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The synthesis and characterization of three lithium complexes of selenophosphorus anions are presented: namely,
a lithium selenophosphinite [Ph,PSeLi-TMEDA],, 1; a lithium diselenophosphinate [Ph,PSe,Li-THF-TMEDA], 2;
and a dilithiated triselenophosphonate complex [(c-CgsHi1)PSesLiz»2TMEDA], 3. The selenophosphinite 1 was prepared
using the insertion reaction of elemental Se into the P—Li bond of lithiated diphenylphosphine, and this was then
oxidized by additional Se to give 2. Dilithiation of a primary phosphine followed by reaction with 3 equiv of elemental
Se gave the triselenophosphonate 3. X-ray crystallography reveals 1 to be a dimer in the solid state with two
different bridging coordination modes exhibited by the selenophosphinite ligands, and 2 and 3 to both be monomeric.
In addition, solution studies using multinuclear (P and "’Se) and variable-temperature NMR show the anionic
charge to be predominately localized on the Se in 1, and fully delocalized over the PSe, and PSe; moieties
respectively in 2 and 3.

Introduction however, further work in this area has been hampered by
the high air sensitivity and pungent nature of these com-
pounds. This has led us to turn our attention to seleno- and
tellurophosphorus ligands (specifically chalcogen derivatives
of lithiated primary and secondary phosphines) as these

Although the chemistry of alkali-metal complexes contain-
ing alkoxide and thiolate ligands has been well studittg
chemistry of the heavier group 16 homologues, the seleno-
Iatt(ajshand te:lurolateil, 'SbSt'" artelattlllelytunderdet\t/elct>_ped ?Lpfaspecies tend not to suffer so much from the instability,
and has only recently begun 1o attract more attention. This oxicity, and foul smell that are often associated with the

re(?e_nt interest has been prompted by the desire for new andLrgano derivatives of Se and Te. In addition, the related
e];f(l,(c::frnstofsy?;hs?:risic(];%:jl:r(]:ﬁ;al sglzlr?%gein;adtiznag dgze aLsthiophosphorus ligands display a wide range of coordination
glso by the search for newgreagents for the synthesis Ofpatterns resulting in a great diversity Of. molecula_r and
leni d telluri taini . supramolecular structures and have received considerable
selenium-and teflurium-containing organcs. __attention in the literatur® Despite this, only a handful of
We_have been interested in the s-block metal coordination y,at4 complexes with seleno- or tellurophosphorus ligands
chemistry of alkyl and aryl selenolates and telluroldtes; have been reported, and to date the only X-ray diffraction
At - p rould be add S A study of an alkali-metal complex of such a ligand is that of
ic.aéA.\LlJth.or to whom correspondence should be addressed. E-mail: r. aVIeS@[Naz'(SQPPI’Q)'THF‘SHzo] formed in 'small yield a}s one of
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Chemistry 1] Abel, E. W., Stone, F. G. A., Wilkinson, G., Housecroft, Sq,.7 Alkali-metal complexes of mixed chalcogen dichalco-

C. E., Eds.; Elsevier Science Inc.: New York, 1995; Vol. 1, p 1. (b) . .
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P. Chemtronicsl991, 5, 61. (C)yAmmd’ JProg. Inorg. Chem1995 Kuchen and Hertél, and chalcogenotellurophosphinates

43, 353. (d) Gleizes, A. NChem. Vap. Depositio800Q 6, 155. (e) R:P(X)Te (X = O, S, Se, Te) by Bildstein and SladRy.
Bochmann, M.Chem. Vap. Depositioh996 2, 85.
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compoundsPatai, S., Rappoport, Z., Eds.; Wiley: New York, 1986; Chem.2001 1411.
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Lithium Complexes of Selenophosphorus Ligands

Table 1. Summary of Crystal Structure Data ftoy 2, and 3?2

1 2 3
empirical formula GeHs2LioN4PSe CaoH34LiIN,OPSe Csg.8Hgoli sNgP.Se;
fw 774.56 538.34 1240.66
cryst size (mm) 0.3% 0.30x 0.28 0.13x 0.13x 0.10 0.15x 0.12x 0.12
cryst syst triclinic monoclinic tetragonal
space group P1 P2i/c 14q/a
a(A) 12.0608(4) 13.9080(8) 37.2074(5)

b (A) 13.8132(5) 12.3260(9)

c(A) 13.8828(4) 15.7120(6) 17.2586(3)
o (deg) 91.934(2)

B (deg) 113.640(2) 110.988(3)

y (deg) 104.794(2)

V (A3) 2024.18(12) 2514.8(3) 23892.6(6)
z 2 4 16

Pcalcd (Q/CNP) 1.271 1.422 1.380

6 range (deg) 1.6227.46 2.95-25.05 2.93-25.02
w (mm1) 1.934 3.019 3.761

no. of refins 13042 6335 20646

no. of unique reflnsRin) 9178 (0.0254) 4364 (0.0360) 10525 (0.0565)
no. of params 453 266 605
R1[Fo? > 20(FoA)]P 0.0380 0.0372 0.0460
WR; (all datay 0.1171 0.0914 0.1057

min/max electron residue (e?p

+0.818/-0.394

+0.586+0.510

+0.603/-0.466

a Parameters in common: ModKradiation,A = 0.71073 A; temperature 180(2) K.’ Ry = S|Fq| — |Fcl/S|Fol. SWR: = [IW(F2 — F2)2/5 (Fo2)2] Y2,

We report here the first crystallographic study of solvated  Synthesis of [PhPSeLi-THF-TMEDA], 2. n-BuLi (1.6 M in
lithium salts of a selenophosphinite anibna diselenophos-  hexanes, 3.2 mL, 5 mmol) was added tof (0.86 mL, 5 mmol)
phinate anior2, and a triselenophosphonate diani&nas and TMEDA (0.75 mL, 5 mmol) in 2 mL of toluene/4 mL of THF,
well as full structural characterization of these species in then reacted with a suspension of powdered gray Se (0.80 g, 10
solution using multinuclear and variable-temperature NMR Mm0l) in 4 mL of toluene at-78°C, and allowed to warm slowly
spectroscopic studies. In addition, we present a new and high-to room temperature to give a clear yellow solution. Crystal2 of

. L - from this solution at room temperature over 24 h in 91%
ielding route to lithium triselenophosphonates suci8as 9™V P
y g phosp yield (2.46 g). Mp: 153+153°C. *H NMR (250 MHz, GDg): 0

= 1.50 (m, 4H; THF), 1.80 (s, 4H; TMEDA), 2.01 (s, 12H;
TMEDA), 3.66 (m, 4H; THF), 7.038.69 (m, 10H; P§P—). 3C
General Procedures.All reactions and manipulations were  NMR (101 MHz, ds-DMSO): 143.5, 130.9, 128.4, 126.7 (P

carried out under an inert atmosphere of dry nitrogen or argon using), 67.1 (THF), 57.3, 45.6 (TMEDA), 25.2 (THF}!P NMR (162
standard double manifold and glovebox techniques. Purification and CeDe): O = 20.7 (s+ d satellites Jpse= —585 Hz).”’Se

drying of the solvents were done using standard metHoek.PH (51.5 MHz, GDg): 0 = —41 (d, 2pse = —578 Hz). Elemental
and CyPH were purchased from Strem and all other chemicals anal.: calcd C 49.08, H 6.37, N 5.20, P 5.75: found C 48.84, H
from Lancaster. 6.40. N 5.24. P 5.73
NMR spectra were recorded on either a Bruker DPX489 ( T . .
and3!P) or a Joel EX270 Delta Upgrade (low-temperatiifReand h Synthes:lgszof EC}éPSQ_Izl ZTMED;‘}’ d3.t néBUI‘é' 3%6 I'_VI 2|n5
77Se) spectrometer. The standards used were THMSHC), 85% exanes, 3.2 mL, 5 mmol) was added to CyRB.33 mL, 2.
mmol) and TMEDA (0.75 mL, 5 mmol) in 4 mL of toluene/4 mL

H3PO, (3P), or MeSe (7Se) all referenced t6 = 0.0 ppm. The ¢ hi ut h ith
melting points were measured in sealed capillaries under argon. of THF. This so u“?” was then reacted with powdered gray Se
(0.60 g, 7.5 mmol) in 4 mL of toluene at78 °C and allowed to

Synthesis of [PRPSeLir TMEDA] , 1.n-BulLi (1.6M in hexanes, ) .
3.2 mL, 5 mmol) was added to BH (0.86 mL, 5 mmol) and warm slowly to room temperature to give a clear yellow solution,

TMEDA (0.75 mL, 5 mmol) in 4 mL of toluene/2 mL of THF. whi(_:l_w was then reduced in volume to give a yellow oil before
The resulting solution was then transferred onto powdered gray Se&ddition of 2 mL of hexane and 3 mL of toluene. Crystals3of
(0.40 g, 5 mmol) in 4 mL of toluene at78 °C and allowed to grew from this solution over 7 days at30 °C in 81% vyield (1.26
warm slowly to room temperature to give a clear yellow solution. 9)- Mp: 98-101°C.*H NMR (250 MHz, GD): 9 = 0.90-2.46
This solution was subsequently reduced in volume to ca. 5 mL (M, 11H; GH1;,—), 1.89 (s, 8H; TMEDA), 2.21 (s, 24H; TMEDA),
and left for 48 h at 5C to yield colorless crystals df (1.37 g, 2.24 (s, 3H; toluene), 7.14 (m, 5H; toluen&C NMR (101 MHz,
71%). Mp: 139-140°C. H NMR (250 MHz, GDg): 6 = 1.74 ds-DMSO): 57.6 (TMEDA), 56.6 (€H1:~), 46.0 (TMEDA), 28.3,
(s, 4H; TMEDA), 2.02 (s, 12H; TMEDA), 7.028.09 (m, 10H:; 27.8,27.2, 27.0, 26.4 (@l11—). ¥P (162 MHz, GDe): 6 = 7.27
PhP-). 13C NMR (101 MHz, ds-DMSO): 148.3, 132.5, 128.7, (s + d satellites/Jpse= —477 Hz).”’Se (51.5 MHz, €D¢): 6 =
126.8 (PhP—), 57.3, 45.6 (TMEDA) 3P NMR (162 MHz, GDe): 166 (d, Jpse= —474 Hz). Elemental anal.: calcd C 37.24, H 7.28,
0 = 5.1 (s+ d satellites,"Jpse = —316 Hz)."’Se (51.5 MHz, N 9.20 for 3-Y/4toluene; found C 36.96, H 7.19, N 8.82.

CeDe): 0 = —233 (d,"Jpse= —321 Hz). Elemental anal.: calcd C X-ray Structure Determinations of 1, 2, and 3.The crystals
55.82, H 6.77, N 7.23; found C 54.76, H 6.65, N 7.47. were all taken directly from the mother liquor, covered with a
perfluorinated ether, and mounted on the top of a glass capillary

Experimental Section

9) Eydielin, B.; Sladky, FPhosphorus, Sulfur Silicon Relat. Eleh®90Q under the flow of cold gaseous nitrogen. The data for all three
(10) Perrin, D. D.; Armarego, W. L. F.: Perrin, D. Rurification of crystals were collected on a Nonius Kappa CCD diffractometer

Laboratory Chemicals2nd ed; Pergamon Press: Oxford, U.K., 1980. equipped with an Oxford Cryostream low-temperature device.
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Scheme 1. The Synthesis of Complexds 2, and3

nBuLi Se

Ph,PH ——= [Ph,PL.TMEDA], [Ph,PSeLi. TMEDA], 1

TMEDA, THF
2&:\ %e

[Ph,PSe,Li TMEDA.THF] 2

. 2nBuli/2TMEDA
CyPH, 2PBuL2TMERR 1 oyPSesli, 2TMEDA] 3
2.38e

Crystal data and other information on the structure determination
procedures are given in Table 1.

The structures were solved by direct meth&dsnd refinement,
based onF?, was by full-matrix least-squares techniqd@syith
weightingw™ = [0%(F,?) + (aP)* + (bE)]’ Wh?re P : (Fo? + . Figure 1. Solid-state structure of [BRSeLiTMEDA],, 1. Hydrogen atoms
2FA)/3. Non-hydrogen atoms were refined with anisotropic dis- and disorder in one of the TMEDA ligands are omitted for clarity.
placement parameters, and isotropic H atoms were constrained with

a riding model. Disorder was found in the structures of lo#md Table 2. Selected Bond Lengths (A) and Angles (deg) for Complex
3. Two alternative positions were resolved and refined for three of  p(1)-se(1) 2.233(1) P(®)Se(2) 2.200(8)
the carbon atoms in one of the TMEDA ligands in with Se(1)-Li(1) 2.623(4) Se(2yLi(1) 2.589(5)
occupancy factors 0.64:0.36(1); five carbons of the cyclohexyl group ~ Se(1)-Li(2) 2.564(5) P2y Li(2) 2.508(5)
on one of the two molecules in the asymmetric unit3pf0.80: P(1)-Se(1}-Li(1)  103.60(11) P(2Se(2)-Li(l)  95.52(11)

0.20(1); and three carbons on one of the TMEDA groups of the P(1)-Se(1)-Li(2) 115.59(12) Se(BP(2y-Li(2) 103.39(12)
same molecule in3, 0.59:0.41(1). Restraints were applied to  Se(1)-Li(1)-Se(2) 108.03(17)  Se()Li(2)—P(2) 97.30(17)
geometry and displacement parameters in the disordered groups. Li(1)—Se(1)-Li(2) 95.66(15)

(Scheme 1). It is interesting to note that use of less than 3
equiv of Se also resulted in the synthesi8ddilbeit in lower

Treatment of lithiated diphenylphosphine with 1 equiv of Yield. Currently the only other characterized examples of
elemental Se in the presence of the Lewis base donortrise!enophosphinate cqmplexes are th_e platinum salts syn-
TMEDA (tetramethylethylenediamine) gave Se insertion into thesized from the reaction of (PhRBewith PtCh(PRs)..*°
the P-Li bond to form [PRPSeLiTMEDA]>, 1 in high yield. However Karaghiosoff has indicated that these species are
This lithium selenophosphinite was then oxidized by addition @IS0 accessible from reaction of RR@lith Na,;Se and Na
of another equivalent of Se to give the lithium diseleno- S& in a 1:1:1 ratiot®
phosphinate [P#PSeLi-TMEDA-THF], 2. However, better All of the complexesl—3 were isolated as colorless air-
yields of2 were achieved from reaction of the initial lithiated ~ Sensitive crystalline solids. X-ray diffraction studies shbw
diphenylphosphine with 2 equiv of Se (Scheme 1). Such seto dimerize in the solid state via a five-memberedSe-
insertion reactions into polar-RVl bonds have been known Li—Se-Li ring (Figure 1) with each lithium atom bis-
for many yeard? and have proved to be one of the most coordinated by one TMEDA molecule. Two different
valuable methods for the synthesis of organic selenolatescoordination modes are displayed by the selenophosphinite
since they do not require the use of readily oxidized selenols i9ands in this structure; end-on bridging from Se to two Li
as starting materiafsindeed, reaction of metalated diorga- and side-on bridging from Se to one Li and P to another Li.
nylphosphides with elemental chalcogens to give dichalco- The P-Se bond lengths (2.233(1) and 2.200(8) A; Table 2)
genophosphinates has already been employed in the Synthespgithin the selenophosphinite units are consistent wittSe
of chalcogenotellurophosphinateanother published route  Single bonds; with the side-on bridging unit having the
to diselenophosphinates is the reaction of chlorophosphines Slightly shorter bond. This suggests that the negative charge
R,PCI, first with selenium to give #(Se)Cl and then with IS essentially located on the selenium atoms ipFPiBe”

2 equiv of NaSeH to give the sodium salt of the diseleno- Units, with negligible contribution from the HR(Se)
phosphinate and hydrogen selenfdé. tautomer. The localization of the negative charge on the Se

We then attempted to extend the synthetic procedure toiS @lso reflected in the high upfield shifd (= —233 ppm)
the reaction of 3 equiv of elemental Se with a dilithiated of the doublet in thé’Se NMR of1. This behavior therefore
primary phosphine, CyPL(Cy = c-CeHs). As was hoped, contrasts with that reported for the conjugate acids of
two Se inserted into the-FLi bonds and the third Se oxidized chalcogenophosphinites which exist almost exclusively in
the phosphorus(lll) to phosphorus(V) to yield the dilitnium their secondary phosphine chalcogenide tautomeR,(RH,

triselenophosphonate complex [CyRSe2TMEDA], 3 X = O, S, Se], and hence contain &8e double bond for
all but the electron withdrawing GEubstituted compounds

Results and Discussion

(11) Sheldrick, G. MActa Crystallogr., Sect A99Q 46, 467.
(12) Sheldrick, G. MSHELXL 97, program for crystal structure refinement ~ (15) Parkin, I. P.; Pilkington, M. J.; Slawin, A. M. Z.; Williams, D. J,;

University of Gdtingen: Gitingen, 1997. Woollins, J. D.Polyhedron199Q 9, 987
(13) (a) Foster, D. GOrganic SyntheseyViley: New York, 1955; Collect. (16) Karaghiosoff, K.; Eckstein, KPhosphorus, Sulfur Silicon Relat. Elem.
Vol. lll, p 771. (b) Reich, H. J.; Cohen, M. L.; Clark, P. Srg. Synth. 1993 75, 257.
1979 59, 141. (17) Mean P-Se single bond length of 25 structures from the Cambridge
(14) Kuchen, W.; Knop, BAngew. Chem., Int. Ed. Endl965 4, 244. Crystallographic Structural Database, 2.26 A.
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Figure 2. 3P NMR spectra ofl at (a) 15°C, (b) —40 °C, and (c)—70 °C. The centraP'P peak is truncated for clarity in each case.
which exist as their chalcogenophosphinous tautomers (R
PXH; R= CFs; X = O, S)5

We attempted to observe the presence of the two coordi-
nation modes of the selenophosphinite in solution as well
as in the solid state usingP NMR. At room temperature
the 3P NMR spectra ofl consisted of only one peak with a
pair of ""'Se satellites 'Jpse = —314 Hz), but as the
temperature of the solution was lowered the satellites became
broader, and at-70 °C the main peak was observed to split
into two unequal peaks (see Figure 2). This leads us to
believe that a dynamic equilibrium is occurring between the
two coordination modes at room temperature which can be
frozen out at low temperatures. It has been ShOWI‘llﬂwag Figure 3. Soli_d-state struc'ture of [BRSeLi-THF-TMEDA], 2. Hydrogen

. . atoms are omitted for clarity.

coupling constants can be directly related to & bond
length and the coupling constant in this case is well within
the range expected for ai5e single bond-(200 to—620

The solid-state structure @fis monomeric with the lithium
18 . L cation coordinated asymmetrically by one THF and one
Hz).™® Although the ambivalent character of anionig®" 1\ \EpA molecule (Figure 3). The solid-state structures of
(E=0, S, Se, Te) ligands has attracted much interestin they, .o gther complexes containing this ligand have previously
past, the vast majonty_of §tud|e§ have concentrated on thepaen reported in the literature: [N8ePPh)-THF-5H,0]/7
oxygen and sulfur derivativéswith the only other solid- [Ni(S&;PPh),],2° and [CpTi(S&PPh)].2 In common with

Istate strgctural characterization of.a sre;!egiuhm—bssedhhomo—these previously reported examples the tweS@ bonds in
ogue being (COMN[SeP(c-GHu)o] in which the phospho- 5 50 approximately the same length [2.141(1) and 2.147(1)

selenollslte ligand adopts gAcoordination mode to the metal A; Table 3] and are of a value between those expected for
center. a P-Se singlé” and double boné indicating complete
delocalization of the negative charge throughout the,PSe

(18) (a) Duddeck, H. IrEncyclopedia of Nuclear Magnetic Resonance  (19) Lindner, E.; Bosch, E.; Fawzi, R.; Steimann, M.; Mayer, H. A;

Grant, D. M., Harris, R. K., Eds.; Wiley: New York, 1996; Vol. 7, p Gierling, K. Chem. Ber1996 129 945.
4623. (b) Duddeck, HProg. Nucl. Magn. Reson. Spectrod@95 (20) Gastaldi, L.; Porta, RCryst. Struct. Commurl977, 6, 175.
27, 1. (21) Gelmini, L.; Stephan, D. WOrganometallics1987, 6, 1515.
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Table 4. Selected Bond Lengths (A) and Angles (deg) for Com@Bex

P(1)-Se(1) 2.177(1) Se(BLi(1) 2.579(8)
P(1)-Se(2) 2.206(1) Se(2)Li(1) 2.573(8)
P(1)-Se(3) 2.171(1) Se(2)Li(2) 2.549(9)
P(1)-C(1) 1.857(5) Se(3yLi(2) 2.539(10)

C(1)-P(1)-Se(l)  108.67(19) P(®Se(l}-Li(l)  80.08(18)
C(1)-P(1)-Se(2)  104.34(18) P(BSe(2)-Li(l)  79.67(18)
C(1)-P(1)-Se(3) 107.19(17) P(BSe(2)}-Li2)  79.5(2)
Se(1y-P(1-Se(2) 110.85(5) P(BSe(3)y-Li(2)  80.3(2)
Se(2)-P(1)-Se(3) 110.26(6)  Se(3P(1)-Se(l) 114.92(6)

length [mean 2.561 A, range 2.539(3®.585(9) A; Table
4]. However, two different PSe bond lengths are observed
within each dianionic unit: two short-PSe(terminal) bonds
») < (mean 2.17 A) and one slightly longerBe(bridging) bond
Figure 4. Solid-state structure of [(c4El1)PSeLi»»2TMEDA], 3. Only (mean 2.21 A). All the P-Se bonds are therefore longer than
one of the monomeric molecules in the asymmetric unit is shown. Hydrogen expected for P-Se double bonds and also slightly longer
atoms and disorder in the TMEDA ligands are omitted for clarity. than the delocalized-PSe bonds observed B) but shorter
Table 3. Selected Bond Lengths (A) and Angles (deg) for Compex than expected for aPSe single bond such as th This

P(1)-Se(1) 2.141(1) P(DSe(2) 2.147(1) suggests a bond order of/dand is indicative of complete
Se(1)-Li(1) 2.940(6) Se(2yLi(1) 2.848(7) delocalization of the dianionic charge over the P8amit.
P1)-CQ) 1.831(3) P(1yC(7) 1.839(3) This therefore contrasts to the only other published example

Se(1FP(1-Se(2) 115.13(4)  Se(2Li(l)-Se(2)  77.38(15) of a triselenophosphonate dianion present if $etP(Se)-

P(1)-Se(1)-Li(1) ~ 80.99(13)  P(1)}Se(2)-Li(1) 83.13(12) PPH (dppe)}CH,Cl,, in which the phosphoselenolate bonds

gﬁ%ﬁﬁ?iigg igg:gégg gggggg:ggg; iég:gggé; to the metal center through twq Se, eac_h of which is singly

C(1)-P(1)}-C(7)  101.28(14) bonded to the phosphorus, leaving the third Se doubly bonded
to the phosphorus, hence giving one short and two long§é

moiety. The 5-coordinate Li cation @ sits asymmetrically  distances and no delocalizati#hiThe delocalization of the

between the two Se of the diselenophosphinate [Se(1l) double negative charge Bwas also observed in solution

Li(1) 2.940(6) A, Se(2)Li(1) 2.848(7) A]. The discrepancy  using 3P NMR spectroscopy since only one set ée

in these Se-Li bond lengths can be attributed to the steric satellites were observed even at low temperatures (down to

demands of the two different Lewis base donors about the —70°C). In addition, théJpsecoupling constant{479 Hz)

Li. These Li-Se bond distances are much longer than those s of a value consistent with a bond order dfs1 being

observed inl and are in fact the longest £iSe bonds yet  between the values reported fbrand 2.

observed in the solid state by a considerable amount, the

previous longest being 2.7(1) A in [@pu(u-SeGHs),Li- Concluding Remarks

(THF),].22 Their length can be rationalized by a combination  This work has presented a new and high-yielding route to
the hi_gh coordination nu_mber (5) of the lithium and the weak triselenophosphonate ligand systems in the form of their
bonding of the delocalized PSemoiety. The®P NMR lithium salts, and has also provided an insight into the
spectrum of2 consists of a single peak witfiSe satellites  ¢qordination chemistry of a series of anionic selenophos-
and a'Jes. coupling of —585 Hz. The magnitude of this  pnorys ligands. We now hope to use these and related lithium
i:oupllng ci)nstant is between previously reported cOMMON ¢omplexes in transmetalation reactions so as to investigate
Jp-se and Jp—s. values and therefore tallies with a-Se the coordination chemistry of these ligands with other metal
bond order of ¥,% The doublet in the’Se NMR spectra  centers. We are particularly interested at looking at the use
of 2is much further downfield (ab = —41 ppm) than that ot these ligands in single-source precursors for MOCVD
observed foll since the Se atoms are now less well shielded (metal organic chemical vapor deposition) processes toward

only formally supporting &/, negative charge each. group 16 containing semiconducting materials.
Crystallographic studies @& reveal a tetragonal cell with

two structurally identical molecules in the asymmetric unit ~ Acknowledgment. This work was supported by a Re-
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