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Summary  C u ( H L ) 2 0 H  " O. 5 H 2 0  

Some new crystalline copper( l )  complexes  of  rhodanine 
(HL) have been prepared and studied by i.r. and conducto-  
metric methods.  The neutral ligand is bonded to the metal 
a tom through the th iocarbonyl ic  sulphur atom. The 
Cu(HL)2OH ' 0.5 H20  complex  has a dimeric tetrahedral  
hydroxyl-br idged structure as have the isostructural halides 
Cu(HL)2X (X = CI, Br and 1) for which the halide-bridged 
stretching bands have been identified. The Cu(HL)3A 
(A = C104, BF4 ,0 .5  SO4 and CF3CO 2) complexes  have 
monomer ic  distorted tetrahedral  structures with the anion 
bonded to the metal. 

The compound  was obtained by adding either a) a solution 
of  HL (2 mmol)  in EtOH (10 cm 3) to the brown suspension 
formed by adding an EtOH solution of NH3 (2 mmol)  to a 
solution of  CuCI2 " 2 H 2 0  (1 mmol)  in EtOH (10 cm 3) or 
b) a solution of  HL (2 retool) in EtOH (20 cm 3) to a solution 
of Cu(O2CMe)2 ' H=O (1 mmol)  and sodium acetate 
(2 mmol)  in 95% EtOH (140 cm3); the microcrystal l ine 
yel low-brown precipitate was washed with EtOH and Et20  
and dried in vacuo. 

C u ( H L ) 3 A  (A = Cl04 ,  Bl;'a and C F 3 C 0 2 )  

Introduction 

The copper(1) complexes  of  rhodanine,  HL, Cu(HL)= X 
(X = C1, Br and I) and Cu(HL)C1 have been investigated 
previously by i.r. ( 4 0 0 0 - 2 0 0  cm-  1 ) and by n.m.r spectros- 
copy (1) which shows that the ligand is bonded to the metal 
through the th iocarbonyl ic  sulphur atom. Some new 
copper( l)  complexes  of rhodanine were prepared and the 
investigation of  this class was extended to the far i.r. region 
(down to 60 cm-~ ). Some new data is reported for already 
known complexes  (1) in order to provide a comparison with 
the new complexes.  

Experimental 

C u ( H L ) z X  ( X  = CI, Br and  I) 

These complexes  were prepared by the method  (c) 
described in the l i teratureO). 

A solution of  the copper( l l )  salt (1 mmol)  in the corre- 
sponding concentra ted  acid ( 1 . 5 - 2 . 0  cm 3) was added to a 
solution of HL (6 mmol)  in glacial acetic acid (30 cm3); the 
brown microcrystal l ine products  were washed with HOAc, 
EtOH and Et20.  

Cu2 ( H L ) 4 S 0 4  

A warm solution of CuSO4 " 5HzO (1 mmol)  in HOAc 
(2 cm 3) was added to a warm solution of HL (6 mmol)  in 
HOAc (30 cm 3) + H2SO4 (1 cm3). Upon cooling, a micro- 
crystalline light brown product  precipitated and was washed 
with HOAc and EtOH. 

The compounds  were analysed by standard methods  
(Table 1 ). The molar conductivi t ies  were determined in 
DMF solution at 25 ° with a WTW conduct ivi ty  bridge. The 
i.r. spectra were recorded on solids in KBr disks 
(4000 2 5 0 c m  - l ) w i t h a P e r k i n - E l m e r  521 spectrophoto-  
meter  and in nujol mulls on polythene ( 4 0 0 - 6 0  cm- I  ) 
with an Hitachi I"IS 3 spect rophotometer .  

Results and discussion 

* A u t h o r  to w h o m  all co r re spondence  should  bc directed.  

In DMF solution, the perchlorato and f luoroborato  com- 
plexes behave (Table 1) as 1 : 1 electrolytes 

Table 1. Ana ly t i ca l  data and molar  conduc t iv i t i e s  at 25 ° in DMF so lu t ion  for the copper(1) complexes  of rhodan ine  (HI.) 

C o m p o u n d  Found  (Calcd)% A M 
C H N (mhos  m o l e -  I cm 2 ) 

C u ( t l I , ) 2 O H - O . 5  H20  20.3 120.3) 1.8(2 O) 7.95(7.9)  
Cu(HI,)2CI 20 .35(19 .7)  1.8(1.7) 7.5 (7.7) 
Cu(HI. )2Br 17.8 (17.6) 1.8(1.5) (~.6 (6.8) 
Cu(HI,)21 16.0 (15.8)  1,7(1.3) 5.6 (6.1) 
Cu(HI,)3CIO 4 19.2 (19.2) 1.5(1.6) 7.4 (7.45) 
CulHI . )3BF 4 19.8 119.7) 1.5(1.65) 7.5 (7.6) 
[Cu(HI,)3]2SO 4 21 .05(21 .15)  1,6(1.8) 7.9 (8.2) 
C u ( I t I , ) 3 0 2 C C F  3 22.2 (22.91 1,6(1.6) 7.7 (7.3) 
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(A M = 6 0 - 6 9  mhos mole -I cm 2 )(2) while the sulphato and 
the t r i f luoroaceta to  complexes  (A M = 17 mhos mole -  I c m  2 ) 

behave as nonelec t ro ly tes  {21 

The i.r. spectra of the copper(1) complexes  (Table 2) 
arc similar to those of the silver(1) and gold(l)  complexes  of 
rhodanine already discussed previously(3). The v(NH) and 
u(CO) frequencies of  the complexes  do not indicate nitrogen 
or C=O coordinat ion  of the neutral ligand molecule  to the 
metal ion. l lowever  the p(Nt-]) f requencies  are influenced by 
the electronegat ivi ty  of the anion, the decrease of  the ligand 
values being in the order: 

HO-  ~ CI- > Br- > I- > CIO4 ~- BFa. The decrease in 
v(CS) frequencies confirms that  in all these complexes,  as for 
the hal)des (l), the coordinat ion  occurs through the thiocar- 
bonylic sulphur atom. The small f requency decrease of  the 
band at 1 2 3 0 c m  - l  assigned to t h e p ( C - N  C)as mode  may 
he due to some u(CS) contr ibut ion.  Similar behaviour applies 
to the band at 1183 cm -I 

Two v(CuS) bands, distinct f rom the ligand bands and 
independent  f rom the anion bonded to the metal ion, may be 
recognized in the 3 1 0 - 2 9 5  (l) and 2 8 0 - 2 7 0  cm - l  regions 
in agreement  with o ther  l i terature values for copper(1) com- 
plexes of thioamidic  brands, such as di thiomalonamides(4),  
di thMbiuret  (s) and N-ethylthiourea(6).  

The Cu(HE)? X (X  = OH and Cl) complexes  have almost 
identical i.r. spectra indicating that they must have an equi- 
valent chemical const i tu t ion and the same structure.  For the 
first complex,  no i.r. bands characteristic for coordinated 
water (7) could be recognized and the ligand bands are 
identical to those of  the chloride; the Cu[, • HL • H20 formula 
containing a coordinated rhodanidato  anion should have 
different  i.r. bands and must be excluded.  The two strong 
far i.r. bands of these complexes  at 201 - 2 0 6  and 
1 5 0 - 1 5 4  cm -j , not  present in the o ther  complexes,  may 
therefore  be assigned to Cu-X (X = OH, and CI) vibration 
n l o d c s .  

The C u ( H L ) 2 X  (X  = Br and 11 complexes  show two mass- 
dependent  bands related to those assignable to Cu-Cl 
vibration m o d c s b y  the ra t ios ,  2 0 6 : 1 4 3 : 1 1 7  = 1 : 0 . 6 9 : 0 . 5 7  
and 1 5 4 : 1 1 2 : 9 0 =  l : 0 . 7 3 : 0 . 5 8 ,  which are in the range 
accepted for complexes  having similar coordination(S). 
Stretching frequencies of bridging Cul l -x  bonds are reported 
for tetrahcdral  [CuCl3]z at 2 3 6 - 2 2 2  and 1 9 3 - 1 8 0  cm - l  and 
for [CuBr~]2 at 168 and 122 cm -I (9}. A v(MX) frequency 
lowering is normal for a lowered oxidat ion  number  of  the 
same cation with the same type of coordination(9) and the 
v'(CuX) bands may be assigned therefore  to halide bridged 
bonds in agreement  with o ther  l i terature values for copper( l)  
complexes( ~ 0 -  12 ) 

A~'(CuO) f requency of 201 cm -I for the Cu( l tL)eOt l  
complex,  much lower than those reported for copper( l l )  
hydroxyl-bridged complexes(9), may be due either to the 
steric hindrance of the two cumbersome ligand molecules 
bonded to the metal or to hydrogen bonds between the 
O11 group and the Nil  or CO groups of neighbouring ligand 
molecules, l"or the above f~mr complexes  a dimeric tetra- 
hedral structure ( I )  may be proposed. 

HI. X Itl .  
\ I \  / 

Cu Cu ( 1 ) 
/ \ /  \ 

IlL X HL 
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In the  Cu( t fL )3A  (A = CIOa, BE4, 0.5 SO4 and  CF3CO 2) 
complexes  the  an ion  bands  are most ly  superposed  on ligand 
bands.  The  ~'3(CIO4) band  (1158sh ,  I 0 8 8 w ,  1055sh)  and 
I Bt:4]- (1076sh ,  lO10sh)  ions and  the  va band  (581w,  530w)  
of the  [BFa] -  ion are split;  b o t h  these ions show the  v'l and 
v2 bands  (CIOa = 920vw, 440sh ;  BF4 = 750w, 345wb)  which  
are fo rb idden  for a To s y m m e t r y  (v'°).  They  may be con- 
sidered to be at least weakly coo r d i na t ed  in the  solid s tate  
even if thei r  complexes  behave  as 1 : 1 e lec t ro ly tes  in the 
s t rong solvat ing DMF. The bands  (1173vsb ,  1055sh,  1014ms,  
582w) assignable to the  [SO4] > group  are in part  superim- 
posed on o the r  bands  of the  complex  but  seem to cor- 
respond  to a br idging [SO4] 2- g roup  (v). No valuable informa-  
t ion may be ob t a ined  on the  t r i f l uo roace t a to  an ion  however,  
as the  su lpha to  and t r i f l uo roace t a to  complexes  behave in 
DMF solu t ion  as none lcc t ro ly tes ,  it is rcasonablc  to assume 
tha t  they  arc coo rd ina t ed  in the  solid state.  

The  s t rong band  at 171 cm-Z for the pcrch lora te  and the  
m e d i u m  bands  at 2 2 0 c m  1 for the  su lpha te  and  the  tri- 
f l uo roace ta t e  are s t ronger  t ha t  the  much  weaker bands  
assignable to the  ligand which appear  in the  same region. 
They may be assigned to v(CuO) modes  due to long metal-  
an ion  in te rac t ions ;  for c o p p e r ( l l )  complexes  p(CuO) fre- 
quencies  (anion:  NO~, CIO4 and SO4)  are r epor t ed  at 
240 -280  c m - l  (13) A m o r e o r l c s s d i s t o r t e d t e t r a h e d r a l  
coo rd ina t ion  is the re fo re  likely for these complexes .  The 
b a n d s a t  158 143 cm -I may bc assigned to M C - S  
d e f o r m a t i o n  modes  (9). 
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S u m m a r y  

Complexes  of overall fo rmula  TiA12Xs • Ar (X = Cl, Br or l, 
Ar = benzene  or h e x a m c t h y l b e n z e n e )  and the  complexes  
con ta in ing  various a m o u n t s  of  Br or I in add i t ion  to CI were 

* 1'o whom all correspondence should be directed. 

prepared bo th  by a direct  synthesis  the  reduc t ion  of 
t i t an ium te t raha l ide  by a lumin ium in the  a romat ic  solvent 
and in excess of  the  cor responding  a lumin ium halide - and 
by halogen exchange  be tween  the  complexes  and a lumin ium 
halides. The  in te rp re ta t ion  of the e lect ronic  spectra of tile 
complexes  is given on the  a s sumpt ion  of pseudooc tahedra l  
symmet ry  of  the  ligand field. The values of 10 Dq and B 
ob ta ined  are compa t ib le  with the  assignment .  


