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Confirmation and refinement of the structure of Hg;S,Cl,. By A.J. Fruen and NorMAN GRay, Crystallographlc
Laboratory, McGill University, Montreal, Quebec, Canada

(Received 24 February 1967 and in revised form 19 September 1967)

a-Hg3S,Cl, is isometric, with a=8-949 +0-002 A, space group 12,3 (199) and with the atoms in the following
special positions: 12 Hgin 12(b); x,0,%; with x= 0-3029 +0-0005; 8 Sin 8(a); x, x, x; with x=0-2709 + 0-0029;

8 Cl in 8(a); x,x,x; with x=0-0107 £ 0-0028.

Puff & Kuster (1962) determined the crystal structure of
Hg;S:Cl; from powder diffraction data. More recently
Carlson (1967) in a series of vapor-transport experiments
in the system HgS-HCI obtained single crystals of three
polymorphs of the compound. The diffraction of the
a-phase corresponded to the phase described by Puff &
Kuster. The morphology of the single crystals indicated the
crystal class 2/m3, which was in disagreement with the non-
centrosymmetric space group 123 of the earlier determina-

Table 1. F observed

H ok L FlOF FIG) AIC)  8IC)  H K L FlO)
2 0 0 2166 210.5-208.3 =3C.4 &6 T 1 94.2
4 0 0 638.9 0639.3 6342 80,7 3 7 1 B8T.9
6 0 0 92,6 7.3 76,3 12,3 -2 T 1 10646
8 0 0-197.7 18l.1 179.1 27.2 =4 7 1 133.1
10 0 0 90,9 85.1 834 17,0 =6 T 1 10844
1 1 0 198.2 175.1 =24.2 1T3.4 <8 T 1 95
7 1 0 15045 15947 =27.0 157.¢ 1 8 1
9 1 0 111.8 99.3 25.5 =96.0 3 & 1
111 0 67,2 83,5 -17.3 8l.7 5 & 1
22 0 9le3  T0.6 =blib =344 T8 1
4 2 0 30846 307.7 -303.3 =520 -1 8 1
6 2 0 108.4 117.0 116.8 7.7 -3 8 1
s 2 0 -7 8 1
0 20 0091
130 2 91
3 3 0 4 9 1
5 3 0 6 9 1
“ 40 -2 91
6 4 0 -4 9 1
8 4 0 -6 9 1 .
10 & 0 011 1 63,7
350 6 0 2 248.1
5 50 8 0 2 112.3
750 10 0 2 1385
9 5 0 1 1 2 405.0
2 60 3 1 2 286.4
8 6 0 5 1 2 1176
110 9 1 2 94.9
310 -1 1 2 325.1
5710 -3 1 2 257.5
2 80 -5 L 2 104.
4 8 0 -9 1 2 8l.5
6 8 0 0 2 2 890
210 ¢ 2 2 2 6213
111 c 4 2 2 90.0
101 6 2 2 156.0
3.0 1 8 2 2 13449
701 10 2 2 439
211 ~2 2 2 558.8
411 -4 2 2 88.3
6 1 1 23402 23349 170.0 -160.7 -6 2 2 1T4.5
10 1 1 90,0 8745 3.3 ~ET.4 <8 2 2 148.7
=2 1 1 33042 356,8 11046 =339.3 =10 2 2 33.7
“4 1 1 2186 239.7 179.6 159.5 1 3 2 164.3
<6 1 1 243.9 2341 -$7.0-213.0 3 3 2 135.9
=10 1 1 86,8 89.9 38,6 -8l.1 5 3 2 17L.3
3 2 1 156.2 151.7 =134.4 =70.4 7 3 2 160.0
S5 2 1 32001 319.9 16l.3 -276.2 9 3 2 136.0
7 2 1 98.2 105.1 =T1.6 =76.9 =1 3 2 14940
9 2 1 6lié  B0.5 67.8 -=43.4 =3 3 2 1187
=3 2 1 149.8 145.3 14248 =26.7 -5 3 2 160.1
“5 2 1 317.8 317.1 =43.2 =314l =7 3 2 160.0
=7 2 1 111.3 96,0 84,3 =45.8 =9 3 2 1623
=9 2 1 75.9 2.4 =28.0 =668 0 4 2 29744
2 3 1 262.0 252.9 115.4 225.1 & 4 2 116.0
4 3 1 176.2 192.9 -185.9 ~5l. 6 4 2 88.5
6 3 1 159.8 188.0 114.7 149.0 10 & 2 76.3
10 3 1 62,5 5647 =lésk 56,8 =& 4 2 108.5
=2 3 1 238.6 253.4-177.2 18l.l =6 4 2 103.7
=4 3 1 179.2 199.3 199.0 1l.3 ~10 & 2 88.1
-6 3 1 173.6 189.8 ~161.7 99.3 1 5 2 322.7
“10 3 1 7121 el.l ~12.7 59.8 3 5 2 223.5
3 4 1 373.6 401.7 113.4 385, 5 5 2 87.1
5 4 1 134.9 153.0 ~140.8 =59.8 7 5. 2 59.4
7 4 1 2089 238.6 57.4 23l.6 -1 5 2 327T.2
9 & 1 87T.3 B8T.4 -86.2 165 =3 5 2 253.9
=3 & 1 393.6 350.2 ~228,7 323.6 =5 5 2 96.l
=5 & 1 150.0 145.0 144.9 =5.6 =7 5 2 87.0
=7 4 1 234.3 231.3 -136.9 187.9 0 & 2 lo7.2
~9 4 1 86.4 TT.2  60.3 4Bl & b6 2 164.5
2 5 1 109.6 103.1 103.0 4.7 v 6 2 lb8.s
& 5 1 16041 13648 ~114.0 =75.5 =& & 2 199.5
6 5 1 B4 86,6 86,0 10,8 =8 & 2 188.7
=2 5 1 115.9 95.5 =89.6 =-32,9 1 7 2 1lol.l
=4 5 1 156.9 138.5 136.7 =~22,2 3 7 2 64.7
=6 5 1 1066 8l.8 =T5.8 =30.9 5 7 2 87.0
3 6 1 14049 131.5 -121.6 =50.1 T T2 T
S 6 1 192.5 221.2 137.7=173.1 -1 7 2 1l6.2
9 6 1 59.9 6647 6C.2 =28,7 =3 1 2 129
“3 6 1 1518 127.8 127.8 =1.0 =5 7 2 ¥l
=5 6 1 239.8 22C.6 =-47.8 =215.4 =7 7 2 95.1
“9 6 1 T3.7  62.3 -29.8 =54.7 0 8 2 2834
07 1 1370 159.1 ~z1 0 157,64 & 8 2 le2.b
2 7 1 100.8 2 W =119 -6 8 2 162.6
4 T 1 1716 1ees -\« 5 105.5 1 9 2 93.8

F(Cl

tion. Close examination revealed fine striations on the cube
faces in the directions [110] and [100], indicating that mirror
twinning perpendicular to the twofold axis may cause the
apparent centrosymmetric morphology.

A Geiger-counter goniometer with Cu Ko radiation was
used to record 255 independent reflections from three levels
on a ground sphere. The data were corrected for absorption,
Lorentz and polarization and the following parameters were
found.

| F calculated, A calculated and B calculated for all observed reflections of HgsS2Cly

atc)

BIC) H K L £10) £1C) Atc) BilC)
102.1 102.1 0.2 3 9 2 6346 Sle4 33.7
9048 =b64.7 63.8 =1 9 2 85.4 T2.4 28,0
8B.5 =T77.2 =43.4 =3 9 2 65.0 59.&4 56.9
179.3 97.5 150.5 010 2 72.2 82.8 8l.7
95:9 =89.0 «~35.8 4 10 2 10548 111.2 109.7
S =4 10 2 113.7 112.7 109.5
3 0 3 329,8 305.3 4TS
5 0 3 134.6 119.4 =l4.5
T 0 3 183.T 178.7 31.5
0 1 3 480.1 &79.7 =-66.2
2 1 3 207.1 151.7 -134.4
4 1 3 456.6 401.7 113.4
6 1 3 160.9 131.5 -121.6
8 1 3 192.6 190.3 ~-l.9
=2 1 3 151.9 145.3 142.8
=4 1 3 42841 39642 -228.7
-6 1 3 116.7 127.8 127.B
=8 1 3 170,5 186,5 =74,2
1 2 3 293.8 252.9 1l15.4
. 3 2 3 151e2 127.0 =120:3
83,5 =17.3 8l.7 5 2 3 259.9 239.7 53.1
24847 =241.3 ~60.3 T 2 3 8le7  T0.9 =70.7
12848 12644 24.8 9 2 3 6543  51.4 33,7
16048 =154.6 =444 -1 2 3 228.3 253.4 =177.2
358.1 206.6 -292.5 ~3 2 3 122.9 138.5 138.5
25249 115.4 225.1 =5 2 3 252.6 243.1 -140.8
103.1 103.0 47 =7 2 3 751 84,5 7.3
91.5 28,5 86,9 =9 2 3 594 59.4 =56.9
356.8 110.6 339.3 2 3 3 140.2 127.0 -120.3
25344 117.2 -181.1 4 3 3 285.3 290.3 207.2
95. 9.6 32.9 6 3 3 132.2 127.7 -121.5
84,2  54.9 =839 8 3 3 13L.6 134.8 76,0
70.6 -61-6 ~31-.§ =2 3 3 115.2 138.5 138,
S568.8  562. 86. =4 3 3 285.7 289.7 =124.3
1549 75.5 -8-0 =6 3 3 1lle2 135.5 135.4
178.7 175.4 3443 -8 3 3 128.6 131.8 -21.3
140.0 138.9 17.8 1 & 3 217.4 192.9 -185.9
5245 51e2 11.5 3 4 3 2T4.0 290.3 207.
56845 56243 840 5 4 3 164,0 165,0 -150.9
15.4  75.3 =2.7 7 4 3 160.3 170.8 120.7
178.0 175.5  29.9 9 4 3 T0.8  65.6 =6h.3
14047 138.7 23,3 =1 4 3 18l.4 199.3 199.0
51.9 513 Te9 =3 4 3 28948 289.7 =124.3
151.7 =134.4 =70.4 =5 & 3 152.9 172.3 125.6
127.0 =120.3 =40.7 =7 4 3 165.1 174.8 =65.8
70,8 =11448 126,5 ~9 4 3 65,5 T7.5 75.3
161.7 =43.4 =155.8 0 5 3 174.5 160.8 =23.2
156,64 =72,1 138.8 2 5 3 156e4 17048 ~114.8
145.3 -142.8  26.7 4 5 3 173.7 175.2 8945
13845 =138+5 =0.5 6 5 3 10442 12443 ~97.9
172.9 -6l.1 -161.8 8 5 3 60.7 Téed 0.2
169.9 -113.5 1263 =2 5 3 166.1 172.9 6l.l
160.5 6.2 <1604 =4 5 3 1Tl.3 16425 =129.9
307.7 30343 =52.0° =6 5 3 129.5 128.9 57
116.0 =114.3 =19.6 =8 5 3 84,3  65.5 =26.
111.9 -104.9 -38.9 1 6 3 186.8 188.0 1l4.7
92.2 =-Bb,4 =32.1 3 6 3 118.2 127.7 =121.5
117.1 ~114e1 =26.2 S 6 3 162.7 176.1 6246
109.0 -105.2 =-28.7 7 6 3 60,6 77,5 -77.2
89.9 =86.7 =23.7 =1 &6 3 169.9 189.8 -161.7
319.9 161e3 =27642 =3 6 3 111.2 1355 135.4
239.7 53.1 233.8 -5 6 3 202.8 179.5 =129.4
107.8  89.9 =59.4¢ =7 & 3 87.5 864 B82.4
6941 54,9 4Ll.9 2 7 3 15043 161.7 -43.4
317.1 43.2 314.1 4 7 3 109.9 110.3 109.4
263.1 150.8 -195.1 6 7 3 105.0 128B.9 -62.5
10143 4643 90.0 8 7T 3 20,1 43.6 431
69,6  oT.6 =1bs6 =2 7 3 168.8 169.9 113.5
117.0 1l6.8 7.7 -4 T 3 109.9 107.0 -103.3
18645 183.3 20,3 =6 7 3 135.1 140.2 115.8
17502 172.7  29.0 =8 T 3 36,2 40.2 -39%1
185.6 183.,1  30.5 1 8 3 90.9 5%.2 -55.0
177.2 172.4  4l.L 3 8 3 133.0 134.8  76.0
10541 =71.6 =76.9 3 8 3 53.8  67.6 =55.5
70.9 70,7 4.8 7 8 3 69.2 B8l.5 3.6 °
85.4 ~70.7 . 48.0 =1 8 3 47.3 63.7 63,
83.7 =25.2 -79.8 =3 3 3 132,3 131.8 -2l.3
96,0 -84.3 45,8 -5 8 3 &9, 67 39.1
B4s5 =T7,3 -34.0 =T 8 3 9l.4 82.3 =T
82,4 -38.0 -T3.1 2 9 3 140.4 15644 -T2.1
92.0 =70.6 5844 4 9 3 64,0 55.8 50.0
209.4 ~262.8 -59.2 =2 9 3 14T.6 160.5 6.2
153.1 —149.5 =33.1 =6 9 3 68,6 4b.7 -4b.k
15447 —149,3 =40.5 110 3 59.5 56.T =léué .
30.5 67.8 <-43.4 ~-110 3 60.9 6l.1 -12.7 59.8
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Fig.1. The crystal structure of Hg3S,Cl,.

Isometric: a=8949+0002 A, U=7167 A3, Dun=
6-895+0-086 g.cm~3, Z=4, D,=6-827 g.cm~-3,
Space group 12,3 (no. 199).
Atomic positions
12 Hg in 12(4); x, O, %;
8S in 8(a); x, x, x;
8 Cl in 8(a); x, x, x;

with x=0-3029 + 0-0005
with x=0-2709 + 0-0029
with x=0-0107 + 0-0028
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In the structure (Fig.1) the Hg is octahedrally (trans) co-
ordinated to:

28 at245+002 A

2 Cl at 2-87+£0-01

2 Cl at 3-38 £ 0-04

The bond angles within the octahedra are:
S-Hg-S 166+1°

Cl-Hg-Cl 78-7+0-1°

(2) Cl-Hg-Cl 862+0-6°
Cl-Hg-Cl1 109+1°

Each octahedron shares a face with an adjoinning octa-
hedron, the Hg-S-Hgangle between octahedra being 92+ 1°.
’1{ his results in the nearest Hg-Hg distance being 3-546 + 0-004

The structure was refined by least-squares using isotropic
temperature coefficients and correcting for anomalous scat-
tering, until the R value for 255 hkl reflections was 0-08
(weighted, R=0-077). The resulting isotropic temperature
factors are Brg=274+0:03; Bs=1.5+0-3 and Bci=
1-840-2. The F calculated are compared with F observed
in Table 1.

This work was supported by National Research Council
of Canada Grant A-165.
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Trimethylplatinum(IV) iodide and its misrepresentation as hexamethyldiplatinum*. By GasrieLLE DONNAY, Geo-
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Transparent, tan-colored trimethylplatinum(IV) iodide crystals have cell dimensions 17:77:5, 19-39:6,
17-1545 A, B=115°41+ 5, space group P2i/a, and 32 molecules per cell. These data duplicate the ones
erroneously ascribed to hexamethylplatinum by Illuminati & Rundle [J. Amer. Chem. Soc. (1949) 71,
3575], whose published (010) Patterson projection enables eight tetramers of the molecule to be located in
the crystal structure. This tetramer has a configuration similar to that reported for the tetramer of trimethyl-

platinum(1V) chloride.

Trimethylplatinum(IV) iodide has been assumed (Kite,
Smith & Wilkins, 1966) to be cubic and isostructural with
trimethylplatinum(IV) chloride (Rundle & Sturdivant,
1947), although Burovaya (1949) studied its morphology,
pointed out that it is monoclinic, point group 2/m, and ob-
served forms 001, 110, 100, 011, leading to axial elements
a:b:c=1-778:1:1-826; p=116°02". Our own data follow.

On recrystallizing Pt(CH3);l, two distinct phases are
obtained. One phase, recrystallized from benzene, is sol-
vated; the other, recrystallized from toluene, is not. The
solvated phase loses its benzene molecules within minutes
when exposed to air. The change in crystal phase is readily
observed because, although the crystal faces are perfectly
preserved, the tan-colored transparent crystals turn yellow
and opaque. Such a yellow pseudomorph gives a spotty

* Work supported in part by National Science Foundation
Grant no.GP-4947, awarded to The Johns Hopkins Univer-
sity.

X-ray powder pattern, showing a grain size of at least
1000 A and little preferred orientation. This powder pat-
tern is identical with that of the Pt(CHj);l recrystallized
from toluene, thus showing that no toluene molecules are
captured in the phase obtained from toluene. A combustion
analysis, performed by J. Walter, gave C 9-83, H 2-65%;
calculated for Pt{(CH3)3I: C 9-8; H 2:5%.

The unsolvated crystals are brittle, 2 to 3 mm in largest
dimension, transparent, tan-colored, thick-tabular (100)
with point-group symmetry 2/m. Optical extinction is sharp
parallel to an edge which is chosen as the b axis. The ob-
served forms, measured with excellent signals on the optical
goniometer, are indexed 100, 021, 001, and 120. The cell
to which these indices refer has dimensions: a=17-77 £5,
b=1939+6, ¢=17-12+5A and B=115°41"+5, cell
volume = 5316 A3 (precession films, Cu Ka, 1=1-5418 A),
and axial ratios a:b:¢=0-9165:1:0-8829, requiring a trans-
formation matrix 001/020/100 to be applied to Burovaya’s
morphological cell. The observed forms thus indicate a



