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RECENT DEVELOPMENTS ON THE STRUCTURAL CHEMISTRY OF
COMPLEXES OF SELENIUM AND TELLURTUM WITH SULFUR-
AND SELENTUM OONTAINING LIGANDS

STEINAR HUSEBYE
Department of Chemistry, University of Bergen,
Bergen, Norway

Abstract The stereochemistry of selenium and tellurium
and the role of lone electron pairs will be discussed on
the basis of recent X-ray diffraction studies appearing
in the literature. Same of the studies represent new
types of structures.

INTRODUCTION

The last review on this subject appeared in 1983.' Some of the
structures presented there and quoted from short commmications
and unpublished work have now been published in full.’”’ The
title compounds still comprise Se(II), Te(II) and Te(IV) com-
plexes, only. However a regular square planar Se(II) complex has
been characterized as have both Te(II) and Te(IV) complexes with
two different bidentate ligands bonded to the same central atom.
Structures of new complexes of the type [TeRsz], vhere L is a
dithiolate, have been solved.

FOUR-COORDINATE Se(I1I) COMPLEXES

The structure of [Se(ptu)4]C12‘2HCl (ptu = phenylenethiocurea)
shows for the first time that Se(II) like Te(II) can have a
regular centrosymuetric square planar environment.® The complex
is isamorphous with its Te(II) analog9 and has an average Se-S
bond length of 2.536 A. This is normal for Se-S in relatively
symmetric systems and is 0.33 A greater than the sum of the
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respective covalent radii, 2.21 A. The structure is shown in
Fig. la. The structure of the sulfur-bridged dimer

[Se, (ptu), ]Br, 10 H 0,"° shows that Se(II) is in a distorted,
square planar environment, analogous to Te(II) in ['l‘e2 (etu)G]-
(C10,), (etuethylenethiourea).'’ Its structure, shown in Fig.
1b, is also similar to that of K [Se, (SON), ]“20-12 The average
Se~S bond length is 2.568 A, a little longer than in the non-
bridged camplex ion above.

Another type of Se(II) complex is represented by polymeric
[se(dCnese )11 .*° Its structure is similar to that of the
tellurium analog, [Te(EtOCS,)Br] ,’ with a distorted square
planar, or more correct, a trapezoid planar c_:is—SeI2 Se2
coordination sphere, where both halogens are bridging. Average
Se-Se and Se-I bond lengths are 2.39 and 3.12 A, respecctively.
They may be compared to the sum of the covalent radii of 2.34
and 2.50 A. Subtracting the ligand covalent radii from the bond
lengths and averaging, gives ro = 1.51 A,

The structure of [Se(EtthS2 )2] represents a redetexrmi-
1415 he average Se-S bond length in this trapezoid
planar complex is 2.536 A, corresponding to r, = 1.50 A,

Se
close to the value 1.49 A quoted earlier for such c(x!plexes.1

nation.

FIGURE 1 The coordination spheres of Se in a, [Se(ptu)412‘~
and b, [Se, (ptu) 1"’

FOUR-COORDINATE Te(II) COMPLEXES

Square-planar complexes with monodentate ligands
These complexes can be subdivided into three groups with
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coordination spheres A: 'I'eY4, Y = S or Se, B: Tex2Y2 where X is
Cl, Br, Iand Y =8, C: 'IWeXSY,Y=SorSe,X=Cl, Br, I. There
are fourteen camplexes in group A. Five are of the type [Tel.‘;]x2
where L represents various thioureas and esu(ethyleneselenourea)
and X is C1° or 0104' 1818 muo are of the type trans-
-[TeLZ(YCN)Z]; L=tmtu, Y=Sand L = tmsu, Y = Se (tmtu and
tmsu = tetramethylthio - and —selemmrea).18
plexes are all centrosymmetric and represent the ++-- isomer
which predominate in such complexes.’ '® A + or - sign indicate
that the ligand apart from the S or Se atam lies above or below
the coordination plane. There seems to be no steric reasons for
this preference. The average Te-S and Te-Se bond lengths are
2.680 and 2.800 A, corresponding to Tre = 1.64 and 1.63 A
respectively, in excellent agreement with 1.64 A, the e

found earlier in similar complexes.’ This value is 0.27 A
greater than the covalent radius of tellurium and reflects the
bond lengthening effect of 3-center 4-electron bonding in such
linear Y-Te-Y systens.l There are seven camplexes of the type
c_:i.s—[TeL2 (YC'N)Z], where L is various thio- and selenocureas and
Y = S or Se.'” In the three isomorphous complexes with L = etu,
Y=S;L=esu, Y=SandL = esu, Y = Se, the structure
represents the ++++ isamer.

These seven com~

There are seven camplexes in group B. Five are monomeric of
the typeg_at_m_s_—[TeLZXZ], where L is tmtu or etu and X is C1, Br
and I. The structures of complexes with L = etu and X = Br and I,
18.20.21 oo polymeric complexes,

{[Te, (etu) Br ] [TeBr ]Br} and {{Te(trtu) Br] [TeBr ]} , where
trtu = trimethylenethiourea, have repeating units cis-
[Te(trtu)zBrZ].zz One of the bromines in the unit is bridging in
the first, both are bridging in the second complex. As a result
of the bridging and of the trans influence,’ the TeS Br, co-
ordination sphere is considerably distorted from square planar
geametry. In the trans complexes above, both Te-S and Te-X bonds

are redeterminations.
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have average lengths corresponding to rp = 1.64 A. In the poly-
meric cis complexes, the average Te-S bond length is ca. 0.20 A
shorter than in the trans complexes due to trans influence.'
CGroup C consists of six isomorphous dimeric complexes of the
type [TeL2X4] where L = tmtu or tmsu and X = C1, Br, I (Fig.
2a) 23 he conplexes are centrosymmetric with asymmetric bridges.
Two of the structures are redeterminations (Ref. 1. p. 321 and
330).

Trapezoid planar camplexes with bidentate ligands

Since the last review, seven [TeLz] camplexes where L is a
bidentate ligand, have been structurally characterized.”” " 1,
represents (EtOCS ") , (i-proCS, )., [(HOGH CH ) NCS '] ,
(mt’"),, (EtNCS,”)(EtOCS, ), and (Me,NCS,” )(pap ), where mt’~
= maleonitriledithiolate and pap = 2-phenylazophenyl-C,N°. For
the first time, such complexes have been prepared with two
different bidentate ligands in the same cm\plex.26 2% The struc-
ture of one of these, [Te(li‘.‘t:zN(S2 )(EtOCS2 )1, is shown in Fig.
2b.%® It illustrates the typical class I trapezoid planar co-
ordination found in complexes with bidentate ligands which are
good donors of electrons.' An interesting feature of this camplex
is that the average Te-S bond length for the diethyldithiocarba-
mate ligand is 0.08 A shorter than that for the ethylxanthate
ligand. Small differences are also found between Te(II) dithio-
carbamates and xanthates in this class and indicate that
dithiocarbamates are better ligands than xanthates in such
conplexes.l 31 However, the average rTefor the above camplexes
(except [Te(Et NCS,)(pap)]”’) is still close to 1.64 A. For the
first time, the structure of a [TeLz] complex, where L is a
dithiolene, has been solved.’’ In (Ph As) [Te(mt) ], a class I
trapezoid planar structure, as shown in Fig. 2¢, is found. The
average Te-S bond length is 2.76 A, 0.08 A longer than the
average usually found in such complexes. This is significant and
is probably due to the electron withdrawing power of the CN
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groups which reduces the electron donor capacity of the ligand.
The camplex [Te{(l-IOCHz('J-I2 )ZN(S2 }2] forms an interesting addition
compound with [Te{(HOCH,CH ) NCS, }SCN].”’ There is a weak Te-Te
bond of 3.221(3) A (Sum cov. radii = 2.74 &), campleting the
trapezoid planar four-coordination in the latter (Fig. 2d).

FIGURE 2 The coordination spheres of Te in a, L'Te2 (tmsu)zBr4]
(Triclinic); b, [Te(EtZNCSZ)(EtOCSZ)]:
c, [Te(mt) 1°7; and d, [Te{(HOGH,CH, ) NCS,}(SQN)].

FIVE-COORDINATE, PLANAR Te(I1) COMPLEXES

There is only one new complex in this group, [(Et()CS2 )2-
Te-N@:)-@N—Te(EtOCSZ )2].32 It may be viewed as two

[Te(E‘t:OCS2 )2] trapezoid planar complexes weakly linked by the
4,4 -bipyridyl ligand. Appreciable dissociation probably takes
place in solution.?” Bonds and angles are similar to those found
in [Te(EtocS,) 1, 33 the average Te-S bond length is normal at
2.685 A. The Te-N bond length at 2.892(8) A is ca. halfway
between the sum of the covalent and van der Waals radii of Te and
N. In the only other five-coordinate planar complex, 15.‘t4 N-
[Te(E‘t:OCS2 )3], the fifth Te-S bond to a monodentate E'tO('JS2
ligand is the strongest of the five Te-S bonds.’
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FIVE-COORDINATE Te(1V) COMPLEXES

The complex [TeBr (p-MeOC H, ){(MeO)ZPSZ}] has a distorted square
pyramidal configuration with the p-anisyl group apical.’’ A
weak intermolecular Te' ' 'Br contact approaches the 6th position
in an octahedral structure; the lone pair of electrons, (LP), is
probably stereochemically active and located near this position.

SIX-COORDINATE Te(IV) COMPLEXES

There are two somewhat similar complexes in this category.
['I'e(MeOCS2 )2 (Me)z] and [Te(E't:zN(:."s2 )Z(I)(Me)] which both have dis-
torted pentagonal pyramidal structures (Fig. 3a).’® 3’ The LP is
stereochemically active and makes the complexes Y-pentagonal
bipyramidal.

Another type of structure is found in the six complexes
[Te(Ph), {(Me0),PS,},1,>" and [Te(Ph), {(Et0),PS ), 1,
[Te(Ph), (Et,NCS, ) ], [Te(C,H )(Et,NCS,) 1, [Te(CH )(I)-
(Et,NCS, )], [Te{OTe(C,H, )((Et0) PS,)} 1.>’ In these complexes,
the central Te(IV) atom is bonded to six other atams and the
arrangement may be described as very distorted octshedral (Fig.
3b). However, the LP is probably stereochemically active in all
six and the best description is probably in terms of pseudo
seven-coordination, where these complexes adopt a ¥ - 1:2:2:2
structure.?’ This structure ideally has C2 symmetry and re-
presents a considerable distortion from pentagonal bipyramidal
symnetry.“ .39

SEVEN-COORDINATE Te(IV) COMPLEXES

There are two complexes with inert LPs,

[Te{(I'IOCZl'IZC}I2 )ZNCSZ}3X], where X = C1” and SCN %041 They have
the normal small S-S "bite" distorted pentagonal bipyramidal
configuration with X axial.’ The complex [Te{(HOCH GH ) NCS } I ]

2 2
also has a pentagonal bipyramidal structure.*? Here the two
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iodines are axial. The equatorial Te-I bond is weak and inter-
molecular with a bond length of 3.427(2) A (The sums of the
covalent and van der Waals radii are 2.70 and 4.04 A, respec-
tively). The neighbour equatorial Te-S bonds are significantly
longer than the other Te-S bands and the structure may alterna-
tively be described as Y-pentagonal bipyramidal with the LP
active'’ and located near the equatorial Te-I contact. The
coordination spheres in the three complexes [Te(CBH8 )(Euocxz )2],
[Te(C‘SHB ){(E“l"O)ZPS2 }2], and [Te(Hx)(EtZNCSZ )2{(Et0)2PSZ}], are
similar,’’ and also similar to that of [Te(Ph)(Et NCS,) 1.%’
These structures may at a first glimpse be described as distorted
pentagonal bipyramidal with the main distortion caused by a weak,
skewed Te-S interaction which is intermolecular for the first two
complexes and intramolecular in the two others. The structure of
the mixed dithiolate complex is shown in Fig. 3c. In this
description the trans influence of an aryl (or alkyl) group

causes some distortion and the role of the LP is unclear.’’® aAn

altermative description of these complexes as distorted
37

dodecahedral with an active LP seems plausible.

FIGURE 3 The coordination spheres of Te in &, ['I!e(lﬂ:tzN(S2 )2 (I)-
(Me)]; b, [Te(Ph)2 (EtzNCS2 )2]: and c,
[Te(Ph)(Et,NCS, ), ((Et0),PS, }1.
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EIGHT-COORDINATE Te(V1) COMPLEXES

The only structure solved in this category is that of
[Te{ (HOCH, CH, ) NCS, }4].“4 It has the normal dodecahedral
structure with an inert Lp.t

OONCLUDING REMARKS

The two LPs are stereochemically active in Se(IXI) and Te(II)
canplexes, being located above and beneath the coordination
plane. In Te(IV) complexes the LP is always stereochemically
active for coordination numbers less than six. For numbers six
and seven it is sometimes active and sametimes inert and for
coordination number eight it is always inert.' However, inert
lone pairs in the VSEPR sense probably are arrl:J‘.bcn:)d.insg.l 45
Extensive solution NMR studies indicate that Te(IV) complexes
with sulfur containing ligands often retain their structures in
solution.’” They further indicate that such complexes are labile
with respect to ligand exchange. It also appears that bidentate,
dithiolate ligands may be ranked as nucleophiles in the order
Rzncsz‘ > EtOCs, > [(EtO)ZPsz'] based on bond lengths found in Se
and Te camplexes. This is supported by other work.*® 7

Banding in Se and Te camplexes have been discussed in a
recent review.' The present work support the idea of covalent
radii for the divalent elements participating in 3-center
4-electron systems being close to 1.50 and 1.64 A, respectively.
Bonding and structure in tellurium complexes are also discussed
by Burdett.*®

In the present work, weak secondary bonds have in most cases
been taken into consideration in the description of the
structures; covalent and van der Waals radii are taken from
Pauling and Bondi, respectively (Ref. 1, Table 1).
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