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The Crystal Structure of N, N’-Dimethyl-4,4’-dipyridinium Tetracyanonickelate(II)

By S.S.Basson, L.D.C.Bok AND J. G.LEIPOLDT
Department of Chemistry, University of the O.F.S., Bloemfontein, South Africa

(Received 8 March 1968 and in revised form 22 April 1968)

The crystal structure of the compound (C;¢H14NgNi) was determined by means of three-dimensional
X-ray analysis. The space group is P2:/n (C3,), and the cell dimensions are a=8-08, b="7-65, c=13-40 A,
B=98°30", with 2 molecules per unit cell. The corresponding Pd and Pt compounds are isomorphous
with the Ni compound. The Ni atoms lie on a symmetry centre. The centre of the dipyridinium ion also
lies on a symmetry centre. The bond lengths in the pyridinium rings are in good agreement with those

in pyridine. The mean distances in the nickel cyanide ion are: Ni-C, 1-88 A; C-N, 1-15

. The distance

between the two nitrogen atoms in the dipyridinium ion is 705 A, while the C~C distance between the

rings is 1-47 A,

Introduction

The crystal structure of N,N'-dimethyl 4,4'-dipyridi-
nium nickel cyanide has been determined as part of
a programme for the study of complex cyanides with
different types of organic cation. In the divalent 4,4'-
dipyridinium ion the positive charges on the nitrogen
atoms are approximately 7 A apart. Quite a different
arrangement of atoms may be expected from that in a
similar compound with an ordinary divalent cation,
e.g. Ca2*in CaNi(CN),, where the two positive charges
are not separated.

Experimental

N,N’-Dimethyl 4,4'-dipyridinium iodide was prepared
by heating 4,4'-dipyridyl under reflux with an equiva-
lent amount of methyl iodide in a methanol medium.
A solution of the salt was slowly added to a dilute solu-
tion of K,Ni(CN),, and left to crystallize slowly. Clear
yellow crystals of N,N’-dimethyl-4,4'-dipyridinium
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Fig.1. Bond lengths and angles in Ni(CN)42-.

nickel cyanide were obtained which were sparsely sol-
uble in cold, but reasonably soluble in hot water. The
crystals thus obtained tended to form twins, and to
obtain single crystals the substance was very slowly
crystallized from a solution containing equal volumes
of water and dimethylformamide.

The corresponding Pd and Pt compounds (prepared
in the same manner) were found to be isomorphous
with the Ni salt.

The cell dimensions and space group wete deter-
mined from oscillation and Weissenberg photographs
with Co Ko radiation. The camera was standardized
with NaCl, a=5-63 A.

The crystal data for the three compounds are given
in Table 1.

Table 1. Crystal data

CigH14NgNi  CigH14NgPd  CigH14NgPt
M 349-03 396:72 485-41
a 8-08 8-08 8:08 A
b 7-65 7-71 777
c 13-40 13-45 13-45
B 98°30" 98°15" 98°15"
14 820 829 836
d; 1-43 1-58 1-93
de 1-42 1-59 1-94
zZ 2 2 2

The space group was found to be P2;/n from the
following systematic absences: 40! for h+I=2n+1;
0k0 for k=2n+1.

Intensity data were collected from a needle-like
crystal with dimensions 0-11 x0-13 x 0-23 mm, where
the b direction was the oscillation axis. Intensities were
determined for layers 0—4 along the b axis by the mul-
tiple film method using a Stoe integrating Weissenberg
camera and Cu Kua radiation. Ilford industrial G X-ray
films were used. Intensities were estimated using a cali-
brated standard strip. A total of 1068 reflexions was
measured of which about 230 were weaker than the
background. Intensities varied from 1 to approximately
1500. The usual correction factors (Lorentz, polariza-
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Table 2. Observed and calculated structure factors

hk 1 Po Po h Xk 1 Po Pc h k 1 Po Pc h k 1 Po Pc h k 1 Po Pc
00 2 642 60,35 60 -2 27.0 245 21 71 4 206 19.3 32 4
00 4 79 10,0 60 =4 20,9 19.4 21 71 5 3e4 6o 32 S
00 6 548 51,6 60 =6 33.8 355 21 71 6 21,0 19%7 32 6
00 8 562 50,3 60 5.8 o 21 71 7 3.2 47 32 1
o916 362 300 60-10 11,7 118 31 71 8 23,5 207 32 8
0012 6 12,2 60-12 20,1 19.1 31 71 -1 3,4 2.8 32 g9
0014 172 13.8 6014 187 175 31 71 2 348 39:2 32 10
0016 102 706 70 -1 150 133 31 71 33 1903 -17:6 32 11
200 1000 <9.6 70 =3 8.0 <ba 31 71 -4 131 111 32 12
90 0 461 382 70 -5 1000 1006 31 71 -5 3.4 1.2 32 13
50 0 399 4202 70 -7 101 9.8 31 71 -6 2006 209 32 11
TR I i d Be BEOGEE
10 0 o o - . . od 3e 4 1
10 1 6003 58,2 TO0-13 147 128 31 71 =9 3.4 6.8 42 2
10 3 7201 78.0 80 -2 1001 8.4 31 71-16 151 147 42 3
10 5 43,6 39.0 80 -4 5.8 8.0 31 71 -11 3ol . 4 2 4
10 7 24,4 20,9 80 =6 3e3 4,0 31 71=12 12.€ 14,5 42 5
10 9 19.7 179 80 -8 2£0.8 186 51 B1 1 25,7 2608 42 &
1011 o7 . 8 0 -10 13.6 10,7 31 81 2 34  =3.6 42 7
1ol 2z a8 eo-z oo L 31 S1 3 129 1008 42 8
1018 . 1. . 81 4 3.2 -o. 2
202 97 116 90 -3 198 18.4 51 81 5 137 1o 42 10
20 4 359 33.5 90 -5 162 14,0 31 81 & 2.1 a2 42 1
20 6 648 6T.6 90 -7 14,0 1.6 31 81 7 2004 19.1 42 12
2910 b 23 902 It o3 3 51 2 jed a7 133
o5 . - . . 81 =2 16,8 -14,7 42 14
2012 15,5 9.1 100 -4 11.8 12,6 31 81 -~ Ce -
2018 zoZg e lco -6 ale 1002 31 81 4 53 e 23 %
1 12, 13. 01 1 22,5 27.0 31 81 =5 10,2 10.2 52 3
30 1 49,6 50,2 01 2 39,6 -36,7 31 81 -6 . .
30 3 60,1 £8,6 01 3 10,6 848 31 81 =7 Zg g 23 3 ? g ;
30 5 2400 2408 01 4 45.5 39.4 31 81 -8 3.2 -3.2 52
397 B3 s 01 5 2819 s 4l 81 -9 1.5 22,7 52 7
. . 3.6 27.0 1 81-10 2.8 -4
3011 4901 4608 01 7 203 41 41 g1 73 Rs 2% 3
5015 133 10,3 01 8 12,6 -g9.8 41 91 1 2,9 01 52 10
3015 1,5 10.5 01 27.8 26,6 41 91 2 2.7 6.4 52 11
402 45,2 458 01 10 11.9 7.9 41 91 3 2.6 38 52 12
40 &4 47.6 4307 01 11 10.6 16,56 41 91 4 2.3 31 52 13
40 6 25,6 25,7 01 12 3.4 -3.2 41 91 -1 52 44 62 ‘i
fo10 s&7 7 61 iy 39 RS 41 313 i 8 gz o2
4012 2903 29.2 01 15 24.8 20,8 41 HE Y e 23 H
fou &2 a5 o1 1 23 ;L1 41 91 -5 2.9 2.0 62 5
. . 33.1 3804 41 -
203 30 Zna 21 0 i3 cjar 41 913 B o3 gl 7
o . . 3e4 41
50 7 "33 41 41 0 2.2 6.5 41 TN X I A S
503 b 2.9 51 0 294 302 41 101 -1 14,6 162 62 10
. . 150 1221 41 101 -2 . .
5013 6.2 6.3 71 0 42.9 39,4 41 o1 3 30 &) 53 %
602 251 24,3 81 0 21.3 -18.2 41 101 -3 ‘200 =403 72 2
60 4 187 13.6 91 C 145 156 41 101 -
60 4 5 6.5 6 12 3
0 5.8 8.8 101 6 1.5 3.3 41 02 1 390 348 72 4
g 8 18 ig.% %g.g % % % ;%.3 53.4 : % 02 2 41,0 37.5 72 5
N . . 3.8 8
6012 12,5 14,6 11 3 6.6 8.6 41 6% 3 &7 g 1% %
701 2.0 a4 11 & 736 enz 41 02 5 72 8
03 274 273 11 5 1801 13.2 51 02 & 72 g
; 8 3 5.8 =Te2 11 6 36,2 37.2 51 02 7 8 2 1
1o 7.8 47 11 7 260 231 51 02 8 g2 2
AR TR 1 1.
§94 ot irae ofd g 15 1
. . . =0,8
808 1.0 9.4 11 12 168 136 51 0: B 85 1
90 1 1L2 &7 11 13 3.4 -2.0 351 02 13 82 &
397 &4 TOo 111 1303 16 51 02 15 52 1
g1 B Y EOE 4 HE
o4 6. . . 1
10-1 438 553 11 -1 1707 1903 12 ¢ 22 3
1053 157 -d4s6 11 2 4o e 21 SRR 3% ¢
197 £2 e irg Mmoo 8 1
= . N - . -2.8 51 -
1c-9 389 385 11 -5 270 190 51 2: o0 LE k2 o1z 2
1ol 213 1700 11 -6 149 155 51 T2 0 1517 -1608 13 o3
1013 1.7 98 11 -7 3008 240 51 82 0 136 1o 13 o2
1ok s 128 11 -8 228 2003 £l g2 0 ‘en 7é 1322
. . - o9 o2 51 . N -
290 2 341 gg.g 1140 16 B 21 15 3 553 e 1% ot
- . . - 53 7.1 51 -10 -1 -20, -
P83 RSy i a% o g T A
. o - o4 0. - . : z
2 8-10 244 gig 11-1 236 199 513 15 2 %4 ‘s 1:B
20-14 2007 183 11-18 2008 190 2iH 13 0% 54y e 12-13
20-16 1904 148 21 1 ‘ene =b &1 18 § M2 a7 12-14
30-1 333 351 31 2 a8 ek ¢ 123 g 02 121
5023 3200 o 2845 1 12 10 2,9 042 12 <16
392 T2 790 21 3 49,3 50,7 61 12 11 3.0 7.2 22 =1
30-7 214 23:§ 21 : ??% ‘§2’% 61 12 12 50 -45 22 -2
30-9 4205 a4 21 8 33 ‘el o1 138 % 23 i3z
IS ES mIo:p o1 47 @2 gl SIS
5015 7.2 67 21 9 53 i 61 22 3 ¥l -y 22 -6
40 B s 211 3AT aoe e 25 5 Ly %y 23
4025 278 Iae 2 3 e 10,9 91 22 4 46,9 48,5 22 =9
. 112 303 208 61
40-8 31,6 31,1 21 13 1903 1504 ¢ 22 2 S L B e
40-10 1307 .lol8 21 14 3.6 =20 1 22 % %2z 22-U1
40-2 B0 _6lo 21 -1 58.3 oy o1 52 8 Rl Lt 22-12
$0F 1) 9 21 -loen . 22 8 36,4 3504 22-13
55 10,0 61
2 2
$0-16 2,1 3,1 21 3 34,9 518 61 2% 29 s z2-u
50-1 176 177 31 -4 137 163 o1 2210 3 o2 22415
8033 3 o4 2174 B Baos1 o 22 11 2709 2400 22 -18
2033 i fhe 212 23 e s14 22 12 29,3 212 32 -1
5ol i fay 21 % P 3 e1-n 52 13 2,9 0.9 32 =2
503 RS I R A -2 poo3 o2 10 3205
. : ploe e - 55 20 - 35 2
50-13 158 140 - 1% 3 it RSO R B
Po-18 24 4 San sy g Tl 30 02 1700 1443 32 6 3.8 109
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tion, spot shape, and a;—, splitting) were taken into Table 4. Interatomic distances,
account. No correction was made for absorption as . ) i

the crystal was very much smaller than the optimum I;ﬁ :gg; }_g;ig_gi A

size (u=17-5 cm™1). C(1)-N(1) 116 £0-02

C(2)-N(2) 1:14 £ 0-03

o N(3)-C(8) 1:51+0-03

Structure determination N(3)-C(3) 1344002

. . C(3)-C(4) 1-42+0-03

As there are only 2 molecules in the unit cell, and as C(4)-C(5) 1-39+0-03

reflexions for which h+k+/=2n are much more in- C(5)-C(6) 1-40+0-02

tense than those for which A+k+I=2n+1 (especially 88;_1%((73)) }:gg:—[g:gg

noticeable for the compounds of Pd and Pt, which have N(2):N(3) 3.65+0-03

a much higher scattering ability than Ni), the Ni must C(5)-C(5%) 1-47 +0-04

lie on a special position, which for space group P2,/n N@)-C(5) 2:7940-03

must be a centre of symmetry. The Ni could be placed N(@3)-N@3") 7:05£0-03

at 000 and at 343. Also, since there are only 2 dipyri-
dinium ions, the ions must have a centre of symmetry
which must be situated between the two rings. From
the coordinates found, the atoms in the rings lie ap-
proximately in the same plane.

The positions of all the atoms could be determined
from a 3-dimensional Patterson synthesis. The coordi-
nates thus determined were used for a 3-dimensional
Fourier synthesis which gave well defined peaks. The
value of R=2"|F,— F¢|/2 F;=0-261 at this stage. The
structure was refined by two cycles of least squares. In
the first cycle only the scale factors were varied, bring-

o N
ing R to 0-18. In the second cycle the scale factors, the
positional and the thermal parameters were varied, s C
bringing R to 0-125 . The values of F, and F; are given
in Table 2, and the final coordinates of the atoms in
Table 3.
Discussion
The dimensions of the Ni(CN)Z- and the dipyridi-
nium ions are given in Figs.1 and 2 and in Tables 4 and
5. The bond lengths in the dipyridinium ion rings
[C-C=1-40 A (average) and C-N=1-35 A (average)]
are in good agreement with the bond lengths in pyri-
dine (Palmer, 1967). The distance between the two
rings [C(5)-C(5")=1-47 A] agrees well with the results
for similar compounds [e.g. in diphenyl the distance
between the two rings is 1.48 A (Pauling, 1960)]. The
two rings are approximately planar as in benzene, but
are rather distorted hexagons as in pyridine (Palmer,
1967). Fig.2. Bond lengths and angles in the dipyridinium ion.
Table 3. Atomic parameters with their standard deviations
x/a y/b z/c a(x/a) a(y/b) a(zfc) B(A2) ¢B(A?
Ni 0:0000 0-0000 0-0000 215 005
Cc1) 0-1261 0-0154 0-1285 0:0012 0-0017 0-0007 2:14 019
C2) —01767  —0-1055 0-0580 0-0012 0:0017 0-0007 1-83 0-19
C(3) 0-1540 0-1765 0-5033 0-0012 0-0017 0-0007 1-62 0-19
C(4) 0-2865 0-0974 0-4610 0-0012 0-0017 0-0007 1-71 0-19
C(5) 0-4335 0:0454 0-5214 0-0012 0-0017 0-0007 0-95 0-19
C(6) 0-4465 0-0785 0-6252 0-0012 0-0017 0-0007 1-57 0-19
() 0-3122 0-1513 0-6647 0:0012 0-:0017 0:0007 1-96 019
C(8) 0-0270 0-2744 0-6490 0-0012 0-0017 0-0007 2:22 0-19
N(1) 0-2025 0:0239 0-2092 0-:0010 0-0014 0-0006 3-02 0-17
N(2) —0-2822 —0-1678 0-0927 0-0010 0-:0014 0-0006 2:50 0-17

NQ@3) 0-1694 0-1944 0-6041 0-0010 0-0013 0-0006 1-54 016



S. S. BASSON, L. D. C. BOK AND J. G. LEIPOLDT

Table 5. Bond angles

N(3)-C(3)-C(4) 118:5°+0-9
N(3)-C(7)-C(6) 121-:0 £3-5
C(3)-C(H-C(5) 1210 £3-2
C(5)-C(6)-C(7) 1205 +1-3
C(4)-C(5)-C(6) 118-0 +2-7
C(3)-N(@3)-C(7) 1210 +1-4
C(8)-N(3)-C(3) 1187 +0-7
C(4)-C(5)-C(5) 121-0 25
C(1)-Ni —C(2) 89-7 +04
C(1)-Ni —C(2) 90-4 +04

The Ni-C bond length [=1-88 A (average)] is in
good agreement with the Ni-C distance in K,Ni(CN),
and similar complexes (Vannerberg, 1964). The C-N
distance in the cyanide group [=1-15 A (average)] is
the same as in many other complex cyanides, e.g. in
K;Co(CN)s, C-N=1-157 A (Curry & Runciman,
1959), and also in K4Mo(CN);.2H,0,C-N=1-15A
(Hoard & Nordsieck, 1939). The atoms in the Ni(CN)3-
ion also lie at the corners of a square as can be expected
since a dsp?-hybridization is found for all of Ni, Pd,
and Pt in their complexes.

The N-N distance in the dipyridinium ion is 7-05 A,
which is thus approximately the distance between the
two positive charges. Recent determinations of the

~
-,

S

Fig.3. The structure viewed along the ¢ axis.
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structure of the pyridinium ion in solution by means of
nuclear magnetic resonance spectroscopy showed that
the whole positive charge is not situated on the N atom
only, but is distributed over the ring in such a manner
that the main portion of the charge does appear at the
N atom (Smith & Schneider, 1961). The same can be
expected for the dipyridinium ion in the solid state. The
present results are not inconsistent with this expecta-
tion, as the negative nitrogen of the cyanide group
tends to a posifion in the ring but comes closest to the
N atom.

Fig.3 is a sketch of the structure viewed along the
¢ axis. The dipyridinium ion lies in a plane which is
practicallythe (120) plane. The two methyl groups bound
to the N atom are approximately in the same plane.
This explains the particularly strong 120 reflexion. The
centre of the ion lies on a symmetry centre at 40%.
Further, the Ni(CN)3- ion lies directly under the
dipyridinium ion with two of the cyanide groups in
a straight line with the dipyridinium ion, so that the
structure as a whole is a layer structure, with the layers
being formed alternately of cations and anions.

All calculations were carried out on an IBM 360
computer.
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financial assistance, and to the National Institute for
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