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The Crystal Structure of Di-imidazole-zinc (II) Dichloride

By B.K.S. LUNDBERG

Institute of Chemistry, University of Uppsala, Uppsala, Sweden*

(Received 13 April 1966)

The crystal structure of Zn(C3H4N,),Cl, has been determined and refined from three-dimensional
X-ray data. The unit cell is monoclinic with the constants a=7-956, b=11-856 and ¢=12-078 A, all
+0-005 A, B=113°58'+2’". The space group is P2;/c; there is one formula unit in the asymmetric
unit and all atoms occupy general fourfold positions. The coordination of the zinc atom is tetrahedral
and the bond distances are: Zn-N, 2:00 and 2:02 A; Zn-Cl, 2-24 and 2-26 A. Hydrogen bonds are
assumed between the chlorine atoms and the imidazole nitrogen atoms that are not bonded to zinc.
There are two such bonds in the structure and their lengths are 3-27 and 3-34 A respectively.

Introduction

The investigation of the crystal structure of [Zn(C;H,-
N,),Cl, was undertaken as part of a research programme
initiated by Lindqvist 1962 on compounds related to
enzymes. In this connection the crystal structure of
carbonic anhydrase form C, which is a zincmetallo-
enzyme, is currently being investigated at this Institute
(Strandberg, Tilander, Fridborg, Lindskog & Nyman,
1962); (Tilander, Strandberg & Fridborg, 1965).

For the direct study of the binding of an individual
metal ion to a particular group in a protein it is neces-
sary, however, to determine the structure of the whole
protein; this is in practice a time-consuming task of
uncertain outcome. In order to obtain some indirect
knowledge of the nature of the interactions involved
in a proposed enzyme-metal-ion-substrate complex,
model compounds are being studied. The metal-ion-
substrate model compounds chosen are glycylglycino-
copper(Il) trihydrate (Strandberg, Lindqvist & Rosen-
stein, 1961) and bis(bisglycylglycinatoaquozinc(II))
dihydrate (Sandmark & Lindqvist, 1966).

Since the imidazole residue of the amino acid histi-
dine possesses a great ability for binding metal ions,
the following zinc-imidazole complexes are being in-
vestigated: Zn(C;H;N,),, (Strandberg, Svensson &
Briandén, 1966), Zn(C;H4N,)sCl,.2H,0, (Sandmark,
personal communication) and Zn(C;H,;N,),Cl, the
subject of this communication. Magnesium, cobalt,
copper, nickel and silver complexes with imidazole are
also being investigated.

Experimental

The crystals were obtained by slow evaporation of a
cold saturated solution prepared according to Edsall,
Felsenfeld, Goodman & Gurd (1954). Analyses for
zinc and nitrogen confirmed the stoichiometry.

* Present address: Institute of Chemistry, University of
Umea, Umea, Sweden.

Crystal data

The unit-cell dimensions were determined from Weis-
senberg photographs and confirmed and refined from
powder data. The cell is monoclinic and the dimen-
sions are:
a= 7956 A +0-005 A
b=11-856 A +0-005
c=12-078 A +0-:005
pf=113°58"+2'
The density was determined by the flotation method,
which gave 1:72 + 0-02 g.cm~3 at 21°C. With four for-
mula units in the unit cell the calculated density is
173 g.cm—3.
Systematic extinctions were found for 40! reflexions
with / odd and for 0k0 reflexions with k odd.
Precession photographs were taken as a check to
confirm the space group P2,/c. All atoms are in general
fourfold positions and the centre of symmetry is situ-
ated at the origin of the unit cell.

Intensity data

The colourless crystals obtained were stable in air.
The crystal selected for the Weissenberg photographs
had the dimensions 0-08 x 0-19 x 0-10 mm3, the longest
direction being parallel to the b axis of the unit cell.
The transmission factors in directions perpendicular to
this axis were 54%; and 479 respectively. No correc-
tions were made for absorption. Equi-inclination
Weissenberg photographs were taken with Cu Ko
radiation. The crystal was rotated around the twofold
axis and reflexions in ten layer lines (k=0-9) were re-
corded. The intensities of 1465 independent X-ray
reflexions were estimated visually by the multiple film
technique (five films).Corrections for Lorentzand polari-
zation factors were made in the usual way with the aid
of a computer program written by the author.
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Structure determination

In the space group P2;/c the symmetrical vectors lie
on a Harker line (0;2y—14;4) and a Harker section
(2x;4;2z—1). From the calculations of these the peak
with the highest value was taken as the Zn-Zn vector.
In a three-dimensional Patterson synthesis a generally
well-resolved peak with a high value was assumed to
derive from a Zn-CI(1) vector. The quartet of unsym-
metrical peaks, together with the Harker and inversion
peaks calculated on this assumption, were checked and
had reasonable values (Lindqvist, 1960). Of the re-
maining peaks, one that was well-defined was taken as
a Zn-Cl(2) vector peak and with these Zn, CI(1) and
ClI(2) positions all peaks with numerical values exceed-
ing half of a Zn-Cl vector peak were explained. An
electron density map was calculated with only the zinc
atom contributing to Fc. The F, values were scaled to
the values of F. and an arbitrary B value of 3-5 A2
was used. The residual R for observed reflexions was
52-7%. The two chlorine positions obtained from the
Patterson map were confirmed. A method suggested
by Dawson (1961) and adapted to a computer by Lund-
berg & Olovsson (1962) was used to obtain accurate
values for the atomic positions from the electron den-
sity maps.

The second electron density calculation with signs
obtained by means of the known Zn, CI(1) and CI(2)
positions gave the coordinates of the two nitrogen
atoms which are coordinated to the zinc atom. The
R value decreased to 37-7%. From a third calculation
the remaining two nitrogen atoms were found. The R
value at this point was 28 %.

A trial model of plastic balls on steel rods was con-
structed. The balls had different colours for certain
levels of electron density maxima in the Fourier syn-
theses. When the two imidazole rings were fitted into
appropriate positions, it was clear that there was only
one reasonable way of orienting each ring in order to
obtain electron density maxima for the carbon atoms.
No extra peak appeared.

At this stage a check was made of interatomic bond
distances and angles. The arrangement around the zinc
atom was shown to be tetrahedral, as expected, and
the Zn-N and Zn-Cl bond lengths were reasonable.

THE CRYSTAL STRUCTURE OF DI-IMIDAZOLE-ZINC(II) DICHLORIDE

The computer programs used for calculation of
structure factors, Fourier syntheses, bond distances and
bond angles were written by Liminga & Olovsson

(1964) for the Swedish computers BESK and FACIT.

Refinement of parameters

The refinement of the structural parameters was carried
out by least-squares methods, with the use of a com-
puter program written by Asbrink & Brindén (1962).
The scattering functions chosen were, for Zn, that of
Thomas & Umeda (1957), where account was taken
of the real part of the dispersion correction, and for
the other atoms those of Berghuis, Haanappel,
Loopstra, MacGillavry & Veenendaal (1955). Indivi-
dual isotropic temperature factors were applied and
the program employed the block diagonal approxima-
tion for solving the normal equations. After five cycles
of refinement the R value had decreased to 9-8%{ and
the largest shifts were in the ten scale factors (one for
each layer of reflexions). The relative weighting factor
used was that proposed by Cruickshank, Pilling, Bu-
josa, Lovell & Truter (1961): w=1/(a+|Fo|+ c|F,|?).
Between the first cycles the constants ¢ and ¢ were
changed to obtain approximately the same mean value
of w(|Fo| —|F¢|)? in all intervals of F,’s (the intervals
having a magnitude of 0-1|Fo, max]). Final values for
the constants were a=3-0 and ¢=0-02. The final R
value for the observed reflexions was 9-8%;.

When the refinement was stopped the shifts in the
parameters were less than one tenth of the standard
deviations, derived from the inverse least-squares ma-
trix. Interatomic distances and bond angles are given
in Tables 2 and 3 together with approximate standard
deviations, which were calculated assuming that for the
atomic positions these were the same in all directions
and equal to 0-0014 A for zinc, 0-0030 A for chlorine,
0-011 A for nitrogen and 0-015 A for carbon. The un-
observed reflexions were not used during the refine-
ment, but a calculation was made using the final par-
ameters and no F, had a value exceeding 1-5 times the
threshold value for the observed structure factors. No
attempt to locate the hydrogen atoms had been made.
Observed and calculated structure factors are given in
Table 4.

Table 1. Final atomic parameters and their estimated standard deviations

x/a a(x) y/b o(y) z/c o(z) B a(B)

(A) (A) (A) (A) (A) (A) (A2) (A2)
Zn 0-2454 0-0012 0-3188 0-:0014 0-2500 0-0012 315 0-02
CI(1) 0-2175 0-0025 0-1398 0-0028 0-1808 0-0025 3-73 0-04
Cl(2) 0-0199 0-0025 0-3631 0-0030 0-3081 0-0025 3-85 0-04
N(1) 0-2522 0-0080 0-4148 0-0092 0-1162 0-0083 3-44 0-13
N(2) 0-2030 0-0098 0-0250 0-0106 0-4337 0-0101 4-68 0-18
NQ@3) 0-4894 0-0080 0-3451 0-0090 0-3911 0-0082 3-47 0-14
N(4) 0-7824 0-0105 0-3674 0-0106 0-4965 0-0105 4-90 018
C() 0-1783 00115 0-1104 0-0123 0-4994 0-0115 4-35 0-19
C(2) 0-3310 0-0117 0-5188 0-0130 0-1239 0-0120 4-68 0-21
C@3) 0:6978 0-0135 0-0599 0-0147 0-4881 0-0134 541 0-24
C4) 0-6486 0-0113 0-3535 0-0122 0-3856 0-0114 4-31 0-20
C(5) 0-5178 0-0113 0-1527 0-0121 0-:0108 0-0116 4-17 0-19
C(6) 0-7028 0-0115 0-1359 0-0128 0-0765 0-0120 4-65 0-21
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Table 2. Bond distances and angles for the tetrahedral arrangement around the zinc atom
(See also Fig.1)

Distances o
A) A
Zn-Cl(1) 2-258 0-003
Zn-CI(2) 2-239 0-003
Zn-N(1) 1:995 0:011
Zn-N(Q3) 2-020 0-011

Description of the structure

The configuration of the molecule is shown in Fig. 1.
The coordination around the zinc atom is tetrahedral.
The average Zn-Cl bond length is 2-25 A which is in
accordance with some other determinations listed in
Table 5.

The Zn—Cl bond distances given by Brehler (1961)
in a-ZnCl,, f-ZnCl, and y-ZnCl, are 2-34, 2-31 and
2-27 A respectively, but these values are not quite com-

aq)

Fig. 1. Bond angles and bond distances in the asymmetric unit.

Angle o

© ®
Cl(1)-Zn-ClI(2) 111-46 0-12
CI(1)-Zn-N(1) 105-51 0-33
CI(1)-Zn-N(3) 111-95 0-33
Cl(2)-Zn-N(1) 114-11 0-33
CI(2)-Zn-N(3) 108-48 0-33
N(1)-Zn-N(3) 105-20 0-45

Table 3. Bond distances and angles
in the imidazole rings
(See also Fig.1)

Distance Angle

N(2)-C(1) 1-349 A Zn —N(1)-C(1) 126-03°
C(1)-N(1) 1-324 Zn —N(1)-C(2) 12840
N(1)-C(2) 1-369 C(1)-—N(1)-C(2) 105-58
C(2)-C(3) 1-367 Cl1(2")-N(2)-C(1) 142-50
C(3)-N(2) 1-387 CI(2)-N(2)-C(3) 97-60
N(4)-C4) 1-340 C(1)--N(2)-C(3) 108-81
C(4)-N(3) 1-299 Zn —N(@3)-C4) 126-30
N(3)-C(5) 1-370 Zn —N(3)-C(5) 12571
C(5)-C(6) 1-374 C(4)--N(3)-C(5) 107-77
C(6)-N#4) 1-354 CI(1")-N(4)-C4) 130-35
oC—C 0-021 CI(1")-N(4)-C(6) 100-71
oC —N 0-019 C(4)—N(4)-C(6) 107-34
N(1)—C(1)-N(2) 110-48

N(1)—C(2)-C(3) 111-46

N(2)—C(3)-C(2) 103-65

N(@3)—C(4)-N4) 110-74

N(@3)—C(5)-C(6) 106-95

N(4)—C(6)-C(5) 107-08

parable with those listed in Table 5 because in the
ZnCl, modifications each chlorine atom is shared be-
tween two zinc atoms.

The average Zn-N bond length is 2:01 A. The bond
length between zinc and.the nitrogen atom in the
imidazole ring reported for di-(L-histidino)zinc(II) di-
hydrate (Kretsinger, Cotton & Bryan, 1963) is 2:04 A,
while for di(histidino)zinc(II) pentahydrate (Harding &
Cole, 1963) it is 2-00 A. For Zn(imidazole), (Strand-
berg, Svensson & Brindén) the mean value of eight
Zn-N bond lengths is 1:99 A, no bond length differing
significantly from this value. This shows that the inter-
action of zinc with the uncharged imidazole molecule
is of the same order of strength as that with the anion,
in which the negative net charge is thought to be equally
distributed on the two nitrogens of the imidazole ring.
The bond lengths and bond angles in the imidazole
rings are shown in Fig.1 and listed in Table 3. There
are no significant differences from the values given by
Donohue & Caron (1964) in their comparison of histi-
dine compounds.

A number of planes containing different atoms were
calculated using a computer program written by Dr
Brindén and based on a method of least squares de-
scribed by Blow (1960). The equations of the planes
are given in Table 6 together with the displacements
in A from these planes for the atoms (Fig.1).

As can be seen from Table 6, the atoms in each
imidazole ring lie in a plane and the zinc atom lies
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CRYSTAL STRUCTURE OF DI-IMIDAZOLE-ZINC(II) DICHLORIDE
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Table 4 (cont.)

P CAIC
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7
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7
6
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6
6
6
6
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6
6
6
6
6
6
6
6
6
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5
5
5
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5
5
5
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
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DICHLORIDE

X 1 POBS P CAC
6 =11 5458 7.98
6 =10 Te16 = 5448
6 =9 28,83 = 30,18
6 =8 11,99 = 11,65
6 -6 7.81 8.52
6 =5 15.72 18435
6 =4 1336 -~ 11,94
6 -3 49,91 = 5245
6 ~2 20,31 - 20,14
6 1 26,06 = 30432
6 2 23,30 = 22,29
6 3 25,38 = 22,70
6 4 28,38 26,37
6 5 11,75 7495
6 T 26,86 = 25.66
6 8 18,24 - 16.46
6 9 7.09 - 497
6 -13 5.92 = 9.89
6 ~12 10,63 12,93
6 ~11 15434 17.67
6 <10 13,16 = 10,73
6 =9 15,63 = 13,96
6 -8 14,64 12,40
6 =1 13.84 12,04
6 =6  29.91 = 26,81
6 =5 22,61 = 20,96
6 -4 37.08 34,24
6 =3 38.49 37453
6 -2 58,47 = 63,01
T =9 13.47 14,63
T =T 11,92 = 11.69
7 =5 7.00 4,72
7 -1 7022 = Te61
7 [ 3.70 4,22
7 =12 8,05 13456
7 -1 7.58 = 8,79
7 ~10 11,67 = 13,65
7 -8 17,02
7 -1 9e - 7.80
T =6 12,92 = 12,94
7 =4 1933 22415
7 -3 6,47 6437
T =2 13,87 = 13.49
7 =1 16,01 = 16,04
7 0 18.61 18,69
7 1 5486 6.62
7 2 12,00 = 16,12
7 -8 6.42 - 5439
7 =6 10,51 9.40
7 =4 6 - 10,23
7 -1 10,81 9454
7 =13 4,75 = 5467
7 =12 10439 =~ 12.65
7 -1 5e28 4,59
7 =10  20.87 22,65
7 =8 28,22 = 30,74
T =7 1067 <= 7469
T =6 26465 26,09
7 =5 2T.79 24,67
7 =4 31,39 - 34,98
7 =3 26,83 = 27.73
7 =2  27.64 28,74
7 =1 6.19 431
T 0 25.95 = 27.80
7 2 18,36 18410
7 3 15,51 = 16,77
7 4 19.53 - 18.41
7 5 15,94 13.93
7 6 14,94 15.40
7 -3 7.19 = 10,60
7 =1 12,86 16,72
7 =9 17.90 15012
7 =8 6481 3489
7 =7 1997 - 18,07
T =5 3375 30.07
7 =4 8,20 - 6435
7 =3 20,36 = 18.05
7 =2 12,25 - 8,30
7 =1 5406 2415
17 0 12,05 9.22
7 1 44,20 40.59
7 3 20,67 - 21.29
7 5 10,73 10,20
7 7 6.48 7.12
7 13 6,89 = 8.89
7 =12 13.72 17,78
7 =10 32,83 =~ 28,19
7 =8 21,83 21,78
T =7 25612 = 27,07
7 =6 32,06 = 32,32
7 =5 11.09 11,47
7 =4 48,12 42,35
7 -3 4053 3485
T =2 4757 = 35.T3
7 -1 3747 = 3139
7 0 51.92 42.00
7 1 30,93 28,81
7 2 48,12 - 39.7
7 3 13,47 = 11,37
7 4 39.06 36444
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Table 4 (cont.)

x 1 POBS rPCAlc b X 1 P0M8 PO 1 k 1 POBS PCAC h X 1 POB8 P CAC
; 7 (] 4.72 - 27.29 5 8 =6 22,40 22,90 1 8 -1n 8,30 - 6,48 4 9 -0 10.49' 7410
3 7 8  11.83 15.83 5 8 =3 21,89 19,79 1 8 -8 7.95 - 8,17 4 9 1 7413 2,89
3 7 10 4,58 - 9.3 5 8 =2 109 8,27 1 8 -7 14,72 -16,08 4 9 4 8,64 = 9,66
2 7 -6 13,47 12.21 5 8 -1 5.09% - 2,32 1 8 =6 16,37 15,33 3 9 -12 11.79 = 14497
2 7 -3 7.06* 091 5 8 0 17.55 15475 1 8 =5 19,48 =~ 12,56 39 -1 13,69 13,80
2 1T -2 15,36 15,37 5 8 3 4.87 7.08 1. 8 -4 14,30 - 11,60 3 9 =10 13,33 14,00
2 7 -1 $.16% - 1,13 4 B =12 14,31 - 16,96 1 8B -3 34,82 31,53 3 9 =9 12,21 - 10,10
2 17 0 6,06 - 5,40 4 8 -1n 6420 6493 1 8 =2 5,06 = 4,59 3 9 -8 29,58 - 27,03
2 7 1 16,11 - 10.11 4 8 -0 27,04 3282 1 8 1 5.30* - 1,18 3 9 -7 19,27 18,52
2 7 2 17,09 -12,82 4 8 <9 7416 = 5,53 1 8 2 18,26 - 17.62 3 09 -6 21.35 16,96
1 7 =12 9,81 = 12,49 4 8 -8 40,14 =~ 41,09 1 8 3 8492 8,01 3 9 =5 15.77 = 14,42
1 7 -1 5433 6.25 4 8 =7 11,39 11,01 1 8 4 20,89 20,94 3 9 -4 5.78 5415
1 7 <10 23,33 25.61 4 8 -6 30.81 28.92 1 8 5 10,61 - 8,59 3 9 -3 33.30 27,76
1 7 =9 11,01 = 10.27 4 8 =5 9.94 - 8.T72 1 8 6 11,03 10,38 3 9 =2 4.89 1.89
1 7 -8 22,48 = 24.05 4 8 -4 1333 = 12,76 1 8 7 5.61 4.18 3 9 -1 16.04 = 11,81
17 -6 49.71 45,02 4 8 -3 9.69 9.88 1 8 8 13,28 - 13,52 309 0 22.82 - 21,34
1 7 -5 21,70 19,15 4 8 -2 11.70 9.26 1 8 10 8,89 9.57 3 9 1 34.80 28455
17 =4 59,70 - 54,01 4 8 -1 931 - 8,61 0o 8 -12 5.84 - 8.60 3 9 2 31,58 29,18
17 <=3 34,81 - 33,21 4 8 0 14,64 - 11,33 0 8 -10 21,67 26,09 3 9 3 14,76 = 13,79
17 -2 49.32 59,40 4 8 1 10.67 T.77 0o 8 -9 8.89 -~ 4.87 3 9 4 37.86 = 36,95
17 - 19.97 25,68 4 8 2 26.92 23,96 0 8 -8  34.48 - 38,31 309 5 16,65 18,70
17 O 30,33 - 41,57 4 8 3 16,80 -14,78 O 8 -7 16,08 4.4 3 9 6 24,18 24.52
1 1 1 34,29 - 36,05 4 8 4 22,65 - 26,39 0O 8 -6 49.46 47,08 3 9 7 5431 - 8,36
107 2 39.07 37,19 4 8 5 10,87 T.55 0 8 =5 14,72  « 10,50 3 9 8 11,52 = 13,36
17 3 22,29 -20,78 4 8 6 26,23 29,55 0 8 -4 38,07 - 36,23 2 9 -12 8.21  ~ 8,52
1T 4 46,14 -39,00 4 8 7 50,34 - 4,25 O 8 -3 25,37 21,14 2 9 =10 11.93 10.73
17 5 31,3 29.28 4 8 8 11,22 ~18,5 0 8 -2 29,00 28,15 2 9 -7 Ted9 - 6,26
17 6 46.11 40,81 3 8 =12 10,37 = 10,01 7 9 -10 8,27 11.35 2 9 <6 23,92 - 22,44
17 7 20,48 -16,27 3 8 10 11.33 7.7 79 -9 4,19 - 5,65 2 9 -4 42,39 41,75
17 8 18,50 - 15,21 3 8 -9 12,67 9.78 7 9 -8 7.78 = 9.75 2 9 2 23,57 20.72
117 10 20,23 19.32 3 8 -8 9.58 = 8.91 7 9 -7 10,22 10.08 2 9 3 6492 = 5,47
0 7T N 15,72 17,60 3 8 ~ 7 16,62 - 11,96 7 9 -5 9.85 - 10,01 2 9 4 19,84 - 18,73
0 7 -9 6,02% 1.66 3 8 =6 21.25 - 19,88 7 9 -4 6425 5.00 2 9 6 13.57 11.82
0 17 -1 5.84" - 2,50 3 8 =5 8.80 .17 7 9 -3 10,80 10,05 2 9 8 6.80 5413
0 7 -6 8.86 870 3 8 -4 4.7 12, 7 9 -2 8.91 9.64 2 9 9 3.74 - 2,76
0 7 -5 38,03 32,46 3 8 -2 24,00 - 23,91 7 9 =1 7491 = 6,45 19 -1 5.49 - 8,52
0 7 -4 14,78 -12,28 3 8 -1 9,53 - 7.69 7 9 0 10.05 = 14,13 19 <10 8.27 = 7.46
0 7 -3 39.82 -36,59 3 8 0 5.48 5.26 7 9 1 7.94 10,88 1 9 -9 16,34 16,78
0 7 =2 20,42 =20,14 3 8 1 19.26 14,89 6 9 -8 15,51 20.36 19 -8 39,02 36,40
8 8 -8B 10,91 - 14,44 3 B 2 6,62 - 7,86 6 9 -7 6.49 - 6,06 19 =7 17,00 - 14.34
8 8 -6 6.75 9.35 3 8 322,00 - 13,89 6 9 =6 14,26 -~ 15,49 1 9 -6 51,26 - 49,52
8 8 -1 5.69 - 7,01 3 8 4 2184 < 18,55 6 9 -4 12,71 13.88 1 9 .5 25,26 21.93
7 8 -9 6.73 6.04 3 8 7 12.83 13.96 6 9 -1 9.08% - 3,73 19 -4 32,37 31,81
T 8 =7 1431 -12,29 2 8 =12 8,08 7.57 6 9 o 12,35 = 12,61 19 -3 29,92 - 30,23
7 8 =6 17,55 -16,25 2 8 -1 14,30 - 13,56 6 9 2 10,40 11,76 19 =2 11,60 - 14,15
7 8 -4 7.95 8,8 2 8 <10 16,73 - 17.81 5 9 -2 6.66 10,45 19 -1 22.49 28.65
7 8 -3 5.47 6,42 2 8 -9 21,29 20,56 5 9 -1 6.77 - 8,13 19 0 20,21 22,33
7 8 -2 7.00 - 7.76 2 8 -8 29,62 26,80 5 9 =10 15,30 = 15,72 19 1 15.98 = 16.65
7 8 <1 5066 - 4,70 2 B <~ T 16,70 ~16.03 5 9 -9  12.24 14,62 1.9 2 9,61 - 5,63
7 8 [} 4.81% - 1,47 2 8 -6 3317 = 29,47 5 9 -8 24.14 28,10 1 9 3 21.53 19.66
7 8 1 434 4,40 2 8 -5 13,97 13,31 5 9 -7 17.34 = 16.69 1 9 4 14,79 7465
6 8 12 8439 10,05 2 8 -4 39.43 38,03 5 9 <6 31,51 - 30,22 19 5 28,04 - 24,06
6 8 -mn 13.45 < 16,15 2 8 -3 15.58 - 14,58 5 9 =5 9.79 12,02 1 9 6 19,57 = 15,21
6 8 10 11,17 =12,21 2 8 =2  45.84 - 49,73 5 9 -4 16,18 15.46 19 7 17.2% 13,00
6 8 -9 15,48 15,59 2 8 -1 25.83 - 25,07 5 9 -3 17.48 = 17,13 1 9 8 28425 29,04
6 8 -8 19,39 20,47 2 8 0 36,84 35.76 5 9 -2 6413 - 5,51 19 9 10.49 - 8,90
6 8 -6 21,8 -20.,10 2 8 1 21,08 15426 5 9 =1 13,46 16,37 1.9 10 9,27 = 12,62
6 8 -4 19.23 19.38 2 8 2 43,14 - 42,64 5 9 0 5435 4.78 0 9 <10 8,79 - T.44
6 8 -2 18,47 -18,75 2 8 30 21,44 21.34 5 9 1 12,44 -13.83 0 9 -9 ToTl = 4,32
6 8 [ 21,62 25.7 2 8 4 31479 31.68 5 9 2 6,86 - 5,77 0 9 -8 12.10 9,00
6 8 2 15,81 < 19,73 2 8 5 23,87 = 23,46 S 9 3 6,69 7.20 o 9 -7 6,80 =~ 3,57
6 8 3 8,08 11,06 2 8 6 28,06 -27,29 5 9 4 16,12 1555 0 9 -6 10,60 5.97
6 8 4 7,87 M,27 2 8 7T 10.61 11,35 5 9 5 9.91 -10.14 0 9 .5 9.64 5.03
6 8 5 7416 = 12,9 2 8 8 15.65 14,77 5 9 6 5.75 = 8,13 0 9 =4 8.82% -~ 3,74
5 8 11 5.:1 - 592 2 8 9 12,56 < 13,20 : g -4 12.2;' - lg.gg 0 9 -3 8.11% 1,44
- . 8 - -2 . - 2, - - 14,
F 3.8 g 2 8 8.0 LR A 797 - 568 O O 2 2.0 14035
Table 5. Zn—Cl bond lengths
Compound Distance Reference

Na»ZnCly . 3H,0 2:26 A Brehler (1960)

Zn[SC(NH,);NHNH,]Cl, 2:24 Cavalca, Nardelli & Branchi (1960)

(NHy)3ZnCls 2-25 Klug & Alexander (1944)

0-060 A from plane 3 and 0-043 A from plane 6. The H
sum of the bond angles around N(1) is 360-01° and HON_H cl

around N(3) 359-78°; the differences from 360-00 are
well within the standard deviations for the bond angles.

The packing of the molecules is shown in Fig.2.
The interatomic distances N(2)-H---Cl(2") and N(4)-
H---CI(1") are 3-27 and 3-34 A respectively (Fig. 1),
and they can be compared with those given by Olovs-
son (1960):

H

N
N—H- —Cl
/

NH;

N—H ——Cl
343 A
349 A

359A
H H

/s

322A

/
H

Hydrogen bonds are assumed between the pseudo-
acid imino hydrogen atoms of the imidazole rings
[N(2) and N(4)] and the chlorine atoms. If the hydrogen
atoms lie in the planes of the imidazole rings the angles
H-N(2)---Cl(2") and H-N(4)---CI(1") are 27°31’ and
8°48'’ respectively. The differences in the isotropic tem-
perature factors for the nitrogen atoms are also signi-
ficant (Table 1). The value for N(2) is 1-2 A2 higher
than that for N(I) and the value for N(4) is 1-4 A2
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higher than that for N(3). These differences can be
explained as due to the strength of the bonds Zn-N(1)
and Zn-N(3) in comparison with the hydrogen bonds
formed by the imino hydrogen atoms on N(2) and N(4).

0-0030

cnr’)
(—0-548)
(—0-538)
(—0-500)
0-000

~ Saaa ° The hydrogen bond system and the van der Waals
8 21y = forces are such that the crystal is essentially a three-
O oz=z dimensional network. Data on intermolecular distances
short enough to be classed as van der Waals contacts
- §8§ = are given in Table 7.
< =] (=] (=) .
3 % ° 77° °995% Table 7. Intermolecular distances shorter than 4-00 A
= g § 5 § A, B etc. refer to Fig.2
= “ for oYaoan Ci(1)a-Cl2)a  3-72 N()a-NQ@)r 366
: S o 888 §MM:‘¢ Cl(1)4-Cl(2)B 3-81 N(1)4-N@3)a 319
2 5 o =T °§§er': Cl(1)a-N(1) 4 339 N(1)4-C(1)p 3-90
g z PRRE Cl(1)4a-N(Q2)s 3-39 N(1)4-C(4) 4 3-57
g 3 2289 Qe N@we 388 NOCO 374
S 2 ~OONO )a— c : a— 1 :
7‘; g _ 2 282 ] ? ol c.T ? CI(1)4-C(1) 5 3:99 N(3)4-C(2)4 3-60
2 Z : Cl(1)4-C(1) 4 3:62 N(@B3)4-C(3)& 374
=

g s 0 ° 29 exxan Cl(1)4a-C2)s 369 N(3)4-C(5)e 384

g & 3=28 Cl(1)4-C(@)c 3-74 N@3)4-C(6)¢ 3-86

S £ 2223 Ca-C(S)p 373 N#a-C3)s 370
é = “ —~ot 0COOCC Cl(1)4-C(6)x 3-76 C(Ha-C()r 3-86

s 2 ¢ 3 383 affll Cl2)a-N(I)a  3-56 C(1)4-C)r 386
R 3 g S 338 o3 dan Ci(2)a-N(3)s 346 C(1)a-CB3)r 3-82
T3 [ 2503 Cl(2)~-N@u 350 C(1)4-C(5)p 3-86

2 5 =238 Cl(2)4a-N@)e  3-90 C(2)4-C(4) 4 371
% S ~ aol ? oo Cl(2)4-C(1)B 3-68 C(2)a—C@)c 3-98
| B a = mas = Cl(2)a-C(Q3)r 3-78 C(2)4-C(6)¢ 3-99

s & Z 2 282 Sholw Cl(Qa-C@)n 344 C(3)4—C(3)1 357
: g ~ Cl(2) 4.—C(5) 4 372 C(3)4-C@)c 3-66

g 2 - Cl(Q)a-C(6)x 396 C(3)4-C(5)c 375
S = ot oMo Cl(2) 4-C(6)¢ 3-84 C(3)a-C(6)c 3-76

D © o gBEEEEEES Bty 1
< u e -2 —C(6)a .
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