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responds to a rotation of the -CH=CH- group around
the coordination axis of 17° for both molecules,
Relatively low energies should be involved in such
rotations since the formation of hydrogen bonds seems
to be responsible for the stable occurrence of different
conformational isomers. The crystal structure appears
also largely determined by the hydrogen bonding be-
tween carboxylic groups. Two different patterns of
hydrogen bonding are observed. For the sake of sim-
plicity one of them is shown in a separate figure (Figure
2). Each “A” molecule is bonded to four others of the
same type. Carbon atoms and oxygen atoms of neigh-
boring CHCOOH groups correlated by the screw axis
lie on a plane. All deviations from the least-squares
plane (0.0997Y + 0.5109Z = 1) are less than 0.03 A.
A complete packing model projected along the ¢ axis is
shown in Figure 3. Crystallographically independent
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molecules of the B and C types are hydrogen bonded.
The carbon and oxygen atoms of two CHCOOH groups
connected by hydrogen bonds are also practically
planar.

Acknowledgment.—The Preliminary calculations
were carried out with programs furnished by Giglio and
Damiani.'® For the final refinement of the structure
the programs were kindly supplied by Vaciago and
Domenicano!” to whom A. S. is particularly grateful
for many computing facilities. We are grateful, as
well, to R. Palumbo, who furnished the compound,
and to Professor P. Corradini, for stimulating discussion
and help, especially at the first stage of the work.

(16) A. Damiani, F. De Santis, E. Giglio, and A, Ripamonti, Ric. Sci.,
Rend., Sez. A, 33, 965 (1963).

(17) V. Albano, A. Domenicano, and A. Vaciago, Gazz. Chim. Ital., 96,
922 (1966).

CONTRIBUTION FROM THE LAWRENCE RADIATION LABORATORY AND DEPARTMENT OF CHEMISTRY,

UNIVERSITY OF CALIFORNIA, BERKELEY, CALIFORNIA 94720

The Crystal Structure of u-Chloro-bis(chlorotetra(benzimidazole)nickel(II))

Chloride-4-Acetone’

By MICHAEL G. B. DREW, DAVID H. TEMPLETON, axp ALLAN ZALKIN

Recetved April 8, 1968

The crystal structure of u-chloro-bis(chlorotetra(benzimidazole)nickel(II)) chloride-4-acetone has been determined by single-
crystal X-ray techniques. The crystals are monoclinic, space group P2;/c with cell dimensions ¢ = 12.551 (5), b = 16.517
(7), ¢ = 17.794 (7) A, 8 = 106.72 (5)°. The unit cell contains two cations of formula NiCly(C/HsNa)s t, two chloride ions
Cl-, and eight molecules of acetone. The observed and calculated densities are 1.35 == 0.01 and 1.354 g cm ™%, respectively.
The intensities of 2492 reflections above background were collected by counter methods and the structure has been refined
to a conventional R factor of 0.101. The cations are of the form Cl-Ni{C;HeN;)s—CIl-Ni(C;HsN;)~Cl*, with the bridging
chlorine atom on a center of symmetry. The Cl-Ni-Ci-Ni-Cl chain is closely linear (CI-Ni—Cl = 179.3 (1)°), and the two
nickel—-chlorine distances are appreciably different (Ni—Cl{terminal) = 2.425 (4) A, Ni-Cl(bridging) = 2.941 (2) &),

Introduction

During studies??® of the nickel(II) complexes with
benzimidazole (I), three compounds, colored blue,

QY

green, and olive green, of the general formula Ni-
(CHeN9)«CL((CH;)CO), were prepared.  These
three compounds had differing magnetic properties,
with magnetic moments of 3.15, 3.06, and 2.35 BM at
room temperature and Weiss constants of —8, —77, and
—400°, respectively. The green compound held to
Curie~Weiss behavior over the range 200-300°K: in
the range 100~200°K, deviation from the law is small
but on reaching 100°K, the susceptibility values show a
sudden drop and the initially crystalline solid is found

(1) Work done under the auspices of the U, S. Atomic Energy Commission,

(2) M. J. Weeks, Ph.D. Thesis, University of London, 1966.

(3) D. M. L. Goodgame, M. Goodgame, and M. J. Weeks, J, Chem. Soc.,
A, 1125 (1967).

to be reduced to an amorphous powder without loss of
acetone. In order to form a reference point for
consideration of these compounds, the crystal structure
of the green complex has been determined by three-
dimensional X-ray analysis.

Experimental Section

Crystals of the green compound, immersed in acetone, were
provided by Dr. M. J. Weeks. Preliminary photographs by the
Weissenberg technique showed a monoclinic lattice. The cell
dimensions were measured at room temperature (~23°) with a
General Electric quarter-circle goniostat (A 0.70926 A for Mo Ke).
They are a = 12.551 (6), b = 16.517 (7), ¢ = 17.794 (7) A, 8=
106.72 (5)°. The errors in the last digits (in parentheses) are
subjective estimates of the s'andard deviations. The observed
density (by flotation in a mixture of benzene and ethylene bro-
mide) is 1.35 == 0.01 g cm~3. The calculated density for two
formula units of [NizCls(C:HgNz)s} Cl-4(CH;).CO in the unit cell
is 1.354 g ecm—%, The Weissenberg photographs show that re-
flections are absent for 20/ if I = 2» 4+ 1 and for 0RO if & = 2n +
1. These rules are characteristic of space group P2;/c and this
choice is confirmed by the structure determination.

The diffraction data were obtained from a crystal of approxi-
mate dimensions 0.4 X 0.3 X 0.3 mm mounted with b parallel
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TABLE I
FINAL CoOORDINATES (X 104) AND THERMAL PARAMETERS (X10) FOR Ni(C;HeNg)iClz+2(CH;).CO=

Atow x 5 3 Bu Bz Bss B Bis Bn
Ni 453 (1) 1252 (1) 1227 (1) 39 (1) 42 (1) 40 (1) 0(1) 15 (1) 1(1)
CI(1) 808 (3) 2292 (2) 2230 (2) 51 (2) 46 (2) 45 (2) —4(2) 17 (2) —2(2)
Ci(2) 0 0 0 67 (4) 73 (4) 59 (3) —10(3) 17 (3) 12 (3)
C1(3) 5000 5000 5000 49 (3) 106 (5) 83 (4) 27 (3) 37 (3) 47 (4)
Atom % ¥ 4 B Atom x ¥ z B
N(la) 2002 (8) 876 (6) 1441 (6) 44 (3) N(1ib) —1254 (9) 1521 (7) 825 (6) 45 (3)
C(2a) 2517 (11) 755 (8) 831 (8) 46 (3) C(2b) —1975 (13) 015 (9) 721 (8) 55 (4)
N(3a) 3640 (10) 611 (7) 1095 (7) 58 (3) N(3b) —3040 (10) 1242 (8) 510 (7) 68 (3)
C(4a) 3957 (13) 631 (9) 1885 (9) 56 (4) C(4b) —2062 (15) 2069 (11) 457 (9) 75 (4)
C(5a) 5027 (15) 534 (10) 2485 (11) 83 (5) C(5b) —3791 (15) 2899 (12) 208 (10) 88 (5)
C(6a) 5011 (17) 621 (12) 3281 (12) 111 (6) C(6b) — 38340 (16) 3457 (12) 310 (11) 101 (6)
C(7a) 4064 (17) 792 (11) 3481 (11) 99 (6) C(7b) —2166 (15) 3660 (11) 509 (9) 83 (5)
C(8a) 3000 (14) 905 (10) 2934 (10) 75 (5) C(8b) —1397 (12) 3023 (10) 689 (8) 59 (4)
C(9a) 2095 (12) 803 (9) 2146 (9) 55 (4) C(9b) —1817 (12) 2247 (9) 680 (8) 46 (3)
N(le) 141 (8) 377 (6) 1967 (6) 38 (2) N(1d) 739 (8) 1995 (6) 375 (6) 38 (2)
C(2¢c) 491 (11) —387 (8) 1987 (8) 43 (3) C(2d) 36 (11) 2027 (9) - 360 (8) 53 (4)
N(3c) 210 (9) — 838 (7) 2544 (7) 55 (3) N(3d) 389 (10) 2617 (8) —~775(7) 67 (3)
C(4c) —375(11) —334 (9) 2909 (8) 44 (3) C(4d) 1293 (13) 3011 (10) —316 (9) 59 (4)
C(5c) —839 (12) —491 (9) 3523 (8) 59 (4) C(5d) 1911 (14) 3683 (11) —444 (9) 76 (4)
C(6c) —1384 (13) 172 (10) 3755(9) 71 (4) C(6d) 2805 (13) 3869 (10) 172 (10) 72 (4)
C(7¢) —1473 (12) 934 (9) 3372 (9) 63 (4) C(7d) 3145 (12) 3471 (10) 887 (9) 71 (4)
C(8c) —1012 (11) 1089 (8) 2717 (8) 49 (3) C(8d) 2466 (12) 2823 (9) 1040 (8) 52 (4)
C(9c) —427 (10) 420 (8) 2545 (8) 43 (3) C(od) 1558 (11) 2613 (8) 430 (8) 46 (3)
O(le) 2217 (12) 3967 (9) 3995 (8) 136 (5) O(1f) —1881 (11) 2997 (7) 3004 (7) 93 (5)
C(le) 3225 (17) 4058 (12) 3058 (12) 120 (7) C(1f) —2888 (19) 3070 (14) 2913 (13) 101 (6)
C(2e) 3468 (18) 2045 (14) 4041 (12) 132 (7) C2f)x — 3664 (29) 2444 (22) 2410 (21) 87 (10)
C(3e) 2986 (19) 3645 (15) 3676 (14) 125 (7) Ceh)y —3549 (46) 3282 (35) 2152 (35) 186 (19)

C(3f)x —38457 (51) 3166 (39) 35660 (37) 171 (24)

C(3f)y —3292 (45) 3655 (34) 3391 (33) 144 (19)

e Standard deviations estimated by least squares for the least significant digit are given in parentheses.

lows.

Designation of atoms fol-
Atoms in the four benzimidazole and two acetone groups are written as X(ng): X refers to the atom type—carbon, oxygen or

nitrogen; 7 refers to the position of an atom in the group; and g identifies the group—a, b, ¢, or d for the four benzimidazole groups and

e or f for the two acetone molecules.

to the instrument axis. The crystal was stuck to the inside of a
glass capillary. Diffraction intensities were measured with a
General Electric XRD-§ apparatus equipped with a manual
goniostat, scintillation counter, and pulse-height discriminator.
The diffracted beam was limited by an aperture 0.1 cm in di-
ameter and 3.3 cm from the crystal and by a slit 0.3 em wide and
15.3 cm from the crystal. A molybdenum tube was used at 50
kV and 20 mA with a zirconium filter at the receiving slit. The
stationary crystal, stationary counter method was used to mea-
sure 3284 reflections (26 < 40°) with a 4° takeoff angle. The
counting time was 10 sec. The intensities of a few equivalent
reflections were checked, but no systematic measurement of such
reflections was wundertaken. Individual backgrounds were
measured for those reflections whose counts were seriously af-
fected by streaking of other orders. For other reflections, back-
grounds were taken from plots of background as functions of 26
for various values of ¢ and x. Of the 3284 reflections, 792 gave
counts less than or equivalent to the estimated backgrounds
and were given zero weight in the subsequent refinement.
Several standard reflections were measured repeatedly during the
course of the experiment, but no significant change in intensity
was detected. No corrections were made for extinction. The
linear absorption coefficient for Mo K« radiation is estimated as
7.41 cm ™! and the maximum variation in transmission coefficient
as 159;. The glass capillary probably contributes to the rela-
tively high background counting rate, but we have no evidence
that it aggravates the variation in transmission factors. No cor-
rections for absorption were made.

Calculations were made using the IBM 7044 and CDC 6600
computers. We used our own unpublished programs for Fourier
series and interatomic distances and angles and our own modified
version of the Gantzel-Sparks-Trueblood full-matrix least-
squares program, which minimizes 2w|AF|Z/2wIFO!2. The
atomic scattering factors were chosen as follows: Ni?* from

The half-atoms in the acetone molecule f are identified by an additional symbol x or y.

Thomas and Umeda* and Cl~ and neutral O, C, and N from
International Tables.5 Corrections for the real and imaginary
parts of the anomalous dispersion were made for nickel and
chlorine using the values given in ‘‘International Tables.”’®
The temperature factor was defined as exp(—BA~? sin? ¢) when
isotropic or as

exp(—0.252_2 hihbd,Biy) (4,7 =1,2,3)

i
where b; is the 7th reciprocal cell dimension. The 2492 nonzero
reflections were assigned equal weights initially. Later in the
refinement, weights were assigned on the basis of standard devi-
ations of structure factors derived from an estimate of the
accuracy of the net intensity I (in counts)

o?(I) = 4000 + 10I + (0.031)?

Typical backgrounds ranged from 400 to 2000 counts, with
higher values where streaking was involved. The strongest re-
flection, 100, was observed as 430,000 counts. This estimate
assumes and the final results tend to confirm that counting statis-
tics is not the limiting factor in the accuracy.

Determination of the Structure

The Ni-Ni vectors were identified in a three-dimen-
sional Patterson function. A three-dimensional elec-
tron density map calculated with signs based on the Ni
structure showed the chlorine atoms and some of the
benzimidazole group atoms. After several alternations
of least-squares refinements and Fourier summations,

(4) L. H. Thomas and X, Umeda, J. Chem. Phys., 28, 293 (1957).

(5) “International Tables for X-Ray Crystallography,” Vol. 3, The
Kynoch Press, Birmingham, England, 1962, p 210.

(6) Seeref 5, p215.
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the positions of 46 of the 48 independent atoms (ex-
cluding hydrogen) had been obtained, but the positions
of the two methyl groups of one acetone molecule re-
mained in doubt. The oxygen and central carbon
atoms of this acetone molecule had nearly equal v co-
ordinates. In a difference Fourier map, based on
parameters from 46 atoms, the two methyl groups ap-
pear as peaks spreading over 1 A in the y direction.
The maximum heights for the two spread peaks were
1.4 and 1.3 e/A3. It proved impossible to refine these
positions as individual atoms and it was decided to con-
sider each methyl group as made up of two half-atoms
at either end of the 1-A spread peak. These half-atoms
were refined successfully with isotropic temperature
factors. The maximum peak in these areas after a
subsequent difference Fourier map was 0.5 e/A3.
The nickel and chlorine atoms were refined aniso-
tropically and the light atoms isotropically. This an-
isotropic refinement is justified by the fact that the
three independent heavy atoms in the cation remain
nearly isotropic while the chloride ion is anisotropic in a
manner which is related in a plausible way to the geom-
etry of hydrogen bonding as discussed below. With
equal weights and before the imaginary dispersion cor-
rection was introduced, the conventional R (=E|AF |/
EJFO’) was reduced to 0.095 for 2492 reflections but
with large discrepancies for many of the numerous very
weak reflections. With the final weighting scheme and
full correction for anomalous dispersion, R increased to
0.101 for 2492 reflections and 0.150 for the complete set
of 3284 reflections, but the weighted R’ (= (EwéAFP/
Sw|Fo|)) was 0.081, and the distribution of dis-
crepancies was much more consistent with the assigned
weights. The standard deviation of an observation of
unit weight was 1.58. The final difference Fourier map
showed a maximum peak of 0.5 e/A? or about 139, of
the average height of a carbon atom. Introduction of
the imaginary dispersion correction had a very trivial
effect on both the atomic coordinates and the thermal
parameters, but the change in the weighting scheme led
to some variation in the parameters. The maximum
shift in a position of an atom in one of the benzimidazole
groups was (.05 A ; the average shift was 0.02 A and only
one of the bond distances changed by more than 1 o.
The values quoted in the following tables are taken from
the weighted refinement where, in the final cycle, the
shifts of all parameters, except those of the disordered
methyl groups, were less than 0.15 of their standard
deviations.

The final values of the parameters are listed in Table
I. Table II lists the rms amplitudes of vibration.
Table III lists the bond distances and angles in the
structure. Table IV shows the final observed and cal-
culated structure factors.

Discussion of the Structure
The unit cell containg two cations with the general
formula Ni;CLi{C;HeN)s*, two chloride ions Cl-,
and eight acetone molecules. The acetone molecules
occupy general positions, while the free chloride ion
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TABLE II
RMS AMPLITUDES OF VIBRATION (A)

Atom Min Intermed Max
Ni 0.210 (3) 0.229 (3) 0.233 (3)
Cl(L) 0.233 (5) 0.236 (5) 0.260 (5)
Cl(2) 0.248 (5) 0.282 (6) 0.335(7)
Cl1(3) 0.207 (5) 0.243 (5) 0.431(9)
TasLE III
BoNDp DISTANCES AND ANGLES?®
Dist, &
~~~~~~~ Benzimidazole group———————
Atoms a b [3 d
Ni-N(1) 2.076 (10) 2.102(11) 2.067 (10) 2.061 (10)
N(1)-C(2) 1.35(2) 1.33 (2) 1.33 (2) 1.35(2)
N(1)-C(9) 1.43(2) 1.38(2) 1.41(2) 1.43(2)
C(2)-N(3) 1.37(2) 1.39 (2) 1.36 (2) 1.87(2)
N(@3)-C) 1.35(2) 1.37(2) 1.39(2) 1.36 (2)
C(4)-C9) 1.44(2) 1.41(2) 1.40 (2) 1.43 (2)
C4)-C(3) 1.46(2)  1.44(3) 1.40(2)  1.41(2)
C(5)-C(B) 1.43(3) 1.37(3) 1.41(2) 1.36(3)
C®)-C(7) 1.37(3) 1.45(3) 1.42 (2) 1.39(2)
C(7)-C(8) 1.42(3) 1.40 (2) 1.46 (2) 1.44 (2)
C(8)-C(9) 1.41(2) 1.38(2) 1.41(2) 1.37(2)
Atoms Dist, & Atoms Dist, &
Ni-Cl(1) 2,425 (4) C(1H)-C(3h) 1.53,1.47
Ni-Cl(2) 2.941 (2) O(le)-C(le) 1.36 (3)
O(1£)-C(1f) 1.23 (3) C(le)-C(2e) 1.40 (3)
Cf-Ccef) 1.52,1.41 C(le)-C(3e) 1.38(3)
—————————Angle, deg-————————
e Benzimidazole group e
Atoms a b ¢ d
Cl(1)-Ni-N(1) 96.6(3) 93.1(3) 93.2(3) 94.9(3)
Cl{2)-Ni-N(1) 84.4(3) 8.3(3) 87.1(3) 84.9(3)
Ni-N(1)-C(2) 119.7 (8) 118.4(9) 123.9(8) 122.1(8)
Ni-N(1)-C(9) 182.7(8) 131.7(9) 131.0(8) 130.4(8)
C(2)-N(1)-C(9) 107(1) 110 (1) 105 (1) 107 (1)
N(1)-C(2)-N(3) 111(1)  108(1) 113(1) 109 (1)
C(2)-N(3)-C(4) 109 (1) 109 (1) 107 (1) 111 (1)
N(@3)-C(4)-C(5) 134 (1) 132 (2) 130 (1) 133 (1)
N(@B3)-C(4)-C(9) 109 (1) 106 (1) 106 (1) 106 (1)
C(5)-C4)-C(9) 118(1) 122 (2) 123 (1) 121 (1)
C@)-C(B)-C®B) 116(2)  113(2)  115(1) 114 (1)
CB)-C(6)-C(7) 123(2) 127 (2) 123 (1) 127 (2)
CB»-C(7)~-C(8) 124 () 118 (2) 123 (1) 119 (1)
C(7)-C(8)~-C(9) 114 (1) 117 (1) 113 (1) 116 (1)
C®)-CO)-N(1) 120 (1)  129(¢1)  127(1) 130 (1)
C8)-CO-C(4)  125(1)  124(1)  124(1) 122 (1)
C(4)-C(9)-N(1) 105 (1) 107 (1) 109 (1) 107 (1)
Atoms Angle, deg Atoms Angle, dey
Cl{1)-Ni-CL(2) 179.83 (1) O(le)-C(le)-CBe) 118(2)
N(12)-Ni-N{1b)  170.1(4) N(1le)-Ni-N(1d) 172.0 (4)
N(1a)-Ni-N{1c) 91.9 (4) N(1b)-Ni-N(lc) 90.2 (4)
N(1a)-Ni-N(1d) 86.6 (4) N(1b)-Ni-N(1d) 90.0 (4)
O(1e)-C(1e)-C(2e) 114 (2) C(2e)-C(1e)-C(3e) 128 (2)

¢ Standard deviations for the least significant digit are given in
parentheses.

Cl1(3) occupies special position b. The cation is drawn
in Figure 1. The central chlorine atom Cl(2) occupies
a center of symmetry, special position a. In the cation,
the angle subtended at the nickel by the terminal and
bridging chlorinie atoms CI(1) and Cl(2) is 179.3 (1)°;
thus the five ‘‘heavy’’ atoms are nearly collinear. The
nickel to chlorine distances are appreciably different
(Ni-CI(1) = 2.425 (4) A and Ni-CI(2) = 2.941 (2) A).
The Ni-CI(1) distance is similar to that observed in
octahedral Ni(II)-Cl bonds. For example, in NiCl,,
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Figure 1.—A general view of the NiCly(C:H¢N:)s*t cation.

where each nickel occupies an octahedral site, the Ni—Cl
distances are 2.426 A7 while in Ni(py).Cly, Ni-Cl dis-
tances of 2.387 A are found.® These distances are
greater than the value of 2.27 A found in the tetra-
hedral NiCl,*~ ion,? as is to be expected.

Figure 2 shows the arrangement of the four indepen-
dent benzimidazole groups around one nickel atom.
The figure is a projection of Aalf the cation down the
CI(2)-Ni vector, with the chlorine atoms CI(1) and
Cl(2) omitted for clarity. The cation comes close to
fourfold (4/m) symmetry. The average N(1)-Ni-N(1)
angle, for adjacent nitrogen atoms, is 89.7°. The four
Ni-N(1) bonds are bent toward the bridging rather than
the terminal chlorine, the average N(1)-Ni-Cl(1) angle
being 94.2°. Thus the least-squares plane of the four
nitrogen atoms N(1a), N(1b), N(1l¢), and N(1d) inter-
sects the C1(1)-Ni~Cl(2) line on the bridging chlorine
side, 0.16 A from the nickel atom; the maximum devia-
tion of a nitrogen atom N(1g) from the plane of the four
nitrogen atoms is 0.015 A.

Results of the least-squares plane calculations for the
four benzimidazole groups are shown in Table V. No
atom deviates from the respective plane by more than
0.05 A. The benzimidazole groups are therefore ap-
proximately planar and they are tilted such that the
benzene rings are closer to the terminal chlorine CI(1)
than the bridging chlorine C1(2). The four planes in-
tersect the plane of the four nitrogen atoms N(la),
N(1b), N(1c), and N(1d) at an average angle of 46.5°

(7) A. Ferrari, A. Braibanti, and G. Bigliardi, Acta Cryst., 16, 846 (1963).

(8) M. A. Porai-Koshits, Tr. Inst, Kristallogr. Akad. Nauk SSSR, 10, 117

(1954).
(9) P. Pauling, Inorg. Chem., 5, 1498 (1966).
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Figure 2.—The environment of a single nickel atom. The ter-
minal and bridging chlorines are above and below the nickel atom
in this projection.

(maximum deviation 3.1°). This arrangement of the
four benzimidazole groups around the nickel atom has
minimized the possible intramolecular contacts in the
cation. The shortest distance across the center of sym-
metry between benzimidazole group atoms is 3.82 A.
For benzimidazole groups attached to the same nickel
atom, the minimum intramolecular distance is 2.97 A
for C(2a)-N(1d).

The deviations between dimensions of similar type in
four benzimidazole groups are little more than is to be
expected from the standard deviations, and we failed to
find any correlation between these deviations and the
molecular environments.

The average bond distance C-C in the six-membered
rings is 1.41 A with a maximum deviation of 0.05 A.
The two internal angles at C(5) and C(8) are smaller
than the remaining four angles in the six-membered
ring. The dimensions of the four benzimidazole groups
are more consistent with respect to the five-membered
rings. This is not unexpected as the thermal motion is
generally less for these five atoms than for the remaining
four. The nickel atom subtends a lower angle at N(1)
with C(2) than with C(9) (average value 121° as against
132°). This difference in angle increases the distance
of the benzene rings from the CI-Ni-CI-Ni—Cl line.
The Ni-N (1) distance (averaged at 2.076 A) is similar to
those found in a number of Ni(I1) octahedral complexes,
a list of which has been recently compiled.®

The a projection of the unit cell is shown in Figure 3.
It is possible for the hydrogens attached to the N(3)
atoms in the benzimidazole groups to participate in hy-
drogen bonding with the chlorine atoms. The con-
figuration of the CI(3) ion and N(3a) and N(3b), as
shown in Figure 3, strongly suggests hydrogen bonding.
Each CI(3) ion, situated on a center of symmetry, is
surrounded by four nitrogen atoms in an approximately

(10) M, Nardelli, G. Gasparri, A. Musatti, and A. Manfredotti, Acta
Cryst., 21, 910 (1966).
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TaBLE IV

OBSERVED AND CALCULATED STRUCTURE FACTORS®
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TaBLE V
RESULTS OF THE LEAST-SQUARES PLANE CALCULATIONS FOR THE BENZIMIDAZOLE GROUPS®
Group N(1) C(2) N(3) C{4) C(5) C(6) C(7 C(8) C(9)
v
a —0.01(1) 0.01(2) 0.01(1) —0.01(2) —0.00(2) 0.00 (2) 0.00 (2) 0.01(2) —0.02(2)
c 0.03 (2) —0.00(2) —0.02(2) —0.01(2) 0.00(2) 0.02(2) 0.00(2) —0.04(2) 0.02 (2)

d —0.03 (1) —0.01(2)
@ Distances from the plane given in &ngstréms.

0.05@2)  0.01(2)

square-planar configuration. The N-=CI(3) distances
are 3.13 and 3.10 A, which are within the range of hy-
drogen bonding of this type.!! There is also a possibil-
ity of hydrogen bonding between the terminal chlorine
CI(1) of one cation and atoms N(3¢c) (—=x, 0.5 + 3,
0.5 — z) and N(3d) (x, 0.5 — ¥, 0.5 + 2) on an adjacent
cation. However, the N~Cl distances are longer (3.41
and 3.74 A) and the geometrical arrangement is less
favorable for hydrogen bonding than is the case for the
CI(3) ion with N(3a) and N(3b). Of the four “heavy”
atoms refined anisotropically, only the CI(3) ion shows

(11) G. C. Pimentel and A. L. McClellan, ‘The Hydrogen Bond,” W. H.
Freeman and Co,, San Francisco, Calif., 1960, p 290.

—0.04(2) =—0.02(2) 0.05 (2) 0.00(©2) —0.02(2)

All atoms were given unit weight in the calculations.

any appreciable anisotropy. The rms amplitudes of
vibration of the C1(3) ion are 0.207, 0.243, and 0.431;
the direction cosines of the maximum amplitude of this
ion with respect to the crystallographic axes are 0.182,
0.754, and 0.628. This direction is about 67° from the
plane of the postulated hydrogen bonds, a fact which
indicates that the hydrogen bonds are the principal
constraint in the motion of the chlorine ion. The ther-
mal parameters, bond distances, and evidence for dis-
order found for the acetone molecules show that for
both acetone molecules the positions are not well de-
fined. Therefore, we consider the description of the
acetone molecules to have little or no physical signifi-
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Figure 3.—The @ projection of the unit cell.

cance. As can be seen from the packing diagram, the crystal (unit cell and space group) was carried out in
acetone molecules fill the gaps between the cations in an the laboratory of Professor D. Rogers at Imperial
approximately symmetrical way. College, London, by M. G. B. D. and we are grateful
to Professor D. Rogers and Dr. M. J. Weeks for their
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