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The crystal structure of the title compound (C;sH;sNgNi.3H>0) has been determined by three-dimen-
sional X-ray analysis. The space group is Pnnm, and the cell dimensions are: a=7-02, b=19-31 and
c=15-53 A, and Z=4. The structure determination was based on intensities of 1612 independent reflex-
ions obtained with Cu K« radiation at room temperature using the multiple-film method. The structure
was refined by a least-squares method to a conventional R index of 13-3 %. The Ni(CN)2~ ionissquare-
planar and the bond lengths are: Ni-C=1-86 and C-N=1-15 A (average). The centre of the 1,2-bis-(2-
methylpyridinium)ethane ion lies on a twofold axis. The methyl groups in position 2 of the pyridine
rings are arranged cis to one another with a C- - -C distance of 3-94 A. The bond lengths in the pyridine
rings agree well with those in pyridine. The distance between the nitrogen atoms in the 1,2-bis-(2-methyl-
pyridinium)ethane ion is 3-74 A, which is approximately the distance between the positive charges in the
divalent cation. Each water molecule is strongly hydrogen-bonded to two other water molecules and
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one nitrogen atom of the Ni(CN)2~ ion.

Introduction

The crystal structure of 1,2-bis-(2-methylpyridinium)-
ethane tetracyanonickelate(II) trihydrate has been
determined as part of a program for the study of the
structures of complex cyanide compounds with different
types of cations. The distance between the two posi-
tively charged nitrogen atoms in the 4,4’-dipyridinium
ion (Basson, Bok & Leipoldt, 1969) is 7-05 A and in the
1,2-bis-(N-methyl-4-pyridinium)ethylene ion (Leipoldt,
Basson & Bok, 1970) it is 927 A. The structures clearly
show that the distance between the positive charges
on the divalent cation largely determines the arrange-
ment of the cation with respect to the anion. The dis-
tance between the positive charges in the 1,2-bis-(2-
methylpyridinium)ethane ion is much shorter than in
the former two ions so that quite another type of
arrangement is to be expected.

Experimental

1,2-Bis-(2-methylpyridinium)ethane bromide was pre-
pared by heating 1,2-ethane dibromide with a slight
excess of 2-picoline in an ethanol medium for about
three hours under reflux. On cooling, a white crystal-
line salt was obtained. An aqueous solution of the bro-
mide was added to a concentrated solution containing
an equivalent amount of T1,Ni(CN),. The precipitated
insoluble T1Br was removed by filtration. The solution
was evaporated until fine needle-like crystals of 1,2-bis-
(2-methylpyridinium)ethane  tetracyanonickelate(II)
were obtained. To obtain well-formed single-crystals
the salt was allowed to crystallize very slowly from a
dilute aqueous solution. In this way long, light-yellow
needle-like crystals were obtained whose cross-section
varied from approximately 0-2 to 0-3 mm and the
length from approximately 20 to 30 mm.
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Since the crystals tended to lose their water of crys-
tallization in the atmosphere, they were covered with a
thin layer of oil and sealed in a Lindzmann glass tube.

The Weissenberg camera was standardized with
NaCl, a=5-63 A. The density was determined by the
flotation method using di-iodomethane and diluting it
with benzene. The orthorhombic unit-cell dimensions
determined using Co Ko, A=1-789 A, radiation were as
follows: @=7-02+0-01, 5=19-31 £0-02and c=15-53 +
0-02 A. Formula weight =431-1, Z=4; d,=1-35 and

=1-36 g.cm~3. According to the systematic absences
hOl for h+1=2n+1, Okl for k+/=2n+1, the space
group is Pnanm or Pnn2. The former is centrosymmetri-
cal.

The intensity data were obtained from a crystal with
the dimensions 0-5x0-23 x 0-23 mm?3 (cut off from a
longer crystal) with the a axis as oscillation axis. The
intensities were determined for layer lines 0-5 using the
multiple-film method. A Sto€ Weissenberg camera was
used with Cu Ko radiation and Ilford industrial G,
X-ray films. The intensities were estimated using a cali-
brated standard strip. According to this scale the inten-
sities varied from 1 to approximately 2800. A total of
1612 reflexions were obtained of which about 20%
were weaker than the background. A value of 4 of the
minimum value was assigned to the latter in accordance
with Hamilton (1955). The usual correction factors,
i.e. Lorentz, polarization, spot shape and o; —a, split-
ting, were applied. No correction was made for absorp-
tion as the crystal was much smaller than the optimum
size (Buerger, 1942) (u=15-24 cm~! and u R=0-1714),

Determination and refinement of the structure

If the space group Pnnm is assumed to be correct, it
follows that the centres of both the organic cation and
the Ni(CN)Z~ ion must be situated on a special posi-
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tion since there are only four formula units per unit
cell. The corrected intensities were used for the cal-
culation of a three-dimensional Patterson function.
The positions of the Ni atom and of the C and N atoms
of the Ni(CN)Z~ ion could be determined from the Pat-
terson function. The Ni atom lies in the special position
(g) with point symmetry m. Two cyanide groups are
also situated on the same mirror plane. The coordinates
of the atoms of the Ni(CN)3~ ion which were obtained

1,2-BIS-(2-METHYLPYRIDINIUM)ETHANE TETRACYANONICKELATE(II).3H0

from the Patterson function, were used for the calcu-
lation of a three-dimensional Fourier function, from
which the positions of all the remaining C, N and O
atoms could be determined .There are only two inde-
pendent water oxygen atoms, one lying on the special
position (g) with point symmetry m. These coordinates
were used for refining the structure.

The coefficients of the isotropic temperature factors
were originally taken as 3-0 A2. The structure was first

Table 1. Observed and calculated structure factors

The data are separated into groups having common values of A. The four columns in each group list values of %, /, F, and F;
in that order.

x 1 ’o % x 1 Po 'a k1 10 Pc
K w0 95:7 = 90.8
54.5 = 48.
0 2 44, 38.8 - 33,
0 8 154. 1 254 - 24
0 10 122.! 37.8 = 324 Py
0 12 11, 42.2 < 320 11
0 14 108 102, 30.2 - 21, 12
0 16 5l. 47, 4245 = 35, 13
0 18 28.7 29, 8 3342 = 264 1
2 0 29.7 19. 10 43.0 - 36. 1 1
6 0 96,0 -l02. 1 10.4 - 8, 1 2
10 0 103. 100.. 6 = 5. 1 1
12 0 &7 324 28, pt 1
PN ) 54.8 - 48, 9
1 0 544 44, 4 17.
18 o 2542 = 20, 4 30,
20 0 264 2346 4 194!
2 c 2047 = 1745 124 = 79,
3 6  4l. 35.4 3047 = 244
8 22.8 19.2 7.4 - .
By 4341 35 12¢2 = 104
Py o1 . 62.9 = 6347
1, By 284 20, 4 10 4o o
1 1 20. 18. 4 1 44.8 = 434
1! X 1 274 21, 4 1 0 < 6
1 9.5 17 1 17 164! 4 1 . 10,
1 15.6 18 224 20, 4 1 4« 6
2 2.0 18 2 = 5. 4 1 35.1 - 344
2 ¢ 3.3 . 18 224 17. 1 2 - B
2 8 41.2 2 18 10. 10. 1 2ls - 21
2 10 1444 19 1 . N 39, 38..
2 5.6 1 104 10, - 204
2 61 L . . 1 - 9
2 641 1 8 - 2 4 - 49,
8.2 1 . . 2 24,
0.1 19 1 16. 4. [ - 63
5.6 2 2 Wl o= 5 Y 1.
31 20 4 9 = b 3 - 34,
5.5 20 6 . - T 2 204
5.3 21 1 315 =3l 1 4 - 49,
5.5 21 24,7 - 21, 11
7.4 21 17.2 = 154 12
e T 21 274 < 27. 1
4 7.2 21 17.9 = 19. 1
4 4.7 22 2648 = 24, 1
4 3.6 22 4 158 - 4. pt
4 57 22 6 285 - 4.
: 2 22 8 23,7 - 23,
3
5 5 Hel 2
5 Y 5
5 ] ue 8943 6
5 0 384 3443 7
F3 [ 684 6946 8
5 v o1l 9. 9444 9
5 01 619 « 246 10
5 0 1 33 32.2 1
6 0V 38s 394 1
6 1 174! 184 1
5 285 - 29, 1
6 0 10. 7. 1 1
6 0 17. - 184 e
6 o 33. 284! Y 2
7 6. 6.8 3
7 . 844 2
7 1 . - 6.4
7 n 25:8 - 234 9!
7 12 25, 22 1 1.
7 1 5443 = 524 3. .
7 1. 35. 30, 23, 194
8 1 0 3 204 17
8 Y 35 33 21, 19+
8 by 45, 504 10 4. 384
) 1 - 3 1 .
8 1 0 38, 37 1 1 .
8 2 0 5¢3 = 54 1 .
8 21 0 40.0 - 3B, 1 .
8 11.8 N 1! 10.
8 19.2 N 1 1.
9 27,0 22. 1 6.
. 3 : N bt 1.
3 99.2 103, 8 97,
9 12! . 1.
. 9 50,0 48 3.
3 3.9 - 6e 1. 12,
) 10 39 37 2 24,
9 11 13.8 < .
3 12 5i. 564 7 72,
10 13 1. 0 - 20
10 1 N . 4 420
10 1 @ = 5 1 K
10 1 4l. 36, 1 3. 27
10 1 @ - 6. 1 .
10 6 = 5. 13 o
0 2 2 645 = 64 8 - O
10 2 3 - & 8 1 3 29
n 2 4 291 .15 1 - 0.
n 2 5 48.7 = 36. 17 15
1 2 6 55.2 - ade 3 3
1 2 1 13 164 sl 83
n 2 8 3047 - 2744 [
1 2 9 23] -18.0 ‘ A4
e 2 10 25,1 = 2247 0.
12 2 11 24 204 4 424
15 2 12 2506 - 23 1.
13 2 13 238 = 22 25 19,
12 2 1 @ . e -0
15 2 15 . . 10 & 45,
12 2 16 19.4 - 164 1 - 1.
12 2 17 N o 12 4 42,
i Pt 8
bt W3 - 55, - 5
13 34 9744 -M68s 1! 2o
13 5 5 32,5 -29. 16 3l.4 | 28.

-
~
L]
w
-
~
o

X ° ¢ ° LA o <
9 17 3.9 - 1.7 17 10 19. 3
§ 18 10. 131 18 1 27, 3
0 584 3.4 18 2 - 2. 3
0 35.3 - 29.6 18 3 7 e
0 23, 5.5 18 4 2. 4
0 213 -18.6 18 5 10. 4
0 35 2.7 18 6 -1 4
0 16,5 - 148 18 7 20,1 4
0 49, 2.7 18 8 - 3.6 4
0 128 - 118 18 9 L S
0 30, 5.3 19 1 -1 4
0 10 2.7 -185 19 2 PN ‘
0 11 33, G0 19 3 -1 4
0 12 1.4 -13.8 19 & ac ‘
0 1 4 - 1,0 19 5 -1 4
0 2 3 - L 19 6 17. 4
0 15 2. w5 19 7 - 4 ‘.
0 16 12,9 -1l.6 19 @ 3.6 4
10 17 Q2. 4.2 19 9 - 5.6 4
P 373 - 342 19 10 18.0 4
1 16,6 - 17.4 20 1 -3
pey 155 «13.8 20 2 2.8
1 . 3.4 20 3 - 11.0
1 12.9 -11.5 20 & 4e
1 4. 0.1 21 1 LR 231
343 -30.5 2 2 - 8. 37.8
304 2313 a4 3 5. Y
1846 - FIN - 104 1
1 1 5¢2 = 21 5 Te Pt
1 18:6 - 2 6 - 15. 34,
1 “w o= FI | 3. -3
1 " o- 2a 8 - 1. 1
1 a1 - 22 1 - 22, - 2
15 15.0 - 22 2 2.
bt 0 - 22 3 - 9 -1
1 . 22 4 (X 1
55,9 = 2 5 - 2. -1
15.4 = 10. €
22,2 - 20.2 1
44 - 10
785 -73.7 0 4 6.3 20,8 - .
47 - 1,6 0 6 658  69.9 22.2
10. W5 0 B 624 60.8 - 2u.4
. B 0 10 62 62.7 51.6
58,4 - S4.7 O 12 39.4 - 33.7 - 17
1 W2 - 6.7 0 14 9. 51.0 216
11 3l -24.9 O 16 20 13.6 - 25.4
1 o< 7.2 008 o 8.2 13.0
13 17,0 - 146 5 U 43 377 6 3.9
L . 5 6 0 813 - 8l.0 6 13.8
15 16. 1 7 0 66y 621 6 - 1C.3
bt . B 0 65, 7244 6 13,0
. 9 0 30,9 -26.0 6 - 10.2
L 384 10 0 79 8.8 6 9.2
1 B 11 0 805 - Bl 7 3.7
64 12 0 63.7 - 60 7 12.5
8. 13 0 13 - 5. 7 - 154
32 14 0  28.0 - 26. 7 6.7
19. 15 0 2. 2. 1 - 278
22, 1% 0o 33, 31, 7 2345
184 17 0 N N 7 22.%
10 52, 18 0 23, 17, 7 23.7
1 . 19 0 34,0 - 29. - 5.4
12 2. 20 0 . . 28.7
1 . 21 0 8 = B - 7.0
1 . 2 0 17.8 - 4. 0.6
1! N 1 1 3.4 2N 3.3
1i 18, 2! 1z 20 18 3
' o o . - o
23 ¢ i . ik . 2 -g . 1646
4 3 2642 « 264 . 30, 20.1
4 4 164 1446 2 = 33 1.2
4 193 - 17,0 . 0. .1
4 N 0 3 .35 38.0
4 5442 - 5 N 22 27.7
4 140 1 1 9 = 2l 34.8
4 RT -1 1 K . 4.6
4 1 . 1 . N 8.5
4 11 3.0 - 2 1 B 8 12.0
1 . 2. N 4244
1 g - 11 . N 8 10.3
1 . 1 .0 . : z.g
bt - “ o .
1 k % o 2 > .8 . 8 12.4
1 . 3 .0 8 4.2
1 0. 4 ol 8 15.8
1 . .2 78.4
i 29, 6 - 16.1
3 - N 1.
. 4. - 31,
B 4l 5.
2. 2 10 27. -17.
10 5. 1 30 360
11 1l 1 Se - ‘9.
2L, pt 13 24 38.
N 1 w1 - 18.
29, % 15 13, 224
24, 28 1 . - 1.
50 5. 17 12 13 1340 .
184 1 81, W 1.2 - 9.
bt 1602 = L 24, 15 2.6 25
bt 16. b 3 24, 1 3 - 4
bt 32 3 140, by 5 8.
16 10 6. 1 9. bt 638 - 66
16 11 25 2 68.. 9 48 -
17 18.. 1 83, 1 0 - 15.
Se. 6. 1 3.4 12,
5. 254 1 38.7 - 34
204 10 48, X 16.5  14e
60 n 2. 1 467 - 45
6. 1 5. 1 32.9 28,
160 e 3 . 10 9 37.5 - 35
26 2 1 39, 10 10 5.0 243
[ 15 28, 10 11 148 - 144
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Table 1 (cont.)

k1 Py P, X 1 P, o1 P,

10 12 6.7 - 7.1 19 7 3.2 4 6 40,7 -
1613 2l -18.1 19 8 - 1841 4 7 34 -

lv 13 1.8 15.1 19 9 6.3 4 8 178 -

10 15 17.1 -18.2 19 10 -1 4 9 336 -
116 11.0 12.% 19 11 13.4 4 10 4.1

1617 9.6 - 12.7 20 ) - 12.5 4 11 9.0 -
11 4 1.0 20 2 - 0.7 4 12 7.8 -

1L 2 353 - 156 20 3 - 4l 4 13 5.6

15 43 - 2.5 20 4 645 4 14 4.6 -

11 4 44.9 - 436 20 5 - 11.7 4 15 17,5 o

11 5 164 15,4 20 6 - 1.9 4 16 1.7 -

11 n 2306 - 3.5 20 7 - 23 g 1 517

117 g - 144 20 8 1.2 ¢ 2 30 -

11 8 3u.4 -28.1 20 9 - 11.5 Y3 Ml o

11 3 1.l 1.2 21 1 - 1.7 5 & 2.8 -
LI 3he4 . 38,0 21 2 25 9 5  4l.4

11 11 55 - 7.2 21 3 - 9.2 v 6 239

11 1 Ll -~ be3 21 4 1.9 Y 17 1U.4

113 L 7.6 2 5 - 0.4 5 6 144 «

11 14 1.t - 18,7 21 6 - 0.3 9 9 39.4

11 15 4.4 - 11 21 7 ~ 1842 5 10 2.7 -
D16 1506 - 1442 22 1 608 9 11 44

1 1 44,9 - 428 22 2 = 12.8 5 12 4.5 -

lz 2 1wy -1%3.2 22 3 3. 5 13 125

1203 1l 7.9 22 4 - 22 5 & 46 -

12 4 13,9 =119 22 9% - 39 95 15 16,5

12 5 $3.6 - 42.5 22 6 - 116 5 16 606 =

12 6 31.8 - 362 22 7 126 6 1 3.2 -

12 17 6.2 = £y 22 8 - 11.8 6 2 683

12 8 27.1 - 22.6 6 3 13.9 -

1z 4 33.4 - 32.2 6 4 749

12 10 1k.) - 18.9 6 5 2.l

[HS 0.4 1 6 6 468

112 3.1 3 6 7 352 -

12 13 545 5 6 8 36.9

1214 5.8 7 6 3 4.0

12 15 1.1 9 v 10 551

12 16 5 11 6 11 a8 o
1301 13 6 12 32.4 58
132 15 6 15 4.6 4.4
33 [ 6Ol 1.8 123
a5 4 0 o 1% 4e2 - 2.4
15 o 616 20,2 29.6
1o 0 17 3.8 - 8.
o7 o 7 1 69.7 75.6
1, 8 C 7 2 1.3 - 9.6
17 9 [ 7 3 181 182
13 10 o 7 4 3.2 2.3
1011 ¢ 7 5 40.0  39.6
15 1 G 7 6 3.5 3.1
1 13 o 77 436 47l
318 Y 7 8 8.4 1.4
15 1y ¢ 79 4.4 838
14 1 0 7 10 13.0 15.0
2 [ 7 11 29.0 292
83 0 7 12 46 - 3.0
o4 0 7 13 56 7.2
1 > 0 7 18 4 5.7
18 6 4 7 15 243 27.6
147 [ 7 16 305 2.5
14 3 11 8 1 313 26.9
u 9 1 2 8 2 5. 5.8
14 1 13 8 3 3.2 %3
4 11 1 8 4 1.2 2.0
5 1 105 8 5 3.5 7.0
15 2 1 6 8 & 16.8 12.4
%3 17 8 1 23.2 1944
152 1 8 8 8 4. - 0.8
15 5 19 89 14,7 16ad
A 1 10 8 10 13.2  13.6
w7 1 u o1l 8.6 1.
15 8 112 9 1 17.0 - 14
15 9 113 9 2 443 436
13 12 1 14 9 3 3.4 - 1.
1 1 115 9 4 184 15.7
oo 2 1 16 9 5 20,1 - 16.8
I 3 2 1 9 6 27.4 2%.2
v & 2 2 a7 4.0 - 30
1 5 2 3 9 A L7 2Ll
6 6 2 4 49 14 - 11,7
b 7 2 € 9 10 20,5 1644
b 8 2 6 9 11 5.6 - 44l
16 9 2 7 9 12 19.4  2u.6
16 10 2 8 9 13 4.5 - 9.6
lo 11 2 9 9 14 4.2 Ut
17 1 PR 9 15 3e7 = 9l
17 2 2 11 9 16 12.2  15.3
17 3 2 12 161 357 34
17 4 2 13 10 2 5240 = 872
17 5 2 1 10 3 2646 23,0
17 6 21 10 4 39.3 - 4l.4
17 7 2 1 10 5 384 42l
17 8 2 10 6 31.0 « 315
17 9 3 10 7 144 9.3
17 10 3 10 8 26,9 -23.2
17 11 3 10 9 243 24.1
i 3 1610 333 - 386
18 2 3 1€ 11 2603 23.2
18 3 3 10 25.0 = 25.U
% a 3 10 13 4.3 6.2
18 5 3 10 14 4.0 - 1.2
18 6 31 10 15 6.1 10.5
18 7 310 10 16 17.4 = 20.1
“ 8 5 12 11 1 59.2 - 65.4
18 9 301 12 12 -1l
18 10 501 113 303 - 33.7
18 11 F 14 136 ikl
18 12 31 11 5 304 -310
19 1 300 11 6 5.1 6.1
19 2 4 1 11 7 493 52.2
13 3 4 2 11 8 44 =75
19 4 403 119 302 -317
1% 5 4 1110 ‘4.6 6.4
19 0 4y 1111 31.7 .36

given two cycles of full-matrix least-squares refinement
by using the Fortran program ORFLS of Busing, Mar-
tin & Levy (1962). In the first cycle only the scale fac-
tors were varied, while the scale factors together with
the positional and temperature parameters were varied
in the second cycle. The value of the residual index R,
where R= > |F,|—|Fe|l | 2| Fol, was at this stage=0-17.
The program which was used minimizes the quantity
DW(Fo— Fg)2 A weight w=1 was given to all the ob-
served and non-observed reflexions. After the value
of F, was re-estimated for a number of reflexions and
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x 1 P, P, x 1 P, P x 1 By P
1 12 4.5 ~ C.1 P RS ] 9.4 713 .7
13 42 - 42 6 U 3.6 0.9 7 14 e
11 14 3.8 6.1 7 0 102.0 1lwa.d 7 15 -l
1 15 20.4 -22.9 8 0 .4 1.9 7 15 5.4
12 1 19.2 -19.% 9 0 4.5 - 10.9 8 1 4U. 4
2 321 -327 10 o 321 302 8 2 - 5
3 74,0 - 2.4 11 0 58.0 - 60.1 5 3 2.y
4 15.9 -16.2 12 0 23.9 -23.5 & & - 63
5 356 -38.2 13 0 &3 . 0.2 8 5 51.9 4kl
6 18,3 - 16.4 14 0 4.4 - 3.5 4 6 4.9 7.1
7 153 13,5 15 0 39.2  38.6 8 7 16,0 134
8 4.5 Cd 16 0 4.5 2.9 8 8 vz -1l
9 25,0 -22.9 17 O 4.5 1.4 R 9 3l sl
10 17.7 -19.3 13 6 4.2 - 2.2 8 10 4. 54
11 4.5 - 8.7 13 U 255 2257 8 11 175 1.7
12 14.9 - 166 11 5.5 2.7 8 12 4.5 - Zw
13 40 - 3,1 i 2 2.2 - .l 8 13 14.7 1.2
JYSN 6.1 1 3 1 46 8 14 3.9 o
15 3.0 = 9Du¢ 15 5.2 6.8 8 15 10.9 12.3
2 16 7.9 -11.7 1 6 450 -4L0 9 1 13.9  1l.%
1 500 = 4.5 17 so.l 28.4 g 2 17.8 - la.7
2 4l - 3.9 1 8 393 - 373 9 3 4 4.2
3 4.2 - 47 1 9 a6 -1 9 4 16e7 - 1.3
4 20,9 « 20,1 1 10 311 - 23.9 9 5 13.7 1o.7
5 2.1 2.1 1 11 5.4 Te9 9 6 15.1 - 1z.y
6 4e4 - 5.4 1 12 5.9 4.5 10 1 44.1 - 443
13 7 38.2 =-3%2 1 13 4.5 6.5 10 2 3. s
13 8 4.6 4.1 1 14 24.1 -26.8 10 3 4.5 - 1)
13 9 17.7  16.8 1 15 9.9 12.8 10 & 4.0 - ‘.0
13 10 13,7 =17.2 1 16 6l =1LU 10 5 1T - 1.
18 1 43 - 7.2 2 2 729 647 10 b 1.7 1z
14 2 4.3 - 4.7 2 3 19.3 - l6.4 T s34 - G
14 3 4.8 - 4.5 2 4 97 1.4 1 8 172 4§
4 4 171 166 2 5 43.9 - 46.3 10 9 25.4 - b
1 5 4.5 2.7 2 h 243 e 111 4.0 - 1.
1 6 45 - 2,1 2 7 3.4 -z6ws 1l 2 4.0 u.f
W 7 7.9 -123 2 8 1l.4 @8 11 3 4
14 8 159 166 2 9 37.7 -37.8 11 & 144 - 254
1 9 a6 2.6 2 10 43 4.7 11 5 3 - oy
14 10 13.2  13.4 2 11 137 - 1M 11 4 hen - el
15 1 29.8 33.7 2 12 23.4 291 117 4.4 Ze
15 2 4.5 5.6 2 13 20,0 -2l 11 A4 a3 - lnG
15 3 123 15.7 ?2 14 4.4 = 7.2 11 3% . .
15 4 4.5 5.4 2 15 13.9 - 136 1l 10 6.0 - 2.2
15 5 3%.4 3€.9 ? 16 4.3 9.2 12 1 23.9 - 33.7
15 6 4dh - 1.7 2 17 9.7 135 1z 2 a2 [
15 7 4.6 5.3 03 1 2.3 - 3.9 1z 3 2.7 1.3
15 8 4.¢ - 2.1 32 3.0 - 5.9 12 4 4.3 - ol
15 9 30.6 34.3 3 3 2%5.7 22.3 25 39 - :5.¢
15 10 4.2 02 3 4 3ue - 2.8 12 6 44 - .G
15 11 1T ew 505 2u9 136 12 T 4 - 2.5
16 1 4.5 45 3 u 44 - 46,0 12 8 4.5 o T.5
16 2 45 304 301 46 = 3.7 129 27.2 - «w.7
16 5.6 100 3 ¢ 47.7 - 4B 1) 1 7.5 . 5.0
16 258 257 3 9 4.l 0. 132 130 1.6
16 19.4  2G.6 30100 393 2385 13 3 i - 0.9
16 13,7 15.4 301 54 107 13 & 7.7 - 9.1
16 4.9 - 8.0 3 12 4.5 2.8 13 5 5. 1v.4
16 15.2 13.5 313 4.5 4.1 13 6 Le l4.y
16 4.2 9,6 3 14 27.1 -3G.5 13 7T 21.5 - 20.3
16 10 203 22.1 3 15 4.0 - 0.6 13 1 32, 30.0
16 7.6 11.7 3 16 14.0 -~ 16.4 4 2 - Y3
17 906 9.4 4 1 176 - 9.8 14 3 )
17 546 8.0 4 2 3.2 3.8 14 4 1.3
17 4.6 - 5.9 4 3 176 2166 14 S - L
17 7.9 134 4 4 3T - G M 6 - b
17 5 46 4.2 4 5 475 -44d 14 7 33, 44.4
17 4.5 56 4 6 3.5 - 2.2 W4 8 45 - L.l
17 1006 1zl 4 1 293 25.3 14 9 4. 5.5
17 124 129 4 8 4.8 - 6.1 14 10 4.0 - 3.1
17 3.9 1.9 4 9 3044 -26.2 14 11 181 177
17 1 6.2 1.1 5 1 3.4 4 15 1 4.5 . 6.1
13 17.7 17.3 5 2 4l.4 41.5 15 2 1. 35.8
18 2 1703 - 13.4 5 3 18.6 15.7 15 3 4. 1.2
18 3 5.5 6.6 5 & 37,9 390 15 4 4. 5.2
1A & 168 -130 & 5 17.4 -13.2 15 5 23.5 - 25.9
1| 5 443 1.4 4 6 46.7 42,7 15 6 36 3543
18 7,3 -13.4 5 7 197 21,2 15 7 171 15.5
18 2009 2.2 5 8 29.4 2.1 15 8 2.4 2h.2
18 1.9 - 1P3 5 9 4.2 - 6.5 15 9 12.1 - ll.6
18 3.5 (2] 9 v 3063 3%.9 15 10 17.1 18.6
1810 1d.d - 153 5 11 4. 8.2 15 11 3.3 - 6.8
19 1 26s0 - 256 5 1z 17.5 1.2 15 12 116  12.8
19 2 4.3 - 1.6 Y 13 4.5 - 2.8 16 1 33.3 34.5
19 3 24,5 =26 5 14 146 16,2 16 2 7.8 - 10.3
19 4 401 - UG 5 15 4.6 35 16 3 20.7 17.8
19 5 24 =27.0 5 16 12.5 17.2 16 4 7.8 - 10.7
19 b 4 Yo 6 1 77.7 830 16 5 26.8  27.4
19 7 148 =186 6 2 353 324 16 6 5.3 = 3.l
19 8 3.4 - O 6 3 375 36,5 16 7 22.9 20.0
19 9 19,7 -25.5 6 4 3.3 260 16 B8 4.0 - 3.6
20 1 40 - 2.8 6 5 510 49.6 16 9 23.2  24.0
20 2 4.8 - 9.8 6 6 143 1.7 16 10 3.4 - 3.0
20 3 349 « 6.2 6 7 62.95 62.6 16 1l 16.8 18.7
20 4 46 - 9.7 6 8 187 201 17 1 4.5 7.4
20 5 346 = 2.6 6 9 42.5 43.8 17 2 5.9 10.6
26 6 126 -15.7 6 10 44 - 45 17 3 1.6 - 13.0
20 7 3.2 - 2.2 6 11 349 32,6 17 4 4.3 7.6
20 8 14,0 - 1444 6 12 5.5 4 17 5 7.3 1C.4
6 13 25.5 253 17 6 4.1 2.6
Hws 6 14 4l 4.2 17 7 3.9 - 8.0
6 15 23.8 27,3 11 8 3.6 4.6
O 2 34,7 - 293 7 1 9.9 - 7.0 17 9 5.8 9.0
o 4 2.7 1.7 7 2 4l 41,3 17 10 8.8 8.3
0 6 17.8 147 7 3 17.4 181 18 1 18.9
0 8 3.8 - 2.5 7 4 418 45.2 18 2 0.7
0 10 23.2 23.1 79 3.6 - 5.8 3 13.5
6 12 165 -17.2 T & 50,9 50.5 18 & 6.9
0 14 5.4 106 T 7 4.0 5.0 18 9 3.4
[T I 6. 7 8 48.6 48.9 18 6 1.3
10 115.9 -120,5 7 9 43 - 44 18 7 25.1
2 0 53,5 -#4.7 7 10 47.0 436 18 8 2.3
50 142.5 =144.1 7 11 4.5 5.8 18 9 9.7
4 0 259 -19.5 7 12 14.7 13.9 19 1 4.9

some of the strongest reflexions (which could not be
measured with sufficient accuracy) were omitted, the
structure was isotropically refined for three further
cycles. This caused the value of R to decrase to 0-153.

As a result of the comparatively high value of R
which was obtained, the possibility of the non-centro-
symmetric space group Pnn2 was investigated. The
atomic coordinates as obtained from the Fourier func-
tion were converted according to the equivalent posi-
tions of the space group Pnn2. All the atoms were now
placed in the general position, 4(c). The ¢ coordinate of
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1,2-BIS-(2-METHYLPYRIDINIUM)ETHANE TETRACYANONICKELATE(II).3HO

Table 1 (cont.)

19 2 20.C =213 19 0 3.0 0. 39 2440 = 22.2
19 3 3.8 - 3.2 1 343 - 25 10 142 4.8
1 4 3.7 - 42 2 317 - 2. 11 269 - 30.4
13 5 3.5 - 3.0 3 223 - 18 12 41 -T8e2
19 6 18.0 - 20,7 4 15.8 10, 13 3.9 o
13 T 3.0 - 5.1 5 30,7 - 28. 14 10.6 4.6
19 8 15.3 -18. 6 2.1 - 20, 15 13.9 = 16.3
20 1 181 -18. 7 I 1 13.2 .0
20 2 34 - Te 8 14T - . 2 1648 - 10.1
20 3 33 - Te 1 9 248 = 24 3 103 8
20 4 3.2 [ 110 1 - 3. 44 32 .2
20 5 12,7 - M. 111 22.7 - 24 5 33 - 3.0
12 W e 2. 20,4 - 18.8

KaS 1 N 5. 13. 2

1 36 = 3. 8 - 8.8

0 32.1 - 25.8 1 9.4 = 12. 12. 10.
0 6 o 25.0 ° 19.5 21, 174
o 3703 - 39. T1.9 = 6648 22, 17¢
0 W0 -0 2349 = 214 . o
0 11 19.0 ~ 20. 33.8 - 294 1. 10..
01 N o 16 12, 25. 204
0 15 1 - e 4.4 - 40, . .
1 17.2 = 15, N 1. 8 - 1.
2 26,9 - 24, 23.6 - 31. . .
3 504 48, 2 15.4 13, 23, 18.
i 19.5 - 18 2 10 26,5 - 23 . .
H 1.7 - 9. 21 51 ~ Te 554 57.
é 4l 44 2 12 27.8 =32 I3 SN
7 17.0- 19, 2 1 4.0 3. 4. 39.
8 3 [ 2 o 1. 194 22.
9 0 178 143 2 1 . Te 37,7 4l
10 0 22.8 =250 2 16 15.6 - 25. 15.8 « 154
L o .8 15. 43.1 - 35. 34.0 35.
12 o WO - 70 16e4 = 176 ol o
13 © . o 3204 « 29¢ bt 3405 35,
14 14e pr 224 184 1 ol o
15 238 - 24, 2l - 194 12 23.0 2T
18 23, 33, B 1. 1 54,7 %8
17 13! 144! 34¢3 = 28 2 33 - 32
18 84 = 12,5 pe 11! 3 35.9 35

the Ni atom was kept=0 and was also not changed
during the refinement. The structure was refined for
four cycles according to the non-centrosymmetric space
group. In the first three cycles only the positional par-
ameters were varied while the temperature parameters
were also varied in the fourth cycle. The final R value
was 0-15.

The decrease in the value of R (from the centrosym-
metric to the non-centrosymmetric space group) is not
statistically significant according to the test of Hamil-
ton (1965). Furthermore the calculated interatomic
distances according to the non-centrosymmetric re-
finement agree very poorly with the interatomic distan-
ces in the Ni(CN)Z~ ion according to other refinements
(Leipoldt, Basson & Bok, 1970), e.g. the Ni—C distances
vary between 1-78 and 1-92 A. The small decrease in
the value of R could thus rather be ascribed to the lar-
ger number of variables than to the possibility of the
structure being non-centrosymmetric. The space group
Pnnm was thus assumed to be correct.

The structure was then anisotropically refined for
two cycles (isotropic temperature factors were conver-
ted to anisotropic temperature factors) by using the
parameters as obtained from the last centrosymmetric
refinement. This made the value of R decrease to 0-133.
The mean shift/error ratio for all the parameters was
less than 0-1. Lingafelter & Donohue (1966) showed
that refinement with full anisotropic parameters has no
significance if the layer lines have not been experimen-
tally scaled. The introduction of anisotropic thermal
motion is, however, justified in the light of the general
improvement of the structure as could be seen in com-
paring the results of the isotropic and anisotropic
refinements.

The atomic scattering factors for C, N, O and Ni2+
were obtained from the work of Cromer & Waber
(1965), while that for N- (for the cyanide nitrogen) was
taken from International Tables for X-ray Crystallo-
graphy (1962).

The final values of F, and F. are given in Table 1.

—
c
-
c
-

7 4 10T - B4 Tel = 200 7 39 PR
T 5 368  36eC 10 11 4e6 = 49 14 8 111 i
T 6 1244 = 97 10 12 6.0 =133 4 9 3.b 4.3
T 7 40,0 44l 1l 1 3066 =303 14 10 120 13.9
7 8  4el = 5.4 11 2 13.8 -17.2 15 1 304 320
7 9 2.8 32. 1l 3 15.5 - 13 % 2 4.1 - 1.9
7 10 402 - 4 1 4 4l B 15 228 2lel
T 11 286 34 1l 5 23 -2 15 4l - de
7 12 135 -0 11 6 4l - 42 15 6ok vl
8 1 2246 =202 11 7 144 -15.2 15 38 = Ll
8 2 221 16,9 11 8 4l - 40 15 148 1.0
8 3 12.5 -1l.7 11 9 224 -225 15 1343 = 1det
8 & 3.7 2.9 11 10 34 28 15 242 2000
8 5 1448 =188 11 1l 1&é =183 16 12,0 = 124
8 & 1l6eT 15,5 12 1 4 35 16 8 St
8 4.8 =133 12 2 150 -13.9 16 118 - .8
8 4.1 40 12 3 4a 48 16 176 1642
8 10,2 = 1C.9 12 4 5.0 -1aC 16 I )
8 1 7.2 9.6 12 5 B - 9.4 16 151 16e0
8 1 846 =110 12 & 7.2 « 89 16 IS I 19
9 1.8 =157 12 7 5 11.& 2 119 iler
9 W3 =117 12 8 50 - 5.4 U 134 = 129
e 2.8 24! 12 9 4. 04 by oy Teo
9 20,0 - 19,8 12 10 9.0 =135 g 1.3
g 2406 - 22,4 13 1 &l - B ) % 10
9 Lol <112 13 2 4 Tl 01 O - 42
9 PRy 3.3 13 3 4l - 642 1 5 4l - Tob
9 Sl - 46 13 4 4 - 13 1T 6 2 = 49
9 16el = loev 13 5 135 133 17 7 13.0  ang
G 10 1344 =168 15 6 &l 2.8 18 1 Wwo- 27
10 1 1642 =133 13 T 225 =229 18 2 - 7
10 2548 = 234 13 8 48 11, B 3 3 o« 28
10 0.7 =110 13 3 0. 8.7 18 4 Woa 3l
10 206 =230 W 1 S 5.6 18 5 W6 = 1249
10 1.0 144 14 2 10 13 & 1 1544 « 174
10 1568 =133 14 3 42 = 3.0 19 2 9 = 19
10 2747 = 32e 4 4 6. 1649 1 3 e ub
10 14e4 = 18 PUIE -1 4o 0.3 X 4 6 o Tid
10 9 el Lo U 6 401 3.5 X 5 1245 = loud

The final atomic coordinates are given in Table 2 and
the anisotropic temperature coefficients are given in
Table 3.

Table 2. Positional parameters as obtained from the last
anisotropic refinement

The standard deviation is given in parentheses.

xla ylb z/c
Ni 0-0601 (2) 0-1160 (1) 0-0000
Cc) 0-0551 (13) 0-1154 (4) 0:1187 (5)
C(2) 0-2026 (17) 0-0338 (6) 0-0000
C@3) —0:0608 (17) 0-2014 (6) 0-0000
C4) 0:6001 (11) 0-0191 (4) 0-2206 (6)
C(5) 0-5439 (14) 0-1239 (4) 0-1409 (6)
C(6) 0-5146 (13) 0-1932 (5) 0-1334 (6)
Cc() 0-4963 (13) 0-2338 (4) 0-2033 (6)
C(8) 0-5092 (13) 0-2032 (5) 0-2841 (6)
C(9) 0-5399 (12) 0-1328 (4) 0-2923 (6)
C(10) 0-5627 (19) 0-0993 (6) 0-3763 (6)
N(1) 0-0451 (12) 0-1115 (4) 0-1928 (5)
N(2) 0-2806 (14) —0-0181 (5) 0-0000
N@3) —0-1260 (16) 0-2565 (5) 0-0000
N@4) 0:5595 (9) 0-0943 (3) 0-2189 (4)
o(1) 0-5816 (12) 0-4367 (4) 0-1398 (5)
0(2) 0-5592 (15) 0-3498 (5) 0-0000

Description of the structure and discussion

The dimensions of the Ni(CN)2~ ion and the 1,2-bis-
(2-methylpyridinium)ethane ion are given in Figs. 1
and 2 and in Tables 4 and 5. The mean bond lengths
in the pyridine rings of the 1,2-bis-(2-methylpyridinium)-
ethane ion (mean C~C distance =1-37'A’and mean C-N
distance=1-36 A) agree well with the bond lengths in
the 1,2-bis-(N-methyl-4-pyridinium)ethylene ion (Lei-
poldt, Basson & Bok, 1970). The bond angles between
the atoms in the rings of the two ions are equal within
the experimental error. The bond lengths between the
carbon atoms of the ethane group, C(4)-C(4')=
1-59 +0-012 A, are much longer than the normal single
bond length (i.e. 1-54 A) between two carbon atoms.
A similar value was, however, found for the C-C dis-
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Fig. 1. Bond lengths and angles in the Ni(CN)42- ion.
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tance in 10,10’-dianthranil, C(10)-C(10")=1-60 + 0-05
A (Ehrenberg, 1967).

The least-squares equation for the best plane through
the atoms of the pyridine ring and the carbon atoms of
the methyl and ethane groups, together with the devia-
tions from the plane, are given in Table 6. From this
it follows that the rings are approximately planar just
as in the case of pyridine. Since the centre of the cation
is situated on a twofold axis which is nearly parallel to
the planes of the pyridine rings (see Fig. 3), it follows
that the planes through the two rings of the cation are
approximately parallel to one another. From this it
also follows that the two methyl groups in the 2-posi-
tion of the ring are situated cis to one another with a
C-C distance =3-94 A. This distance is about the same
as that which the van der Waals radius for a methyl
group allows (Pauling, 1960).

Although one can not attach much importance to
the anisotropic temperature factors, since the layer

Table 3. Thermal movement parameters as obtained from the last refinement (all x 10%)

The standard deviation is given in parentheses. bi; is defined by
T=e—(b11h2+byrk2+ b33l2+ by2hk + byshl + baskl)

bn b2 b33 b1z b3 b3
Ni 142 (5) 20 (1) 26 (1) 6 (1) —
c(1) 148 (25) 13 ) 27 (4) 8 (4) —2(7) —2(2)
CQ2) 118 (32) 18 (3) 13 (4) -20(7) — —
C@3) 126 (33) 16 (3) 26 (5) —-13(7) —
C@4) 42 (19) 13 (2) 40 (4) —-2(5 10 (7) -2Q)
C(5) 179 (27) 18 (2) 30 (4) —2(6) 19 (8) 4 (2)
C(6) 85 (23) 23 (3) 48 (4) —1(5) 33(7) 2(3)
(7 76 (23) 19 (2) 52 (5) -2 (5) 5(8) —-3(3)
C(8) 100 (23) 22 (2) 46 (4) —5(5) 19 (8) —14 (3)
C(9) 110 (23) 18 (2) 30 (4) 6 (5) 4 (8) -8 (2)
C(10) 475 (41) 33 (4) 18 (4) 16 (9) 21 (10) 6 (3)
N(1) 264 (24) 20 (2) 28 (4) 8 (5) 1) —4(2)
N(2) 74 (26) 16 (3) 38 (5) 13 (6) — —_
N(@3) 178 (30) 16 (3) 42 (5) 15(7) —
N() 90 (17) 13 (2) 253) -1 13 (5) —6(2)
O(1) 342 (24) 37 (3) 36 (4) 26 (6) —5(7) 2(3)
0(2) 270 (31) 30 (3) 45 (5) 21 (7) — -
Table 4. Interatomic distances (A)

(a) In the Ni(CNy)2- ion.

Ni-C(1) 1-844 0-009 C(1)-N(1) 1-15+0-012

Ni-C(2) 1-87+0-011 C(2)-N(2) 1-14+0-016

Ni-C(3) 1-86 +0-008 C(3)-N(3) 1-16 £ 0-009

(b) In the 1,2-bis(2-methylpyridinium)ethane ion

C4)-C4") 1-59+0-016 C(8)—-C(9) 1-38+0-012

C(4)-N@4) 1-48 +0-010 C(9)——C10) 1:46 +0-016

N(4)-C(5) 1-34+0-012 C(9)——N®@) 1-:37+0-011

C(5)-C(6) 1-:36+0-013 C(10)- - - C(10") 3-94+0-019

C(6)-C(7) 1-:35+0:013 N@)----N@") 3-74+0-013

C(7)-C(@8) 1:39 % 0-013

(¢) Other

N()---N@)  3-65+0-011 o) -0Q) 2:75+0-014

N()---N@4")  3-45+0011 0(2)- - -N(3) 2:86+0-012

o(1)---0(1”")  2:70+0-012 o(1)- - -N(1) 27750012

’

" Adjacent cell.

Related to one another by a twofold axis.

* Related to one another by a mirror plane,
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lines have not been experimentally scaled (Lingafelter
& Donohue, 1966), it is noticeable that the ratio of the
highest b;; to the lowest b;; is greatest for i=1. This is
especially noticeable for C(10), which indicates a high
thermal vibration in the direction of the @ axis. Accord-
ing to the packing of the cation (Fig. 3) it is clear that
the methyl group, C(10), is not bound in the direction
of the @ axis which thus explains the relatively high
thermal vibration in this direction.

The interatomic distance in the Ni(CN);~ ion (mean
Ni-C distance=1-86 A and mean C-N distance=
1-15 A) agree well with the corresponding distances in
the dipyridinium (Basson, Bok & Leipoldt, 1969). The
Ni(CN)?~ ion is square-planar within experimental
error as can be expected as a result of the dsp? hybridi-
zation obtained. The Ni-C-N bonds are in a straight
line but the N(1)- - -Ni- - -N("") and N(2)- - -Ni- - -N(3)
angles (both =174-5°) show significant deviations from
a linear geometry. The least-squares equation for the
best plane through the Ni(CN)3Z ™~ ion is given in Table
6. The deviation from a plane is too small to be of
significance.

Fig. 3 shows the structure as seen in the direction of
the @ axis. The structure is made up of alternating layers
of cations and anions as seen in the direction of the
a axis. The two nitrogen atoms of the same cation each
have a nitrogen atom of two different Ni(CN)Z~ ions
(situated on the same mirror plane) as nearest neigh-
bours. This arrangement is repeated by the mirror
plane so that a type of ring structure (as seen in the
direction of the « axis) is obtained consisting of two
cations and two anions.

The negative nitrogen atoms of the cyanide groups
tend to take up a position closer to the nitrogen atoms
of the pyridine rings than to any of the other atoms of
the cation. This is in agreement with the results ob-
tained in the study of the pyridinium ion in solution
with the aid of nuclear magnetic resonance. The study
showed that the full positive charge is not confined to

1,2-BIS-(2-METHYLPYRIDINIUM)ETHANE TETRACYANONICKELATE(II).3H,0

the nitrogen atom only, but is spread over the whole
ring in such a manner that the largest part of the charge
is situated on the nitrogen atom (Smith & Schneider,
1961).

Each oxygen atom of the water molecules is surroun-
ded by two other oxygen atoms and one nitrogen atom.
The water molecules form fairly large, open hexagonal
channels as appear in the direction of the @ axis. Similar
hexagonal channels are also found in the structure of

ON
e C

Fig. 2. Bond lengths and angles in the 1,2-bis-(2-methyl-pyridi-
nium)ethane ion.

Table 5. Bond angles in degrees

(a) In the Ni(CN)42- ion

N(1)- - *Ni- - *N(2) 89-6+0-3
N(1)- - -Ni- - -N(3) 90-6+ 0-2
N(1)- - Ni- - -N(1") 174-5+0-3
N(2)- - -Ni- - -N(3) 1745+ 0-2

(6) In the 1,2-bis-(2-methylpyridinium)ethane ion

C(6)-C(7)-C(8) 118:4+0-8
C(5)-C(6)-C(7) 121:5+0-9
N(4)-C(5)-C(6) 120:6+09
C(5)-N(4)-C(9) 120-8+0-7
C(4)-N@4)-C(9) 122:5+0-7
(¢) Other

0(1)---0(1")---0(2) 121:940-9
0@1)---0() ---0(1) 1043 +0-9

Ni-C(1)-N(1) 180-0+0-8
Ni—C(2)-N(2) 180-0% 1-1
Ni-C(3)-N(3) 176:8+0-5
N(4)—C(9)C(8) 1182408
N(4)—C(9)-C(10)  119-5+0-8
C(10)-C(9)-C(8) 1223%07
C(9)—C(8)-C(7) 120-8+0-8
N(4)—C(4)-C(4") 106-7+0-6

(The mean standard deviation for the bond angles is as follows:

N-Ni-N, 0-4°; Ni-C-N, 0-8°; other, 1-0°.)

* Related to one another by a twofold axis.
" Related to one another by a mirror plane,
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Table 6. Equation for the best plane through (a) the Ni(CN)2~ ion, and (b) the 1,2-bis-(2-methylpyridinuim)ethane ion

Equations are expressed in the form Ax+ By+ Cz= D, where D is expressed in A and x, y and z are fractional coordinates.
(a) A=0-8748, B=0-4791, C=0-0720, D=1-5298
Deviations from the best plane in A

Ni —0-0877
cQ) 0-0278
N(1) ~0-0054
N@3) 0-0687

) 0-0093
Cc@3) —0-0397
N(2) 0-0269

(b) A=0-9872, B=0-1598, C=0-0014, D=4-1646
Deviations from the best plane in A

C(4) 0-0594 C(5)
(N 0-0022 C(8)
C(10) 0-0512 N(@4)

Fig. 3. Projection of the structure along the a axis.

ice I (Pauling, 1960). The O-- -0 and O- - - N distances
range between 2-70 and 2:86 A. This implies strong
hydrogen bonds of the type O-H:--0O and O-H- - -N.
These distances are in agreement with the O- - -O dis-
tance in ice I.

It is noticeable that the structure is bound by strong
ionic forces along [100] (the two nitrogen atoms of the
Ni(CN);~ ion that are not situated on the mirror plane
each have two nitrogen atoms of the cation at a distance
of 3-45 and 3-65 A). No ionic forces are, however,
active along [010] and [001]. The structure is bound
only by hydrogen bonds in the latter two directions.
This also explains the tendency of the crystal to grow
very rapidly in the direction of the a axis. According
to the dimensions of the crystals they grow approx-
imately a hundred times more rapidly in the direction
of the a axis; typical measurements are 25 x 0-:25 x 0-25
mm3,

—0-0083 C(6) 0-0022
—0-0007 C(9) —0-0053
0-0099

The mean Ni—C distance is noticeable shorter than
the sum of the planar radius of Ni and the single-bond
radius of C, 122 and 0-77 A respectively (Pauling,
1960). If the partial ionic character of the Ni-C bond
is considered, the observed Ni—-C distance indicates
(according to the method of Pauling) a double-bond
character of about 30% for the Ni~C bond. On this
basis one can calculate, using Pauling’s method, for an
equal resonance between all the Ni-C bonds, that each
nitrogen atom obtains an effective charge of approx-
imately —0-45 so that the Ni atom has only an effective
charge of —0-2. This representation is in good agree-
ment with the principle of electroneutrality since the
central atom obtains a very small effective charge. It
is also in agreement with all the determined structures
since in no case was a tendency found for the positive
charge of the cation to come near the Ni atom, although
that would be quite possible according to the planar
configuration of the Ni(CN)32~ ion.

Thanks are expressed to Dr G. Gafner of the South
African C.S.1.R. for valuable help and for the provision
of the program used, and to the C.S.I.R. for financial
assistance.
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