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ABSTRACT: Poly(butanethiooxamide) has been synthesized by condensation of dithiooxamide and 1,4- 
diaminobutane. Its complexes have been prepared with Co(II), Ni(II), and Cu(I1) salts. The complexes were 
characterized by elemental analyses, IR spectra, and thermogravimetric analyses and have been proposed 
to have an aromatized coordination structure. dc conductivity of the coordination polymers shows them to 
be electrically conductive, in comparison to the uncoordinated polymer. Thermal stability data of coordination 
polymers have been discussed. It shows an entirely different behavior from the degradation pattern of the 
ligand. 

Coordination polymers have shown very interesting 
results in the field of development of semiconductors,' 
catalysts,* and heat-resistant  material^.^ Dithiooxamide 
and its N,N'-disubstituted products form coordination 
polymers with various metal  ion^.^^^ Analytical applica- 
tions and investigation of semiconducting properties of 
these materials are also The molecular weight 
data are not available due to intractability of these 
materials. However, in most of the cases of Ni(I1) 
complexes, low molecular weight polymers are formed.9 

In our laboratory, we are studying the coordination 
polymers of various ligands containing S and N with 
transition metal ions,lOJl with a view to obtain a new 
material having specific properties like good thermal 
stability, semiconductivity, or conductivity. Dithiooxa- 
mide-Cu(I1) multilayer thin films have been used as pho- 
tosensitizers.12 This has motivated us to choose dithioox- 
amide and its derivatives for our present studies. In the 
present paper, we report the synthesis of the ligand poly- 
(butanethiooxamide), abbreviated as PBTO, by the re- 
action of dithioxamide and 1,Cdiaminobutane. The 
coordination polymers of this ligand were prepared with 
acetates and chlorides of Co(II), Ni(II), and Cu(I1). 
Characterization of the new materials was done with the 
purpose of proposing the structure and determining their 
specific application as a thermally stable material and/or 
a conducting material. 

Experimental Section 
Preparation of Ligand. Poly(butanethiooxamide) was pre- 

pared by a known method', (eq 1). An ethanolic solution of 

nH,NCSCSNH, + nH,N(CH,),NH, - 
NH,((CH,),NHCSCSNHJH + nNH, (1) 

dithiooxamide and diaminobutane in a 1:l molar ratio was 
constantly stirred for 3 h at 50 OC. The original orange of the 
mixture slowly turned to tan with stirring. A pale yellow polymer 
precipitated, which was filtered and washed with ethanol. The 
resulting polymer was soluble in pyridine; therefore, it was 
purified by dissolving it in pyridine and then reprecipitating it 
by the addition of ethanol. A calculated amount of ethanol was 
added to recover only the high molecular weight fractions. By 
this procedure, only 80% of the dissolved polymer was recovered 
and the low molecular weight species remained in the solution. 
The molecular weight of the resulting polymer was on the order 

Preparation of Coordination Polymers. Coordination 
polymers were prepared by using equimolar amounts of the ligand 

of 103. 

(PBTO) and metal salts, viz., acetates and chlorides of Co(II), 
Ni(II), and Cu(I1). The weight of the repeat unit was considered 
to be the moles of ligand. The ligand solution in pyridine and 
the solution of metal salts in a minimum quantity of water were 
mixed and refluxed at  60 OC with constant stirring. The 
precipitated coordination polymers were washed several times 
with water to remove occluded metal salt, if any. Further, the 
polymers were stirred in 0.1 N HNO, and HCl for l / z  h, and the 
filtrate was tested for the presence of metal ions. A negative 
result ensured that the metal salt is not occluded with the 
coordination polymers. Finally, the polymers were washed with 
water, pyridine, and acetone and were dried at  70 OC in an oven 
for 8 h. 

Measurements. C, H, and N analyses were carried out with 
a Carlo-Erba elemental analyzer. The metal contents were 
determined by decomposing the metal complexes with concen- 
trated HN03and titrating against EDTA." The IR spectra were 
recorded in the 4000-200-~m-~ range on a Perkin-Elmer spec- 
trophotometer using CsI pellets. Electronic spectra were recorded 
in the 200-1500-nm range on a Varian-Cary 2390 spectropho- 
tometer. Thermogravimetric analyses were carried out on a Per- 
kin-Elmer thermal analyzer in air at  a heating rate of 15 OC/min. 

The measurement of conductivity was made under dust-free 
and nonhumid atmosphere. For measuring the conductivity, 
the samples were powdered and filled in the die and were kept 
under high vacuum. Then the die was pressed using a Carver 
laboratory press, applying 8 tons of pressure for 2 min. The 
room temperature (22 * 2 OC) conductivity was obtained by 
pressing the pellets in silver-coated copper plates and applying 
a constant disk potential for 3 V across the sample. The time 
of electrification was about 40-50 s. (No change in current was 
observed when the voltage was applied continuously for 20 min.) 
Current measurements were made indirectly on a biopotentiostat 
(electrochemical processor) supplied by Applied Photo Physics, 
U.K. 

Results and Discussion 
PBTO, obtained by the procedure mentioned above, 

was a pale yellow solid, insoluble in common organic 
solvents and soluble in pyridine. All the coordination 
polymers were intense colored solid materials, which 
decompose before melting. Co(I1) complexes are  dark 
brown, Ni(I1) complexes are dark red, and Cu(I1) com- 
plexes are dark green solid materials. All the coordination 
polymers are insoluble in common organic solvents. The 
determination of molecular weight and molecular weight 
distribution is not possible due to the insoluble and non- 
fusable nature of the coordination polymers. 

Elemental Analyses. Results of elemental analysis 
(Table I) show correspondence between observed and 
calculated values for a 1:l metal-to-ligand mole ratio. Slight 
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of structure I1 in the coordination polymers. On the basis 
of this observation, a salt linkage with sulfur is suggested 
in the complexes under study and an S,N-chelated 
structure has been proposed (Figure 1). The appearance 
of a weak absorption band between 500 and 350 cm-l, 
characteristic of the chelate ring deformation vibration? 
supports a five-membered chelate ring, as has been 
proposed in Figure 1. The stretching vibrations due to 
metal-chloride and metal-oxygen bonds appear in the far- 
IR spectra of inorganic and coordination compo~nds.~*J~ 
vcUcl gives rise to two absorption bands in the 260-290-cm-l 
region. Absorption due to YNiCl appears around 290 cm-', 
and that due to v c ~ l  appears as two bands around 290- 
301 cm-l. The band@ due to VMCI are not observed in the 
far-IR spectra of the complexes under present investiga- 
tion. An acetate group shows absorption due to a car- 
bonyl group as well as metal-~xygenl~ bonds, when 
coordinated to a metal atom, which are not observed in 
the coordination polymers. Further, the IR spectra of 
coordination polymers prepared with different salts of a 
metal are similar. These observations suggest that anions 
are not present in the coordination polymers. 

On comparison with the ligand spectrum, the IR bands 
of the coordination polymers are quite broad and a new 
band of weak intensity due to C=C is also observed near 
1000 cm-'. This is indicative of considerable electron de- 
localization within the five-membered chelate ring. 

Electronic Spectra. Since the coordination polymers 
are insoluble in common organic solvents, the electronic 
spectra were recorded in the solid state. The electronic 
spectra show very broad bands. In polymeric complexes 
of dithiooxamide, the electronic spectra do not give any 
clear idea about the geometry of ligand molecules around 
metal ions. Hofmans, Desseyn, and Hermang have made 
an attempt to explain electronic transitions, assuming a 
planar and octahedral configuration about the nickel atom 
in its dithiooxamide complexes. Menabue, Pellacani, and 
Peyrone15 have explained Ni(I1) complexes of dithioox- 
amide and its N,N'-disubstituted derivatives to contain 
square-planar and octahedral symmetry, but no clear-cut 
conclusion was given, as the characteristic band at  lo00 
nm was not observed. However, the Co(I1) complexes were 
reported to have an octahedral coordination.5 

The electronic spectra for coordination polymers pre- 
pared with cobalt and nickel acetates are shown in Figure 
2. The bands observed between 260 and 370 nm in all the 
coordination polymers are very peculiar. Hofmans, Des- 
seyn, and Herman9 suggested that a - a* bands observed 
in the 300-330-nm region indicate the high conjugation 
over the carbon-carbon bonds. On the basis of IR and 
electronic spectral studies, we have proposed a five- 
membered chelate ring structure (Figure 3) for the 
coordination polymers and suggested considerable electron 
delocalization within the ring. The a - a* transition 
observed in electronic spectra further supports our con- 
clusion. It is further suggested that this type of delocal- 
ization enhances the covalent character of metal-sulfur 
and metal-nitrogen bonds, and the five-membered ring 
acquires aromatic character. Because of this increased 
covalent character and aromatized structure, the geometry 
around the metal ion becomes difficult to predict. This 
is in accordance with the observed facts. 

In the nickel complexes a very broad band is observed 
between 400 and 640 nm with A, a t  500 nm. The broad- 
ness of this band indicates superimposition of different 
bands. It may be assigned to the charge-transfer transition 
or superimposition of the band at  500 nm due to a ~ A z ,  - 
3T1g (P) transition and at 610 nm due to a 3Azg - 3Tlg (F) 

Table I 
Elemental Analysis. 

elem anal.: found (calcd), !% 

C H N M 
PBTO(L) 41.24 5.98 16.99 

(41.27) (5.74) (16.09) 
LCo(A) 29.15 4.02 13.05 23.74 

(31.12) (3.46) (12.14) (25.41) 
LCo(B) 29.26 4.05 12.67 23.93 

(31.12) (3.46) (12.14) (25.41) 
LNi(A) 31.24 4.14 13.78 26.16 

(31.18) (3.44) (12.12) (25.50) 
LNi(B) 31.33 4.15 13.96 25.34 

(31.18) (3.44) (12.12) (25.50) 
LCu(A) 29.50 3.70 13.01 24.79 

(30.52) (3.39) (11.88) (26.96) 
LCu(B) 29.65 3.71 12.74 26.36 

(30.52) (3.39) (11.88) (26.96) 
0 M = Co, Ni, and Cu. (A) and (B) are used to denote complexes 

prepared with the acetate and chloride salts of the metal, respectively. 

deviation may be due to the polymeric nature of the 
complexes, as the values of end groups are not taken into 
account for theoretical calculations. Further, the exact 
amount of coordinated/lattice water molecules could not 
be determined? and the possibility of some unreacted 
repeat units exists as the reactivity of the segment toward 
coordination may decrease after precipitation. The com- 
plexes were found to be nonelectrolytic in nature; hence, 
for estimation of chlorine, Steponov's method16 was 
followed. The complexes prepared with metal chlorides 
were treated with sodium metal and ethanol to extract 
chlorine as soluble sodium chloride, but the qualitative 
tests indicate absence of chlorine in the complexes. 
Further the analytical data are also in agreement with the 
composition, having no chlorine and acetate in the 
complexes prepared with metal chlorides and acetates, 
respectively. 

Infrared Spectra. Important IR bands and their 
assignments based on typical bands generally observed 
for the trans thioamide group16J7 are given in Table 11. 
The spectrum of the ligand is compared with the spectra 
of the coordination polymer to elucidate the nature of the 
coordination. The two bands observed at  1380 and 1350 
cm-l in the spectrum of the ligand attributed to Y C N  of the 
thioamide group merge into one intense band at  1360 cm-l 
on complexation. The bands observed at  1530,1460, and 
1440 cm-l in the spectrum of the ligand have a mixed 
contribution from ~ N H  and UCN of the thioamide groups. 
In the spectra of the coordination polymers intensity as 
well as the position of these bands is greatly altered. These 
observations clearly indicate coordination through the N 
atom of the ligand. The strong absorption due to U N H  at 
3190 cm-I becomes very broad on coordination and it 
observed at  3400 cm-l. The broadening of this band and 
shifting toward higher frequency by more than 200 cm-' 
also support the coordination through N. 

The thioamide group exists in tautomeric equilibrium 
(eq 2). The very strong absorption due to UCS, at 870 cm-l 

I I1 
I 

in the spectrum of the ligand, is observed between 870 
and 890 cm-I as a week absorption band in the spectra of 
the complexes, which indicates a decreased double-bond 
character of the C-S bond and an increased contribution 
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Table I1 
LR Spectra. 

PBTO(L) LCo(A) LCo(B) LNi(A) LNi(B) LCu(A) LCU(B) aseignmenta 
3190 vs 3400 vb 3400 vb 3400 vb 3400 vb 3400 vb 3400 vb 
2940 m 2940 m 2940 m 2940 m 2940 m 2940 m 2940 m 
2880 m 2880 m 2880 m 2880 m 2880 m 2880 m 2880 m 
1630 w 1630 m 1630 m 1630 m 1630 m 1630 m 1630 m 
1530 vs 1520 b 1520 b 1530 b 1530 b 1520 b 1510 b 
1460 m 1440 m 1440 m 1440 m 1450 m 1440 m 1440 m 
1440 m 
1100 m 1130 m 1120 m 1120 m 1130 m 1120 m 1120 m 
870 m 880 w 890 w 880 w 880 w 870 w 870 w 

450 w 450 w 460 w 400 w 500 w 340 w 
390 w 390 w 340 w 

0 (A) and (B) are used to denote complexes with the acetate and chloride salts of the metal, respectively. 

WH or VOH 

~ N H  or  OH 

NCS group vibration 

NCS group vibration 
Vc-8 
chelate ring vibrations 

VCH 

VCN 

I M I 

-A,/ \/L 
1 

( C H 2 ) 4  

I 
Figure 1. Proposed coordination structure where M = Co, Ni, 
and Cu. 

200 400 600 800 1000 nm 
Figure 2. Electronic spectra of coordination polymers prepared 
with (- - -) copper acetate and (- - -) nickel acetate. 

I 

Figure 3. Aromatized structure of the metal cross-link. 

transition of the octahedral field. However, the very 
characteristic band of an octahedral geometry around 1000 
nm due to 3Az, - lTpg transition is not present. 

The brown of the cobalt coordination polymers is 
suggestive of the octahedral geometry, which is further 
confirmed by the appearance of bands at  480 and 610 nm 
assigned for 'A16 .-, 'TI, and 'Tz, transitions,5 respectively. 
The spectra of copper complexes contain A - a* tran- 

sitions, and no band is observed in the visible region. The 
behavior of copper complexes can be explained on the 
basis of Cu-Cu interaction as proposed by Kanda et  al.* 
The complexes were found to be diamagnetic, and the 
geometry was considered as square planar. 

Electrical Conductivity. The conductance of the 
material is measured in terms of its conductivity. When 
the electrical conductivity (dc) is measured for polymeric 
materials, in pellatized form, two possible factors give error 
in the results. The first factor may be due to contact 
resistance. Because of the possible air gap between the 
electrode and the material, the pressure applied to press 
the pellet between the electrodes may not be the same.2o 
The second factor involves material packing, which may 
differ due to a difference in particle size and crystal 
structure. These errors are significant for the measure- 
ment of electronic conductivity of a single material, and 
results may differ, if different measurement setups are 
used. In the present study we have taken extreme 
precautions to avoid the possible errors in measurements. 
The conductivity data were obtained under exactly 
identical conditions, using the same setup and same 
procedure. 

The conductivity of a Co(I1) coordination polymer was 
found to be 1.13 X 10-l2 52-l cm-l, that of the Ni(I1) complex 
was found to be 8.84 X 52-1 cm-l, and that of the 
Cu(I1) complex was found to be 9.04 X 10-l2 52-1 cm-l. 
Although, the values are low, but still significant, when 
compared to that of the ligand, which is an insulating 
material. An N,N'-disubstituted dithiooxamidocopper(I1) 
polymer21 also showed conductivity (electronic and pro- 
tonic) in this range. The complexes were prepared by 
using different salts of the metal (chloride and acetate); 
the electrical conductivities of a coordination polymer 
prepared with different metal salts were found to be 
similar. Further, it has been observed that the structure 
of the ligand has no specific features, such as conjugated 
double bonds, necessary for conduction. The conductiv- 
ities of the coordination polymers further support the de- 
localization of electrons over a macromolecule. It has been 
observedp2 that u electron delocalization profoundly 
influences the electrical conductivity; the electron-electron 
interactions are important for long-range electron delo- 
calization and thus for the electrical conductivity in 
polymers. If we compare our observation with the 
electrical conductivity of p0lyacetylene,2~ we find that the 
polyacetylene is not a conducting material still possessing 
a conjugated structure, but after doping with iodine or 
other dopant, it behaves as a metallic conductor. The 
reason given for the nonconducting (intrinsic) nature of 
polyacetylene is that it has a delocalization pathZ2 of 100 
8, due to structural defects. Structural defects are possible 
in the coordination polymers, but in the present studies 
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coordination p01ymers.l~ However, cobalt polymer may 
contain two water molecules per unit. The IR spectra 
show the presence of the coordinated or lattice water in 
these polymers. It may possibly be due to different 
geometries of the repeat units in the macromolecule, and 
water may be present in the units with octahedral 
geometry. Hofmans et al.9 were unsuccessful to determine 
the number of water molecules present in a polymeric 
dithiooxamidonickel(I1) complex by thermal analysis, as 
the complexes started to decompose, releasing C02 by the 
reaction of the ligand with water molecules a t  about 120 
“C. The Co(I1) and Ni(I1) coordination polymers show a 
high rate of weight loss at about 270 OC, whereas in Cu(I1)- 
coordinated polymers the high rate of weight loss is 
observed between 200 and 400 OC. This steep change in 
weight can be considered for the release of C02 and other 
gaseous products, leading to the structural changes and 
decomposition of the polymers. The dithiooxamidonick- 
el(I1) polymer was found to have linear chains! whereas 
in the present study we have proposed a network structure 
(Figures 1 and 3) for the coordination polymers. In 
comparison to polymeric dithiooxamidonickel(II), the 
PBTO complexes of Ni(I1) start degrading at higher tem- 
perature. This observation indicates that, due to network 
structure, the thermal stability of the coordination poly- 
mers under study has been increased. Further, the aro- 
matized ring structure may also be responsible for the 
increased thermal stability. The order of stability for the 
different coordination polymers was found to be as Ni > 
Co > Cu, which is in accordance with spectrochemical 
series. 

Conclusion 
Polymeric dithiooxamide ligands have been employed 

for the first time to synthesize coordination polymers. The 
molecular weight of the coordination polymer could not 
be determined due to their insoluble nature. The ligand 
coordinates through both with sulfur and nitrogen, and a 
five-membered chelate ring structure is formed. An ar- 
omatized ring structure is concluded by IR and UV-vis 
spectral studies. This aromatized ring structure is further 
supported by the electrical conductivity exhibited by the 
coordination polymers. The greater thermal stability of 
the PBTO-Ni(II) coordination polymers than the dithioox- 
amidonickel(I1) polymers further confirms that the co- 
ordination polymers in the present study have a network 
structure with the presence of a metal in an aromatized 
ring. Polymeric dithiooxamide ligands may be used to 
scavenge metal ions from the industrial effluents. 
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Figure 4. Thermogravimetric analysis curves: (- -) Co 
complex; (-) Ni complex; (-0-1 Cu complex; (- . - -1 ligand. 

it shows that the intrinsic conductivity therefore supports 
the structure shown in Figure 3. The observed conduc- 
tivity can be explained on the basis of the aromatized 
structure (Figure 3). 

The macromolecules designated as rubiconjugated very 
probably contain limited interrupted conjugation. Ru- 
biconjugated polymers% generally show conductivity on 
the order of 10-16-10-10 W1 cm-l. The macromolecules 
designated as ekaconjugated, however, are known to 
contain extended planar nets of aromatized residues. The 
proposed coordination structure resembles that of eka- 
conjugated polymersU but does not show conductivity in 
the expected range of 1O4-10-’ cm-l. The above obser- 
vation can be explained on the basis of the fact that mo- 
lecular structure may not be as pure as the probability of 
structural defects due to partly reacted segments; inter- 
molecular or intramolecular coordination still persistsS2 
Further, in the present case hydrocarbon chains were 
introduced in the macromolecules to impart flexibility; 
however, due to the network structure, flexibility is limited. 
Since the hydrocarbon chains are not conjugated, the 
macromolecule is ekaconjugated only in the direction of 
metal cross-links and only this part of network is respon- 
sible for conduction. 

Although the difference in conductivities of Cu(II), 
Ni(II), and Co(I1) may not be significant, but in such a low 
conductivity range, these small differences also become 
quite significant. The order of the conductivity was found 
to be Cu > Ni > Co. 

Thermal Analysis. The TGA of the ligand and its 
coordination polymers are shown in Figure 4. Since the 
degradation patterns for the coordination polymers pre- 
pared with different anions are almost similar, we have 
shown the TG curves for the coordination polymers 
prepared with metal acetates in Figure 4. Degradation of 
the ligand is observed in two steps while the coordination 
polymers degrade in more than three steps. All the 
coordination polymers show an initial weight loss between 
50 and 100 OC. Co(I1)-coordinated polymers show about 
9 % and Ni(I1)- and Cu(I1)-coordinated polymers about 
4% weight loss in this temperature range. The results 
presented in elemental analysis and TG analysis suggest 
that it is inappropriate to regard a water molecule as the 
third component of the coordination polymers besides a 
metal ion and a ligand unit. The weight loss in this tem- 
perature range can be attributed to the loss of adsorbed 
gases or moisture and not due to the degradation of the 
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