1652

0.01. Maximum and minimum peak heights in the
final difference Fourier synthesis were 0.48 and
—0.46¢ A~ Final atomic coordinates and B
values are reported in Table 1.*

Related literature. Unindexed powder diffraction
data for Na,AlH;(P,0,), were reported previously
by two independent groups (Pintard-Scrépel,
Dorémieux-Morin & d’Yvoire, 1981; Grunze &
Grunze, 1984). The results of the first group are in
accord with those reported here whereas Grunze &
Grunze described polymorphs of a compound they
believed to be NaAlH,(P,0,),. However, the lattice
spacings for one of these match fairly well those of
our compound. Doubt remains whether the second
structure found by Grunze & Grunze is a polymor-
phic phase of NaAlH;(P,0;),; it may correspond to a
different compound with the composition attributed
to it by these authors.

The atomic arrangement of Na,AlH;(P,0,), pro-
jected along the ¢ axis is shown in Fig. 1. Distorted
Og octahedra about Al share two opposite edges
[O(2)-O(3)] with two diphosphate anions. These
octahedra are connected by two symmetry related
P(1) tetrahedra, forming a chain parallel to [001].

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Document Supply
Centre as Supplementary Publication No. SUP 55081 (6 pp.).
Copies may be obtained through The Technical Editor, Interna-
tional Union of Crystallography, 5 Abbey Square, Ches’ :r CH1
2HU, England. [CIF reference: MU0258]
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The chains are held together by the three hydrogen
bonds in directions [100], [010] and [110].

Table 2 reports the main interatomic distances and
bond angles. The diphosphate anion shows the
expected features: the average P—O bond length is
1.532 A and the P(1)—O(4)—P(2) angle is 133.3°.
The Na¥ ions lie in tunnel cavities parallel to [001],
with seven O-atom neighbours at distances shorter
than 3 A. The mean Na—O distance [2.570 A] is very
similar to the values encountered in other ionic Na
conductors.

We thank the staff of Servei de Microscopia Elec-
tronica, University of Barcelona, for microanalysis
and scanning electron microscopy facilities.
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Structural Investigations of Nickel(I) Complexes. X. Tris(3,5-dimethylpiperidine)-
bis(isothiocyanato)nickel(IT), [Ni(NCS),(3,5-diMepip)]

By M. KoMaN, E. JONA AND E. DURCANSKA

Department of Inorganic Chemistry, Slovak Technical University, CS-81237 Bratislava, Czechoslovakia

(Received 19 March 1991; accepted 13 January 1992)

Abstract. [Ni(NCS),(C;H;5sN)s], M, = 514.5, triclinic,
P1,a=1041(1), b=10.63(2), c=13.63 Q) A, a =
81.8 (1), =76.6 (1), v=69.8 (1)°, V=
1373.7(4.1)A% Z=2,D,=1.19, D,=1.24 gcm 3,
A(Mo Ka) =0.71070 A, p = 8.7 cm ™", F(000) = 556,
room temperature, R = 0.0568, wR = 0.0567 for 975
reflections with 1= 3a(f). The crystal is formed by
monomeric units of [Ni(NCS),(3,5-diMepip);]. The
two N atoms of two NCS groups and three 3,5-
diMepip ligands define a tetragonal pyramid about
the Ni atom. The axial site contains a 3,5-diMepip

0108-2701/92/091652-03%06.00

ligand and the basal plane pairs of trans NCS™ and
3,5-diMepip ligands.

Experimental. Green prism-shaped crystals of poor
quality, 0.51 x 0.31 x 0.23 mm; density measured by
flotation. A Syntex P2, four-circle diffractometer
with graphite-monochromated Mo Ke radiation was
used for data collection. 15 reflections with 4.91 <
= 12.72° were used for determination of the lattice
parameters. Absorption and extinction were ignored.
Intensity measurements from 6-26 scans where made

© 1992 International Union of Crystallography
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Table 1. Fractional atomic coordinates and equivalent  for non-H atoms was based on F. R =0.0568, wR =
isotropic thermal parameters (A2 for non-H atoms 0.0567 {w=k/[oc*(F,)+g(F)’], k=1.0895 g=

with e.s.d.’s in parentheses —0.001967}. |4p| <0.30 e A™3; (4/0)may in the final
p ) max
Vs = (Us, + Uy + Un)/3 least-squares cycle was 0.456. Calculations were per-
ea AT Ma T e formed with the SHELX76 program system (Shel-
X ? prog yst
i x y z Ueq drick, 1976); scattering factors were obtained from
Ni 0.1140 (3) 0.4805 (2) 0.2285 (2) 0.066 (2) . [ h
NI 0.1515 (15) 0.4159 (16) 0.0925 (1) 0.088 (13) International Tables for X-ray Crystallography (1974,
Cl 0.1575 (17) 0.3443 (18) 0.0329 (15) 0.076 (14) 1t1 1 1 ]
S 01267 (6 02424 (5 om0 0090 iy Vol. IV). Posmor}al aqd equlvalerlt isotropic Fherma]
N2 0.1513 (15) 0.5381 (15) 0.3456 (12) 0,067 (13) parameters are given in Table 1;* Table 2 gives the
C2 0.1835 (19) 0.6093 (20) 0.3854 (14) 0.076 (16) : M : :
$ 02229 (6) 07094 () 04374 (&) 009 (5) interatomic distances and main bond angles.
N3 0.1795 (18) 0.2832 (13) 0.2815 (12) 0.072 (11)
C31 0.1448 (17) 0.2318 (18) 0.3845 (13) 0.061 (13) . .
Py 01982 (26) 00890 (18) 04099 (16) 0084 (16) Re_lated literature. The crystal structure consists of
C33 0.3575 (26) 0.0374 (16) 0.3721 (18) 0.088 (15) [Nl(NCS)2(3’5-d1Meplp)3] molecules (See Flg 1)
C34 0.3910 (25) 0.0882 (25) 0.2648 (18) 0.092 (19) S . d .
C35 0.3286 (24) 0.2383 (18) 0.2500 (12) 0.066 (16) pectroscopic and magnetic measurements were con-
C36 0.1629 (19) 0.0552 (17) 0.5217 (16) 0.082 (14) 1 1 - 1 1
C37 0.5473 (29) 0.0380 (21) 0.2348 (16) 0.122 (18) .S]Stent Wlth the presence Of a ﬁve .coo.rdl.nate Nl atom
N4 ~0.0975 (13) 0.5249 (14) 0.2573 (1) 0.055 (10) in the title complex but did not discriminate between
C41 -0.1712 (23) 0.5891 (17) 0.3521 (12) 0.062 (14) : H M H 1.
ca -0.3276 (26) 0.6319 (21) 0.3560 (14) oo (g  Square pyramidal apd trigonal vblpyrz’lmldal coordi
c43 ~0.3779 (19) 0.5252 (22) 03371 (18) 0.094 (17) nation (Koman, Jéna & Durc¢anska, 1986). Our
C44 —0.3028 (26) 0.4696 (21) 0.2376 (21) 0.074 (17) : :
45 Z0.1480 (25) 04203 (16) 02355 (11) 0073 (14) results now ‘show that the coordination polyhedron
Ca6 -0.3942 (19) 0.6867 (18) 0.4561 (16) 0.099 (15) around Ni'is a nearly regular tetragonal pyramid [7
C47 -0.3460 (21) 0.3626 (23) 0.2164 (18) 0.147 (21) _ 0 50/ Add R R dk R & Vv
NS 0.1271 (20) 0.6629 (14) 0.1518 (10) 0.065 (11) =0.5% ( 1son, Kao, keedyk, van Rin ers-
C51 0.2749 (21) 0.6531 (20) 0.1243 (12) 0.072 (17) 1 1
P e A ot o chooy, 1984)].'The basal pl?me contains frans pairs of
cs3 0.2109 (27) 0.8945 (19) 0.1131 (19) 0.077 (16) 3,5-diMepip ligands coordinated through N and the
C54 0.0605 (22) 0.9045 (18) 0.1328 (14) 0.075 (16) M 111 M :
P 00406 (1) 07883 (22) 01980 (12) 0.063 (14) aplcal position is_ occupled by the N atom of the
Cs6 -0.0394 (21) 0.0417 (19) 0.1901 (13) 0.103 (16) third 3,5-diMepip ligand. In [Ni(NCS),(2,4-
Cs7 0.4516 (26) 0.7528 (22) 0.0508 (16) 0.128 (21)

diMepy)s] (2,4-diMepy = 2,4-dimethylpyridine) the 7
parameter (29.17%) shows the coordination geom-
etry to be tetragonal pyramidal but strongly dis-
torted towards trigonal bipyramidal (Durcanska,

Table 2. Interatomic distances (A) and selected bond
angles (°) with e.s.d.’s in parentheses

N Las o AR e Koman & Jamnicky, 1991) and the Ni—N distances

Ni—N3 205 (1) C42—C43 148 (3) [Ni—N(NCS) = 1.995 (9), N—Nl(2,4-diMexy) =

Ni—N4 2,04 (1) Ca3—Ca4 1.49 (3) . : -

Ni—NS5 210 (1) Cat—cas 151Gy 2.085 (3) and Ni—N2(2,4-diMepy) = 2.159 (7) A] are

NI LIS C45—N4 L7 rather longer than the corresponding values found
—! 61 42—C4 14 . .

N2—C2 1.1622; P 148 8 here (Table 2). ;['he opposite trend is shown by

Cc2—S2 1.56 (2) Ca4—C47 1.45 (3) - I i 7

s 1@ Ciu—Ca o pseudo-octahedral Ni(NCS),L, complexes (GaZo,

C31—C32 145 2) C51—C52 147 2) ) e —

C32—C33 1.54 (3) C52—CS3 1.49 (3) * Lists of structure factors, anisotropic thermal parameters and

C33—C34 :4“9 3 253—554 :30 3 H-atom parameters have been deposited with the British Library

g‘;:ﬁis I:iﬂ 8; cg.thss ]:42 8; Document Supply Centre as Supplementary Publication No. SUP

C32—C36 1.50 (3) C52—C57 1.49 (3) 55058 (11 pp.). Copies may be obtained through The Technical

C34—C37 1.50 (3) C54—Cs6 1.65 (2) Editor, International Union of Crystallography, 5 Abbey Square,

NI—Ni—N2 158.2 (7) NI—Ni—N3 874 7) Chester CH1 2HU, England. [CIF reference: MU0254]

NI—Ni—N5 85.5 (4) N2—Ni—N3 91.5 (6)

N2—Ni—N5 87.7 (6) N3—Ni—Ns 158.5 (6)

N4—Ni—NI 97.4(7) N4—Ni—N2 104.1 (7)

N4—Ni—N3 102.1 (7) N4—Ni—N5 98.9 (6)

Ni—N1—Cl 157.2 (8) N1—CI—Sl 175.0 (8)

Ni—N2—C2 153.0 (9) N2—C2—§2 178.0 (9)

for 0 <26 <55%h, k,/range h 0 to 13, kK — 14 to 14,
! —17 to 17. Two standard reflections monitored
every 98 measurements decreased in intensity by
15% during the course of the experiment; corrections
for the decomposition were not applied. 975 indepen-
dent reflections with 7= 30(f) were collected (2341
unobserved reflections). 280 parameters were refined.
The Ni-atom position was obtained from the Pat-
terson function, positions of other non-H atoms
from Fourier syntheses. The positions of H atoms
were calculated. Anisotropic full-matrix refinement
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Boca, Jona, Kabesova, Macaskova, Sima, Pelikdn &
Valach, 1982) where Ni—N(pip) > Ni—N(py).
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Structure of a Dinuclear Nickel Compound, Ni,(PPh;),(SC;H,S),
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Abstract. Bis(1,2-propanedithiolato-1:2«*S’,2 kS?)bis-
(triphenylphosphine)dinickel, [Niy(C;3HgS,),-
{(Cs¢Hs)sP}2), M, =854.43, monoclinic, C2/c, a=
26.499 (13), 5=9.037(6), c=17419(NA, B=
10733 (3)°, ¥=13982.1 A%, Z=4, D, =143 gcm 3,
A(Mo Ka)=0.71069 A, x=126cm™!, F000)=
1776, T=296 K, R = 0.053 and wR = 0.059 for 2575
reflections with 7> 30(f). The complex is a dimer,
where each Ni atom is four-coordinated by one P
and three S atoms with square-planar geometry. The
average Ni—S and Ni—P bond lengths are 2.190
and 2.193 A, respectively.

Experimental. The title complex was prepared by
reaction of Na, H,pdt, PPh; and NiClL.6H,O in
MeOH solution and a crystal suitable for the X-ray
analysis was grown in a solution of 1,2-C,H,Cl,/
MeOH.

A crystal of dimensions 0.8 X 0.5 X 0.2 mm was
used for the X-ray analysis. Cell parameters were
obtained from least-squares refinement of 20 strong
reflections within the 26 range 12-14°, measured on
a Rigaku AFC-5R four-circle diffractometer with
Mo Kea radiation. Integrated intensities were meas-
ured at room temperature in the 26 range within 50°
O<h<3l, 0<k<10, —20<[<20) by the 6/20
scan mode. Among 3852 reflections, 2575 with 7>
30(l) were used for structure determination. The
data were corrected for anisotropic decay (between
0.966 and 1.034), Lp effects, and empirical absorp-
tion based on a series of ¢ scans (between 0.608 and
1.000). An empirical absorption correction was made
by the program DIFABS (Walker & Stuart, 1983)

0108-2701/92/091654-02$06.00

after structure refinement with isotropic thermal
parameters; the maximum and minimum absorption
corrections were 1.054 and 0.705, respectively.

All calculations were performed on a VAX 785
computer with the SDP program package (Frenz,
1978). The coordinates of all metal atoms were
determined by direct methods and the remaining
non-H atoms were located from successive difference
Fourier maps. H atoms were not included. Full-
matrix least-squares refinement with anisotropic tem-
perature factors for all non-H atoms led to conver-
gence with R =0.053 and wR = 0.059. The function
minimized was Xw(|F,| — |F.|)?, where w= 1/[c*(F)
+0.0001F?+ 1.0] (Killean & Lawrence, 1969).
Atomic scattering factors were taken from Interna-
tional Tables for X-ray Crystallography (1974, Vol.
IV). The final cycle of refinement included 226 vari-
able parameters. The goodness of fit (S) was 2.45.
The largest 4/0- was 0.80 while the extreme peaks in
the difference electron density map were 1.01 and
—0.62 ¢ A~3. Final positional parameters are given
in Table 1 and selected bond distances and angles are
listed in Table 2.* The structure of the molecule is
depicted in Fig. 1.

Related literature. The structures of [Ni(PPh,)-
(SCH,CH,SCH,CH,S)] (Cao, Lei, Huang, Hong &

* Lists of anisotropic thermal parameters and structure factors
have been deposited with the British Library Document Supply
Centre as Supplementary Publication No. SUP 55048 (9 pp.).
Copies may be obtained through The Technical Editor, Interna-
tional Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England. [CIF reference: AS0501]
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