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Molecular orbital calculations suggested that bonding is due 
mainly to the overlap of the filled T orbital (HOMO) of the 
alkene with the vacant orbital of the metal. NMR studies of 
mercury(I1)-olefin complexes in solution appear to be in 
agreement with this conclusion.24 
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Physical and chemical studies have been carried out on the series of phthalocyanines AlPcF, AIPcC1, AlPcBr, AlPcI, GaPcF. 
GaPcC1, and InPcCI. It is concluded on the basis of mass spectroscopic, infrared, microscopic, X-ray, and other data collected 
in these studies that AlPcF and GaPcF are polymeric and have (M-F), backbones. It is further concluded that the remaining 
compounds are nonpolymeric. 

Introduction 

In some of the very early work on phthalocyanines, the 
compound (AlPc),O was discovered., From the findings in 
this work and work done later,, it became clear that (AlPc),O 
is a p-oxo-bridged compound (Figure 1). 

Now a number of other such p-oxo bridged compounds are 
k n ~ w n . ~ - ~  Among these are ( M n P ~ ) ~ 0 . 2 p y , ~  [(Me3SiO)2- 
MeSiO J [ GePcO] , [ %Me( OSi Me,),] ,6 A ~ P c O S ~ P C O A ~ P C , ~  
[ (Me3Si0)2MeSiO] [SiPcO] [SiMe(OSiMe3!2] ,6 Me3SiO- 
( S ~ P C O ) ~ S ~ M ~ ~ , ~  and [(Me3SiO)2MeSiO] [SiPcOI5[SiMe- 
(OSiMe3)2]6 (so far no compounds of this type with more than 
five rings have been reported). The structures of two of these 
compounds (MnPc),0.2pys and [(Me,SiO),MeSiO] [Si- 
Pc0]3[SiMe(OSiMe3)2]9 have been determined. 

In addition to these (relatively) low molecular weight p- 
oxo-bridged species, three p-oxo-bridged phthalocyanine 
polymers are known. These are (SiPcO),,lo (GePcO),," and 
(SnPc0),.12 The silicon polymer is quite stable and has 
attracted some notice because of this.', Recently all three 
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have drawn attention because they become conducting when 
oxidized with iodine.14 

In view of this, other phthalocyanines which have similar 
polymeric structures are of interest. In the present paper, we 
report on procedures for making two such polymers and on 
some of the properties of these polymers. The conductivities 
of these compounds, when oxidized, are described e1~ewhere.l~ 
Experimental Section 

APcCI. Part of the AlPcCl used was made by a procedure reported 
earlier.16 Some of this was sublimed twice at 430 "C under vacuum. 
This gave a purple sublimate. Anal. Calcd for C32H16N8A1CI: C, 
66.85; H, 2.81; AI, 4.69; C1, 6.17. Found: C, 66.56; H, 2.69; AI, 4.99; 
c1, 5.94. 

A modification of this procedure was found to be better. In this 
modified procedure a mixture of phthalonitrile (20 g), aluminum 
trichloride (5.0 g), and quinoline (distilled twice and then deoxygenated 
with nitrogen, 100 mL) was refluxed for 30 min. The reaction mixture 
then was cooled to approximately 0 "C and filtered. The solid thus 
isolated was washed with benzene, carbon tetrachloride, and acetone 
and dried at - 110 OC (10.7 8). 

For some of the work the compound was recrystallized twice from 
1-chloronaphthalene. 

AIPcF." A mixture of AlPcCl (2.5 g), concentrated ammonium 
hydroxide (50 mL), and pyridine (25 mL) was refluxed for 7 h. The 
resulting solid was filtered, and the filter cake was washed with 
pyridine, concentrated ammonium hydroxide, and hot water. It was 
then dried at 110 "C (2.3 g), 

A portion of this product, AIPcOH.H,03 (2.1 g), was evaporated 
to dryness on a steam bath with two separate portions of 48% hy- 
drofluoric acid (- 18 mL each time). The resulting solid was washed 
with water, methanol, pyridine, and acetone and dried at 1 10 "C (1.9 
g). A portion of this was heated to 540 OC under vacuum. The product 

(13) Barnes, R. L.; Block, W. M.; Grafstein, D. US Patent 3730950, 1973. 
(14) Schoch, K. F., Jr.; Kundalkar, B. R.; Marks, T. J .  J .  Am. Chem. Soc. 
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SOC., Chem. Commun. 1980, 121 
(16) Owen, J. E.; Kenney, M. E. Inorg. Chem. 1962, 1, 331. 
(17) Shorin, V. A.; Meshkova, G. N.; Vartanyan, A. T.; Pribytkova, N. N.; 

Al'yanov, M. I.; Borodkin, V F. Izv.  Vyssh. C'chebn. Zaued., Khim. 
Khim. Tekhnol. 1973, 16, 1904, Chem. Abstr. 1974, 80, 9 7 3 2 5 ~ .  
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Figure 1. The structure of ( A I P C ) ~ ~ .  

was vacuum sublimed three times, the final sublimation being carried 
out at  540 "C. This gave a blue, velvety sublimate. Anal. Calcd 
for C32H16N8A1F: c, 68.82; H,  2.89; AI, 4.83; F, 3.40. Found: C, 
69.05; H,  3.01; AI, 5.01; F, 3.26. 

This compound was found to be quite insoluble in a variety of 
organic solvents. 

A1PcBr.I' A mixture of AIPcOH-xH20 (5.0 g), tri-n-hexylsilanol 
(7.0 mL), and toluene (100 mL) was refluxed for 8 h. The reaction 
mixture was filtered while hot and'evaporated to dryness (6.2 8). The 
product was recrystallized from hexane. 

A portion of this product, assumed to be A ~ P c O S ~ ( C ~ H , ~ ) , ~ ~  (0.40 
g), was suspended in benzene (1 00 mL), and hydrogen bromide was 
slowly bubbled into the mixture for 15 min. The solid was filtered 
off, washed with benzene, and briefly digested in refluxing bromo- 
naphthalene (10 mL). The resultant was recovered by filtration, 
recrystallized from bromonaphthalene, washed with benzene containing 
a small amount of hydrogen bromide, and vacuum dried at  100 "C. 
This gave relatively large, red-reflecting, green-transmitting crystals. 
Anal. Calcd for C32H16N8A1Br: C, 62.05; H, 2.60; AI, 4.36; Br, 12.90. 
Found: C, 61.79; H,  2.70; AI, 4.13; Br, 13.12. 

AlPcI. Hydrogen iodide was slowly bubbled into a suspension of 
A ~ P C O S ~ ( C ~ H ~ , ) ~  (0.20 g) in benzene (35 mL) for 15 min. The 
reaction product was separated by centrifugation and dried with a 
rotary evaporator. Portions of it were sublimed at  420 OC under 
vacuum. (Small-scale sublimations were used in the sublimation step 
since larger scale ones gave poor yields.) The mass spectrum of this 
product showed the expected arrays but none for other phthalocyanines 
or for hydrogen iodide. 

GaPcC1. This compound was prepared, as it had been earlier,*' 
by a template reaction. Gallium trichloride and 1,3-diiminoisoindoIine 
were used as reactants. A portion of the product was sublimed at 
430 OC under vacuum. This gave a purple sublimate. Anal. Calcd 
for C32H,6NsGaC1: C, 62.22; H,  2.61; Ga, 11.29; C1, 5.74. Found: 
C, 62.44; H, 2.73; Ga, 11.43; C1, 5.79. 

A procedure similar to a known alternative one for the compoundz2 
was found to be more satisfactory. In this procedure a mixture of 
phthalonitrile (20 g), gallium trichloride (5.5 g), and doubly distilled, 
deoxygenated quinoline (100 mL) was refluxed for 1 h (particular 
attention was paid to excluding water during this step). After being 
cooled to approximately 0 O C ,  the reaction mixture was filtered. The 
product was washed with toluene and methanol and dried at  N 110 
O C  (9.4 g). 

GaPcF. A mixture of GaPcCl (1.5 g), concentrated ammonium 
hydroxide (35 mL), and pyridine (35 mL) was refluxed for 20 h. The 
reaction product was filtered, and the solid was washed with water, 
methanol, and acetone and dried at 110 "C (1.4 g). 

A portion of this product, assumed to be GaPcOH.xH20 (0.92 g), 
was evaporated to dryness on a steam bath with two separate portions 
of 48% hydrofluoric acid (15-20 mL each). The resulting solid was 
washed with water, methanol, pyridine, and acetone and dried at 110 
"C (0.89 8). A portion of this was heated to 460 OC under vacuum, 
and the product was sublimed at this temperature under vacuum. This 

(18) A pyridine adduct of this compound was reported some time ago: 
Kenney, M. E. J .  Inorg. Nucl. Chem. 1959, 11 ,  167. 

(19) The analogues of this compound A1PcOSi(C,H5)316 and AIPcOSi- 
(C8Hi7)320 have been characterized. 

(20) Kane, A. R. Ph.D. Dissertation, Case Western Reserve University, 
Cleveland, OH, 1969. 

(21) Colaitis, D. C. R. Hebd. Seances Acad. Sei. 1956, 242, 1026. 
(22) Payne, B. R.; Scargill, P.; Cook, G. B. Radioisot. Sci. Res., Proc. Inr. 

Conf., 1957 1958, 2, 154. 
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Table I .  Mass Spectroscopy Data 

probe 
purifica- temp, 

tion "C Pc+ AlPc+ AlPcX+ other ions 

AlPcF sublimed. 450-480 0 0 a 
AlPcCl recryst 350 0 30 100 
AlPcBr recrystb 350 0 139 100 AlPcF+, 

AlPcI sublimed 350 0 305 100 
AlPcF 400 0 0 100 HF' 

This sample apparently contained very 

AlPcCl+ 

precursor 
a Small or absent. 

small AlPcF and AlPcCl impurities. 

gave a purple sublimate. Anal. Calcd for C32H16N8GaF: C, 63.93; 
H,  2.68; Ga, 11.60; F, 3.16. Found: C, 63.79; H,  2.67; Ga, 11.52; 
F, 2.98. 

This fluoride was found to be relatively insoluble in a variety of 
organic solvents. However, it was found that it could be recrystallized 
from 1-chloronaphthalene and quinoline. 

InPcC1. This compound was prepared by a method similar to one 
which has been described.23 A portion of the InPcCl thus obtained 
was vacuum sublimed twice, the second sublimation being carried 
out at 370 OC. The resulting sublimate was purple. Anal. Calcd 
for C ~ ~ H ~ ~ N ~ I I I C I :  c ,  57.99; H, 2.43; In, 17.32; (21, 5.35. Found: 
C, 58.12; H, 2.61; In, 17.46; CI, 5.59. 

A second procedure similar to another procedure which has been 
described for this compound24 was found to be superior. In this 
procedure a mixture of phthalonitrile (10 g), indium trichloride (3.5 
g), and doubly distilled, deoxygenated quinoline (100 mL) was refluxed 
for 1 h (particular care was taken to exclude water during this step). 
The reaction mixture was then cooled to approximately 0 O C .  The 
product was isolated by filtration and then washed with methanol, 
toluene, and acetone and dried at  - 110 OC (6.3 8). 

Contrary to earlier  report^^'*^^ it was found that concentrated 
sulfuric acid demetalates InPcC1. It was further found that a strong 
aqueous sulfuric acid solution (9: 1) does not demetalate nor hydrolyze 
the compound and that refluxing dilute sodium hydroxide (2.5 M) 
and refluxing concentrated ammonium hydroxide-pyridine (2: 1) 
solutions do not hydrolyze it. 

Sampling Techniques and Instrumentation. The infrared studies 
were carried out on films of the compounds deposited by sublimation 
on cesium bromide or cesium iodide plates. These studies were done 
with a Beckman IR-12 spectrometer. The electron microscopy studies 
were done with Japan Electron Optics JEM-6A and Hitachi HU-1 1A 
microscopes. Some of the X-ray powder studies were performed on 
samples of the compounds which had been deposited on glass plates 
by vacuum sublimation. Others were performed on samples which 
had been deposited on glass plates by dropping hexane-mineral oil 
suspensions of the samples on the plates and allowing the suspensions 
to evaporate down. These studies were carried out with a General 
Electric XRD-5 spectrometer using cobalt radiation and an iron filter. 
The single-crystal X-ray studies were carried out with a Weissenberg 
camera. The mass spectroscopy work was done with a Varian M-66 
instrument. It was operated at  70 eV. 

AlPcF and GaPcF Crystal Growth. Crystals of AlPcF were grown 
by sublimation in the 400-500 "C range under vacuum and by 
sublimation above 500 "C under a flow of helium or argon. Crystals 
of GaPcF were similarly grown by vacuum sublimation at  high 
temperatures and by sublimation under a flow of helium at high 
temperatures, typically 500-540 OC. 

Results and Discussion 
Physical Studies. A variety of studies were  carried ou t  on 

t h e  compounds.  Among  t h e  d a t a  collected in these studies 
were mass spectral da t a  on the  four a luminum halides, Table  
I.26 A n  impor tan t  point with regard  to these data is t h e  

~~ ~~~~ ~ 

(23) Shaposhnikov, G. P.; Borodkin, V. F.; Al'yanov, M. I.; Federov, M. I.:  
Shorin, V. A. Izu. Vyssh. Uchebn. Zaaed., Khim. Khim. Tekhnol. 1977, 
20, 184; Chem. Abstr. 1977, 86, 157008g. 

(24) Varmuza, K.; Maresch, G.; Meller, A. Monatsh. Chem. 1974, 105, 327. 
(25) Colaitis, D. Bull. SOC. Chim. Fr. 1962, 23. 
(26) The mass spectrum of AlPcCl has been reported.24 
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Table 11. M-X Stretching Vibrations (an-') 
X AlPcX GaPcX 
F 550 m, ba+b 517 w, bb  
c1 440 mc 
Br 397 m 
I <200 

a m = medium, w = weak, b =broad. These bands are over- 
lapped by other bands. 
433 cm-' reported by Starke and Hamannz7 corresponds to this 
absorption. 

It is uncertain whether the absorption at  

Figure 2. Crystals of sublimed AIPcF. 

absence of a significant array for the AlPcF" ion in the 
spectrum of the fluoride (even though relatively high probe 
temperatures were used with this compound). Another im- 
portant point is the presence of an array for this ion in the 
spectrum of the pyridine-washed precursor of the fluoride (this 
species is probably HAlPcF2 or a related compound) and, 
fleetingly, an array for it in the spectrum of the bromide 
studied. 

Infrared data were also collected on some of the compounds 
in the region between 200 and 4000 cm-1.27,28 As expected, 
the spectra of these compounds show a great many similarities. 
Of most importance to the present work are the bands in these 
spectra associated with the metal-halogen stretching vibrations. 
Comparisons of the spectra suggest the assignments listed in 
Table 11. Particularly noteworthy with regard to these is the 
substantial broadness of the bands assigned to the A1-F and 
Ga-F vibrations. 

Information on the habit of the crystals of the two fluorides 
was acquired as well. It was found that the AlPcF crystals 
formed by vacuum sublimation were very small and needlelike 
(Figure 2). Likewise it was found that the crystals of this 

Figure 3. Lattice image of a AlPcF crystal. 

compound formed by atmospheric-pressure, inert-gas subli- 
mation were small and needlelike. The crystals of GaPcF 
obtained by vacuum sublimation were observed to be somewhat 
larger than those of AlPcF obtained by this technique, al- 
though they too were very small. In contrast, some of the 
crystals of GaPcF obtained by atmospheric-pressure, helium- 
atmosphere sublimation were found to be considerably larger, 
i.e., up to 2 mm in length. 

In the process of carrying out the electron microscopy work 
on the fluorides, several micrographs of sublimed AlPcF 
crystals were obtained which showed lattice images. The lines 
in these images are spaced by about 13-1 5 and run parallel 
to the long axes of the crystals (Figure 3). 

In addition to these data on the fluorides, data on the be- 
havior of their crystals in polarized light were collected. It 
was found that bundles of the vacuum-sublimed AlPcF crystals 
were blue-green when observed with light polarized perpen- 
dicular to the long axis of the crystals and that bundles of the 
vacuum-sublimed GaPcF crystals were blue when observed 
under these conditions. It was further found that, when ob- 
served with light polarized parallel to their long axes, both 
kinds of crystals were nearly colorless. As is to be expected 
in view of this, the ribbonlike helium-atmosphere-sublimed 
GaPcF crystals, when resting on their flat faces, were found 
to exhibit a blue color with light polarized perpendicular to 
their long axis and almost no color with light polarized parallel 
to this axis. 

X-ray data on the fluorides were also obtained. Powder 
pattern data for a sublimate of AlPcF, where many of the 
crystals were at an angle to the supporting plate, were found 
to show a strong reflection at  3.66 A and a somewhat less 
strong one at 3.55 A. In contrast, powder data for a mull of 
sublimed AlPcF, where most of the crystals were parallel to 
the supporting plate, were found to almost completely lack 
these reflections. Similarly, the powder data for a GaPcF 

to the supporting plate, were found to show a strong reflection 

(27) The infrared spectrum of AlPcCl has been reported: Starke, M., 
Hamann, C. 2. Anorg. Allg. Chem. 1967, 354, 1 

(28) The spectra of these six compounds are showh by 
(29) Paul, T. R. Ph.D. Dissertation, Case Western Reserve University, 

Cleveland, OH, 1971. 
where again many Of the crysta1s were at an 
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of the similarity of AlPcF and GaPcF, these lattice image data 
also suggest that in GaPcF the chains are packed parallel to 
the long axes of the crystals. 

Further support for the postulated structure of AlPcF is 
found in the existence and orientation of the strong blue-to- 
colorless dichroism characteristic of its crystals. Likewise 
support for the postulated structure for GaPcF is found in the 
existence and orientation of the dichroism of its crystals. 

The almost complete absence of 3.55 and 3.66 A reflections 
in the X-ray powder data for AlPcF when the crystallites are 
largely oriented so that their long axes are parallel to the 
mounting plate suggests that the ring-ring separation in this 
compound is in the 3.5-4.0 8, range. In addition, the relative 
intensities of the two lines when observed lead to speculation 
that the ring-ring separation is 3.66 A. Similarly, the powder 
data on GaPcF suggest that in this compound the ring-ring 
separation is also in the 3.5-4.0 A range and that it may be 
3.86 A. Support for the 3.86 A value is provided by the 
Weissenberg data on this compound. That spacings in the 
3.5-4.0 A range are indicated for GaPcF and AlPcF is not 
surprising because the sums of the pertinent radii are in this 
range, i.e., 2(0.535*1+ 1.285~) = 3 . 6 4 ~ 1 - ~ - ~ 1  A and 2(0.620~, + 1.285F) = 3.81Ga-F-Ga (The van der Waals thickness 
of the ring is not a governin factor because it is slightly below 
3.5 A, Le., about 3.3-3.4 .f?4) 

In sum, then, it is clear that these compounds are polymeric, 
that the molecules in them have (M-F), backbones, and that 
these backbones are surrounded by a sheath of phthalocyanine 
rings stacked face-to-face. In addition, it is apparent that these 
molecules are linear and are packed parallel to the long axes 
of the crystals. Further, it seems likely that the ring-rin 

in the gallium compound. 
The fact that these fluorides should have such structures 

is not surprising because they are isoelectronic with the 
stacked-ring polymers (SiPcO), and (GaPcO),. In addition, 
many bridged systems in which the bridging atoms are fluorine 
atoms are known. 

The strength of the bonding in the (M-F), backbones of 
these polymers probably is quite substantial. Whether or not 
this is the case, dT-pT bonding may well contribute importantly 
to the bonding in them because it seems likely that these 
backbones have symmetrical, linear M-F-M bridges. 

A particularly useful property of these compounds is their 
volatility. This not only permits purification of them by 
sublimation but also opens a possible route to well-ordered, 
good-sized single crystals of them. Such crystals would be 
valuable for a variety of reasons. 

Because these two compounds are stacked-ring polymers, 
it appears highly likely that other fluoride-bridged phthalo- 
cyanine polymers will be found. Further, it seems probable 
that polymers of this type with other ring systems will also 
be found. 

The Other Halides. The other compounds dealt with in this 
paper, Le., the aluminum chloride, bromide, and iodide and 
the gallium and indium chlorides, appear, on the basis of what 
is known, to be ordinary square-pyramidal phthalocyanine 
complexes. Thus, the infrared bands assigned to the M-X 
stretching vibrations in AlPcCl and AlPcBr are reasonably 
narrow. 

An interesting feature of the mass spectra of AlPcC1, 
AlPcBr, and AlPcI is the pattern of the intensities of the 
AlPcX' and AlPc' ion arrays. This suggests that the strength 
of the A1-X bond decreases, as expected, as the size of the 
halogen increases. 

separation is 3.66 A in the aluminum compound and 3.86 x 

Figure 4. The structure  of (AIPcF),. 

a t  3.86 A and a less strong one at 3.70 A, and the corre- 
sponding data for a mull of sublimed GaPcF, where, as in the 
like AlPcF case, most of the crystals were parallel to the plate, 
were found to be deficient in these reflections. 

Data from a rotation photograph of a helium-sublimed 
single crystal of GaPcF suggest that one of its crystallographic 
axes was approximately parallel to its long dimension and that 
the length of this axis was 3.89 A. Corresponding data from 
zero-level photographs of the crystal tentatively suggest that 
it had tetragonal symmetry, but those from first-level photo- 
graphs do not bear this out nor suggest an alternative sym- 
metry. 

The Fluorides. Taken together the available data on AlPcF 
and GaPcF leave little doubt as to the nature of these com- 
pounds. Thus the low solubility and low volatility of the 
aluminum compound and the low solubility of the gallium 
compound suggest that both are polymeric. (The fact that 
both sublime at  elevated temperatures is understandable in 
terms of a depolymerization process involving MPcF monomers 
or (MPcF), oligomers.) Similarly, the absence or near absence 
of an array for the AlPcF' ion in the mass spectrum of AlPcF 
and the (fleeting) presence of an array for it in the spectrum 
of AlPcBr containing AlPcF as a minor impurity (where the 
AlPcF likely occurs as a monomer or as a fluoride-bridged 
oligomer, e.g., AlPcFAlPcBr) suggest that this compound 
(except when highly dilute) is polymeric. 

The breadth of the infrared band identified as the AI-F band 
in AlPcF further suggests that this compound has an (AI-F), 
backbone. This in turn implies that the polymer is made up 
of stacked AlPcF units (Figure 4). Correspondingly the shape 
of the band identified as the Ga-F band in GaPcF indicates 
that this compound has a (Ga-F), backbone and that it too 
has a stacked-ring s t r ~ c t u r e . ~ '  

The occurrence of lattice images in micrographs of AlPcF 
and the spacing of the lines in these images by an amount 
which approximately corresponds to the van der Waals width 
of the phthalocyanine ring3' support the structural arrange- 
ment suggested by the infrared data.32 In addition, the 
orientation of the lines in these images suggests that the chains 
are packed parallel to the long axes of the crystals. Because 

(30) The shapes of these bands are reminiscent of those in the infrared 
spectra of (SiPcO), and (G~PcO), . '~  

(31) The average distance between the nucleus of the 4-proton of a benzo 
ring in SiPc(OSiMe,)? and the 5-proton in a (clockwise) adjacent benzo 
ring is 12.04 A. Hence the van der Waals width of the system, if the 
van der Waals radius of hydrogen is taken to be 1.20 A, is about 14.5 

(32) Lattice images with a line spacing of about 13 are seen in micrographs 
of (SiPcO), and have been interpreted in a parallel fashion: Linsky, 
J. P. Ph.D. Dissertation, Case Western Reserve University, Cleveland, 
OH, 1970. 

A. 
~ ~~ 

(33) Shannon, R.  D. Acta Crystallogr., Sect. A 1976, A32, 7 5  1. 
(34) The perpendicular distance between the planes of successive molecules 

in CuPc is 3.34 A: Brown, C. J. J .  Chem. SOC. A 1968, 2488. 
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The great resistance of InPcCl to hydrolysis is striking in 
view of the relative lack of resistance of AlPcCl and GaPcCl 
to hydrolysis. However, it does find a parallel in the behavior 
of chloroindium ~ctae thylporphyr in .~~ 
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'I9Sn Mossbauer-effect measurements have been carried out at 4.2 K in the presence of external magnetic fields of 0, 50, 
and 80 kOe on the intercalation compound TaS2.Sn. The variation of the magnetic hyperfine interaction at  the Sn nuclei 
with applied magnetic field confirms the observation (based on magnetic and ESCA data) that there is no significant unpaired 
electron density localized on the metal atom. The observed isomer shift of 3.2 mm s-l at 78 K is comparable to that noted 
in covalent SnZ+ compounds. The stacking of the TaS, matrix leads to a linear coordination of tin by two sulfur atoms 
from adjacent layers. The total coordination of tin-including six nearest-neighbor metal atoms in the van der Waals gap-is 
eight. Presumably it is the pz and dZz orbitals of tin which are involved in the bonding interaction of the linear S-Sn-S 
array. 

2H tantalum sulfide is a layered compound having many 
interesting physical and chemical properties including the 
ability to intercalate a number of metal atoms and organic 
molecules in the van der Waals layer. Typical of such in- 
tercalation compounds is TaS2-Sn,' for which detailed 'I9Sn 
Mossbauer,2 ESCA,3 and magnetic susceptibility' studies have 
been reported. A definitive crystallographic structure study 
of this material by Eppinga and Wiegers4 showed that the tin 
atom is linearly coordinated by two sulfur atoms of the TaS2 
structure adjacent to the (hexagonal) tin layers. The space 
group is P63/mmc. In the earlier Mossbauer studies1v2 of 
TaSz.Sn (and of the isostructural NbS2.Sn5), the isomer shift 
of the intercalated tin atom (3.2 mm s-l a t  78 K) was inter- 
preted as indicating the presence of the metal atom as Sn2+,2 
although this value is less positive than that usually associated 
with an  "ionic" stannous ion for which the isomer shifts lie6 
in the range 3.5-4.5 mm s-l. A linear S-Sn-S array would 
be an  unusual example of such a geometry for a tin atom 
formally in the divalent state, for which the most common 
arrangement of nearest-neighbor atoms is that of a distorted 
7- or 9-coordinate polyhedron, as, for example, in SnC12' and 

Since the tantalum atom requires only a single electron 
to fill the dZ2, or lower d, band, the possibility remains that 
the linear S-Sn-S array may be formally ascribed to Sn+, 
rather than to the stannous state, and that the Mossbauer 
isomer shift value is, in fact, a reflection of an  electron con- 
figuration (core) ( 5 ~ ) ' ( 5 p ) ~  or ( 5 ~ ) ~ ( 5 p ) ' ,  rather than that 
normally ascribed to divalent tin. In an attempt to examine 
this possibility further and to elucidate the appropriate elec- 
tronic description of the tin atom in the linear S-Sn-S array 
in TaS2.Sn, additional Mossbauer-effect measurements on this 
material have been carried out in the present study. In par- 
ticular, the effective magnetic field a t  the Sn nucleus has been 
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examined as a function of the strength of an externally applied 
field. 

Experimental Section 
A sample of 2H TaS2.Sn, identical with that used in the crys- 

tallographic studies, was generously made available to us by Dr. G. 
A. Wiegers of the Materials Science Center of the University of 
Groningen. High-field 'I9Sn Mossbauer experiments were carried 
out at 4.2 K on a sample prepared by dispersing the powdered mi- 
crocrystalline powder in boron nitride, at the National Magnet 
Laboratory facility at MIT. Measurements at 0,50, and 80 kOe were 
effected in transmission geometry in the core of a superconducting 
magnet with the field direction parallel to the optical (y ray) axis 
of the experiment. 

Results and Discussion 
The high-field 'I9Sn Mossbauer spectra a t  liquid-helium 

temperature consist of a four-line pattern, since the Am = 0 
resonance is suppressed due to the parallel orientation of the 
magnetic field and the direction of the Mossbauer y rays. The 
energy difference between the two outer lines of the spectrum 
is given by 
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