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The Crystal Structure of Diazidodipyridinecadmium
[Cd(N,).(CH,N).]

INGELA AGRELL

Department of Inorganic Chemistry, Chalmers University of Technology and the University
of Goteborg, P.O.Box, S-402 20 Goteborg 5, Sweden

The ecrystal structure of diazidodipyridinecadmium [Cd(Nj),-
(CsH,N),] has been determined by single crystal X-ray diffraction
methods.

The crystals are tetragonal and belong to the space group I4,/a
(No. 88). The unit cell contains eight formula units and has the
dimensions a=b=15.79540.001 A, ¢=10.148+0.002 A, and
V=2531.9 As. The cadmium atom is octahedrally coordinated by six
ligand nitrogen atoms at distances of 2.336 +-0.017 A, 2.3494-0.012 A,
and 2.352 4 0.016 A. These octahedra are linked together by the azide
groups to form a three-dimensional net. The azide groups are linear
and appear to be symmetrical, the nitrogen-nitrogen distances being
1.167+0.020 A and 1.141+0.021 A.

The R-value of the proposed structure is 0.056.

The infrared spectrum of [Cd(N,),(C;H;N),] has also been registered
and discussed.

Aseries of investigations of the crystal and molecular structures of a group
of related inorganic metal azides is being performed by the author. Pre-
viously, the crystal structures of [Cu(N;),(NHj),],t Cu(Nj),,28 [Cu(N,),(CsHN), 1,4
and [Zn(N,),(C;H,N),] ® have been determined, while the crystal structure of
[CA(N,)o(C;H;N),] is described in this paper. A zinc-azide-ammine complex
is now also being investigated.

The compound [Cd(N,),(C;H;N),] was first prepared by Curtius and
Rissom,®* who described their product as colourless, blunt-shaped crystals,
which rapidly turned yellow in air. Later, long, needle-shaped ecrystals
of [Cd(N,),(CiH,N),] were prepared by Strecker and Schwinn? from
[CdCl,(CHN),], C;H;N, and NaNj.

EXPERIMENTAL
Preparation. Crystals were prepared by several different methods, but those most
suitable for a single crystal X-ray investigation were obtained by pouring stoichiometric

amounts of first pyridine and then NaNj; into a 0.5 M solution of Cd(NO;),. The precipitate
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formed was dissolved in pyridine heated to about 80°. On cooling, colourless, pyramidal
crystals, unstable in air, appeared.’

Analysis. The amount of cadmium in [Cd(N;),(C;H;N),] was determined by titration
with EDTA,? and the azide content by titration with a Ce(IV)-solution.® The following
results were obtained: Cd 31.5, N,~ 22.0. Cale. for [Cd(N,),(C,HyN),]: Cd 31.7, N,~ 23.7.
The structure determination confirms, moreover, that [Cd(N,)s(C;HN),] is the true
formula of the product prepared.

STRUCTURE INVESTIGATION

X-Ray methods. The single crystals of [Cd(Ng)y(C;H;N),], used to collect
the intensity data, were pyramidal, the crystallographic c-axis being per-
pendicular to the base of the pyramid. The dimensions of the basal plane were
of the magnitude of 0.18 x0.18 mm, and the height of the pyramid was ap-
proximately 0.10 mm. Because the crystals were rather unstable in air, six
different crystals had to be used.

Weissenberg photographs were registered for hkO—hk3, hk5, and AOl,
using CuKa-radiation and multiple film equi-inclination techniques. Because
of the large absorption with CuK«-radiation (#=155.1 cm™) a new set of equi-
inclination Weissenberg photographs was taken for nine zones (hk0—hk8)
using Zr-filtered MoKa-radiation (4=18.4 cm™).

In order to determine accurate cell dimensions, X-ray powder photographs
of [Cd(Ny)y(CsHN),] were taken in a Guinier focusing camera, using CuKu,-
radiation (A=1.54050 A) and Pb(NOy), (@ ="7.8564 A)2 as an internal standard.

Unit cell and space group. From the Weissenberg photographs the crystals
were seen to be tetragonal, belonging to the Laue group 4/m. The approximate
cell dimensions obtained from these photographs were refined using the Guinier
photographs, the sin26,,-values being obtained from the measured s-values
using the programme PEPP.!! The refinement of the cell dimensions was per-
formed with the programme POWDER 2 and the following values were ob-
tained: a=b=15.7954+0.001 A, ¢=10.14840.002 A, and V=2531.9 A3,
Observed and calculated sin20-values are given, together with observed and
calculated intensities, in Table 1.

A measure of the density of the crystals was obtained by the flotation
method, using mixtures of CHBr, and CgH;Cl. The density was determined to
be 2.0 g/em?, which corresponds to eight formula units per unit cell
(0 =1.86 g/om?).

It was obvious from the X-ray photographs that the following general
conditions were obeyed for all reflections: hkl:h+k+1=2n; hkO:h=2n;
00! : 1=4n. This is in accordance with space group I4,/a (No. 88).2

Determination of the structure. The intensities of the reflections recorded
both with CuKu«-radiation and with MoKa-radiation were estimated visually
by comparison with a standard scale. The values obtained were corrected for
Lorentz and polarisation effects using the programme DATA P2.12 No correc-
tions were applied for absorption. There were thus serious absorption errors in
the data collected with CuKa«-radiation (uR=:1.40) and these data were there-
fore not used in the final calculations. Absorption errors in the data collected
with MoKua-radiation were, however, considered to be negligible (uR=0.17).
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Table 1. X-Ray powder diffraction data for [CA(N,),(CsH;N),]. Guinier carmera.
CuKa, radiation (1=1.54050 A)

. . I
hkl 10° 8in20 ;. 108 8in®0 g, I ope rol. 2k 1o
101 8162 8138 st 641
2! }} 17653 17650 st 580
220 19010 19024 st 625
301 27142 27162 I 212
202 32510 32554 st 446
52 }} 36662 36674 st 205
222 42014 42066 st 310
T4 i} 46186 46186 st 188
312 46770 46822 w 13
103 54247 54292 w 24
213

21 3} 63689 63734 w 64
501

431 65189 65210 w 70
341

32 g} 70552 70602 st 340
251 74694 74722 m 127
140 76043 76096 m 100
323 82692 82758 m 124
00 4} 92167

413 92260 m 132
113 92270

611 93708 93746 w 49
161

620

52 o} 95141 95120 w 75
o1 i} 103264 103258 m 113
602 108646 108650 m 99
224 1111901

503 111247 st 205
433 111204

343

631

o2l 112768 112770 w 39
523 120756 120806 w 33
701 122250 122282 w 34
404 130292 130216 w 45
721

72 1} 131764 131794 w 25
613

61 3} 139817 139830 w 45
642

e 2} 146714 146698 m 93
543

543 149279 149342 w 20
651

o1 150837 150819 w 29
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Table 1. Continued.

741
471
a7l 160350 160331 w 33
181
444 168223 168264 w 34
660 171216 171216 w 23
723
728 177820 177878 w 26
822 .
822 184729 184746 w 65
624
gas 187201 187288 w 68
840
Bad 190173 190240 w 75
761
671
671 207909 207891 w 33
201
804 244379 244360 w 37
844
8 4} 282319 282408 w 24
1042
09 2} 208920 298891 w 20

st = strong, m = medium, w = weak.

Calculations were commenced using the set of intensity data available at
that time, ¢.e. that recorded with CuKua-radiation. A three-dimensional Pat-
terson summation based on the reflections A%0 —hk3, and hk5, was calculated,
using the programme DRF.2 Approximate scale factors for the different
layers were obtained from a comparison of the common reflections in the
hk0—hk3, hk5 layers, and the kOl layer.

On a closer examination of the films it was apparent that, apart for a few
weak reflections, the following conditions of reflection were also obeyed for the
layers with ! even: hkl:h, k=2n and h+k+1=4n. This is in accordance with
the conditions of reflection for two of the eight-fold special positions in space
group I4,/a, both these positions requiring a centrosymmetrical point sym-
metry. The cadmium atom was therefore assumed to be situated in such
a centro-symmetrical position. The origin was placed at the centre of symmetry
at 0, 1/4, 1/8 from the inversion centre of the 4-axis, and the cadmium atom
was assigned the eight-fold position 8 ¢ with =0, y=0, and z=0, which was
in agreement with the largest peaks observed in the Patterson space.

Using the signs of the structure factors thus obtained, an electron density
projection on (001) (¢f. Fig. 1) and a three-dimensional electron density function
were calculated. From the latter electron density distribution it was possible
to locate the azide group, the nitrogen atoms of which were situated in the
sixteen-fold position 16 f.

Using the approximate coordinates of these nitrogen atoms and with the
known position of the cadmium atom, a three-dimensional difference electron
density function was calculated. From geometrical considerations, assuming
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Fig. 1. Electron density projection of
[Cd(N3),(C;H;N),] along the c-axis. Ar-

bitrary units. Final positions of the atoms _‘_ :ﬁd
indicated. V4 -C

an octahedral environment about the cadmium atom, the approximate co-
ordinates of the nitrogen atom of the pyridine ring could be estimated. This
position agreed well with a peak in the difference electron density distribution
which was slightly higher than the others. The carbon atoms were then located
in the difference electron density map, with the help of geometrical considera-
tions, using the known dimensions of the pyridine ring.

Approximate coordinates were thus obtained for all ligand atoms, all of
which are situated in the sixteen-fold position 16 f.

Refinement of the structure. The structural parameters were refined by
means of least squares calculations using the programme LALS.*? In the first
stages of the refinement the data collected with CuKu«-radiation were used.
Atomic coordinates and isotropic temperature factors were refined for all
atoms, which entailed a total of 42 parameters. The refinement converged to
give an R-value of 0.075 (289 independent reflections).

At this stage the intensity data from the k0 — kL8 layers (443 independent
reflections), collected with MoKa«-radiation, were available. The final cycles of
refinement, using the full matrix-programme, were therefore based on this set
of data. All atoms were refined anisotropically, the relativistic Hartree-Fock
X-ray scattering factors!® were used, and Cruickshank’s weighting scheme
(wl=a+F +cF?) was employed with the constants a=10.0 and ¢=0.015.
The total number of parameters was 88. When the parameter shifts were
less than 1 9, of the standard deviations the refinement was terminated. The
R-value was then 0.056, and a final difference electron density map showed no
spurious peaks.

The resulting atomic parameters are given in Table 2, and observed and
calculated structure factors are listed in Table 3. Distances and angles, calcu-
lated by the programme DISTAN,! are given in Tables 4 and 5.

IR-SPECTRUM OF [Cd(N,)y(C,H,N),]

The IR-spectrum of [Cd(Nj),(C;H;N),], registered on a Beckman IR 9
spectrophotometer, using the KBr technique, is shown in Fig. 2. Most of the
bands originate from pyridine, but it is also possible to indentify those bands

Acta Chem. Scand. 24 (1970) No. 10



INGELA AGRELL

3680

(61) 83000 | (£1) L100°0 | (T1) L100°0— | (23) 9£00°0 | (20) ¥%00°0 | (90) 830070 | (£1) ¥86€°0 | (11) 823€°0 | (0O1) 698070 | fOT (2)D
(93) L1000 | (93) Lg00'0 | (€1) L300'0 | (£3) 6600°0 | (80) 9%00°0 | (80) 6¥00°0 | (03) 098¥°0 | (Z1) ¥1Le 0 | (31) 9%€0°0 | fo1 (¥)D
(33) 2000 | (€3) 1€00°0 | (91) ¥€00°0 | (€3) 0%00°0 | (01) 0900°0 | (0T) £900°0 | (81) €6L9°0 | (€1) 603¥'0 | (¢1) 8€L0'0 | fo1 (£)O
(18) L€000— | (33) £800°0— | (91) 10000 | (€3) 6900°0 | (60) 0200°0 | (01) 2200°0 | (61) 0gsg'0 | (€1) €€z¥°0 | (31) ggor'0 | o1 (3)0
(93) 90000 | (92) 8900°0— | (11) 12000 | (92) 0%10°0 | (90) 3£00°0 | (L0) 35000 | (£3) €26%°0 | (01) BLLE'0 | (11) 8802°0 | fo1 (1D
(81) 2000°0— | (£1) T100°0— | (60) 2000°0— | (21) 9€00°0 | (90) ¥£00°0 | (90) ¥£00°0 | (31) L30%°0 | (80) €0€€°0 | (80) €3LI°0 | FO1 (PN
(81) 3¥00°0 (61) 9900°0— | (£1) 3%00°0— | (€3) ¥200°0 | (L0) 9%00°0 | (60) 0900°0 | (ST) 00830 | (OT) TIET°0 | (01) 9391°0 | SoT ()N
(31) 9000°0— | (¥1) 80000 | (60) 9000°0— | (91) 0900°0 | (20) L300°0 | (90) ¥£00°0 | (1) 9€22°0 | (80) 1Z11°0 | (80) 6301°0 | o1 (BN
(03) 200°0— | (61) $100°0— | (1) 0£00°0— | (8T) 9800°0 | (60) 9900°0 | (L0) £300°0 | (9T) 9291°0 | (11) 926070 | (01) Q1%0°0 | fo1 (DN
(30) 0100°0— | (30) 0000°0— | (10) 00000 | (0) 000°0 | (10) 6300°0 | (10) 6300°0 0000°0 0000°0 00000 | %8 PD

) sy ) ') =g g z £ z woyy

*0['p7 dnoad eovdy ‘seseyjuered wqym suonsiaep paspuwygy [(**g1%3 + 519 1yz + ¥ ¥z + 5 1+ ey - Vg ey) — 1dxo

Loy eyj Jo si0308) emmjeieduey ordosjostue pue (se3pe [[00 643 Jo sUOIjoRIy S8 PoessoIdXe) SG4BUIPIO0D OIWOLY 'Z 2190,

Acta Chem. Scand. 24 (1970) No. 10



DIAZIDODIPYRIDINECADMIUM 3581

Table 3. Observed and calculated structure factors for [CA(N;),(C;H,N);]. The columns
are k, |F,|, and |F |, respectively. Unobserved reflexions deneted by a dash.

12 €6 72 10 - 31 € - -4 12 - 15
2 K o 15 55 =60 12 - 28 3 K 2 8 95 98 14 116 112
2 31 399 17 a3 3¢ 14 48 50 1 15 7 16 - 12
4 80 -83 is - =25 16 - 34 3 - 2 15 k 2 18 €2 61
6 241 233 s - 25 1 - 18 29 - -3
8 - 14 3 K 1 12 K 1 7 - =16 3 - 5
10 157 166 2 150 141 1 81 =86 S - -4y 5 - -4 3 K 4
12 - 2 4 129 17 3 95 98 11 - ° 1 - 2
14 132 125 [ 103 114 5 56 -52 13 - 13 16 K 2 2 - 8
16 - 8 87 89 1 40 43 15 - 14 2 - 87 s - -1
10 132 121 9 82 -83 7 - -le
4 x o0 12 99 95 11 30 32 4 K 2 0 K 3 5 - 41
° - 25 14 27 30 13 - -1e 2 2% 219 s 168 162 11 - 10
2 - =37 1€ 52 54 15 13 40 4 - 42 7 221 =212 13 - .32
4 341 237 18 - e & ze4 238 ] 80 80 15 - 19
6 - =10 13 K 1 8 - 9 11 13 -se 17 - 19
e 287 215 4 K 1 2 &1 42 10 168 165 15 - -1
10 -~ 14 1 224 =205 4 73 16 12 - =33 1k o3
12 136 140 3 149 139 ¢ 64 69 14 $7 103 4 187 178 4
14 - =17 5 224 -206 8 42 42 6 189 175 e 204 220
16 104 102 7 121 122 10 49 49 5 Kk 2 8 90 93 2 - 15
9 79 -87 12 23 35 1 - mh4 10 - 59 4 226 232
6 K 0 1 13 70 14 - 29 3 - -2 6 - 18
Q - 45 12 52 =52 s - -6 2 kK 3 8 167 159
2 238 235 15 49 49 16 K 1 7 - -8 2 - 13 10 - -8
4 - -18 17 - -35 1 €6 67 9 - -2 S S&4 -97 12 136 132
6 275 266 15 - 30 k) 46 -49 11 - 31 T 196 194 14 -
- 15 5 52 52 12 - -3 S 106 -10¢& 1¢ 86 87
10 210 202 5 K 1 7 54 -57 15 - -18 11 - 78 18 - 0
12 - -10 2 - [ 5 - 31 20 - 37
14 83 86 4 239 214 1 - -13 6 K 2 3 K 3
& 166 159 12 44 ‘43 2 - =38 : 42 219 5 K 4
8 k0 8 113 102 4 211 245 4 259 24¢ 1 - 13
0 181 201 10 80 81 15 K 1 3 - -36 € 14 102 3 - 35
2 - 16 12 7 70 2 EYY 35 8 156 178 8 e1 91 5 - =21
4 260 242 14 45 49 4 - 32 10 - -6 10 - 53 7 - 29
L] - 8 1é& - 31 6 52 57 12 141 131 9 - 7
8 200 188 18 ar 36 8 35 38 14 - -2 4 K 3 11 - -3
10 -5 10 - 34 1170 161 13 - 1
12 - 67 6 K 1 12 - 3¢ 7T K 2 3 212 -181 15 - 7
14 - 1 1 88 92 1 6 =17 5 11T 1lle 17 - 4
2178 -147 16 K 1 3 - 22 7 - -4l 19 - =1
10 K O 5 111 103 1 - =19 < - 13 5 s1 87
o - -7 7 19 =76 2 43 48 7 - -l6 6 K 4
2 225 220 9 T4 76 5 52 -53 s - 32 5 kK 3 0 - 16
4 - 11 11 48  -47 7 36 40 11 - 2 2 170 149 2 215 268
6 99 108 13 73 72 9 - -26 13 - -13 4 152 148 4 - =12
8 - 15 58 -5 1 - 36 6 118 118 & 153 194
10 139 127 17 34 P K 2 [ - 51 8 - =13
12 - -9 19 - =27 17 k1 2 258 246 10 - 47 10 135 140
2 46 48 4 - -47 12 - 11
12 x o 7Tk 1 4 32 3¢ 6 151 185 6 K 3 14 82 85
0 168 175 2 72 65 3 - 27 8 - 16 1 134 -144 16 - -6
2 - =29 4 76 73 8 33 37 10 135 130 3 137 133 18 45 48
4 136 127 6 140 142 10 - 31 1 - 10 s 84 -38
& - 26 e %8 105 14 99 96 7 - 58 7 K 4
8 103 100 10 75 74 18 1 9 - -7 1 - 26
10 - -0 12 47 51 1 47 41 9 Kk 2 3 - 13
12 111 110 14 49 49 2 39 =44 1 - 7 T K 3 5 - 14
16 EE] 26 5 - 28 3 - -3 2 - 53 7 43 -43
14 K 0 18 - 27 . - -29 5 - 64 4 - 37 9 - =19
[ - -8 7 - 6 6 121 104 1 - 11
Z 107 114 8 X 1 19 1 3 - -2t 8 81 82 13 - 27
4 - 0 1121 -126 2 - 30 11 - -2 15 - -4
6 152 140 3 83 89 4 39 37 13 - -3 8 kK 3 17 - -5
L] - 1 5 70 -9 3 - 26 1 78 90 15 - 0
7 99 105 10 K 2 2 125 -128
16 kK 0 9 58  -54 20 x 1 2 - 19 [ 12 83 8 4
- 83 1 81 80 1 31 -38 4 197 183 7 T8 -78 o 218 276
2 - 19 13 73 -T4 6 - 2 -
4 100 102 15 20 a2z 0 Kk 2 8 136 129 9 Kk 3 4 169 156
17 - =32 4 ¢ =50 10 ~ 22 2 106 14 6 - =13
0 x 1 & 2718 288 12 93 92 4 92 105 8 112 111
3 219 188 9 Kk 1 8 - 4 3 - 54 I -
5 - -28 2 177 11y 16 162 170 n oKk 2 12 124 118
T 198 181 4 54 58 12 - 13 1 - -3 10 K 3 14 - -1
9 150 -144 & 716 80 14 116 134 2 - 8 1 85 -91 16 49 44
11 48 50 ] 78 76 16 - 4 5 - 8 2 104 111 18 - []
13 66 -63 10 47 41 7 - 28 5 110 -16T
15 73 73 12 58 59 1 K 2 L] - -15 9 K 4
17 33 -40 14 49 48 3 - 6 1 - =10 1 Kk 3 1 - 12
19 - 26 16 30 33 s 52 =53 2 - 76 3 - 6
7 - 20 12 5 - 9
1 k1 10 K 1 9 - 37 2 149 150 1 K 4 1 - -6
4 163 153 1 85 88 1 - 4 - 42 5 - -2 9 - -1l
6 143 131 3 55 -62 12 - 23 6 112 115 7 - -7 11 - 19
8 97 10l 5 9% 94 15 - 17 8 - -35 9 - 2 12 - -1
10 125 118 1 8 =15 10 100 98 11 - 24 15 - -1
12 12 12 9 80 82 2 x 2 13 - 23 17 - 3
14 €8 69 11 93 =95 2 209 311 13 K 2 15 - -7
1e 43 44 12 - 25 4 216 315 1 - © 17 - -7 10 Kk 4
18 - 19 15 - =14 & - -1 2 - 34 19 - 7 Q - 9
20 - 29 17 - 21 8 203 202 s - -20 2 17w
10 - 4 7 - -9 2 K 4 4 - -16
2 k1 S Y 12 126 135 s - 12 2 230 251 3 s7 32
5 205 269 2 55 99 14 - 1 4 51 43 8 - 13
T 154 -149 4 108 111 1€ 87 93 14 K 2 & 182 1935 10 126 117
9 &7 63 € n 67 2 - v @ - o 12 - -3
11 85 -84 L] 15 17 4 T4 a4 ¢ 141 134 14 L sl
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Table 3. Continued.
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Tz T = s &% TS
v s 5‘; 1 K 6 5 - 15 12 - 27
s 2 Kk 5 S 40 43 7 - - 5 Kk 8
3 15 -as 7 e H . - N PR . ke,
oL 5 162 169 ] - 2 11 - a 1 ST -39 3 -+
3 Z H o - 11 - 4 13 - -3 3 6T ks H z H
H i s 8 m 12 - 1 15 - 7 5 58 -s57 7 .
s oo 1 87 -8 5 - 6 1 e 57 s - 22
s oon 13 - 17 - 3 12 K & S 52 -4 1 - is
11 - -3 2 1 108 11 - 42 13 - -6
H ot 2 3 K 5 P 2 1o 13 - s
H - -a 2 104 1l 4 1M 187 ¢ 93 87 7K 7
- 2 4 100 113 - =33 8 - -20 2 54 s3 X
1 - ¢ 8 83 8 153 154 0 76 72 4 58 54 2 136 143
12 K 4 & 109 103 10 58 61 12 -3 6 86 86 + - 2
06 Ya 10 %8 60 12 100 am 15 - 48 W8l 18 6 105 194
2 S 12 - 33 14 - =21 1n - 12 8 - 8
4 146 141 “ - 9 16 ¢ 59 13 K 6 12 - 19 10 S0 es
; H 18 - s 1 - s 1 S
H 12 R 3 - =3 8 k7 14 55 52
o Mt oM 1 95 -9 3k 6 5 - 10 1 39 39 16 SO
Y e e 3 ne 22 2 - s R 4 T 14 o8
H -1 5 140 -lsl H - 14 5 - 3 5 82 80 7 x 8
1 " 1 a8 1 0 31 i - M 7 66 -83 1 AR
16 %6 55 s ta -9 K 0 ! i - s ? e -8 1 c o
1 59 ss 1n - s M -+ H o2
1Pt 13 T4 13 - 4 4 K 8 7 N
3 - -4 15 - 1 2 - =30 9 kK 7 9 - -12
s - -10 5 ks 17 - -3 « 80 16 2 s1 50 1 - H
1 - 6 2 35 3¢ 6 - - 4 81 82 1 Y
9 - 19 4 122 a2 K 6 e 12 67 6 65 62 15 - -
- 9 6 140 136 2 159 170 10 - 5 8 50 43
1 - -5 s -9 4 - =32 12 P 10 - 29 sk &
l; - -2 10 T4 69 6 162 169 2 - 19
! 12 e a7 8 - 4 15 kK 6 10k 7 + o1ms 1t
14 K 4 10 131 127 1 - -6 1 51 =-S6 6 P
o - -4 6 K 3 12 - -13 3 - A 3 51 s9 s 10 710
2 s es L S 14 10 69 5 - 2 5 47 -40 10 - 2
. - s 3 1 -8 16 - = 7 - 9 T 16 69 12 61 el
5 60 62 18 53 55 9 -~ -8 S 52 -45 14 - H
§ 106 113 7 18 -74 1 I
o & & L 44 5 K 6 n ok 7 9 K 8
Y - -1 i I 1 - -7 16 K 6 2 st ' D0 s
1 - 3 43 A7 2 12 66 - H - 39
" “ e 7 & 5 - =21 4 - -5 6 51 :5 5 - =17
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L 2 115 1 s - a1 s 24 oo 2
H- onon noo- a2 10 sz a2 12 k1 Pt S
3 - 20 6 1 12 13 - -5 FURNE TR P 13 Yo
7 - =5 5 T o 15 - -9 17 K 6 3 - .32
9 - ] 10 51 48 17 - 8 ) - 10 5 - 28 0 Kk 8
D 1 12 51 s H . H -4 R
i s 6 K 6 5 z 3 2 ? 4
B s ks 2 b 7 - 2 13 k7 6 17 69
PES ] - =35 4 125 131 2 51 48 8 - -9
e 3oa 12 s P 3 18 K 6 . 28 10 69 67
2 % ‘,’2 5 69 -13 8 140 143 2 Y 12 SO
PO o 1oy L s “ se se wox o7 AP
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s 52 853 1nosr 87 14 - =19 ok 7 1ok 8
10 - 2 16 63 59 3 1 -83 o kK 8 1 - 3
2 5 43 e 5 60 62 4 116 128 3 Y
1 - 2 61 66 T K 6 55  ~52 6 - a7 5 - 5
4 a1 7 1 - 7 ] - 3 8 124 125 7 2 s
mEe, 6 49 4p 3 - 3 1L 49 =52 19 - -9 M 2 T
) - 5 - 5 - =20 13 10 1 12 66 83 1n - ]
H S 10 70 n 1 - 5 14 3 3 4
g - 13 S - -1 1 K 7 16 51 55
9 - - 6 % 5 11 - u 4 10 78 12 K 8
1n - -8 P 121 120 13 - ] & 13 M 1k 8 2 - 1
3 105 -105 15 - 4 8 39 38 5 - 38 « 16 16
s 62 .7 17 - M 10 ? 25 H z 10 M ° §
o5, 1 5 -l 12 8 17 9 - -34 8 72 6z
2 &3 %9 9 4 4 14 sS4 59 1 - s 10 2
H O { 2 126 130 13 - 2 12 52 54
6 41 47 noKs 4 - -3 2 x 71 15 - -
] - -3 2 - 1 6 133 129 3 s1om 17 - s 13 Kk 8
10 46 6L A4 5 57 8 - 2 5 95 -100 \ - 2
6 87 78 10 93 90 7 89 87 3 - H
19 k4 8 - 12 - -4 9 46 -4 2 103 133 H 2
1 - 2 14 L 68 1 55 51 4 - -8 7 - 3
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°a 03 15 - 1 4 KT ? -4 15 kK 8
HI lze “ K s 145 a1 s - 14 N - 14
7 e e ! 1 0 K 6 3 83 -35 1 - -7 3 ol
9 94 -92 2 T 2 50 59 5 sa 95 12 - 8 5 z 2
11 a1 80 4 128 128 7 43 -43 15 - [] 7 - P
13 53 -49 LI 6 - 13 9 78 76
4 41 =48 8 98 92 11 55 =56 4 K 8 16 K 8
1 K s ¢ 151 1 10 - -2 13 - 26 2 - -1 2 2 N
4 71 83 & - 18 12 ¢ 62 4 110 122 © 52 a9
PSS+ 10 120 121 14 2 14 s k7 M 2 H p 28
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2 M 14 9% 90 4 71 72 10 - 10 17 K 8
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Table 4. Interatomic distances in [Cd(N;),(C;HN),]. Standard deviations within paren-
theses. Numbers enclosed in square brackets indicate fractional atomic coordinates.

a) Cd—N distances within the coordination sphere

Distance
N(I) [0.04, 0.09, 0.17] —Cd 10.00, 0.00, 0.00] 2.336 (17)
N(3) [0.12, 0.09, 0.03] —d [0.00, 0.00, 0.00] 2.352 (16)
N(4) [0.08, 0.08, —0.15] —Cd [0.00, 0.00, 0.00] 2.349 (12)
b) N—N distances within the azide groups
N(2) [0.10, 0.11, 0.22] —N(1) [0.04, 0.09, 0.17] 1.167 (20)
N(3) [0.16, 0.13, 0.28] —N(2) [0.10, 0.11, 0.22] 1.141 (21)
N(3) [0.16, 0.13, 0.28] —N(1) [0.04, 0.09, 0.17] 2.308 (22)
¢) N—C and C—C distances within the pyridine ring
C(1) [0.21, 0.38, 0.49] —N(4) [0.17, 0.33, 0.40] 1.306 (24)
C(5) [0.09, 0.33, 0.40] —N(4) [0.17, 0.33, 0.40] 1.350 (20)
C(2) [0.16, 0.42, 0.58] —C(1) [0.21, 0.38, 0.49] 1.375 (28)
C(3) [0.07, 0.42, 0.58] —C(2) [0.16, 0.42, 0.58] 1.417 (28)
C(4) [0.03, 0.37, 0.49] —C(3) [0.07, 0.42, 0.58] 1.382 (28)
C(5) [0.09, 0.33, 0.40] —C(4) [0.03, 0.37, 0.49] 1.389 (26)
d) Selected distances other than bond distances
C(5) [—0.09, 0.17, 0.40] ~-N(1) [0.04, 0.09, 0.17] 3.344 (23)
C(5) [ 0.08, 0.16, —0.15] --:N(1) [0.04, 0.09, 0.17] 3.442 (23)
C(4) [—0.03, 0.13,  0.49] -+N(2) [0.10, 0.11, 0.22] 3.439 (24)
C(1) [ 0.29, 0.12, 0.01] --:N(3) [0.16, 0.13, 0.28] 3.433 (27)
C(3) [ 0.17, 0.18, 0.67] ---C(1) [0.21, 0.38, 0.49] 3.704 (27)
C(2) [ 0.33, 0.41, 0.83] --.C(2) [0.16, 0.42, 0.58] 3.620 (20)
C(5) [—0.09, 0.17, 0.40] -+-C(5) [0.09, 0.33, 0.40] 3.685 (32)

1 1 1 1 1 L 1
2200 2000 1800 1600 1400 1200 1000 800

Fig. 2. Infrared spectrum of [Cd(N,),(C,H;
2000
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Table 5. Angles in [Cd(N,),(C;HyN),]. Notation as in Table 4.

a) N—Cd—N angles within the coordination sphere
Angle

N(1)[0.04, 0.09, 0.17] —Cd[0.00, 0.00, 0.00] —N(3)[ 0.12, —0.09, 0.03] 92.8(0.6)
N(I1)[0.04, 0.09, 0.17] —Cd[0.00, 0.00, 0.00] —N(3)[—0.12, 0.09, —0.03] 87.2 (0.6)
N(1)[0.04, 0.09, 0.17] —Cd[0.00, 0.00, 0.00] —N(4)[—0.08, —0.08, 0.15] 89.9 (0.5)
N(1)[0.04, 0.09, 0.17] —Cd[0.00, 0.00, 0.00] —N(4)[ 0.08, 0.08, —0.15] 90.1 (0.5)
N(3){0.12, —0.09, 0.03] —Cd[0.00, 0.00, 0.00] —N(4)[—0.08, —0.08, 0.15] 92.2 (0.5)
N(3)[0.12, —0.09, 0.03] —Cd[0.00, 0.00, 0.00] —N(4)[ 0.08, 0.08, —0.15] 87.8 (0.5)

b) Cd—N—N and N—N—N angles for the azide groups

Cd [0.00, 0.00, 0.00]  —N(1)[0.04, 0.09, 0.17] —N(2){ 0.10, 0.1, 0.22] 138.9 (1.3)
cd [0.26, 0.25, 0.25] —N(3)[0.16, 0.13, 0.28] —N(2)[ 0.10, 0.11, 0.22] 129.0(1.3)
N(1)[0.04, 0.09, 0.17]  —N(2)[0.10, 0.11, 0.22] —N(3){ 0.16, 0.13, 0.28] 179.1 (1.7)

o) Angles within the pyridine ring

C(1)[0.21, 0.38, 0.49] —N(4)[0.17, 0.33, 0.40] —C(56)[ 0.09, 0.33, 0.40] 118.6(1.4)
N(4)[0.17, 0.33, 0.40] —C(1)[0.21, 0.38, 0.49] —C(2)[ 0.16, 0.42, 0.58] 122.5(1.6)
C(1)[0.21, 0.38, 0.49] —C(2)[0.18, 0.42, 0.58] —C(3)[ 0.07, 0.42, 0.58] 119.2 (1.8)
C(2)[0.16, 0.42, 0.58] —C(3)[0.07, 0.42, 0.58] —C(4)[ 0.04, 0.37, 0.49] 118.8(1.8)
C(3)[0.07, 0.42, 0.58] —C(4)[0.04, 0.37, 0.49] —C(5)[ 0.09, 0.33, 0.40] 116.9 (1.7)
N(4)[0.17, 0.33, 0.40] —C(5)[0.09, 0.33, 0.40] —C(4)[ 0.04, 0.37, 0.49] 124.0(1.6)

Table 6. Best least squares plane through the pyridine ring (Cartesian coordinates in A)
and deviations from this plane. Numbers in square brackets indicate position in Cartesian
coordinates in A.

—0.7797 X —0.0071 Y —0.6261 Z=—9.4204

Atom Deviation
N@4)[ 9.166, 9.125, 3.525] 0.002
C(1)[ 9.907, 8.548, 2.615] —0.002
C(2)[10.635, 9.264, 1.695] 0.002
C(3) [10.5697, 10.681, 1.732] —0.002
C(4)[ 9.815, 11.300, 2.689] 0.004
C(5)[ 9.126, 10.474, 3.568] —0.004
Cd [ 7.898, 17.898, 5.074] 0.030

due to the azide group. An azide group is supposed to show a very strong band
due to antisymmetric stretching (»;) just above 2000 cm™ and a weaker band
due to symmetric stretching (»,) around or a little above 1300 cm™. The
symmetric stretching band vanishes in IR for symmetric azides. A weaker
band due to bending (v,) of the azide group is also to be found just above
600 cm™14,15

In the IR-spectrum of [Cd(Nj),(C;H;N),] the strong antisymmetric azide
stretching band is observed at 2055 cm™. There is no obvious peak due to
symmetric stretching, and the weak band due to bending is a little difficult to
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distinguish, because of the absorption of pyridine in this region, but a slightly
split band at 630 cm™ might be due to overlap of a pyridine band with the
bending band of the azide group.

The IR-spectrum will be discussed later, after the structure of
[Cd(N,),(CyH;N),] has been described.

DESCRIPTION OF THE STRUCTURE AND DISCUSSION

The cadmium atom in [Cd(Ng)y(CsHzN),] is surrounded by an octahedral
configuration of six nitrogen atoms (Fig. 3). Four of the surrounding nitrogen

Cl)"

Fig. 3. The configuration around the cadmium atom in [Cd(N,),(C;HN),] as projected
along the b-axis. Distances in A.

atoms are end atoms of azide groups, while the other two are nitrogen atoms
of pyridine rings. The distances from the cadmium atom to the nitrogen atoms
of the azide groups are Cd—N(1) 2.336-+0.017 A, Cd—N(3) 2.35240.016 A
and to the nitrogen atoms of the pyridine rings, Cd —N(4) 2.3494-0.012 A
(Table 4). An octahedral configuration of ligands is common in cadmium com-
plexes, and in an approximate determination of the Cd —N distance in the
octahedral complex Cd[SC(NHCH,),],(NCS), the value 2.54+-0.1 A is reported.®

Acta Chem. Scand. 24 (1970) No. 10
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There seems to be no difference in the distances between the cadmium atom
and the nitrogen atoms of the two different ligands. In the azide-pyridine
complexes investigated earlier, [Cu(N;)o(C;H;N),]¢ and [Zn(N,),(C;H;N,],®
the bond lengths from the central atom to the nitrogen atoms of the azide
ligands appeared to be shorter than those to the pyridine ligands. In the
cadmium complex, however, the azide group is bonded equally within the limits
of error to two cadmium atoms, one at each end, while in the copper and zinc
complexes, the azide group is bonded principally to one central atom through
one end.

The structure can be visualised as being built up by linking of the cadmium
octahedra, through four corners, by azide groups, to form a three-dimensional
network. The pyridine rings are attached to the two remaining corners of the
octahedra (Fig. 4) and packed at van der Waals distances from the azide

Fig. 4. A projection along the c-axis illustrating the coupling of the cadmium-nitrogen
octahedra by azide groups, and the packing of the pyridine rings.

groups, the C---N distances being 3.3 A and 3.4 A (Table 4). The rings are
inclined to one another, the angle between the planes of two neighbouring
rings being 67°, and the shortest distances between two carbon atoms of differ-
ent rings being 3.6 A.

The azide group appears to be linear and symmetrical, which is supported
by the IR-spectrum. The nitrogen-nitrogen distances found are N(1)—N(2)
1.1674+0.020 A and N(2)—N(3) 1.14140.021 A (Table 4) and the
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N(1)—N(2)—N(3) angle is 179.1 4-1.7° (Table 5). The azide group is coordinated
at each end to a different, approximately equally remote cadmium atom.

It appears natural that an azide group which is coordinated equally at
both ends is symmetric, whereas an azide group which is not coordinated
equally at both ends tends to be asymmetric, and that the longer nitrogen-
nitrogen distance is that corresponding to the end in which the azide is most
strongly bonded.?! This is illustrated in Fig. 5, which shows, schematically,

256(1) 2.56(1)
1.15(1) 115(1)

2,62(1) 2.62(1)

AgN
gN3 1.16(1) 1.16(1)

a-Pb(N3)2

I
2.56(1) 25601) 2,75(1) 2.75(1)

1.99(1) 264(1) 2.90(1)
Cu(N3)2 256(1) 1.13(1) 1.21(1) 118(1) 117(1)
I I
199 (1) 260010 283(1)
2.00(1) 2741} 2.79(1)
1.09(2) 1.21(1) 71 1.19(1) 116(1)
I - g
2.00(1) 2581 2.69(1)
290(1)
O N o 2 1.21(1) 115(1) 267(1)
® Me 290(1)

Fig. 5. Schematic illustration of the coordination of the azide groups and the bond lengths
in three explosive metal azides.

the coordination of the azide group and the bond lengths in three different
azides of heavy metals, and it may be noticed, that they are all three ex-
plosive, although both symmetric and asymmetric azide groups are represented
among them. In AgN,,1% for instance, the azide group is equally coordinated
at both ends and was found to be symmetric. In Cu(N,),,2 however, both
azide groups are coordinated differently at each end and were found to be
asymmetric, the degree of asymmetry being related to the difference in strength
of the bonds to the metal atoms. In «-Pb(Nj),!® both symmetric and asymmetric
azide groups are present, and a similar relationship between asymmetry and
bonding of the azide group is found. In the azide complexes investigated
earlier by the author 1,245 the azide groups have all been coordinated un-
equally at both ends and have been found to be asymmetric.

The angle between the Cd —N bond and the azide axis is 1394-1° at N(1)
and 129+1° at N(3). The corresponding values reported are generally around
120°, though they vary over a wide range, and values even larger than those
found in [Cd(N;)o(CsH;N),] have been reported in cases where the azide group
is strongly coordinated at more than one end, e.g. «-Pb(Nj),.18

The pyridine ring is planar, within the limits of error, and the best plane
through the atoms of the ring was obtained by least squares calculations,
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using the programme PLANEFIT *? (Table 6). Distances and angles within
the ring (Tables 4 and 5) are in agreement with those found in the structures
of [Cu(Nj)e(CsHN)y] ¢ and [Zn(Ng)y(CsHgN),] 8 and those reported for pure
pyridine.19,20

The two pyridine rings coordinated to the same central atom are coplanar,
owing to symmetry reasons, and the central cadmium atom is situated ap-
proximately in the plane of the pyridine rings, the perpendicular distance
from the plane of the rings to the cadmium atom being 0.03 A. The plane of
the pyridine ring is inclined at angles of 43° and 44°, respectively, to the two
square planes in the octahedron containing the central cadmium atom and the
nitrogen atoms of the pyridine rings, i.e. the planes through the nitrogen
atoms N(4)’, N(4)", N(1)’, and N(1)"” and the nitrogen atoms N(4)’, N(4)”,
N(3)", and N(3)"""’ (¢f. Fig. 3). A similar rotation of the plane of the pyridine
ring was observed in [Cu(Nj)y(C;H;N),], where the inclination was 43° with
respect to the plane containing the central copper atom and its four nearest
nitrogen atoms.

A comparison of the IR-spectrum of [Cd(Ng)y(C;HN),] with those of
[Cu(Ny)a(CsHgN),J* and [Zn(N4)e(C;HN),]® reveals a close agreement between
absorbing frequencies, but it is also possible to detect differences in the spectra
due to structural inequalities between the three complexes.

Thus, in the cadmium complex the pyridine rings, as well as the azide
groups, are crystallographically equivalent, and the azide group is bonded in
both ends at approximately equal distances to two different cadmium atoms.
In the copper complex the pyridine rings are crystallographically equivalent,
while the two azide groups are crystallographically independent. The azide
groups are differently coordinated, but both are bonded more strongly to one
copper atom at one end. Finally, in the zinc complex, both the two pyridine
rings and the two azide groups are crystallographically different, and the azide
groups are bonded to one zinc atom in one end only.

When examining the peaks originating from the pyridine ligands in the
IR-spectra of the three compounds, it is found that they occur at almost
exactly the same frequencies. In the spectrum of the zinc complex, however,
most of the pyridine peaks are split, which is not observed in the spectra of
the other two compounds.

The strong antisymmetric stretching band (»3) of the azide group is in all
three compounds observed between 2100 cm™ and 2030 cm™. Owing to the
structures of the complexes, it is expected to be split for the copper and zinc
complexes but not for the cadmium complex, this is supported by the spectra,
except that for the copper complex the band appears as a single, although
slightly broadened band.

The symmetric azide stretching band (»,) is registered between 1350 cm™
and 1330 cm™ in the copper and zinc compounds and, as expected, it is split
for both compounds. The symmetric stretching is not observed for the cadmium
complex, which is in accordance with its symmetrical coordination.

A very weak bending band (v,) is, for all three compounds, found in the
region 630—610 cm™.
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All computer calculations have been performed on an IBM 360/50 computer at the
Goteborg Universities’” Computing Centre.
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