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The crystal and molecular structure of di(tetramethylammonium)bis( maleonitrile dithiolate)nickelate( 11) has been deter- 
mined from three-dimensional X-ray data collected from a single crystal. The material crystallizes in space group ci of 
the triclinic system, with two molecules in a eel1 of dimensions a = 10.18, b = 15.79, c = 8.04 A., a = 87.1, p = 113.4, 
and y = 91.9'. Although the NiSa portion of the anion is required by crystallographic symmetry to beplanar, the eiitire 
anion need have only Ci symmetry; the anion is found to be essentially planar and to have symmetry very near toDSh. 
The cation has its expected tetrahedral shape. 

Introduction 
Since the initial reporta on the preparation of Co2+ 

and Ni2+ complexes containing as the ligand the di- 
anion of maleonitriledithiol (MNT), there has been 
considerable activity in the preparation and characteri- 
zation of a number of presumably square-planar 
complexes of the transition metals. The d i s ~ o v e r y ~ - ~  
that these compounds readily undergo reversible elec- 
tron-transfer reactions to yield a wide variety of 
complexes with total charges of 0, -1, or -2  is of im- 
portance since it makes possible the study of similar com- 
plexes of transition metals in a series of formal oxidation 
states. Extensive physical measurements on the MNT 
systems7~* as well as on related systemsQ have been re- 
ported recently. In  an earlier communicationlo we 
provided the first crystallographic proof that in one 
of these compounds, namely ( (CH3)4N)2Ni(MNT)2, 
the anion is indeed very nearly square-planar. In this 
paper we describe in detail the structure determina- 
tion. 
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Subsequent to our study the structures of other an- 
ions of the series 

I 

have been determined (M = Co, p = -211; M = 
c u ,  q = - 1 1 2 ;  M = Ni, p = - - l I3) .  The series is 
in fact remarkable, for the geometry of the anion ap- 
pears to be independent of the metal M and the charge 
4. 

Collection and Reduction of the X-Ray Data 
The orange-red crystals of ( (CH3)4N)2Ni(MNT)2 

were examined optically and by precession and Weissen- 
berg techniques and were found to belong to the triclinic 
system. A Delaunay reduction performed on our initial 
triclinic cell failed to suggest hidden symmetry. 
The cell chosen for the indexing of the Weissenberg 
photographs is a C-centered one, with a = 10.18 i. 
0.03, b = 15.79 =k 0.03, c = 8.04 f 0.02 A., a: = 87.1 
* 0 1, /3 = 113.4 0.1, y = 91.9 f 0.2', cellvolume = 
1185 A.3. The observed density of 1.35 g . / ~ m . ~  is 
in good agreement with the density of 1.37 g . / ~ m . ~  

(11) J. D. Forrester, A. Zalkin, and D. H.  Templeton, Inorg. Chem., 3, 

(12) J. D. Forrester, A. Zalkin, and D. H. Templeton, zbid., 3, 1507 (1964). 
(13) C. J. Fritchie, Jr., Abstract K-10, American Crystallographic Associa- 

1500 (1964). 

tion Meeting, Bozeman, Mont., July 25-31, 1964; Acta Cryst , in press. 

605 



606 RICHARD EISENBERG AND JAXES A. IBERS Inorganic Chemistry 

Atom 

Ni 
SI 
SZ 
c1 
C2 
XI 
CI 
c4 

A-2 
Scat  
Clcat 
Czcat 
CBcat 
C4cat 

TABLE I 
FINAL PARAMETER VALUES FOR (( CHl)aN)nNi(MNT)2 

X Y 2 

0 0 0 
0.1851 ( 4 ) a  -0.0715(3) 0.1794 (5) 
0.1349 (4) 0~1000 (3) -0.0410 (5) 
0.329 (1) -0.008 (1) 0.182 ( 2 )  
0.470 (1) -0.040 (1) 0.288 (2) 
0.581 (2) -0.065 (1) 0.369 (2)  
0.310 (1) 0.065 (1) 0.087 (2) 
0.423 (2) 0.117 (1) 0.088 (2) 
0.515 (2) 0.160 (1) 0,095 (2) 
0.034 (1) -0,178 (1) -0.389 (1) 
0.064 (2) -0.226 (2) -0,208 (3) 
0.136 (3) -0.106 (2) -0.374 (4)  

-0.107 (2) -0.139 (2) -0.458 (3) 
0,038 (2) -0.240 (2) -0.530 (3) 

13, h.z 
3 . 7  ( 1 ) b  
4 .9  ( 1 ) b  

4 . 5  (3) 
4 . 7  (3) 
7 . 1  (3) 
4.4 (3) 
5 .2  (3) 
7 . 3  (3) 
4 . 4  (2) 
9 . 4  ( 5 )  

11.4 (7)  
9 . 1  (5) 
8 . 2  (5) 

5 .0  (1)‘ 

Atom P !  1c 82% Pss 812 Pia 828  

Ni 0.0144 (3) 0.0037 (2) 0.0133 (4) 0.0026 (2) 0.0064(3) 0.0004 (2)  
0.0142 (5) 0.0044(3) 0.0214 (7) 0.0022 (3) 0 0048 ( 5 )  0.0019 (3) SI 

Sn 0.0157(5) 0.0052 (3) 0.0214 (7) 0.0025(3) 0.0074 (5) 0.0036 (3) 
a The estimated standard deviation in the least significant figure is given in parentheses here and in subsequent tables. * From the 

The general form for the anisotropic temperature factor is exp( -Pllh2 - &k2 - Pa# - 2P12hk - 2bl3Frl - isotropic refinement. 
2P38kl). 

calculated for two molecules in this centered cell. A 
very sensitive piezoelectric test14 was negative, and this 
provides reasonable evidence that the space group 
is Ci,  rather than C1. The satisfactory agreement 
ultimately obtained is also taken as support for the 
choice of CT. (The equivalent positions of C i  are 

Intensity data were collected a t  room temperature 
by the equi-inclination Weissenberg technique. Zir- 
conium-filtered Mo KCY radiation was employed. The 
layers h0Z to h1Ol were photographed. The intensities 
of 996 independent reflections accessible within the 
angular range OLIO 5 22.2’ were estimated visually. 
Because of the triclinic symmetry the intensity esti- 
mates were necessarily made from both the top and 
bottom portions of the films, and no corrections were 
applied for spot elongation. The usual Lorentz- 
polarization factor was applied to the intensities to 
yield Fo2 values (where Fa is the observed structure 
amplitude) and these were then corrected for absorp- 
tion. In  order to carry out the absorption correction 
the 12 crystal faces were identified by optical goniom- 
etry and the dimensions of the faces were carefully 
measured. (It turns out that the volume of the 
crystal used in the X-ray study is approximately 0.23 
mm.3 and has a calculated weight of 315 pg.) Csing 
an absorption coefficient of 11.7 cm.-l we find the re- 
sultant transmission coefficients range from about 
0.39 to 0.61.15 The Fo values were subsequently 
brought to an approximate common scale through a 
modification of Wilson’s procedure. 

Solution of the Structure 
With two molecules in C i  the Ni atoms may be 

placed a t  the special positions (000) and (1/21/20) 

zt ( x ,  y, 2; ‘/z + x, l / 2  + y ,  z ) . )  

(14) W e  are indebted t o  F. Holtzherg for  performing this measurement 
for us. 

(15) T h e  programs for the  I B M  7090 used in this work were local modifi- 
cations of Burnham’s GNABS absorption program, Zalkin’s F O R D A P  
Fourier program, and the  Busing-Levy ORFLS least-squares program. 

and the NiSb portion of the anion is necessarily planar. 
These features make the solution of an oth:rwise simple 
problem trivial. A complete trial structure was readily 
found from the usual combination of three-dimensional 
Patterson and difference Fourier maps and was re- 
fined by the least-squares procedure. The function 
minimized was Zw(Fo - F J 2 ,  where the weights w 
were assigned in the following n-ay: F 5 10 e, w = 
F2/100;  10 < F < 30 e, w = 1; F 2 30e, w = 900/F2. 
The atomic scattering factors for the neutral atoms 
tabulated by IbersI6 were used. The anomalous 
parts of the Ni and S scattering factors were obtained 
from Templeton’s t a b ~ l a t i o n ’ ~  and were included in 
the calculated structure factors. l8 The contributions 
of the hydrogen atoms to the structure factors were 
ignored, since no clear indication of their positions was 
obtained. 

Initially the iefinement was carried out in which all 
atoms were assigned individual isotropic thermal 
parameters. This refinement of 53 positional and 
thermal parameters converged to a conventional R 
factor (R = Zl1F.l - ~ F c ~ / / 2 ~ F o ~ )  of 0.15 and to a 
weighted R factor R‘ (R’ = (Zw(F, - F , ) 2 / 2 ~ F o 2 ) 1 ~ 2 )  
of 0,180. A difference Fourier based on this refine- 
ment exhibited electron density as high as 2 9 e/K.j 
(about 75% of the height of a carbon atom in this 
structure). There was clear indication of significant 
anisotropic thermal motion in the vicinity of the 
heavy atoms. 

In a second round of calculations the Ni and S atoms 
were allowed to vibrate anisotropically, while the other 
atoms were restricted to isotropic vibration. This 
refinement of 68 positional and thermal parameters 
converged to the values R = 0.107 and R‘ = 0.130. 

(16) J. A. Ibers, “International Tables for X-ray Crystallography,” 

(17) D. H. Templeton, ibid., Table 3.3.2‘2. 
(18) J. A. Ibers and W. C. Hamilton, Acta  Ciyst . ,  17, 781 (1964). 

Kynoch Press, Birmingham, England, 1962,  1’01. 3, Table 3.3.1A. 
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TABLE I1 
OBSERVED AND CALCULATED STRUCTURE AMPLITUDES ( X 10) FOR (( CHs)aN)2Ni(MNT)2 

n L m8s C I L  L 11s CAL H L I 8 S  C I L  Y L ) I S  C I L  I( L 08s C I L  n L mss C A L  n L 18s C I L  

3 - 5  2b8 262 
3 -6 2 1 1  222 
5 2 111 201 
5 5 164 2'1 
5 6 123 I 1 1  
5 - 1  7. L I P  
5 - 3  153 208 
5 -1 1 I Q  IIb 
5 -5 l b l  1 7 4  
5 - 6  b. P I  
5 -1 99 0 1  , 0 101 91 
7 1 125 103 
I -1  I 3  6 2  
7 - e  15b 1b5 
7 -5 219 236 
7 -. 182 112 
I - 7  159 162 
e - 1  L.9 108 

P 9 - 2  - 3  L35 61 123 bll 
P - I  IP I 7  
Y - 5  132 l b b  

-1  -1  2 3 3 3 ,  I 5 h  293 1 0 1  
-1  (i 136 111 
-1 5 I l l  130 
-1  b 6 1  0k 
- 1  1 9 5  92 -, - 1  el  128 
-1  - 2  3,s 372 
- I  - 3  +OI 398 
- 1  - 4  10. ,Ob 
-1  - 5  59 $8 -, -6 L.6 17, 
- 3  0 371 3'2 
- 3  1 I,, .16 
- 3  2 3-7 111 
- 3  3 151 115 
- 3  4 371 119 
- 3  5 675 5 6 3  
- 3  L I I e  %I. 

- 1  - 2  2 7 1  3 3 8  
- 3  - 3  177 111 
- 3  -4  1 2 6  95 
- 3  - 5  2 0 1  2 0 5  
- 5  I 611 5 6 ,  
-I 2 900 7 7 %  
- 5  3 615 569 
- 5  k 6 1 3  5 1 3  
- 5  5 97 111 
- 5  b 1)I  165 
- 5  - 1  290 3 2 3  
- 5  -1 281 3 1 3  
- 5  - 3  295 301 
- 5  - 4  2er ( I ,  
- 7  0 106 111 
- 7  1 72 I S  
- I  2 5 1  b5 
- 7  3 52 11 
- 7  a 2 5 1  2s*  
- I  b SO 9 2  
- 7  - 1  185 330 
-1 - 2  222 2 0  
-9 1 6 0  136 
-9 2 ,I1 LO2 
- 9  3 bO b 9  
- 9  L 6 1  $0 

-1  - I  - 1  I 2 1 1  5 3  2T6 7 1  

5 $ 5 8  6 9  , -1  279 339 
5 -2 3.1 3*2 
5 - 3  I67 $18 
5 - 4  611 (6% 
5 -5  3 W  325 
5 -6 b l  72 
5 -1 66 bb 
5 - 8  100 113 
I 0 277 251 
7 - 1  bLb b22 
7 - 2  0. 8e 
7 - 5  82 89 
I -b 125 110 
9 -1  9 9  'I3 

e - 3  229 17b 
-1  3 $2, 767 
-I 1 b56 kIb 
- I  6 272 246 
-1  I 206 208 
-1  I Lb2 196 
-1  - 2  1 b 1  115 
-1  - 3  492 495 
-1 -b 319 306 
-1  - 5  .6 I 3  
-1  -6 I O U  I92 
- 3  I 111, ,264 
- 3  1 519 5b8 -, 2 307 231) 
- 3  ' $ 5 4  369 
- 3  5 252 2 b 2  
- 3  L 2 %  196 
- 3  I 12Q 113 
- 1  - 1  1 0 2 k  I 1 2 9  
- 3  - 2  105b LOLL 
- 3  - 3  2 %  309 
- 1  -. 172 197 
- 3  - 5  2.6 2 6 3  
- 3  -6  2 l l  215 
- 5  0 3.6 LO3 
-5 I 305 310 
- 5  2 5 7  4 1  
- 5  3 ,. .6 
- 5  4 109 112 
-5 5 LO9 1 2 1  
-5 b 288 2 1 1  
-I (I 120 1 2 1  
- 5  -1  99 PI 
-I -1  13. 1 3 1  
- 5  - 6  1 9 1  209 
- 5  - 5  211 249 
- 7  0 LOO 77 
-1 1 206 1b5 
- 7  2 256 270 
- I  f .35 . , I  
- 7  b 216 236 
-7 3 9') 120 
- 7  6 137 155 
-7 I 1.8 11. 
- I  a 263 276 
- 7  - 1  15 I T  
- 7  -1 LP5 192 
- 7  - 3  86 82 
- 9  0 220 2 2 1  
- 9  I 2 2 1  192 
- 9  3 I 5 2  153 
-9  ' 324 309 
-9  5 3>2 329 
- 9  1 212 220 
-9  -1  195 171 

'L - 2  no 3 3  

4 5 b5 $7 , -1  2.9 2.6 
b -2 08b 1019 
4 - 3  I.5 823 
+ -6 ab7 371 
4 -5 151 157 
I - &  219 220 

4 -8  l b l  1bO 
b 0 320 293 
b 1 b 7 I  50b 
6 2 306 301 
6 6 bb 62  , -1  I10 191 
6 - 2  k8 b9 
6 -I I b 5  I 3 8  
L - 5  IO5 IO1 
6 -b bb 3 1  
b -1  11 81 
6 - 8  101 100 
1 - 1  151 168 
I - 3  8 1  68 
8 -4 1Ob 111 
8 -6 lbb 159 
0 -1  l a b  LLI 

10 - 2  131 97 
LO - 3  I T *  14, 
10 - 6  15C 127 
l o  - 5  9 1  Qb 
- 2  1 I372 126b 
- 2  I 1.51 1320 
- 2  5 502 k76 
- 2  b 300 2 0  
- 2  8 L I P  14)  
- 2  -1  306 I,. 
- 2  - 2  692 748 
- 2  -, 116 126 -+ 0 lob1 1089 
-4 1 7 3 3  0 2  
-4 2 505 *Ob 
- 4  3 2 k l  230 
- e  L 250 25b 
- 4  1 lb8 211 -, 6 11, 1 l 9  
-4 - 1  3 3 8  381 -, - 2  217 2 1 8  -, - 3  198 162 
-6 - 4  320 3 2 1  
-4  - 5  350 30b 
-6 0 I 5  l b  
-6 1 lob I 0 1  
-b 2 2OP 229 
- 6  1 le2 230 
-b 7 197 Z I P  
-6 I 166 Llb 
-6 -1 138 l b 2  
-6 - 3  218 208 

- 8  0 1hb I + 2  
- 8  1 10 76 
-I 2 5b 5 1  
-8  3 383 303 
- 8  6 319 310 
-1 5 3bb 345 
- 8  6 116 12. -* 7 102 I 1 8  
-1 - I  L50 I50 
- 0  - 2  113 91 

-10 I 2 1 3  IS5 
-11 2 172 111 
-10 3 1.6 123 
-10 5 I20 119 

4 -I 307 215 

-6 - I )  z ia  LPS 

5 1 3 5 5  35) 
5 1 '10 6 l Q  
5 3 401 390 
I + I 7 1  169 
5 5  66 7 
1 -1 59 96 
5 - 2  312 3 1 3  
5 - 3  2 2 1  218 
s -. 1S-J IS. 

5 - 8  10% Ib , 1 7, I S  
7 2 82 I2 
I 3 63 13 
1 - 1  50 60 
7 - 2  7 1  81  
I -1 116 135 
7 - 6  I 5 2  16+ 
I - 5  111 19s 
7 -6 155 111 
1 -7 115 115 
P 0 h l  35 
9 -I 1b2 I 1 9  
Q - 2  161 17k 
P -1 , I 2  150 
P -+ 169 I56  
e -I 111 98 
P -6 164 I50 

- 1  3 916 0 5  
- I  4 .* I 1  
-1  I 1 7 3  112 
-1  L 86 10, 
- I  1 177 181 
-1  -1  1.1 228 -, - 2  $92 6 3 1  
-1  - 3  3Q1 3Ib 
- 1  - *  I 1  +& 
-1  - 5  PP Pb 
-1  -6 1 2 1  133 
- 3  0 l O I 2  IObI 
- 3  1 301 2b2 
- 3  2 10 3s 
- 3  3 5 7 5  1.8 
- 3  b 2 5 1  2 1 3  
-1  I I 9 2  112 
- 3  6 499 +b2 
- 3  I l e 8  163 
- 3  8 123 I 2 1  
- 3  - 1  739 830 
- 3  - 2  + 2 7  518 
- 3  - 3  173 119 
- 3  - 5  111 10s 
- 3  -6 180 168 
-5 0 269 250 
-5 I 3 + 9  3'. 
- 5  2 bo1 5 5 8  
- 5  3 3 * 1  316 

- 5  5 153 105 
- 5  6 b l  11. 
-I I 1.7 137 
- 5  8 100 116 
- 5  -, L12 I 5 3  
- 5  - 2  301 312 
-3 -1 ,,2 3')) 
-I - 4  210 103 
- 7  0 138 1 3 1  
- 7  L 120 I11 
-1 2 70 72 
- 7  3 18 107 
- 7  . 101 12 f  
-1  5 101 111 
- I  7 1,s I 2 0  
-1  - 2  218 2Ob 
-1 -1 126 1Zb 
-9 0 112 150 
- 9  1 186 I V 5  
- 9  2 130 I 2 0  
- 9  b lbl l b l  
- 9  5 111 318 
- 9  b 211 2)) 

5 -6 in 223 

- 5  * re 50 

7 -6 122 120 

7 -8  1Q 101 
9 0 LOB 89 
P I (I) 8 0  
Q - I  56 67 
e -6 98 105 

- 1  3 911 610 
-1  6 393 3b1 
-1  5 338 3*1 
-I b 102 132 
- I  1 2 5 3  212 
- 1  -I 120 388 
-1  - 3  573 Sk8 
-1  - 4  692 638 
-1  -5  6.7 382 

-, 0 1.8 205 
- 3  1 120 158 
- 3  2 *so b 6 3  
- 3  I 29Q 2 4 2  
-1 2.4 253 
- 3  I I l h  223 
- 3  d 2bb 2 1 1  
-> I bk 19 
- 3  - 1  6.2 158 
- 3  - 2  507 573 
- 3  -1 .,7 432 
- 3  -+ 151 154 
- 3  - 3  L O O  90 
- 3  -6 2 5 1  26, 
- 5  0 57 2 1  
- 5  I IO. 235 
- 5  2 56 3)  
-1 > 1.6 l h 3  
- 5  k 219 2.0 
- 5  5 SZP 5 6 3  
-I 6 I26 332 
- 5  I 262 23* 
- 5  I b9 140 
- 5  -1  106 120 
- 5  - 2  82 110 
- 5  - 3  74 62  
' 5  - 5  109 V I  
- I  0 08 73 
-7 1 5OQ 5 0  
-1  2 561 595 
- I  I 4Ab 4 5 3  
- I  6 290 230 
- 7  5 140 167 
- 7  6 204 2 2 9  
- 7  I 243 2b5 
-I I 15b 110 
- 7  - 2  111 88 
- 7  - 3  235 208 
-9 0 L t l  LO5 
- 9  1 I P  93 
-9 + 218 152 
-9  5 122 124 
-9 b b5 7 3  
-9 - 1  238 22. 

I - 7  131 13. 

-1  -b 238 225 

........ t...... 
0 2 .TO 389 
0 3 110 16 
0 $ le2 226 
0 I 351 343 
0 6 + 2 I  654 
a I 323 355 
0 - 2  121 111 
0 - 3  131  LVO 
a -* ,o, 290 
0 - 5  311 290 
0 -6 85 99 
0 '7 93 e8 
2 0 25 16 
2 I 110 335 
2 2 282 265 
2 1 101 331 
2 4 $12 302 
2 5 250 2bO 
2 I "6 P O  
2 - 1  J I I  518 
2 - 2  108 5. 
2 - 3  I02 516 
2 -4  3 P I  3b2 
2 - 6  111 31T 
2 -7 250 215 
2 - 8  209 111 
4 1 5b 5 2  
4 2 24) 2 1 3  
4 1 13s 168 
4 . 55 29 , -1  222 323 
4 - 2  LOP 561 

- 3  Pbb lob1  ' -4  659 b.1 , - 5  3.5 29Q 
L -6 60, ,PI  
b -I 179 191 

............... 

............... ............... ............... 
0 3 11I L18 
0 4 2 1 3  2 3 2  
0 5 158 1 7 1  
0 b 601 390 
0 7 220 281 
1 - 2  313 261 
0 - 3  b3 17 
0 - 4  b l l  504 
0 - 5  315 266 
2 1 334 15b 
2 2 126 1'8 
2 + 107 111 
2 5 121 135 
2 6 116 111 
2 -1  'Io 107 
2 - 2  363 +13 
2 -3 lb8 1 I k  
2 - I  $25 342 
2 - 5  .,. 4 3 9  
2 -6 5 1 2  bo1 
2 - 7  > I ,  33,  
2 - 8  169 152 
4 0 24. 2.2 
I 1 1-0 207 * 2 320 3 8 b  . , 36, 37. 
1 4 278 2 0 b  

I 2 386 335 
1 3 03 +I 
I . 216 252 
1 5 I 1 3  323 
I 6 331 3 2 2  
1 7 134 151 
I - 2  103 73k 
I - 3  35b 327 
1 - 6  LO LO 
1 -I L52 170 
1 - 6  276 Pbb 
L - 7  2 0 1  16. 
3 I I 1 1  113 
3 3 130 173 
3 4 I b S  155 
3 5  5 9  e 
3 - 1  85, IOIZ 
3 - 2  853 840 
3 - 3  5 Q O  (11 
3 - 4  111 11. 
1 - 5  186 2 0 8  
1 -6  376 338 
1 - 7  bo6 383 
3 -I  229 265 
I 0 252 223 
5 1 L O 1  515 
I 2 5 3 9  5 1 2  
5 3 256 211 

............... 
I 2 159 1+5 
I 4 133 148 
1 I I 5 5  148 
1 b 125 I 3 8  
I I $7 103 
1 - 2  6 2  80 
1 -. 655 653 
I - 5  bok b72 
1 -6 %bO 305 
L -1 L52 >6+ 
3 0 e21  988 
I 1 I 1 4  I15  
3 2 0 3  76 
1 3 131 Ilb 
3 + 192 2 1 1  
3 5 I L L  1 8 1  
3 b 94 98 
3 - I  839 952 
3 - 2  ebb 8 6 5  
3 -1 32s 23q 
3 - 4  5 2 I  5 3 3  
1 - 3  398 380 
3 -6 393 3.0 
3 - 7  252 2 8 1  , - 8  , I 3  e2 
5 0 0 1  93 

0 2 b27 347 
0 3 b 3  19 
0 4 346 3'. 
0 6 LI 22 
0 - I  T O 1  T.1 
0 - 3  blb (00 
0 -. 516 $ 4 5  
0 - 5  171 LPI 
0 -b 2 0 9  260 
2 0 106 109 
2 I 8 8 .  160 
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According to Hamilton'slg R-factor test this improve- 
ment is highly significant. The highest peak on the 
difference Fourier based on this refinement is 0.8 
e / k 3 ,  about 20% the height of a carbon atom. There 
were no discernible features on this map that suggested 
an inadequate treatment of thermal motion; rather 
i t  appeared as though the limit of refinement con- 
sistent with the quality of the data had been reached. 
Nevertheless, in a final series of calculations the atoms 
in the cation were restricted to isotropic vibration, 
while all nine atoms in the anion were allowed to 
vibrate anisotropically. 2o This refinement of 98 po- 
sitional and thermal parameters converged to  the 
values R = 0.104 and R' = 0.126. There were no 

significant shifts of the positional parameters away 
from the positions found in the previous refinement. 
Moreover, the improvement in the value of R'  is sig- 
nificant a t  only about the 25y0 levellg and there is 
thus little justification for this refinement of addi- 
tional thermal parameters. Accordingly in Table I 
we list as final parameters for this structure those that 
were obtained from the second calculation in which 
only the Ni and S atoms were allowed to vibrate 
anisotropically. The final values of F, are based on 
these parameters: in Table I1 we list 10Fo and 101 Fcl 
(in electrons) for the 996 observed reflections. Since 

(20) Since the scale factors of the separate layers were also adjusted in 
the least-squares procedure, i t  is not  possible to  carry out  a complete aniso- 
tropicrefinement. As long as a reasonable fraction of the atoms are restricted 
to  isotropic vibration there is little correlation between the scale factors and 
the values of pz2 of those atoms tha t  are vibrating anisotropically. (19) W. C. Hamilton, Acta Cryst . ,  in press. 
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Figure 1.-A sketch of the Ni(MNT)22- ion showing approxi- 
mate dimensions and angles and also the electron density in the 
best least-squares plane through the anion. The electron density 
map was drawn by the cathode ray tube*plotter on-line to the 
IBM 7094. The lowest contour is 1.46 e/A.3 and contours above 
5.10 e/d4.3 have been omitted. The contour interval of 0.73 
e/A.B nicely displays the density of the light atoms, but is too 
small to allow the heavy-atom contours to be resolved. The dots 
in the centers of the heavy atoms designate the atomic centers. 

none of the intensities calculated for the unobserved 
but  accessible reflections exceeds our estimate of a 
minimum observable intensity value, F,[ values for 
unobserved reflections are omitted from Table 11. 

The final R value of 0.107 is somewhat higher than 
we would normally expect, and we attribute this mainly 
to intensity errors arising from spot elongation and 
contraction. 

The anisotropic thermal parameters (Table I) lead 
t o  the root-mean-square amplitudes of vibration along 
the principal axes of the thermal ellipsoids tabulated 
in Table 111. The orientations of the principal axes, 
which can be worked out from the data of Table I, 
lead us to conclude that the translational motion of 
the anion as a whole is somewhat smaller than motion 
resulting from rocking. No analysis of these vibra- 
tions in terms of a rigid-body approximation has been 
attempted. 

Description of the Structure 
The crystal structure described by the space group, 

the parameters of Table I, and the cell parameters 

TABLE I11 
ROOT-MEAN-SQUARE -1MPLITUDES OF VIBRATION ( I N  A. ) 

Atom Minimum Intermediate Maximum 

Ni 0.180 (3) 0.189 (3) 0.276 (3) 
s1 0.198(5) 0.265(5) 0.274(5) 
s2 0.197 ( 5 )  0.257 (4) 0.301 (6) 

consists of the packing of essentially planar anions and 
tetrahedral cations. The anions are well-separated, 
the closest Ni-Ni approach being the lattice repeat 
of 5.04 A. All intermolecular contacts appear to be 
normal and give no indication of unusual anion-cation 
interactions. The closest intermolecular contacts of 
the Ni are three methyl carbons from each of the cat- 
ions a t  a distance of about 4 *&. 

The dimensions of the Ni(MNT)22- ion are shown in 
Figure 1 and tabulated in Table IV. The equation of 

TABLE IV 
PRINCIPAL INTRAMOLECULAR DISTANCES AND ANGLES 

Distance, Angle, 
Atoms A .  Atoms deg.  

Anion 
Ni-Sl 2.174(6) Sl-Ni-S2 91.5 (2)  
Si-& 2.156(6)  Ni-Sz-Ca 104,5 (6) 
s1-c1 1.74 ( 2 )  Sz-C3-C1 119 (1) 
&-c3 1 .76(1 )  c3-c1-s1 122(1) 
c1-c3 1.33(2)  Cl-S1-Ni 103.1 (5) 
c1-c2 1 . 4 4 ( 2 )  Sz-C3-C4 118(1) 
c3-c4 1.38(2)  Ca-Ca-Nz 177 ( 2 )  
Cz-s.1 1 .13(2)  c4-c3-c1 123 (1) 

117 (1) S1-C1-C2 
C1-CrN1 179 (1) 

c4-sz 1.13 (2)  Cz-C1-C3 121 (1) 

Cation 
S-Ct 1 53(3) C1-X-Cz 

s-c4 1.55 (2) c2-s-c3 

Cz-N-C? 
Mean C-S 1,512 Ca-Ii-Ca 

s-cz 1.50(3)  CI-N-CB 
N-C3 1.47(2)  Cl-?;-C4 

~- 

- 

Mean angle 

113 (1) 
111 (1) 
110 (2)  
104 (2) 
110 (1) 
109 (1) 

109.4 

the best least-squares planez1 through the anion is 
3.741% - 8 . 0 1 1 ~  - 7.1222 = 0 (triclinic coordinate 
system). The deviations of the individual atoms 
from this plane (Table V) are small and presumably 

TABLE V 
DEVIATIOXS (x.) FROM THE LEAST-SQUARES PLASE 

THROUGH THE A S I O N  

Atom Deviation u (deviation) 

SI -0,012 0.004 
s2 -0.004 0.004 
c1 -0.001 0.016 
C3 0.016 0.016 
cz 0,024 0.016 
c4 0.014 0.017 
S I  0.065 0.017 
S Z  -0.036 0.017 

result from packing distortions. Although the mole- 
cule is required to have only the symmetry C;, the sym- 
metry closely approximates D 2 h .  The geometry of the 
anion differs insignificantly from that of the Co- 
(NLSIT)Z~-,~' Cu(?vlNT)z-,12 and Ni(MNT)2- 1 B  anions. 

The tetramethylammonium cation has its expected 
tetrahedral shape (Table IV). 

(21) W. C. Hamilton, Acta C r $ s l . ,  14 ,  189 (1961). 


