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Aestnec't

Unit-cell dimensjons and optical data are given for synthetic NaScSi:Oe, LiScSizOo,
CasSczSisOr:, and Pb:Sc:SizOs. Cell dimensions also are given for intermediate composi-
tions in the solid solution series extending between NaScSizOa and the Fe3+ analogue
aegirine, between CarSczSirOu and the Fes+ analogue anCradite and between PbzSczSirOe
and the Fe3+ analogue, melanotekite. A series probably also exists between LiScSi:Oo and
LiFeSicOr.

The broad role of Sc as a trace element in ferromagnesian silicates was originally in-
terpreted by Goidschmidt and Peters (1931) as involving a valence-coupled diadochy of

Sc3+ with Fe2+ and Mg. New data on the solid solutions formed by Sc3+ and on the size of

this ion, however, support an interpretation involving diadochy with Fe3+ and Al.

Sc.qNoruu-rt EGrRrNE

NaScSirOo, isostructural with NaFeSi2O6, aegirine, was synthesized
by the hydrothermal crystall ization of a gel of the same bulk composi-
tion. The gel was prepared by precipitating a HCll solution of SCzOe and
NarSrOa in the molar ratio 1:3 by the addition of ammonia to a final pH
of 10. The precipitate was then centrifuged, washed with dilute ammonia,
and added to sufficient aqueous solution of NazSiOa to make the bulk
composition correspond to NaScSirO5. The resulting thin slurry was
thoroughly mixed and evaporated slowly to dryness. The final prepara-
tion was heated hydrothermally in a cold-seal stainless steel bomb,
fitted with a silver liner, at 750oC and 2 kbars for 48 hours. We also have
synthesized compositions between NaScSirOo and NaFeSizOo, with the
ratios (Sco.zsFeo.zr), (Sc6.5Fe6.5) and (Sc6 ruFeo.ru), by a similar procedure
using HCI solutions containing SczOg and FeCh in the desired ratios. The
unit-cell dimensions of these isostructural compositions varv linearly
with composition, and solid solution between the Sc3+ and Fe3+ end-
compositions appears to be complete.

NaScSizOo also was synthesized by fusion in sodium tungstate as flux.
The charge used was Sc2O3 0.3g, SiOz 0.6g and Naz WO4.2HrO 50g. The
charge was held at 1180oC for 12 hours, cooled at 10"C per hour to 900oC
and then quenched. Sodium molybdate also was used as a flux success-
fully.

The monoclinic crystals of NaScSizO6 obtained from sodium tungstate
fusions were colorless and ranged up to 2 mm in length. They were
prismatic on c with {100}, {010}, Ihk0] and complex terminations with
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c , Ab , AComposition

NaScSirOo
Na(Sc rrFe x)SizOa
Na(Sc 5Fe 5)SuO6
Na(Sc:s l re r )SLOe
LiScSi:Oe
LiFeSizOo
PbiScrSirOs
Pbz(ScrIrer)SLOs
PbrGarSi2Os
Pb2C12SirOe

Ca:SczSirOr:
Caj (Scr Iier ) SLOp

CaslnrSi:Or:
Ca3(In1Fe1) Si3Op

Ca3(ScrInl)SLOr2

9  8 3 + 0 . 0 2
9  - 7 7
9 . 7 3
9 -69
9 . 8 3
9 8 1
7 . 0 0 + 0  0 1
7 . 0 0
6 . 9 5
6 8 8

1 2 . 2 3  + 0 . 0 1
12.13
12.36
12 20
1 2 . 2 9

9  0 6 + 0 . 0 2
8 . 9 8
8 . 9 0
8 .84
8  . 9 8
8 . 7 3

1 1 . 3 0 + 0 . 0 2
1 1 . 1 2
10.90
10.84

5 . 3 7 + 0 . 0 1
5  .35
. ) . J J

( l t

J . J /

5  .37
t0.44+0.02
r0.22
9 . 9 1

10 .01

1 0 7  . 2 ' + 0 . 1
107 .00
1 0 7 . 1 "
107 .3'
1  10 .40
171.40

{Okl}, {hOl} and large faces of two {hkl} forms. Contact twins on (100)

with reentrant terminations were observed. The substance is optically
negat ive wi th a 1.683,  B 1.715,7 I .724;Y:b,  a/ , ,c  8.0o+0.2o,  2Yr large.
The material synthesized hydrothermally was too fine-grained for

satisfactory optical study. The synthetic end-composition NaFeSizOs
had a-1.765, and the (Sc1Fe1) run had a-I.7 1. All of the runs ap-
peared to be pure. The unit-cell dimensions obtained from X-ray dif-
fractometer charts taken in filtered Cu radiation with Si as internal
standard, and indexed following Frondel and Klein (1965), are listed in
Table 1. The X-ray power data are given in Table 2.

Sc,tworuu-spoDUMENE

The scandium analogue of spodumene, LiScSi2O6, was grown from
SczOa and SiOz in lithium molybdate flux. The ratio of charge to flux was
1:10 by weight. The melt was held at 1250'C for 24 hours and then was
cooled at 5oC per hour to 950"C and quenched. The crystals obtained
were monocl in ic ,  pr ismat ic  to needle- l ike on c,  wi th the forms {100},
{010}, {hkO} and indistinct oblique terminations. The substance is
opt ica l ly  negat ive,  wi th a 1.702,  P l .7 l0,  y  1.7 16;  aAc 37o+0.5o,  Y:b,
2Y, large. Contact twins on (100) are common, and there is a good
prismatic cleavage, presumably (110). The unit-cell dimensions derived
from the indexed diffractometer pattern are given in Table 2. We also
have obtained crystals containing an undetermined amount of Fe3+ in
solid solution, with a t.722, and at least a partial series extends toward
LiFeSizOo.
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Taero 2. X-Rev Powonn Dere ron NaScSrzOo lwo LrScSrzOo
Cu radiation, Ni filter, in Angstrom units. Relative intensities in arbitrary chart units.

NaScSizOe LiScSrzOe

1 1 0
020
1 1 1
220
221
310
l . t  t

022
221
311
040
112
337
42I
240
04r
N A T

51r
422
J J I

510
150
042
44r,223
t . )  I

MO
35T,660
602
5 J Z

IJ.J

060

6.544
4. 539
3 .680
3 . 2 6 2
3 050
2 963
2.611
2 .557
2 . 5 2 5
2 301
2 . 2 5 8
2.230
2.168
2.139
2 .038
2 . 0 7 1
2.012
1.984
1 .885
1 . 8 6 8
1.840
1 . 7 8 0
1.693
1 . 6 5 9
1 . 6 4 6
-t . oJJ

I  50 /

1 . 5 5 7
1 .540
1 529
1 . 5 0 9

1 1 0
020
111
02r
220
22r
310
130
I3I
002
221,40r
112
330,421

6 . 4 3
4.489
3 . 5 6 2
3 .348
3.211
3.004
2.902
2.846
2 603
2.507
2 . M 9
2 . 1 7 0
2. t40
1 . 7 5 9
1 . 7 r 7
1 .641
1 . 6 0 6
1 . 5 4 5
1.493

25
30
8

10
100
50
10
25
30
3
z

10
10
8

8

3

3
z

10

10
I J

I J

10
J

3
8
8

100
40
15
5

20
20
90
10
5
3

10
5

10
.)

10
5

Sc.q.Nprulr-uELANorEKrrE

The synthesis of melanotekite (PbzFezSi2Oe), kentrolite (pbzMnzSizOg)
and of intermediate members of this complete solid solution series has
been reported elsewhere (Ito and Frondel, 1967). Using similar proce-
dures, we have synthesized the Sc, Ga and Cr analogues of these com-
pounds by the hydrothermal recrystallization of gels at 450oC and 2
kbars. The unit-cell dimensions of these substances, as determined from
indexed X-ray powder diffractometer charts, are given in Table 2, The
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composition Pbz(ScrFer)SizOg also was synthesized and a complete series
probably extends between the Fe3+ and Sc end-compositions.

SceNorulr-aNDRADTTE

The synthesis of garnets containing Sc in the six-coordinated site has

already been reported. These garnets include CaaSczGerOrz (Tauber,

et al. 196I), GdrSczFeaOrz (Geller, et at. 1965), Y3(Sc,Fe3)2FeeOrz (Cun-

ningham, 1965), CaaSczSi39,, (MilI, 1962), and the hydrogarnet SreScz
(OH)r, (Ito and Frondel, 1967b). We have synthesized Caasc2sisol2 and

also the composition Cas(ScrFer3)SirOrz intermediate between it and

Ca:rFezSiaOrz, andradite. The syntheses were effected by the hydrother-

mal recrystall ization of gels prepared by the general method of Ito and

Frondel (1967a.). The runs were made at 680oC and 2 kbars for 20 hours.

We have similarly synthesized CaalnzSirOrr, Ca3(InlFer)SisOrz and

Caa(Scrlnr)SiaOrr. Complete solid solubil ity probably exists between
the Sc, In and Fe3+ members. The products were fine-grained but dis-

tinct dodecahedra were observed. The unit-cell dimensions cited in

Table 1 were obtained from indexed X-ray diffractometer charts taken

in filtered Cu radiation with Si as internal standard.

DrscussroN

The ionic radius of the Sc3+ ion in six-coordination with oxygen is gen-

erally cited in the l iterature as 0.S3 A. This value is based on the struc-

tural analyses of ScrOa and SczSizOT by Zachariasen (1927, 1930). The

large size of this ion would seemingly preclude any significant degree of

solid solution with Al or Fes+. This view was orginally taken by Gold-

schmidt and Peters (1931) in their survey of the geochemistry of scan-

dium. They interpreted the observed dispersal of Sc as a trace element

in solid solution in ferromagnesian silicates as involving the valence-

coupled diadochy of Sc3+ with Fe2+ and Mg rather than the direct substi-

tution for Fe3+ or Al. The present study, however, and experimental
studies of Sc-beryl (Frondel and Ito, 1968), Sc-garnets (Cunningham,

1965; Vil lers and Lombard, 1964) and the system SczOs-FezOs (Geller,

et al. 196I) provide evidence of the extensive mutual substitution of Sc3+

and Fe3+. The substitution of Sc3+ and Al is shown in the system SczOs-

Alzoa (Toropov and Vasil'eva, 1963) and in natural aluminum phos-

phates (Frondel, Montgomery and Ito, 1968). This becomes reasonable

in view of recent measurements of the Sc-O distances in various com-

pounds, including refinements of the structures of SczOa and SczSizoz,

that show the ionic radius of Sc3+ in six-coordination to be much smaller

than 0.83 A. Vul.res have been obtained in the range from 0.69 A to 0.78

A, depending on the ionic-covalent proportions in the metal-oxygen
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bond and on other factors (Geller, 1957; Geller, et al. 1967; Cruickshank,
et al. 1962). It now appears that the role of Sc3+ as a trace element in
garnet, allanite and ferromagnesian sil icates in general is based on dia-
dochy with Al and in particular Fe3+ rather than with Fe2+ and MS. A
review of the crystal chemistry of scandium is given elsewhere (Frondel,
1e68).
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