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The Crystal Structure of Bis-(2-aminoethylsalicylideneiminato)chromium(I1T) Iodide

By A.P.GARDNER,* B. M. GATEHOUSE AND J.C.B. WHITE
Monash University, Department of Chemistry, Clayton, Victoria 3168, Australia

(Received T April 1970)

The crystal structure and molecular configuration of bis-(2-aminoethylsalicylideneiminato)chrom-
ium(I1Y) iodide, C,sH2:N40Crl, has been determined by X-ray diffraction techniques. The compound
is triclinic with space group PT and cell dimensions a=9-92, 5=9-93, c=10-45 A and =938, =927,
y=93-8°, There are two molecules in the unit cell and within a molecule there is octahedral coordination
around the chromium atom by two tridentate ligands. The structure was solved using the Patterson
function and was refined by the full-matrix least-squares method. The R index for the 1481 observed

reflexions is 0-114.

Introduction

The structure of this compound was determined as a
result of a suggestion that it might be ethylenediamine-
N,N’-ethylenebis(salicylideneiminato)chromium(ILI)
jodide, C;sH,,N,O,Crl, (O’Connor, 1966). The postu-
lated structure was that of a planar quadridentate lig-
and surrounding chromium, with the additional ethyl-
enediamine molecule acting as a bridging group be-
tween the chromium atoms, infrared spectral measure-
ments having suggested the presence of a coordinated
ethylenediamine molecule (O’Connor & West, 1968).
Subsequently, it was realized that the complex could
consist of two tridentate ligands about the central
chromium atom (Fig. 1.) and this was confirmed by the
structure analysis. As far as we are aware, a three-di-
mensional study of a chromium compound of similar
type has not been published (Lingafelter & Braun,
1966).

Experimental

Single crystals used in this determination were provided

* Permanent address: Chemistry Department, Swinburne
College of Technology, Melbourne, Australia.

Fig. 1. Numbering scheme used for bis-(2-aminoethylsalicyli-
deneiminato)chromium(IIT) jodide.

by Dr M. J. O’Connor and were prepared as described
by O’Connor & West (1968).
Stoichiometric analysis gave the following values:

Found Calculated*
Carbon 43% 42-8%
Hydrogen 4-5 4-4
Iodine 24-9 251
Nitrogen 10-7 11-1

# Assuming an empirical formula of C,;sHz,N,0,Crl.

Crystal data

The crystals of bis-(2-aminoethylsalicylideneiminato)-
chromium(III) iodide are dark red triclinic prisms.
F.W. 505:3; Space group, P1; Z=2.

Cell parameters:

a=992+002 A o=93°48" + 30’
b=993+0:02 $=92°40" + 30’
¢=10-45+0-02 y=93°48"+ 30’

Volume of unit cell=1024 A3
D,,=1-69 +0-01 g.cm~2 (by flotation)
D.=165g.cm™3.

The intensities of 1481 independent non-zero reflex-
ions were measured using the integrating multiple-film
Weissenberg technique with Cu Ko« radiation. Six
layers were obtained about the k axis, and zero-layer
data were obtained about the 4 and / axes. Precession
photographs were used to confirm the cell angles. Since
Z =2, space group PT was assumed and was justified
by the subsequent smooth refinement. The usual Lo-
rentz and polarization factors were applied to the ob-
served intensities. The atomic scattering factors based
on the Thomas-Fermi-Dirac statistical model were
calculated for Cr®*, N, O, C and I (Freeman,
1959).

Calculations were carried out on a CDC 3200 com-
puter.



1506

Structure determination

The three-dimensional Patterson function contained
three very strong peaks arising from the heavy-atom
vectors. Assuming that one of these peaks was an
(iodine—iodine) vector a Fourier synthesis was calcul-
ated, based on the possible iodine position in each case,
in order to locate the chromium atoms. Only one pair
of chromium and iodine positions satisfied the Patter-
son function, and gave an initial conventional :R value
of 0-397. A new Fourier analysis with known chromium
and iodine coordinates enabled the nitrogen, oxygen
and carbon atom positions to be located. No attempt
was macde to find the positions of the hydrogen atoms.

The atomic parameters and the individual isotropic
temperature factors were refined using a modified ver-
sion of the Busing & Levy full-matrix least-squares
program ORFLS, after which the scale factors for
k=0-5 were adjusted by comparing the observed and
calculated structure amplitudes. A three-dimensio-

BIS-(2-AMINOETHYLSALICYLIDENEIMINATO)CHROMIUM(III) TODIDE

nal difference Fourier synthesis indicated that the chro-
mium and iodine atoms were vibrating somewhat aniso-
tropically. For the final stages of the calculation, aniso-
tropic temperature factors were refined for the chro-
mium and iodine atoms only. A weighting scheme
based on that described by Cruickshank (1952) was
used.
The final value of the discrepancy factor

GBI~ IFA)
R=""51F)

was 0-114, using the 1481 observed reflexions.

Table 1 shows the final atomic coordinates as frac-
tions of unit-cell parameters, and standard deviations
as calculated from the inverse matrix. At this stage the
parameter shifts were all less than % of the standard
deviations.

A final three-dimensional difference Fourier syn-
thesis showed no significant peaks.

Table 2 lists the observed and calculated structure

Table 1. Atomic positional and thermal parameters with standard deviations for the former in parentheses

Terms are x 104,

x/a ylc z/b
1 2599 (2) 3337 (2) 290 (2)
Cr 7929 (4) 2963 (5) 2547 (3)
o) 9420 (18) 2288 (23) 3526 (15)
0(2) 6489 (18) 2263 (22) 3493 (16)
N(1) 7834 (22) 1243 (27) 1353 (18)
N(2) 9356 (22) 4121 27) 1561 (19)
N@G) 8083 (25) 4781 (29) 3666 (22)
N@) 6391 (21) 3534 (25) 1215 (18)
C®) 114 (26) 5161 (33) 2477 (22)
C(2) 9040 (24) 5854 (31) 3253 (20)
C(@3) 7465 (27) 4966 (33) 4777 (23)
C4) 3480 (25) 6008 (32) 4744 (22)
C(5) 4046 (27) 5550 (34) 3557 (22)
C(6) 5015 (26) 6451 (34) 3079 (22)
C(7) 5556 (26) 7629 (34) 3674 (23)
. C(®) 4958 (26) 1883 (34) 5132 (22)
C(9) 5989 (27) 2767 (33) 4615 (23)
C(10) 6408 (29) 2546 (36) 30 (24)
C11) 6665 (26) 1101 (34) 425 (22)
C(@12) 8649 (31) 296 (38) 1353 (26)
C(13) 9816 (26) 254 (34) 2291 (22)
C(14) 583 (26) 9037 (32) 2132 (22)
C(15) 1638 (26) 8823 (33) 3039 (22)
C(16) 1960 (27) 9858 (33) 4123 (23)
cQa7 1123 (26) 961 (33) 4247 (22)
C(18) 64 (27) 1155 (395) 3328 (22)
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Fig. 2. Stereo view of the packing in the crystal. Black circles indicate iodide ions,
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, and C(9)
0,
0.

A respectively.

their distances
The equation for the mean plane through the atoms

0-50 and +0-23
» C(3), C(4), C(5), C(6), C(7), C(8)

0-6452x +0-5223y —0-5575z —2-5983

—0-7127x +0-4898y —0-5021z + 1-837
and for the mean plane through atoms O(1), N(1),

N(4), C(12), C(13), C(14), C(16), C(17), and C(18) the

In the ethylenediamine group, N(2) lies in the plane
equation is

The salicylideneiminato group is planar within the
of the salicylideneiminato group while C(1) and C(2)
are spaced above and below the planes,

feature is common to most structures is probably sig-
limits of our experimental error, and the two such
groups in one cation are almost perpendicular (87°).

nificant. Throughout the structure, bond lengths and
angles are entirely compatible with the corresponding

dimensions in related structures.

out of the plane being —

1S

Table 2

1964). The
dual struc-

ivi

Gerloch & Mabbs,

felter, 1966) revealed that the dis-

tances C(8)-C(9) & C(17)-C(18) and C(3)-C4) &
C(12)-C(13) (Fig. 1) are normally the largest in the

s

while in ind

tures this is not statistically significant, the fact that the
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inga

Bond lengths and angles

Braun & L

b

A survey of some related structures (Baker, Hall & O(2), N(2)

Waters, 1966; Frasson, Panattoni & Sacconi, 1964;

corrections to covalent bond lengths to allow for ther-
Wei, Stogsdill & Lingafelter, 1964

mal motion were calculated assuming random corre-
lation of motion. Corrections were approximately 0-02

priate standard deviations were calculated using pro-
A, but were not applied to the bond lengths.

tances and bond angles. These, together with the appro-
gram ORFFE (Busing, Martin & Levy,

amplitudes. Fig. 2 shows a stereo view of the packing
Table 3 gives the values for important internuclear dis-

in the crystal.
salicylideneiminato group

1967
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1192 2

122-9
1272
117-9
124-5
126:1
121-0
1142

C(6)—C(71)—C(8)

C(N—C®—C(9

C(12)-C(13)-C(18)
C(13)-C(14)-C(15)
C(13)-C(18)-C(17)
C(14)-C(15)-C(16)
C(15)-C(16)-C(17)
C(16)-C(17)-C(18)

115-8 (2:0)°

105-4
126-9
116:8
121-0
125-0
104-1
122:3

Cr—N@)—C(1)
Cr—N@3)—C(2)
Cr—N(3)—C(3)
Cr—N({4)—C(10)
O(1)-C(18)-C(13)
0(2)-C(9)—C(4)
N(1)-C(11)-C(10)
N(1)-C(12)-C(13)

98-4 (2:0)°

90-8
87-8
90-1
927
911
86:2
95-8

O(1)-Cr—O0(2)
0(1)-Cr—N(1)
0(1)-Cr—N(2)
O(1)-Cr—N(3)
0(2)-Cr—N(1)
0(2)-Cr—N(@3)
0(2)-Cr—N(4)
N(1)-Cr—N(2)

Angles
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N(1)-Cr—N(4) 827
N(2)-Cr—N@3) 80-3
N(2)-Cr—N®) 88-6
N(3)-Cr—N®4) 96-0

Cr—O(1)-C(18) 130-4
Cr—O0(2)-C(9) 1290
Cr—N(1)-C(11) 108-8
Cr—N(1)-C(12) 1270

Table 3 (cont.)

N(2)-C(1)—C(2)
N(3)-C(2)—C(1)
N(3)-C(3)—C(4)
N(4)-C(10)-C(11)
C(3)-C(4)—C(9)
C(4)-C(5)—C(6)
C(4-C(9)—C(8)
C(5)-C(6)—C(7)
C(5)-C(4)—C(9)
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1067 C(14)-C(13)-C(18)  119:1
1101 N@)—I——N(4) 4608
1238 C(1)—N(@2)—I 95-8
1079 N(1)—C(11)-1 89:6
1238 (2:5) Cr—I——N(®4) 24:0
121-2 Cr—I——N(2) 243
1187

1168

1201

Bond distances and angles involving the chromium
and the iodine atoms are given in Table 3. The close
approaches of N(2) and N(4) to the iodide anion
could be taken to indicate hydrogen bonding and these
may contribute to the apparent lengthening of the Cr-
N(2) and Cr-N(4) bonds compared with the Cr—N(1)
and Cr-N(3) bonds.

This work forms part of a project supported by a
grant from the Australian Research Grants Committee.
We thank Mr S. A. Mason for assistance with some of
the computer programs, and Dr P. Leverett for Fig. 1.
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Nuclear Magnetic Resonance Investigation of Fluoride Ions in Hydroxyapatite

By W. vaN DER LuGT, D.I. M. KNOTTNERUS AND W.G.PERDOK
Solid State Physics Laboratory, University of Groningen, Melkweg 1, Groningen, The Netherlands

(Received 9 February 1970)

The position of fluoride minorities in hydroxyapatite [CasOH(PQ4)s] has been investigated by nuclear
magnetic resonance methods. There is experimental evidence for the existence of OH-F-vacancy and
OH-F-HO configurations parallel to the ¢ axis. The internuclear distances permit the formation of
weak OH---F hydrogen bonds. A discussion of the energy-level system for a linear array of two
protons and a fluorine nucleus, coupled by dipolar interaction, is included.

Introduction

Fluorapatite [CasF(PO,);] and hydroxyapatite
[CasOH(PO,);] are nearly isomorphous. Detailed de-
scriptions of the structural aspects of apatites can be
found in review articles by Young & Elliott (1966)
and by Elliott (1969). Of the two compounds, flu-
orapatite is the more stable and, consequently, most
mineral samples of hydroxyapatite contain some fluo-
ride.

The space group attributed to fluorapatite is P6;/m
(Hentschel, 1923; Ndray-Szabd, 1930; Mehmel, 1930).
According to Young & Elliott (1966) the lattice con-

stants @ and ¢ are 9-364 and 6-879 A respectively;
slightly different values are mentioned by de Boer
(1957), and in Structure Reports (1952, 1953, 1956).
According to Ndray-Szabo (1930) a fluoride ion in
fluorapatite is situated at the intersection of a 6;-axis
and a mirror plane, exactly at the centre of a triangle
of Ca?* ions. The fluoride ions form linear chains along
the 6;-axis, the F-F distance being 3-44 A.

The unit-cell dimensions of hydroxyapatite differ
only slightly from those of fluorapatite. Kay, Young &
Posner (1964) found a=9-422 and ¢=6-883 A, and
Bhatnagar (1969) a=9-4192 and c¢=6-8867 A ; see also
Structure Reports (1952, 1953). For a hydroxyl ion, the



