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THI� ROLE OF Ti4+ IN THE CRYSTAL STRUCT URE 
01!' PYROXENE lSOMORPHOUS SERJES: DIOPSIDE 

(CaMgSí 2O6)-CaTiA12Oó 

!Jeporlmenl of Jlineraloqy and Crystallogmphy, Natural 8efrnrn Foculty of 1/w Comenhrn University,
Uottwalilm:o mí.111. 1.9, 88(] 02 Bratislw•a 

Jfoec,ived S. 10. Hl80 

rthe (_'tystal st-ruct-a-tť, oj (t iii<>tfol-s!J!ílcm, ctinopyto:i;cn(! of appro.rin;,Htc 
7:� n;olc (�<, díopside-28 niofo t}� C,t.TL\11O6 Rolťrl 8o[ul-ion H:tts ·ťeji11cd. ''l'lw 8/)(tcc 
uroup is (':!íc, cdl parw,1ctas a !J.78/(.i), iJ S.Sův(t), e = :i.:J:il(.'/) 
/(} '" m, íJ = /{)IJ./JIJ (:i)'. Tlrn probl!:m qj' Ti-1 ·• /ocatír,11 n-11s solve.,! l,y thc least• 
::Hfuurr·s tejiuernent and dijJ'erencr-, .Fourier synt/w8es to on 1f-value a.l (\>. 

'f'hc Ti-'·· f11'1'8Wll!ll,!y orC/lf!!} t/w JI I .�i/e lwt 11. s11uill J!rtrl qť T,·1 • is 1ilw·ml 
Íil 1/11: t,-tmlmlmly coo1·1hnalcd 110.sitio11,,. 'l'h••se rewlts tffc ,·011.fir111cd by thť 
i11cru1s;; <i/' T-0:! inlfr11/011Úf'. 1/:,,IWH'•'. With res1icr,/ lo "rystullisl/lio11 of c11,t 
htt,wtlt 1>ro,/udii, 'J'i02 is uot suUrtb!e rls rt illWfr(t/ion. atlm.i:r!urc becrnise oj' its 
··lfoiu!Ji[il!J ) 1 ;;1, cl/11op/jro,ťe1tes. 

lNTHO !J UCTI ON 

Possibilily m impossibility of isomorphous ťťplacenient lVSi4+ •-,• IVTi4 '*) in 
silic,t!es h,tve bcen freq11entl.y discwised in liter11t1tre. As a result. from tlW,Hé works, 
the tí•tn1hcdndy 1:oordinated titanium in silieatcs has been found [1]. [2] but at the 
sarnc tinw its prcst,ucc is eo1rnidered to be imJJrolmble [H]. In the studi(,s dea.ling with 
crygtal structure rnfinernrmts of synthetie diopsi<k eontaining 2.1:1 wt. '}:, of Ti ,mel 
diop:úde (Di in the following) -·-- titano!schennnkiLe (Ciťl'iAlz(\,; TiTsch) solid 
solntion rc:-;pcetively, Scltrbpfor [:11, [51 stntcd tlw lH.ls:oihility of titnnium to be in 
clinopyroxcncs tctrnlwdrn,ly corn·di1mted. !lis conclusíons wcre 1nťu.le on tíw basi;; 
of rdined si tc, occupancy factors. 

Jn an ťffort to fo1d the influence oť TiO2 admix:t.11n· 11pon the crysta,llisation of cast 
bnsnlt products nnd to ve rify Schri\pfor's cnncl usions, a.not iwr cryst;d sl ntetitrc 
refinPmcnt o[ a nieinbcr Di-TiTsch ;-;olid sol11t ion was cn!Tied out. 

Su1ni11g mal.ťrial s11itabk for X-niy work was kindly suppliťd by Dr. J. Vokl,m, CSc. 
(State Glass R,·:,c,,\rch ]nstítute, Hradec .Kri'dov{,). It wns prepared ťrom thu ;:.;toichio­
metric mixture of Ti()z, SiO2 • Ai(OH)_,. CnCO.1 a11Jl dolomitť, ,arpposing tlworctie:d 
chernical compostuon 70 mole% Dí :m 1110!0 '¼, TiTseh. Electrmi • míero;:irohe 
anal.i·sis g:.,n, tlw ehomiun! emnpnsition s!ighíly (liťforent from tlio theorniical onc: 
:lG.2{i%,SiC)z, DAlr;l,) TíO2, 25.:HJ CaO. 12A0%:\IgO twd lG.0:1 Alz()3 (totu.l 
sum of oxides HD.52 wl,. %,). 

Unit cel] dimcn,.;ious were ohtainml by lcast-sqmu·cs rcfinement on th0 hm,is 
of si!ieon-cnJíhnttod JloWd.(:r diffraet.ion data. Thc rdlnecl value„ are u n.781(5), 
b 8.85G(l), C 5.a:n(,l) 10-10 Ill, /3' 10G.0U(5)°.

••i' ÚcmH.it 11úmi:•rids itidíeútc,' tho eoonlíuat:ion numbor of a ention.
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S:;Ricmatic ahscnccH of hkl-1:,-rc rdkctions for h + k = 2n l r,rnl hOl for 
I�= 211 + l ohtaincd from \Vcissenbcrg photographs imlic11tcd spac(• µ:roup ('j.!,fr, 
or Ce. Hefincmcnt of thc strncturn confirnrnrl t hc cenlrosynrntric C':2lt SJ>::cc vro11p. 
common for ihť majorit:,· of clinopyroxene st ructurcs. 

Thc intensity drda wcre collccted from an irrevuhr. pi i,,lllatic-lil-:e cr:·shl fr:,µ:mcnt 
of dimcnsions approximately 0.5X0.HiX0.l2ťí rnrn. in :1 \Yťisscnhťrg w·ornetry 
Rcmiantonrnti c diffractometcr STOE m,i ng rnonochromafrwd (u:raphit ť mono­
chromator) ;\lo radia ti on nnd 1 h(1 r•J-fc:rn t ťClmiq1H,. Th(, 27Díl indnjl('nclťnt rcfiPct imrn 
(np 20 100°) of hkl :rnd likl t ,\TJC ,1·,,n, o ht,, i ned (:n2 reflceti on:-; ,rit h "zero" 
inte11siíies). Ali chtn \Yťre COJTec·1cd for n1,snql1ion (,u ::;.t..14 nn- 1 ) nnrl Lorťntz­
J'olarisnt ion ťnct or. i\ hsorption eorrťť1 ion \\W, ťarriťd o:il w,ing tlw modifie1l Yťr:cirm 
of Bnrnlrnrn's progmrn CX:\BS [(>] 1:1king i1, i n :,N·on;l1 illť ťi'_n;tal apprnxim­
atc(l for thič, 1rnrpo�ť h,- G f::ces. PnohserTPd n·íl,·etirms Wť!'(' a»,-;ig1lťd ihc inlťrn-:ity 
nd11ťs cqnal 1o Irnin/:3 [7]. \\·]ierť Imin is 1 lu, 1ninim1rn1 oh0cn·aLL· ii,(ensit:v for 
a rdlectinn. 

Rnfinement of  t hn s1n1c t 11re 

From tlw c:r�·.-,t:1llod1crnicn.] point of Yicw, t hnw following rnode],; o-f thc st rnctnro 
wern possiblc: 

l. \Vith isomorphons rqilnccment in thc Ml sitc i\
l
g2 i-.>-Ti4i· nncl in 11w T sitc

Si4
+ �> AJ3+ charnc:terfred hy tbc erystnllcwhcrnical fornmla 11nit 

Ca(;\lg(1-.1:/2)Ti(x/2l) [Si<2 .n-\!_1,C\,]. 

2. faornorpho11s replacl,rncnt in ( lw :\li ,-;i1 ť :\lg2; - , .\Pi a nd Si-1 :- - 0
.- Ti4; in t lw :-;itc

'I' with corrťsponding crystalloc:lwrnicnl formnln unit 

Ca(1.x)(Mg(1-.2.1:) :\ b:) f8i12 . .1/l'i.rOú]-

This model was improlmhle hccnw-;e of Yacauc:· in 1 hť .\í2 ,;jj ! :nssihlť in dino 
v;rroxcnc structurns) arnl rcéitriction of miscihili1 :· Di-TiT"ťll i o :.',S moic of 'l'iT:wh 
,vhich is in con1 rnciiction wi{h prťYÍom; mlrk [<'-;]. 

:t Internwdiatc) mode,] with hoth ;\Ja;2 ' --:-Ti-1• .\J-1 s11h,;tit11iion;-; in tlw :\Il site 
and 8:4+ -+ AJ3 1, Ti•H in thc T siio (rn1 io lY:\ii' 1 :\l :: :rnd. '

° 1 .\l/\"lTi 1) aH 
proposod lJ,\' Scl1réipfrr [5]. Cr:·siallochernic:d forrnul:1. 1111i1 of thi;-; llHJ(lul has tlw fonn 

Ca(í\fo;(l_:,/I'i (a:/2)Al ( :cí2)) [Si (2-u)Ti (rď2)·\l( .v 2)0/)]. 

Refinmnen1 of tlw s1rnc:t11re was earricd 011t using tlw foll-n1:11rix le:rnt-r:q1mrcs 
program. OR FLS [!J]. Thc aton1ic sc:attťrinµ: faetors \\"ťrn ihosc oť Cro111cr and 
\Vahm, [10] for nei1trnl ntoms. Tlw wcighting ;.;cltcnw m,s dťfi.ncd as /!.' l/a (a valucs 
est11blishcd on the basis of 1 hc counting statistics [G]). Xo restrict ions of "zero" 
intensitics lrnve been made. 

Refinemont has heen initialised on thc basis of SchriSpfer·s [5] atomic coordinates 
and anisotropie temperaturo factors. Oc:cupnncy factors (for one fornrnla unit) were 
set for the third model as follows from thc mic:roprohe anaJysis: 

site Ml aMg = 0.656 
0AI 0.172 
C!Ti = 0.172 

site T asi = l.!368 
OAJ= 0.554 
aTi = 0.090 

according to the Schropfer proposed proportions of V1Al and V1Ti (1 : 1) in the site 
Ml. Starting from R-factor 19.6 % with the whole data collection after several cyoles 
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'f'lw Role Ti·•,. in tlie Crystal Strutture ... 

of atomic coordinaleR and m1isotropic tempernt11re factor rdincment*), R-faetor 
droppcfl rnpidly to 12.(i %- No occuprmcy factoť refin<•ment has heon maclc nt thiR 
Rtagc. On this Jeve! of R,-factor the sccond model uf tlw structmc lms hmm cxclrnled 
(basccl on no significant changcs of ilťa), Opcning of r1i ancl cn,lcalntion of difforenec 
:Fomicr syntheses (progmm FFSYKT 1111) were on this level of precision uscless. 
lt.es11lts of wcighting selwrne inspection sho\1·cd tlw increase of R-vnlHcs cluc to 
diffractions l,vi11g in tlw region of si118i?. over 0.772 (26 r--., G0°). Jnto this region
foJ!s thc nmjorit,v of Wťťk a.nd. ,.zoro" (l.iffrnetions. Consequentl�·, tlw rcjection of 
rbta for tlrn rn ngc mcnt ionerl nhon, l'ť,rnltcd in a dťcrea,;<, oť thc R-faclor to H.4- %. 
V{e woHlcl likl, to note (lrn.t becatisc of fiimilarit,v of sc:,ttťring f:wtor Clll'Y(\S for Ti, 
Si and 'ťi, Mg n,spectivťl.1·. ťeilec1 ions l_\·ing into region wit h sin 19/?, grťa<'r tlw n 
O.ti are not ttscftd for (/i \'Urific:,tion rn· rl'finen1ťnt. :Fi1t:,l aton1ic coorclinates Hl'('
listuc! in Tahle J.

'J'uúle I 

Finn l a.ton1ie courdi1u1tC1;-; cornpared ,vith valucs for purť diopsido 
[ l-1] (2nd li,w). Standard devintions in parontlws<'s, 11om,·1tclaturn 

oť posilions aceording to [1:l] 

02.-\1 

O:lAl 

y 

0.90597(20) 
0.9082:l(\)) 

0.2iíU00 
0.25000 

0.2ií000 

0.1 :Li72(:l7) 
0.1-(22(2) 

O.:ll!Hi8(:l\J) 
O.:l 180(:l) 

·•· 0.IJ0S2\l(:l8) 
O.O(l-17(:!) 

Diťforencc Fo - Fe Fourier synthcses comp11tcd on R, = G.4 % clcar!y showcd 
a deficit of electrons in the T site, e.g. confirnwd the presence of tetrahedraly coordi­
natcd titm1iurn. F11rther rcfincment of anisotropie temperaturo factors (positions 
trcated as occupied hy onc atom with sc�ittcring cmves proportional to atornic 
fo1etions in the site) minimised the residue to G.l % (5.9 % for "non zero" diffract­
ions) connected with disappearance of local minimum ih the site T. Final valucs 
of /3ii are listed in Tahle II. List of observed and calculated structure factors can 
be obtained upon request from the author. 

,.) Because of statistically occupied positions the dependent parameters have. been constrained 
using tho subprograms RESETX and RESETB of the OR FLS least,squares program. On this 
level of refinement the Ml and T. positfons have becn troated formally as three atoms. 
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I'. Frjdi: 

'l'abfo l l 

Coefficionts of tho anisotropie tomp<,rntur(, foctor*). i-,tarnlanl drn-iations in pnr,,nth<'s<'s, nomon­
cl,it.url' of positions llCCOl'(ling to [l :r1 

:\I:? 
:m

'J'_,\ I 
OL\I
02.\1 
o:i. \J 

0.0017(1)
0,0004(])
0.0002(1) 
0.000D(:l)
0,0023(:3) 
0.000!l(:l)

0,0017(1) 
0.00lii(2)
0,001 ](]) 
0,0022( -±)
0,002R(J) 
o.oo:i1 (·l) 

O.OOi\1(:l) 
0.00:!4(!\) !
fl.()(J,l:l(:l) 
O.OOG:l(!l) 
O.OOGl(!J) 
0,00Sf\(I O) 

0.0001 (I)
0,000:2(2) 
0,0002(2) 
0,0()()] (:J) 

:1 :� 

0.000:1(2) 
O.OOIH(:2)
0.000S(2)
O.OOO!l(ií) 
0,00lll(ií)
(),()1)1)2(ií) 

L L h)1j/Jijl 
i I i -1 

Discn ssion o f  intt,ndo mi c <li;.;ta.nc<,s 

o.uoo:\(:() 
l),l)O():)(;í) 

... 0. 000 I (ií)
ll.001!)(:í)

lntt,ratomic distance;-: wcrc com1rntťd w,ing t lw OE FFE progrn m I U\ and arť 
listťd with corrcspon<ling bond nngles in T:tlilť JI I. Xonwnela.tun, of ťq11i,·alťnt 
positions (Fig. 1) is that. propose<l in [l:\]. For all iutťratornic: <li,;tan<'ť:-S tlw :-sl:tnd:mi 
devi:itions are consi<lcr:ihl,\· highcr tlmn for thosc. puhlishcd for pnrc diop:-si<k [l!]. 
h is d.no lo 11w positional uncťrtainii,v of statistieal]�- occu]JÍť<l po:-;i(ions and. <·on­
c;ťqnently of 1mcertninit ,\· of ox_vgnn coord.ina t es. 

o o 
o 

o 

� o

01 
L ___ . 

Fir;. !. Nomcnclnt111·e (l Nf'd1:rtlc11t 71ositio11s in clino11.'/l'o.rc11c s/n/!:/11/'cs r1ccorr/i11:1 lo [ I :li-

Oe! :ih<:<lron í\11. There are no grcnJ differencies het ween intnratomic <lic;ta.nce:, • 
in otll' s:unplc arnl those of diopside. Bt•c:wse of similar ionic r:ulii nf Y1:\Jg2i (0.72) 
and "1Ti4•1• (0.G05)*) the int.ernlomic distnnces :\Il---O:m, unrdfoeted by tlrn Mg--•, Ti 

*) lonic 'radii iakori from tl10 ,rnrk of i-,lmnnon nnd l'n_,,,·itt [15], vah1ťs in HJ-- 10 m. 
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'l'he 1/ole Ti-1+ ú1 tlw Crystul Structure ... 

'l'able I I f 

Bond lcnghts [10 •10 rn] and bond angles ['']. Standard cloviations in paron­
tlwsos, nomenclature of positions accol'(ling to [ I :l] 

I 

bond kng ht bund augln 

:\ílO-l.\l, BI 
0-L\2, H:2 
0-2C'I, IJl 

llll'Hll oť (i 
OL\l-OIBI 
02('1 -02Ul 

(:2)0!Al-0:2Cl 
(:!)OL\1-0L\2 
(:2)(>l,\ 1-02Cl 
(:2)01A2-0:2lll 
(:2)0 l.\ 1-0 l ll:? 

111r•n11 uť I:? 
:\í I -:\l I (I) 
:\l 1-'l'c\ I 
:\ll-TA2 

T-Ol
T-02
llH'ltll, non bl'g .
T-O:l,\ l 
T-0:LU 
1nťa11, brg. 
lHC'Hll ůf' -1: 
01-02 
O 1-0:L\ I 
01-0:l,U 
02-0:L\ I 
02-0:L\2 
o:n 1.0:L\2 
lllC'Hll of (i 
'lď-T,\2 

:\í:.'-OL\I, OIBl 
-0:.'ť:!, ()21):! 
.o:ic1, <n1J1 
-o:JC:!, o:iu:2

1llťfl l l  of' {i 
ťlll'Ull ťJf S 
O:\C l -O:llJ I 

(::)UL\ l-U:21>:! 
(2)0 L\ l -0:lC:! 
(:.')O:.'C:2-0:iťl 
(:.')O:.'C:?- O:W:.' 
(:.')O:lU l-O:lť2 
(2)(J:iC l -0:lll:! 

O,,t,1hedrn1, :\í I 

2.12-1(-l) 
2.07!l(:2:\) 
I.\Hl:l(4) 
2.0G,, 
2. 78-l( 11) 
2.\J7:2(!J) 
:2.!l47(;,) 
:L08l (:l) 
:2.8GC(;,) 
2.S;,,i( I fl) 
2. !Jll:)( I :l) 
:2.D:2:2 
:l.1-k?(») 
:U00(2) 
:L:!:2,i(:!O) 

OL\:!-0 I B2 
(2)0L\1-02DI 

OL\l-OIBI 
02Cl-O:WI 

(2)0 L\ I -0:2ť I 
(:?)OIAI-01,\:! 
(2)0 L\ 1-0 I B:! 
(:!)OL\:!-02CI 
(2)0L\:!-O:WI 

T-OL\ 1-:\íl 
T-OL\2-m 
T-0:!C l-:\í I 

'J'c·t rnlwdrnn T 

I .Uií2((i) 
I. U4ií(•I) 
l.(j.H) 
I. ti8fi((i) 
I. 707(U) 
I .(i!J7 
l.U7:l 
2.818(!1) 
:!.741 (7) 
:!.7,í I ( liíJ 
:!.7:2G(,,) 
:!.G:l:l(;j) 
:!.G88(2J
:2.7:2U 
:L t:rn(:\) 

:2.:rn:\(-1) 
:!.:\Sl (I:!) 
:! . .'í-l 7(S) 
:!.li:)7( I :l) 
2.-J.+O 
:!.-l\J!J 
:l.:l!l-f(:':.') 
:!.HO-!( I li) 
:U!IG(ií) 
:!.li:l:i(:í) 
:Ull(S) 
:.'.li88(:!J 
:!.S7,,(G) 

O I-T-0:2 
(ll-T-0:L\I 
(ll-T-(l:l,\2 
02-T-O:L\ I 
02-'ť-O:L\:! 
( J:L\ 1-T-O:L\ 2 
lllťHll of (j 
'I' .;;.o'I.' 
(J;\,\:2-U:L\ 1-0:L\:! 

OL\l-Ollll 
O:.'C':.'-U2l >2 
O:lC'I-O:lUl 
o:\C:.'-(J:ll>:.' 
01.\1-U:!C:2 
01,\1-0:lťl 
O:.'ť:!-(J::C I 
02ť2-0:lC:.' 
o:w1 .o:i<::2 
OL\l-0:!ll:.' 
O L\ 1-0:W I 
O I A 1 .. ();)1)2 
O:W:?-0:lD:.' 
O:lCl-0:lJJ:! 

.O:!C:.'-0:llll 

l71Ui(l) 
lti!l..l(l) 

8 l.!J(:!) 
!Jli.4(2) 
Ul .-1(:!) 
!).'í.:2(:2) 
8:2.,,(:2) 
!)0.-1(:l) 
!)1.8(:l) 

121.:l(:!) 
120.\l(.'í) 
l-l-l.G( I)

117.G(:.') 
llOA(•l) 
IO!J.D(-1) 
l O!J.!J(2) 
10:L.'í(·I) 
IO-Ul(!) 
lll!J.:l 
l :\ií.- l(:2) 
lli,,.l(:l) 

7 I. I (2) 

I Uí.,;( I) 
Sfí.,í(-l) 

IOD.!J(:l) 
s:LJ(:2) 

l :.'O.D(:.') 
(i,L.'í(:q 

11:!.!J(:!) 
1;:L?(:?) 
U7.-b(:!) 

t::-1.:l(I) 
I ,íD.!l( l)

8-L7(:2) 
(i(i.8( l) 

1-ll.:l(:2) I 
J 

(:.')-multiplicity uf bond lr.-nght rnHl bond nngle rospcetively, brg. -- bridging 
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P. Fcjdi:

suhstitution. Taking into rrccmmt 1 hc line1n relationship of Al-content in this posi­
tion versns mean bond knght :\11----0 [1-1] the proportions of VIAJ-1 •- cstinmted from 
the strnct11re refincment m1d int<'rpoln,t.ed hetween rnem1 diopside (2.077)*) nnd 
jadciie (U)28, [15]) iVLl-O dis1ance arn in good agremnenJ. 

Polyhedron M2. i\12-O disbme(,:c: for lJoth d.iopsi(fo nud our smnple n,re ,-cry simih1r 
nnd nrn:Hl M2--O distanecs are identic:tl wit hin thc stnn<ln.rd devir,tion limit. 

Tetrnhedron T. The most :1ffoctcrl eoorclination hody hy the s1il,stitution Si-:• Al, 
Ti is tlH, TO4 teimllťclrnn. All T---O dis1ancos are - relative to Jntrc diopside --­
higher, hut signifiean1l_,- incrcnscd (gn·n1er 1lmn three timcs of its standard d.ť,-ia­
tion) T---O2 distnJWť onl_v. Clark ct al. [11] h:wl, pointed out a lincn.r rnln.tionship 
]lťt,rnen 1 lw lcnght of T-O2 dist:uw(, a]J(l 1\P+ con1cn1 in tllť T sitc. Itmrnl1 s of 
in1ťrpolntion lwt,rnnn T--02 clist ,lllCPs rcportccl for diopside -- J .585 (100 '¼, of 
tíi in T si1l:), fassnitc -- - l.<i2!l (25 %i 1\I, 75 l½, Si; [lG]) and tschcrmaJ-:.ite - l.GGG 
[17] indicaterl for 011r s:i.mple (UHi'Í) the occn1mncy of T position h_\· ::n.5% of Al
arnl (í2.G 0/4, of Si. As follow:-; from tlw rnieroprohe :uml_\·si:-; the Si content in the T Rite
is CS %i- S11ppo.,ing tlw rest to lw occupiťd hy Al only, thc thcore1.ical T---O2 distance
sho11ld lw l.H:15. Conseqtwn1 ly, 1.hc incrnasing of T-O2 clistn.ncť to 1.(545 nrnst he
duc to a c,1-1ion with ionic nuli11s gre:11er 1lmn those for IVSi4+ f,nd IVJ\J3+. ln our
caS<, only tlw titanimn is the suitable cation with the eorrcsponding ionic nvli11s.

Cr:vs1 a,l s1rnc1 nre rnfincmcn1 of a mťmlicr Di-TiTsch solid solntion confinncd 
the Sehréipfor's [5] h_vpothnsis nf tlw prť,ťllťe of 1etrnlw(lmly coonlinated t.itnnimn 
wi1h final oce11p1tm:y fae1or,; for ;\[]_ anrl T po-;i(ions (st:rndanl <lcvintions given 
i 11 paren 1 lwses): 

site Jl!l rt,rg O.G5G(I) 
(/A_l �·� 0.172(G) 

!ITi 0.172(:\) 

sitc T r1si == 1.:3G8(1) 
fl,\] 0.5::íl(fi) 

((Ti 0.0$J(J(7) 

The pre:-:encc of, c,1 rahcclrnly coorcli1ntc<l 1 i t:rninm is confirmed h_\· clifforence Fourier 
synthcses and ch:tngec; of T-O2 dist:mce relatc:l to ot her nncl-me1nhc,r clinopyroxcne,;. 
\Vith respcct to crystallis:ttion of easL ha:-nlt pr0<lncts, TiO2 i� not s11itahlc: as rt nucl<'­
ation admixtnrc hcerws<: of its "solubility" in clinnpyroxene;,. 
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POST,\V EX I E 'L'i4' V l( RY8TA LO V E.
J 

8TH UKT ÚRE lZO :\IOR1i1\l�HO 
RAD U DI O I' :'i J D (Ca.\fg:'ii206)--CaTi,\l,06 

Pavol Fojdi 

Katedra mineralúr;ie a lcry.§talor;mjie l'FUK, Hratislavn 

Ri:intgonovou štruktúrnou analýzou pyroxónového izomorfnúho radu diopsid --- CaTiAl,06 
(priostorová grupa C2/c, a = !l.781(5), IJ = 8.850(-!), c = 5.:l:ll(:l) 10-10 m, {J = 10G.OG(5)"; 
4 vzorcovó joclnotky v základncj bunko) sa zistilo, fo Ti•l+ -- ako je to u silikátových štrnktúr 
božnó -- prednostno obsadzujo pu>1íciu M l  v kuorclinúcii G. ,Jeho ěasť sa však podiol'a i na obsadzo­
vaní totraódricky koordinovaných pozícií, iwmorfno v nich nahmdzujúc Si•l+. Uvedený iwrnorfný 
rad prodstavoval 1noclolový systóm pri ovorovaní procesu nukleácio ěadičovoj taveniny pomocou 
Ti02. Výsledky práce ukázali, žo Ti02 t,vorí tuhý roztok s pyroxónmi, tvorincich poclstatnú časť 
i',alličových výrobkov a proto sa nehodí ako nukloačnó činidlo. 

Oúr. 1. Nomen!clatúra ekvivalentných pozfoií ·v kry.§tálových .'itruktúrach monolclinických pyroxénov 
padla [l:n 

11O3.Hl(HH Ti.+ B H:PHCTAJ!.JlHL!ECH:OH C TPYH:TYPE 
H 3 O .\1 OP(!) II O ť O PH!� A J( HO 11 CH J( (Ca�lgSi2Oo)--C„ťl'iAliO6 

llauo.rr c1Joií;u1 

lťwjjcilpa .ltUllťj>O:WJlltl ll Hj)!lC!IWJl/l02[>arjiuu JI<I>J7 Iť, JJpamUCJ[.(l8(l

Ha ocuona111111. po11Treuonnwro cTpy1,Typ11oro a11am1aa IIHpo1,ceuouoro 1!30Mopé[moro 
pnna t\H0HCI!/\ --- CaTiAl2O6 (IIpocrpa11cTnemrnn rpymrn C2/c, a = H.78"1 [5], b = 8.85G [li], 
c = 5.331 (3J 10- 10 M, {J = IO(i.OG [5]° ; 4 Mo:rnr,y,r n :i:rm101napuoií wrcii1w) úwrn ycrn-
1wmrcIIo, 'ITO TiH -... W.ll, iJTO 61,maeT y CllJHmann,rx CTIJYI(TY]J -- Hpomµ:c Dcero aaH!!WlCT 
uo:rn1(!110 i\l l n mrnp;(mWI(UJI G. O;(m11,o oro 'HIL:Th :rnrnnrncT ;wmc Tc-rpa:,;1pwrnc1m 1w­
opnmmponam11,w II();ll!l(IIII, 1!30)!0pé()ll0 3/lMCll(i.lH lJ lll!X Sí4+. 1Ip11BO)\ln!!,JÍÍ IJ'.l()�[()p(pI!E,!ÍÍ 
pH).( IlflC/(CTalJJIHCT ,:oúoií M0/(0.'lblIY!O Cl!CT0MY HJ}ll 11poncp1w llIJOI(CCCa oúpa30Béllll!H aapo­
)\L!llJCÍÍ úa:rn:11,TOJJO paciuwna JWMOil(b!O TiO2. lloJiy'!CllllI,lC pcaym,TaThl 1101{113!,!lJHIOT, '!TO 
TiO2 oúpa:iycT TBCfJ/(h!ÍÍ pacTBOj) C 1111pom:CIH\Mll, cocnrn:JH!Ol!(HMI! cyn(CCTBOIIHYIO 'HICTJ, 
Úa3aJII,TIIL!X Wlí(0.lllIÍÍ ll 1!03TOMY 01m:n,J1Ja0TťH IIenpHrO;(l!O!Í ).(JIH IlfJHMCHOHl!H B IW'!OCTBC 
rryWIOaJ(I!Ol!HOI'O pcm,THIJa. 

Puc. L II o.1ie111,Jwmypa a1,a11ca:te11m11bu; noau1f1.lii u i;puc11WJIJW•iec1.u:c cmpy1,mypa:,; .1to1w-
1,J1.wm•teci;ux nupoi;oeH06 C02:lllC/W ["13]. 
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