
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

RECENT DEVELOPMENTS ON THE STRUCTURAL CHEMISTRY OF
COMPLEXES OF SELENIUM AND TELLURIUM WITH SULFUR-AND
SELENIUM CONTAINING LIGANDS
Steinar Husebyea

a Department of Chemistry, University of Bergen, Bergen, Norway

To cite this Article Husebye, Steinar(1988) 'RECENT DEVELOPMENTS ON THE STRUCTURAL CHEMISTRY OF
COMPLEXES OF SELENIUM AND TELLURIUM WITH SULFUR-AND SELENIUM CONTAINING LIGANDS',
Phosphorus, Sulfur, and Silicon and the Related Elements, 38: 3, 271 — 280
To link to this Article: DOI: 10.1080/03086648808079722
URL: http://dx.doi.org/10.1080/03086648808079722

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/03086648808079722
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus and Sulfur, 1988, Vol. 38, pp. 271-280 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1988 Gordon and Breach, Science Publishers, Inc. 
Printed in the United Kingdom 

Abstract The stereocherm ' s ixy  of selenim and t e l l u r iun  
and the role of lone e1ecbm-i pairs w i l l  be discussed on 
the basis of recent X-ray diffraction studies appearing 
in the literature. Sane of the studies -sent new 
types of s-s. 

INTRom10N 

T h e  last revied 081 this subject appeared in 1983.' Sane of the 
structures presented there and quoted frun short c a m n m i c a t i m  
and unpublished work have now been published in fdl.2-7 The 
t i t le ccmpmds still CompTise Se(II), Te(I1) and !L'e(IV) cun- 
plexes, only. Hawever a regular square planar Se(I1) cmplex has 
been characterized as have both Te(I1) and Te(IV) carp?lexes with 
two different bidentate ligands bonded to the same central atan. 
S-tructures of new ccqlexes of the type [TeR2L2], where L is a 
dithiolate, have been solved. 

FWR-COORDINATE se(I1) coMpLEXEs 

The s m t u r e  of [Se(ptu)4]c12'2Hcl (ptu = phenylenethiaurea) 

shows for the f i r s t  time that Se(I1) like Te(I1) can have a 
regular centrosyrmu3tric square p l m  env-t.'  he catp?lex 
is isam- with its T~(II) analog' and has an aver- S~-S 
bond length of 2.536 A. This is norrmdl for Se-S in relatively 

symnetric system and is 0.33 A greater than the suan of the 
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212 STEINAR HUSEBYE 

respective d e n t  radii, 2.21 A. The structum is shorn in 
Fig. la. The s- of the sulfur-bridged direr 
[ = 2 ( p t u ) 6 ~ ~ 4 * ~ ~  H~O,~' shrrw~  that S~(II) is in a distorted, 
square planar ewimment, andlogars to Te(I1) in [Te2(etul61- 
(C104 )4 (etu=ethylenethio).ll Its stmcture, shown in Fig. 
lb, is also similar to that of K2[Se2(SCN)6]H20.12 
Se-S bond length is 2.568 A, a little 1- than in the non- 
bridged colplex i m  above. 

The average 

Another type of Se(I1) caplex is represented by polymeric 
13 [Se(qJK!se2)I],. Its stxuctwx is similar to that of the 

with a distorted square 3 telluriun analog, [Te(EtOCS2 )&In, 
planar, or mre correct, a trapezoid planar &-SeIzSez 
cocwdinaticm sphere, vhere both halogens are bridging. Average 

Se-Se and Se-I bond 1- are 2.39 and 3.12 A, respecctively. 
Theymaybecarparedtothesunof t h e d e n t r a d i i o f  2.34 
and 2.50 A. Subtracting the ligand d e n t  radii fran the bond 
lengths and averaging, gives re = 1.51 A. 

The average Se-S bcnd length in this trapezoid nation. 
planar ccnplex is 2.536 A, correspanding to rSe = 1.50 A, 
close to the value 1.49 A quoted earlier for such canplexes. 

The structure of [Se(Et2XS2),] represents a redetermi- 
1 4  .15 

1 

MXIR-COORDINATE Te(I1) coMpLExEs 

square-planar ccnp lexes with mxmdentate liqands 
meSe oanplexes can be subdivided into three g r a q s  with 
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STRUCTURAL CHEMISTRY OF Se AND Te COMPLEXES 273 

ccx>rdinaticn spheres A: "by4, Y = S or Se, B: M 2 Y 2  where X is 

are fourteen canplzxes in A. Five are of the type [W4]X2 
where L represents varims thioureas and esu(ethylenese1emurea) 
and X is c1- or C104 . 

a,&, I a n d Y = S , C : T e x 3 Y , Y = S o r S e , X = c l , B r , I . T h e r e  

Two are of the type trans- 
- 9.16-18 

-[Tf%2(YCN)2]; L = tmtu, Y = s and L = tlnsu, Y = Se (tmtu and 
-hnsu = tetramethylthio - and -selenaurea).18 These m can- 
plexes are a l l  cen-trosym&xic and represent the ++-- isaner 

A + or - sign indicate which predatuM ' te in such unplexes. 
that the ligand apart fran the S or Se atan lies above or below 

thecoardma ' ticn plane. There seems to be no steric reasms for 
this preference. The average Te-S and Te-Se b o d  lengths are 
2.680 and 2.800 A, mrrespandhg to rTe = 1.64 and 1.63 A 
respectively, i n  excellent agreewnt with 1.64 A, the rTe 
found earlier in similar ccnplexes. This value is 0.27 A 
greater than the d e n t  radius of tellurimn and reflects the 

bond 1- * effect of 3-center 4-electmn bonding in such 

1.18 

1 

linear Y-Te-Y syStems.l ']here are sev€¶ canplexes of the type 

cis- [W2 (YCN)2 1, - L is various thio- and sel- and 
Y = S or Se. In the three isanorphous canplexes w i t h  L = etu, 
Y = S; L = em, Y = S a n d L  = esu, Y = Se, the structum 

19 

reprresents the ++++ isaner. 
There are sevepl catplexes in grou~? B. Five are -ic of 

the type trans-[TeL2X2], - L is tmtu or etu and X is C1, Br 
and I. The stnxAmes of unplexes w i t h L  = etu andX = Rr and I, 
are redeterminations. polymeric carrplexes, 18 .20 .21 

{We2 (eW4Br3 l3 Cm6 I=}, and CEWtrW2W2 [m6 I},, - 
trtu = t r i m e t h y l e n e W a ,  have repeating units cis- 
[Te(trtu)2Br21.22 (3ne of the brmrmne ' s in the unit is bridging in 

the f i rs t ,  both are bridging in the second canplex. As a result 
of the bridging and of the trans inf luemx,  

ordination sphere is considerably distorted fran square planar 
-try. m the trans ccnplexes above, both Te-S and Te-X bonds 

1 the TeS2Br2 co- 
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214 STEINAR HUSEBYE 

have average lengths corresponding to rTe = 1.64 A. In the poly- 
m i c  - cis canplexes, the average W-S bond length is ca. 0.20 A 
shorter than in the trans ccmplexes due to trans influence. 

1 

Group C consists of six isanorphous dimeric carplexes of the 
type [TeL2X4] where L = trntu or -tmsu and X = C1, Br, I (Fig. 
2a) .2 The canplexes are centmsymmtric with asymnetric bridges. 

of the stmctures are redeterminations (Ref. 1. p. 321 and 
330). 

Trapezoid planar c m p  lexes with bidentate ligands 
since the last review, seven [TeL21 canplexes where L is a 
bidentate ligand, have been stzucturally characterized. 
represents (m2- 1 2 ,  ( i - p m 2 -  l2 , C(m2a2 )2~a2-12, 

= maldtriledithiolate and pap- = 2-phenylazophenyl-C,N'. For 
the first time, such canplexes have been prepared with two 
different bidentate ligands in the same ccmplex. 
ture of cme of these, [Te(EX2m2)(m2)], is shown in Fig. 
2b.26 It illustrates the typical class I eapezoid planar CQ- 
ordinaticm found in carq?lexes with bidentate ligands which are 

good donors of e1ectrms.l ~n interesting feature of this canp?lex 
is that the average Te-S bond length for the diethyldithiocarba- 
mate ligand is 0.08 A shorter than that for the ethylxanthate 
ligand. W l  differences are also found between Te(I1) dithio- 
cxdxmlates and xanthates in this class and indicate that 
dithi-tes are better ligands than xanthates in such 
ccmplexes. 

(except [Te(EX2NCS2 )(pap)]29 ) is still close to 1.64 A. For the 
first time, the s- of a [TeL21 canplex, where L is a 
dithiolene, has been solved.30 In (Ph4As)2 [Te(mt)2], a class I 

trapezoid planar structure, as shown in Fig. 2c, is f&. "he 

average Te-S bond length is 2.76 A, 0.08 A longer than the 
average usually found in such mmplexes. This is significant arid 
is probably due to the eltxtrcn withdrawing power of the CN 

2 4 - 3 0  

L2 

(m2- 12, cEt2NCs2- ~ ~ ~ 2 -  1, and cm2m2- )(Pap- ) I  where mt2- 

The struc- 2 6  .29 

1 .31 
However, the average rTefor the above ccmplexes 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
2
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



STRUCTURAL CHEMISTRY OF Se AND Te COMPLEXES 275 

groups which reduces the electrun donor capacity of the ligand. 
!rhe ccnplex [Te{(HoC%12c3i2 )2NCS2 l2 ] forms an interesting addition 
cmpound with [Te{(I-KlCX2~2)2NCS2}SCN].27 There is a weak Te-Te 
bond of 3.221(3) A (Smn cov. radii = 2.74 A), carpleting the 
trapezoid planar four-coordma ' tim in the latter (Fig. 2d). 

P 

C 

b 

d 

is d y  one new carplex in this group, [ ( E X O C S ~ ) ~ -  

w - N ~ ~ > - ~ N - T ~ ( E w c s ~  l2 1 . 3 2  It may be v i d  as two 
[Te(EMxs2 ),I trapezoid planar canplexes weakly linked by the 
4,4'-bipyridyl ligand. Appreciable dissociatim probably takes 
place in solution. 2 2  Bonds and angles are similar to those found 

the average Te-S bond leng-th is normal at 2 4  . 3 3  
in P=(m2 l2 I t  

2.685 A. The Te-N bond length at 2.892(8) 
between the s~llll of the covalent and van der W d s  radii of Te and 

N. In the only other five-coordinate planar complex, Et4N- 

[ T e ( m 2  )3 1, the fifth Te-S b a d  to a nmmdentate m2- 
ligand is the s m s t  of the five W-S bonds.* 

is ca. halfway 
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276 STEINAR HUSEBYE 

FIVE-COOW)INATE Te(IV) coMpLExEs 

The carplex (p-M"OC6H4 ){(Meo)2PS211 has a dis* square 

pyramiddl d i g m a t i o n  w i t h  the panisyl group 
weak intermolecular Te' * ' Ek contact a-s the 6th position 

in  an octahedral sbmcture; the lone pair of elecrtrans,(W), is 
probably st- 'cally active and located near this position. 

A 

SIX-COORDINATE Te(IV) CmPLEXm 

There are t m  somewhat s i m i l a r  cmplexes i n  this categozy. 

l2 (=I2 1 and CTe(Et2KS2 l2 (I)(Me)l which both have dis- 
T h e  LP is 36 .37 tort& pentagonal pyramidal structures (Fig. 3a). 

S- 'cally active and makes the corplexes Y-pen tagcmal  
bipyramidal. 

CTe(Ph)2C(Meo)2PS2121,35 and [Te(Ph)2C(Gto)2pS,121. 

Another type of stmcture is fcnmd in the six corplexes 

CWPh), m2m2 l2 I I [Te(C8H* )(Et2W2 l2 1 I CTe(C8H8 )(I)- 
(m2-2)i, C T ~ { ~ ( C ~ H ~ ) ( ( ~ ) ~ P S ~ ) } ~ I . ~ ~  - * catplexe~, 
the central Te(IV) atom is bonded to six other atatrs and the 

arrangement may be described as very distorted m a l  (Fig. 

3b). However, the LP is probably s t e r w d m u  'cally active in  all 
six and the best description is probably in terms of pseudo 
seven-wordirmtio, where these corplexes adopt a Y - 1:2:2:2 
stmcturee3' TMS sixuctme ideally has - ~2 symnetry and re- 
presents a cmsiderable distortion frcm pentagonal bipyramidal 

symnetry. 
3 8  .39  

SEVEN-OOORDINATE Te(IV) CaMpLEXEs 

There are two carplexes with inert LPs, 

They have 

I ~ I ~  I 

4 0  . 4 1  [Te{(rn2M2 )2Ncs2}3x1, where x = c1- and m- . 
the nomd ma l l  S-S "bite" distorted pentagad bipyramidal 

cmfigurat io  w i t h  x axial.'  he canplex CT~{(H(XH~CX~ 
also has a pentagonal bipyramidal stru~hre.~~ H e r e  the two 
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STRUCTURAL CHEMISTRY OF Se AND Te COMPLEXES 277 

iodines are axial. The equatorial Te-I band is weak a d  inter- 
molecular with a bond length of 3.427(2) A (The 
d e n t  and van der Waals radii are 2.70 and 4.04 A, respec- 
tively). The nei#&mr quatorial Te-S bonds are significantly 

of the 

longer than the other Te-s bonds and the stmcture may alterna- 
tively be described as Y - p e n t a g a n d l  bipyramidal with the LP 
active42 and located near the equatorial =-I ~(xltact.   he 

cooadination spheres in the three ccnplexes [T”(C8H8 )(EWCSz l2 I ,  
[Te(C8H8 ) C ( ~ ) z p s 2 1 2 1 1  and [Td*)(EtzNcsz )z{(lscto)zps211, are 

These s-s may at a first glimpse be described as distortea 

pmtagmal bipyramidal with the lMin distortion caused by a weak, 
skewed Te-S interaction which is intenmlecular for the first W 

similar,37 and also similar to that of [Te(Ph)(EtzNcsz ),I .43 

canplaces and intranmlecular in the IxxI others. The stnzture of 
the mixed dithiolate canplex is sham in Fig. 3c. In this 
descriptian the trans influence of an aryl (or alkyl) group 
causes some distortion and the role of the LP is -1-.43 ~n 

alternative description of these amplaces as distorted 
dodecahedrdL with an active LP s e e m s  plausible .3 

a b C 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
2
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



278 STEINAR HUSEBYE 

EIw-mmxNAm Te(vI) COMPLMES 

The only s- solved in this category is that of 

stxwctme w i t h  an M LP.' 
[Te{(Ii0m2rn2 )2Ncs2}, 3 .44 It has the normal. -d. 

cxxKmJDING- 

metwoLPsarestereocherm 'cally active in Se(I1) and Te(I1) 

ccnplexes, being located above and beneath the coordma tim 
plane. In Te(IV) caxplexes the LP is always stereocherm 'cally 

active for coordma ' tim nunbers less than six. For nuanbers six 

and seven it is sanetimes active and sanetimes inert and for 
corndination n u r 9 ~ r  eight it is always inert.' ~owwer, inert 

lone pairs in  the VSEPR sense probably are antibmding. 

Extensive soluticrm NMR studies indicate that %(Ill) ccnplexes 
with s u l f u r  ccmtaining ligands often retain their stmctures in 
solution. They further indicate that such ccmplexes are labile 

with respect to ligand exchange. It also appears that bidentate, 

dithiolate ligands may be ranked as nucleophiles in the arder 
R 2 W 2 -  > Gtoojz > [(Eto)2FS2-] based on bmd lengths fcund in Se 

and "e cunplexes. This is qqorted by other work. 

Bondirrg in Se and Te canplexes have been discussed in a 

1 .45 

37 

4 6  . 4 7  

1 recent review. 
radii for the divalent elements participating i n  3-center 
4-electron systems being close to 1.50 and 1.64 A, respectively. 
Bonding and structure in telluriun ccnplexes are also discussed 

The present work support the idea of covalent 

by wnctett.48 
In the present work, weak secondary bonds have in mst cases 

been taken into cumideration in the description of the 
sbxctures; covalent and van k W a a l s  radii are taken fran 
Pauling and Bondi, respectively ( R e f .  1, Table 1). 
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