
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 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

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Coordination Polymers. II. Physicochemical Studies on Chelate Polymers
of Cu(lI), Ni(ll), Co(lI), Zn(lI), and Mn(lI)
M. S. Patila; N. R. Shaha; A. K. Ranaa; A. M. Karampurwalaa; J. R. Shaha

a Department of Chemistry Sardar Pate1, University Vallabh, Vidyanagar, Gujarat, India

To cite this Article Patil, M. S. , Shah, N. R. , Rana, A. K. , Karampurwala, A. M. and Shah, J. R.(1981) 'Coordination
Polymers. II. Physicochemical Studies on Chelate Polymers of Cu(lI), Ni(ll), Co(lI), Zn(lI), and Mn(lI)', Journal of
Macromolecular Science, Part A, 16: 3, 737 — 743
To link to this Article: DOI: 10.1080/00222338108056820
URL: http://dx.doi.org/10.1080/00222338108056820

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=t713597274
http://dx.doi.org/10.1080/00222338108056820
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. XI.-CHEM., A16(3), pp. 737-743 (1981) 

Coordination Polymers. II. Physicochemical 
Studies on Chelate Polymers of 
Cu(lI), Ni(ll), Co(lI), Zn(lI), and Mn(lI) 

M. S. PATIL, N. R. SHAH, A. K. RANA, A. M. KARAMPURWALA, 
and J. R. SHAH 

Department of Chemistry 
Sardar Pate1 University 
Vallabh Vidyanagar 380120, Gujarat, India 

A B S T R A C T  

Chelate polymers of Cu(II), Ni(II), Co(II), Zn(II), and Mn(II) 
with 4,4'-bis(m-formyl-p-hydroxy phenyl) biphenyl sulfone have 
been prepared. All the chelates are dark, amorphous, and in- 
soluble in common organic solvents. The probable octahedral 
structures of the complexes were determined on the basis of 
their IR and electronic spectral data in conjunction with their  
magnetic susceptibility data. The ligand field parameters 
have been determined for Ni(II) and Co(I1) polychelates using 
ligand-field theory of spin-allowed transitions. 

I N T R O D U C T I O N  

In continuation of our studies on polychelates obtained from mono- 
meric ligand [ 1-51, here we report  the synthesis of polychelates of 
Cu(II), Ni(II), Co(II), Zn(II), and Mn(II) with 4,4'-bis(m-formyl-p- 
hydroxy phenyl azo) biphenyl sulfone. We have also investigated their 
JFt, diffuse reflectance, and magnetic properties. Important ligand 
field parameters have been calculated using ligand field theory of 
spin-allowed transitions for Ni(I1) and Co(I1) polychelates. 
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738 PATIL ET AL. 

E X P E R I M E N T A L  

M a t e r i a l s  

Salicylaldehyde (B.D.H.) was used after distillation. 4,4'-diamino 
diphenyl sulfone (B.D.H.) was used after recrystallization. Metal 
chlorides (B.D.H.) have been used for the preparation of chelate poly- 
mers. N,N-dimethylformamide (DMF, SM) was used without further 
purification. All other chemicals used were of AnalaR grade. 

P r e p a r a t i o n  of t h e  L i g a n d  

A cold tetrazotized solution of 4,4'-diamino diphenyl sulfone (12.5 g) 
was added to a cold solution of salicylaldehyde (6.5 g) in 100 mL water 
containing 23 g NazC03. The resulting mixture was stirred for 3 h. 
After that a cold solution of salicylaldehyde (6.5 g) in NaOH was added 
and stirred for 2 h. The precipitated compound was filtered, washed, 
and dried. 

P r e D a r  a t  i o n  of P o l  v c  h e  l a  t e s 

The ligand (0.01 mol) was dissolved by refluxing it in about 100 mL 
DMF. To the refluxing ligand solution the metal salt solution (0.01 
mol in about 20 mL water) was added slowly and with constant shak- 
ing. To the resulting mixture about 0.5 g of sodium acetate was 
added and then the mixture was refluxed for 4 h. The precipitated 
solid was filtered and washed several times with hot water and then 
with hot DMF and finally with ethanol. The products were dried at 
80°C. All the polychelates a r e  dark colored, amorphous solids. 
They are  found to be insoluble in all common organic solvents, and 
therefore their characterization by conventional methods like osmom- 
etry and viscometry was not possible, 

M e a s u r e m e n t s  

All physicochemical measurements were made at room tempera- 
ture (30°C). Magnetic measurements were made on a Sartorious 
semi-micro Gouy balance. The diffuse reflectance spectral measure- 
ments were made on a Beckman-DU spectrophotometer. The IR 
spectra were recorded in KBr on a Spectromon-2000 IR spectro- 
photometer. 

polymer was determined by independent gravimetric and volumetric 
methods. Carbon-hydrogen analyses were made on a "University," 
India, C-H analyzer. 

For establishing the composition, the metal content in each chelate 
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COORDINATION POLYMERS. I1 739 

TABLE 1. Analytical Data 

Compound 

Elemental analysis found (calc) (%) 

C H M 

62.6 
(60.6 7)  

~ 

3.577 
(3.5) 
3.39 

(3.501) 
3.496 

(3.456) 
3.563 

3.546 
(3.43 1) 
3.742 

(3.45 4) 

(3.39) 

7.5 
(7.30) 
9.25 

(9.66 1) 
9.54 

(9.696) 
6.63 

(6.383) 
7.17 

(7.504) 

R E S U L T S  AND DISCUSSION 

Elemental analysis (Table 1) suggests a 1:l (meta1:ligand) stoi- 
chiometry for the Ni(I1) and Co(I1) polychelates and 2:3 for the Cu(II), 
Zn(II), and Mn(I1) polychelates. 

The diffuse reflectance electronic spectral and magnetic data of 
the chelate polymers a r e  given in Table 2. The spectrum of Ni(I1) 
polychelate shows three bands in their normally expected regions for 
Ni(I1) octahedral [ 61. These bands may be assigned as follows: 

9,524 cm-' 

14,400 cm-' 

21,510 cm-' 

These data a re  utilized to compute the important parameters using 
ligand field theory of spin-allowed transitions in the d8 configuration 
[ 71. The results a r e  given in Table 3. The low energy v1 band is 
observed as a weak and broad band with some sign of splitting. This 
might be because of a lower symmetry field. The v2 band also shows 
splitting which may be attributed to the spin-forbidden transition 
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TABLE 2. Magnetic and Electronic Spectral Data 

Compound 

~ ~~~ 

Magnetic Transition 
moment (B.M.) energies (cm-') 

[ C U Z ( C Z ~ H ~ ~ N @ & ) ~ ~  AH20 1.50 14,290, 22,220, 25,000 

[ Ni(C 26 H 17 N406 S). 2Hz 01 9,524, 10,810, 13,330, 

[ C O ( C Z ~ H I ~ N ~ ~ ~ S ) . ~ H Z ~ ]  4.49 9,346, 12,350, 14,390, 

2.92 
14,400, 21,510 

20,620, 22,730, 
25,000 

[ hlnz(C~6Hi7N406S)3.4Hz0] 3.79 20,830, 23,260 

[ Z ~ ~ ( C Z ~ H ~ , N ~ ~ ~ S ) ~ . ~ H Z O I  Diamagnetic - 

occurring due to spin-orbit coupling to 'E(D), lying close to 3T 1g 
[ 81. The vz/vl ratio lies in the range required for octahedral struc- 
ture [ 61. An attempt has been made to calculate the approximate 
value of A by using [ 91 

(F) 

2.7 X B35' - 
low Acal - 

The average value of B35 (Table 3) has been used in the calculation, 
Its value was found to be 81.7. This is lower than the free ion value. 
The magnetic moment is in the range required for octahedral stereo- 
chemistry. We have also calculated peff from Acal by using [ 101 

The calculated value (2.94) is found to be in good agreement with the 
observed magnetic moment. The spectrum of Co(I1) polychelate shows 
a broad asymmetric band centere: around 22,730 cm-', which may 
be assigned to the 4T (P) - T (24) transition. The shoulder 
on the high energy side at 25,000 cm- can be assi 
forbidden transitioa [ 111. The band at 20,620 cm-'may be assigned 

T transition. The weak shoulders at 14,390 and to the 4A -- 

12,350 cm-' 4might be because of spin-forbidden transitions. The 
4T - T ( vl ) transition is observed as a very weak and broad 
band centered at 9346 cm-'. The spin allowed transition energies 
have been used to calculate 10% and B35 I 71. The results are  given 
in Table 2. The vz/vl ratio comes very close to the ratio required 

1g lg1 ed to a spin- 

1g 2g 

2g 1g 
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742 PATLL ET AL. 

TABLE 4. Infrared Spectral Data' 
~~ 

Ligand CU Ni c o  Mn Zn 
~~ ~~ 

3300 Sbr 3300 Sbr 3300 Sbr 3300 Sbr 3250 Sbr 3250 Sbr 

1660 Svs 1600 SVS 1620 Sbr 1620 Sbr 1600 SVS 1600 SVS 
1380 SM - - - - - 
1280 SVS 1280 Sm 1300 SS 1300 SS 1300 Sm 1300 Sm 

'SVS = sharp very strong. Sm = sharp medium. Sbr = sharp 
broad. 

for an octahedral structure. The magnetic moment is found to be 
lower than required for a high-spin octahedral structure. 

Cu(II), Mn(II), and Zn(I1) chelates do not show higher polymeriza- 
tion. The absorption spectrum of Cu(I1) is found to be consistent with 
the square planar structure. It shoys a band at  14,290 cm-', which 
may be assigned to the 2A - B transition. The band at 
25,000 cm-' might be charge transfer in origing while the shoulder 

B transition. The at 22,220 cm-' might be because of 2E -- 
low magnetic moment suggests the presence of metal-metal inter- 
action [ 121. The spectrum of Mn(I1) suggests an octahedral structure. 
It shows two b y d s  at 204830 and 23,260 cm-' which may be assigned 

A transitions. The observed to4T - A and T - 6  

lower magnetic moment indicates the presence of metal-metal inter- 
action [ 131. The Zn(I1) derivative is diamagnetic and may have an 
octahedral structure. 

Important IR spectral data are  given in Table 4. The IR spectra 
of all the chelates a re  found to be comparable. All the compounds 
studied here contain four aromatic rings and hence the region char- 
acteristics of double bonds will comprise several bands which over- 
lap. This renders the vc-c - region complicated. The out-of-plane 
bending region is also rendered complicated. However, some impor- 
tant observations are indicated below. 

2g 2g 

2g g 

2g Ig 2g 2g 

1. The ligand and the polychelates show a strong and broad band 
in the range 2950-3500 cm-' which may be due to coupling of the 
voH of water as well as that of the phenolic group. This suggests 
that the ligand as  well as  the polychelates contain water. Except for 
Cu(II), the octahedral stereochemistry of the polychelates requires 
the association of two water molecules per metal ion. h the case of 
Cu(II), they may be outside the coordination sphere. 

2. The strong band at 1660 cm-' in the ligand may be assigned 
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COORDINATION POLYMERS. II 743 

to vc=o '  This band is found to be shifted to a lower energy, indicat- 

ing coordination through the oxygen atom of the C=O group. 
3. The band at  1380 cm- ' in the ligand might be due to phenolic 

OH deformation. This band is absent in all the polychelates. This 
suggests the dissociation of the phenolic proton on coordination. 

4. The ligand and the polychelates show medium strong band 
around 1300 cm-', which may be assigned to phenolic vC4. 
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