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Summary

The reaction of TISCN with Al(CH;); has been found to yield
[(CH;), T1] [AI(CH,;);NCS]. The crystal structure of dimethylthallium isothio-
cyanatotrimethylaluminate has been determined from three-dimensional X-ray
data measured by counter methods. The compound crystallizes in the mono-
clinic space group C2/m with cell dimensions a = 16.031(8), b = 12.447(6), ¢ =
6.410(3) A, g = 106.17(5)°, and p_,,. = 1.99 g/cm3 for Z = 4. Least-squares
refinement has given a conventional weighted R factor of 0.073 for 587 inde-
pendent observed reflections. The anion lies in a crystallographic mirror plane,
and the thallium atom resides on a two-fold axis. The coordination require-
ments of the thallium atom are believed to be responsible for the stabilization
of the N-bonding mode of the isothiocyanate group in the anion.

Introduction

Although trimethylaluminum is generally regarded as a hard Lewis acid,
spectroscopic studies [1,2] have indicated that in [N(CH,),1[Al,(CH;)s SCN]
and [N(CH3),]1[A}(CH;);SCN] the bonding of the thiocyanate ion is through
the suifur atom:

/ $—C=N CH ) A~
S—C=N
/

(CH,), Al (CH,), Al

Similar results [2] were also obtained for the 2/1 selenium analogue,
[N(CH;),1[Al,(CH;)¢SeCN]. Since the structure of the anion is of para-
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mount importance in the assessment of the unusual thermal behavior of these
substances [3,4], we have sought to study the influence of the counter ion on

the anionic geometry.
Experimental

Dimethylthallium isothiocyanatotrimethylaluminate was prepared by the
sealed tube reaction of thallium(I) thiocyanate with frimethylaluminum in
toluene:

3 TISCN + 3 Al(CH,), —— [(CH,), T1] [Al(CH,),NCS] +

2 T1+ 2(CH,), AISCN

The presence of thallium metal was verified by elemental analysis, but
(CH,), AISCN [5] was not identified and is shown only for material balance.
Dimethylaluminum thiocyanate is, however, quite a reasonable candidate, and
studies of anionic organoaluminum azides have allowed the identification of
(CH;), AIN; in related reactions [6].

Single crystals of [(CHj), Ti][ACH,);NCS] were grown from toluene
solution and sealed in thin-walled glass capillaries. The crystal system is mono-
clinic. Systematic absences allow the space group to be C2, Cm, or C2/m. The
lattice parameters as determined from a least-squares refinement of (sin 8 /A)2
values of 12 reflections are: a = 16.031(8), b = 12.447(6), c =6.410(3) A, B =
106.17(5)°, and p_,,, = 1.99 g/cm? for Z = 4. Data were measured on an
Enraf—Nonius CAD-4 diffractometer with graphite crystal monochromated
copper radiation. The crystal, an irregular block of approximate dimensions
0.10 mm X 0.20 mm X 0.20 mm, was aligned on the diffractometer such that
no symmetry axis was coincident with the ¢ axis of the diffractometer.

The diffracted intensities were collected by the «;—260 scan technique with
a take-off angle of 3°. The scan rate was variable and was determined by a fast
(20° /min) prescan;.if more than 20 net counts were obtained, a slow scan was
performed.  Based on the desired attainment of 3000 total counts in the slow
scan, the calculated speeds ranged from 7 to 0.2°/min. Stationary background
counts were collected for 25% of the total scan time at each end of the scan
range. For each intensity the scan width was determined by the equation: scan
range = A +B tan 8§, where A =1.0° and B = 0.5°. Aperture settings were
determined in a like manner with A = 4 mm and B = 4 mm. Other diffractome-
ter parameters have been reported elsewhere [5]. As a check on the stability of
the diffractometer and the crystal, two standard peaks were measured periodi-
cally during data collection. The crystal appeared to decompose linearly with
respect to X-ray exposure time; the data were scaled appropriately.

The standard deviations of the intensities, o,;, were estimated from the
formula:

0, = {[Cy *+ (T 2T, - (B, +B,)] +(0.02)>- [Cy; +

(T,/2T, )% (B, +B,)1% 1°®
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where Cy is the counts collected during scan time 7. and B; and B, are
background intensities, each collected during the background time T'; . A total
of 587 reflections for which I>g¢(I) were obtained from one unique quadrant of
data measured out to 26 = 100°.

The intensities were corrected for Lorentz and polarization effects but not
for absorption because of the irregular shape of the crystal.

Fourier calculations were made with the ALFF [7] program. The full-
matrix least-squares refinement was carried out using the Busing and Levy
program ORFLS [8]. The function ZW-(IF_ |- IF_ )2 was minimized. No cor-
rections were made for extinction. Atomic scattering factors for Tl, S, Al, N, C,
and H were taken from the compilations of Cromer and Waber [9], and the
scattering by thallium was corrected for the real and imaginary components of
anomalous dispersion using Cromer’s table [10]. Final bond distances, angles,
and errors were computed with the aid of the Busing, Martin, and Levy ORFFE
[11] program. Crystal structure illustrations were obtained with the program
ORTEP [12].

Solution and refinement of the structure

The thallium atom was located with the initial three-dimensional Patter-
son map, and several electron density maps preceded by partial least-squares
refinement cycles revealed all the non-hydrogen atoms in the asymmetric unit
based on the centric space group C2/m. Subsequent isotropic refinement led to
a reliability index, R, = S(IF, i~ IF_i)/Z IF I, of 0.11. Anisotropic refinement
gave final values of R; = 0.082 and R, = [EW-(IF |- IF_)2/Z(F )2]0-5 =
0.073. A weighting scheme based on essentially unit weights was used and
unobserved reflections and two reflections (110, 200) believed to be suffering
from secondary extinction were not included. Refinement was attempted in
the acentric space groups C2 and Cm, but large parameter correlations and uio
improvement in the R factors led to the assumption that the correct choice is
C2/m. Statistical tests based on normalized structure factors failed to differen-
tiate the centric from the acentric choices. The largest parameter shifts in the’
final cycle of refinement were less than 0.05 of their estimated standard devia-
tions. A final difference Fourier map showed as its major feature one peak of
2.2 e~ /A 3 near the thallium atom. The final value for the standard deviation of
an observation of unit weight was 1.17. The final values of the positional and
thermal parameters are given in Table 1%*.

Discussion

In the reaction of thallium(I) thiocyanate with trimethylaluminum, the
autoxidation - reduction of Ti'* to TI®* and TI° was not expected, although
the very high stability of compounds of the type R, T1X is well-known [13]. It

* The Table of structure factors has been deposited as NAPS Document No. 02214, with the ASIS
National Auxiliary Publication Service, c/o CCM Information Corp., 909 Third Avenue, New York,
New York 10022. A copy may be secured by citing the document number and by remitting $2.00
for a microfiche or $5.00 for photocopies. Advance payment is required. Made checks or money
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Fig. 1. Structure of the anion of [(CH3)2;TII[AIKCH3)3NCS] with the atoms displayed as their 50%
probability ellipsoids for thermal motion. The standard deviations of the bond distances are less than
0.04 A, and the bond angles, 2°.

should also be noted that a common preparation [14] of R;TI involves the
disproportionation of RTI to thallium metal and the thallium(III) organometal-
lic.

The structure of the isothiocyanatotrimethylaluminate anion, as iilus-
trated by Fig. 1, shows the essentially linear coordination of the nitrogen-
bonded thiocyanate ion. The anion lies in a crystallographic mirror plane, and
the thallium atom resides on a two-fold axis in the space group C2/m. The
dimethylthallium ion is essentially linear [carbon—thallium—carbon bond angle
= 177(2)°]. The aluminum—nitrogen bond length [2.08(4) A], although quite
long, is not significantly different at the 95% confidence level from those found
in related compounds {4,15].

The bonding modes of ambidentate ligands such as SCN™ have been
studied in detail for several transition metal complexes [16,17]. The nature of
the metal atom, the electronic and steric character of other ligands in the
coordination sphere, and the nature of the physical state of the complex have
all been shown to exert a strong influence on the type of metal—thiocyanate
linkage. By the same token, there are two possible explanations for the exist-
ence of the N-bonded thiocyanate ion in [(CHj),Ti][{AIl(CH,);NCS] as op-
posed to the S-bonded thiocyanate ion in [N(CHj), ][ Al(CH;); SCN]. Lattice
effects due to the different packing abilities of the cations may be important,
but the coordination requirements of the thallium atom probably play the
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Fig. 2. Coordination sphere of the thallium atom in [(CH3),TI] {ACH3)3NCS].



62

major role. The environment of the thallium atom (Fig. 2) is essentially octahe-
dral: two bonded methyl carbon atoms at 2.15(2) A, two sulfur atoms at
3.13(1) &, and two nonbonded aluminum methyl carbon atoms at 3.15 A, with
corresponding angles at the central metal atom close to 9C°. Although the
TI—S bond must be largely electrostatic in character, it likely provides the
driving force for the stabilization of the N-bonded thiocyanate group in the
anion. Other structural studies of anionic organoaluminum pseudohalides now
in progress should furtber clarify the nature of the influence of the counter ion
on the geometry of the anion.
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