ¿inticipertecJ nìore vibnation bacl.,gnound tha¡r wês octual ly

expenienced, tire ctt¡ìoufit o'i- de'l'lectíon needed is mu¡ch less

tirarr tire linear rcìnge o't tlr is unit" A much shonter nonge

LVùT córn therefore be subst ituted"

irnr¡iecl ia'ce ! y above i:he core , the ciuart z noti i s

supported bv the can't i i ever ¡'c'rci i-i , a jer.ve I -bean íng

su¡-'-,ponted pivct Ð eillowinç.; the c¡Li ar'f,2 rod to remain ventical

rls the elnç; le between i-c a¡rcj tire cdn'c i iever nod ci-,anç2es els a

nesu l'c cft d isp I acenent " As cj isp I ocement-* o{' on iy a '[=ew

thousandths oí' éln inch dne usecJ, th ¡s asserrti: ly is essenL ia I ly
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e s{-ra in cr ôuse" ûr ig in.ll ly i'c iraC been p laiinecJ to use d

qr,rai.-tz nod Jtor '¿ire canti leven, L-¡u-t e)<!.)er ienc.l sholr,ecJ tha'c

a rocJ thin enough to give adequate sensitivity was subject

'co fnequent bneakageo A l0-incir Ierrgth c,ft alio¡, steel

dr i I I roçi (S/SZ-incn d ianieter ) was therr sui:st ituteij arrd it

has provecì to úe h i5¡h ly sat isí-'actony Ðoth as negarc:is

mecir.¡n ica I strerrgth and reter¡t ion of ca I ibrat ion"
-l'lre {-unn¿¡ce in the upper ci'rar¡¡ber wcìs lvound lvith

h.anthai ,"-i wire, i-iacred rvith;ilundurn cement to Eive a

nigicj t cyl indricel heatinçr eienient B, i'hiclr surnounds the

sanpie" l\sbestos fibens ,/,iere ¡,raci<ecl in tire spôce i-retween

tl-le heat inç; e lement anC -t-he tva I i oi' the pnessuPe vesse | "

ülosr,rre oi' the top t{éìs effectecj rvith a i ici /i, l-abnicatec.i fronr

an insu lat ing {'irebn ick, wh ich s its on 'clre pacl<ed asbestos

f ibens" lihe¡i the i"urnace is operatecJ at i000ÖC, very iittle

ireatirrg c¡í'i;he outer- vessel t¡:i<es place" Two ¡rlatiirum

J'o i | ¡'ad iat ion sh ie I ds, in 'clre v íc in i'cy of' Li in F içlune 50

rnin imize ireat tnansfen to the lov',,er sect iorls of the pnessune

vesse | ,

Èlectrical contlect ion'Lo'Lhe he.rtirrg eleme¡rt wóìs

inacje tt,y s I i¡,r¡: i ng û cover ct' Te{'i on tub i nç, ove¡' t¡¡'ass rods

ancl -tirerr lead inçl ,chenr throuçir the rva I I o Ê iire pressure

vessel rvi-ûir Con.lx sealants (Cc,nax Cor-poration, ßu-f'1'alo. r'.l"Y")

with -fei'lor.ì seals, ès shoi.,ri dt C orì Fi5;ure 50"

-[e¡-nr¡erûture in the vicinity oi'the saniple is
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íìie êìsLineci '.ry rneerìs o-i' ô corrven-t íon¡¡ | h igh-tenperai:u¡l-e

tlienr¡iocc,irp le L, lerj in 'cl^rrcu_gh a Conax sea lant l, and

hov inc, ¿ìn expc-rsed ¡: le-r: inlirn, p li:t inum-nl-¡c¡d iunr jurrci- ion {ton

f or'r therr¡ia i lag " ii s im i l¿rr ii':eri¡¡c.¡coup le ei-i;p loy ing a

cirnc¡nlel -¿i i unie I junct ion has a I sa been ent¡r I oyed" !il acerirent

oi" t.he theriirc¡coup le in <j i i'l erent pos it ions g ives no ciran*ce

in tl're tertr¡:-.enatures at ivilich rìassì chançies occLr p¡ incìícoting

th.:t no irn¡:ort;:nt tilenr,i¿¡l grridients exist in the vicinit'¡

o'i ti^'e sornple p¡.ìn.

]-he LVÐT ii in 'the iower conrF-ìartnr.:nt lrróìs liiour¡ted on

¿r ti^ian-c;uiar l.:r.tss ¡-. late, sll¡t-)orte<j n()¿lr e¿cl-' conrìep by arl

i:d.j ust ingl screi\, , one oí' lvl^' ích is siroinrr at Lr, i,Ê rr¡r ítt inç;

ieveling a¡r,-'j ¿ìpÍrt'o><iniô'te verric.rl positioning of the ti'e¡¡rs-

ci¡cer bociy. Cct-'ax fì¡-esslt re sea i ants r., i th rìeoprerìe se¡l I s

were usecj to pûss the acìjusting screr.vs tirrouç;h tire rryalI ot

ti¡e [)resrìune vesse I . T[rnee ad-i ust i nç; sci"€v.¡s ¡ or-ìe oí- r"ir ich

ís shov¡n at I , lri€i'€ used to centen the 'rrênscl ucen c€ise

about the cone. ûnce tire transducer csse i-ras Seen positionec:

it. nequ i res no Furthen acJ j us'l-ine irt bettn,eer¡ r-Li n s , vert i ca I

+rci¡ust¡¡rent of'the ccre {'an zencitrg beiril c-ioire rvith the

carrt i ieven no,-l a<ìjustilient.
-ille'ltixecf er¡ci ol t!',e c¿:n'tiiever noci i-l is anclrore<i

in a sri¡al I bross plete, siro\','n in bc¡-t-h sicje aiid i'ron{- '¿ierv

¿rs F, ivhich i*. in tun¡r suppcrtecl on û F-.ivoj: t^ri, ici-t can rot;:te

in i:¿; I I oear itrg asseiilb I ies f ixed to tl-re carr iage '',1 u The



i96

ancju lan ¡:os it- ion ol' 1-h is stit¡¡ I I plate is Fixed b:, tlre encj

cl" ti-re thneacJed nocj G , crga i ns1: r',i't ici-l it is Frressed by G

'l'irrn coil s¡:r rinc¡ . This nocl c:dn be niovecj horizonterliy by

ncrta'r-ior-r, úeirr1; tlrreedecl -thnc.ir-rgh t¡ blocl.,. orr the encJ o{''{-he

carr iage (+O thneat{s/ inch ). A conax se¡¡ la¡rt, trríì-lr a fiêopri'ene

sea | , passes tir is acijus-i; ing ro<j i.hror-rçh the encl p la1-e r.v ith

,ôr g¿ìs-t içrh1; sea l , ancj ¡rennr its it to be 'uunrre,..i rv ítir the 5-

incir ht,¡ncJwheel J 'lf'ier' Ì:jressure t¡u iiciu¡:', 'fh i-. ve"\r/ s ir-nple

si,sten¡ ¡:el"tn its surpn ís i nç I .v pi-ec ise acjj rrstmeirts c-f' cone

i:;cs it icn r"¡ith no d i f''{' icr-r l1-;, ivhat.ev'er.

l-i,c entine ccrriago ilssenrLrly ci--ii-r be rrcveEJ '!,,aríz<>ntall'z

alonç i,he',i c,vet.lil traci: i b), mecìrìs: c{'.,,r driv<: SCrerv. Tiis

ercJ justrnent rvês intencJeci to ¡l | | or,; coanse .ìd.i Ltstrrrents o'l'

serìsitivit;, bi, ch.rr¡gint tl-le lenE;th o'ír ti^,e c¿'in1:ilever ¡-cd.

Tlrus 'Fan it !¡as been supen-FluoLrs, 'cire I inean Fat'ìcìe oF the

LViIT i¡e ing su{'f ic iently Iong, einci the stet; i I ity and

sensitivity of the other con:ponents sufí:iclentl¡, hi--h that

a ci'rôrnire in nênge is niot'e ees i ly accontp I ished iry tak ing

gneater or lessen -l'n¡¡ctiot¡-* of the cietnor.'i ulator oiitput"

D È iviO D il L.ii 
-¡-C) 

i.i

nii-houçh the oL!'tLìut ol-'che LVDI- is r.:nee-ter thar-r

rn'oiiicì i:e rec;ui irecl fcr= {'ull-sc.lle def lection of ¿l lO-nil'

neccnc.ler, r-h<'- oL¡-Eput signal is put tirrouç;h óìn anr¡:l ifier

stage beJ'ore rect i í'ica"L ion -tc c írcu¡r;ve¡rt the cl ij-t- iculty of
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'i'iricì irrt; ô nect í-i'ier rv i-t-h I in<-:¡rr ci-'iìracter ist ics at lot.,

voitólges" itollor"ing h;rli'-ivave necti'Í'ic¿r-bion ol' the enlplif iecl

signai, a portion, usually l/lZ, is sef ec-t--ecl b), a v¿iriable

poter¡t-.ierl divicJer netn,orl< fcr f'eedin¡; to a l0-m'¡ reconcien.

Tlre clerrrr:<julatr:,n cincuti'c is sr,-i<lt.¡n irs Fi5;urre 31" lt r",i l l be

nol.iceci clrat the reconcie¡'o'"i-t.¡rut. voltaçe {'ed to the recorden

is opi:ìosed ity ô vcrniable voltelS;e tal.:err 'fnctll a ntercurv cel i "

This is û cclrì\1en ient r^.,4), of' set';inçr the recorcler -to ze?o

ivi'reii beginningi a nlt n w,ith "i-he tnar,siucer sliglrtly, r'eiiioved

fron its nr-r I I ¡ro itr'r, to i.j,et intc û nlore I ine¿rr reir'ion, anci

also to el in¡in.ste ti¡e efl'ec-,Ls <-''i' êrlv const¿tn'{- in<iuctive

e{-''f ects be l:'one t he re ct i f ier "

Th is <Jenrociu lai:ot' is pnoi:ab ly rìrone cctrp lex ti-ran

¡-eciuire<i. ln princi!-. le, crs i.here is.ldec;ltate volterge'Fronr

órn Lvil-f in-tiris si-ru¿lr-ion to ,.Jnive a recorc'ier cl irectly, it

shou lc'l orr ly be iìec(ìssany to Îo I lor.i ttre nect ij" ien , even

-Lhour Ch non- | inean, w ith iln iiC c incu it i'rr,rv inçi a 't irne constant

sevenê | 'c iriles üs I otrcl ûs ti-.e <jurat ioi-l o l' a c¡rc le i n tl-re t-Vii I

out¡:r-rt" rVe have nc,-i., yet ex¡-lainecJ oun'Ê¿¡ilure to achierre

satísírac{;ory operation rvith t['re sirrrpler cincuit"

I-he I'eco¡'cier used t{âs a ttr'c-penr l0 nv/clrolrnel

Servoiliter necorcl ing potentionleter (Texas lnstrument Company,

iioustc,n, Texas) '.vi^,ich pertìlitted simultaneous reconci ¡nf-, of

tl-re LViIT ancj -therniocouple outprrts r"'ith l0-inch cjei-lections

on a conrÍion-tinre axis"
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ìtrlhen the porrren supp, I ieiì tc the f'unnace w.rs v¡ir iecJ

b-v f irrean '¡r,:niation af the voltage acnoss the ireaten ir,ith

t irr¡e , r-ne nesu lt ing t irne re¡i¡perertur.e p lots si'ro¡,rsçf orr ly,

ri;odereüe chariqes of' slope" Às th is curvcltut-e r.vas nct gr-eat

errougi'r -t.o be a iranci icep, i¡r ðny rr'cp¡.. we l^¡{rV€ ín m inci , a

¡-e I e¡'c i ve I i, s iinp le nìoton enci geör' box <jr i ve was usecj to turn

a v¡:nídûle autotransfonn'ier, rvitlr a I in¡it slvitci-l eit tlre end

cl' its rarìçìe. This !{tìs f'e<j i-l¡, cì secontj veni¿-¡ble auto-

1-.rarisf crr;en , rnuch i¡r tf'e t'i¡Lrrlrìer use<-i Dy iì" irn,.rn.l 9 [iy

selectinç¡ su i1-oL-¡le çreäi- coiì¡ilinatior':s a lvicJe rênEe cf

ireat i;rS: r'etes cån be se lec-¿eij"
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l-'Ii{Fi. l:ti',.ri'iui ûi- 1'ti a -íäi 
¡iii'iúii¡,L¡r¡iCI

Vlitir the octtorn pl;ite rernove<.j, the'úrerr,scJucen c<ìse

is centenerj codx ia I ly abouit tire cone in tire v ic in ity of the

null pcinr by rrianiL.ulation ol' ti-re six a<ljustinç scret^/s

rvirich cjete¡'rnine its ¡.rosii-iot'1 " ,rs nierrticne<j previouslv, this

ad justnierrt se lclcm neecJs to ile refieated.

As the cien.,c,cju lator is ¡rot phase sens it ive,

deí'iectio¡rs orì ei'Li'rer side o{'the nill I i¡oint ilre not

ci ist irrûrr ishab ie ir;, ti're necorder" lt it, there i'ore, e .:rsy

t<-- ioca-te the nuil loint lry movin!i the c¿rntilever ncci r^¡ith

tne h.lniwheel until ¡liniti¡um del"lecl:ion oÊ the recorclen is

notecl" ßecause ân i-VDT is !Ìener'.rl ly rìor'ì-i irrean irl the

ini¡irediete vicinity cJ' ii;s nuli p-'oint, it is nrost coF¡v€nient

to <:l ispiace tire core cjowntn,ancJ sufi'icientiy to cotire ínto a

linear negiori, Li"r. <"iisplacemeti'c with ti-iis ap1 piìratus being

eciu iva I en-L to about 40 rng in the san'r¡: I e pöìn. -[he neg i on

<:f f inearity c¡f tfre LVDT, in this appôr'.rtus, exten<ìs oven

ír Siìflrpil¿ nìðss irr excess o'ít I g and the voltaç;e clevelopeci

äcnoss 'che 2-nreç; potent ia I cj iv i<jer in the 6Hõ n late c ircu it

is about 1"0 ntv/nç7 load in the sanrple pôn. Since the

necorder usecj gêve i'uil-scale de{'lection vrith iO-mv in¡:ut,

i-c lvás 1touneì corrver¡ ien-t in ¡nost ccise*s to use | /12 aF the

dei'iocl u latc-'r cutput er¡cj to chcose sant¡: les <;{' sucl'i s ize that

the lir{-ìss clrange lvould be o'Í' the orCer o'Í' 0. I cJo
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'vilher, set up ês al-iove, c¿i I iirreit iorr rvâs Corie ci inect ly

b:" tlre acjCition c¡Í'.l si:ccession o-i-'-i'nactiorral tveiç-rirts, and

1-he result¿;rrt ser'ìsitivitv rr¡õìs | "23 r;tg/cii;'rt ciivision (0" I

inch ) , I inea¡' r^., iih in tire un(lcrta irri:y oi' in';er¡,o lat ing

between chant nrai-'i..inç:s" Greaten t? lesser sensi'cívi'cy

can lre obt.r inecl , i f' exper irnerlt,,, I l;, cotlven ieni; , by us irig ð

d il'Êe¡-ent -í'ract ion oí' the det¡toclu I ator output " I ero irrg of

'che neconcJer at dif Êerent pos ít ior¡s u,ith in tlre I inean

nênlre is crccorïrpl ishecJ by apç,lying a counter- vol"Lage in

ser ies rv ith ti-re dencrju laton outp ut" The nìêon itucje of tire

c<;unte¡- vo ltas;e, oi>til inec ftnotii d rrl()rcL: ¡')/ ce I I , is cieterrn ineci

ily the sett- ings ol' tire 3¡" 5- ¿lnd 0. l-rneg pcten'c iorne-r'.ers

Êilnct inn ing ó,ìs v¡;r iaír ie res istons anci '¡; iv irig a co¿ìnse and

i'i ne corrtnol, respect ively"

lrr ir-lr the tr¡:nsciucer core ¡>ositior'eci at the beginning

ojt' -the I ir¡ean neçion, óìI.ì ct[)p,no[]ni¿¡te-sizecj sarirple is then

¡,laced on 1;he sarnp le pêt.ìo l{t inôss is to be lost, the

recorcjer is set neôn Êull-sci-tle cjel''ieci:ion, and bihe¡-e nless

is to be ca i nec by react ion r., ith -tire a Lmos¡:here v¡ i tl', i n the

pressut e vesse | , the t.ecorder" i s set rìeôr- ze?o cj e{'ie c-t i on"

i.'th i le it r.,ou lcj tre possì ii:le to necorcl .t[re at¡soluie rnôss oF

the sarítp I e , Íjnec"be r u se is r¡¡ade oí' t i're se ns it iv i1.v oÍ- the

aF)¡.ì,ar.åtus iiy weighinç, the sarn¡-',le on a b,,il¿rtrce ancl, using

the eirove methoci o1" sett ing, the Peconder a¡r<J an aF,[,-'l-opr iate

sett i ng o'Í' ti-re sens itiv i'c¡' se i ector, recônci i ng olr i ;' the l oss
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or licìii-ì in n]as-qó

¡tiSr; Ll-S

Ty¡ricai plot-s o[ ¡lrôssì anci terr;¡-reÌ'.rture as'i-ur¡ctions

of'time rvere tracec' Êronl the reconrier charts of tire

dpparatus cjescribe,.l <rbove, arrcJ.:ìr'e nept'oduced as Fiç;ures

32, 33 and 34. The ternperature cu¡'ve is eas i ly C ist ingr-r isired

{tror¡, tire loss oi- weigfrt cunve Lry the abse¡ice oi" in'l'lection

po ints. Grl ibroi: ion oi: tire'chennioc:curp les by convent ional

ca | íl¡n;:'i. ic,n ¡rt invan ian-c ¡o ints served -Lo F ix t.i'le te¡rir¡erature

axis"

F içure 32 slrorvs tl-re pyrolysis of- a 0,2-g s.:ni¡:le of

calciunl oxel.:te. -i-he i'irst plateeru, nepi-esenting conipletion

oí'-Jnying, beg,ins ¿lt a ì;<-:nr¡>er-ature o{' Z7'OaC, a¡rci ti're thinC

plateau, cûmpletioir o[- co¡-ìversio¡] to calcium oxide, occurs

at 860o C, iroth ter::¡.'renatures be i nç; irr subs't-arrt i o I acrneerlent

w ith Nervk i .k' 46 l-he center- p lateau , f oninat ion of c¿'¡ Ic iuni

canbonate i:y -tiie loss ol'carbon rionoxide, is apparen'cly

neacneci ôt 455"C, substantial ly lowen than i'Jewkirkrs value,

i:ut ti-ie irregu I or ity in the terri¡:eretune curve in th is

vicirrii;y srigç¡ests rhat oxi<.j.rtion of the c.lrÐon r0orrcxide is

prob.lb ly r.esfions iir i<: 'Í'or tire r ise in sarn¡: le tern;;et'¿ltune. and

senvecj to underIirre Lhe st¡'ess l¿rici by, Net.rl<i¡'l< anc'i by Garn

anci i(.ess 1o"55 on tire ef fect o1' atnosphere and ve¡rt inç on the

sir.lpe of the tirerriofìI'ôtil o
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l-l-:et'nc-Cnõìrri o'l'¡¿.1 i necj b), hc+e t ing' ca lc ir-rnr o>;cl lat.e.
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[-igune i33 is a ti-rermoqt.anì í'or ti're p!,rol;usis ol'

ci-ri-onl iun¡ (V I ) ox icj e uncjen arì oxySjen .ì'ùniosphene c-,1' 2OO

¡r,s" iu /ì precision potentic¡l divider .¡llowecj al l, hali',

ot- cne 1'¡í'bh of the ci¡nornel-¡llumel tirerniocouple ou-L¡:ut to

Lre í.ecj into -tire necorder' -fhus leac'i itr. 'co'the three

teitipe¡Atu¡,e cixes si,ol.,rt orì tir is 1.f-rêFniogPèril" 0xygen is lost

in thnee stepsr l-he r.veiç:,fri iosses in tl'rese step*s being in

the natio 4. lOil"g?iç"00, wl-r ich aerees i*' iti'¡ tne -successive

f.o¡-n¡at ion o l, cr.o0 
¡ z, craÛ 

¡ 2: anci craÜ=, as reponted by

l)
ir,ello¡..'o The ZSB"2-nç sanrple gtave a nesiclue oÍ' 194"8 nrg,

coriip:nnec,l to tire theo¡-et ical val uc oj' I 96" I rfiflo

Figure 34 is a pyrol¡,sis curve fi;n fr¡chrts salt"
-f 

h i s tire rtnognani can ire ten'cat ive ly i nte rpreted by postu I at í n5;

a ciecornpos it ion in tire 1'<¡ | loL' ing s'cepsl

(l) a loss o.l, 4, ond subsec¡ueirtlv 2 more" ir.¡oles of water

pen mo le o'f' iviohn 1s sa lt , lv ith the loss of rnass oe irrg 34" 68rl

of the sarn¡: I e we iç;ht {S+" fe,4. the-onet ica | ) ,

t?,J a f c¡ss cl. I mole of ariiironia ancj lfZ mole of h';zdnogen

sirnuf taneousl),, -che loss o-[-' rnðss beirii; 5.6+/0 (S"eOf, theoreticerl),

(f) tire simuit¿rneous loss o1' I mole o'i- ê¡i,r,iorlicì a¡lC lfZ nole

oi'sulphuric acici ,,cire ûìass loss being 2,1 "29q" (21 "19/"

tirec;¡'etical),

(+) tne loss o'i' I l/2 moles oj' sulphur tr ioxicle t cr:rt-espc;rrd-

i n.c; to a ilrðss i oss o1. is8'39f/t (r's" + Zy'" theoret ica I ) '
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iiÉV i¡,rj t,l- ä,,.iiiu,¡L li',1'S T¡-iiS lS ¡,iiili CüíliP¡iii ¡SC)i\ fLr I Fi lS !"r[l¡ìK

This section ís ac{ded ùs cìrì ùppenciix [recause the

pr-rb I ical; ion by ['lannre I i,-,56 appeaneci on Iy a Ften tl-¡ is thes ís

r,!ias essent iai ly corïpleteci'

Hanr¡re | ín ancj urrr.l5l h.rve invest igated ¡rotass iunr

cirnorrrzal um using ti're -tecfrniques o-i 'chenmoc;r.avimetny,

i n1'naned absorpt i on spectna I ana i ¡zs i s, and conductürìce

tïìeêsurements" iìarr¡rel in50 neponts cr sí¡nilon stucl¡, on the

hydrates o'ir ch nonr iunr ( | | | ) su I plrerte" Conductarìce rneasune-

tnents in C ilute and cor'ìcent¡'ate<i so lutions c--l- the chrom alum

led to tl¡e conclusion tha-b, in diiute soiu-i;ions, ì;he aluni

!l.lve ¡'íse to ltoun on mone ions, rvhere¿ls i¡r corrcen-t¡'ated

solutions the alun behaved .:s a birran¡, electrol¡zte.

l'iiisJnation expeni¡ne¡its si-r<¡x,eci tir.:L the r¡otassiurn ions anci

sina I I alrounts oJ' cat ion ic chi-o¡n ium m ignated to the ce'chode ,

whereas, ntosi, of the chrcim íun¡ and ti'le su l¡.,. lra'ce ions ìr¡er'€

1'ounci at the anode" These ob serv.rt ions , a I one , led to the

cor'ìc I us ion ti-rat tlre a I uni is , t. here l'ore , betten rept.eset-rtecj

by the fonmula il[Cn(SC^)r] l2 [ro0, incJ ica-tinç: com¡, ls¡' 4'ta á

i'oriiiat ion, l-l-rerflrograv inretn ic arra i¡,s i5 oi' ti-re a lum shcws

tha'c 6 nolecules ol= waten are lost i-eaci ily ,rnri äne, thene{'one.

assiEnecr'to tttvaten oF cryst.rliizr-¡tionlt" The iast 6

ino lecu les o l- r,vai;en ¿lre I ost in trvo sep.:nate sta!es , Í inst

4 molecules, Ì-hen 2 ntolecules o'i tvater, The foun ntolecules

oi' !v.rten ôre assurne.l to be i:onci e<i to -Lhe metasu lphate ion
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S0+ , thus beconiinç; cjerivatives oi" or-bi-rosulpirui'ic acici

fi,50^:" -fhe -ú!,./o l¡olecuies o-it r.vater-'f-onrr part ol" the
lL t^',

conrr-r lex to ma i¡rta in octaireci ra I coord inat ion 'i'ot' the

cirrc;¡,¡ium (l I | ) ions' The ir' conciusion is that the ¡:;o'c€rss iunt

clrrornql.rlunr should [re'l-ornrulatcci crs ir[çn(StUHo)r(l-lru)rJ 6 Flp0,

ancJ tí-rat it r'¡ i I I conta i n the comÞ lex ôn ion '

çì t1 l.i,,-.€r,'4

f-l ., (-
¿,

ihe'cpens corriigur-ation was prel"erred to the cis cotrí'il.,ur..¡-

-íicn Lrecause tire trans structune wouId be njore com¡:atibIe

w itl-l the cub ic s'rlnuctune o t al um"

i-iarnreIin3'0 Í-incis tl-rat tí're irydrates oi- chnoniíum (|||)

.sulphate, witir n values i:etween l6 anci iB, lose rrwater of

cn¡,sta||izationtI on rtwater of wettinsjtt iretweeir 35-B0oC,

Lrporl pyrolysis, to g;ive the hycirate rvith an rr value of .4"

These l+ rnolecules of ttwater ojt cnystallizationrl ere lost

betwee¡r I l5-540oC. ¡r cirange in slo¡--,e at I70oC is observed

aí--ter l0 of thes.¿ ir.¡ve Deeil iost, the iast 'f-oun .:ne tl'ien

lost s lorv ly. '[he therrrioç;nan:s show a stab le p lateau between

540 an.j 57OoC, corresponcl iirç; co -bi're anh;,rcìnous c[¡t'on¡iur,t ( i | | )

sulphete" iier conclusion is tha'c 6 tnolecuies of w.tten ône

atteiche'J i¡r ti-¡e i'orn¡ o'i- 3 iì, Si,.: icns , arlothen 4 .lre weak ly+o
bound to Lhe 2 citromiurn (lli) ions, ancj upon pyrol),sis these
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lO er^e lost sirnuitar¡eousiy. The o'ciier 4 are strcircl¡,

bonclecj to -the chromiunr ( | I ¡ ) io¡ls a¡rcj ane lost onlr.u at

h iç,ir -i-ei'n¡:e nôtures '
Tlre tt,,o in'ítrane,j abson[,tiotr ilands at 2500 cm-l

ancl fOOO crn I ane takerì ôs eviderìce.itor -bhe exis'cence o1'

=
0H gnoups irr the orthosu lphate ion ¡-i4sÛ6 . The in1'luence

o{' 'cile wa,rer- nìo lecu les on 't.he syntritetry of the su I phate ion

in the cirtiiosulphate io¡ is eviden-L in t!'rat the;, notice a

clranç¡e in 'cire nurr¡ilen cìfi(J ',:íre ¡tositiorr of the absonption

b.ln<is 'Ênom -ti'rat oì¡servecj í'or 'uhe lì¡e-{.cìsL¡lphate ion' Tí:us,

" I anci v, becot,re act i ve ( 986 cr¡ic-.i 467 .n,-l resi)ect ive I ¡7 )

-tw[-iile ,Z is displaced to ô lotr'en {'recluency (1092 cr¡r "),

rvhe¡-eas ,,4 is J-outrcl i¡-r its Lisuel pluce (6lO .*-l)' /an

exûnì inat ion oí' Tai: ie 6 o¡r pcgie 94 siroivs tl'rat if' v, atrcJ u z

irecoire inJ'n.:red act ive, therr ,Z ancj vn mus'c sp I it into

severa I abso¡-r¡t ion bands" I n cr t-ecent pôþìen bnought to tlre

auth or 1 s a'ctent ion , subsequer:t -bo tlre comp i et ion ol' tlr i s

thes is , iìarnie I in g i ves a nrore de-Le¡ i lecj descr ipt ion oF hen

stud ies on -bire hycJnates of chno¡ir iur¡i ( | I I ) =u lph.t..56 The

corìclusiorrs frotti 'rhis publ ication ôre repno<Jucec'i hene 1'on

tne co¡-ìvenience o'i' the reacjer" in this last pubiication,

tf¡e author reports that iÍ- one t¿li.-es crtFef u | ¿'rccount olt the

construction ot- the absorption celi, orìe ccìt-l obt¡rin etzidence

fcrr ûhe appearcìnce <r'i slrou l cjers at 1 1 35, l l 0B , r092, 1O75 ,
t

ancj I 060 cm- ' orì -ci-re nia in absorp-b ion banci " l-hese irarrcJs ,
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l.rowever, t-ir^rci no assignnreirt in tire pubI icotion.

ilerr,re I in, irr th is l¿r'cten ¡;ub I icet ion.56 conclucies

tl.ia-c ii'ie iryclnates <.ii'cirr'ünriuni (l¡l) sul¡>irate would be t¡rone

coi-rectly i-oni¡¡ula'teci as lC"r(Strn)3 l4 i-ir0J X iirt-, . wire¡-e X

wou ld ireve val ues be'cween 0 .rnd 4, but gene ra I ly betwee¡r 2

ancJ 3" The sulphate group is not bonciecj clirectly to tlre

chron, iutn (l¡l) ion, iiistead, the cþ,ronriunr (lll) ion is

assunled to possess a i-egular rrctehecJnon o.Ê rvaten trolecr-lles

irr its cooncJinatíon splrer^e. [íç,ht o'i'-ti'iese twelve r\rater"

nciecuies {ri'e sirongiy iryciroge¡-¡ bonci ed to t¡:e sulphate

i ii,arros alici ùl-e lc¡st r.eer:i i I-'r uiion ;]yi'c' i),s is, lvllereês tire

oti'ie¡- fcur c'ft the twe lve n¡o lecu les, i;ouni orr ly to tlre

clrro¡iriuii¡ (iii) ions, ôre los'c c,nly at higher tett.i¡:ei-;rtures'

¡+nother tr,vc-l rvateî nro lecir les l',i-' icir comp lete tire 1'ourteen

nolecu¡ies oí'co¡rstitutior-l¿ti water at'e rlot assignecJ an)/

ciei=inite positior-rs" lirus'che strl¡ctune shorvrl in Fi'=iune 3ô

i s a ssu tne'i to ex i st i ¡r the hvcj nate '
ô

tl

Cn

Figune 7)6
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ileprclduc'cior-r oi- i-i ann,eli¡rts l l jiesine et coirclusions

c:eneraleSt?"
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RÊSUMÉ, ET CONCLUJ¡ONJ GÊ,NÉ,RALES

,Les résultats personnek lns plus importanls o.btenus

art, cor¿rs de ce t¡açail peuvent se résumer ainsi :

to (-lne ¿Lu¿e déta;Ilée des mé¿hod.es de préparation d,u

sullate violet de chrome-I I I montre que l'on ne peut pas

l.u.i. attribuer un nombre d'e molécules d.'eøu défrní. L'ëtat
rl'hytlratation .le plus fréquent, auquel aboutissent. les

d.ifléretr.ts procéil,és de pré.parøtion 'ge lrouoe compris
en.tre 76 e¿ 17. Le nrlfate uiolet se prësente con't'nxe un
comple,r'c fenlerntaht ¡Ie l'eat¿ de cons¿ílutìon el d,e I'eatt
tl'insertion. Il semble plu^s covect de le représenter par
la lormule globale [Crr(SO¿)3 14 flr0] { ø HrO, o étant
u.n ¡to¡nhre çariable d'une pré'paration à l'autre, générale'
menl. eompris cntre 2 et 3, avec les valeurs eatìêntes zéro

et 4. l'es I.{ rnoléctrles d'ear¡ de constittttion ne sont
pas iclerrti,ltres entre elles. Elles se répartissent en

deù;x groupes, I'u.n de rlia, l'autre d'e quatre, correspondant
à, deur sortes d,e líaisons øu moins. La disposition octaédri'
qrc des mol.ëcules cl'eau autour de l'àtome de chrome se

lrouve conserçée. Le groupe de quatre nccuPe les positions
trans ¿1, rl.ans le grouPe de díx, huit sont d'isposées døns

le plan moyen des &tomes de chrome, situés au centre de

l'octaèd.re, et présentent, en ntême temps, des liaísons
par < pont il'hydrogène ¡ açec les radicaua sulfuriques,
de sorte que l'on peut observer les ç,ibra¿ions d,es groupes

ãppnren.ts 506T'16-- ou 506Iì.-- (band,es de 2 950,
2 5(10 et 1 090 cnt-t ). I)eur ntolécu'Ies d,'eøtt 'resrcnl encore

sans position prioil,lgíée. Illles Peuçent se trouper à
l'état d'inserti.on dans Ie composë, ou bien seroir de ponts
enlre deu.t ou plusieurs autres ¡nolécttles ile sullate dans I'a

maílle dont la. eonfi.gration resle encore ínconnue.

zo Les su|latcs verts de chron¿e-l I I contiennent égale-

menl'de l'eau en qttttrtl.itri t,uriablc, 11 à 3 nnlëcules, et

les spectres rl'uhsorprion inlrarouge ne Perme¿tent pas de

leur altrilnter t¿¡t rôLe privilégi.é. ¿t détermítú. I"alh¿re
de Ia cottln t.hernogravinrëtrique et la présence de

deut nttt.vítntrr,s srf r la bantle l.nrge de 3 000-3 400 cn¿-l

semblent ind.íqrær Ia présence d'enu liée et d'eau plus
libre, comme on Ie lrouçe chez certaines zëolites' Il résuhe

d.e Ia comparaison. ,Ies d.iflé.r¿pts t1¡.pes d,e speclres d'absorp-
tion infrarou.ge qup Ia. vreparbtr.ot.t' tles molécules d'eat¿.

ch¿z le suÇate uert þoe,ena¡7\ de Id d,éslrydrotøtion tl'u sel

víolel correspond à u.n uft(.tt7pmene plus ordonné que

chez les llllates verts, préparés àirectenent paí uoie chimi-
que. Lø présence de ileuo banàes à I 210 et I 075 cm-r,

Iiée à la díssimula.tion totøIe des ions . sulluriques et

chromiques Q¿s-d-çis d,e l¿urs réactils dans les solutirt¡¿s

recenlmenl préparées, latsse présu.mer que Lovs les grou'
pes SO¡ pgr.ticjpent à l'édilìce clu sulfate vert soús fortrrt:
de ponts le¿La.nl les atomes de chrome en¿re euî.

30 /Vou¡ atrons eaerrdlu ces rést¿Ilal,s à I'ëttt¡l.e ¿¡l¿.s a,'irl+ls

chrome-III polysrrlfuriqucs, I'a prësence, sttr lu" sptclrcs
il'absorption inlrarouge de ces corpsr de dett r Inndcs

à 1200 e¿ 1055 anrr, ¡otnte ù I'ah.torptio,t it,tr,ts. rl.,

2 900-3 000 cm-r, e:ít compatible aç'ec. l'e.ristetrc. rle

groupes hydrogénosulfates HSOn-. I"augnter,talion de

lo, teneur en acide su.llurique, quand' on posse de l'naíde
ch,rome-II I mono*lft,.ríy¿e ¡i, l,'acide chrom¿-I I I hera'
su.lfuríqrrc, ne provoqrì.c pas de morlificati.on.s l¡ru.tal.e.s de.c

spectres. On ohserçe, au contrai.re, un Passãge progressi.l
d,'u.n type d,e. spectre ti.J'a.ut.re, Il se¡nl¡Ierait qrra le srluelotltt
constittttii de ces acid.es so[t < L'Ìrydralè sullocltronriqrtc t'

de Recoura, que nol¿s lormulons SO¿ : Cr 
- 

(l'lS()o)
et qu.i lait apparaître sr¿r ses speòtres dtahsorpti.on les

band,es principales des acides cl¿ro¡ne-l I I polysulluriques
(2 900, 1 0õõ, 660, 574, 455 et 370 cnt-t).

40 L'étude d¿s solutions aqueuses nous u perrnis rle

confrmer certains rësultati obtent¿s st¿r I.e solitle : lorces
d,'associatíon e¡¿tre les ions clvomí.ques el ud,frtriqttPs lrar
I'interméd,íaire dcs ¡nolécules d"eau lorrnant ponl ertlrc
les deu,a éd,iftces, lormtles poltlnérísées chez Ie., sullates
eerts se lrad.tllsanl par L¿rrc rlissimulatiott totale r{¿s t.orrs

chromíqu.es et su.lfrctqtte.s p¡.s-ri-øis de Ieurs rioctils"

I'es tleua tecltniques ¡nises tltt rÈuire pottr l'ëtttdt dtt

solide - 
thermogravinlëtrie et spectrograplt.ie i.'al.sor¡t'

tíon inf rarouge - 
nous onl perni.s d'antëLiorer . nos

connaissan.aes dans ce dontaine de [a chintie ,' ttrais /,'

problème de la stntctt 'a des tl¿u,t: çariétés tlc .sulfute d,'

chrome pose encorc des énigrnes. Certaines potlrnrttt
êLre leuécs, lorsqtt'un chercl¿c¿¿r a¿¿r¡¿ rit¿ssi à ieler l,:s

bases ¡Je la slrttctu.re, pør analvse aua: r(t1ons X, diflrac'
tion d.e neutrons eî. résonan.ce nagrtótique nrtcltiaire (por¡r
cette rlerníère tnëtlnde, Ic. para.mugn,llisno rt tt e hro¡ne

soulèçera d'ai.l,letts dos rlíffathés,). }orrs açotts ëli arrêtíe
oræsí pa.r Le coqnportentent col.Ioídal' de cerlai¡t,'s do nos

iolr¿úiorrs. l,à encore, rtn ou plusieurs chercÌtettrs .splcirr-

I.i..st¿s ic cet état de la ntatíòre pottront troueer de nottt'cattÍ
st¿iets ¡le r<'ch.erches.
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i-iarn¡eI in also su1¡5iests ti^¡at i:he inr-enprete¡-tion

aclvanceci f-or tire notuss iutil cirt'o¡'tì a I utn sircu I d be rnc'c'i'lt ieci

-Lo oe conrpatibie rvith -chis irrterpre.i:eition, thus givinç, L-'otlr

tire ;:rotass i ut.ìl ci'rrom a I urn cìil ,J the | 6- | B hydrates cl-i- cirront iunl

(lll) sulphate sirnilar stnuctLires in lreepin5l wil.h their

s iin i I ¿rr i nl'ra re<j abson¡:t i on spectr.r. The 2457 "n'-l ,

ass ignecl 'co the ûfl str-etch i rrç; v ii¡nat ion in t.ire an ion l-ioSCo:,öö
cJ isei¡-rpeans 1'on ti're 4 hyinate wi'l<'-n<-:as the 2940 ",n-l , ass igned

to the stretch ing -f-neciu,ency t l a¡ltl u T, 
o lj coord i¡rate<j weten

shifts to a higher i'rec¡tieircy 3ø25 "u'-' fc¡n the 4 hyclrat-.e"

-lTire l6IjO cnr-' baird, .ìssigtred to ti"re cl'efoi'rnation no<Je of

,/v.a1.er ,2, s Iolv 15, cl isappeans upon conp iete dehycl rat ion"

l-irese obsenvat ions a¡'e esseirt iel I i¡' icieiri. ícal to thcse

r.eported in th is tiresis" Fur-thenlnore, -Lhe assiç:ntüent oF

tnese b¡¡nds is essentially icientical 'co ti'rose i¡r this thesis.

l-i arrire I i"56 eç;ei in reponts the presence ol' an
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elrsorption i¡anci at. 9¿'O cn1 I iLl tlre l6 irydra'ce '¡ncj ass;igns

th is i:oncl to -r-he ir irr,:l ererj r-ot at ic¡n <¡f a coond inated t^''¡iter

rno Iecu le" l-ire expen inlent.t I resu l'cs 6u¡t I ir¡ecj in th is

thes is si'ror,, tlre iìpi.ìreôPance o'í' tir is b¿lncí at g+O .,n-l on ly

f or 1-i¡e part ia i iy cìehycl na'ced l'ornis oi: the nor'¡-tõl I v io let

chroril iurn ( | I ¡ ) su lphate an,j in the inr¡:ure ¡:rodurcts obt.r ined

in prepcir ¡nÊ -r.he i-rexaclecahydrate o-F chrorn iunr ( | ¡ i ) su lphate

as discussecj irr the main body oÎ this Lhesis'
I

The ba ncls at I 092, 6 ¡ O cn,-' ôre ass igneci to the tg

ancj u 4 , iirrar- ion o'i- the su lphate çiroup and 'che Oarrds at

986 anci 46? cr¡r I t,-, tire vibratiorrs "l ancl uz r'rsl-)ectiveiy,

rvirich, 'cheoneticaliy, ê¡'e infnared actíve" -lire in'tnarecl

activitl, ci -ti'¡e la-Lte¡^ tr,,o bar¡ds is attributeij eitirer to

coup I in<-r oetween tire s"i I pirat.e gnoups ol- to dn im¡rontant

chai.rge ii'¡ tire syrniretny ol- tire striplrate çjnoup ciue to ciistcntion

as nrilht De ¡.'r'ovici eci b)'the l{ater tnolecli les iri tl'ie lat'cíce"

The structune i¡r Figr-rne 37 i'or the ion HoSÛa: si-tows'cire
¡JÕ

sul¡::hate slroup, possessirrg a high <Jegree oí's¡zrnnretn;2, which

;lccorcÍ ingl to iìarniel in, explains tire srrral I nurnirer o'l- bar¡ds

-í.oun,l i.on tire sulphate s,lnoup irr'che l6 lrydnate. -l-hese

conclusioirs êìre not corìsister¡t" First, ij'tire sulphate

sjroup cioes possess a hi5;h cìegree of sytnmetry, then the bands

at 986 ond +67.,r'-i sirouici i:e irr'í'nareci inac'¿ive unless

a I lowecl cii-¡e to a reduct ior' i n s;'rninett'y 5ecause tl1: I att ice

r.ec¡uire¡ne¡its. -lhis is possii-rle only ¡í'tire sulphate Slnoup
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hov in-; ei I i ftour oxvsens e<iu iva ient li, ironcJ ecJ, I ies er iong

¿.ì synirnetn-v aN is o{" the ci-ysta I , g, iv ing ti're su lpl-rnte srolrp

a s íte s)/nrnetry lor''en 1-hatr bliot ob-*enzeci 1'or tlre iso late,J

SnoLrp. The selectic¡n rules ou-blineci L¡), ivirrston e¡ncì t-ial'Êond48

ancj pre-sentecj in tir is Lhes is sta'bi: that a v ibre'c íon ûss ígned

irri'nared inactivity under si'ce arralysis r.'ill st.ill be

infr¿lreC in¿:ctive under 1;he rnoÍ-e nigonous r-ules o{r Factor

group ,:ìna lys is " Th is ríieêrìs tirat ¡-i tr',o i:ands at 986 and

467 "'n-l are ei I loivecJ <jue to lat'¿ ice recìu ineril<.:nts, 1-he

s;zrrirnetr.v o-lt tlre su l¡-''hat,e s ite ís lorver i.l'i¿rr^, Td, nr-esumelr ly

CZr, since oniy orìe ban.j is oi-.ser"zed' 'iot- -bire oZ vibratiotr.

lf ''rh<': s ite s)/nrnletny i s Cfrrr , then the absc r¡rt ioit <Jue 'cÇt 1-he

,rS o ii¡r.¡-L ion shoi¡ [<i s¡: I it into two ebsonpt iorr b ands' i-i oweven,

only one barici l092 c,n-l is a-ssigne<J to the ,S vibnatío¡r'

Seconci ly, if ti're suiphate liç_; .,incÍ cioes possess a lorvet'

s)/rTìrrjetny, as ind icated by, ii-le pg-esence ol' the tt,o barir-is rrt

986 and +6? "nl-l , 'chen tLre ¿rbsorpt ion bancjs {'on uZ crnd , +
shou lcj be s¡: I it into severe i conìponen'rs c-:le¡:,encì ing on the

synrrnetr-rz o{' tl're sul¡-.hate iigand" Sorile o'F tl're unnesolved and

unåss iE¡necj bands neponteci b), l-i arne l in côt'ì eos i l¡, be ass iqnecl

to tirese latten twc vibna-tions, tirus oir'c.lininE a3neernent

,títn ti-recret ical pnecl íct ions ¿¡rrcJ ex[ier iment.al t'est.rlts"
-fr¡e seconci i-yire oÊ s¡--'ectra obteineci by i-iarri'el in,

cor responcJ ing to i;he h¡zclrates t'r i'clr n v€ì i ues i-:el.tveen 4 anci

5, öi.e c;l¡-rncrcten izc+d b¡, the dppeênance o t tr,.,o ve"y Lr road
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ôancjs , rr,hose nl":tx itila <rf pe-arLo ile at I O6O ¿li'itJ | 2l O cll,-' "

The first has iì ver-)/ str onq, clnc{ the seconcl, a rneijiunl

intensí-crr. l-he- latten is crssigned to t.ire i'irst irarn¡r:nic

cf v, r'rir icir is Z X 6lO : | 22O .n'*l , h'iìereas 'cire IOC'C ",'-l
b¡:ncj is ass igr-red' e itirer to il com'n inat ion bcrrìd o{' v, anc.|

v/:467 + 6lO: lO77 "n,*l on to tíre tl vibr¿rtion of the
+

sulphate groupô ì,1 o assignnient is in¿rde i'on 1.;he v, vibna{-ion

oj' the sr-r lphate lir.,arr,j cxce¡rt -t;o note tlrat 'i-he r¡rocli'f-ication

oi. ti-re s5:erctra irr ihe looo l2oo "n'r-l region repnese¡^rts

sorÌre change in the ooncl in1; o'l' the sr-r lphate gncu[io

The ir.:¡rds i¡-t the i-hin'-j ty¡re o1' spectna obse¡-ved 1'cr

the anhydr-ctr-s cirnor¡iuin ( | [ I ) sulphate ar-e c]s:ìigned ôs

f ol lorvs i the tÍ'iree L-¡i¡ficjs a-t I l05, I122, ai-rc1 | l3:5 tnt-l to

the tn ip ly clegener'ôte ,3 v ibnet íorr, three i:ancis of 600,
r--l

6:jO, 690 ",n-' to thal- oÍ' ,4', trvo bands at 445 ancj 475 cm

to ,rZ. A 'oand at 378 cm-l is ass iEneci to tne v¿llence

v ibr^ation of Cn - S , and ¿r i:r¿,¡nci at l2+O .t*l to tire harmon ic

2 o4. îhe b.rnrj at lo?o "*-l neceived óìn ass ignnrent eithen

ta the comilination b'rn<J o-f= uz -i- t/4' on to the tl vib'atior-¡'
-lThree Lrancls at 7s7:B t +gg , and 690 cnl-' , rece ive rlo ass igni-nento

Tire secorrcj tyçte of s¡.'e ctra g i ven by I-ia¡'me I i rr f on the

hycl ra1-e w ith ¿ìn tr va I ue l¡etlvee¡r 4 and 5 clces not col.nes¡:ond

-ta tirose cj<¡scr ibeci in 'ch is thes is for s im i lar n va lues,

lviìe¡eaS 'che bands oi:serve,J 1-cr t.ne anh¡,çi rOtiS cirrc¡,-rium (lli)

sulphate snctv close corresponcjence. i-lolveven, in sui;secluent
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<jiscussion oí. ti-re sl-rectra oj'v¿rnious; cPeen selts of

clr ronr íuni ( | | I ) su lphate, ilan¡¡re I in clescr ibes ti're slecl-nê

oi;servecl f'cr conìrr¡'encial gneen ci'¡rornium (lll) sulphilte and

t.ire !rneen s¿r I t pno.Jucecì Fr), e\./apor;ì'c i ng û so I ut ion o{' the

nonnicì I v io let sa I t -ro cl nyness on a lvater irath , rvh ich ône

essen,cial ly idenl. ical to thc;se reportecì in this neseanch

fon tire flneen lrydra-ces ol' ci'rrornium (l | | ) sulphate rvith n

vrìlues !, reater tiran 4" Hari¡¡el in concluci es that since the

l'our Lrencls i n Lhe neg ion of' I OOO - | 2OO "*-l are essent ia I ly

itjentical to ''cl-¡ose observeci by J.ir' fuiathier'¡ et êlhrr tor the

bniciging sulphate in þ anrniino,l.i sulphato oc1-+:i¡¡rline dicobalt

(lll) clrionic-ie the sr-rlphate groups in'L;he Sjreen chrornium (lll

sr.i lphate ac;t éìs br iclç; iu1; su lpha{.e l i.¡ends. The i-<;ut lrancs

have t-he values o'l': l2OO - I I l5 - lO4O 990 tnt-1" i-ior'rever ,

sorÌÎe amb igu it,v ex ists iri ternrs c;{t e ss i gnnrent o{' tlre i- inst
I

thnee L-¡ands" l-iannre I in ass ig|rs the 990 c,r]-' band to the

v ¡ v iir¡-at ion of the su lphate flnoul anci sugsests that the
I

cthen irancls irrcl icete a stnonci perturrtrat ion on the tetrahedna I

s)/nìnletn)/ ol'the sulphate SnoLtp" In the concir-rsions, she

states - rrLa p".=*,-,"* cie cleux ban<jes å l2lO et l075 "n,-l

I iáe ì la rj iss imu lat ion tota le des ions su | 1'un i ques et

chnop;iques vis-ã'-rzis cie leurs réactifs dan.-= les soluitions

neceiirent prJpu"é.= ia isse p.Jru*"" (.Ìue t-ot-¡ s ies gnouFles

Sûn ne rtic i¡-.eni h I tdd it ice du su i'l-ate ve"t sctrs fcnn:e cle
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pont-s reliant les .¡tr:nles cje círrotne entt-e êLlX"l1 -ihe

bn icìg ing¡ srr lph"lte groups Ìr/ou luj itarve CZ' s;'i-,illetry' and

shouid, i:ccorijini; i;o'che -*eiectic'n nLlies Eiven in -l-.+ole 6,

give nis¡e to tirPee irlJ'nanei:i dllson¡.,t ion ba¡rtjs ôs 'che

CegeÍìeracy o It the u S v ibnat ion is rerioved conìf.] I ete 11, ' The

sifectr..l necordec-j by iìarrnelin is in coriiplete accor-i with the

tireonetical ¡rnecJictio¡rs but it is no-i- centain tha-b l-ianrnelin

aDDneci ei'Les -ch i s f'act"

f-i ar-r;relin56 re¡:onts ês weli the experimental ci at.¡

o¡:ta i ned on the r r chron íilc l'vsu l1:hur ic ec ids' t t îhese íìl-e

i;ire. t,/ate¡- soiuble proci (ic"rs oiybairreci by i-ieai..irr3 solutions

of chroniiurn {lll) sulphate snci sul¡:huríc acicj on a rvêter oath

untii tireV cìne drrr' ticcçr¡-¡in.-i ta hen cj escniptiçn, 1-.irese

ane iclenticeil î:o'i.ire si:artíi-rç naterials usecj b;' tiris e¡uthon

in the second mer-i'locl ol Ðrepðnirr5; l-iie ir¡'dr"oo"n seil-ts of

sUiS>hatopolychn<¡nrate (lll) anions .ìs outlined on page 37"

Tlre resull.s orrtei inecl 'û':t äanrnel in essential ty conf irm i;he

obsenvations rria..je by tiris au¡thon" lt rnay be necalleci

that bak ing these nraten ia i s {-or ¡,''no lorrl-:ecJ pe r iocis of t ime

causecj crystallization o'i- rlirese rrrociucts except fon the

-Ëirst acicj in this series rtcilrornimonosul¡lhui'ic acidrt"

The otlrers all cl-,ozsteillized to Eive a nnocir¡ c'c corìt'rinin¡

ô su ir¡hate to chrcni iunr na'c i<; !-ìear two'

TherriognaV imetr ic ana i ys is ol the t t cirnom ipo l;r-

suiphuinic acidsr r ieaEjs l-larilelin to the cot'ìciusion ti'¡at
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tirese aci<is ali lose õì v¿:ri¿rble alnour¡r,. o1' tç.lten below

I iSoCl the cìnrourì'ú oj' w, ater' íost 'ie¡rencls ¡:r'imar i l¡z on the

lengti¡ oi' tinre they i:ìl''e cjríecl orì the rve-ter Dcìth" The

Inono cìn{J cji acids; shotv a contint¡ous loss in rveiplrt betvreen

lf 0 a¡id 550oC, ciue üo 'Lire sinruit¿ltreous loss o'Íì rvater ancJ

suf phuric; acicl i an incre.lse in the r'élte Ì¡etween 270 ana

32Oôt is eviclent óìs-bire last sulphunic acic'i is lost. ¡1il

oi the otlrer ltchromipol¡rsul¡:hur-ic acídsir lose water

i:elolv l00oC í-ollowecl b¡, loss oi i,,¡rter ar¡,J sulphuric acitJ

l-or the rtchr-ornii,risulplruric aciiil l aircJ ioss <;.[' c¡nlv

suiphunic acid í'or -the'tetna, penti:r.¡ird hexa.rcicl s, belot"'

29OoC" l-irese ¿rci<js ail lose one ntole ol" sulphur'íc acicJ

per mole ci ci-¡romiutn { ll l) suli:hate between 350 arrd 5500C'

These la r-.ten .rc i<js I ose water in i-ire '1-eiìtFenatune intenva I

r.,J' l35O to 550'JC corresponcling; to 0.7 j 0"3, | "Z ! O.3t

1"4 + 0'5 ûr¡d 2, 1 -'. O"i5 i'on tire tn i , tetra, penta ani hexa

acit.l s pespect-ively per ¡rroie ol'suiplrur^ic acici lost above

290"C or pe¡- n¡ole o1" citnonl;Ljrn (lit) sul¡,lrate.

The inl'rared absonpt ion spectrurn oi' -Lile frìono acid

snows ¿l stnong i:¡inci ê't. l060 .,r,-l .l¡ic a sirou lclen ¿rt l2OO ",n-l ,

both beirrç; 6:oorly ciei'ined" Ä slot,, ¡nociif ic¿tion of tíre

spectra stants ur itl'i i;he d i ac id , tn i s spectrum slrows betten

neso luL ion ¿rn<j 'che .rppe.rnrince c¡j' ¡relv irands at 990 alid 885

-l¡-,!crn l-o¡' tire '"r i , tetr¿r, penta ar¡,j hex¿: ac ids 'Lhe spectra

ane well ciel'i¡rec,i ar¡ci show a¡Ssorptic:n bancis at 1232t l?OQ,
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I I 55, I 057 óìnci 9 ¡ 0-860 crt | . Heat irrg these l'rrten ac icjs a1'

ô terrÌÐei-atune of l75nC 1-on 4 ci' 5 i'touns ccìuses lì(i ciranl:e in

the aosor-¡rt ion spectr.r ani t-ìo I oss in r-ve i5l[r-t" -fhe spectna

oÍ,,t.i.re iryrolysis i]roCuc-ts o'i'these acids obl,aineci at 290oC

.ire ali identical arrcj coprespond to ttlrhycjrcìte sulfo-

cirronr ic¡ue 1 t l 'ch is corresponCs to tire coinpound i{ecoura l0

cjesic;nqteci as tr.i;i-re isotrieric i'ontr oit cirronlite'crasul¡:'huric

acitlt l" -ihe spectruni 'í'or I t Ithycirate sui-ftoci-inotiiic¡uer I

si.¡ows tlvo abs.rpii.' i:.1¡ds ¿-rt l215.r'¡ lo55 "rn-l'
ii ar¡i¡elin conclucjes th¿rt, since ail o'f' these ¿:cids

si¡oyi i ní'i'areci absor'¡',t. ion ¡;anCs ch.rracten i st ic of l t l ll-ìydrate

su lf och¡-e¡¡ iç1ue t r on,-j s ince orr ly the weak bai¡ds d isappeðn

in go irrg l=noni one corn¡-:ouncl to tire otl-rer, -Li're ir¡rs ic stnuctune

oJ- 1 t I I h;rcir.f,ùe su i1'ocrrroriii clue t r ex ists o I rea,jy i ¡l tlre

r Ì clrrorn i¡ro l)rsir I phun ic ¿lc ici s t t " Tirese weaker i:a¡rds pnesurnôb ly

èi-e the bands erricjeirt in 'uhe t rchr-omi¡:olysul¡lhuric acicJst t

r,.,1'rich ciisappea¡- uF)on heating to 290oC rviìere I I I thvdrate

suifochnomiquett is proci uced. Furtherirone, since all cl-

these acicjs except -i-ire Í'irst itvo. lose .¡ll btlt one mole of

sulphunic acicJ r.vhen heetecj to 29ooc, and since tl-¡is iast

mo le is tiien iost lretween 3r5O ar¡d 550oC, i-i arnte I in sti!:Sests

tir.¡'c Lh i s ex(:ess su lohur ic ac icj presetrt in -Lirese ac ids

ioes not t-ielor¡g to the s-inucture ol'-i:ire ttllh)rci nate

su l -irocirnom i que I I, The b;rs i c struc'ture'l-or -tile latter

cotïrpou¡-ìd exists for att o{' the t lci¡ronripolysulphunic acidsî |



except ti-ie Ëirst two, airc.i tire 3, 4 or 5 molecuies o'l'

sui¡:,huric acíd r'vh icl'r are lii;erateci after pnecipitetion

o1= tirese ¿rci.¡'s i:y n;et¡:l scits frcrn their solu'cions, dne

clready sep¿ìnatecj in tirese conìtrrourìcls. iìottever', i-iarn,el inrs

concj uct.llrce rìie.rsurefiìeíìts cìn the soiu-ciorls ojt tirese acic-i s

lvou i-j Seem -üo ¡regêlte th is c:o¡'ìcius ion becduse sile re¡,orts

tirat -Liie conci uctance o1' these so lut io¡rs just i í'ies '{'ornlu la-

-cion c,1' ,iresc aci.ls as lir(Crr(st,n)nJ, iloICrrisCo)^J, etc'

!jince tite'rirer-nìo!relv imet¡- ic a¡id i nítnane<j spectnal

arralysis o{' ti're 1 rcirrotriipr:iysu iSrhun ic acidsr r si-rg-cest

tirat -tire dccLirìrul.tion c'íì sul¡:hui'ic acici in ti-iese acicis

dces no't alte-¡- ti¡e oasic stnucture of' tirese acids, arrcj

since'ci-re¡z ali sliolv tl're infnared absorp'uiorr b¿lnc'js o{--

f I I t hytirôte su l'f-clcirnonr ic;ue t t orìe is -uer;rpteci to concuP w ith

i-ianriielin, tirat these ecids ¿ìr'e sirnpl;z rrixi-ures ol' sirlphuric

ec ici an<,r â su lphato conip lex o'i- ci-ironr iunr ( I ¡ t ) rvh ich lras

cì su lphate tc chroru iunr r.rt io cF trvo' l-h is, however , dces

no-õ ntecìn i-iiet sui¡.,hato comFlexes with sulpha'ce to chnoniiu¡n

ratios !,ne¡rten 'chan 'two 'io i-iot 'í'tcrr,t, i)ecause lhe ¿'love

resu i ts fti.]y ¿e ini-enSrre'¿et:i ús en i s i ng '1.'roni a n ixture of

v;¡¡- ious ccliirli iexes iv i-ti'¡ d iFf erent su lphate 'c<¡ chrorr ium rat ios.

|he conÌp iexes ,"', itir r'.¡-i; ios !,reatet' than ttvo rrÌdy a I i c! ecotnpose

upcn iree-c inç, to p rocjuce ti'ie tiìore stab le cciü¡l lex i"r ith a

r¿itio o'l'tL,o" This in'ce,rprel"a-liotr wolilcj tiien üe sutr-

stor¡tiated b), the ¡'esuits obtairreci i''rotn concir'¡ct'ince
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riieesurenìeirts r*,ir icir a¡lpô¡'ertl¡z -c¡irre ev icjerìce tir¿rt tllese

ecicjs ôr'e coorr:l irlation corf¡poun.ls'

-l-ire ¡-'esu l'cs oû'c..r inecl ûy !-i arnre I in, 1-i'rt.¡s sup¡ront

'the cìonclusion, obtainec:l b;' tlris autlror, that tire n¡ost

st.abie i'r¡rtlpoç¡err salt fonmed i:y cJigesting cl'rrctniunr (lil)

su lphate ¡,ith su lphur ic ac icl , iras .r chnoni ium to su lphate

r'¿,rt io oÍt tr,vo, -[hese resu lts alcin sugç-es'r; that ilecoul'.ì1s

r lcirt-orn ipc lysu lphun ic ac idst f nlay ire ind iv idua I chem ica I

si)ecies L>ut rìo con-tr-icution irels beetr i¡iacje to an inten¡-'¡'eta-

t- ion of ti¡c'. ir st¡.ucture afìLl cotnpös i-c ion y i)e 5,s¡1 d thet r.,ii iclr

llas prev ir¡t.¡ si), Jeelr cescr ii'le<i ir¡ b'r¡e i i'cer.-ìtu¡ re' ''r s

su!ls-ìest.ecj in tllis tiresis, a cjei:aile<j investiç;.rtion oí' tliese

etci,ls employinç; anion excirõnS.je coiuin¡-ìs tc seponate ti're

van ious arì ion ic s¡tec ies Í'ornte.ì i¡r i:he ci içest ioir l¡ay ile

veny use{'u I in -Í'unthen character izat ion c{t tirese acids"

Tire êìss igrlrrtent o{t the -i-r¿o b¿rnds obsenved at i 200

_-lan.j ru5Ð crïì t<¡ in'Í'nane<j absorpt ion by the b isu l¡:hate

rr,'^grou[:ì] n--\uil l,or ItIthycJnate suifoci-¡r.onriclur etI is not in

ûccord ,,,itij ut'," ass ignrr¡ent riiacje in th is the s is, if the

i.ltter is 
'.¡"r,1 

ic;r l -i-o i;i're pr"otjucts st¡cir os [- anc'l iì

describc'cj in'ci-tis -i-Íresis. 0lr€ ntust corìcl ucj e thct thev ane

icJe¡rt i ca I ilec.¡use Liiey corì'ù.'ì i ¡'ì tile soirie su I phate to ci-r rorn ium

nat ios o-i' trrc arrd be c¡ru se Lire,v conta i n coor'<,i ina-Lecl lvaten

rfrolecuies v,rhich dre ios¡ only ¿rí'-Ler the sulphuric ¡rcicj hcs

beet: exÞelled,



ii.¡rir¡e I in ass içrns 't¡re bai¡ci s .l'r 875 ol- 860 "nl-l "

IOFS anc IUOO "n'-l to abson¡rtion r).v ij*q0+- ¿¡ncì 'ci'ie bancjs at

9lO and l¡55 .,',*1, ¡-ran-ticu larly in the last tt^'o acicis in

ti,e ser ies, to absori.r'c ioir by l-lZS04" These ass ignnieirts ene

reacìily.justif iec.i because cs lì¡ay ùe see¡-ì in FiS:ure 27 and

-l-ab ie Bosu lplrun ic ac id does h.¡ve strong absorpt ion barrds

ir, tírese variol.¡s reg¡ic;r'is. iìcr.vever, the s-i-r'ongest aOson¡rtion

baird oùservecj for su l¡:hut' ic ac i.j ís celrtereJ ¡re¡:r | | 65 
"r.n-l

.o; ith '¡-r.vo stronE if .:nds ot B5O anci 871 .n,-l , Tiie ia'¿ten

two liìrrcl s ei-e evítier,t iLl'che spec1-rci 1t.,,' ¡:otessíunl cin.J soriiunl
.4.<

trisillphate.'''' Sirice I t i lir¡z.irai-e sul'í:ocirrotliqueI I cíoes irot

shr;rv these la'cte¡" ua;¡ .J-* <lt1d s i rrce the tlrro bc¡niJs ô'c 1055

e¡ci l2OO "u1*l 
are the n¡ain al'lson¡it ioir ¡-,'clncjs ín i;hese conl-

t-.oun<Ls aiid ic n<¡,-i: si-lot.r ti''e sairÌ e ¡'e iai ive irltens it ies as

obse¡.veci in the spec'ür'uríì o'l' sulprhuric e¡cid o¡'potassium

eiid socliu¡n i¡isulphetee one n'¡õìy c¡uesticir the v.llidi'uy o{'

ossigning trre lO55 ancj l2-lOO ",,'-l bancjs to abson¡:,tion by

i'iS04- groLrFrs, Coorej i ¡'r¿¡t ion ol' thc b i su l phote grcul:rJs rvi l l

pi.oduce c'iranç-r es i¡r ti'ie (lbsorpt ion i'rec;uer.;c ies 'í'on tfrese

L roL¡i:rs, irut oile tiou l,:l expect ti¡at coorcj inat ion o'l-' i-hese

€ìncluËrS shotr ici resu|'ú iri a Ictver J'orce conslari-t 1'c¡'tile 0l-!

bonrj ¡:r-r.¡J nesir lt, ti,eref'ore, in a shil-t. of tí.¡e ailsorpt ion

band tc¡ lot.,en {'rec¡uenc ies.

liovin.; establ isiiecl 'chat the spectrunt -Êor I t l thy<Jrate

sr-r i{-cchront icue I I is cJile to b ísu l¡-'ho'ce glroll!.rs and hav ing



es'L.lbiisherci ti',at thc¡ sr-l li.-'i:ititc, to ci^1 t'oiììiunì n¡itic: is'ct"'o,

iicìr-nrelin pr-oi.ioses 'õir¡¡ 1- this corrrpcruilíi Ini'ì)/ ire f'ctr¡i¡ulai.e<i

::r" r' - r I anci tilay it¡¡ve'clre fcIlot''irrt' stnucturecl S ;iLL.f \.jtr4/Z-".1 (illt: ¡i¡(l y íl(¡vE LI¡ç ¡uI ¡L¡r\¡ ¡r*

.. .-Cn:Sjüo" " "ii-SrCoCr:!ìt')4. "'Ë-l-SC*Cr:" "' i n ruh ich -che ch¿i i n

is he lcl tol:ei;her by h5,rìroEen borr<1 irrS; bett''eerl tl-re contFronents

oi'tlre cirein. Tlris sti-i¡ctui re <Jces not shoi'r tlre preselrce

of orìy coo¡-Cinated h,aten molecr:les in'che stnuictune, tlrese

rnust be presei'i'u i-rec¿-ruse r t I t þyc-ì r¿lte sui l'Focl-il-onl iqLle I r loses

rvêìter wl^, icir riìust L:e coorc! inatec t,,¡rte¡' bett"'een iJSO anii 550oC,

dccorrlin5; to i-iarr:¡ei in and -this autitci"
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