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The ligand 2,5-bis(4-hydroxy-2-thiabutyl)thiophene (L) and its polymeric complex (Clahave been prepared.

The complex (GH16Cl,CuG:Sg), crystallizes in the orthorhombic system, space grieg42:2;, with a = 6.8096-

(4) A, b=9.4542(5) Ac = 22.899(3) A,Z= 4. Each copper atom is six-coordinate with cis chlorines and trans
sulfurs. One bond to chlorine and one to oxygen are elongated, and each copper is part of a zigZal, (Cu
chain. The chains are cross-linked by the organic ligand, which coordinates through each of its arms to different
coppers by using thioether sulfur and hydroxyl oxygen. Electrical neutrality is achieved by the remaining chlorine
required by stoichiometry being present as an isolatedd®l in empty spaces in the structure. The complex has
been investigated by cyclic voltammetry, IR, and UV/vis spectroscopy, and the polymer structure has been observed
to be destroyed upon dissolving. Magnetic susceptibility measuremen3®£5K) have been fitted to a uniform

chain model with molecular field and paramagnetic “impurity” corrections. Intracha®d & 26.4 cntl) and
interchain ' = —8.46 cntl) couplings were found to be small and antiferromagnetic.

Introduction orbitals on adjacent monomer units are orthogonal. In this way,
. . ) the apparently overwhelming tendency for antiferromagnetic

The study of the magnetic properties of chains, layers, and ¢opling between adjacent metals in chains may be avoided
three-dimensional polymers containing metal ions is of current g ferromagnetic coupling achieved. Alternatively, using
interest to both chemists and physicists engaged in the develop+sss-jinked polymer chains to build an interwoven structure
ment of.new material!;.. Chains in particular have beeq studied containing holes that can be filled with species providing
in_considerable detail for several yedfsand the simpler  erically oriented, isolated and uncompensated spins could also
Heisenberg chains exhibiting intrachain antiferromagnetic cou- |gaq to” overall ferromagnetic behavior. In this paper, we
pling are well understood and well documented. For example, yescribe an attempt at such an approach.
chains with single chlorine bridges between coppers, although Ligand L, developed for this purpose, is shown below.
not particularly common, have-2J values that range from
—0.96 to 12.2 cm! 3 when the magnetic orbitals on adjacent 1
coppers are nearly orthogonal. Chains with double chlorine / \2 3
bridges display values 6f2J between—6.30 and 82.6 cm,* s 5 L 4
while chains of Cu(@D,)-1/3H,0 with oxalate bridges between [ :]
coppers and parallel magnetic orbitals hava) = 291 cnT?, 6
whereas Cu(&D4)(NHz)2-H,0, in which the magnetic orbitals L
on copper are perpendicular to the oxalate bridge plane and thus ) )
unfavorably oriented to overlap, have2J reduced to 15.4  Experimental Section
cm 15 The production of chains that give bulk samples with  commercially available reagents were obtained from the Aldrich
overall ferromagnetic character, while having been achieved, Chemical Co. Inc. or from Morton Thiokol Alfa Products Inc. and
is still synthetically uncertain even though greatly desired since were used without further purification. Those used for cyclic volta-
much of magnetic materials research is aimed ultimately at the mmetry measurements were of spectroscopic grade. 2,5-Bis(chloro-
production of molecular-based magnets. One synthetic strategymethylthiophene was prepared by the literature meth&gectroscopic
to achieve ferromagnetic chains might be to design monomer data were obtained by using the following instruments: IR, Mattson

molecules that form polymer chains in which the magnetic P0laris FT; UV/vis, Cary Model 17; NMR, General Electric 300-NB.
Magnetic susceptibility data were obtained at room temperature by the

. . Faraday method. Variable temperature magnetic susceptibility data on
* Corresponding author. Phone: (709) 737-8118. E-mail: rlucas@ powder samples were obtained in the range360 K by using an

plato.ucs.mun.ca. Oxford Instruments superconducting Faraday magnetic susceptibility
T Present address: Dupont Merck Pharmaceutical Co., Radiopharma- - . - : -
ceutical Division, 331 Treble Cove Rd., N. Billerica, MA 01862. system with a Sartorius _4432_ mlcrobala_nlce. Main solenoid fields of
® Abstract published irAdvance ACS Abstract#iugust 15, 1997. 1.5and 2.0 T and a gradient field of 16T+ were employed, and the
(1) Gatteschi, D., Kahn, O., Miller, J. S., Palacio, F., ENagnetic susceptibility data were corrected for diamagnetism by using Pascal
Molecular Materials Kluwer Academic Publishers: Dordrecht, 1991.  constants. A value of 6& 106 cgsu/mol of copper atoms was used
2 1593%5,1\;“3%%;/%530”, J.R.; Hall, J. W.; Hatfield, Wirkarg. Chem. as a correction for temperature independent magnetism (TIP) where
(3) Cortes, R.; Lezama, L.; Delarramendi, J. I. R.; Madariaga, G.; Mesa, such a term appears in our calcu_latldné'.he .Callbrant was HgQQ
J. L.; Zuniga, F. J.; Rojo, Tinorg. Chem.1995 34, 778-786. (NCS),. Curve fittings were carried out using a locally modified
(4) Rojo, T.; Arriortua, M. |.; Mesa, J. L.; Corse R.; Villeneuve, G.;
Beltran, D.Inorg. Chim. Actal987 134, 59. (6) Griffing, J. M.J. Am. Chem. S0d.948 70, 3416.
(5) Kahn, O.Molecular MagnetismVCH: New York, 1993. (7) Hill, N. J.J. Chem. Soc., Faraday Trank976 631.
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Table 1. Crystallographic Data were measured after every 100 reflections, and no significant crystal
decay was detected. The space group was determined by systematic
complex {[CuCILIICN 3 absences. Unit cell parameters (Table 1) were determined by a least
empirical formula GoH1eCLCUG,S; squares refinement of the setting angles for 22 reflections in the range
fw 396.85 30.00 < 26 < 37.00. Lorentz and polarization factors were applied,
Space group P2,2,2, (No. 19) but no corrections were made for absorption. The structure was solved
T(°C) 22 by MULTAN ! plus a difference Fourier map and refined by full matrix
a(h) 6.8096(4) . —— "
b (A) 9.4542(5) Iea_st squares with unit Welghts. H-atom positions were calculated,_ but
c(R) 22.899(3) their parameters were not refined. All non-hydrogen atoms were refined
Peatca(g CNT) 1.788 anisotropically. The final cycle of refinement was based on 926
V(A3 1474(2) observed reflectionsl (> 3.00(l)) and 165 variables. A parallel
Z 4 refinement of the mirror-image structure gave higher residuals than
2 (A) 0.709 30 those reported in Table 1. All calculations were performed with the
w (mm2) 2.25 NRCVAX Crystal Structure Program3. Scattering factors were taken
R 0.031 from the usual sourc®.
R 0.034

a Estimated standard deviations for data in this table and eIsewhereReSUItS and Discussion
in this paper refer to the least significant figure and are given in  The single-crystal X-ray structural study reveals (Figure 1
par'e:nthlelzse§-R = 3IFol = IFcll/ZIFol. © Ry = [(SW(IFo| — IFc)¥ and Table 3) a distorted octahedral coordination sphere about
SWFAI Cu(ll). Jahnr-Teller elongation is apparent in the bonds-Cu

program for nonlinear weighted least squares as proposed by Went-Cl(la) (2.772(3) A) and g\}uO(l') (2.380(7) A) when Zonjpared
worth? on the basis of work by Deminy.Electrochemical measure- to Cu—CI(l). (2',261(3) ) and CuQ(ll) (2'045_(6) ) in the
ments were carried out under a nitrogen atmosphere at room temperatur§&Me coordination sphere or to bridging chlorine (2.321(3) A)
by using a Cypress Systems, Inc., CS-1087 computer-controlled IN (CUCk-L)2 (L = 2,5,8-trithia[9](2,5)thiophenophan¥)ter-
potentiostat. Solution concentrations were3fol/L in complex and minal chlorine (2.272(1) A) in CuGiL’ (L' = 1,6-bis(2-thienyl)-

0.1 mol/L in supporting electrolyte (tetraethylammonium perchlorate). 2,5-dithiahexane)® or Cu—O bonds in square pyramidal
Voltammograms were recorded in acetonitrile by using a glassy carbon [Cuy(bpm)(HO)2(OH)2(NOs)2] :4H,0 (bpm = 2,2 -bipyrimi-
working electrode that was prepolished with @8 Al;Os, a platinum dine) (1.944(3) and 2.310(2) A) in comparable sites. TheSu
counter electrode, and an aqueous saturated calomel reference electrodggnds (2.338(3) and 2.345(3) A) are similar to those found in
checked periodically relative to a 1:0102 mol/L solution of ferrocene other thioetherCu(ll) species such as the five-coordinate
in acetonitrile containing 0.1 mol/L tetraethylammonium perchlorate complex of 1,9-bis(2-pyridyl)-5-oxa-2,8-dithianonane (2.373-

for which the ferrocene/ferrocenium reduction potential was 400 mV. - " . N
The reference electrode was separated from the bulk of the solution by(z) and 2.376(3) A}' In addition to Jahm Teller distortion,

a porous Vycor tube. Junction potential corrections were not used. @ngular distortions are also apparent, with the largest appearing

Analyses were performed by Canadian Microanalytical Service Ltd. at S(1)-Cu—0O(T) (103.41(18)) and Cl(1a)-Cu—O(T) (167.22-
Preparative Details. CiH160,Ss, Ligand L. Sodium metal (2.3 (20)°).

g, 0.10 mol) was dissolved in commercial absolute ethanol (200 mL)  Each copper atom is bridged to two other coppers by cis-

under an atmosphere of nitrogen and heated to reflux. After the addition related chlorines so that a (El), chain is created that is

of 2-mercaptoethanol (7.8 g, 0.10 mol), the solution was refluxed for kinked sharply (96.05(9) at each copper but less so (144.30-

10 min and 2,5-bis(chloromethyl)thiophene (9.1 g, 0.050 mol) in (12y) at the chlorines. These chains are cross-linked by the

benzene (100 mL) was added dropwise over 3 h. The mixture was grganic ligands with arms from two different ligands attached

refluxed for another 1 h, and then the solvent was removed on a rotaryto any given copper. Each organic ligand bridges to a different

evaporator to leave a yellowish-brown oil. The oil was extracted with (Cu—Cl), chain. Overall, the structure consists of (GDI),

chloroform (3 x 60 mL), and the extracts were washed with water . ] . -
and dried over CaGl Removal of the solvent gave a thick liquid, a_nd (C_U_L)“ chains W'th_CT 1ons _embedded_ in the three-
dimensional network to give electrical neutrality.

which crystallized overnight at 8C. Recrystallization from benzene/
acetone (50:50) gave white crystals of ligand L. Yield: 5.0 g (38%).  The IR spectrum (Nujol mull) of [CuCI(L)][CI] } » has a broad
Mp: 39—40°C. MS: calcd for [GoH160.S3]+, m/z= 264.0316; found, band of medium intensity centered at 3160 ¢rthat is typical
m/z= 264.0310. NMR (CDQ in ppm from TMS internal standard, ~ of coordinated hydroxyl. There are also bands of weak to
position identification, see IntroductionfH, 6.73 (s, 2H, H1), 3.87 medium intensity at 300 and 238 cf While the former is
(s, 4H, H3), 3.66 (gJ) = 6.1 Hz, 4H, H5), 2.85 (1) = 6.0 Hz, 2H, too weak to be a typical terminal Gl stretch, the latter is
H6), 2.68 (1.J = 6.2 Hz, 4H, H4);C (proton decoupled), 141.6 (C2),  similar to bands seen in spectra of many dinuclear Cu(ll) species
125.9 (C1), 60.5 (C5), 34.3 (C4), 30.6 (C3). with chlorine bridged?

{[CuCI(D)]ICI] }n. Solutions of CuGF2H,0 (170 mg, 1.00 mmol) . . . }
in ethanol (10 mL) and ligand L (264 mg, 1.00 mmol) in ethanol (10 (L)-;-[h(;]s}on“r?assti[enfgljw(l))langg”a)ltezlleSCE)trgzlcjz ;psehcé[ﬁg;{?;ugéo nm

mL) were mixed. The deep green solution was filtered quickly and /- - . ;
left standing in an open beaker until the solution had been reduced toSlmllar to those of other Cu(ll) species with thioether and

a volume of about 5 mL when a dark brownish-green crystalline solid chlorine ligands in a pseudooctahedral coordination splere.
was deposited. The crystals were separated, washed with a little

acetone, and dried in air. Yield: 249 mg (62%). Mp: 13 dec. (11) gGegmain, G.; Main, P.; Woolfson, M. Mcta Crystallogr1971, A27,

ﬁg%ls Clgaéidn;(,)r goggs(;l;caozfsogccfol(;%;éuoisgloﬂ78 cu, (12) Gabe, E. J.; Lee, F. L; LePage, Y.Gnystallographic Computing;3
e T OREhy T TR M 0B e S D Sheldrick, G., Kruger, C., Goddard, R., Eds.; Clarendon Press: Oxford,
X-ray Studies. A summary of crystallographic data f¢fCuCl- 1985; p 167.

(D]ICI}nis in Table 1. The diffraction intensities were collected at (13) International Tables for X-ray Crystallographitynoch Press: Bir-

295 K using thed/26 scan technique with profile analy¥isat a scan mingham, England, 1974; Vol. IV, Table 2.2A.

(14) Lucas, C. R.; Liu, S.; Newlands, M. J.; Charland, J. P.; Gabe, E. J.
Can. J. Chem1989 67, 639.
(15) Wu, H.; Lucas, C. Rlnorg. Chem.1993 32, 526-531.

speed of 4/min to a maximum 2 value of 45.0. Three standards

(8) Wentworth, W. EJ. Chem. Educl965 42, 96. (16) De Munno, G.; Julve, M.; Lloret, F.; Faus, J.; Verdaguer, M.; Caneschi,
(9) Deming, W. E Statistical Adjustment of Datdohn Wiley and Sons: A. Inorg. Chem.1995 34, 157-165.
New York, 1943. (17) Liu, S.; Lucas, C. R.; Hynes, R. C.; Charland, JCRn. J. Chem.

(10) Grant, D. F.; Gabe, E. J. Appl. Crystallogr.1978 11, 114. 1992 70, 1773.
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Figure 1. (a) ORTEP diagram of[CuCI(L)][CI] }» with 50% probability thermal ellipsoids. (b) Stick drawing of the chains.

Table 2. Positional Parameters and Equivalent Isotropic
Temperature Factors f¢{CuCI(L)][CI] }n

atom X y z Bso?

Cu 0.77293(16) —0.25617(13) 0.57361(5) 1.92(4)
CI(1) 0.5454(4) —0.3313(3) 0.50873(11) 2.59(11)
Cl(2) 0.7340(4) —0.2245(3) 0.27271(10) 3.34(12)
S 0.2761(3) 0.2411(3) 0.56062(9) 2.30(10)
C(1) 0.3149(16) 0.1668(11) 0.6675(4) 3.0(5)
C(2) 0.3401(14) 0.1147(10) 0.6124(4) 1.8(4)
C(3) 0.4096(14) —0.0296(11) 0.5973(4) 2.2(4)
S(1) 0.6583(3) —0.02379(25) 0.56606(11) 2.12(10)
C(4) 0.8035(4) 0.0521(10) 0.6250(5) 2.8(5)
C(5) 0.8616(16) —0.0593(10) 0.6685(4) 2.8(4)
0(1) 0.9531(10) —0.1724(7) 0.6361(3) 2.4(3)
C(1) 0.2542(18) 0.3113(11) 0.6679(4) 3.0(5)
C(2) 0.2162(14) 0.3659(9) 0.6140(4) 2.0(4)
CE3 0.1489(14) 0.5109(11) 0.6008(4) 2.6(4)
S(I) —0.1024(3) 0.5127(3) 0.57158(11) 2.13(10)
C(4) —0.2449(17) 0.4337(9) 0.6298(5) 2.7(5)
C(5) —0.3002(16) 0.5353(12) 0.6786(4) 3.1(5)
O(1) —0.3979(12) 0.6537(7) 0.6563(3) 3.7(3)

aBiso IS the mean of the principal axes of the thermal ellipsoid.

Table 3. Selected Bond Lengths and Angles{ifCuCI(L)][CI] }n
Distances (A)

Cu—ClI(1) 2.261(3) CuS(1) 2.338(3)

Cu—Cl(1a) 2.772(3) CuS(1) 2.345(3)

Cu—0(1) 2.045(6) CuO(T) 2.380(7)

Angles (deg)

Cl(1)-Cu—Cl(1a) 96.05(9) Cl(1yCu—S(1) 91.02(10)
CI(1)—Cu—S(2) 86.69(10) CI(1)yCu—0O(1) 173.12(20)
Cl(1)-Cu—0(1) 94.33(21) Cl(1ayCu—S(1) 83.85(9)
Cl(1a)-Cu—S(1) 91.27(9) Cl(1a)Cu—0(1) 87.64(20)
Cl(la)-Cu—0O(1) 167.22(20) S(1yCu—S(2) 174.38(10)
S(1}-Cu—0(1) 83.59(19) S(HCu—0(1) 103.41(18)
S(1)—-Cu—0(1) 99.05(19) S(3}—Cu—0(2) 81.90(18)
O(1)-Cu—0(2) 82.8(3)

In both N,N'-dimethylformamide and dimethyl sulfoxide solu-

tions its spectrum consists of a shoulder at 420 and a main peak

at 900 nm withe = 81 L mol~t cm™L. In view of the polymeric

nature of the solid and the spectral changes between solid an
solution, it is probable that the solution structure is not the same
as that of the solid. Since similar complexes are known to

dissociate both thioether and chloride ligands in these sol¥ents,
it is likely that{[CuCI(L)][CI] } » exists in solution as some form
of fragmented solvate. Cyclic voltammetry is consistent with
this conclusion.

Cyclic voltammograms of [CuCI(L)][CI] }. in acetonitrile
are characteristic of quasi-reversible processes Bigh— 520
mV vs SCE andAE, = 120 mV while those in nitromethane
are very similar withEy, = 560 mV vs SCE and\E, = 100
mV. These voltammograms f§fCuCI(L)][CI] } , with its SO,

Cl, coordination sphere are similar to those for Cu(ll) species
with S;0Cl, coordination spheres under comparable condi-
tions1®> The small differences irEy, (2040 mV) can be
attributed to the differences in the coordination sphéfég.

The magnetic susceptibility at room temperature°@pwhen
corrected for diamagnetic effects and TIP (801076 cgsu/
mol) gave a magnetic moments = 1.72 ug. Magnetic
susceptibility measurements over the temperature ran@es
K produced the results displayed in Figure 2. The local
maximum at about 20 K implies antiferromagnetic coupling,
and the low-temperature “tail” is typical of the presence of small
amounts of a paramagnetic impurity that can be modeled in
dinuclear systems if the impurity is assumed to follow the Curie
law and to have the same molar mass gHdctor as the main
component in the systetnThe X-ray structure of [CuCI(L)]-
[CI]}n shows that its (C&Cl), chains have uniform distances
between coppers, which implies a single intrachain value for
the coupling constant], described by the Hamiltonian

H = —2JU.Zss,

under the assumption that coupling occurs only between adjacent
coppers in the chains.

On the basis of these considerations, an attempt was made
to fit the data al > 20 K to the numerical expression developed
by Bonner and Fishé&tand by Halt®for an isolated Heisenberg

(18) Addison, A. W.Inorg. Chim. Actal989 162 217.

d19) Bonner, J. C.; Fisher, M. B2hys. Re. 1964 A135 640.

(20) Hall, J. W. Ph.D. Dissertation, North Carolina University, Chapel Hill)
(cited by Estes et al.: Estes, W. E.; Gavel, D. P.; Hatfield, W. E.;
Hodgson, D. J.Jnorg. Chem.1978 17, 1415).
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Figure 2. ym corrected for diamagnetic effects ¥s Solid line is theoretical curve obtained wigh= 2.06,Jk = —19.1 K (=2J = 26.4 cm'}),
J = —1.68x 10 erg (—8.46 cnT?), andp = 0.016.

chain consistent with structural features of the chains. In the
5 ) tetragonally elongated octahedral coordination sphere about
~ N8 0.25+ 0.1499X + 0.3009K copper, the magnetically active orbital is the ¢ that lies in
Xe KT 1.0+ 1.9862 + 0.688542 + 6.0626¢ the plane roughly defined by one Cl, one O, and two S-donors.

The remaining Cl, forming the bridge to the adjacent copper,
whereX = |J|/KT. The quality of the fit, however, was poor is onthe locak axis. Thus, the bridge is essentially orthogonal
throughout the entire temperature range, but especially near 20to the magnetic orbital, leading to poor coupling between
K, and of course, the calculated curve did not show the impurity adjacent coppers, as observed. The interchain antiferromagnetic
“tail” below 20 K. The poor fit suggested the possibility of interaction is weak but apparently significant since fits of
interchain interactions, and the theoretical equation was thereforeexperimental data to a model that does not include it are poor.
modified to take these into account through a molecular field There are three obvious interchain contacts along which this
correctior? coupling may be propagated. These are between Cl of one chain

and S(1) of another (3.1620(6) A), between CI and S(1)

% = (nd/l1 — (22374 /(NEB)] (3.4291(6) A), and between O(1) and Q(@.9377(7) A). The

sums of the van der Waals radii of the atoms concerned are

wherel is the interchain exchange in ergs anh the present 3,60, 3.60, and 3.00 A, respectivéfy There is no obvious role
casez = 4) is the number of nearest neighbor chains to each jn the interchain coupling for the ionic chlorides embedded in
chain as determined from the X-ray structure. The fitimproved the structure since each is more than 3.6 A from any copper
dramatically and correctly predicted the temperature of the atom (sum of van der Waals radii is 3.3 #). The ionic
maximum near 20 K. Although the molecular field approxima- chjorides do, however, lie close (2.519 A) to one hydrogen on
tion is considered a poor method for dealing with secondary c3 at a distance that is convincingly less than the sum of the
magnetic interactions when these interactions are less than 5 okjan der Waals radii (2.90 & The Curie “tail” impurity of
10 times the magnitude of the primary interactiéfi,has the 1.6 mol % seems rather high, but we note that even larger
merit that it is relatively easy mathematically to apply compared «impurity” levels have been reported in other curve-fitting results
to the alternative, which is a theoretical approach with both fqor polymeric copper systent8. One may speculate that the
primary and secondary magnetic interactions appearing in thegpen or basket-weave structure from the intersecting chains
spin Hamiltonian. The Curie “tail” was added to the curve by affords interstices into which not only the ionic chlorides but
including a parameterp, to represent the mole fraction of aiso the “impurities” may fit. In addition, chain ends may
impurity according t& contribute to the Curie “tail” noncoupled “impurity”.

2.2 .
¥ =1—p)+ ka_? o+ TIP Conclusions

Use of an acyclic tetradentate organic ligand with a rigid
The final fit is displayed in Figure 2 and was obtained wgth ~ planar spacer in its center plus bridge-forming chloride ligands
= 2.06,Jk = —19.1 K (-2 = 26.4 cnT!), J = —1.68 x has resulted in the generation of an interwoven structure of (Cu
1015 ergs (8.46 cn1?), andp = 0.016. Cl), and (Cu-L), polymer chains with internal void spaces. In

The relatively small value ofl/k is consistent with the  the present case, these voids are partially occupied byo@s.

appearance of a local maximum in thes T curve at about 20  The structure is not stable in the presence of solvents but rather
K. By using the expressiéh|—2J|/kTmax =~ 8/5, the value of gives rise to solutions most likely containing solvated monomer
|—2J| can be estimated as22 cnTl, a value close to that units or even solvated metal halide and dissociated ligand
obtained from the fitting process. This small value is also depending on the nucleophilicity of the solvent used. The

(21) McElerney, J. N.; Merchant, S.; Carlin, R.lhorg. Chem1973 12, (24) Huheey, J. E.; Keiter, E. A.; Keiter, R. linorganic Chemistry;
906. Principles of Structure and Reactfy, 4th ed.; HarperCollins: New
(22) O’Connor, C. JProg. Inorg. Chem1982 29, 203-283. York, 1993; p 258.

(23) Carlin, R. L.; van Duyneveldt, A. dagnetic Properties of Transition (25) Tandon, S. S.; Thompson, L. K.; Bridson, J. N.; McKee, V.; Downard,
Metal CompoundsSpringer-Verlag: New York, 1977. A. J.Inorg. Chem.1992 31, 4635-4642.
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antiferromagnetic couplings plus small amounts of noncoupled as is measurement of the variable temperature magnetic
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magnetic material, this approach has nonetheless reduced

antiferromagnetic couplings to small values. In future experi-  Supporting Information Available:  Details of the structure
ments, inclusion in the voids of anions other than chloride that determination, tables_ of_ bond Iengths and angles and anisotropic thermal
have suitable uncompensated moments and that will be pref-Parameters, and a listing of atomic coordinates (8 pages). Ordering
erentially oriented by steric interaction with the walls of the information is given on any current masthead page.

voids will be attempted. 1C961242W



