
An~orl~l~ous and sonlicrystallinc saml~lcs cd titaniuii~ ;lntitllOni~tC IlaVc Ixcn 

syntlicsixccl 13jy misirig Solutions of titanium (IV) clihriclc uncl mtimony pcntn- 
cllloriclc of clil’fcrcnt conccntr;~tions iI1 Various volume ratios at a. ccm~txnt pH of 
mro. ‘1‘11~ sclwtivitics for ttvcmtj*-scvcn metal ions of four clicn~icnlly diffcrcnt 
SalllplcS IlilVC lXXl1 cori~pwwl. I I< spcctni i.Llld tl vrducs Ior titiuliulll :mtinionatcS 

Iin\*c Iwcn C011lpi1rCCl witli tllow rcportd for ilntinlonic acicl and sodium ~~lltitll0niLt~. 

It Iias lxxn sliowm cmrlicrl tlixt titiltlitllll antirlmixtc is a good ion cscllrmgw 
wl~cn sticl~ fnctors x8 stubility in dkaline mcdiuiii, thcrnial stnl;ilit>- itnC1 potcnt’id 
for tlw separation of inorganic ions ;irc tnkcn into a_xmunt. rt IKLS ds0 hxn rcportcd 
tll;lt tllc pH at \vllkl1 titnnium i~tltinlC)tlilt~ is syntllcsixcd is critiixl for its sclccti\*ity 
for inorgmic ions. l’lic sclccti~*ity for nictul ions and tllc cstcrit of crystallization 
of tllc inorgf;mic ion e.scllmigers IIn\? lxxn rcportcd” to lx dqmicht on acid conccn- 
tration, tcmpmxturc of tlic ccluililwnting solution and tlic pcriocl of agcing of tllc 
prcduct witli tlic niotlicr licluor. Ho~vcvcr, tllc effects of clilutimi of pil.rC!nt reapmts 

mcl tlxir voluiiic ratio of niising on tlic sclcctivity, conipositicm, stability nncl cstcrit 

of crystidliz:~tiotl of tllc oscliangw l1iLVL? not lWct1 clctcrnliticd. It was tlicrcfmx 

clcciclccl to study tllcsc fiKt0rS lvitli Wspcct to tllc s;S*ntllcsis of titiLniUn1 mitirnonntc 

cstcnSivdy. 

15 ‘:;, (w/v) titiLlliutl1 (I\‘) chloride (14,D. 1-I.) iuld mtiniony pcr~tacllloriclc 

(clctisity 2.3 g/nil) (13.D.H) solutions wwc clilutccl witli .jAI liyclrr~cl~loric iLCiC1 to prc’p;Lrc 

solutions of rcquirccl strcngtli. .A11 otliw TWl&$!ntS wwrC! of An;dali grnclc. 

,/. C:/lJ’l)))/clt(J~)‘., k.! (1c);l) .IJ r-.,.sS 



qij3 >I. ~~L~I~l~SIII, \‘. 

:I p/wnrllls 
:\11 13lico ~~I-~-lll~~t~.!r’ Ill~KlCI 1.,1-X0, il I3ilUSCII ~Llltl ‘1,01111~ Spcxtrmic-20 

lllc!tcr, il tL!lll~~~!r~ltll~l!-~~tIlltl’OIl~tl “Sko” SiIiLliCI’. illlC.1 iL Pllilips C~LIlll!I’iL kvitll iL 

S-IYLJ* unit, \\‘1:1’C! tlSc!Cl fO1’ ]‘I4 IllCiLSllrCIll~!ll ts, r;l~(.“:trc.)l~ltotorii~~!tr~., SllillCillg iLllC1 

S-riLV stutlic5, ros~w~~ti~*cl~*. A l’t!rls.in-13lmw hIoclcl 1x7 sl)cctrc)l~llf.ltr)il~~t~?r \VilS 
uSioc1 for II2 studies, 

Solutioiis of tlil’fcrwt ~‘~~ll~i~lltriLti~~IlS of titilllitllll (II’) c:Iiloritlc iLIlt antinmiy 
~~C!lltiL~:IlI(J~iClt! \\‘CW nziscd in tllc! \‘0111111~~ KltiOS iIS gix*c!li in ‘I‘iLl>ll! I. t\llllll~~lliiL soltitiru~ 
\\'iLS tllcll ~Lclflctl clrop\visc: t\*itlt c*cmst;lnt sllaking until tlic! 111~1 \\‘iLS mro. :\I1 otllcr 
ClCtililS frw tllc! s!*lltllc!sis of titiLllitllll iLIltilllOlliLtC \vcrc siniihr to tlloSu Ki\wl in mir 

cxLrlii:r ppcr1. 

‘I’lic ~:oil~~x~siticm, l’l-I titriLtiollS, C~llCllliCiLl stabilit\* iLllC1 i~~Il-L!Sl~llilll#2 c:apm;ity 

uwc clctcrniincxl iLS lVpcll+tctl c?ilrlit!r ‘. I;or S-riL~‘sttlr.lios, iiic.lic?l-liltc~i,~!cl Cu-I\;‘?, riLcli:Ltioli 
\v;is usocl. ‘1’11~ ICI+ rlisv llwtliocl \ViLS llscd for 113 studios. 

S;Lrnplos A, 13 and 1; wcrc found to 1x2 UllStiLl~l~ in tv;ltw and clilutc solutions 
of riiiiiwnl acids and wcrc not suitable for colLlllm o]IcriLtioll, while Silllll3lW C, II, E 

and G wcrc clUitc str_Lblc in \\‘iLtC!r, organic snlvcnta illltl :Lcicl wllitiolis. Solnc of tlic 

prc-qxrtics iCrC .sUTllllliLriZd iii ‘I’iLl7ll~ I. 

l’lic CllClll_iCiLl coinpositic-m, iOll-cScllilll@! capacities :~iicl cllcniical stahilitics 
arc rccorclccl in ‘Table r. ‘1.71~ pN titration curves for sc~tnplcs A, 13, C, II, E ilYlC1 G 

scwni to sllow tllilt tllc csclwigcr is lllCNl0fUllCdi~llli~l (Fig. I) or tllat tl1c liyclrosyl ions 
arc t;dscti up in iL Iiyclrolysis process. 



1 
70 66 62 56 54 IO 46 42 38 34 30 26 22 18 14 IO 

Fig:. 2. S-ray clilTr;LCtic~ll 1XLttCl’IlS CIC titilllilllll :~rititilc~r~;~t~~s. 
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It 1 ‘rcsctit work wit11 1:11. 
I* IT0 ASI3 ;\l3l52 \vitlt (‘II. 
c I-lASn\Vnr.‘~ ,\SI) I<lSs.’ \vitll Alar. 
1’ IJ,\ls’rsl.ls ,\SIl I rltv?;“. 

Our rcwilts sl10\\’ tllilt iii i~clClitiol1 to tllc! avid c~ollcc!lltri~tic111, tL!lllpCXYLtUr~ 
illlC1 ilgeillg pc!riocl, tllc ~:ol1Celltriltic~ll of tllc piLII:llt lX!il~:cIltS atltl tllcir lili.silig I’iltioS 
iWC ASO illlpr~rti~llt fiL(ltOl’S iii tlli: sJ*n t Iwsis of ills Jrgilllic im-c.scllxiip IlliLtt!riiLlS. 
‘I’llrrs sa111plc 1:, }WCpiLlX!Ct lI>* inking 0 ,3il'f solutiolw of titi~lliUlll(I~~) cl~loriclu illld 

iintimoli~* p_!lltiLCllloritlC in iL \~f~llllll~ ratio Of I : I, is till! IllOSt Still>lc Sil,lll}JlC. ItS 

;~tomic i~l'r3.llgclll~llt is llmre rqglliir tllilll tll0Sc Of otller Si~IlllJlt!S IlCCi~USC of its cr>*s- 
t~~llilu: llCIIi~\'if~llr. 'I'IIC lligllcrw VilltlL! of tllc km-cscl~angc Cil]X’lTit)’ of SZllllpl~! 1: 
(‘l’ill)l~ I) COlll~>illl!Cl \Vitll tllOSC! Of tllc otller Sillll~~lCS COIltiI'll1 tllis filc‘t. ‘I’llt! iOIl-C!.XC’lli~ll~,lc 

CiljXLCitjF of S;LlllplC 15 is, II( wwwr, 1CSS tllall tllilt of antinlonic- ilcitl, possibly chvillg 
to tllc! ilh_!lll~C? Of free mtinwiiic ncitl ii1 titiLlliUlll iLlltilllOlliLtC. 

‘I’llC S-TX~ studies SllC)\V tllat Silllll>l~S C, I> itllCl 1; IIXVC t\Vt) l>lliLScS: (I) titilllii* 

osidc CLlld (113 titillliUlll ~~1ltilllC~lliLtC; col'rccipitntiori of titillliUlll I~~~clrc~sidc with 
titmium illltilllOllilt~ lllil>* tlwcfrm Ilil\‘C occurred. ~iLIll~~lC G is illlllNJ~llC~US iIllC1 



-t3(‘; 31. ~~:1ws111, v. KU~I:\IZ 

sl~f~*s gel r:lmxr.:tc!r ;LS it nxs prC~pmxc1 in clilutc wlutims., ‘I’ltc ,d v~ilncs for tltc 

s;I:~i~ic.:ryst;dl inc! wm.1~1~ 15 arc: SiIlliliLr to tl1oso rcportcxl for ii1ltil1l~Jllic xi4 A-tcl 

;i1~tir~u~1~~~ pcntositlc2. ‘I‘llC II< Spl!CtriL of titillliLl1ll illltillll~1l~l.tC SllOW four rX!XliS. 

:\ l~rOilCl I>Ut strong ]ICill< ;lt ~LlX~llt 3ZJO C1ll"l is tlw cliiLr:lctCristic strctclliilg vilzLticJn 

tJf COOI’CLiIliLtCCl \vZ\tc!r tll.~~lt:r:L11l!S. 2l SlLitrl3 IICill< at I.600 Clll” cmm.~sJmt~cls tf> tllC 
Clefm-fimticm vilxxticm trf froc w~tcr ~i~c-~lucx~laS, wltilc! tlic sllarl~ 1xm.l~ at rqoo c~ii-~. 
is rluc tn tllc c~CflJl’1~‘l.iltifJll vilxltic~ll f Jf Iiytlrosyl poiips, ;\. I>l’f3;lCl illlC1 \VC?al< I)C;llC 

;1t _pm-SW cm-’ ina)* cc~rrcs~~rm~l to Ix.Jth tlic Ti- 0 stwtclting (.jOO (:ili-l.) xiici Sb-0 

strutcl~ing (62-j c:In-1). ‘l’lic cJ\*w-lapping of tlicsc: t\Vo sirllili.lr frcclucnr:ic.5 lllil>’ Iic 
ruspmsil~li: for tlic Im aclntss (I( tllu lx:;il; ilt 1~~w:r frwlucmc~*, wllilc tllc: I~rcXlClcllillg 

of tllu I’lCilk at 11igl1cr fl’w]LlUllC_\~ lllily lx rluc t11 tllo strongly ~:oor~lin;itd water 

lll.o~i.!CLI~cS. It Ill:l!’ tllc:IT?fcJII; IIC Slid tIlilt t]lc: COllStitLiti~JIl Of titiLllilllll illltilll~JIliLtC 

(SiLIlIlJlC 13) i s siinilw tcl tl1;Lt of iLlltillLc~lliC il(;iCl wit11 the :iClditicJii;d incorI)“r:~tic.,n 

(If titiLllil.~lll iltOlllS;. (.)I1 till! t)ilSiS I.Jf C~l~!llli~il1 ~.~tJ11l~~~OSitirJIl iLl1f.l tllc?sr: rJl,sl~!rV~iticJii8, 

tl1c filcJSt prf~lx~l~lc structiirc! of tllc: sc.!riiic:r.\~st~tlli~i(~ titxliiitm iIlltilll~Jflllt(? (sinfnplc I<), 

I-I ,‘l’iO,.SbO:,. (01-I) :, CiLll I>C gi\‘cri ;lS fl)llO\VF: 
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Ku! valws; tllis clc\*ia.tion may 1x2 clue to the vmyhlhf composition and conditions 
r.)f prcpnratim of tlw san~plcs. Tlw pI-3 at \vliiclL tllc syntlwsis is done is tlicrefore 

~nrw~! in~lxxtnnt tllnii tllc wrintim in con~lx~)sitim with rcgarcl lx) tllc rcvcrsal in 

Ku! \‘iLlllCS. ‘l’llis conclusim is suppmtcd by tllc \vorli of VlSSlXY ASI:, 1’15Kh12J51C’” 

on aircotiiutii l~liosl~l~;~tc, Tile annl~~ticnl utility of tlic scmicr_ystallinc tituniutn 

a.ntinmimtc IliLs Ixxm illustr:Ltccl by wllicvin g Sollle illlpOlTtiLllt scpnrations Of ItlChl 

ions ELS slto\vn iii ‘l’:~l~lc TV. From tllc xwil;hIc tlilta, it is not possible to say wlmtllcr 

~atnl~lc I< is titunitim mtinimatc or G*llctlwr it is \vl~olly or lmrti:tlly ;L niisturo of 

titmi ium il.llCl ;uitinionj’ miclcs. 

\Vo t11a111; m, S. RI. 1:. l~I~Il.\l:\S, III-. 13. I<:\>[;\ R.w, (12. 12. J,. I-r~~tll!l~al~~Ld), 

Prof. Al. V. C;I:O1~C13 (I. 1. *I’., I<iLll~~L.lr) for I’CS~!i1tX:ll, S-ray illld II< fwilitiw. One 

of LlS (V. I<.) tllillll<S C.S.I.R. (riiclia) fol’ fill~ulciill IlCl~~. 
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