
X 1MuCly Cl'J'StiLllillL! titanitllil tUllg.‘;tatc Sn1llplC tvith IL ‘I’i: IV IYltiO Of I : I.3 1lZL.S 

Ixxw syntlicsiscd by mising o..i :lr sc,Irrt’icms of titil.lliC cllloricl~! ; mtl sodium tungstatc 
in tllc \~0l~lllU~ KLtiO I:: I . :\ftc:r procipit:Ltirm ;Lt 131-I 0, tllu prccipitatc f>i>tiLillCCl \Vas 

rcllrtsc~l lvitl1 its motliw liquor for 12 Ii. A COlllp.I’iSOll r-)I tllo icm-csclinngc propcrtics 

of tllo \‘;LricmS tit;~tliuill tUllgStiLtl!S Sllo\VS tll:Lt ;LS tllc! \V:l’i riLti0 illCl’CiWl5, tllc clicmical 
StiLbilit\’ iLllC1 if)ll-CSl.!lliLll,~l: CiL1XLCitJ’ (ilt _CO” CLllCl IO3’:‘) iLlSO illCWiLSic urltil tllC CiLlXLCit?’ 

I~L!CI.~IllCS iI lllilSilllUlll iLt \V:‘l‘i =z I, I. 

Solno stuclics Imve lxx11 1 qmrtcti ciUliW** 2 on tllc sjmtlicsis mlcl ion-c.SClliulge 

propcrtics of titu1litInl tUll@tiltC, It is clillictllt to s;Ly nlucli about its structtlrc until it 
Iias cr~~stxllisccl 0r unlcm it is crystiLllinu. Hcwc’vcr, dcspitc pcrsistciit efforts, titiUliUll1 

tUlljiStiLtC! COUlCl IlOt IIC Cr~sti~lliWCl, iLltlloUfil1 il poorly crystalline IJIliLSC WiLS C~bti~ill~Cl. 

‘I’lie prcsont rcprt .s;UlllllliLriscS rmr results on tliis mmplc nncl corrclntcs its propcrtics 
\Vitll tlic 0tllcr’ titanium tUllgStiItCS sylitlicsiscd ciWlicr. 

All tllc cl1c1lziC;rls usccl \vcrc :\lliLlilR grade from 13. II. I-1. as rcportccl earliwl 12, 

For IR, cliffcrciltinl tllCrllli~1 and tl~crmo~ril~~iIiictri~ il.ll~l~Sf3 and flnnic plloto- 

m?tr_t*, iL Pcrliin-Elrncr IIZ s~~cctropllatonlctcr, iUl Aminco tlicrnmmnl~scr (U.S.:\.), 
and iLll Aimil flanlc pllotonwtcr wcrc) Usccl, rcspectivcly. Otllcr lllC!ilS1ltXlllClltS nwrc 

carricct out as clcsct-ibecl wrlicrl~ a, 
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.s_\*~~ltt~wis oJ’ liltrlti,,rtu trt~r~.~ltrf~: 
3 1 of 0.5 ;IT titanic d~Ir.~riclc (tlilutccl frcml in 15 I’;, TiCI., Sl~llltiOIl l.~OIltiLillill,~ l_j 

I-ICI) ~lllC1 3 I of 0.5 j11 s~lclium tungStatc sr)lutioii (wiclitiocl \vitll 100 1111 of c7rilc*( 
tratccl l~ychcl~loric acid) nwc ~varinccl s;Clxm~t~ly. ‘l’lic titanic c:llloriclu sr~luticm 11 
tllen Slcnvly :Lclclwl to tllc xcicliticcl sodium tUll~Stiltl.! wlutirm (\*oluiiic ratio I : 

A ycllowisl~ gel \ViLS fwrncrl wliicli \vas Iicutcd to Ix,ilirlg wit11 umtilincnis stirring 

IO II. ‘I’llc misturc \V;LS (X~oletl to r’oolll tolll]m3.turc illltl tllc Sl_l]Wt’ll~Lti~llt lirluitl (1)I-J 
0) tv;LS clc~;ultccl orf. Tllc }VccipitiLtcs \vcrc tilt~rctl under suction imcl clricd at qo” ;L 

So” s;cp~watcly (sa,inple I\‘), ‘1’11c!>* \vcrc! inlriwwccl iii 3 M iiitril.: wk.1 for 24 11. 13s~ 

of t1lC iKid lV:lS tllcll 1’(!111r~VcCI by \v;islling lvitli clcniinu~;llixctl \V;Lter. ‘l’lic ~NI!cipitil' 

U'cI'c tllc?ll clricxl CL@Lill il.t tlwir rcspcctivc tc~1llpcriLttlrw. 

I’l’O/W1 iC!S 
(:lICllliCtil NI1(II_\‘SiS. ‘I’lI(J titilllitllll iLllCl tllll~St~!ll riltill \ViIS f(~IUlltl t0 IN! -3 1 _I 

an;iIysiiig Sillll~~lC! IV IlS ClcWl ilwtl ciLrlic.!T2. 
(~lwu~ic(tI slribibily, ‘I’11c purpose ! Of clrJ*iiig tllc! ir~ll-l!SC.~l1iLll~:c! IlliLtCr’iill iIt 40 il 

80” \VilS to c~rmlirni tlt;tt clr>*irig ;Li’fw:ts tllc! stiLl>ilitJ*2. 50~) 111~: sxnrl~lcs \v(:rl: (liar )I\ 
iii 50 ml of nxter. nitric mid, Ilyclrc~~l~lwic: iWiC1 or I’orrnif: iLC’iC1, w.loptiri~ tllu earl 
n1ct11cd2. ‘I’110 results arc Sl.llllllli~ri~cd iii ‘I’ill>lC I. ‘1’110 \*;llUc!S Of l~llc.!llli~:il1 Still>il 

ItSCCl IiLtcr iii Fig, JO ilI’C! tilkl!ll front ‘I’iLl)lO I iLd I/Z (iLllll~llllt Of ‘I’i Oiw~l~wl -/- illllOI 
of \\: rlissol\wcl). in cwclcr to sinll>lif>* tlic tigurt:, 
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‘I’IIC S-riL.5’ pXttC!l?lS Cl0 Ilot gi1.c <]llalltit;Lti\‘c WsUltS l)CCiLUSl! tllc S~llIll~l~: is 1lOt 

VW>’ Crj~StiLllillc. :\S tllc tCIll.]lL!riltUt’l? illcrciWcS, till! i0ll-C!Sl~lli~ll~~ capu:it\* CllTC’r’CiISOS 

1lCCilUSC Of till: SlO\\’ fcwm;ition Of l:I+~‘StidlillC nsiclcs. SiI,lll}~lC! I:, wllicli S]lO\VS iI tlUllll~l!I~ 
of lint!?; in till? S-ray spwtruiii., is it Inisturc of r~siclcs c>f titiUliUll1 illlC1 tUIlgStcll, 
siticc tllc tl springs of most of tliu lines cwinciclc! \vitll tllc ].Mtt.cft’llS d \\‘O:,(:\S’l’hI 
ciLrC1 No. fj-03b.J) ant1 ‘I’iO, (:\S’I’31 GlId X0. ,3-O;#O). ‘I’ll0 fi)I’lllilticr’l d osidcs ilt tliia 
tc~lllpcIXtur’t~ is also suppwtccl II>’ tllo ‘Kc\ iLIlC1 I>‘I’:\ rcSUltS. 

‘I’llcIT arc tllrcu l’Cill<S in tilt! II< slxctruiii of titanium tUI1KStiLtC (SiUll]JlC IV) 

(cf. Fig, 4). ‘I’lic lirst ]JCill< lies I~ct~\‘ccll aSo and 3000 cl11 --I (IlliWilll’~Ill at 2CpO l:lll..-‘), 

t1ll2 SCCOlld owtirs kWt\VC2cll I~jClO illId 1050 l:lll-’ (llliLSiIlllllll ;Lt Tf)ZO Cl11 -I), XllC.1 tile 
tlIirc1 is iI Immcl I~~~Ilcl wllicli Iii5 IX!tN2.%~Il _COO illlC1 Ho0 C:lll’ .‘, 011 tlll! basis Of tllc CliltiL 
for lI>‘ClriLtCCl titanium 0siclcJ ;mrl sodium tutlgstr~tc.“, \\‘C. 1X111 Sil.!’ tllZLt tllL’ first IJCiLli 
is clue to tlw intcrstitiiil nxtcr alcl I~~~clrc~syl groups, tllc swoncl corresponds to tlw 
intcrstitiid \\*atcr only, aIlc1 tllc tllircl IWoiKl I>iulCl iS ClUO to tlW lllct~ll--f).~!‘gcIl IXlllClS, 
Froni tlIc iltIC)\‘C! rcsultw XIlCl tllC i’.C]UCOUS c:liCmistry d titillliUlll iLlId tUIlgStt!Il, lVc: Ci111 

1X)StUl;ltC! tllc fOl’lllUIiL Of Sklllll>lc I\: iIS fOll(3!VS: 



‘L’lic xlwq~tion hllavirmr of alkali IllCtiLIS iLnC1 alkaline earths clcpcncls on tllc 
Il~~dratd ridii of tllC CiltiotlS. ‘I’llUS tllc stizallcr tllC riKliUS, tll0 larggcr is tilt? Kil VillIlC 

in tllc! c:Wtlcr Ii+ > Sit.+ >- IA-+* il.nCl lZa”+ >- Sr”+ > C;L2-ta > hIgzSC. TIIC clecmasc in 
tilt: I\‘rl \‘iLIlll?S in 0.1 Jr formic iLCiC1 ma.y lx! clue to tllc fiICt: that in acidic nwcliuni 
(or In\v pl-I), tlic c.Xclian~~,rc and idWrpti0~1 c1ccrctaso.c~. This is furtlicr confirnwcl by 
tlic ion-csclwigc potcntionictric titt’iI.tions (Fig. 0). 
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Icig. f 0. I’lot of clwnlici~l stxl)ility in water’ ;lll(I fi iII 14 SO:, ZwY.*//s XV :‘I’i rirticj of titiLllillfll tllllgStirtc. 

It is useful to c(.)lllI>iLrc tllc: \*arious titimium tungstate snmplcs syntlwsizcd in 

our lalX.Wi~to~icS~ Sucll a cotnlx~riwn illustrntcs tlic cI’fect of conip0~itic.m on tlic ion- 
C!SCllilnjiC propcrtics of tlic inorgilnic ion csclmngers (Figs. S, 10 and I I), It is ClCiLr 
from Fig, I0 tliut ilS tllc tunghm contmt illCrw.Scs, tllc sa.mplc Ixxomcs mm3 stable 

in \vatcr and in G A’ I-INO:,. ‘Tllc ‘I? : \V ratio ILlSC) nt’fccts Ccl~lSidcri~l~l~ tllc ion-CSClliUl~C 

CapiLCit?: Of tllC? SiLIll.JIIC!. k\t 40’ XllCl IOO”, tllC Cll~~~liCiL.ll~ IllOSt Stil.blC SZLltl[JlC! I1il.S tllc 

Iliglicst ion-cscliangc Cil.lXWitJ+, r\IXWC’ IOOn, tllc Sa.tll~~lc with tlic S~lliLllCSt 1V content 
ll:\S tile Iliglwut iOIl-CSCllilTlgC CiLpilCity. Tliis 1llX.y lx eSpliLinC?Cl a.s followS, Up to IoOO, 
tllc losv in wcigllt is due i~ltnost cntircly to tlw rcnwt*al of wntcr of ll~clrntion. Hence 
tlierc iw ;L net gain in ion-eSClliul@ Cil.lXl.City (Curws I illlC1 2 of Fig. II). ‘l’lic niasinin 
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