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Starting from 1,3-dimethyl-4-imidazoline-2-selorig,(1,2-bis(2-selenoxo-3-methyl-4-imidazolinyl-2-)ethaBg (
and 1,3-dimethylimidazolidine-2-selon) ( the following six compounds, [¢E1sN2Se—),]2"+2Br~ (1), [(CsHgN2-
Se—)z 2+.21~ (|| ), [(C5H8ste—)2 2+'C|7°|37 (||| ) [(C5H10N28e—)2 2+-Br*-IBr2* (|V), [(C5H7ste—)2]2+'|37’
Yolg™ (V) and [(GH7N2Se—-);]2"217-CH3CN (VI), in which the selenium compounds are oxidized to dications
bearing the uncommon Se—Se- bridge, have been prepared, andV crystallographically characterized.
andlll were obtained by reactirgwith IBr and ICl respectively, whilél was obtained by reduction of previously
described hypervalent selenium compound ¢5) bearing the +Se—I group with elemental tellurium. These
three compounds contain the samesHgN,Se—),]2" dication balanced by two bromides lintwo iodides inll

and CI and k™ in lll . However, on the basis of the SE€I bond length of 2.778(5) AljI can also be considered
as formed by the [(€HsN.Se-).CI]" cation, with k= as counterion. Similarly ttil , compoundV , which was
obtained by reacting with IBr, can be considered as formed by §fGoN.Se-).Br]* cations and IBs~ anions.

As in Il , compoundV has been prepared by reduction of the hypervalent selenium compowbpbearing
two I—Se—I groups with elemental tellurium. IV, the [(GH;N.Se-),]2" cation is balanced byt and half
1,2~ anions. The structural data show that all the cations are very similar, wit&éond lengths ranging from
2.409(2) to 2.440(2) A. FT-IR and FT-Raman spectra-e¥| allow one to identify two bands around 230

10 and 193t 5 cnv ! that are common to all compounds. These bands are generally strong in the FT-Raman and
weak in the FT-IR spectra and should contain a contribution of/{8e—Se) stretching vibration. The spectra
are also in good agreement with the structural features of the polyhalide anions present in the crystals.
Crystallographic data are as follows$:is monoclinic, space group2;, with a = 9.849(6) A,b = 11.298(5) A,

c = 7.862(6) A8 = 106.44(2}, Z = 2, andR = 0.0362;Il is monoclinic, space grouP2;, with a = 8.063(6)

A, b=11.535(5) A,c = 10.280(5) A, = 107.13(2}, Z = 2, andR = 0.0429,lIl is monoclinic, space group
P24/n, with a = 10.431(7) A,b = 18.073(5) A,c = 11.223(6) A8 = 100.76(23, Z = 4, andR = 0.0490;IV

is monoclinic, space group2:/n, with a = 10.298(5) Ab = 18.428(7) A,c = 11.475(6) A3 = 104.10(4}, Z

= 4, andR = 0.0300;V is triclinic, space grouf1, with a = 7.456(6) A,b = 11.988(5) A,c = 12.508(5) A,

o = 79.32(2), f = 85.49(2}, v = 80.62(2), Z = 2, andR = 0.0340.

Introduction — — —

As a further contribution to the studies concerning the donor/ MeN Me  MeN (CHp-N Me  MeN NMe
acceptor interaction between sulfur and selenium containing Y

compounds and diiodine, we have recehtheported the Se Se Se Se
characterization of three products obtained by reacting 1,3- 1 2n=1 4
dimethyl-4-imidazoline-2-selonel), 1,1-bis(2-selenoxo-3- 3n=2

methyl-4-imidazolinyl)methane2j and 1,2-bis(2-selenoxo-3-
methyl-4-imidazolinyl)ethane3j with 1. [\ /_—_\ /:\

In spite of similar electronic, infrared, and Raman spectra of McN\/NMe MeN -(CHp)N Me
the obtained products, their crystal structures showed that only [ i i

2 yielded the expected doneacceptor complex bearing the —Se—I I—Se—I I—Se—1I
Se—I—I arrangement; 1 and 3 gave rise to the stable hyper- 5 6
ca. 4 . .
® Abstract published ifdvance ACS Abstractaday 1, 1996. valent 10 S_e 3 compound@sand6,* characterized by the Imgar
(1) (a) Universitadi Parma and CNR. (b) Universitdi Milano. (c) I—Se-1 moiety. These and many other results reported in the
Universitadi Cagliari. literaturé@—22 show the minor changes in the structure of the

(2) Bigoli, F.; Pellinghelli, A. M.; Deplano, P.; Devillanova, F. A; ; ; iti
Lippolis. V.: Mercuri, M. L Trogu. E. F.Gayz Chim ltal. 1994 dono_r molecules or in that experimental con_dmons (solvent,
124, 445. For simplicity, compoun@lis shown in the scheme without ~ F€action molar ratios, ...) can lead to unpredictable products.

the two molecules of dichloromethane present in the structure. For this reason, X-ray structural characterization has often been
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of crucial importance in elucidating their structures. In absence
of X-ray data, Raman spectroscopy has been widely employed
to hypothesize the nature of the halides, mostly in the field of
molecular organic conductors doped with diiodine or inter-
halogens. The identification of the type of the halide is
important because it allows an estimation of the extent of the
charge transferred from the donor to the halogfeiwith the
intention of verifying the ability of Raman spectroscopy to
provide useful structural information when X-ray determination
is not applicable, we started a program of synthesis and
characterization of a great number of compounds obtainable by
reacting different substrates having sulfur or selenium donor
atoms with diiodine and also with other halogens and inter-
halogens (B, 1Br, ICI).

With the latter acceptors of increasing strength, the variability
in the structure of the solid compounds obtainable can be
increased further, as shown by the results reported in this paper
We report here the X-ray and Raman characterization of six
compounds containing new dications having the uncommon
—Se-Se- bridge; three of them have been obtained by reacting
1 and4 with IBr or ICI while the remaining was obtained by
means of a new synthetic route consisting of the reductidn of
and 6 with metallic tellurium.

Experimental Section

Materials. Starting materials, 1,3-dimethyl-4-imidazoline-2-selone
(2), 1,2-bis(2-selenoxo-3-methyl-4-imidazolinyl)ethan®), (1,3-di-
methylimidazolidine-2-seloned), 1,3-dimethyl-4-imidazolin-2-ylium

(3) In CHCI; solution, with b compound4 gives the usual 1:1 charge-
transfer complex with formation constakit= (4.95+ 0.22) x 10°
dms-mol~1; Devillanova, F. A.; Verani, GTetrahedrorl981, 37, 1803.
The crystal structure of the solid product has not been solved since it
has not been possible to obtain suitable crystals so far.

(4) 10-Se-3 means that 10 electrons are formally associated with Se to
which 3 ligands are bonded, according to the classification scheme
proposed by Perkinst al: Perkins, C. W.; Martin, J. C.; Arduengo,
A. J.; Lau, W.; Alegrie, A.; Kochi, J.KJ. Am Chem Soc 198Q 102,
7753.

(5) Cristiani, F.; Demartin, F.; Devillanova, F. A.; Isaia, F.; Saba, G.;
Verani, G.J. Chem Soc Dalton Trans 1992 3553.

(6) Demartin, F.; Deplano, P.; Devillanova, F. A.; Isaia, F.; Lippolis, V.;
Verani, G.Inorg. Chem 1993 32, 3694 and references therein.

(7) Cristiani, F.; Demartin, F.; Devillanova, F. A.; Isaia, F.; Lippolis, V.;
Verani, G.Inorg. Chem 1994 33, 6315 and references therein.

(8) Herbstein, F. H.; Ashkenazi, P.; Kaftory, M.; Kapon, M.; Reisner, G.
M.; Ginsburg, D.Acta Crystallogr 1986 B42 575.

(9) Lu, F. L.; Keshavarz-K., M.; Srdanov, G.; Jacobson, R. H.; Wudl, F.
J. Org. Chem 1989 54, 2165.

(10) Ahlsen, E. L.; Stromme, K. QActa ChemScand 1974 A28 175.

(11) Freeman, F.; Ziller, J. W.; Po, H. N.; Keindl, M. @. Am Chem
Soc 1988 110, 2586 and references therein.

(12) Herbstein, F. H.; Schwotzer, W. Am Chem Soc 1984 106, 2367.

(13) Tipton, A. L.; Lonergan, M. C.; Stern, C. L.; Shriver, D. IRorg.
Chim Acta, 1992 201, 23.

(14) Kubiniok, S.; du Mont, W. W.; Pohl, S.; Saak, \Wngew Chem,

Int. Ed. Engl. 1988 27, 431.

(15) Bigoli, F.; Deplano, P.; Mercuri, M. L.; Pellinghelli, M. A.; Trogu,
E. F. Phosphorus Sulfur Silicon1992 70, 175;1992 72, 65 and
related papers.

(16) Devillanova, F. A.; Cristiani, F.; Demartin, F.; Isaia, F.; Lippolis, V.;
Verani, G.Polyhedron1995 14, 2937 and references therein.

(17) Lin, G. H-Y.; Hope, H.Acta Crystallogr 1972 B28 643; Chem
Commun197Q 169.

(18) Passmore, J.; Sutherland, G.; White, Plrferg. Chem 1982 21,
2717.

(19) Nosco, D. L.; Heeg, M. J.; Glick, M. D.; Elder, R. C.; Deutsch,JE.
Am Chem Soc 198Q 102, 7784.

(20) Arduengo, A. J.; Burgess, E. N. Am Chem Soc 1977, 99, 2376.

(21) du Mont, W. W.; Kubiniok, S.; Peters, K.; Von Schnering, H. G.
Angew Chem, Int. Ed. Engl. 1987, 26, 780.

(22) Hayward, G. C.; Hendra, P. J.Chem Soc A 1969 1760.

(23) Ferraro, J. R.; Williams, J. M. The Use of Vibrational Spectroscopy
in the Characterization of Synthetic Organic Electrical Conductors and
Superconductors. |Rractical Fourier Transform Infrared Spectros-
copy, Ferraro, J. R., Krishnan, K., Eds.; Academic Press, New York,
1990.
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Chart 1

2+
Se—=Se
MZN 7—N§4e XY
R NR’ RN g

R R’ X Y
I CH=CH Me Br Br
Il CH=CH Me I 1
Il CH=CH Me Cl L
IV CH,CH, Me Br IBr,
V CH=CH  CHy» 1, 1221,
VI CH=CH CHy 1 1

diiodoselenanide 5) and ethylene-1,2-bis(3-methyl-4-imidazolin-2-
ylium diiodoselenanide)jbis(dichloromethane)6) were prepared ac-
cording to the literaturé?*

Compounds [(GHgN2Se—),]?"-2Br (1), [(CsHgN2Se~),]>-Cl =15~
(1), and [(C sH1oN2Se-)2]>+Br~IBr ;= (IV). Compounds, Il , and
IV were prepared from mixtures (1/1 molar ratio)loénd IBr,1 and
ICI, and4 and IBr in CHCl,, CH,Cl,/petroleum ether (2/1 v/v), and
CCl, solutions respectively (see Chart 1).

| (yellow crystals): Anal. Found (calcd for.@H:6Br.NsSe): C,
23.55 (23.32); H, 3.16 (3.16); N, 10.99 (11.78).

Il (black crystals): Anal. Found (calcd for;§1:6ClIsNsSe): C,
15.95 (15.65); H, 2.20 (2.10); N, 7.60 (7.30).

IV (black crystals): Anal. Found (calcd fongH,oBrsINsSe): C,
16.74 (16.64); H, 3.04 (2.77); N, 8.10 (7.77).

Compound [(CsHgN2Se—)z]?"-21~ (I1). A mixture of 5 (500 mg,
1.16 mmol), tellurium powder (300 mg, 2.33 mmol), ang@(50 mL,
freshly distilled over LiAlH, and degassed) was stirred at room
temperature and under/dtmosphere for 7 days. The residue obtained
by filtration was washed with ED, dried under vacuum, and treated
with hot CH,CN. The hot suspension was filtered and orange crystals
of Il were obtained from the filtrate. Anal. Found (calcd fapiie
I2N4,Se): C, 20.22 (19.86), H, 2.73 (2.64); N, 9.35 (9.37).

Compounds [(GH7N,Se-)5]2" 1537+l 4~ (V) and [(CsH7N.Se-)7] 2t
217-CH3CN (VI). A mixture of 6 (449 mg, 0.47 mmol), tellurium
powder (120 mg, 0.94 mmol), andBx (50 mL, freshly distilled over
LiAIH 4 and degased) was stirred at room temperature and under N
atmosphere for 2 weeks. The residue obtained by filtration was washed
with Et,0, dried under vacuum, and treated with hotsCN (50 mL).

The hot suspension was filtered and the filtrate allowed to stand one
night at—20°C. Yellow microcrystals o¥I, containing one molecule

of solvent, were formed and recollected by filtration. Black crystals
of V were obtained from the mother liquor by slow evaporation.

V (black crystals): Anal. Found (calcd forgEl14sNsSe): C, 12.64
(12.20); H, 1.49 (1.42); N, 5.81 (5.69).

VI (yellow crystals): Anal. Found (calcd for;@;71:NsSe): C,
23.10 (22.70); H, 2.66 (2.64); N, 11.16 (10.88).

FT-Raman and FT-IR Spectra. The FT-Raman spectra were
recorded by means of a Bruker FRS100 Fourier transform Raman
spectrometer, operating with a diode-pumped Nd:YAG exciting laser
emitting at 1064 nm wavelength. All spectra were recorded at 4 cm
resolution, down to about 80 crhRaman shift. The infrared spectra
were recorded by means of a Bruker IFS66 Fourier transform infrared
spectrometer on polyethylene pellets in the 500-8C'crange.

X-ray Data Collection and Structure Determinations. A summary
of the crystallographic data is given in Table 1. The diffraction
measurements were made on Enraf Nonius CAD4 [(fend IV),
Siemens AED (forll), and Philips PW 1100 (forll and V)
diffractometers with Mo K radiation (graphite crystal monochromator).
The data were collected using the-260 method forl 11l andV, and
the w-scan method fotV. Intensity data (1474, 2321, 1676, 1771,
and 3556 observed reflections fbrV, respectively) were corrected
for Lorentz and polarization factors and for absorption by following
the empirical method of Nortkt al.? for IV and that of Walker and

(24) Devillanova, F. A.; Verani, GRend Sem Fac. Sci Univ. Cagliari
1977, 47, 255.

(25) North, A. C.; Phillips, D. C.; Mathews, F. 8cta Crystallogr 1968
A24, 351.
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Stuart® for the others. The structures were solved by Patterson and
Fourier methods and the final full-matrix least-squares refinement was
carried out with anisotropic thermal parameters for all non-hydrogen
atoms forl, Il , IV, andV and for Se, |, and Cl atoms only ftit , the
weighting scheme being = k/[0%(Fo)+gF.?. All hydrogen atoms
were placed at their geometrically calculated positions. As the space
groupP2; is free of reflective elements, it was necessary to determine
the absolute configuration of the crystal foandll . Final refinement

of the corrected configuration resultedR= 0.0362 andR,, = 0.0405,

R = 0.0429 andR, = 0.0662 for| and Il respectively. The
corresponding values obtained by refinement of the inverted structure
are R = 0.0386 andR, = 0.0459,R = 0.0466 andR, = 0.0686.

Scattering factors and corrections for anomalous dispersion effects werey, deg

from ref 27. Calculations for compoundis-Ill andV were carried

out on Gould Powernode 6040 and Encore 91 computers of the “Centro
di Studio per la Strutturistica Diffrattometrica del CNR” (Parma). The
system of computer programs SHELX?7&nd SHELXS-8& and the
programs ABSORB? PARST?! PLUTO 2 and ORTEPR® were used.

For compoundV, all the calculations were performed at the “Dipar-
timento di Chimica Strutturale e Stereochimica Inorganica (Milano)”

on an HP Vectra 486/33 computer using the Personal StructureRal

Determination Packag#é.

Results

The synthetic routes to achieve the products under discussion

are summarized as follows:

IBr (IC]) Se Se 2+
] —m
CHCl, MeN Me o
X,Y
Me MeN
s e, X Z
Et,0O, r.t.
I (X=Y=Br)
I X=Y=0
III (X=ClL,Y=1I3)
Se Se 2+
IBr MeN Me .
—_— X,Y
CCl, Me MeN
IV (X =Br, Y =1Br,)
Se Se 2
Me Me
L \( XY
EIZO, r.t. \ N N / ’
AN 7
CH, - CH,

V (X= 1, Y=1/21,)
VI X=Y=

Crystal Structures of [(CsHgN2Se—)z]2™-2Br= (1), and
[(CsHgN2Se-),]2™21~ (I). The geometrical parameters bof

(26) Walker, N.; Stuart, DActa Crystallogr, Sect A 1983 39, 158.

(27) International Tables for X-ray Crystallographyhe Kynoch Press:
Birmingham, England, 1974; Vol. IV.

(28) Sheldrick, G. M. SHELX-76: Program for crystal structure determi-
nation. University of Cambridge, Cambridge, U.K., 1976.

(29) Sheldrick, G. M. SHELX-86: Program for the solution of crystal
structures. Universitat Gottingen, Gottingen, Germany, 1986.

(30) Ugozzoli, F.Comput Chem 1987 11, 109.

(31) Nardelli, M.Comput Chem 1983 7, 95.

(32) Motherwell, W. D. S.; Clegg, W. PLUTO: Program for plotting
molecular and crystal structures. University of Cambridge, Cambridge,
UK., 1976.

Bigoli et al.
Table 1. Crystallographic Data
| 1] 1l vV \
formula  GoHieBr- CioHiel2-  CioH1eClls- CioH20Brs-  CioHidls-
NsSe NsSe NsSe INsSe NsSe
509.99 603.99 766.35 720.85 982.69
space P2, P2, P2:/n P2:/n P1
group (No. 4) (No. 4) (No. 14) (No. 14) (No. 2)
a A 9.849(6) 8.063(6) 10.431(7) 10.298(5) 7.456(6)
b, A 11.298(5) 11.535(5) 18.073(5) 18.428(7) 11.988(5)
: 7.862(6) 10.280(5) 11.223(6) 11.475(6) 12.508(5)
o, deg 79.32(2)
B, deg 106.44(2) 107.13(2) 100.76(2) 104.10(4) 85.49(2)
80.62(2)
v, A3 839.1(9) 913.7(9) 2079(2) 2112(2)  1083(1)
z 2 2 4 4 2
dealca 2.019 2.195 2.449 2.267 3.015
glcm?
A(Mo ko), 0.71073 0.71073 0.71073 0.71073 0.710 73
temp, K 295 295 295 295 295
u,cmt 91.59 74.17 81.39 105.3 105.44
0.0362 0.0429 0.0490 0.0300 0.0340
R,P 0.0405 0.0662 0.0618 0.0360 0.0458

AR = Y|AF|/S|Fo|. P Ry = (IW(AF)F 3 w|Fq|?)Y2.

andll are listed in Table 2 and the final atomic coordinates in
Tables 3 and 4 respectively. These compounds consist of a
discrete [(GHsN2Se-);]2" dication with a—Se—Se—- bridge,
balanced by two bromides inand two iodides il . In both
structures, the two halides, which interact with the Se atoms in
a slightly asymmetric manner [Se(14Br(1) = 3.242(2) A and
Se(12)-+Br(2) = 3.165(2) A inl and Se(11)-1(1) = 3.410(2)

A and Se(12y+1(2) = 3.330(2) A inll], lie roughly perpen-
dicular to the corresponding imidazoline ring, with-$e-C—N
torsion angles of 81.1(9) and 82.4(1®yr X = Br and 82.6(8)
and 82.9(9) for X = I; the X—Se—-Se—X fragment is almost
linear [X—Se-Se angles: 164.16(4) and 177.04(&) | and
165.78(5) and 176.00(8)n II]. In both structures, the cation
and the anion, which are involved in the shortest contact, act
as bridges through a secondary contact [Se¢1Bi)(2) (1 — X,

y — 15, —2), 3.506(2) A, and Se(13}1(2) (—x, Yo +y, 2 — 2),
3.627(2) A], thus determining tetracoordination for Se(11) and
the formation of chains parallel to

Crystal Structure of [(CsHgNSe—),]2Cl=15~ (Ill) and
[(CsH1gN2Se-),]2 +Br—«IBr ;= (IV). The structures ofll and
IV, in analogy with those of andIl, can be described as
discrete [(GHgN2Se-),]2* (for Il ) and [(GH1dN2Se-),]?* (for
IV) dications balanced by Cland k™ in lll and Br and 1B~
in IV (see Tables 2, 5, and 6). However, on the basis of the
Se—Cl and Se-Br bond lengths of 2.778(5) and 2.830(1) A
respectively, they can also be considered as formed by the
[(CsHgN2Se-).Cll* and [(GH10N2Se-)-Br]™ (Figure 1) cations,
having k= and IBr~ as counterions respectively. In both
structures, two cations and two anions, related by a symmetry
center, are alternatively coupled in such a way that an eight-
membered ring with a chair conformation is formed (Figure 2
for 1II).

In IV, the presence of anomalous thermal parameters of the
bromine atoms of the IBr ion in the early stages of the
refinement and a persisting high value of the fiflindex
suggested that somg lor I,Br~ anions could be cocrystallized
during the crystal growth with partial replacement of the,iBr
anions. A refinement of the multiplicity of the Br(1) and Br-

(33) Johnson, C. KORTER Report ORNL-3794, revised; Oak Ridge
National Laboratory: Oak Ridge, TN, 1965.

(34) (a) Frenz, B. AComput Phys 1988 2, 42. (b) Crystallographic
Computing 50Oxford University Press: Oxford, U.K., 1991; Chapter
11, p 126.
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Table 2. Bond Distances (A) and Angles (deg) with Esd’s in Parentheses for CompougtdgNgSe—)-Br. (1), (CsHgN2Se—)al, (1),
[(Cngste—)zcl]lg (”l ), [(C5H10N28e—)zBr]IBr2 (|V), and (QH7N258—)2|3‘1/2|4 (V)a

[ [ I Y, Vv
Se(11)-Se(12) 2.409(2) 2.434(2) 2.440(2) 2.424(1) 2.416(2)
Se(11)}-C(11) 1.87(1) 1.88(1) 1.90(1) 1.90(1) 1.900(5)
Se(12)-C(12) 1.87(1) 1.88(1) 1.91(1) 1.90(1) 1.887(6)
N(11)-C(11) 1.37(1) 1.33(1) 1.27(2) 1.31(1) 1.362(8)
N(11)-C(31) 1.39(2) 1.37(1) 1.40(2) 1.47(1) 1.389(8)
N(11)-C(41) 1.45(1) 1.48(1) 1.48(2) 1.45(1) 1.462(8)
N(21)-C(11) 1.33(1) 1.34(1) 1.38(2) 1.29(1) 1.326(7)
N(21)-C(21) 1.38(1) 1.36(2) 1.36(2) 1.47(1) 1.385(8)
N(21)-C(51) 1.49(1) 1.47(2) 1.46(2) 1.43(1) 1.455(9)
N(12)-C(12) 1.34(2) 1.34(1) 1.32(2) 1.30(1) 1.349(8)
N(12)-C(32) 1.37(2) 1.36(2) 1.38(2) 1.46(1) 1.372(8)
N(12)-C(42) 1.48(1) 1.46(1) 1.46(2) 1.43(1) 1.474(8)
N(22)-C(12) 1.36(1) 1.33(1) 1.33(2) 1.30(1) 1.345(7)
N(22)-C(22) 1.39(1) 1.34(2) 1.38(2) 1.47(1) 1.375(9)
N(22)-C(52) 1.47(2) 1.49(2) 1.47(2) 1.44(1) 1.467(8)
C(21)-C(31) 1.34(2) 1.37(2) 1.35(2) 1.52(1) 1.335(10)
C(22)-C(32) 1.36(2) 1.38(2) 1.35(2) 1.49(1) 1.347(9)
Se(11)-Cl 2.778(5)

1(1)—1(2) 2.855(3) 2.937(1)
1(2)—1(3) 2.917(3) 2.914(1)
1(4)+++1(5) 3.405(2)
1(5)—1(5') 2.819(1)
Se(11)-Br 2.830(1)

I(1)—Br(1) 2.744(1)

I(1)—Br(2) 2.815(1)

Se(12)-Se(11)-C(11) 95.7(3) 96.0(3) 94.0(4) 91.7(2) 96.1(2)
Se(11)-Se(12)-C(12) 98.1(3) 98.3(3) 97.8(4) 97.9(2) 98.9(2)
C(31)-N(11)-C(41) 125.6(9) 124.3(10) 121.4(12) 120.1(8) 125.2(5)
C(11)-N(11)-C(41) 125.0(9) 125.1(9) 125.6(12) 128.0(7) 126.9(5)
C(11)-N(11)-C(31) 108.4(9) 110.8(9) 112.8(12) 109.6(7) 107.8(5)
C(21)-N(21)-C(51) 124.4(9) 122.9(10) 127.7(13) 121.5(8) 124.2(5)
C(11)-N(21)-C(51) 124.9(8) 126.1(9) 125.5(13) 127.5(8) 127.2(5)
C(11)-N(21)-C(21) 110.7(9) 110.9(9) 106.8(13) 110.9(7) 108.6(5)
C(32)-N(12)-C(42) 124.7(10) 123.0(10) 122.6(14) 121.3(8) 124.9(5)
C(12)-N(12)-C(42) 124.9(10) 127.7(9) 128.4(13) 129.1(8) 125.7(5)
C(12)-N(12)-C(32) 110.3(10) 109.3(9) 109.0(13) 109.5(8) 109.4(5)
C(22)-N(22)-C(52) 124.7(11) 124.5(14) 123.4(12) 121.9(7) 124.9(5)
C(12)-N(22)-C(52) 126.3(10) 125.7(11) 126.3(13) 128.5(7) 125.5(5)
C(12)-N(22)-C(22) 109.0(9) 109.8(10) 110.3(13) 109.7(7) 109.6(5)
N(11)-C(11)}-N(21) 106.4(8) 106.0(8) 107.2(12) 112.7(7) 108.2(5)
Se(11)»-C(11)-N(21) 126.4(7) 127.7(7) 124.6(10) 123.7(6) 126.8(4)
Se(11)-C(11)-N(11) 126.9(7) 126.2(7) 128.2(10) 123.6(6) 124.9(4)
N(21)-C(21)-C(31) 106.5(10) 106.4(11) 110.4(15) 101.3(7) 108.1(6)
N(11)-C(31)-C(21) 107.9(11) 105.7(9) 102.8(15) 102.0(7) 107.3(6)
N(12)-C(12)-N(22) 106.7(9) 107.5(9) 107.4(13) 113.6(8) 106.6(5)
Se(12y-C(12)-N(22) 126.2(7) 127.5(7) 126.4(11) 123.4(6) 126.8(4)
Se(12)-C(12)-N(12) 127.0(9) 124.8(8) 126.2(10) 123.0(7) 126.5(4)
N(22)-C(22)-C(32) 106.6(11) 107.6(12) 105.3(13) 102.9(7) 107.0(6)
N(12)-C(32)-C(22) 107.4(11) 105.6(11) 107.9(15) 104.0(7) 107.4(6)
Cl-Se(11)-Se(12) 172.11(12)

Cl—Se(11)-C(11) 79.4(4)

I(1)—1(2)—1(3) 175.1(1) 178.47(3)
1(4)++1(5)—1(5)) 178.82(11)
Br—Se(11)-Se(12) 166.70(4)

Br—Se(11)}-C(11) 77.7(2)

Br(1)-1(1)—Br(2) 175.69(3)

aKey to symmetry operation (i): 2 X, =y, 2 — z

(2) atoms revealed that the Br(1) site, with multiplicity 1.17,

corresponds to a composition of 67% bromine and 33% iodine,

whereas the Br(2) site, with multiplicity 1.24, corresponds to
53% bromine and 47% iodine. A refinement carried out on a

dication is balanced by ag1anion, slightly asymmetric [2.937-
(1)—2.914(1) A] and almost linear [178.47¢3) and half an

1,4~ anion. The latter is almost linear and can be considered as
formed by the interactions [3.405(2) A] between two iodides

different set of data obtained from another crystal of the same [I(4) and I(4)] and a diiodine molecule [I(5)I(5%)] which lies

preparation showed a similar disorder with different composition
of the Br(1) and Br(2) sites. In both cases the Br and (1)
positions are not at all involved in such a substitutional disorder.
Crystal Structure of [(CsH7N2Se=)2]2 13714~ (V). V
consists of a discrete [(87N,Se-),]2" dication, in which the

Se—Se intramolecular bond brings out an eight-membered ring

with a chair conformation (Tables 2 and 7 and Figure 3). The

on a center of symmetry [(I(4}1(5)—1(5)-*1(4)]. An lig*
anion with a roughly Z-shaped arrangement is formed when
the contacts 1(4)-1(1) (1 — x, 1 — vy, 1 — 2) 4.067(2) A
involving an L2~ and two k™ anions, related by the center of
symmetry, are considered (Figure 3).

FT-IR and FT-Raman Spectra. The FT-IR and FT-Raman
bands ofl —VI, in the range 300-80 cm, are collected in Table
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Table 3. Fractional Atomic Coordinates<(10%) and Equivalent
Isotropic Thermal Parameters{A 10%) (One-Third the Trace of
the Diagonalized Matrix), with Esd’s in Parentheses, for
(Cngste—)z Bl’z (|)

atom xa yib Zc Ueq
Br(1) 87(1) —21(2) 3434(2) 574(4)
Br(2) 5839(1) 3078(1) —2019(2) 487(4)
Se(11) 2622(1) 887(0) 1879(1) 418(3)
Se(12) 3969(1) 1807(1) 116(1) 436(3)
N(11) 1319(8) 2878(7) 3060(10) 415(29)
N(21) 232(9) 2435(8) 345(11) 442(32)
N(12) 4323(10) 4155(9) 1610(12) 471(32)
N(22) 5982(9) 2973(8) 3043(11) 445(30)
C(11) 1367(10) 2153(9) 1743(12) 360(35)
C(21) —502(12) 3357(11) 858(17) 569(49)
C(31) 181(12) 3642(11) 2532(16) 549(43)
C(41) 2353(14) 2876(14) 4862(15) 777(58)
C(51) —153(12) 1867(12) —1376(14)  567(43)
C(12) 4770(11) 3035(10) 1680(13) 430(35)
C(22) 6284(14) 4086(12) 3801(16) 621(51)
C(32) 5244(15) 4819(12) 2881(16) 631(53)
C(42) 3070(13) 4630(11) 268(18) 634(49)
C(52) 6881(14) 1920(14) 3586(20) 815(58)

Table 4. Fractional Atomic Coordinates<(L0%) and Equivalent
Isotropic Thermal Parameters{A 10%) (One-Third the Trace of
the Diagonalized Matrix), with Esd’s in Parentheses, for
(Cngste—)zlz (” )

atom xl/a yib Zc Ueq

1(1) 3542.3(10) 5000 5099.7(8)  531(3)

1(2) —1999.6(9) 1987.4(10)  10883.5(7)  468(2)

Se(11) 1853(1) 4130(1) 7616(1) 378(3)

Se(12) 123(1) 3270(1) 8947(1) 400(3)

N(11) 2901(10) 2116(8) 6418(9) 392(25)
N(21) 300(10) 2589(7) 5363(8) 360(24)
N(12) 1518(13) 968(8) 9320(9) 413(28)
N(22) 2952(10) 2111(12) 10912(9) 474(31)
C(11) 1660(11) 2874(8) 6417(9) 308(26)
C(21) 684(17) 1677(11) 4670(12) 512(44)
C(31) 2369(14) 1376(11) 5329(13) 482(35)
C(41) 4666(15) 2118(13) 7388(14) 613(44)
C(51) —1373(15) 3197(14) 4930(15) 589(44)
C(12) 1648(12) 2066(9) 9763(9) 360(26)
C(22) 3657(15) 1058(12) 11209(14)  515(40)
C(32) 2778(16) 316(11) 10186(14) 530(41)
C(42) 227(17) 482(11) 8134(13)  510(37)
C(52) 3499(22) 3154(18) 11786(17) 820(61)

8 together with their tentative assignments. As clearly pointed
out by the superimposed FT-Raman spectrd ahdVI (Figure

4) and by Table 8, all the Raman spectra show two peaks at
230 4+ 10 cntt and 1934+ 5 cnrl, which have the highest
intensities in the absence of polyhalide anions.

Discussion

The dications described in this paper contain the uncommon
—Se-Se— bridge whose lengths [ranging from 2.409(2) to
2.440(2) A; bond ordéF ranging from 0.83 to 0.75] are greater
than the covalent radius sum and also than the value of 2.380-
(4) A (bond order 0.91) reported for [(SeC(Mi].Cl..3¢
Similar Se-Se bond distances were observed for other types
of cations containing a tricoordinated selenidéf?® such as
Se?t, in which the Se-Se bond distances fall in the 2.413-

(35) Selenium-selenium bond orden = 10359071 whered is the Se-
Se bond distance (A). Pauling, The Nature of the Chemical Bond
3rd ed; Cornell University Press: New York, 1960.

(36) Chiesi Villa, A.; Nardelli, M.; Vidoni, M. E Acta Crystallogr 197Q

Bigoli et al.

Table 5. Fractional Atomic Coordinates<(10%) and Isotropic
Thermal Parameters @& 10%), with Esd’s in Parentheses, for
[(CsHgN2Se—).Cl]l5 (111')

atom x/a yib zc U

1(1) 7194.7(14) 6520.6(8) 1829.5(14) 837A®6)

1(2) 4432.2(12)  6595.4(5)  1045.5(10)  559%(5)

1(3) 1642.5(15) 6626.2(8) 45.0(15) 92476)

Se(11) 2784.3(14)  5273.5(8)  2867.6(14)  385(5)
Se(12) 2541.0(16) 4580.0(9) 973.3(14) 456(6)
Cl 2735(4) 5978(2) 5059(4) 522(¥5)
N(11) 2442(11) 4045(6) 4388(10) 363(29)
N(21) 597(12) 4464(6) 3515(11) 413(30)
N(12) 3349(13) 3086(7) 1676(11) 480(34)
N(22) 4978(12) 3824(6) 1901(11) 450(32)
C(11) 1931(14) 4543(7) 3660(12) 324(33)
C(21) 377(18) 3886(9) 4220(16) 613(49)
C(31) 1515(17) 3605(9) 4811(16) 553(45)
C(41) 3862(15) 3937(9) 4828(15) 561(47)
C(51) —366(18) 4927(10) 2755(17) 744(56)
C(12) 3690(14) 3782(7) 1551(13) 358(35)
C(22) 5481(17) 3141(8) 2288(14) 483(41)
C(32) 4450(17) 2675(9) 2099(15) 589(47)
C(42) 2040(18) 2761(10) 1427(17) 761(57)
C(52) 5788(15) 4490(8) 1878(14) 482(41)

aEquivalent isotropicU defined as one-third the trace of the
diagonalized matrix.

Table 6. Fractional Atomic Coordinates<(10*) and Equivalent
Isotropic Thermal Parameters{A 10%) (One-Third the Trace of
the Diagonalized Matrix), with Esd’s in Parentheses, for
[(C5H10ste—)zBl']|Bl’ (|V)

atom xla yib Zc Ueq

1(1) 4480.2(6) 6614.7(3) 1166.7(5) 629(3)
Br 2595(1) 5914.9(5) 4843.8(8) 720(6)
Br(1) 7215.7(9) 6514.9(5) 1916.2(8) 789(6)
Br(2) 1695(1) 6710.1(6) 219.0(9) 983(7)
Se(11) 2906.6(8) 5224.5(4) 2726.2(7) 499(5)
Se(12) 2641.5(9) 4547.6(5) 871.5(8) 601(6)
N(11) 2347(7) 4053(4) 4138(6) 570(40)
N(12) 3404(7) 3108(4) 1560(6) 613(40)
N(21) 560(6) 4506(4) 2970(6) 590(40)
N(22) 5111(7) 3841(4) 1834(6) 540(40)
C(11) 1847(7) 4545(4) 3330(7) 450(40)
C(12) 3816(8) 3770(4) 1484(6) 477(45)
C(21) 39(9) 3890(5) 3536(9) 870(65)
C(22) 5720(10) 3136(5) 2249(8) 693(60)
C(31) 1260(10) 3692(5) 4538(8) 790(60)
C(32) 4560(10) 2631(5) 1975(8) 803(65)
C(41) 3720(10) 3983(6) 4838(9) 767(70)
C(42) 2070(10) 2829(6) 1250(10) 953(75)
C(51) —309(9) 4958(6) 2100(10) 967(80)
C(52) 5904(9) 4481(5) 1828(8) 650(60)

(9)—2.456(9) A rangé? All Se—Se bond distances are longer
than the values reported for acyclic neutral diselerftfés'°

and those found in the positively charged tetraselenotetracene
stacks (both as chloride and thiocyanate derivati¥s)hile

they are shorter than the distances reported for the tris-
(selenourea) cation [(SeC(NH]:?>", whose values range be-
tween 2.597(2) and 2.717(2) A for the three reported struc#res.
The values of the seleniuntarbon distances correspond to that
of a normal single covalent S&C(sp?) bond. C(11) is synclinal
with respect to the analogous C(12) with similar 8e-Se-C
torsion angle values in all cations. The dihedral angles between
the two planar pentaatomic rings range from 28.6(6) to 32.0-
(4)°. Allthe halides, interacting with the Se atoms, lie roughly
perpendicular to the corresponding pentaatomic ring: the

B26, 1504.

(37) Burns, R. C.; Chan, W. L.; Gillespie, R. J.; Link, W. C.; Sawyer, J.
F.; Slim, D. R.Inorg. Chem 198Q 19, 1432.

(38) Nandana, W. A. S.; Passmore, J.; White, P. S.; Wong, Anbtg.
Chem 1989 28, 3320.

(39) Hargittai, I.; Rozsondai, B. Structural Chemistry. The chemistry
of organic selenium and tellurium compounéatai, S., Rappoport,
Z., Eds.; John Wiley & Sons: New York, 1986; Vol. 1, Chapter 3.
(40) du Mont, W.-W.; Martens, A.; Pohl, S.; Saak, Worg. Chem 199Q
29, 4848.
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Figure 1. Perspective view of the [§E1:0N.Se—).Br]* cation (30%
probability ellipsoids).

Figure 3. Projection of the structure of along [001].

Table 7. Fractional Atomic Coordinates<(10*) and Equivalent
Isotropic Thermal Parameters {4 10%) (One-Third the Trace of
the Diagonalized Matrix), with Esd’s in Parentheses, for
[(C5H7ste—)2]|3'l/2|4 (V)

atom x/a yib Zc Ueq
I(1) —2077.8(7)  7076.5(5)  4755.1(4)  517(2)
1(2) —3309.2(6) 8175.8(4)  6650.8(4)  409(2)
1(3) —4513.9(9) 9325.1(4) 8497.3(4) 587(2)
1(4) 8872.2(6)  3786.9(4)  7840.0(4)  440(2)
1(5) 9678.0(7) 1101.9(5) 9353.8(4) 524(2)
Se(11) 4966.5(9)  5107.6(5) 6759.2(5)  317(2)
Se(12) 2135.4(9) 5902.1(5) 5901.4(5) 329(2)
N(11) 3195(7) 5292(4) 8884(4) 316(16)
Figure 2. Projection of the structure dfl along [001]. “gg %ggg; ?2%&3 ggéggig g?gggg
N(22 2161(7 4 49(4 14(1
X—Se-C—N (X = ClI, Br, I) torsion angles are in the range CEllg 3889((8)) 3@33%5 215?;% 379((1%
81.1(9>-109.5(12}. In all compounds, a non planar tetra- C(21) 2956(9) 3518(6) 9649(5) 377(21)
coordination for Se(11) and a slightly deformed T-shaped C(31) 2586(10) 4603(6) 9815(5) 421(23)
arrangement for Se(12) are observed. Vinboth Se(11) and C(41) 2968(9) 6547(5) 8700(5) 359(21)
Se(12) present tetracoordination. As described in the Results, gg’g ig?g%g) ggggg gﬁs?;((g g;’gggg
in 1l (or IV), two cations are alternatively coupled with two c(22) 1854(9) 9329(5) 5816(6) 411(23)
I3~ (or IBrz7), to create an eight-membered ring with a chair  c(32) 1474(9) 8989(5) 6886(5) 377(22)
conformation. A similar ring has been described in the C(42) 1197(9) 7105(5) 8130(5) 367(21)
centrosymmetric dimer of the charge-transfer adduct between C(52) 2629(10) 8343(6) 4190(5) 462(25)

diphenyldiselenane and diiodiA¢. The strong Se-:l (Br)

interaction in the eight-membered ring probably contributes to the corresponding FT-IR bands are very low in intensity, except

the asymmetry of bothsT and 1B~ in Il andIV respectively. ~ for lll and IV, where they fall at 199 crt in Il as a very
Structural results are in good agreement with the FT-IR and Strong unique broad absorption and at 229 s and 195 m$ cm

FT-Raman spectroscopic data. The Raman peaks around 230 v (Tabl_e 8). The enhanced intensities of the infrared bands

+ 10 and 193t 5 cm L, observed in all compounds (Table 8), _observgd inlll and IV could be explameql by the strong

should contain a high contribution of th€Se—Se) vibration, interaction of Se(11) and Cland Br" respectively.

and as expected on the basis of the-Se bond lengthening, The Raman spectrum ¢if having the strongest peak at 115

they fall at frequencies lower than that of 251 ©mmeported cm™! and a weak one at 139 crhis in accordance with the

for v(Se-Se) in pure Sg*! In accordance with this assignment, ~presence of an asymmetrig 1> The same is observed M,

(41) Eysel, H. H.; Sunder, Snorg. Chem 1979 18, 2626. (42) Marks, T. JAnn N. Y. Acad Sci 1978 313 594.
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Table 8. Far FT-IR and FT-RamahBands (cm?) of All Reported Compounds

mode of polyhalideé
compound observn v(Se-Se) 21 V2 V3 assignt other bands between 300 and 80%cm
(CsHgN2Se-).Br: (1) Raman 230 (163198 (4.6) 279 (1.3), 259 (3.8), 99 (1.0), 80 (1.8)
IR 234 sh-197 w 289 s, 255 ms, 90 vsb
(CsHgN2Se—)ql, (11) Raman 221 (163195 (8.0) 278 (0.6), 257 (2.0), 142 (0.2), 96 (0.8), 80 (0.9)
IR 227 w—198 w 289s,254ms, 170 m, 146 w, 131w, 110 w
[(CsHgN2Se-),Clll 5 Raman 229 (1.8}193 (1.5) 115(10) 89(0.9) 139 (0.9%7I 276 (0.3), 261 (0.4)
() IR 199 vsb 129 vsb 129 vsb 31 288 ms, 261 m
[(CsH1oN2Se-).Br]IBr, Raman 240 (1.3j193 (2.2) 157 (3.3) 193 (2.2) IBr
(IvV)e 132(9.2) bBr-
115 (10) b
IR 229s-195ms 157 ms 195ms IBr 170w, 86 w
117 msb 4, LBr-
(CsH7N2Se—)al5 Yol g Raman 227 (5.7/189 (0.7) 155 (10) dinls#~ 283(0.3)
(V)d 112 (9.5) 141 (4.8) o
IR 226 mw-188 w 164 vw pinls~ 280m, 254w, 91w
143vsb
(CsH7NzSe-)l2 (VI) Raman 240 (1063189 (1.3) 281 (0.4} other very weak peaks
IR 221 w188 m 275m, 249w, 146w, 131w, 111 w, 83 vs

aSymbols: v= very, s= strong, m= medium, w= weak, b= broad.” In the FT-Raman spectra, the values in parentheses represent the
intensities of the peaks relating to the strongest, taken equal toSEe Discussion for the assignments of,iBil,Br~ and k~. 41,2~ can be seen
as a diiodine molecule lengthened by the interaction with twd ¥, symmetrical stretchingy, bending, ands; antisymmetrical stretching.

B
| )

141

—115

.......
.

—132

300 00 ot

Figure 4. Superimposed FT-Raman spectravo{—) and VI (- - -).

The spectra have the same lGN,Se-),]?" dication and different
counterions \; 13~ and half k2=; VI; two I7).

—157

where the peaks due t@71fall at 112 cnt! and 141 cm?
(Figure 4); however, in the spectruméfthe most intense peak
falls at 155 cm! and indicates the presence of a perturbed
diiodine molecule, in good agreement with the structural features
of the 1%~ ion. In fact, the observedHl bond distanced(l—
I) = 2.819(1) A] and the/(I-1) frequency at 155 crt fall in
the linear correlation(1—1)/d(1—I), found for numerous weak T T
or medium-weak adducts with,l43-44 300 200 100 em”
The FT-IR and FT-Raman spectra Idf appear to be more  Figure 5. Superimposed FT-IR and FT-Raman spectraVof
complex (Figure 5); once again, in the Raman spectrum, the
peaks at 115, 132, and 157 thcould be attributed to the  reversed intensities with respect to those observed for all the
symmetric and antisymmetric stretching of a7 land to a other dications (Table 8). By considering the X-ray results,
perturbed diiodine molecule respectively. However the relative the Raman peaks at 115, 132, 157, and 193!@hould contain
intensity of these peaks does not agree with this attribution, contributions of the vibrational modes of the anions,1Bi-Br-,
since the intensity of the peak 132 chis close to that of the  and k. In symmetric trihalides, only one vibrational mode is
peak at 115 cmt and the intensity of the peak at 157 chis Raman active (symmetric stretching), while the other two
lower than those of the other two. Moreover, it is important to  (antisymmetric stretchings and deforming,) are only infrared
point out that the peaks at 240 and 193 ¢éifFigure 5) assigned  active2 in asymmetric trihalides, the three vibrations become
to the prevailing contribution of the(Se-Se) vibration have  active in both Raman and infrared spectroscopy. Consequently,
PP ——— —— TR lemn F Lo for IV, we should expect nine different peaks both in the infrared
eplano, P.; Devillanova, . A.; Ferraro, J. R.; I1sala, F.; LIppolis, V.; i i

(43) MePcuri, M. L. Appl Spectrosc1992 46, 1625, pp and in the Raman spelctra. The very .Iarge gbsorptlon observed
(44) Deplano, P.; Devillanova, F. A.; Ferraro, J. R.; Lippolis, V.; Mercuri, Detween 116170 cn1* (see Figure 5) in the infrared spectrum

M. L.; Trogu, E. F.Appl. Spectrosc1994 48, 1236. of IV seems to be in agreement with this expectation, but it

—193

—240

1
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cannot be used to maky any attributions. Different from the cm™1, which is mainly attributed to the(Se—Se) vibration. The

well-studied Raman spectra of the ions, a few Raman spectra
related to 1B~ and bBr~ are reported in the literature>47
Apart from some discrepanciésthe reported assignments for
IBr,~ are as follows:v; ranges between 143 and 168 Tihws
falls between 178 and 184 cry and the deforming, falls
lower than 98 cm!. The assignments fonbBr- have been
carried out by Ferraret al.*” who reported values around 130,
112, and 76-80 cnT?, both in the Raman spectrum and in the
infrared spectrum forrtBu)4NI,Br. Taking into account the
previous attributions, the peak at 157 thshould contain the
prevailing contribution of thes; vibration of IBr,~; its anti-
symmetric stretchingz should contribute to the peak at 193

(45) Maki, A. G.; Forneris, RSpectrochimActa 1967, 23A 867.

(46) Hayward, G. C.; Hendra, P. SpectrochimActa 1967, 23A 2309.

(47) Ferraro, J. R.; Beno, M. A.; Thorn, R. J.; Wang, H. H.; Webb, K. S.;
Williams, J. M.J. Phys Chem Solids1986 47, 301.

other two Raman peaks at 132 and 115 &mshould contain
prevailing contributions of the vibrations related @i~ and
I3~ respectively.
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