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The Crystal Structure of NaIn(SiO,),

A. NORLUND CHRISTENSEN and R. GRONBZEK HAZELL

Department of Inorganic Chemistry, University of Aarhus, Aarhus C, Denmark

Sodium indium silicate, NaIn(SiO;),, was obtained as an impurity
by hydrothermal preparation of rhombohedral indium oxide. The
crystal structure was determined from three dimensional Patterson
and Fourier functions and was refined to a conventional R-value of
4.9 9%. The compound has a diopside structure. The space group is
02/c, with a = 9.916 A, b = 9.132 A, ¢ = 5.371 A, g = 107.0°, and
the cell contains four formula units.

A hydrothermal investigation of the system In,0,—D,0—Na,0 yielded, in
one experiment, the rhombohedral modification of indium oxide which
contained as an impurity a few single crystals of a phase of unknown com-
position. A three-dimensional single crystal X-ray analysis proved that the
impurity had the formula Naln(SiO,),.

EXPERIMENTAL

Chemistry. The hydrothermal experiment was performed in a pressure bomb lined
with pure gold. Freshly precipitated In(OD), was treated with 99.7 9%, D,0 at 390°C,
and 435 atm. for 95 h. The NaOD solution used in the precipitation of In*+ was obtained
by dissolving Na in D,0 kept in a beaker of pyrex glass. The indium ion solution was
prepared by dissolving In,(SO,); in D,0. All manipulations with compounds containing
deuterium were performed in a glove box under dry nitrogen.

It is assumed that the silicon of the compound NalIn(SiO,;), comes from the pyrex
glass beaker used in the preparation of NaOD. The amount of the compound in the
sample is probably less than 0.1 9.

X-Ray technique. A single crystal of dimensions 0.06 x 0.06 X 0.3 mm3 was investi-
gated by precession methods using MoKa-radiation, 4 = 0.7107 A. Photographs were
taken of Okl, 1kl, 2kl, 3kl, hOl, h1l, and A2l.

A total of 694 independent Akl reflections were measured with an automatic dif-
fractometer (Arndt-Phillips design)! using Mo radiation and balanced filter techniques
with a scintillation counter. The usual Lorentz-polarisation corrections were applied,
but no absorption correction was made. Only 534 reflections with I > 2¢I were used in
the structure determination. ’
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STRUCTURE DETERMINATION

Conditions limiting possible reflections hkl were h 4 k = 2n. The space
group is C2/c, No. 15, or Cc, No. 9. A three-dimensional Patterson function
P(u,v,w) gave a possible solution with a heavy atom (In) in a special position
(0,0.1,0.25) in C2/c. The three-dimensional difference Fourier map based on
this assumption showed four peaks in general positions, the biggest of these
being tetrahedrally surrounded by four of the smaller peaks at distances of
1.6—1.7 A. The tetrahedra share corners to form infinite chains. From this
it was deduced that the central atoms in the tetrahedra were silicon atoms.
The difference Fourier map also showed a peak at the special position (0,0.7,
0.25) of height intermediate between that of the silicon peak and those of
oxygen. This was assumed to be a sodium atom thus leading to the formula
Naln(SiOs), for the compound.

Refinement proceeded by the method of least squares giving an R-value
of 559, at the end of isotropic refinement and 4.9 9%, after additional
anisotropic refinement. A final difference Fourier map showed no significant
detail and as all distances and temperature factors are reasonable we assume
that the given formula is correct.

CRYSTAL DATA

‘The formula of the compound is Naln(SiO,), and the unit cell contains
four formula units. Crystal system: monoclinic (b unique), @ = 9.916 A,
b=9.132 A, c = 5.371 A, g =107.0°. Systematic absences: hkl: b + k - 2n,
hOl: 1 + 2n. Possible space groups: C2/c and Cc; density calculated for four
formula units per cell is 4.13 g/cm3, and the absorption coefficient for Mo-
radiation is 56 cm™, (A = 0.7107 A). The structure factors were calculated
using the atomic scattering factors from Vol. III of International Tables of
X-ray Crystallography, approximated by Bassi polynomials.2

Final atomic coordinates and temperature factor parameters are given
in Table 1 and interatomic distances and bond angles in Table 2. A list of
observed and calculated structure factors is given in Table 3.

Table 1. Atomic coordinates and temperature factors. Diffractometer data, 534 reflec-
tions, anisotropic refinement, R = 4.9 9,.

Atom x ox Y oy z oz
Na 0.5 0 0.1966 0.0008 0.25 0

In 0 0 0.1052 0.0001 0.25 0

Si 0.2922 0.0003 0.0869 0.0003 0.7477 0.0005
0, 0.1194 0.0007 0.0800 0.0007 0.6538 0.0013
0, 0.1422 0.0008 0.2533 0.0008 0.1851 0.0012
(08 0.3472 0.0007 0.0112 0.0008 0.5195 0.0011
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Table 1. Continued.

Temperature factor parameters with standard deviations (x 10°).

by 6byy  ba obsy by aby; by, obis  bys obi; by by,

Na 627 84 398 79 1328 218 0 0 -—545 242 0 0
In 159 8 238 9 866 28 0 0 109 27 0 0
Si 105 26 175 29 534 80 — 56 44 81 79 54 85

0, 121 69 129 74 827 230 —210 118 —350 219 75 239
0O, 293 77 200 78 650 221 —107 123 139 231 —162 235
(O 295 71 327 82 111 184 — 48 126 100 211 172 220

Table 2.

Interatomic distances (A) with standard deviations.

In-0, 2.158 (6) Na—-O0, 2.487 (9)
In—0,’ 2.211 (7) Na—O, 2.394 (6)
In—-0, 2.056 (8) Na—O0, 2.517 (9)
Na—0y’ 2.922 (9)
Si—0, 1.641 (7)
8i—0, 1.595 (8)
Si—0, 1.633 (8)
Si—0y 1.664 (7)
Bond angles (degrees) with standard deviations.
0,—In—0, 167.74 (25) 8i—0,—In 121.45 (44)
0,—In—0, 88.82 (25) 8i—0,—In’ 122.71 (49)
0,—In—0,” 81.78 (25) 8i—0,—Na 114.97 (34)
0,—In—0, 92.22 (26) In—O0,—In’ 98.20 (45)
0,—In—0, 95.84 (26) In—0,—Na 88.10 (22)
0,/—In—0," 80.15 (28) In’—0,—Na 105.01 (30)
0,/—In-0, 91.33 (29) Si—0,;—1In 144.89 (44)
0,/ ~In—-0,’ 169.63 (26) 8i—0,—Na 97.53 (35)
0,—8i—0, 115.17 (39) In—O0,—Na 93.08 (31)
0,—8i—0, 107.51 (37) Si—0,—8i’ 142.24 (40)
0,—8i—0y’ 107.10 (40) 8i—0,;—Na 117.51 (41)
0,—8i—0, 110.68 (44) Si—0,—Na’ 103.59 (30)
0,—8i—0y’ 106.70 (36) Si’—0;—Na 91.21 (45)
0,—8i—0, 109.55 (40) Si’—0,—Na’ 92.18 (35)
Na—O;—Na’ 110.84 (29)
DISCUSSION

The crystal structure is isostructural to that of diopside reported by Warren
and Bragg?® with indium instead of magnesium and sodium in the place of
calcium. The SiO, tetrahedra are fairly regular (see Table 2). They form chains
along the [001] direction. Indium atoms are octahedrally coordinated; one
pair of In—O distances is short (2.06 A) compared to most other In—O dis-
tances (e.g. 2.15 A and 2.20 A in InOOH,* and 2.17 A in In(OH),®), but is
comparable with a short In—O distance (2.07 A) in rhombohedral In,0,.5
The oxygen atom (O,) is coordinated to only two other atoms, whereas the
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Table 3. Observed and calculated structure factors.

-6 2 1 1213 -1218 -1 7 2 23 2D 4 23 927 976
-5 3 1 1906 -1892 192 =751 =3 3 3 1066 1108
EAE W23 A3 210 2 519 <535 2 b3 qug om
3051 466 311 2 508 0 6 3 386 -hey
2 61 mm 18 6 0 2 1699 1678 17 3 1103 1110
-1 71 189 1219 51 2 596 =587 283 0
081 25k 2 -4 2.2 558 .509 393 9 250
31101 583 591 332 18 L1h 3 299 37
bi12 1 529 2 b2 56 T4o =13 200 1
-5 1 1 1071 .1052 -1 5 2 1027 1052 ~2 2 3 207 2103
421 1 -1613 0 6 2 156 1628 -1 3 3 1689 1702
-3 31 1808 1735 28 2 500 -hB9 63 667 -118
-2 b1 935 =9 392 678 671 313 711 =6l
061 65 659 L1072 925 989 k83 357 g
171 k10 k27 40 2 2007 ~1907 59 3 582 ~621
2 81 1017 1036 =312 766 ~783 -113 590
511 1 h23 42k 2 22 207 233 023 812 B
2 2 1 2523 .28 “1 32 17 19 133 9 950
-1 3 1 1664 -1668 0 b 2 158 1559 2 b3 b5 ey
0 b4 1 us0 15 2 1258 2267 3 53 306 =309
2 6 1 62h 645 2 6 2 L3 481 L 63 b =h59
371 789 91 371 2 410 34 573 =917
b 8 1 712 736 4 8 2 301 281 6 8 3 6Lk
591 601 655 59 2 5 ~628 113 36 o1k
111 973 ~998 610 2 518 554 2.2 3 1517 135
021 66 694 2 0 2 633 <663 333 & 507
131 816 =859 -1 1 2 =932 6 6 3 366 ko2
2 01 137 750 02 2 122 1l 773 637 595
351 483 519 2 b2 634 637 313 2ls 222
ko6 1 1 563 352 1807 1858 b2 791 808
5 7 1 12 1162 4 6 2 436 b2 5 3 3 1561 1576
6 8 1 789 831 Y5 7 2 W5 -ho2 6 b 3 kuy iw
16101 1021 1008 6 8 2 258 <319 863 ko -ub2
2 2 1 2082 2008 79 2 720 -T16 513 526 538
33 1 0 0 2 2675 -2636 623 1126 1121
6 6 1 530 11 2 161k 1531 733 565 524
771 709 33 2 583 552 713

8 8 1 630 b b2 1 1069 8 23 999 1015
b2 1 1386 55 2 566 554 933 87 81k
5 3 1 2229 6 € 2 3 513 5%

6 b 1 Ls5 8 8 2 362 <399 -9 9 b 802 561
751 226 2 0 2 179 1697 -12 b 4 218 208
8 6 1 463 312 120 -uds -11 5 b 662 682
9 7 1 905 422 698 697 <10 6 U 706  «653
511 868 5 3 2 271 304 -9 7 4 208 2
6§21 1315 6L 2 bk By 88 b 33 38
731 343 752 1078 1099 <7 9 b 599

8 & 1 by 8 6 2 b33 b5z 13 1 b 563

n 61 399 k23 4 0 2 181k 1704 -10 b b 956 BB
711 395 512 185  -151 -9 5 b4 336 -
8.2 1 13 ks 8 b 2 509 174 7 353
9 3 1 870 .92k 9 5 2 643 697 -6 8 b hog w27
911 521  -560 10 6 2 668 670 =5 9 & 398 k56
10 2 1 3 <h2s 6 0 2 876  -823 <20 4 678 b2
3 31 628 <700 71 2 18 -1176 311 b b67

12 4 545  -525 9 3 2 245 263 -2 0 4 587 581
413 5 2 “eeb 621 10 & 2 660 Thls -1 1 b 582 566
9 9 2 521 =506 8 02 87 -8 b b 6T .61
810 2 606 560 9 1 2 Lok 410 7 5 b aus6 w1332
711 2 49 «680 10 2 2 uss5 476 -6 6 b 617 ~615
12 b 2 335 376 10 0 2 1346 1363 3 9 4 751
115 2 136 112 66 ~608 210 b 53 W77
-0 6 2 526 51k 12 6 3 90 487 =10 0 & 1010 933
38 2 bor 373 -1 7 3 55 -581 -9 1 b 5 h3h
“1 9 2 750 .75 -0 8 3 b7 3% K T T
610 2 526  ~534 -9 9 3 555 <498 -6 b 4 582 -?Uo
131 2 660 695 -1 2 3 321 513 =5 5 4 772 =178
-2 2 2 257 177 =133 3 3% b 46 b T w921
S>3 2 26 313 -2 b3 23 2 8 4 291 276
<10 b 2 a7 878 -10 *6 3 332 435 “1 9 & 572 635
-9 5 2 5 732 -9 13 197 =805 010 b 876
« 6 2 317 74 -3 8 3 T3 «708 8 0 I K79 h61
«7 7 2 3 334 =610 3 343 292 -7 1 &4 998
-6 8 2 37 <292 -13 13 375 -6 2 b 320 293
-5 9 2 -637 -2 2 3 962 1014 5 3 4 306  ~334
b 10 2 92k w923 -1 3 3 747 bbb 941 -9
3112 318 367 -8 6 3 hos <470 -3 5 b 1161 1153
~212 2 h62 173 ~643 0B & 382 49
-12 0 2 W35 327 -6 8 3 567 <530 194 562 500
11 1 2 552 =311 3 603 568 210 & w7 365
“10 2 2 19 '2:2»'5 212 3 63 e -6 0 b 1696 1626
-9 3 2 11 1 3 w2 b5t -5 1 b h12 362
8 b2 740 727 -0 2 3 €42 611 -h o2 4 15% 127
-7 5 2 1522 1510 -9 3 3 1309 1338 2 b b 769 ~350
-6 6 2 1065 1076 -3 b3 596 586 <105 b Tk 767
5 1 2 21 365 -1 53 299 347 064 646 -688
b 8 2 ko3 -386 6 6 3 617  -609 2 8 4 417 79
-3 9 2 00 747 =5 7 3 1192 1206 39 b 65 629
-210 2 667  ~686 -4 8 3 517 =600 b0 B 187 1
111 2 271 -229 -111 3 k72 47 =3 1 4 1393 1370
410 0 2 1251 -12h9 -9 1 3 1 530 -1 3 4 7 =312
912 ~302 8 2 3 1220 12b5 o b b Bs6 -B63
-7 3 2 20 170 -7 3 3 2 270 154 997 1048
-6 b 2 967 980 4 6 3 553  -626 2 64 327 =351
5 5 2 732 716 -3 7 3 665 =678 2 0 b 109 228
b6 2 602 595 2 8 3 1125 153 <1 1 b kO 8
-37 2 262 278 -1 9 3 532 518 024 509 h85
2 8 2 506 =536 010 3 478 o 13 b 377 =419
-1 9 2 792 809 111 3 3 hop 2 b &4 355 =382
010 2 879  -878 -7 13 260 254 35 & 117% <1199
111 2 358 <koe -6 2 3 907 923 b6 b 855 =830
8 0 2 987 1000 5 33 1284 1317 00 & 1854 1810
-7 1 2 1686 -1668 353 94 - 11 b 83 435
6 2 2 224 21k 2 63 55k . 2 2 4 198 -8l
< b2 1026 1043 -1 7T 3 1088 -1115 b &l 1046 <1066
-3 5 2 1686 1734 083 koo <342 5 5 & 512 475
2 6 2 291 311 -5 13 92 993 2 08 1117 1081
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other oxygen atoms are four coordinated. O, is coordinated with two indium
atoms, one silicon, and one sodium atom. O, is coordinated with two silicon
atoms and two sodium atoms. O, is coordinated with one indium, one silicon,
and one sodium atom, and these three distances are significantly shorter than
the corresponding distances from O, and O,;. The sodium atoms are eight
coordinated although two of the surrounding oxygen atoms are much further
away than the others. The coordination is best described as a very distorted
tetragonal antiprism.
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