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The crystal structure of the title compound, [ReCly-
(CsHoN,),], has been determined by X-ray diffraction at
11 K and by neutron diffraction at 20 K. The accurate and
extensive data sets lead to more precise determinations than
are available from earlier work. The agreement in atomic
positional and displacement parameters at these very low
temperatures is good. The results will facilitate re-examination
of the magnetic structure of the complex. The Re atom lies on
a special position and the molecule has twofold crystal-
lographic symmetry.

Comment

The magnetic structure of tetrachlorobis(N-phenylacet-
amidino)rhenium(IV), [ReCl;(CsH;oN,),], (I), is of interest in
chemistry and physics, as the complex is a metamagnet. It has
been investigated by polarized neutron diffraction (Reynolds
et al., 1997), and by exam-
ining its powder neutron
diffraction structure factors
at very low temperatures
with and without the
presence of a large magnetic
field (Reynolds et al., 1999).
However, the powder data
do not determine the mole-
cular structure with worth-
while accuracy, so that the
interpretation of the mag-
netization data (Reynolds et
al., 1997) depends to a large
extent on the 92K X-ray level.

Figure 1

structure of Engelhardt er al. (1996). We report here the
structure of (I) determined by single-crystal X-ray diffraction
at 11 K and by neutron diffraction at 20 K. These results will
allow a more accurate definition of the magnetic structure of
(I) to be made.
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Selected bond lengths and angles for (I) from both sets of
data are given in Table 1. The molecular structure and the
thermal motion obtained at 11 K by X-ray diffraction are
illustrated in Fig. 1. Lists of calculated and observed structure
factors are given in the supplementary material.

At 11 and 20 K, only zero-point thermal motion is expected
to remain, so ideally the X-ray and neutron position and the
atomic displacement parameters should be the same. The
agreement between the X-ray and neutron positional para-
meters is good for the C and N atoms, with average difference/
sum(s.u.) = 1.2. However, for the heavier Cl and Re atoms, the
results are less satisfactory, with the ratio averaging 2.5 for Cl
and 5.6 for the sole parameter, z, of Re. It may be that the s.u.
for that parameter is unrealistically low. The agreement for the
non-H atomic displacement parameters is quite satisfactory,
with an average difference/sum(s.u.) of 1.1, although Uy, for
Re is an exception. Probably because the X-ray experiment
involved only a quadrant rather than a full sphere of data, the
position is a little poorer than we have obtained previously
with other very low-temperature X-ray and neutron diffrac-
tion structure studies, such as for (ND,),Cu(SO,),-6D,0
(Iversen et al., 1994), Ni(ND;)4(NO,), (Iverson et al., 1996),
(ND,),Fe(S0,),-6D,0 (Figgis et al., 1998) and Na,Fe(CN)s(-
NO)-2D,0 (Schultz et al., 2000). As pointed out by Abrahams
(1997) after a detailed statistical analysis of our

Ni(ND3)4(NO,), results, it appears probable that here, as in
the earlier studies, our s.u.’s are probably underestimated by a
factor approaching 2.

The molecular structure of (I) at 11 K from X-ray data. Displacement ellipsoids are shown at the 75% probability
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The bond lengths between Re and Cl, and within the
N-phenylacetamidine ligand, agree well between the X-ray
and neutron methods [average difference/sum(s.u.) = 0.6].
However, the Re—N1 bond length does not agree well, that
ratio having a value of 4.3, with the length difference being
0.013 A. This bond is directed roughly along the c crystal axis,
so the discrepancy is associated with the disagreement in the
Re z positional parameter.

On lowering the temperature from 92 to 11 K, the light-
atom bond lengths within the N-phenylacetamidine ligand
increase very slightly, but not at the significance level. The
Re—N1 bond is also unchanged, but the Re—Cl bonds
lengthen by ~0.05 A, which is several times the significance
level.

The refined neutron scattering length of 0.94 x 107> Ais
greater by about 2% than the accepted source value of 0.92 x
107 A (Sears, 1992). A similar difference was observed for
another rhenium complex (Bullock et al., 1992).

Experimental

For the X-ray structural determination, a crystal of (I) was selected
from material used in previous X-ray and magnetic structural
measurements (Engelhardt ef al., 1996; Reynolds et al., 1999). For the
neutron diffraction experiment, a crystal was chosen from the batch
prepared for magnetic susceptibility measurements (Reynolds ez al.,
1997).

X-ray data for compound (I) at 11 K

Crystal data

[ReCl4(CsH oN>),] Mo Ka radiation

M, = 596.36
Orthorhombic, Pccn
a=21.604 (4) A
b=7268(1) A
c=12436(2) A

V =19527 (5) A®
Z=4

D, =2.029Mgm™>

Data collection

Huber 512 goniometer diffrac-
tometer

/26 scans

Absorption correction: Gaussian
(Xtal3.7; Hall et al., 2000)
Tmin = 0.238, Tyax = 0.297

5671 measured reflections

2873 independent reflections

2406 reflections with I > 20(1)

Refinement

Refinement on F?
R[F? > 26(F?)] = 0.022
wR(F?) = 0.051
§=110

2873 reflections

131 parameters

Cell parameters from 14
reflections

0 =153-17.9°

n =678 mm"

T=112)K

Bipyramid, purple

0.26 x 0.26 x 0.25 mm

1

Rin = 0.026

Omax = 30.1°

h=-30 — 30

k=0—10

[1=0—17

3 standard reflections
every 100 reflections
intensity decay: 1%

(A/0)max = 0.001

APmax = 1.58 ¢ A3

Apmin = —2.01 € A3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coefficient: 0.00123 (10)

Table 1

Bond lengths (A) for non-H atoms and bond angles (°) at Re in (I), as
determined by X-ray diffraction (X) at 92 and 11 K, and by neutron

diffraction (N) at 20 K.

N K (X) 1K (X) 20K (N)
Re—N1 2,077 (2) 2.076 (2) 2.089 (1)
Re—Cll 2.3484 (6) 2.3539 (7) 23532 (9)
Re—CI2 2.3741 (6) 2.3778 (6) 23764 (12)
N1—Cl1 1316 (3) 1327 (3) 1321 (2)
N2—Cl1 1328 (3) 1331 (3) 1335 (2)
N2—Cl13 1432 (3) 1439 (3) 1433 (2)
cli—cl12 1.496 (3) 1.501 (4) 1.499 (2)
C13—C18 1.389 (3) 1.400 (3) 1.396 (2)
C13—Cl4 1.390 (3) 1392 (3) 1.394 (2)
Cl4—Cls 1387 (3) 1393 (4) 1390 (2)
C15—C16 1.387 (4) 1.389 (4) 1.401 (2)
C16—Cl17 1.381 (4) 1.393 (4) 1.399 (2)
C17—CI8 1.389 (3) 1.393 (4) 1.395 (2)
N1—Re—N1i 87.73 (10) 8738 (12) 87.16 (7)
N1—Re—ClIt* 89.68 (6) 89.91 (6) 89.80 (4)
N1—Re—Cll 86.83 (6) 86.73 (6) 86.69 (4)
N1—Re—CI2 91.85 (5) 91.91 (6) 91.90 (3)
N1—Re—CI2! 17937 (6) 179.12 (6) 178.88 (3)
Cll—Re—Cl1! 175.16 (3) 17535 (3) 175.16 (9)
Cll—Re—CI2! 93.65 (2) 93.79 (2) 93.90 (4)
Cll—Re—CI2 89.81 (2) 89.53 (2) 89.55 (4)
C2—Re—CI2' 88.56 (3) 88.80 (3) 89.05 (6)
Symmetry code: (i) 3 —x, 1 —y, z

Neutron data for compound (1) at 20 K

Crystal data

[ReCly(CsH oN>),]
M, = 596.36
Orthorhombic, oPccn

Pulsed neutron radiation
A =0.7-4.2 A (time of flight)
Cell parameters from 14

a=21.604 (4) A reflections

b =7.268 (1) A 6 =15.3-17.9°
c=12436(2) A w=128+105xcm™
V =19527 (5) A® T=20(1)K

Z=4
D, =2029Mgm™

Data collection

IPNS single-crystal diffractometer

Time-of-flight scans

Absorption correction: Gaussian
(IPNS program ANVRED)
Tmin = 0.350, Tpax = 0.704

5705 measured reflections

Refinement

Refinement on F

Prism, purple
3.0 x 2.0 x 2.0 mm

5705 independent reflections
4488 reflections with I > 3o([)
h=—47 — 46

k=-15—73

l=-3—27

(A/0) s = 0.01

R =0072 Apmax =038 A7
WwR = 0.059 ApPmin = —028 ¢ A™2
S =144 Extinction correction: secondary,

4488 reflections

131 parameters

All H-atom parameters refined
w= [2E7/J(E72)]2

Type 1
Extinction coefficient:
0.0-1.4 (2) x 107°

The H atoms were refined as riding on their attached C or N atom.
In the case of the methyl group, rotation of the H atoms about the
C11—C12 bond was allowed with individual lengths to C12, but the
H—C12—H angles were kept constant.

H-atom parameters constrained
w = 1/[o*(F,?) + (0.0228P)*
+ 1.5368P]
where P = (F,> + 2F.2)/3

For X-ray data at 11 K, data collection: local diffractometer
control software; cell refinement: local diffractometer control soft-
ware; data reduction: PROFIT (Streltsov & Zavodnik, 1989);
program(s) used to solve structure: SHELXS97 (Sheldrick, 1990);
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program(s) used to refine structure: SHELXL97 (Sheldrick, 1997);
molecular graphics: SHELXTL (Bruker, 1997); software used to
prepare material for publication: SHELXTL.

For neutron data at 20 K, data collection: IPNS data acquisition
software; cell refinement: LATCON (local Argonne program); data
reduction: ANVRED (local Argonne program); program(s) used to
refine structure: ANVLS (local version of ORFLS; Busing et al.,
1962); molecular graphics: ORTEPIII (Burnett & Johnson, 1996).

BNF and ANS are grateful to the Australian Research
Council for financial support. The work at Argonne National
Laboratory was supported by the US Department of Energy,
Basic Energy Sciences — Materials Sciences, under contract
No. W-31-109-ENG-38.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GD1153). Services for accessing these data are
described at the back of the journal.
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