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Synopsis  

  

Schiff base polymers have been developed over the two past decades into the growing 

field in applied science and specific preparation. They have also attracted attention as catenation 

ligands, where the coordination polymers derived from polymeric Schiff bases have been 

extensively studied. The thermal stabilities of the whole aromatic Schiff bases are comparable or 

even better than aromatic polyamides.  

 

A number of polythioamides have been prepared and mechanism for the 

polycondensation have been proposed via formation of the intermediate Schiff base formation 

followed by the successive nucleophilic attack of polysulphide ions to the azomethine units to 

give thioamide groups. 

 

In the present work, eight Schiff base polymers and five polythioamides have been 

synthesized from dialdehyde (4,4’-methylenebiscinnamaldehyde) with  various diamino 

compounds like ethylenediamine, 1,2-propylenediamine, 1,3-propylenediamine, meso-

stillbenediamine, urea, semicarbazide, thiosemicarbazide and 1,2-phenylenediamine, by 

polycondensation reaction. Second   dialdehyde (4,4’-[naphthylbis (oxy)]bisbenzaldehyde) have 

been prepared and the dialdehyde has been used to prepare five Schiff base polymers and five 

polythioamides by reacting with ethylenediamine, 1,2-propylenediamine, 1,3-propylenediamine, 

semicarbazide, thiosemicarbazide 1,2-phenylenediamine and 4-amino phenyl ether. These 

derived Schiff base polymers and polythioamides have been characterized by elemental micro-

analysis, I.R, U.V spectroscopic techniques. The polythioamides have been prepared by 

Willgeordt Kindler type reaction in the presence elemental sulfur. All results of C.H. N analyses 

agreed with the expected values. The infrared spectroscopic data provided main peak in Schiff 
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base polymers around 1650- 1620 cm-1 due to υC=N vibration in polythioamides  indicated 

bands within 3300-3400 cm-1 due to υN-H vibrations and around 1227 –1266 cm-1 for υC=S 

vibrations. Viscosities measurement, thermogravimetric and differential thermal analysis of the 

polymers have been recorded. 

 

 

Some Schiff base polymers such as Poly 5,5’-methylenebis(2-hydroxybenzaldehyde) 

azine, Poly 5,5’-methylenebis(2-hydroxybenzaldehyde)4-iminophenylether, Poly 5,5’-methylene 

bis(2-hydroxynaphthaldehyde)azine, Poly 5,5’-methylenebis(2-hydroxynaphthaldehyde)4-imino 

phenyl ether have been used for poly metal chelates with Cu(II)  and Ni(II) ions. All reagents and 

poly metal chelates have been characterized by various spectroscopic techniques. The 

spectrophotometeric studies indicate that the poly metal complexes are less sensitivity in visible 

region but indicate high intensity of π-π* transition in UV region.  

 

 

Two Schiff bases 5,5’-methylenebis(2-hydroxybenzaldehyde)azine and 6,6’-

methylenebis(2-hydroxynaphthaldehyde)4-amino phenyl ether have been condensed with 

formaldehyde as well as furfuraldehyde for polymerization & compared their efficiency as 

adsorbent with Cu & Ni metal ions. 

 

 

Poly 5,5’-methylenebis(salicyaldehyde)1,2-phenylenediimine use for the 

preconcentration with and removal of Cu(II), Ni(II), Fe(II), Co(II) and Cd(II).  from solution 

using batch and flow methods. The change in concentration of metal ions on polymer (resin) has 

been monitored by air-acetylene flame atomic absorption spectrometry. The adsorption of metals 

on polymeric resin (PMBHBPh) has been carried out form various samples e.g copper wires for 

the determination of Cu(II) ions, pharmaceutical products for Co(II) and Fe(II) ions and tobacco 

samples for Ni(II) and Cd(II) metal ions. 
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CHAPTER   1 

INTRODUCTION 

1.1 Introduction of Polymers 

Polymer is a Greek word (poli means much or many and meros means part), and 

represents a big molecule constructed by repeating structural units of same or different 

molecules associated through covalent chemical bonds.  

Polymers are those substances in which molecules have high molar masses with variety 

of physical and chemical properties. Polymers are divided into two classes. One is naturally 

occurring polymers and other is synthetic polymer. 

 

 (1) Natural polymers:  

Since the beginning of time, polymers are present all over the world naturally. Natural 

polymeric materials have been in use form centuries such as shellac and amber. Biopolymers 

such as protein and nucleic acids play crucial roles in biological process. Like, Starch, 

cellulose and rubber are examples of natural polymers. 

 

(2) Synthetic Polymers:  The birth of polymers may be traced back to the mid of nineteenth 

century. Synthetic polymers are synthesized commercially on a very large scale and have a 

wide range of properties and uses. The list of synthetic polymers includes Bakelite, neoprene, 

polyvinyl chloride (PVC), polystyrene, polyacrylonitrile, silicone and many more. 

 

Polymers are produced by chemical reactions in which many small units combined 

together, are as monomers. These monomers are connected sequentially, to form a chain. In 

many polymers, only one monomer is used but two or three monomers may be combined at a 

time [1-2]. Polymers are classified by the nature of reactions. If all atoms in monomers are 

incorporated into polymer by stepwise fashion by the way of reactive intermediate, is called 

addition polymers (chain growth polymers) [3-5]. Some polymers are formed by the 

elimination of simple small unit of monomers, for example water, methanol or ethanol, these 

polymers are known as condensation polymers (step- growth polymers). In condensation 

polymers, two different groups of atoms are combined together to form an ester or amide 

derivatives.  
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A large number of significant and useful polymers are not formed by chain-growth 

processes concerning reactive species such as radicals, but precede instead by conventional 

functional group transformations of polyfunctional reactants through step- growth procedure.  

  

 Prior to early 1500’s, British explorers exposed  the ancient Mayan civilization in 

Central Asia, they set up for the first time application of polymers, as their children started 

playing with balls ready from local rubber trees. In 1839, Charles Goodyear produced the 

vulcanization method which transformed the sticky latex of natural rubber to a useful 

elastomer for tire synthesis [6]. In 1847, Christian  F. Schonbein treated cellulose with nitric 

acid to obtain cellulose nitrate [7], which was used in 1860 as a first man made thermoplastic 

(celluloid) [8]. In 1907, Leo Baekeland produced bakelite (phenol formaldehyde) and its 

maximum heat resistivity made it a brilliant selection as an electric insulator [9]. In 1917, x-

ray crystallography was created as a technique of analyzing crystal structures. After, eight 

years, this technique was used by M. Polanyi to find out the chemical structure of cellulose. 

In 1920, Staudinger concluded in his paper entitled “Uber Ploymerization”, this paper 

heralded a decade of strong research for the progress of modern polymer theory. In 1927, 

large scale production of vinyl chloride resins began, which is extensively used nowadays to 

build plumbing, (PVC) pipes, tiles and plastic bottles. All through the 1930- 38, Du Pont and 

his coworkers in USA had produced a variety of new polymers including polystyrene, 

synthetic rubber and more exotic materials such as nylon and Teflon [10].  

 

In 1938, Dow had synthesized for the first time several tones of polystyrene while 

polyethylene was made in 1941 by scientist at ICI in England [11]. After second world war, 

when many natural occurring materials, such as Heavy rubber, were in short supply then 

some effort had been taken to develop new material, especially synthetic rubber. In 1950, 

Ziebler and Natta independently developed a family of stereospecific transition metal 

catalysts that lead to the commercialization of polypropylene as a commodity plastic [12].  

 

In 1960-1970 [13], the development of high performance polymers that could participate 

favorably with more traditional materials, such as metals, for automotive and aerospace 

applications.  The varieties of polymers have been developed and more will be synthesized in 

future.  
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1.2 IMPORTANCE OF POLYMERS: 

A numbers of polymers are available nearly in all field of life and their importance is 

increasing day by day. Some of fields in which polymers are consumed as preferred materials are 

as below:  

 

i. Agriculture and Agribusiness:  Polymeric resources are used in and on soil to develop 

aeration and encourage plant enlargement and strength. 

ii. Medicine:  Many biomaterials, particularly heart valve replacements and blood vessels 

are prepared from polymeric materials, such as Dacron, Teflon and Polyurethane. 

iii. Consumer science:  The consumer science is associated with necessary daily products to 

human beings. Plastic containers, fabrics, floor mates, dumping bags and stuffing 

materials are also examples of polymers. 

iv. Industry: The economy of polymer industry is going to be raise day by day with more 

fascinated items. Automobile parts, pipes, tanks, packing material, separating materials 

(adsorbents/ resins), insulators, wood substitutions, adhesives, matrix for composites and 

elastomers are all polymers. 

v. Sports:  Play ground equipment, a variety of balls, golf clubs, defensive helmets are 

frequently formed from polymers 

 

1.3  SCHIFF BASE POLYMERS, POLYTHIOAMIDES & POLY METAL 
COMPLEXES:      

 

SCHIFF BASE POLYMERS 

A compound in which nitrogen atom of the amine is reacted with dialdehyde / diketone to 

form Schiff base and their chemical units are combined to form the large molecules (polymers). 

Polymer is containing a conjugated system of C=C and C=N bonds with major functional group 

belongs to the class of Schiff base polymers. As the polymers are formed by polyaddition or 

polycondensation process, but Schiff base polymers are obtained by polycondensation of 

diamines with various dicarbonyl compounds. They have attracted main attention in research due 

to their significance in many aspects. 
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POLYTHIOAMIDES 

Polythioamides are stable polymers, like polyamides in which carbonyl oxygen 

completely replaced by sulfur element. The melting points of polythioamides are lower about 50-

80 oC as compare to their respecting aliphatic polyamides. The presence of thiocarbonyl groups 

in polythioamides might result in the decrease in hydrogen bonding which caused minor effect 

on the melting points and improvement in the solubility in solvents such as chloroform (CHCl3). 

     

2 R-C = O

H

+ H N- R- NH22

Aldehyde Diamine
Thioamide

S S

S

8

R- C-HN-R- NH-C-R

n
Polythioamide

-CH -(R) -C-NH-(R) -NH-C-(R) -2 x xy

where  R= -CH  -  or  -2

S

S

 

 

2 R-C = O

H

+ H N- R- NH22

Aldehyde Diamine

R- C =N- R-N =C-R

H

H

Schiff base

Schiff base

n

Polymer

-CH -(R) -CH=N-(R) -N=CH-(R) -2 x xy

where  R= -CH  -  or  -2
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POLY METAL CHELATES (METAL LIGAND MULTIPLE BOND) 

A poly metal chelate is a structure having of a central atom or ion, bonded by 

surrounding array of molecules or anions of polymer. Polydentate (multiple bonded) ligand can 

form a chelate complex by coordination bonding. Some metal complexes are formed almost 

irreversibly and are bound jointly by bonds that are rather strong. 

These poly metal chelates can form by central metal ion and different/ same ligands. The 

bond order of the metal ligand can be classified through linkage of the metal ligand bond angle 

(M-X-R). The structure of compound may be bent or linear. For example, an imido ligand in the 

ionic form has three lone pairs. One lone pair is used as a sigma X donor, the other two lone 

pairs are existing as L type pi donors. If both lone pairs are used in pi bonds then the M-N-R 

geometry is linear. If one or both these lone pairs are non-bonding then the M-N-R bond is bent. 

1.4 LITERATURE REVIEW (SYNTHESIS OF SCHIFF BASES POLYMERS, 
POLYTHIOAMIDES, SCHIFF BASE POLY METAL COMPLEXES) 
 

A number of Schiff base polymers and polythioamides have been prepared by various 

scientists, in different period of times. Some of them are discussed here: 

 

D. Alelio et al [14] worked on direct synthesis of high molecular weight Schiff base 

polymers of aryldiamines with aryldialdehyde by two different methods. In the first method 

benzylideneaniline was used as reaction medium, but next method was direct single step 

synthesis of all components.  

 

D. Alelio et al [15] synthesized the prototype Schiff base polymers through the reaction 

of aromatic acetals with aromatic amines or their acyl derivatives. The Schiff bases polymers 

were formed by acetal of arylaldehydes and aryl amines. The reaction was concerned with two-

step elimination of alcohol reaction; kinetic data of reactions indicated that k2 was equal to or 

greater than k1 and it was difficult to separate any intermediate of compound during both steps of  

the reaction.  
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D. Alelio et al [16-17] reported the Schiff bases polymers, prepared from acetals and 

amino compounds by fusible intermediates, and some Schiff bases polymers were synthesized 

from high molecular weight dialdehyde and aromatic diamino compounds and characterized by 

spectroscopic techniques.  

 

 

Parmer and Patel [18] synthesized and characterized the poly Schiff bases derived from 

3,3-methylenebis(5-chloro 2-hydroxyacetophenone) with benzidine and  different diamino 

compounds such as, 4,4-diaminodiphenylmethane, 4,4-diaminodiphenylsulfone, 4,4-

diaminodiphenylether, dianiside or 4,4- diaminostibene-3,3- disulfonic acid.  

 

Patel et al [19] worked on synthesis of four poly-Schiff bases obtained from 

hydroxyketones and aromatic diamines and prepared their copper and manganese complexes. 

They were characterized by elemental analyses, spectral, magnetic and thermal data. The 

polychelates were of 1:1 (metal-poly-Schiff base) stoichiometry. These chelats were obtained in 

four and six-coordination for copper and manganese correspondingly.  

 

Dujaili and his coworkers [20] reported liquid-crystal polymers prepared from di-(p-

formylphenyl) -ω-alkanedicarboxylates and p-phenylenediamine. The compounds did not occur 

as a mesophase but the polymers were formed with characteristic chain as liquid crystal 

polymers. All polymers were described and their properties were discussed in detail.  

 

Shelikh and Pankratova [21] reported properties of newly prepared Schiff bases derived 

from terephthaldehyde (II) and H2N(CH2)nNH2 (III) in chloroform at 334 K, where (n=2, 3, 4, 5, 

6). These Schiff bases were also characterized for their structural identification 

 

Korshak et al [22] reported newly synthesized Schiff bases of 1,7-

bis(aminophenylenecarboxy)m-carborane or 1,7-bis(4-aminophenylamido)m-carborane derived 

from m-carboranylene with dialdehydes in solution. The synthesis of Schiff base polymers were 

confirmed by C. H. N analysis and all spectroscopic techniques.  
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Thamizharasi and Venkata Rami [23] reported synthesis of polymeric Schiff bases and 

their metal chelates. 2-hydroxy 4-methacryloyloxyacetophenone N-phenylimine formed was 

homopolymerized and copolymerized with methyl methacrylate by means of benzoyl peroxide 

as initiator at 60 oC. Cu(II), Ni(II) and Co(II) chelates of 2-hydroxy 4-

methahcryloyloxyacetophenine N-phenylimine polymer were synthesizd. These polychelates 

were characterized by elemental analysis.  

 

Molochnikov et al [24] reported complexation of cobalt(II), nickel(II), and copper(II) 

ions with Schiff base polymers. Schiff base containing polymers obtained by reaction of 

salicyaldehyde, furfural (II) or 2-pyridinecarboxy aldehyde(III) with aliphatic diamines had 

sorption capacities for the metals that depended on the nature of aldehyde used. The sorption 

capacity decreased in the order Cu, Ni, Co metal ions.  

 

Toshihihiko et al [25] reported preparation of heat resistant polyazomethines. 

Polyazomethine have good moldability and film forming properties and were prepared by 

polycondensation of (R131/Si)2 NXN (SiR2)2, with OR3CYCR-1)  (X,Y=6 membered cyclic 

hydrocarbon group, R1-2 = lower  alkyl; R3-4 =H, lower alkyl). They were formed by stirring 

(0.005 mol) N,N,N,N-tertra (trimethylsilyl)m- phenylenediamine at 30o for 48 h, refluxing for 30 

min, and casting this solution on a glass plate gave a Schiff base polymer film having 5% wt loss 

at 468 and 451o under air and nitrogen respectively. 

 

. Margarita et al [26] examined bulk reactions between 2,2 -bis(4,4-dimethyl-5(4H)-

oxazolone) (B3) or 2,2 -(1,2-ethylene)-bis(4,4-dimethyl-5(4H)-oxazolone) (B4) and amine-

terminated polyether. They characterized with 1H-NMR, 13C-NMR, DSC and TGA. High molar 

mass block polymers were prepared on large scale within 60 min at 200°C and under 

atmospheric pressure, in the place of several hours at 240°C under vacuum for the typical 

reaction between dicarboxy polyamides and dihydroxy polyethers.  

 

Dalal et al [27] synthesized Schiff bases complexes by chloromethylation of styrene 

divinylbenzene copolymer with 14% cross linked (AM-24) followed by sequential attachment of 

ethylenediamine and salicyaldehyde and lastly, treated with ethanolic solution of metal salt. It 
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was characterized using various methods such as FTIR, reflectance UV- Visible spectroscopy, 

SEM, ESR, ESCA and TGA. 

 

Pittman et al [28] examined the polymer supported chiral salicyaldehyde 

ethylenediimine cobalt complexes Co(Slen) and their highly entioselective catalyst for hydrolytic 

kinetic resolution of terminal epoxides.  

 

Weng et al [29] proposed three polymers Fe+2 complexes from poly(Schiff base)s. The 

poly(Shciff base)s were prepared from 2,2’-diamino- 4,4’-bithiazole (DABT) with phthaldehyde, 

5, 5’-methylene-bis(salicyaldehyde) (MBSA) and terephthaldehyde and characterized them by 

IR, XPS, NMR and ESR spectroscopy. 

 

Biswas et al [30] reported solid state structure of a homologous series of mesogenic 

aromatic and aliphatic azomethine polymers prepared from terephthaldehyde which was studied 

by X-ray fiber diffraction techniques. Unit cell parameters determined from the fiber patterns of 

heat-treated single filaments have been used to classify the polymers into distinct groups having 

different chain conformations and crystal systems. 

 

Grigoras Mircea et al [31] initially worked on the synthesis of four monomers having 

azomethine linkages and 1- naphthyl groups by coupling reaction of 1-naphthaldehyde/ 1-

naphthylamine with two diamines and two dialdehydes respectively. The corresponding 

polymers were obtained by chemical reaction using anhydrous FeCl3. These polymers were 

characterized by IR, U.V and 1HNMR methods.  

 

Grigoras Mircea et al [32] reported the synthesis of four new azomethine and 1- naphyl 

group at extremities by coupling reaction of 1-naphthaldehyde and diamines. The polymers were 

formed by oxidative polymerization of monomers using FeCl3.   

 

Gutch et al [33] reported a series of novel poly-Schiff bases by polycondensation 

reaction of dialdehyde 4,4 -(hexafluoroisopropylidine)bis(p-phenoxy) benzaldehyde with 4,4 -

diaminodiphenylether, 4,4 (isopropylidine)bis(pphenoxy)dianiline, 4,4 -
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(hexafluoroisopropylidine)bis(p-phenoxy)dianiline or benzidine. The structures of novel Schiff 

base polymers were characterized by infrared and nuclear magnetic resonance spectroscopy. The 

viscosity measurements were also observed in nitrogen atmosphere. These poly-Schiff bases 

contained good thermal stability up to 491 °C for 10% weight loss in TG- analysis under air and 

high glass-transition temperatures up to 215 °C in differential scanning calorimetry.  

 

Khuhawar et al [34] synthesized six Schiff base polymers by polycondensation of 5,5′-

methylenebis(2-hydroxyacetophenone) (MHA) with ethylenediamine, dl-stilbenediamine,  meso-

stilbenediamine or hydrazine. The structure of Schiff base polymers were confirmed by 

elemental microanalysis, I.R and UV/ Vis spectroscopy. The thermogravimetry (TG) and 

differential thermal analysis (DTA) were observed and compared. 

 

Maria Cazacu et al [35] reported some new novel Schiff base polymers, formed from 

5,5-methylene-bissalicylaldehyde with two siloxane diamines 

{H2N(CH2)3(CH3)2SiO[(CH3)2SiO]m Si(CH3)2(CH2)3NH2, where m = 0 or 6.5}. The 

polyazomethines were formed into the chelates with many metals (copper, cobalt, and nickel). 

The ligands and complexes were characterized by electronic and IR spectroscopy, elemental 

analysis, and TG/ DTA analysis. The surface arrangement of the ligands and chelates were 

obtained by X-ray photoelectron spectroscopy. 
 

Kensuke Naka et al [36] prepared polymers containing a tetradentate Schiff's base by 

reaction of a bis(-diketone) monomer with 1,2-diaminocyclohexane. The polymer was used to 

prepare metal chelate with Cu (II) ions. Gel liquid chromatograms showed that the complex 

formation with Cu (II) ions induced changes in the conformation, in solvents. 

 

Wenguang et al [37] synthesized two newer conjugated poly-Schiff bases by reaction of 

p-phenylenediamine or m-phenylenediamine with 2, 6-pyridine dicarboxaldehyde. They formed 

charge transfer complexes with iodine. Electronic spin resonance data revealed that these were 

stable radicals in mutually charge transfer complexes and line thickness, and spin concentration 

were also depend on doping degree. High conductivity of iodine complex of p-phenylene 

diamine at room temperature was 10-6 S/cm, which was 2 orders of magnitude higher than that of 

m-phenylenediamine -iodine complex. 
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Sutaria et al [38] reported magnetic, spectral, thermal and electrical properties of new 

coordination polymers of Cu(II), Ni(II), Co(II), Mn(II) and Zn(II) with poly-Schiff base obtained 

from 5,5′-methylene-bis-(3-nitrosalicylaldehyde) and 1,4-diaminobutane and characterized them 

by elemental analysis, magnetic, spectral and thermal properties. Electrical conductivities of the 

chelates were also studied. 

 

Grassier and Levesque [39] synthesized aliphatic polythioamides by polycondensation 

of bis(dithioesters) with diamines. The reaction occurred in solution at atmospheric temperature 

without additional catalyst. 

 

Grassier and Levesque [40] formed aliphatic polythioamides as crystalline condensation 

polymers. Determinations of their solubility parameters demonstrated dipole-dipole interactions 

between functional groups. 

 

Saegusa et al [41] synthesized the aromatic polythioamide-oxothioxoquinazolines by the 

condensation of 2,2 -(m-phenylene)bis-1,3,4-thiadiazoline-5-thione with aromatic bis-o-amino 

esters at 160 °C in acidic media such as m-cresol, sulfolane, and polyphosphoric acid to give 

polymers with reduced viscosities up to 0.5 dL/g. The polythioamide-oxothioxoquinazolines 

gave comparatively better thermal stability with 10 % weight loss at 344-394°C in air. 

 

 Hossain Alamgir and his coworkers [42] synthesized prototypes for a new class of 

polythioamides- based on macrocycles from corresponding amide and their anions. Their binding 

capabilities were assessed. These results specify higher anion binding for H2PO4
-, HSO4

-, and F- 

for monocycles, but rather lessened binding capabilities for bicycles compared with amides. 

 

    Vasishta Butt et al [43] reported the polythioamides and polyesters containing 

azomethine linkages, which were prepared by condensation from thioamide monomers such as 

acid chloride/ terephthallic acid chloride/ isophthalic acid chloride and Schiff’ s bases. The UV 

spectra of monomers and polymers indicated transitions, however, no correlation could be 

obtained for the transition and conductance. A reasonable good correlation was obtained between 

the conductance of the polymers and their frontier electron transition from lowest unoccupied 

molecular orbital and next higher unoccupied orbital of the repeating units. 
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Charles Carraher et al [44-45] reported intercorrelation of site oxidative degradation, 

thermal analysis and elemental analysis of palladium polyhydrazides, polyamides and 

polythioamides. Eight of the complexes degraded with usual stability plateaus and major 

exothermic reaction indicated oxidation at metal site. Their biological properties were also 

described. 

Gressier et al [46] worked on aromatic polythioamides by treating alkyl and/or 

carboxymethylbis(dithioesters) with aromatic or aliphatic diamines in aqueous or organic 

solvents. They worked on the effect of aromatic rings of polymer in solution and thermal 

measurements of the polymers. 

Tabak et al [47] reported new semi-aromatic polythioamides based on aliphatic diamines 

and bis(dithioester) obtained from 2,6-naphthalenedicarboxylic acid. Polythioamides were 

polymerized at low temperature. The naphthalene rings of polythioamides in the place of 

benzene rings or aliphatic groups affected their thermal behaviours. The solubility, viscosities, 

lower glass transition temperatures and a property to form liquid crystal mesophases were 

improved in these polythioamides.  

Deletre et al [48] reported the synthesis of polythioamides (sebacoyl chloride 

copolymers with 1,12-diaminododecane, 4,9-dioxa-1,12-diaminododecane, or 4,7, 10-trioxa-

1,13-diaminotridecane). The compounds were completely thionated when finely divided samples 

were treated with Lawesson regent [2,4-bis(4-methoxyphenyl)-2,4-dithioxo-1,3-

dithiadiphosphetane] in toluene at 100 oC.  

 

Terent’ev et al [49] reported high- molecular- weight compounds from pyridine 

derivatives. Thioamides and polythioamides were based on alkylpyridines. They also formed 

chelate polymers of some thioamides with metals. 

 

Leon et al [50] reported reaction of dicarboxymethyl dicarbodithioates with diamines 

and dithiols in aqueous solution at ambient temperature and gave colored solid polymers (such as 

bis(carboxymethyl) octanedicarbodithioate –octamethylenediamine copolymer). The polymers 

were sparingly soluble in common solvents and were characterized by I.R and NMR 

spectroscopy. 
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Amupitan et al [51] reported the chemical transformation of polyamide to polythioamide 

by Lawesson’s reagent, 2,4-bis(4-methoxyphenyl)1,3-diphosphetane-2,4-disulphide as 

alternative method. 

 

Hadjikakou et al [52] synthesized various metal complexes of thioamides and discussed 

their structural characterization. Biological study of thioamides was carried out with 

organotin(IV), silver(I) and antimony(III) complexes in different  solutions.  

 

Lobana et al [53] prepared and observed the biological activity of silver(I) organotin 

(IV) and antimony(III) complexes with polythioamides. Heterocyclic thioamides also formed 

copper complexes with 1, 3-imidazoline-2-thiones in the presence of triphenyl phosphine.  

 

Bowyer et al [54] prepared di- Schiff base from pyridine-2-aldehyde and ethane-1,2- 

diamines  with Ag(l) tetrafluroborate by self –assembly as double standard D2-helicate (±)- 

[Ag](BF4)2. The corresponding Schiff base polymer of (1R,2R)-cyclohexane-1,2- 

diamines[(R,R’)-2] with pyridine-2- aldehyde reacted with Ag(l) nitrate and produced the 

homochiral single- standard C2 cordination polymer M-{[Ag[(R,R’)-2}]NO3.2H2O}. 

 

Mathew et al [55] prepared two percentage divinyl benzene (DVB)– crosslinked 

polystyrene. Amino porphyrins were anchored on this polymer by Schiff base condensation. The 

Schiff base polymer formed metal complexes with Cu(ll) and Ag(l) by treating with their metal 

salt solutions individually. The products were characterized by spectroscopically. The extents of 

steric and electronic participation were evaluated and presented.  

 

Diab et al [56] worked on a novel conducting Schiff base polymer from 3-

thiophenecarboxyaldehyde with 1,8-diaminonaphthaldehyde by electropolymerization. The 

resulting polymer thiophenylidine 8-naphthylamine was evaluated as electrocatalyst in the redox 

electrode reaction of hydroquinone. The polymer was of interest for sensing and electrocatalytic 

application. 
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Yousef et al [57] studied a novel conducting polymer film from 3-[1-(2-

aminophenylimino)-ethyl]-6-methylpyran-2,4-dione Schiff base by electrochemical oxidation in 

acidic aqueous solution containing 1.0 M H2SO4 or acetonitrile solution. That polymeric film 

was deposited on platinum electrode. The film showed reversible and well-defined redox 

systems in aqueous solutions. The electroxidative polymerization process was studied by sweep 

potential electrolysis and controlled potential electrolysis. 

 

Dellinger et al [58] studied on a new class of Schiff base complexes of magnesium 

bound polymer, MgLA (L=N, N-bis(8R, 8R-)-4-(acryloyl)-salicylidene-1,2-diaminocyclohexane, 

A=phenyl acetate). The porosity of the polymer was optimized and conversion of 80% (16 

turnovers) was achieved with a high degree of reusability of the catalyst. This compound 

represented one of a new class of magnesium Schiff base compounds with axially coordination 

amine ligands. 

 

Xing-Cun et al [59] synthesized a new hetero cyclic Schiff base, N,N’-s,6-

diacetylpyridine-bis(aniline). This Schiff base polymer was electropolymer at platinum electrode 

by cyclic voltametric method. The experimental result showed that the nitrogen atoms in the 

polymer retained the coordinating ability and could react with cobalt ions to form metalated 

polymer which showed strong catalytic effects on the electrochemistry oxidation of nitric oxide.  

 

  Vasil’eve e al [60] worked on mechanism of electrooxidation of palladium complexes 

with Schiff bases having a range of substituents on the basis of spectroscopic and 

electrochemical data. The general mechanism was proposed for electroxidation of these 

compounds which effected on the metallic centre, ligand and solvent nature. The result might be 

valuable for controlled syntheses of novel conducting compounds polymer and were helpful in 

catalytic and optoelectronic systems.  

 

Silling et al [61] synthesized a series of florescence polymers. These polymers contained 

two different flurophores in every unit of major polymer chain. It was concluded that non 

radiation energy transfer was not obtained, if the distance between a donor and acceptor of 

energy exceeds 10 nm. 
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Saraii et al [62] synthesized three new Schiff bases by polycondensation of 

diethylenetriamine, 1,2-diaminopropane and o-diaminobenzene with 5a,10b-dihydrobenzofuro 2, 

3-b benzofuran-2,9-dicarbaldehyde and their copper complexes. These polymers and poly 

chelate were characterized by FT-IR, UV/Vis, 1H NMR and their average molecular weight was 

detected by gel permission chromatography (GPL). These Schiff base polymers were soluble in 

common organic solvents but poly chelate were not soluble. 

 

Chettiyar et al [63] reported synthesis and characterization of polymer supported Schiff 

base metal chelates of Fe(lll), Co(ll), Ni(ll), Cu(ll) and Zn(ll). Divinyl benzene (DVB) –

crosslinked polystyrene was functionalized to introduce a thiosemicarbazone ligand function. 

Some factors were investigated which affected on metal complexing like temperature, pH, 

solvent effect. The polymeric metal complexes were also characterized by spectral techniques 

and assigned an exact geometry on the basis of analytic calculations, magnetic measurements 

and spectral data. 

 

Barbarini et al [64] reported a series of polymer supported chiral Schiff bases derived 

from salicylaldehyde and optical active amino compounds. A propanic acid derivative 2-methyl-

2-propanic acid 5-(1,1’-dimethylethyl)-4-hydroxy-3-[[[(1S)-1-(hydroxy methyl)-2,2-dimethyl 

propyl]imino]methyl]phenyl ester (l) was prepared as monomer for the series of polymers. The 

vanadium complex was also formed from VO(acac) and examined their catalytic activity by 

using stereoselective oxidation of (methylthio)benzene to [(S)-methyl sulfinyl] benzene as model 

system.  

 

  Dong et al [65] reported new Ag(l)- containing coordination polymers obtained from 

multidentate  Schiff base ligands of 2,5-bis(3-methylpyrazinyl)-3,4-diaza-2,4-hexadiene and 2,5-

bis(pyrazinyl)-3,4-diaza-2,4-hexadiene with inorganic Ag(l) salts. Six new Ag(l)- coordination 

polymers which formed by solution technique and absolutely characterized by IR spectroscopy, 

elemental analysis, TGA, and single- crystal x-ray diffraction. 
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Kaliyappan et al [66] prepared novel Schiff base polymers, obtained by 

polycondensation of 2,4-dihydroxy benzaldehyde and aniline in the presence of benzoyl peroxide 

as free radical initiator,  with addition of acryloyl chloride at 70oC. The polychelates were 

formed in alkaline solution of poly(2-hydroxy-4-acryloyloxy- N-phenylbenzylidine with aqueous 

solution of Cu(ll), Ni(ll), Co(ll), Ca(ll), Cd(ll), Mn(ll) and Zn(ll). The polymeric Schiff base and 

metal chelats were characterized by elemental analysis and spectral studies.  

 

Skene [67] reported water soluble Schiff base polymers by reacting 4,4’-diaminostibene-

2,2’-disulfonic acid with 2,5-thiophenedicarboxaldehyde or terephthaldehyde (Schiff base 

formation) in THF/ aq. NaOH medium in the presence of (BnEt3NaCl). These polyimines were 

characterized by 1HNMR, UV and fluorescence spectroscopy. These compounds were used to 

study photophysical and electrochemical properties.  

 

Kwok et al [68] reported some applications of thermally stable zinc(ll) Schiff base 

polymers in light emitting devices. The monomers (PL) were formed by self-assembly reactions 

of zinc(II) salts and salicyaldimine, exhibited blue to yellow light in DMF but their polymers 

emitted green or orange light with turn voltage at 5 and 6 V respectively. The Schiff base 

polymers had decomposition temperature up to 461oC. 

 

  Dong Yu-Bin et al [69] synthesized new Ag(I) containing multidentate Schiff base 

ligands from 2, 5-bis(3-methylpyrazinyl)-3, 4 diaza-2,4-hexadiene and 2, 5-bis(pyrazinyl)-3, 4-

diaza-2, 4-hexadiene with inorganic Ag(I) salts. New six Schiff base polymers were also 

synthesized by solution reaction in methylene chloride/ methanol mixed solvents.  These 

coordination Schiff base polymers were characterized by I.R spectroscopy, elemental analysis, 

TG- curves and X-ray diffraction. 

 

Sheikhshoaie et al [70] reported a series of donor–acceptor substituted salicyaldehyde 

ethylenediimine as nonlinearities optical compound. 4-Phenylazo-2-phenyliminomethylphenols 

was less suitable in the design of dyes as compared to 5-phenylazo-2-

phenyliminomethylphenols. The calculations of Schiff bases clearly indicated that π- π* 

transition was observed due to the intramolecular charge transfer in their structure. 
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Luciana et al [71] reported Schiff base polymer from chitosan and salicylaldehyde by 

non-isothermal procedure. These Schiff base polymers were investigated for the dynamic 

thermogravimetric (TG) and differential thermal analysis (DTA), the activation energy (E) and 

the pre-exponential factor.  

 

Bong-Keun et al [72] reported a group of mesomorphic compounds with two similar 

Schiff bases, having 2-hydroxy-1,3-dioxypropylene (–OCH2CH(OH)CH2O–) as a minor spacer 

component, and various lengths of terminal alkoxy chains (–OCnH2n+1; n = 5–10, 12). The 

characterizations were confirmed by DSC and XRD analyses. The phase transition temperatures 

of these Schiff base polymers were also discussed on the terminal alkoxy chain lengths.  
 

Belghoul et al [73] reported some new Schiff base polymers and their colored metal 

complexes formed by polycondensation of bis-bidentate 5,5'-methylene-bis(N-

methylsalicylidenamine) (MBSA), tetra-bidentateN,N',N’’,N'''-tetrasalicylidene-polyamidoamine 

(TSPA), and multi-bidentate poly(N-salicylidenevinylamine) (PSVA) with the various metal ions 

Cu(II), Zn(II), Fe(II), Fe(III), and Ce(IV). The Zn(II)  metal complexes had least stability as 

compared to Cu(II), Ni(II), Fe, and Ce(IV).  

 

Zhu BX et al [74]  worked on the relationship of the diastereo pure N,N'-

bis(acetylacetone)cyclohexanediimine ligands, L(1)(1R,2R), L(2)(1S,2S), and their 1:1 mixture, 

with ZnCl2 and the formed polymers like, [ZnL(1)Cl2 x H2O]n (1), [ZnL(2)Cl2 x H2O]n (2), 

[ZnL(2)Cl2]n (3), and [Zn6(L(2))6Cl12 x 2H2O]n (4). The central metal ion Zn(II) were connected 

with two Cl2 groups and two O2 molecules, obtaining from various N,N'-

bis(acetylacetone)cyclohexanediimine ligands.  

 

Donia et al [75] reported chemically modified Schiff base polymers which formed 

complexes with Hg(II) and % sorption value was obtained 2.8 mmol/g. The kinetic data and 

thermodynamic results of the adsorption process indicated that reaction was exothermic and 

indicated the pseudo-second-order kinetics. The selectivity of Hg(II) from other different metal 

ions and Break through curves for the recovery  was also reported. The adsorbed Hg(II) was 

eluted from the resin effectively using 0.1 M potassium iodide (KI). 
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              Szłyk et al [76] reported Schiff bases polymers, formed by polycondensation of N,N′-

(1R,2R)-cyclohexanediamine with 2-hydroxy-5-chlorobenzaldehyde or 2-hydroxy-3,5-

dichlorobenzaldehyde and salicylaldehyde. These Schiff base polymers also formed complexes 

with cerium(IV). The complexes were characterized by 1H NMR, 13C NMR, nuclear Over 

Hauser effect (NOE) studies, circular dichroism (CD) and X-ray crystallography.   
 

   Halder et al [77] synthesized Six new ligands and examined their X-ray structural 

analysis with Ag(I) ions. They indicated the formation of  coordination polymers, such as 

{[AgL(1)]BF(4)}(n) , {[AgL(2)]ClO(4)}(n) and {[AgL(4)]ClO(4).H(2)O}(n), whereas ligand 

L(3) led to a tetranuclear complex {[AgL(3)]ClO(4)}(4) . First ligand L(1) was  obtained by 

polycondensation of α, ά -diamino-m-xylene and pyridine-2-carboxaldehyde while second L(2) 

and fourth L(4) were obtained by reduction of Schiff base into N-methyl derivative, and third 

ligand L(3) was formed by condensation reaction of 2-(4-aminophenyl)ethylamine with 6-

methyl-pyridine-2-carboxaldehyde. This information provided an insight about the effect of 

ligand spacer length and flexibility in stabilizing the metallo-supramolecular structural design. 

 

                Tandon et al [78] reported Reactions between the potentially pentadentate (N(2)O(3)), 

trianionic double Schiff-base ligand 2,6-bis[[(2-hydroxyethyl)imino]methyl]-4-methylphenol 

(H(3)L) and Cu(CH(3)CO(2))(2) or Cu(ClO(4))(2), in the presence of NaN(3), and gave novel 

coordination polymers. In these compounds, H(3)L acted as a tridentate (N(2)O) monoanionic 

(1), tetradentate (ON(2)O) monoanionic (2), or pentadentate (O(3)N(2)) dianionic (3) ligand. X-

ray structure determinations revealed that the basic building block in 1-3 comprised two copper 

centers bridged through one phenolate atom from H(2)L(-) or HL (2-) and one mu-azido (N1,N1) 

ion. These results together were incorporated with data from the few related copper dimers 

reported exhibiting the same bridging pattern into a study aimed at extracting possible 

magnetostructural correlations within this Cu(II)  unit and the Cu(II) core was identified for the 

first time. 
 

  Jin et al [79] synthesized chitosan Schiff base and optimized the effect of molar ratio of 

chitosan to citral of 1:6, and a reaction time of 10 h at 50 oC. The maximum yield was achieved 

86.4% under nitrogen atmosphere. The structure of the Schiff base was characterized by FTIR 

spectroscopy, elemental analysis, and X-ray diffraction studies. The antimicrobial behavior of 
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chitosan and Schiff base of chitosan indicated that the antimicrobial activity of the Schiff base 

increased with an increase in the concentration. It was also found that the antimicrobial activity 

of the Schiff base was stronger than that of chitosan.  

  Ahamad et al [80] reported a new class of metal chelated polyurea, formed by the 

reaction of toluene 2,4-diisocyanate (TDI) with chelated Schiff base diamines. The strucure of 

synthesized Schiff base polymers were characterized by analytical, spectral, and thermal 

analysis. The analysis of TGA resulted that these Schiff base polymers showed better heat 

resistant properties than other metals chelated polyurea. The antibacterial activities of all the new 

polymers were obtained by using the shaking flask method, as  30 mg/mL concentrations of each 

compound  against 10(5) CFU/mL All the polymers showed good antibacterial activity and  the 

Cu(II) chelated polyurea show higher zone of inhibition then other due to higher stability 

constant.  

 

1.5  RESEARCH OBJECTIVES: 

The Schiff base polymers and polythioamides are the main class of synthetic polymer and 

have main attention as “catenation ligand” with different metals.  Scientists have made several 

efforts on chemical modification of polymeric metal chelats to improve adsorption. The thermal 

stability of aromatic Schiff base polymer is much better than aromatic polyamide. Some of them 

have electro physical properties; including semiconductivity. The tertradentate Schiff base 

ligands are unique class of complexing (coordination) compounds because of their selective 

reaction nature towards different metal ions (like Cu and Ni).  

Some new Schiff base polymers, polythioamides and their metal complexes have been 

synthesized by polycondensation of dialdehyde with different diamino compounds, they are 

following: 

i. 4, 4’- methylene bis(cinnamaldehyde) and their derived Schiff base Polymers.  

ii. 4, 4’- methylene bis(cinnamaldehyde) and their derived Polythioamides. 

iii. 4, 4’- naphthyl bis(oxy) bis benzaldehyde and their derived Schiff base Polymers.  

iv. 4, 4’- naphthyl bis(oxy) bis benzaldehyde and their derived Polythioamides. 

v. 5,5’-methylenebis(2-hydroxybenzaldehyde) & 6,6’-methylenebis(2-hydroxy 

naphthaldehyde), their Schiff base polymers with hydrazine and 4-aminophenylether and 

poly metal complexes with Cu(II) and Ni(II) metal ions. 
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These compounds are characterized by various techniques, C.H.N analysis, FT. I.R, U.V-

visible spectroscopy. Thermoanalytical studies and viscous flow of dilute solutions of dialdehyde 

and its polymers are examined and compared. All newly synthesized compounds are examined 

for relative, specific, reduced, intrinsic and absolute viscosities. The Huggins constant and 

Kramer constant are also determined. 

 

Few of polymers of poly 5,5’methylenebis(2-hydroxybenzaldehyde)azine, poly 

5,5’methylenebis(2-hydroxybenzaldehyde)1,2-phenylenediimine, poly 6,6’methylenebis(2-

hydroxynaphthaldehyde)4-iminophenylether and poly 6,6’furfurylenebis(2-hydroxy 

naphthaldehyde)4-iminophenylether are used for the metal uptake (sorption) behavior with 

different metals ions. The functionalized polymeric resins are optimized with respect to the 

sportive medium, (pH), shaking speed, and equilibration time between liquid and solid phases 

and compared their efficiency. The sorption data are calculated by Longmuir, Freundlich, and 

Dubinin–Radushkevich (D–R) isotherms with different metals onto polymeric resins. The metal 

uptake studies were applied on some real samples of various metal ions. 
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CHAPTER 2 

PREPARATION AND CHARACTERIZATION OF SCHIFF BASE POLYMERS 
DERIVED FROM 4, 4′-METHYLENEBIS(CINNAMALDEHYDE) 

 

2.1 INTRODUCTION 

The dialdehydes 4,4’-methylene bis(cinnamaldehyde) (MBC) is formed from the parental 

compound cinnamaldehyde. It contains conjugated double bonds with aldehydic groups and 

successfully formed the Schiff base polymers with diamino compounds.  Previously, the 

dialdehyde and some Schiff base polymers had been synthesized by polycondensation reaction 

with ethylenediamine, 1,2-propylenediamine, 1,3-propylenediamine, semicarbazide, and 

thiosemicarbazide and also characterized. But here the Schiff base polymers were prepared by 

reported procedure [81] with some modifications in the methods such as the addition of acetic 

acid in the reaction medium, which resulted into ease in their synthesis. Some new Schiff base 

polymers were also prepared by the polycondensation of dialdehyde (MBC) with hydrazine, 

urea, 1,2-phenylendiamine and meso-stilbenediamine and were characterized by C. H. N 

analysis, spectroscopic techniques, thermal analysis and viscosity measurements.    

 

2.2 LITERATURE REVIEW: 

Different Schiff bases polymers are reported and some of the work is summarized here in 

this literature survey.  

 

Delman et al [82] studied the syntheses of a wide variety of structurally related Schiff 

base polymers. Several of the Schiff bases were prepared from aromatic diamino compounds and 

terephthalaldehyde and they exhibited unusually good resistance to decomposition by heat. The 

comparative thermal stabilities of the products in air and nitrogen atmosphere were investigated 

by thermogravimetric analysis. The influence of chemical structure on thermal stability was 

shown and the factors that might provided a lead for making high-molecular-weight polymers 

with better heat resistance were also discussed.  

 

D. Alelio et al [83] reported four isomeric Schiff base polymers namely, poly(p-xylidene-

p-phenylenediamine), poly(p-xylylidene-m-phenylenediamine), poly(m-xylylidene-p-

phenylenediamine) and poly(m-xylylidene-m-phenylenediamine) by bis Schiff base exchange 
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reaction from the appropriate pair selected from four monomers, N,N-dibenzylidene-p-

phenylenediamine, N,N-dibenzylidene-m-phenylenediamine, p-xylylidendianil, and m-

xylylidenedianil. 
 

Volp et al [84] examined the nature of polymers based upon different types of aromatic 

diamines and several isomeric diketones. Six isomeric polymers were synthesized by 

polycondensation of p and m-dibenzoylbenzene in acidic media with o- p and m-

phenylenediamines. 
 

Idage and his coworkers [85] reported synthesis and characterization of some new 

polyimides and poly amide-imides containing azomethine group in the polymer backbone by 

reacting 4,4-bis(iso-cyanate)benzylideneaniline(I) with pyromellitic dianhydride, 3,3,4,4-

bnzophenonetetracarbonylic dianhydride and trimellitic anhydride by one step method. 
 

Stochmal et al [86] reported the application of selected conjugated polymers of 

poly(azomethine) and a new generation of conjugated polymers supported by heterogeneous 

catalyst. The insertion of heteropolyacids into polyazomethine matrix via the protonation 

reaction significantly enhanced the selectivity as compared to unsupported heteropolyacids. 

 

Imai et al [87] synthesized new diphenylfluorene-based aromatic polyazomethines via 

polycondensation of aromatic diamines with aromatic dialdehydes. All the polyazomethines 

were amorphous and most of them were highly soluble in various organic solvents, especially in 

tetrahydrofuran. Their glass transition temperatures (Tg) ranged from 249 to 335 °C, and the 

temperatures of 10% weight loss were as high as 490- 535 °C in air, indicating that these 

aromatic polyazomethines had high Tg and excellent thermal stability. The aromatic 

polyazomethines had inherent viscosities of 0.26-0.36 dL/g.  
 

2.3 EXPERIMENTAL  

           Cinnamaldehyde, 1,2-propylenediamine, 1,3-propylenediamine, ethylenediamine, urea, 

semicarbazide, thiosemincarbarzide (E. Merck ,Germany), 1,3,5-trioxane and 1,2-

phenylenediamine (Fluka, Switzerland) were used. Meso-stilbenediamine was prepared as 

reported [88] from benzaldehyde via hydrobenzamide, amarine, isoamarine, N-benzoyl-N-

acetyl- mesostillbenediamine to meso-stilbenediimine. 
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2.3.1 SYNTHESIS OF DIALDEHYDE 4, 4’- METHYLENE BIS(CINNAMALDEHYDE): 

        The dialdehyde of [4, 4’-methylenebis(cinnamaldehyde)] was prepared and purified 

by reported procedure [81].  

Solution of 19.4 mL of cinnamaldehyde in 12.5mL of glacial acetic acid in   nitrogen 

atmosphere was added 1.75 g of trioxane diluted in mixture of 0.125 mL of sulphuric acid (98%) 

and 0.625 mL glacial acetic acid drop wise with constant stirring. Stirring was continued for 24h 

at 90-95°C and the reaction mixture cooled at room temperature and poured in 1L ice-cold water. 

The contents were allowed at room temperature for overnight. Solid product was filtered and 

recrystallized from mixture of chloroform/n-hexane and dried at 90-100 °C.                                                           

 

2.3.2 SYNTHESIS OF SCHIFF BASES POLYMERS FROM 4,4’-METHYLENEBIS   

(CINNAMALDEHYDE): 

On the basis of solubility, two methods are adopted for the preparation of Schiff bases 

polymers of 4,4’-methylenebis(cinnamaldehyde). Method (A) is based on reported procedure 

[81] and method (B) is based on modified procedure. 

 

 METHOD (A): 

(i) Synthesis of Schiff bases Polymers: 

 4,4’-methylenebis(cinnamaldehyde) (MBC) (2.769 g) dissolved in 50-60 mL 

dimethylformamide (DMF) was added hydrazine (80%) (0.68 mL), 1,2-propylenediamine (0.48 

mL) or 1,3-propylenediamine (0.48 mL)  and contents were refluxed for 24 h. The reaction 

mixture was concentrated to half the volume by distillation of the solvent and was added 50 mL 

of ethanol. The precipitate formed, was filtered and recrystallized from chloroform/n-hexane and 

dried in oven 7-8 h. The compound decomposed at 310 oC. 

 

METHOD (B): 

(ii) Synthesis of Schiff bases Polymers: 

4,4’-methylenebis(cinnamaldehyde) (MBC) (2.76 g) dissolved in THF (60 mL) and 

acetic acid (10 mL) was added  ethylenediamine (0.67 mL), urea (0.6 g), 1,2–diaminobenzene 

(1.68 g),  semicarbazide (0.74 g),  thiosemicarbazide (0.91 g) or meso–stilbenediamine (2.1 g) 

dissolved in THF (3 mL ) and acetic acid (5 mL). The contents were refluxed for 24 hours and 
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half of the solvent was distilled off. The remaining solution was diluted with methanol (50 mL). 

The precipitate obtained was filtered and recrystallized from the mixture of chloroform/n-hexane 

and dried in oven for 8 h at 110 oC till free floating compound was obtained. All compounds 

decomposed at 340- 360 oC. The structures of MBC and its Schiff base polymers are shown in 

(Fig: 2.1). 
 

(a) 

CH=CH-CH=N-N-CH=CH

CH 2

n  

(b) 

 

 

 

 

 

Fig: 2.1: Structure   diagrams of (a) Schiff base polymer with hydrazine. (PMBCH) and   

(b) Schiff base polymers of cinnamaldehyde with different diamines. 

(b)   R = ▬; PMBCen = R =  CH2.CH2,  PMBCPn  = R = CH(CH3).CH2 
PMBCPR  = R = CH2.CH2.CH2,        PMBCUR  = R =  CO 
PMBCSc   = R = NHCO,                    PMBCTSc = R = NHCS 
PMBCS     = R = CH (Ph)-CH (Ph),   PMBCPh   = R = o–C6H4   

 

 

2.4  C. H. N Elemental Microanalysis 

 The elemental analysis is an initial stage for the characterization of new unknown 

compounds. The C. H. N analysis was carried out from Elemental Analysis Ltd, Devon, England. 

All results of elemental micro-analysis agreed closely to the expected values. As 

polycondensation reactions were carried out with and without the addition of acetic acid. It was 

observed that reproducible results were obtain when acetic acid was added to reaction mixture 

with better correlation between theoretical and found values by elemental analysis of polymers 

(Table: 2. 1).  
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               Table: 2.1: Elemental Micro Analyses of Dialdehyde (MBC) And Schiff Base Polymers. 

S.No: 
Name of 

compound 
Chemical 
formula 

M.P 
(oC) 

 
Expected % (found %) 

C % H % N % 

1 MBC (C19H16O2) 290 82.6 (81.84) 5.79 (5.53) - 

2 PMBCH (C19H16N2)n 300 83.82 (83.5) 5.88 (5.63) 10.29(10.11)

3 PMBCen (C21H20N2)n 300 84.01(83.51) 6.66 (6.38) 9.34(9.15) 

4 PMBCPn (C22H22N2)n 310 84.07 (84.2) 7.006(6.66) 8.917(5.59) 

5 PMBCPR (C22H22N2)n 300 84.07 (84.2) 7.006(6.66) 8.917(6.58) 

6 PMBCUR (C20H16N2O)n 350 80.0 (79.88) 5.34(5.26) 9.33(9.15) 

7 PMBCSc (C20H17N3O)n 350 76.19(76.02) 5.39(5.31) 13.33(12.99)

8 PMBCTSc (C20H17N3S)n 350 72.51(73.68) 5.135(4.99) 12.68(12.09)

9 PMBCPh (C25H20N2)n 350 86.21(85.68) 5.74(5.56) 8.04(7.89) 

10 PMBCS (C33H26N2)n 350 88.01(87.08) 5.77(5.56) 6.22(5.88) 

 

The solubility of MBC and its Schiff base polymers were examined in different organic 
solvents such as acetone, butanol and chloroform, but completely soluble in THF, DMF and 
dimethylsulphoxide (DMSO) (Table: 2.2). Therefore the solvents with high dielectric constant 
are preferred as the solvent system for the polymers. 

 

 Table 2.2. Solubilities of MBC and Schiff Base Polymers in Different Solvents. 

S.no: Compound 

Solubility in different solvents 

H2O Ethanol Butanol Acetone CHCL3 THF DMF 

1 MBC - - ± + + + + 

2 (PMBCH) - ± + + + + + 

3 (PMBCen) - ± + + + + + 

4 (PMBCPn) - ± + + + + + 

5 (PMBCPR) - ± + + + + + 

6 (PMBCPh) - + + + + + + 

7 (PMBCUR) - ± ± + + ‡ ‡ 

8 (PMBCSc) - ± ± + ‡ ‡ ‡ 

9 (PMBCTSc) - ± ± ‡ ‡ ‡ ‡ 

10 (PMBCS) ± + ‡ ‡ ‡ ‡ ‡ 

(‡ ) Very Soluble ,  (+ ) Soluble , ( ± ) Partial soluble , (   )Insoluble 
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2.5 INFRARED SPECTROSCOPIC STUDIES OF DIALDEHYDE AND THEIR SCHIFF 
BASE POLYMERS. 

   

   Infrared spectroscopy has unique importance among the physical methods used for the 

characterization of new organic compounds. It deals with vibrational frequencies and molecular 

stretching of compounds and provides basic data for the geometrical and structural features. The I.R 

spectroscopic technique is used for the purpose of identification of various groups and bonds present in 

respecting compounds.  

Therefore the prepared compounds were characterized by infrared spectroscopic technique. 

Infrared spectra of compounds were recorded on the perkin Elmer 1430 IR spectrophotometer using KBr 

pellet techniques in the range of 4000-200 cm-1. Instrument was also calibrated by polystyrene film for 

the accuracy of results. 
 

2.5.1 Preparation of KBr disc 

 Dry potassium bromide (100mg) was mixed with compound (1.0 mg) and ground finely in 

pestle and mortar, till the mixture became homogeneous. The mixture was added in a stainless steel die 

and high pressure (12000 psi) was applied. A transparent disc obtained (10 mm in diameter, 1-2 mm in 

thickness), was transferred to the disk holder in the IR spectrophotometer. Potassium bromide (KBr) was 

used as binding agent because it does not absorb infrared light in the region 4000- 200 cm-1. 
 

2.5.2 I. R STUDY OF 4,4’ METHYLENE BIS(CINNAMALDEHYDE) AND THEIR 
DERIVED SCHIIF BASE POLYMERS.  

 

   The spectra of all compound are divide into three main regions, namely 4000 -2000 cm-1, 2000 

-1000 cm-1 and 1000 -200 cm-1. The infrared spectra of 4,4’-methylenebis(cinnamaldehyde) and their 

Schiff base polymers are discussed in detail.  
 

THE REGION 4000-2000 cm-1 

  4,4’-methylenebis(cinnamaldehyde) gave a few bands of weak intensity at 3076 cm-1- 

3052 cm-1 and 2938 cm-1 - 2864 cm-1. The peaks of weak absorption band at 3076 - 3052 cm-1 

are due to υC-H aromatic stretching vibrations. The methylene group (-CH2-) is assigned as the 

asymmetric stretching modes at 2938 cm-1 and υH-C of H-C=O aldehydic group at 2864 cm-1. 

The derived Schiff base polymers PMBCH, PMBCen, PMBCPR, PMBCPn, PMBCSc, 

PMBCTSc and meso- PMBCS also showed weak or medium intensity bands within 3025- 
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2828cm-1 region due to aromatic, aliphatic and υC-H imine group stretching vibrations (Fig: 

2.2.1- 2.2.6).  

THE REGION 2000-1000 cm-1 

 MBC indicated strong bands at 1730 and 1740 cm-1 due to aldehydic υC=O vibrations. 

The spectra of Schiff base polymers gave very weak aldehydic peak at 1720 cm-1 due to end on 

group, but this band was observed in two polymers PMBCUR and PMBCSc at 1751- 1758 cm-1 

which indicated strong υC=O vibrations in urea and semicarbazone, respectively. All the Schiff 

base polymers gave a characterized peak around 1650- 1620 cm-1 due to υC=N vibration 

frequencies. The dialdehyde as well as their derived Schiff bases polymers indicated a few bands 

within 1615- 1580 cm-1 due to aromatic ring and C=C vibration. The polymer PMBCTSc gave a 

band at 1240 cm-1 of average relative intensity, which could be recognized as υC=S vibration and 

supported the formation of the polymers.   

 

THE REGION 1000-200 cm-1 

A number of bands are observed within 1000-565cm-1 due to in and out of plane C-H 

vibration which characterized adjacent aromatic hydrogen atoms in all the compounds.  

 

The IR spectra of dialdehyde (MBC) and the Schiff base polymers PMBCen, PMBCPn, 

PMBCPR, PMBCSc and PMBCTSc agreed with reported IR spectra [81] but having some 

variations like, the spectrum of PMBCPR for azomethine group observed slightly in lower region 

about 20cm-1 and the spectrum of PMBCen for azomethine group obtained about 18 cm-1 than 

reported spectra [81]. The PMBCSc gave a medium peak of υC=O vibrations at 1758 cm-1, 

which was lower than reported IR spectrum of similar compound.  
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          Fig: 2.2.1: Infrared spectrum for dialdehyde (MBC). 

 

                        

               Fig: 2.2.2: Infrared spectrum for Schiff base polymer (PMBCH). 
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       Fig: 2.2.3: Infrared spectrum for Schiff base polymer (PMBCPR). 

 

           

Fig: 2.2.4: Infrared spectrum for Schiff base polymer (PMBCUR). 
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Fig: 2.2.5: Infrared spectrum for Schiff base polymer (PMBCPh). 

 

            

Fig: 2.2.6: Infrared spectrum for Schiff base polymer (PMBCS). 
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Table: 2.3: Infrared Spectroscopic Studies of Dialdehyde 4,4’-methylene 
bis(Cinnamaldehyde) And Their Schiff Base Polymers. 

MBC PMBCH PMBCen PMBCPn PMBCPR PMBCSc 
Possible 

Assignment 

3076(w) 3024(w) 3037(w) 3042(w) 3046(m) 3055(w) C-H aromatic 
vibration 3052(w) 3008(w) 3016(m) 3012(w) 3010(m) 3026(m) 

2938(w) 2942(m) 2948 (m) 2956 (m) 2950(w) 2950 (m) 
C-H aliphatic 

vibration 

2864(w) 2860(w) 2866 (w) 2864 (w) 2866 (w) 2874 (w) 
C-H of aldehyde or 

imine group vibration 

1740 (w) - - - - 1758 (m) C=O vibration 

1730 (m) - - - -   

- 1620(m) 1628 (s) 1632 (m) 1630 (s) 1641 (m) C=N vibration 

1607 (m) 1599(w) 1609(w) 1602 (m) 1610 (w) 1601 (m) 
C=C vibration 

- 1500(w) 1592(w)  1594(w) 1587 (m) 

    1557(w)   

       

- - - 1380(m) - - CH3 group 
deformation - - - 1372(w) - - 

       

1230(w) 1207(w) 1224(w) 1221(w) 1199(w) 1220 (w) 

CH wagging 1132(m)  1211(w)  1154 (w)  

1130(w)    1130 (w)  

       

1031(w)    1084(m)  In- plane of CH 
bending vibration 1010(w)    1062(w)  

       

890(w) 885(s) 821 (s) 835 (w) 880 (w)  
Out of  plane of CH 
bending vibration 

 

782(s) 710(w)   782 (s)  

724(s) 700(w)   715 (w)  
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PMBCTSc PMBCS PMBCUR PMBCPh Possible Assignment 

3060(s) 3051 (w) 3053 (m) 3072 (m) 
C-H aromatic vibration 

3044 (m) 3022 (m) 3028 (w) 3018 (w) 

     

2976 (m) 2943(w) 2938 (w) 2940 (m) 
C-H aliphatic vibration 

2980 (w) 2851(w) 2870 (w)  

     

- - 1751 (m) - C=O vibration 

     

1647 (s) 1634 (m) 1630 (s) 1635 (m) C=N vibration 

     

1606 (m) 1592 (m) 1611 (w) 1595 (w) C=C vibration 

1597 (w) 1581 (m)  1500 (m)  

     

1240 (m) - - - C=S vibration 

     

1222 (w) 1221 (w) 1220(w) 1216 (w) CH wagging 

1206     

     

1072 (w) 1190(w) 1150 (m) 1112 (m) 

In- plane of CH bending 

vibration 

 1145(w) 1135 (w) 1044 (w) 

 1100(w) 1074 (w) 1026 (m) 

 1040(w) 1060  

     

789(w) 794(m)  790 (w) 787(s) Out of  plane of CH 

bending vibration  720(w) 710 (w) 742 (w) 
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2.6 ULTRAVIOLET VISIBLE ABSORPTION SPECTRA OF DIALDEHYDE AND 
THEIR RESPECTIVE SCHIFF BASE POLYMERS 

 
UV/Visible spectroscopic study gives significant information regarding the structure, 

configuration and nature of bonding in compounds. The electronic spectral studies of these 

synthesized compounds provide the information about bonding and their transitions in 

dialdehyde and their Schiff base polymers. 

The dialdehyde and its polymers were studied with the following features: 

i. To assign various bond frequencies to n-π and π- π* transition states. 

ii. To study the effect of presence of ethylene, propylene, phenyl and others groups at 

bridge position. 

The measurements of UV/Vis spectrophotometric studies were carried out in DMF and 

THF on double beam Hitachi 220 spectrophotometer, (Hitachi (Pvt) Tokyo, Japan), with dual 

1cm slica cuvettees within 185-700 nm. 

 

2.6.1 ULTRAVIOLET VISIBLE ABSORPTION SPECTRA OF 4,4’-METHYLENE BIS 

(CINNAMALDEHYDE) AND ITS DERIVED SCHIFF BASE POLYMERS. 

 UV/Visible spectroscopy of dialdehyde (MBC) was carried out in THF. It indicated two 

absorption bands at 262 nm and 338 nm with the molar absorptivity of 2.3104 and 1.0104 L 

mol-1cm-1 due to  π-  π*  transition in the benzoid rings and π-  π* in conjugated carbonyl 

O=C-C=C and phenyl groups respectively. The derived Schiff base polymers of (MBC) were 

recorded in THF and DMF. As the molecular weight of these Schiff base polymers were not 

known, therefore 1% absorptivity was calculated. These polymers indicated three bands (Fig: 

2.3.1- 2.3.7) and the observation of a new band or the shift in the position of the band as 

compared to MBC may be attributed to conjugated azomethine chromophores incorporated in the 

polymers due to polycondensation (Table A). The first absorbtion band appeared due to π- π* 

trasition of benzoid ring system and second band appeared because of π- π* trasition of (–C=C-

C=) conjugated system. These bands appeared in PMBCH at 265 nm (1% ε =415.2 L g-1cm-1), 

364 nm (1% ε =218.4 L g-1cm-1), PMBCen at 268nm (1% ε = 428.8 L g-1cm-1), 383 nm (1% ε 

=268.1 L g-1cm-1), PMBCPn at 263nm (1% ε =447.1 L g-1cm-1), 386 nm (1% ε =231.6L g-1cm-1), 

  
 
 

 
710(s) 
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PMBCPR at 263.9 nm (1% ε =448.6 L g-1cm-1), 388nm (1% ε =371.6L g-1cm-1), PMBCUR at 

271 nm (1% ε =303.52 L g-1cm-1), 317nm (1% ε =380.4 L g-1cm-1), PMBCSc at 268.7 nm(1% ε 

= 383.5 L g-1cm-1), 383nm (1% ε =245.12 L g-1cm-1), PMBCTSc at 270 nm (1% ε =378.88 L g-

1cm-1),391 nm (1% ε =234.6 L g-1cm-1), PMBCPh at 260 nm (1% ε =410.2 L g-1cm-1 ), 308nm 

(1% ε =431.2 L g-1cm-1) and PMBCS at 241 nm (1% ε =316.4 L g-1cm-1) and 288 nm (1% ε 

=388.8 L g-1cm-1).  
 

       The last absorbtion band is observed in PMBCH at 375 nm   (1% ε =243.75 L g-1 

cm-1), PMBCen at 402 nm (1% ε = 241.2 Lg-1cm-1), PMBCPn at 405 (1% ε = 243.2 L g-1cm-1), 

PMBCPR at 408 nm (1% ε =244.8 L g-1cm-1), PMBCUR at 382nm (1% ε =305.6 L g-1cm-1), 

PMBCSc at 408 nm(1% ε = 163.23 L g-1cm-1), PMBCTSc at 412 nm (1% ε =207.2 L g-1cm-1), 

PMBCPh at 405 nm (1% ε =486.1 L g-1cm-1 ) and PMBCS at 343 nm (1% ε = 246.96 L g-1cm-1). 

This band is assigned to π - π* transition in conjugated chromophoric group (C=C-C=N) present 

in the compounds. The polymer (PMBCS) showed slightly different pattern of electronic 

transitions because of conjugated C=C-C=N group, at 343 nm due to substitution of two bulky 

phenyl group at diamino groups.   

The work agreed with the reported UV-Vis spectra for the dialdehyde (MBC) and the 

polymers PMBCen, PMBCPn, PMBCPR, PMBCSc and PMBCTSc and their absorption peaks 

appeared in UV region as reprted [81]. 
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Fig: 2.3.1: U/V-Vis spectrum for dialdehyde (MBC) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig: 2.3.2: U/V-Vis spectrum for Schiff base polymer (PMBCen). 
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Fig: 2.3.3: U/V-Vis spectrum for Schiff base polymer (PMBCUR). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig: 2.3.4: U/V-Vis spectrum for Schiff base polymer (PMBCSc). 
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Fig: 2.3.5: U/V-Vis spectrum for Schiff base polymer (PMBTSc). 
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Fig: 2.3.6: U/V-Vis spectrum for Schiff base polymer (PMBCPh). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 2.3.7: U/V-Vis spectrum for Schiff base polymer (PMBCS) 

Table: 2.4:  Spectroscopic Studies of Dialdehyde 4,4’-methylenebis(cinnamaldehyde) and 
their Schiff Base Polymers in DMF and THF. 

Compound λmax Ε Possible Assingmnt 

 
MBC 

262 
 

338 

2.3x 104 Lmol-1cm-1

 

1x 104 Lmol-1cm-1 

 

π – π* transition in benzoid ring system. 
 

π – π* transition involving  benzoid ring 
and conjugated   C=C-C=N π  -electron 

system. 

  
 

1% ε (L mol-1 cm-1)  

 
 
 
 

PMBCen 

268 
 

383 
 
 
 

402 

428.8 
 

268.1 
 
 
 

241.2 

π – π* transition in benzoid ring system. 
 

π – π* transition involving  benzoid ring 
and conjugated   C=C-C=N π  -electron 

system. 
 

π – π* transition in  conjugated  
azomethine  group. 

 
 
 

 
263 

 

 
447.1 

 

 
π – π* transition in benzoid ring system. 
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PMBCPn 

 

386 
 
 
 

405 

231.6 
 
 
 

243.2 

π – π* transition involving  benzoid ring 
and conjugated   C=C-C=N π  -electron 

system. 
 

π – π* transition in  conjugated  
azomethine  group. 

 
 
 

PMBCPR 

 
263.9 

 
 

388 
 
 

408 

 
448.6 

 
 

371.6 
 
 

244.8 

 
π – π* transition in benzoid ring system. 

 
π – π* transition involving  benzoid ring 
and conjugated   C=C-C=N π  -electron 

system. 
 

π – π* transition in  conjugated 
azomethine  group. 

 
 

PMBCSc 

 
268.7 

 
383 

 
 
 

408 

 
383.52 

 
245.12 

 
 
 

163.28 

 
π – π* transition in benzoid ring system. 

 
π – π* transition involving  benzoid ring 
and conjugated   C=C-C=N π  -electron 

system. 
 

π – π* transition in  conjugated  
azomethine  group. 

 
Compound 

 
λmax 

 
ε  (L g-1 cm-1) 

 
Possible Assingmnt 

 
 
 
 

PMBCTSc 

 
270 

 
 

391 
 
 

412 

 
378.88 

 
 

234.6 
 
 

207.2 

 
π – π* transition in benzoid ring system. 

 
π – π* transition involving  benzoid ring 
and conjugated   C=C-C=N π  -electron 

system. 
 

n – π* transition in  conjugated  
azomethine  group. 

 
 
 

PMBCPh 

 
260 

 
 

308 
 
 

405 

 
410.2 

 
 

431.2 
 
 

486.1 

 
π – π* transition in benzoid ring system. 

 
π – π* transition involving  benzoid ring 
and conjugated   C=C-C=N π  -electron 

system. 
 

π – π* transition in  conjugated  
azomethine  group. 
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PMBCS 

 
241 

 
288 

 
 
 

343 

 
361.5 

 
388.8 

 
 
 

246.9 

 
π – π* transition in benzoid ring system. 

 
π – π* transition involving  benzoid ring 
and conjugated   C=C-C=N π  -electron 

system. 
 

π – π* transition in  conjugated  
azomethine  group. 

 

2.7 THERMAL ANALYSIS  

 All the synthesized compounds were further characterized by thermal analysis which 

gave the information about the heat stability and power of decomposition at every step. The 

comparison of melting point difference between monomer and polymers was also indicated. The 

thermal stability of compounds was obtained by thermogravimetric analysis (TGA) and 

differential thermal analysis (DTA). 

2.7.1 METHODS OF THERMAL ANALYSIS 

 There are two methods of thermal analysis. One is static method and other is dynamic 

methods. The measurement of dynamic method is based on change in mass, volume or heat of 

reaction with respect of temperature. 

2.7.3 INSTRUMENT:  

Thermogravimatry (TG) and differential thermal analysis (DTA) were recorded on 

Shimatzu TG 30 Thermogravimetric / Differential thermal Analyzer from room temperature to 

800 oC in platinum sample pan against alumina reference. The nitrogen atmosphere was 

maintained with pure N2 flow rate of 50 mL/min. 

 

2.7.4 TG/DTA MEASUREMENT PRINCIPLES: 

The TG/ DTA module uses a horizontal differential system balance mechanism. The 

sample weight changes are measured as described below: 

Both sample and reference balance beams are independently supported by a driving coil/ 

pivot. When a weight change occurs at the beam end, the movement is conveyed to the opposite 

end of beam through driving coil, at that time optical position sensor detect the changes in the 

position of slit. These signal from optical sensor sent back to the balance circuit, which supplies 

the sufficient current to the driving coil and slit returns the balance position. This current running 
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to the driving coil on the sample side and current turns back from driving coil from reference 

side is detected and converted into weight signals. 

 

 

 

       Fig: 2.4: Instrumental diagram of basic principle of TG/ DTA measurement. 

 

 

 

2.7.5 SAMPLING: 

The sample pan is placed on sample holder (thermocouple detector) which is made of a 

platinum- rhodium alloy. The left side of sample holder is used for sample and right side holder 

for reference. The sample (10 mg) was placed in platinum sample pan and -alumina as 

reference. Thermogravimetric (TG) and differential thermal analysis (DTA) were recorded from 

room temperature to 800 oC with a heating rate 15 oC /min and nitrogen flow rate 50 mL/min.  

 

2.7.6 TG/ DTA SPECTRA OF 4,4’-METHYLENEBIS(CINNAMALDEHYDE) AND 
THEIR DERIVED SCHIFF BASE POLYMERS. 

 

Thermogravimetric and differential thermal analysis of dialdehyde (MBC) and their 

Schiff base polymers are shown in (Fig: 2.5.1-2.5.8). The weight loss in case of MBC started at 

220 oC and 100 % weight loss observed upto 620 oC. The loss of weight occurred in two stages 

with maximum rate of loss obtained at 386 oC.  
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Polymer (PMBCH) initially started weight loss from 380- 490 oC. The secondary weight 

loss was dropped about 520 oC. The compound furthur decomposed till 596 oC with 98.7% 

weight loss. Both polymers (PMBCen and (PMBCUR) gave difference in TG thermographs 

because (PMBCen) strarted weight loss 310- 400 oC with 12% weight loss but PMBCUR 

decomposed from 300- 425oC with 22 % weight loss. The maximum weight loss temperatures 

were observed at 400 and 385 oC. 

 

All the polymers required high temperatures for volatilization. Addition of carbonyl or 

thio group in diamines improved the volatility of polymers. The polymers (PMBCSc) and 

(PMBCTSc) indicated maximum weight loss temperature at 392 and 408 oC with 82 % and 99.2 

% total weight loss.  

 

In last thermograph of (PMBCPh) and (PMBCS) indicated the maximum weight loss 

temperature at 315 and 337 oC with 79 % and 73 %, respectively. The polymers (PMBCPh) and 

(PMBCS) contained single phenyl group or trans phenyl groups attached with double bond of 

carbon in azomethine group, improved the thermal stability of Schiff base polymers 

considerably. These thermographs indicated an improvement in thermal stability of polymers 

after polymerizations.  

 

  DTA analyses of the Schiff base polymers were measured under nitrogen atmosphere in 

the temperature ranged from room temperature to 800 oC in order to investigate the exothermic 

or endotheric transitions. According to DTA thermograms of dialdehyde showed a series of 

endotherms at 190, 270 and 380 oC respectively. The DTA traces for different polymers were 

observed 140- 430 and Tmax for PMBCH, PMBCen, PMBCUR, PMBCPh and PMBCS were 

found at 396, 392, 402, 398 and 430 oC respectively. These Schiff base polymers indicated that 

all synthesized polymers indicated melting endotherms followed by vaporization endotherms and 

exotherm but clearly large exotherm observed in DTA of PMBCS in which temperature range 

430 oC might be assigned due to exothermic decomposition. All results of thermal analysis are 

summarized in (Tables 2.5.1- 2.5.2). 
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Fig: 2.5.1: Thermogravimetric analysis for MBC and a Schiff base polymer. 

                
 

              Fig: 2.5.2: Thermogravimetric analysis for Schiff base polymers. 



 
 

 

57

   

             
 

        Fig: 2.5.3: Thermogravimetric analysis for Schiff base polymers. 

 

 

 

   

 

 

 

 

 

 

 

 

 

 
 

Fig: 2.5.4: Thermogravimetric analysis for Schiff base polymers. 
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Fig: 2.5.5: Differential Thermal analysis for Schiff base polymers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 2.5.6: Differential Thermal analysis for Schiff base polymers. 
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Fig: 2.5.7: Differential Thermal analysis for Schiff base polymers. 
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Fig: 2.5.8: Differential Thermal analysis for Schiff base polymers. 

 

 

 

 

 

 

 

 

Table: 2.5.1: Thermogravimetric Analysis Data of Dialdehydes (MBC) and 

Schiff Base Polymers. 

S.No Characterization MBC PMBCH PMBCen PMBCUR PMBCPh PMBCS
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1 

Primary wt. loss 40% 48% 12% 26% 12% 14% 

Temperature (oC) 
220-

390 
380-490 310-400 280-505 220-310 190-285

2 

Secondary wt. loss 26% 11.7% 55% 22% 30% 22% 

Temperature (oC) 
390-

480 
490-520 400-490 110-360 310-410 285-405

3 

Tertiary wt. loss 34% 39% 29% 40% 37% 37% 

Temperature (oC) 
480-

600 
520-600 490-700 360-700 410-590 405-596

4 Total wt. loss 100% 98.7% 96% 88% 79% 73% 

5 Temperature 
 (Max. loss) 

386 380 400 385 365 387 

 

 Table: 2. 5. 2. DTA Analysis Data of Dialdehydes (MBC) and Schiff Base Polymers 

S.no: Temprature 
(°C) 

MBC PMBCH PMBCen PMBCUR PMBCPh PMBCS 

1 Melting 
Endotherm  

190 140 160 140 145 140 

2 Vapo-
Endotherm 

270 

380 

220 

396 

270 

392 

240 

285 

402 

183 

398 

236 

 

3 Exotherm - - - - - 430 

 

 

2.8 VISCOMETRIC STUDIES 

Viscometric method is one of the well-known methods for the determination of size and 

shape of the polymers. All the polymers may be characterized before further useful processing. 

The characterization by Viscometric study involves the determination of various 

important parameters of a polymer like structure, molecular size and shape which give the 
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information about macromolecule. The difference is obtained due to the difference in the size of 

solvents and solute. The fractional properties of the solvent in a mixture are drastically changed 

and increase in viscosity occurs, which should reflect the size and shape of the dissolved solute, 

even in dilute solutions. Yasuo [89] studied inherent viscosities of crystalline thermoplastic 

aromatic polyketones and found within 0.92-1.16 dl/g in 98% H2SO4 at 30 oC. Alfredo [90] 

reported inherent viscosities of aromatic polyesters of 3,3-disubsituted 4,4-dihydroxybiphenyl 

with tetrophthaloylchloride and 3,3-bis(phenylether)4,4-dihydroxybiphenyl with 1,2,3-

trichlorobenzene. The inherent viscosity was determined in dichloromethane at 30 oC and was 

reported 1.25-2.5 dl/g. Sheng Huei and Chin Ping [91] worked on inherent viscosity of sulfone 

containing polyamides and found within 0.42-1.65 dl/g at 30 oC. 

 

2.8.1 DILUTE SOLUTION VISCOMETRY 

 Dilute solution viscosity of dialdehyde and their derived Schiff base polymers were 

measured at various concentrations and temperatures by Oswald’s Viscometer. Every 

measurement was made at least three times. The adjustment of capillary position along vertical 

direction was taken and the proper control of temperature of system was maintained with 

Gallenkamp thermostatic water bath. Using the precaution, the variation of replicate 

measurements were observed with relative standard derivation (RSD) within 0.5%. 

 

2.8.2 CALIBRATION OF VISCOMETER 

 First of all viscometer was properly washed and rinsed with double distilled water at least 

three times, then viscometer was filled with 15mL of double distilled water and suspended 

vertically in Gallenkamp thermostatic water bath. The temperature of bath was fixed at 283 K 

and allowed 10 min to viscometer to attain the temperature of bath. The time taken by water to 

flow from upper mark to the lower mark of the bulb was noted by stop watch. This was carried 

out three times and average of the three values was taken as flow time. The same procedure was 

repeated for the temperatures 293 K, 303 K, 313 K and 323 K. The viscosity of water for all 

these temperatures was noted from CRC Hand book.  

A graph is plotted between the absolute viscosity (η) and the product of density (ρ) and 

the flow time of water at various temperatures which showed the linear relationship between 
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absolute viscosity (η) and ρt. The calibration constant (ß) of the viscometer is calculated from the 

slope of line.  

 

2.8.3 VISCOMETRIC MEASUREMENTS: 

 The dialdehyde and Schiff base polymers were prepared at concentrations 0.02, 0.03, 

0.04, 0.05, 0.06 g/dl in DMF and THF solvents. Each time 15 mL of solution was taken in 

viscometer and flow time was noted. At least three reading were taken and the mean value was 

noted as flow time of the solution. 

 

Dilute solution viscosity: 

  The viscosity of a dilute solution of a polymer, measured under optimum conditions, is 

indicated by various numbers of viscosities, such as relative viscosity, specific viscosity, inherent 

viscosity, intrinsic viscosity and absolute viscosity.  

 

(i) Relative Viscosity (ηrel): 

Relative viscosity is defined as the ratio of viscosities of the polymeric solution (η) and 

the pure solvent (ηo) at the same temperature. It is also known as solution solvent viscosity 

ratio. 

   ηrel =  η / ηo   …………………………………(1) 

For dilute solutions 

ηrel =  t / to   …………………………………(2) 

where t and toare the flow time of the polymer solution and solvent respectively. 

 

(ii) Specific Viscosity (ηsp): 

It is the relative viscosity of the polymeric solution of known concentration over that of the 

solvent. Usually it determined at low concentration of the polymer. 

ηsp  = (η - ηo) / ηo 

ηsp = (η / ηo) -1 

ηsp  =  ηrel -  1  …………………………………(3) 
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(iii) Reduced Viscosity (ηred): 

It is the ratio between specific viscosity and corresponding concentration of the solution, 

expressed in g/mL. it is also known as viscosity number, and expressed in the following 

equation. 

  ηred  =  ηsp  / C ………………………………..(4) 

 (iv) Inherent Viscosity (ηinh): 

It is the ratio of natural log of relative viscosity and corresponding concentration of 

solution. Inherent viscosity is expressed in the following equation. 

   ηinh  = Ln ηrel / C………………………………..(5) 

 

 (v) Intrinsic or Limiting Viscosity ([η]): 

The ratio of specific viscosity of solution to the concentration of solute, extrapolated to 

zero concentration. Intrinsic viscosity reflects the capability of a polymer in solution to enhance 

the viscosity of solution. Actually the viscosity behaviour of macromolecular substances in 

solution is one of the most frequently used approaches for characterization. The variation of 

viscosity number with concentration depends on the type of molecule as well as the solvent. The 

intrinsic viscosity is calculated by determining the reduced viscosity and extrapolating to infinite 

dilution and can be obtained form Huggins’s [92] and Kramer’s [93] equations respectively. 

   ηred   =  [η] +  KH [η]2 C …………………………(6) 

   ηinh   =  [η]  -  KK [η]2 C …………………………(7) 

According to Huggins’s equation (6), the reduced viscosity is plotted against concentration. 

The intercept gives the intrinsic viscosity [η] while from the slope the Huggins’s constant (KH) is 

calculated. 
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Similarly according to the Kramer’s equation (7), the inherent viscosity is plotted against 

concentration. The intrinsic viscosity [η] is obtained from the intercept and Kramer’s constant 

(Kk) from the slope of the graph. 

(vi) Absolute Visocity (η): 

The absolute viscosity depends on the density of polymeric solution with per unit flow 

time of liquid, which is calculated from equation 

   η =  ρ ß t ………………………………………….(8) 

where “ρ” is density, “ß” is calibration constant of the viscometer and “t” is the flow time of 

liquid.  

(vii) Thermodynamic Prameters: 

The thermodynamic parameters of the polymeric solution can be determined from the 

temperature dependence of viscosity. The concentration dependence parameters mostly depend 

on the liquid from corresponding states behaviour. Another source of concentration dependence 

comes from the surface/ volume ratio of the polymer relative to that of the solvent. Frenkle and 

Eyring [94] related the absolute viscosity with temperature as 

   η = A e ∆Gv/RT ………………………………………(9) 

where “η” is the absolute viscosity , “∆Gv” is the activation energy of viscous flow. “A” is 

the constant and is in the order of 10-3 poise, “R” is the gas constant and T” is the absolute 

temperature. The activation energy of viscous flow (∆Gv) can be calculated from the equation (9) 

as: 

   ∆Gv  =  2.303 RT Log ( η /10-3)  …………………..(10) 

Activation energy of viscous flow is related with enthalpy “∆Hv” and entropy “∆Sv ” and can 
be defined as: 

∆Gv   =   ∆Hv - T ∆Sv  ……………………………………………….(11) 

The Frenkle and Eyring equation (9) is further modified in a linear form as following way: 
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Ln η =   Ln A  +  ∆Gv / RT………………………..(12) 

Ln η =  Ln A +  (∆Hv - T ∆Sv )/ R T  

Ln η = [Ln A -  ∆Sv / R] +  (∆Hv / R) (1 / T)........(13) 

A straight line is mostly obtained by plotting “Ln η” against “1 /T”. The slope can be 

calculated from “∆Hv / R”, heat of viscous flow and entropy can be calculated from equation 11. 

2.8.4 VISCOMETRIC MEASUREMENT OF 4,4’-METHYLENEBIS 
(CINNAMALDEHYDE) AND THEIR SCHIFF BASE POLYMERS: 

The synthesized dialdehyde 4,4’-methylenebis(cinnamaldehyde) and its derived Schiff 

base polymers were examined by using the calibrated viscometer. The flow time of the solvent is 

noted at different temperature 383 K, 293 K, 303 K, 313 K and 323 K with an interval of 10 K, 

and different concentrations. At least three re ading of flow time of dilute solution were taken 

and the mean value was noted as final result.   

(i) Reduced Viscosity: 

The variation of viscosity of dialdehyde and their polymers are observed due to the 

presence of conjugated double bonds as well as aromatic ring systems and different sized of 

molecules. The relation between the reduced viscosity and concentration of dialdehyde and 

polymers is a straight line which proved the Huggins’s equation (6). The reduced viscosity is 

increased with the increase in concentration because the intermolecular forces of attraction 

between molecules increased. But viscosity decreased with raising the temperature due to 

increase in vibrational frequency of molecules. On high temperature molecules become more 

mobile and internal resistance to flow decreased, as a result decrease in viscosity is observed. 

The reduced viscosity of dialdehyde and Schiff base polymers is calculated from equation 4 and 

results are shown in (Fig: 2.6.1 -2.6.8). The Schiff base polymer (PMBCS) has highest reduced 

viscosity (0.381g/dL) at 283 K as compared to other prepeared polymers. 
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Fig: 2.6.1: Reduced viscosity v/s concentration of dialdehyde (MBC) at different 
temperatures. 

  
 

 
 

 
 

  
 
 
 
 
 

 
Fig: 2.6.2: Reduced viscosity v/s concentration of Schiff base polymer (PMBCH) at  

different temperatures. 
 

 

 
 
 
 
 
 
 
 
 
 

Fig: 2.6.3: Reduced viscosity v/s concentration of Schiff base polymer (PMBCen) at 
different temperatures. 
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   Fig: 2.6.4: Reduced viscosity v/s concentration of Schiff base polymer (PMBCUR). 
 

 

    Fig: 2.6.5: Reduced viscosity v/s concentration of Schiff base polymer (PMBCSc). 

 
             Fig: 2.6.6: Reduced viscosity v/s concentration of Schiff base polymer (PMBCTSc). 
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         Fig: 2.6.7: Reduced viscosity v/s concentration of Schiff base polymer (PMBCPh). 
 

                                         
 

 

 

 

 

 

 

 

 

 

 
Fig: 2.6.8: Reduced viscosity v/s concentration of Schiff base polymer (PMBCS) at 

different temperatures. 
(ii) Intrinsic Viscosity: 

The intrinsic viscosity is calculated from Huggins’s equation for dialdehyde and Schiff 

base polymers. According to equation, when a graph is plotted between reduced viscosity verses 

concentrations then intercept gave the intrinsic viscosity of polymeric solution. The values are 

summarized in Table: 2.6. 
 

According to Shah and Parsaino [95] the values of intrinsic viscosity for polymers 

normally decreased with increase in temperature for elastic polymers. Noor et al [96] observed 

that decrease in viscosity was observed due to stretching of polymers at high temperature. 
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Therefore, 4,4’-methylenebis(cinnamaldehyde) and their polymers showed an increase in 

viscosity at low temperature because the polymeric molecules are less mobile at low temperature 

and occupied small volume and offered greater resistance to flow. At high temperature, the 

mobility of molecules increased due to the thermal motions making the empty spaces in the 

solution which facilities the flow and the viscosity decreased. Therefore dialdehyde and their 

Schiff base polymers gave maximum intrinsic viscosity at 283 K because polymeric molecules 

have greater hinderance to flow process.  

The results of intrinsic viscosity slightly varied for PMBCSc and PMBCTSc than 

reported work [84] may be due to variation in synthetic procedure [B] and use of different 

concentrations of polymeric solutions.  
 

Table: 2.6: Intrinsic Viscosity (dL/g) of Dialdehyde (MBC) and their Schiff Base Polymers 
at Different Temperature (dL/g). 

SS  
NNoo  

CCoommppoouunndd  Temperature ((KK)) 

228833 229933 330033  331133 

11  MMBBCC  00..224499  00..223344  00..221199  00..220044  

22  PPMMBBCCHH  00..228833  00..226633  00..224433  00..222233  

33  PPMMBBCCeenn  00..229988  00..888844  00..226688  00..224488  

44  PPMMBBCCUURR  00..331166  00..330066  00..229966  00..227766  

55  PPMMBBCCSScc  00..331177  00..330033  00..228888  00..227744  

66  PPMMBBCCTTSScc  00..332233  00..330099  00..229944  00..2288  

77  PPMMBBCCPPhh  00..332244  00..330044  00..228844  00..226644  

88  PPMMBBCCSS  00..443322  00..332222  00..330022  00..228822  

 

(iii) Huggins’s constant: 

The Huggins’s constant is a complex function [92, 93] which measures the hydrodynamic 

relationship between polymers segments and solvents. It is independent of molecular weight [97] 

of polymer but depends upon the quality of a solvent. In good solvents systems, the polymeric 

chain is solvated at higher degree and polymer –solvent interaction is dominant. The Huggins’s 

constant varies between 0.3-0.4 [92] for good solvents. As the quality of solvent diminished, the 

value increased up to 0.5 and above the 0.5 representing poor solvents. The Huggins’s constant 

of this dialdehyde and polymers ranges from 0.598 – 0.723 (Table: 2.7), it means DMF is a poor 

solvents for these compounds. 
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Table: 2.7. Huggins’s Constant of Dialdehyde (MBC) and their Schiff Base Polymers at 
Different Temperature 

SS..##  CCoommppoouunndd  TTeemmppeerraattuurree  ((KK))  

228833 229933 330033 331133 

11  PPMMBBCCHH  00..559988  00..6611  00..662222  00..664455  

22  PPMMBBCCeenn  00..660044  00..661177  00..662288  00..6655  

33  PPMMBBCCUURR  00..664499  00..666611  00..667799  00..668811  

44  PPMMBBCCSScc  00..665522  00..663388  00..662233  00..660099  

55  PPMMBBCCTTSScc  00..665588  00..664444  00..662299  00..661155  

66  PPMMBBCCPPhh  00..667777  00..668899  00..770011  00..771144  

77  PPMMBBCCSS  00..669911  00..770033  00..771155  00..772233  

 

(iv) Absolute Viscosity (η): 

The absolute viscosity is calculated from equation 8. The values of absolute viscosity for 

dialdehyde and Schiff base polymers in DMF and THF at different temperature and 

concentrations are given in (Table: 2.8.1- 2.8.6). The absolute viscosity of dialdehyde (MBC) 

and polymers are increased with increase in concentration and decreased with increase in 

temperature. The values of dialdehyde are in range 0.106 –0.404 mNS/m2 and the absolute 

viscosities for their derived Schiff base polymers ranged within 0.126 -0.502 mNS/m2 because 

absolute viscosity increased with an increase in the molecular weight of Schiff base polymers. 
 

Table: 2.8.1: Absolute viscosity for dialdehyde of (MBC)  (m.N.S/m2) 

    
CCoonncceennttrraattiioonn  

((gg//ddLL))  

  
  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  00..339911  00..229933 00..119999 00..110066 

00..0044  00..339955  00..229977 00..220033 00..111100 

00..0055  00..440022  00..330044 00..221100 00..111177 

00..0066  
  

00..440044  00..330099  00..221166  00..112233  
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Table: 2.8.2:  Absolute viscosity of Schiff base polymer (PMBCH)  (m.N.S/m2) 

  
CCoonncceennttrraattiioonn  

((gg//ddLL))  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  00..441111  00..331133  00..221199  00..112266  

00..0044  00..441155  00..331177  00..222233  00..113300  

00..0055  00..442211  00..332233  00..222299  00..113366  

00..0066  00..442277  00..333333  00..223366  00..114433  

 

Table: 2.8.3: Absolute viscosity of Schiff base polymer (PMBCen)  (m.N.S/m2) 

  
CCoonncceennttrraattiioonn  

((gg//ddLL))  

  
TTeemmppeerraattuurree ((KK)) 

228833  229933  330033  
  

331133  

00..0022  00..443311  00..333333  00..223399  00..113355  

00..0044  00..444455  00..334477  00..224444  00..114499  

00..0055  00..447722  00..337744  00..227700  00..117766  

00..0066  00..449988  00..339900  00..229966  00..220011  

 

Table: 2.8.4:  Absolute viscosity of Schiff base polymer (PMBCUR)  (m.N.S/m2) 

  
CCoonncceennttrraattiioonn  

((gg//ddLL))  

  
TTeemmppeerraattuurree ((KK)) 

228833  229933  330033  
  

331133  
 

00..0022  00..447744  00..337766  00..227788  00..118888  

00..0044  00..448866  00..338888  00..229900  00..119922  

00..0055  00..449922  00..339944  00..229966  00..119988  

00..0066  00..550022  00..440044  00..330066  00..220088  
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Table: 2.8.5:  Absolute viscosity for Schiff base polymer (PMBCSc)  (m.N.S/m2). 

CCoonncceennttrraattiioonn  
((gg//ddLL))  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  
  

331133 

00..0022  00..447722  00..336644  00..225555  00..114488  

00..0033  00..447777  00..336699  00..226611  00..115533  

00..0044  00..448833  00..337755  00..226677  00..115599  

00..0055  00..448899  00..338811  00..227733  00..116655  

00..0066  00..449955  00..338877  00..227799  00..117711  

 

Table: 2.8.6:   Absolute viscosity for Schiff base polymer (PMBCTSc) (m.N.S/m2). 

  
CCoonncceennttrraattiioonn  

((gg//ddLL))  

  
TTeemmppeerraattuurree ((KK)) 

228833  229933  330033  
  

331133  
 

00..0022  00..447788  00..337700 00..226633 00..115555 

00..0033  00..448844  00..337766 00..226688 00..116600 

00..0044  00..449900  00..338822 00..227744 00..116666 

00..0055  00..449966  00..338888 00..228800 00..117722 

00..0066  00..550022  00..339944 00..228866 00..117788 

 

 

Thermodynamic Parameter: 

Chemical thermodynamics involve not only labortary measurements of various 

thermodynamic properties, but also the application of methametical methods to the study of 

chemical reactions. The thermodynamic parameters of polymeric solution are characteristics 

behavior of polymer toward solvent which are the function of concentration and temperature. 

These parameters give information about the structure and orientation of polymer molecules in 

the dilute solutions. 
 

(i)  Energy of Activation of Viscous Flow (ΔGv): 

The energy of activation of viscous flow is calculated from the viscosity of a system 

using equation (2:10). The results of dialdehyde (MBC) and their Schiff base polymers at 

different temperatures and concentrations are listed in (Table: 2.9.1- 2.9.8). The energy of 
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activation increased with an increase in concentration in dilute solution, because the polymer 

molecules have weaker association and can easily overcame during flow as compared to higher 

concentration [98, 99]. The values of ΔGv also increased with rise in temperature and indicated 

that shape transition of polymer molecules took place during the flow process. The S.I unit of 

free energy of activation is same as enthalpy (J/mol). 

 When we compare the results of activation energy for MBC and five reported polymers 

[81] a similar variation was observed for ΔGv with some changes, as ΔGv of MBC in reported 

work decreased on increasing temperature but in this work the results of ΔGv for MBC and 

polymers increased with raising the temperature because polymeric molecules became excited on 

high energy in the solvent.  
 

Table: 2.9.1:  Free energy of activation of viscous flow (ΔGv) for dialdehyde (MBC)  
(K. J. mol-1). 

CCoonncceennttrraattiioonn  
((gg//ddLL))  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  
  

331133  

00..0022  1111..9988  1133..2244  1133..7788  1144..0000  

00..0033  1122..1133  1133..3333  1133..8833  1144..0044  

00..0044  1122..2255  1133..3399  1133..8877  1144..0077  

00..0055  1122..3399  1133..4477  1133..9933  1144..1111  

00..0066  1122..5533  1133..5544  1133..9977  1144..1122  
 

 
Table: 2.9.2:  Free energy of activation of viscous flow  (ΔGv) (PMBCH) (K. J. mol-1). 

  
CCoonncceennttrraattiioonn  

((gg//ddLL))  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  
  

331133  

00..0022  1122..4433  1133..4499  1133..9944  1144..1122  

00..0033  1122..5588  1133..5577  1144..0000  1144..1166  

00..0044  1122..6688  1133..6633  1144..0033  1144..1199  

00..0055  1122..8800  1133..7700  1144..0088  1144..2222  

00..0066  1122..9911  1133..7766 1144..1122 1144..2255 
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Table: 2.9.3: Free energy of activation of viscous flow (ΔGv) for (PMBCen) (K. J. mol-1). 

CCoonncceennttrraattiioonn  
((gg//ddLL))  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  1122..2288  1133..4499  1144..0022  1144..1188  

00..0033  1122..7766  1133..7799  1144..1155  1144..2277  

00..0044  1133..0033  1133..8855  1144..2255  1144..3355  

00..0055  1133..4455  1144..1100  1144..4433  1144..4488  

00..0066  1133..8800  1144..3333  1144..5544  1144..6611  

 

   Table: 2.9.4: Free energy of activation of viscous flow (ΔGv) for (PMBCUR)  (K. J. mol1). 

  
CCoonncceennttrraattiioonn  

((gg//ddLL))  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  1133..1122  1144..0033  1144..3344  1144..4477  

00..0033  1133..6644  1144..1188  1144..4455  1144..550033  

00..0044  1133..6699  1144..2288  1144..5522  1144..5566  

00..0055  1133..7777  1144..3344  1144..5566  1144..55  

00..0066  1133..8899  1144..4422  1144..6622  1144..6633  

 

 

Table: 2.8.5: Free energy of activation of viscous flow (ΔGv) for (PMBCSc) (K. J. mol-1). 

  
CCoonncceennttrraattiioonn  

((gg//ddLL))  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  13.01 13.96 14.36 14.48 

00..0033  13.10 14.02 14.40 14.51 

00..0044  13.20 14.08 14.44 14.54 

00..0055  13.29 14.13 14.48 14.57 

00..0066  13.38 14.18 14.51 14.60 
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Table: 2.9.6:  Free  energy of activation of viscous flow  (ΔGv) for (PMBCTSc) (K. J. mol-1). 

  
CCoonncceennttrraattiioonn  

((gg//ddLL))  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  13.12 14.03 14.41 14.52 

00..0033  13.22 14.09 14.45 14.55 

00..0044  13.31 14.14 14.48 14.58 

00..0055  13.40 14.20 14.52 14.60 

00..0066  13.49 14.25 14.56 14.63 

 

 

   Table: 2.9.7: Free  energy of activation of viscous flow  (ΔGv) for (PMBCPh) (K. J. mol-1). 

  
CCoonncceennttrraattiioonn  

((gg//ddLL))  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  
  

00..0022  1133..7788  1144..3355  1144..5577  1144..5599  

00..0033  1133..8877  1144..4433  1144..6611  1144..6622  

00..0044  1144..0099  1144..5544  1144..7722  1144..7700  

00..0055  1144..1133  1144..5588  1144..7744  1144..7722  

00..0066  1144..2277  1144..6688  1144..8811  1144..7788  

 

 

Table: 2.9.8: Free energy of activation of viscous flow (ΔGv) for (PMBCS) (K. J. mol-1). 

CCoonncceennttrraattiioonn  
((gg//ddLL))  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  1133..3355  1144..4422  1144..6622  1144..6633  

00..0033  1144..0000  1144..5544  1144..6688  1144..6677  

00..0044  1144..1177  1144..6688  1144..7799  1144..1177  

00..0055  1144..2277  1144..6677  1144..8800  1144..7777  

00..0066  1144..3366  1144..7733  1144..8844  1144..8800  
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(ii) Heat of Activation of Viscous Flow  (ΔHv): 

The heat of activation of viscous flow is calculated for dialdehyde (MBC) and Schiff base 

polymers by using equation 10. A graph is plotted between Log η verses 1/T, and a straight line 

is obtained. The ΔHv values are calculated from slope of line, results are listed in Table: 2.10. 

The values of ΔHv increased with an increase in concentration may be due to increase in 

molecular mass which caused more attraction among the molecules and more energy is required 

to over came their flow. The values of ΔHv indicated the process of degradation of structure and 

orientation of macromolecule during flow process [100]. An enthalpy change occurs during a 

chemical reaction with temperature.  Therefore, the S.I unit of enthalpy is J/ mol. 

The result of enthalpy for MBC was observed higher than Schiff base polymers, because 

the minimum process of degradation was obtained in long chain macromolecules. Yasuo [89] 

worked on sulfone containing polyamides and this trend of change of enthalpy was indicated 

many chemical chages which takes places on the basis of the polymeric structure. 

 

 

 

 

 

 

 

Fig: 2.6.1: Plot of lηabs v/s reciprocal temperature for dialdehydes (MBC). 
 

 

 

 

 

 

 

 

Fig: 2.6.2:  Plot of lηabs v/s reciprocal temperature for Schiff base polymer 
(PMBCH). 
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Fig: 2.6.3:  Plot of lηabs v/s reciprocal temperature for Schiff base polymer 

(PMBCen). 
 

 

Fig: 2.6.4:  Plot of lηabs v/s reciprocal temperature for Schiff base polymer 
(PMBCUR) 

 

 

 

 

 

 

 

 

 

 Fig: 2.6.5: Plot of lηabs v/s reciprocal temperature for Schiff base polymer  
(PMBCPh). 
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Fig: 2.6.6:  Plot of lηabs v/s reciprocal temperature for Schiff base polymer 
(PMBCS). 

 

Table: 2.10: Enthalpy of Activation of Viscous Flow (ΔHv) for Dialdehyde and their 
Derived Schiff Base Polymers   (K. J. mol-1). 

 

S.# Compound Concentration (g /dl) 

0.02 0.03 0.04 0.05 0.06 

1 MBC 11.69 11.67 11.62 11.57 11.50 

2 PMBCH 11.56 11.51 11.47 11.39 11.34 

3 PMBCen 8.77 8.72 8.67 8.64 8.60 

4 PMBCUR 8.11 8.06 8.37 7.99 7.95 

5 PMBCSc 8.09 8.09 8.08 8.08 8.07 

6 PMBCTSc 7.86 7.85 7.85 7.84 7.84 

7 PMBCPh 7.02 6.97 6.93 6.89 6.85 

8 PMBCS 5.67 5.62 5.54 5.52 5.46 

 

 

(iii) Entropy of Activation Viscous Flow       (ΔSv) 

 The entropy of activation of viscous flow is a function of the degree of order of the 

system. If the entropy of system is positive, the process of structure of solution and system 

becomes less ordered during flow. If the entropy of activation is negative, the system is more 

ordered during the flow so that the process of uncoiling and orientation of macromolecules take 
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places.  The entropy of a system is another thermodynamic quantity that is not easily measured. 

However, using both theoretical and experimental techniques, entropy can in fact be accurately 

measured. The third law of thermodynamics states that entropy of a pure crystalline substance 

(polymer) becomes zero at 0 K. When So is zero, then the area under the curve from 0 K to any 

temperature gives the entropy at that temperature. 

 

  The entropy of dialdehyde (MBC) and their synthesized Schiff base polymers indicated 

the chance of randomness increased in concentrations but decrease on raising temperature and 

results are summarized in (Table: 2.11). The S.I unit of entropy is J/ (mol.K). 

 

 

Table: 2.11:  Entropy of Activation of Viscous Flow (ΔHv) for Dialdehyde (MBC) and their 

Schiff Base Polymers at Different Temperatures (K. J. mol-1). 

S.No Compound 
Temperature  (K) 

283 293 303 313 323 
1 MBC --00..000088 --00..000077 --00..000055 --00..000033  --00..000011 

2 PMBCH --00..001100 --00..000099 --00..000077 --00..000044  -0.001 

3 PMBCen --00..001199  --00..001177  --00..001155  --00..001111  -0.009 

4 PMBCUR --00..002222 --00..002211 --00..001188 --00..001166  -0.0012

5 PMBCSc --00..002200 --00..001188 --00..001166 --00..001111  --00..000099 

6 PMBCTSc --00..002233 --00..002211 --00..002200 --00..001199  -0.015 

7 PMBCPh --00..002266 --00..002233 --00..002211 --00..001188  -0.016 

8 PMBCS --00..003311  --00..002299  --00..002244  --00..002211  -0.019 

 

2.9 CONCLUSION 

 Many Schiff base polymers are synthesized from different dialdehydes/ diketone 

with diamino compounds. A conjugated dialdehyde [4,4’-methylenebis(cinnamaldehyde)] and its 

Schiff base polymers were also reported [81] but in extension of this work, we have prepared 

some new Schiff base polymers with different diamino compounds by the reported procedure 

and made some amendments in the process of polymerization such as addition of acetic acid 

(5mL), on the basis of solubility of compounds. 
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The structures of these newly prepared compounds were confirmed by C. H. N analysis, 

FT.IR and U.V spectroscopy. All polymers agreed with calculated and found percentage of C. 

H.N analysis. IR was recorded in KBr for these compounds. The peak of aldehydic group only 

appeared in dialdehyde at 1720 cm-1 and characterized peak of υC=N appeared at 1650-1620cm-1 

in all polymers. The remaining peaks of υC-H, υC-C, υC=C stretching and bending are observed 

in both dialdehyde and polymers. These polymers indicated some solubility in common solvents 

including chloroform and acetone but were better soluble in THF.  

 

The U.V/ Vis studies were recorded in THF within 180- 700 nm. The dialdehyde (MBC) 

gave two absorption bands due to π – π* transition involving benzoid ring and conjugated C=C-

C=N  π  -electron system  but  all  polymers  indicated  a  new  additional peak  due to  π -π* 

transition in conjugated C=N system, which ranged from 375- 412 nm ((1% ε = 243.75- 167.28 

L g-1cm-1) in different polymers.  As the molecular weight of these synthesized polymers was not 

known, thus 1% absorptivity was calculated. The polymer (PMBCS) has bulky substitution in 

their structure so that π–π* transition relating conjugated C=N absorption band appeared in lower 

region at 343 nm as compare to PMBCPh and PMBCTSc. 

 

The thermogravimetric analysis for dialdehyde and Schiff base polymers was also carried 

out and higher thermal stability was observed for polymers. MBC gave100 % weight loses at 620 
oC while these Schiff base polymers were more stable up to 600- 700 oC. Similarly DTA traces 

of dialdehyde and their polymers indicated melting point endotherms formed by vaporization 

decomposition endotherms and exotherms.  

 

Various viscosities (reduced, absolute and intrinsic) for these Schiff base polymers are 

discussed in detail at different concentration (0.02-0.06 g/dL) and different temperature (283-

313K). These viscosities increased with increase in the concentrations of the compounds and the 

viscosity improved with increase in molecular weight of compounds. Finally, the thermodynamic 

parameters (∆Gv, ∆Hv, ∆Sv) were calculated for these polymers which carried out in the solvents 

(DMF, THF) at different temperatures.  
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CHAPTER  3 

PREPARATION AND CHARACTERIZATION OF SCHIFF BASE 

POLYTHIOAMIDES DERIVED FROM 4,4′-METHYLENE BIS(CINNAMALDEHYDE) 

BY WILLGERODT –KINDLER- TYPE  REACTION. 
 

3.1 INTRODUCTION: 

Polythioamides are stable polymers, similar to polyamides in which carbonyl oxygen has 

been replaced by sulfur, but the melting points of polythioamides are reported to be lower about 

50-80 oC than homologous aliphatic polyamides [101]. The decrease in hydrogen bonding due to 

the presence of thiocarbonyl groups in polythioamide may enhance solubility in solvents such as 

chloroform. Aromatic polythioamides are potentially interesting materials because they can 

provide lowered melting point, glass transition temperatures and enhanced solubility with respect 

to homologous polyamides. 

The Willgerodt Kindler type of reaction [107] is a versatile method for the preparation of 

polythioamide because this reaction is simple and a variety of dialdehyde as well as diamines are 

commercially available for the synthesis. This is one-pot, three component coupling 

polycondensation. 

 

3.2 LITERATURE REVIEW 

 

Grassier and Levesque [101-102] reported the synthesis and identification of aliphatic 

polythioamides from bis(dithioesters) with aliphatic as well as aromatic diamines, and usually 

thioamides were obtained in high yields. They also studied the thermal and physiochemical 

properties of the compounds. The melting points of prepared polythioamides were lower about 

50-80 oC than corresponding aliphatic polyamides. 

Grassier and Levesque [103] reported some aromatic and semiaromatic polythioamides 

from tetrathioterephthalates and phenylene bis(dithioacetate). Most of these polymers formed 

rapidly between 0- 30oC in dimethylformamide- toluene solution. They determined a relationship 

between polyamides and polythioamides by means of thermal behaviour.  
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Hossain Alamgir et al [104] reported catalytic coupling of 4- iodotoluene and styrene to 

form transition metal complex with polythioamides based macrocycle in the presence of oxygen 

and high temperature. They characterized and reported the first example of transition metal 

complexes with a polythioamide-based macrocycle. Preliminary studies of these polythioamides 

in the catalytic coupling of 4-iodotoluene and styrene indicated to be strong in the presence of 

oxygen and high temperatures, with high turnover numbers in relatively short times 

 

Charles Carraher et al [105] studied the degradation of polythioamides and their 

different metal complexes by TG and elemental analysis. Compounds gave good weight loss 

above 800 oC as well as good correlation with elemental analysis. 

 

Saegusa et al [106] reported the synthesis of aromatic polythioamides- 

oxothioxoquinazolines from bis(1, 3, 4- thiadiazoline- 5-thione) and aromatic bis-o-amino esters 

and characterized them by various techniques such as, I. R, UV/Vis and 1HNMR spectroscopy. 

The polymers were dissolved in acidic media (m-cresol, sulfolane and polyphosphoric acid) at 

160 oC to obtain their reduced viscosities. 

 

Kanabara et al [107] reported preparation of a number of polythioamides, by Willgerodt 

–Kindler type reaction involving one pot three component polycondensation. The compounds 

were obtained in moderate to good yield. Isophthaldehyde and terephthaldehyde gave the 

corresponding polythioamides in a good yield, but phthaldehyde did not form polymers due to 

the steric factors. The polycondensation of heteroaromatic dialdehyde gave polythioamides in 

moderate yields. In the place of dialdehydes, the ketones gave no polymeric product due to the 

slow dehydration of amines with diketones. The reaction with cyclic secondary diamines and 

aliphatic primary diamine indicated good yields, but acyclic secondary diamines did not give any 

polymeric product.  

 

  Kagaya et al [108] synthesized polythioamides which effectively collected gold(III) and 

platinum(IV) from aqueous and organic solutions. The collection of gold(III) from synthetic 

organic liquid waste was confirmed.   
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3.3 EXPERIMENTAL: 

Reagents & chemicals: 

Cinnamaldehyde, ethylenediamine, 1,3-propylenediamine, semicarbazide, 

thiosemincarbarzide (E. Merck, Germany) and 1,3,5-trioxane (Fluka, Switzerland), glacial acetic 

acid, sulphuric acid (98%), chloroform, n-hexane, sulphur, dimethyl acatamide (DMAc) and 

methanol  obtained from ( Fluka, Switerzerland) were used . Pure nitrogen obtained from British 

Oxygen Company (BOC), Karachi was used.  

 

3.3.1 SYNTHESIS OF DIALDEHYDE OF 4,4’-METHYLENE 
BIS(CINNAMALDEHYDE): 

 

        The dialdehyde of [4,4’-methylenebis(cinnamaldehyde)] was synthesized  and 

purified by reported procedure as explained in (chapter  no: 2.3.1). 

 

3.3.2 SYNTHESIS OF POLYTHIOAMIDES OF 4,4’-METHYLENE            
BIS(CINNAMALDEHYDE): 

 
Sulfur (160 mg, 2.5 equiv as elemental sulfur for monomer) was added with continuous 

stirring (2 mmol) ethylenediamines / 1,3-propylenediamines/ semicarbazone/ thiosemicarbazone 

or meso-stillbenediamine dissolved in (10mL)  dimethyl acetamide (DMAc) at room 

temperature. During the time, the reaction mixture turned to dark green. Dialdehyde (MBC) 

(2mmol) dissolved in 10 mL of DMAc, was added to the reaction mixture and contents were 

heated at 115 oC for 16 hrs with constant stirring under nitrogen atmosphere. The reaction 

mixture was cooled at room temperature and poured in 100 mL methanol. Precipitates were 

separated by filtration. Crude product was extracted with chloroform and (50mL) and residual 

sulfur removed by filtration. The organic layer was concentrated to 5mL added 20 mL methanol. 

The solid mass was filtered, washed with methanol and carbon disulphide. The compounds 

decomposed at 270- 290 oC. The structural diagram is given in (Fig: 3.1). 
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Fig: 3.1: Structure diagram for Polythioamides of 4,4’-methylene 

bis(cinnamaldehyde). 
 

 

 R = ▬ 

   PMBCSen  = R =  CH2.CH2 

PMBCSPR  = R = CH2.CH2.CH2 

PMBCSSc   = R = NHCO 

PMBCSTSc = R = NHCS 

PMBCSS     = R = CH (Ph)-CH (Ph) 

 

3.4 C. H. N ELEMENTAL MICROANALYSIS 

It is a first step for the characterization of newly synthesized compounds because it gives 

% of each element present in compounds. The elemental microanalyses were carried out by 

Elemental Micro- Analysis Ltd, Devon, U.K. The found percentage yields of all synthesized 

compounds agreed with theoretical yield of compounds (Table: 3.1). 
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Table: 3.1: C.H.N Analysis of  4,4’-methylene bis(cinnamaldehyde) and their 
Polythioamides. 

 

 
S.No: 

 
Compound 

Mol: % calculated % found 

Formula C H N S C H N S 

1 MBC (C19H16O2) 82.6 5.79 - - 81.8 5.53 - - 

2 (PMBCSen) (C21H20N2S2)n 69.2 5.49 7.69 17.5 69.1 5.51 7.33 17.4

3 (PMBCSPR) (C22H22N2S2)n 69.8 5.81 7.40 16.9 69.8 5.03 7.10 15.9

4 (PMBCSSc) (C20H18N3S2O)n 63.0 4.72 11.0 16.8 63.2 3.95 10.9 16.0

5 
 

(PMBCSTSc) (C20H18N3S3)n 60.0 4.51 10.6 24.2 59.9 4.68 9.80 23.1

6 
 

(PMBCSS) (C21H18N2S2)n 67.0 4.70 11.1 17.0 66.9 4.05 10.9 16.1

 

3.5   I. R STUDY OF 4,4’-METHYLENEBIS(CINNAMALDEHYDE) AND THEIR 
DERIVED POLYTHIOAMIDES  
 

The main purpose to study infrared spectroscopy is understand the structure of newly 

synthesizes compounds. Infrared spectra were recorded on a Nicolet Avatar 330 FT- IR(Thermo 

Nicolet Electron Corporation, USA) with attanulated total reflectance (ATR) accessory (Smart 

partner). The spectra of all compound were divided into three main regions, namely 4000 -2000 

cm-1, 2000 -1000 cm-1 and 1000 -600 cm-1. The infrared spectra of 4, 4’-methylene 

bis(cinnamaldehyde)  and their polythioamides are discussed as following.  

 

THE REGION 4000-2000 cm-1 

  The I R spectrum of MBC has been described in chapter (2.5.2) and the FT-I R 

spectra for polythioamides PMBCSen, PMBCSPR, PMBCSSc, PMBCSTSc and meso- 

PMBCSS showed weak or medium intensity bands within 3080- 2828cm-1 region due to 

aromatic and aliphatic υC-H stretching vibrations. All the polythioamides indicated a clear 

absorption near 3215-3285 cm-1(N-H stretching).  

 

 

 



 
 

 

87

THE REGION 2000-1000 cm-1 

The I.R spectrum of MBC  showed a band of strong intensity at 1746 cm-1 due to 

aldehydic υC=O vibration but in polythioamides it gave weak absorption peak or peak vanished 

except polythioamides PMBCSSc indicated a carbonyl peak (υC=O) at 1682 cm-1. The 

dialdehyde MBC and their polythioamides gave two to three bands within 1605-1500 cm-1 due to 

aromatic ring and υC=C vibration and these bands supported the structure of the polythioamides. 

The polythioamides PMBCSen, PMBCSPR, PMBCSSc, PMBCSTSc, meso- PMBCSS gave a 

characterize band within 1227 –1266 cm-1 for υC=S vibrations which support the formation of 

polythioamides. Kanabara et al [107] have also reported υC=S vibrations within 1286- 1244 

cm-1 in IR region.in various polythioamides, formed by Willgeordt- Kindller type reaction. 

 

THE REGION 1000-600 cm-1 

There are several absorption bands of strong to medium intensities in the spectra within 

1000-725 cm-1 due to in and out of plane C-H vibration which characterized adjacent aromatic 

hydrogen atoms in all the compounds.  

 

       

 

          Fig: 3.2.1: FT-IR spectrum for dialdehyde (MBC). 
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Fig: 3.2.2: FT-IR spectrum for polythioamide (PMBCSen). 

 

 

Fig: 3.2.3: FT-IR spectrum for polythioamide (PMBCSPR). 
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Fig: 3.2.4: FT-IR spectrum for polythioamide (PMBCSSc). 

 

Fig: 3.2.5: FT-IR spectrum for polythioamide (PMBCSTSc). 

 

 

 

 

 

 

 

 

 

Fig: 3.2.6: FT-IR spectrum for polythioamide (PMBCSS). 
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Table: 3.2: Infrared Spectroscopic Studies of Dialdehyde (MBC) and their Polythioamides.  
 

MBC PMBCSen PMBCSPR PMBCSSc PMBCSTSc PMBCSS Possible 
Assignment 

- 3242(w) 3256(m) 3274(w) 3285(m) 3216(m) N-H aliphatic 
vibration 

- - 3248(w) 3262(m) 3261(m) 3246(w)  

3075(w) 3066(w) 3078(w) 3074(w) 3080(w) 3067(m) C-H aromatic 
vibration 

3050(w) 3047(w) 3052(w) 3040(m) 3049(w) 3026(w) 

2930(m) 2935(w) 2946(w) 2951(w) 2698(w) 2964(w) C-H aliphatic 
vibration 

2861(w) 2802(w) 2877(w) 2872(w) 2885(w) 2843(w) 

1746(s) - - 1682 (m) - - C=O vibration 

1605(m) 1608(m) 1605(w) 1599(m) 1593(m) 1605(m) C=C vibration 

1583(m) 1594(w) 1593(m) 1583(m) 1585(w) 1590(w) 

- 1238(w) 1246(m) 1232(w) 1260(m) 1240(w) C=S vibration 

1160(m) 1130(w) 1128(w) 1120(w) 1128(m) 1145(m) C-H bending 

1123(w) 1122(w) - - - -  

1028(w) 1036(m) 1040(m) 1062(w) 1065(m) 1045(w) In- plane of CH 
bending vibration

- 1026(m) - - - - 

890(w) 886(m) 893(w) 880(m) 873(m) 877(w) Out of  plane of 
CH bending 

vibration 
 780(m) 784(w) 779(m) 780(m) 788(w) 777(m) 

722(w) 725(m) 733(w) - - - 
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3.6 ULTRAVIOLET VISIBLE ABSORPTION SPECTRA OF 4,4’-METHYLENE 
BIS(CINNAMALDEHYDE) AND ITS  DERIVED POLYTHIOAMIDES. 

 
Spectrophotometric studies were recorded on double beam spectrophotometer, (Perkin 

Elmer Lambda 35 UV/Vis spectrometer), with dual 1cm silica cuvettees from 180- 600nm. All 

polythioamides were dissolved in DMF except PMBCSSt which was made a solution in THF. 

The polythioamides indicated three bands within 241-418 nm (Fig: 3.3.1- 3.3.5). Since UV/Vis 

spectroscopy is responsible for the promotion of loosely bonded electrons, such as non-bonding 

electron or π-bonding electrons. The U.V spectrum of dialdehyde (MBC) is discussed in detail in 

chapter 2 (sec: 2.6.1).  As dialdehyde (MBC) and polythioamides contained the conjugated 

double bonds electron, which could be excited to high energy level. The observation of a new 

band or a shift in the position of the band in polythioamides compared to MBC, was observed 

due to incorporation of conjugated thio groups C=S with C=C bonds or  benzoid rings  in the 

polythioamides and NH-R-NH functionalities. The first absorbtion band appeared in PMBCSen 

at 271 nm (1% ε = 311.65 Lg-1 cm-1), PMBCSPR at 266 nm (1% ε = 372 Lg-1 cm-1), PMBCSS at 

246 nm (1% ε = 395 Lg-1 cm-1), PMBCSSc at 292 nm (1% ε = 370 Lg-1 cm-1) and PMBCSTSc at 

295 nm (1% ε = 386 Lg-1 cm-1) (Table 3.2). Thus the polythioamides indicated first band due to 

π - π * about 15-30 nm below bands than dialdehyde in DMF.  
 

The second band (B-band) appeared due to the π- π* transition of benzoid ring and 

conjugated π-electron system. This band observed in PMBCSen at 386 nm (1% ε = 220 Lg-1 cm-

1), PMBCSPR at 368 nm (1% ε = 165 Lg-1 cm-1), PMBCSSc at 362 nm (1% ε = 268 Lg-1 cm-1), 

PMBCSTSc at 365.7 nm (1% ε = 245 Lg-1 cm-1), PMBCSS at 290 nm (1% ε = 314 Lg-1 cm-1) 

and 348 nm (1% ε = 265 Lg-1 cm-1). 
 

The last absorption band (R-band) observed at higher wave length (bathochromic) due to 

π  -π* transition within conjugated thio groups C=S with C=C bonds or  benzoid rings in 

PMBCSen at 410 nm (1% ε = 195 Lg-1 cm-1), PMBCSPR at 418 nm (1% ε = 122 Lg-1 cm-1), 

PMBCSS at 421 nm (1% ε = 336.8 Lg-1 cm-1), PMBCSSc at 412 nm (1% ε = 112.0 Lg-1 cm-1) 

and PMBCSTSc at 420 nm (1% ε = 210 Lg-1 cm-1). Therefore, these bands on UV spectra of all 

polythioamides showed π -π* transition of conjugated (C=S) bonding for (-CH=CH-C=S) group 

in their respective solvents [107].  
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 Saegusa et al [106] also characterized their polythioamides with U.V spectroscopy and 

indicated three peaks of absoption from 180– 450 nm in different polythioamides which showed 

π -π* transition of aromatic ring system having conjugated thio groups C=S in the structures of 

aromatic polythioamides-oxothioxoquinazolines, formed from bis(1,3,4- thiadiazoline-5-thione) 

by reaction. 

 

 

 

Fig: 3.3.1: U/V- Visible spectrum for polythioamide (PMBCSen). 
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Fig: 3.3.2: U/V- Visible spectrum for polythioamide (PMBCSPR). 

 

 

Fig: 3.3.3: U/V- Visible spectrum for polythioamide (PMBCSS). 
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Fig: 3.3.4: U/V- Visible spectrum for polythioamide (PMBCSSc). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 3.3.5: U/V- Visible spectrum for polythioamide (PMBCSTSc). 
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Table: 3.3: Spectroscopic Studies of Polythioamides of 4, 4’-methylene  
                                            bis(cinnamaldehyde) in DMF/ THF Solvents. 
 

 
Compound 

 
λmax 

 
ε  (L g-1 cm-1) 

 
Possible Assingmnt 

 
 
 

PMBCSen 

271 
 

386 
 
 

410 
 

311.65 
 

220 
 
 

195 

π – π* transition in benzoid ring system. 
 

π – π* transition involving  benzoid ring 
and conjugated   π  -electron system. 

 
π – π* transition in  conjugated  (C=C-

C=S) π  -electron group. 

 
 
 

PMBCSPR 

 
266 

 
368 

 
 

418 

 
372 

 
165 

 
 

122 

 
π – π* transition in benzoid ring system. 

 
π – π* transition involving  benzoid ring 

and conjugated   π  -electron system. 
 

π – π* transition in  conjugated  (C=C-
C=S) π  -electron group.. 

 
 
 

PMBCSSc 

 
292 

 
362 

 
 

412 

 
370 

 
268 

 
 

112.0 

 
π – π* transition in benzoid ring system. 

 
π – π* transition involving  benzoid ring 

and conjugated   π  -electron system. 
 

π – π* transition in  conjugated  (C=C-
C=S) π  -electron group. 

 
 
 

PMBCSTSc 

 
295 

 
365.7 

 
 

420 
 
 

 
386 

 
245 

 
 

210 

 
π – π* transition in benzoid ring system. 

 
π – π* transition involving  benzoid ring 

and conjugated   π  -electron system. 
 

π – π* transition in  conjugated  (C=C-
C=S) π  -electron group. 

 
 
 

PMBCSS 

 
246 

 
290 
348 

 
421 

 

 
395 

 
314 
265 

 
336.5 

 
π – π* transition in benzoid ring system. 

 
π – π* transition involving  benzoid ring 

and conjugated   π  -electron system. 
 

π – π* transition in  conjugated  (C=C-
C=S) π  -electron group. 
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3.7 TG SPECTRA OF 4,4’-METHYLENEBIS(CINNAMALDEHYDE) AND THEIR 
DERIVED POLYTHIOAMIDES. 

 
Thermogravimatry analysis (TGA) was used for the rapid determination of thermal 

stabilites of various newly prepared compounds. Thermogravimatry analysis were recorded on 

Thermalgravimetric thermal Analyzer, Pyris Diamond TG / DTA (Perkin Elmer, Japan) from 

room temperature to 600 oC with a nitrogen flow rate  50 mL/min. Sample (10 mg) was placed in 

platinum crucible and recorded against alumina as reference. The heating rate was maintained 10 
oC/min. The TG analyses of dialdehyde indicated weight loss within 200- 460 oC, then slowly up 

to 600 oC. The total weight lose was found to be 95 % within the temperature.  

 

The initial weight loss in polythioamides (PMBSCen) started from 250- 290 oC then 

secondary loss was observed within 300- 380 oC. This compound further decomposed till 600 oC 

with 12 % remaining residue. The maximum wight loss temperature was observed at 296 oC. The 

TGA thermograph of PMBCSPR showed two decompositions, initially decomposition started 

from 120-180 oC and second loss from 200-490 oC with 87% total weight loss. The maximum 

weight loss (Tmax) of PMBCSPR was obtained at 370 oC. 

 

 Both polythioamides (PMBCSSc) and (PMBCSTSc) indicated clear differences in their 

thermographs because polythioamide PMBCSSc gave three stages weight losses from 270-300 
oC with 19 % weight loss, 375-402 oC with 56 % total weight loss and 410-600 oC total weight 

loss reached upto 88 %. The maximum weight loss temperature was observed at 380 oC with 

12% residue. Polythioamide PMBCSTSC gave maximum temperature at 405 oC with 23 % 

remaining residue. The TG thermograph of polythioamide PMBCSIPE gave maximum weight 

lost at temperature 360 oC with only 12% residue (Fig: 3.4.1-3.4.4). 

 

The results of thermally stable polythioamides also verified by the work of [105], which 

indicated similar steps of degradation in various polythioamides at higher temperature (800 oC).   
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            Fig: 3.4.1: Thermogravimetric analysis for dialdehyde (MBC). 

 

              

             Fig: 3.4.2: Thermogravimetric analysis for polythioamide (PMBCSen). 

 

 

 

 

 

 

 

 

 

         Fig: 3.4.3: Thermogravimetric analysis for polythioamide (PMBCSPR). 
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     Fig: 3.4.4: Thermogravimetric analysis for polythioamide (PMBCSSc). 

 

 

 

 

 

 

 

 

 

             Fig: 3.4.5: Thermogravimetric analysis for polythioamide (PMBCSTSc) 

 

 

 

 

 

 

 

 

 

Fig: 3.4.6: Thermogravimetric analysis for polythioamide (PMBCSS). 
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3.8 VISCOMETRIC MEASUREMENTS OF 4,4’-METHYLENEBIS 
(CINNAMALDEHYDE) AND THEIR DERIVED POLYTHIOAMIDES.  

The viscosity measurements of dialdehyde(MBC) and their polythioamides (PMBCSen, 

PMBCSPR, PMBCSSc and PMBCSTSc)  were recorded in DMF, and meso-PMBCSS in THF 

with concentration in the range 0.02-0.10 g/dL within temperatures 283 - 323 K with interval of 

10 K by using a suspended level viscometer (Technico ASTM 445). Each time 15mL of solution 

was taken and three readings of average flow times were noted.  

(i) Reduced Viscosity: 

The reduced viscosity of dialdehyde and their polythioamides was obtained from 

equation 4 (chapter: 2.8) and results are revealed in (Fig: 3.5.1- 3.5.5). The variation of 

viscosity of dialdehyde and their polythioamides was observed due to the difference in the 

structure and size of molecules of MBC and polythioamides. The relation between the reduced 

viscosity and concentration of dialdehyde and polythioamides gave a straight line which 

followed the Huggins’s equation (2.6).  The reduced viscosity increased with an increase in the 

concentration and decreased with raising the temperature due to increase in vibrational frequency 

of molecules. When reduced viscosity was taken from 283 -313 K, then at high temperature 

polymeric molecules became highly excited so the power of resistance compressed and a 

decreased in reduced viscosity was observed as compare to low temperature [106].  

 

 

Fig: 3.5.1: Reduced viscosity v/s Concentration for polythioamide (PMBCSen) 
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Fig: 3.5.2: Reduced viscosity v/s Concentration for polythioamide (PMBCSPR) 

 

 

 

 

 

  

  

  
   

 
Fig: 3.5.3: Reduced viscosity v/s Concentration for polythioamide (PMBCSSc) 

 

 

 

 

 

 

  

 

 
 

Fig: 3.5.4: Reduced viscosity v/s Concentration for polythioamide (PMBCSTSc) 
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Fig: 3.5.5: Reduced viscosity v/s Concentration for polythioamide 
                                      (PMBCSS) 

 

(ii) Intrinsic Viscosity: 

The intrinsic viscosity is depending on the relative viscosity at different concentration 

which was calculated from Huggins’s equation for dialdehyde and polythioamides. According to 

equation, when a graph was plotted between reduced viscosity verses concentrations, then 

intercept gave the intrinsic viscosity of polymeric solution. The values are summarized in 

(Table: 3.4). 

The flow of molecules increased at high temperature due to the thermal motions making 

the empty spaces in the solution. As the polythioamides have higher molecular mass so they gave 

high values of intrinsic viscosity than MBC. Therefore, dialdehyde and the polythioamides 

facilitied the flow on raising the temperature and viscosity decreased. The intrinsicviscosity 

depends upon the molecular mass of polythioamides which indicated increasing intrinsic 

viscosity on the series PMBCSen<PMBCSPR<PMBCSSc<PMBCSTSc<PMBCSS. The 

polythioamides PMBCSS had highest intrinsic viscosity in the series and might be considered to 

have highest molecular mass.  

 

G.Levesque [102] also determined the intrinsic viscosity of poly (1, 3, 4-thiadiazole) and 

polythioamides of dimethyl tetrathioterephthalate and reported a similar patteren of increasing 

intrinsic viscosity with increased molecular weight of compounds. 
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Table: 3.4: Intrinsic Viscosity of MBC and their Derived Polythioamides. 

Compounds 
[η] (dL/g) 

283 K 293 K 303 K 313 K 323K 

MMBBCC  0.348 0.3239 0.2999 0.2869 0.2739 

PPMMBBCCSSeenn  0.528 0.503 0.478 0.453 0.429 

PPMMBBCCSSPPRR  0.808 0.784 0.759 0.735 0.709 

PPMMBBCCSSSScc  1.089 1.063 1.038 1.016 0.988 

PPMMBBCCSSTTSScc  1.368 1.343 1.318 1.294 1.268 

PPMMBBCCSS  1.648 1.623 1.599 1.573 1.547 

 

(iii) Huggins’s constant: 

The Huggins’s constant determine the hydrodynamic relationship between polymers 

segments and solvents. It is independent of molecular weight [101] of polymer but depends upon 

the quality of a solvent. The values when increased up to 0.5 and above it indicated the poor 

solvents. As all compounds showed results of Huggin’s constant above 0.5, it means that both 

solvents were poor solvents (DMF/ THF) for these polythioamides (Table: 3.5).   

 

Table: 3.5: Huggin's Constant KH of Dialdehyde and Polythioamides in DMF/ THF at  
Different Concentrations. 

 

CCoommppoouunnddss  
[η] (dL/g) 

283 K 293 K 303 K 313 K 323K 

PPMMBBCCSSeenn  0.578 0.525 0.498 0.474 0.448 

PPMMBBCCSSPPRR  0.858 0.834 0.807 0.783 0.758 

PPMMBBCCSSSScc  1.139 1.114 1.089 1.065 1.039 

PPMMBBCCSSTTSScc  1.418 1.393 1.368 1.343 1.318 

PPMMBBCCSSSS  1.698 1.673 1.649 1.6234 1.598 
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(iv) Absolute Viscosity (η): 

 The values of absolute viscosity for dialdehyde and polythioamides in DMF and THF at 

different temperatures and concentrations were calculated from (equation: 2.8) and are given in 

(Table: 3.6.1- 3.6.5). The absolute viscosity of polythioamides increased with increase in 

concentration and decreased with increase in temperature. The absolute viscometric data for 

these derived polythioamides ranged within 0.33- 0.59 mNS/m2. The polythioamise PMBCSS 

had highest absolute viscosity at 283 K which might be indicated the high density than all 

polythioamides solutions. 

 

Table: 3.6.1: Absolute Viscosity v/s Concentration for (PMBCSen) (m.N.S/m2). 

Concentration 
((gg//ddLL)) 

Temperature 

283K 293K 303K 313K 

0.02 0.43 0.39 0.36 0.33 

0.04 0.44 0.4 0.37 0.36 

0.06 0.46 0.41 0.38 0.35 

0.08 0.48 0.43 0.40 0.37 

0.10 0.50 0.45 0.42 0.39 

 

 

Table: 3.6.2: Absolute Viscosity v/s Concentration for (PMBCSPR) (m.N.S/m2). 

Concentration 
((gg//ddLL)) 

Temperature 

283K 293K 303K 313K 

0.02 0.45 0.41 0.38 0.35 

0.04 0.46 0.42 0.39 0.38 

0.06 0.48 0.43 0.40 0.37 

0.08 0.50 0.45 0.42 0.39 

0.10 0.52 0.47 0.44 0.41 
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           Table: 3.6.3:  Absolute Viscosity v/s Concentration for (PMBCSSc) (m.N.S/m2). 

Concentration 
((gg//ddLL)) 

Temperature 

283K 293K 303K 313K 

0.02 0.47 0.432 0.403 0.37 

0.04 0.48 0.442 0.413 0.40 

0.06 0.50 0.452 0.423 0.39 

0.08 0.52 0.472 0.443 0.41 

0.10 0.54 0.492 0.463 0.43 

 

          Table: 3.6.4:  Absolute Viscosity v/s Concentration for (PMBCSTSc) (m.N.S/m2). 

Concentration 
((gg//ddLL)) 

Temperature 

283K 293K 303K 313K 

0.02 0.49 0.457 0.423 0.39 

0.04 0.50 0.467 0.433 0.42 

0.06 0.52 0.475 0.443 0.41 

0.08 0.54 0.495 0.463 0.43 

0.10 0.56 0.515 0.483 0.45 

 

             Table: 3.6.5:  Absolute Viscosity v/s Concentration for (PMBCSS) (m.N.S/m2). 

Concentration 
((gg//ddLL)) 

Temperature 

283K 293K 0.443 313K 

0.02 0.52 0.48 0.44 0.41 

0.04 0.53 0.49 0.46 0.45 

0.06 0.55 0.50 0.46 0.43 

0.08 0.57 0.52 0.48 0.45 

0.10 0.59 0.54 0.50 0.47 
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Thermodynamic Parameter: 

 The structure of thermodynamics is based on the first law of thermodynamics. In this 

manner, chemical thermodynamics is typically used to predict the energy exchanges that occur in 

three steps; chemical reaction, phase changes and formation of solution.  

The thermodynamic parameters of solution can be obtained from the temperature 

dependence of the viscosity. The thermodynamics functions of polymeric solutions should be 

strongly depends on concentration as well as temperature. The energy of activation (ΔGv), heat 

of activation of viscous flow (ΔHv), and entropy of flow (ΔSv) give information about the 

thermodynamic properties of macromolecules. They also explain the structure and orientation of 

molecules in the dilute solution.  
 

(i)  Energy of Activation of Viscous Flow (ΔGv): 

The energy of activation of viscous flow was obtained from equation: 2.10. The results of 

dialdehyde (MBC) and their polythioamides are listed in (Table: 3.7.6) at different temperature 

and concentration. The necessary difference between the dialdehyde and polythioamides was 

obtained in free energy of activation (∆Gv) of flow using constant volume of solution. The 

energy of activation increased with an increase in concentration and temperature in dilute 

solution because at higher concentration the polymeric molecule became stronger and 

maintained associations during flow process. In some homogeneous bulky systems, there were 

still various extensive compositional variables which were depending on the free energy of 

activation (∆Gv) and specified their compositions in solutions. The values of ΔGv of 

polythioamides are given in (Tables: 3.7.1- 3.7.6).   
 

Table: 3.7.1:  Free energy activation of viscous flow (ΔGv) for (PMBCSen) (K. J. mol-1). 

Concentration 
((gg//ddLL)) 

Temperature 

283K 293K 303K 313K 

0.02 14.26 14.53 14.83 15.09 

0.04 14.32 14.59 14.89 15.32 

0.06 14.42 14.65 14.96 15.24 

0.08 14.52 14.77 15.09 15.39 

0.10 14.62 14.88 15.21 15.52 
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Table: 3.7.2:  Free energy activation of viscous flow (ΔGv) for polythioamide (PMBCSPR) 
(K. J. mol-1). 

 

Concentration 
((gg//ddLL)) 

Temperature 

283K 293K 303K 313K 

0.02 14.32 14.65 14.96 15.24 

0.04 14.37 14.71 15.03 15.46 

0.06 14.47 14.77 15.09 15.39 

0.08 14.57 14.88 15.21 15.52 

0.10 14.66 14.99 15.33 15.65 

 

Table: 3.7.3: Free energy activation of viscous flow (ΔGv) for polythioamide (PMBCSSc) 
(K. J. mol-1). 

 

Concentration 
((gg//ddLL)) 

Temperature 

283K 293K 303K 313K 

0.02 14.47 14.78 15.11 15.39 

0.04 14.52 14.84 15.17 15.59 

0.06 14.62 14.89 15.23 15.52 

0.08 14.71 15.00 15.35 15.65 

0.10 14.80 15.10 15.46 15.78 

 

Table: 3.7.4:  Free energy activation of viscous flow (ΔGv) for polythioamide (PMBCSTSc) 
(K. J. mol-1). 

 

Concentration 
((gg//ddLL)) 

Temperature 

283K 293K 303K 313K 

0.02 14.57 14.92 15.23 15.52 

0.04 14.62 14.97 15.29 15.72 

0.06 14.71 15.01 15.35 15.65 

0.08 14.80 15.11 15.46 15.78 

0.10 14.89 15.21 15.57 15.90 
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   Table: 3.7.5:  Free energy activation of viscous flow (ΔGv) for (PMBCSTSc)  (K. J. mol-1). 
 

Concentration 
((gg//ddLL)) 

Temperature 

283K 293K 303K 313K 

0.02 14.717 15.077 15.353 15.658 

0.04 14.761 15.126 15.464 15.900 

0.06 14.849 15.165 15.464 15.782 

0.08 14.933 15.260 15.571 15.900 

0.10 15.014 15.351 15.673 16.014 

 

 

(ii) Heat of Activation of Viscous Flow  (ΔHv): 

 

The heat of activation (ΔHv) gives an idea about the molecular structure, shape and size. 

The low values of heat of activation of viscous flow are characteristics of poorly ordered 

structures, while high values give information on sufficiently strong and ordered structures of a 

system. The heat of activation of viscous flow was calculated for dialdehyde (MBC) and derived 

polytioamides by using equation: 10 (chapter: 2). A graph was plotted between lnηabs verses 

1/T, then a straight line was obtained, it means the natural log of absolute viscosity (lnηabs) and 

reciprocal of temperature (1/T) gave linear relationship with each other. 

  

 The polythioamide PMBCSSc contained high molecular structure but it has lowest value 

for heat of activation because PMBCSSc had less orderd structure as compared to low molecular 

weight containing polythioamide (PMBCSen). The dialdehyde MBC has highest value of ΔHv 

which were calculated from slope of (ΔHv /R) of line and results of ΔHv for all polythioamides 

are listed in (Table: 3.8).  
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Table: 3.8:  Enthalpy of Activation of Viscous Flow (ΔHv) for Dialdehyde (MBC) & 
Derived Polythioamides (K. J. mol-1). 

 

S.# Compounds 
[ΔHv] (dL/g) 

283 K 293 K 303 K 313 K 323K 

1 MMBBCC  9.55 9.52 9.49 9.46 9.43 

2 PPMMBBCCSSeenn  8.78 8.74 8.71 8.67 8.64 

3 PPMMBBCCSSPPRR  8.41 8.38 8.35 8.32 8.29 

4 PPMMBBCCSSSScc  7.01 6.97 6.94 6.91 6.88 

5 PPMMBBCCSSTTSScc  6.70 6.67 6.63 6.60 6.57 

6 PPMMBBCCSSSS  5.87 5.83 5.80 5.77 5.74 

 

(iii) Entropy of Activation Viscous Flow       (ΔSv) 

 The entropy of activation of viscous flow is a function of the degree of order of the 

system.  The activation of viscous flow can be either positive or negative depending on the 

mechanism of flow process. The positive values indicated less ordered system during the flow, 

where as negative values reflected the process of uncoiling and orientation of macromolecules 

giving rise to ordered system. The extents of coiling of its macromolecules were decreased with 

decrease in molecular weight of the sample. All the polythioamides indicated negative ΔSv 

values indicating uncoiling and orientation of the polymers during the flow process.  

 

   In most cases, the internal degree of freedom and chemical processes, such as chemical 

reaction and phase transitions, created entropy till the reaction reached at equilibrium position. 

Therefore, entropy decreased with increased temperature because at high temperature polymeric 

molecules became more excited and results for all polythioamides are summarized in (Table: 

3.9). 
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Table: 3.9: Entropy of Activation of Viscous Flow (ΔSv) for Dialdehyde (MBC) & 
Polythioamides  (K. J. mol-1). 

 

Compounds 
[η] (dL/g) 

283 K 293 K 303 K 313 K 323K 

MMBBCC  -0.009 -0.008 -0.008 -0.008 -0.007 

PPMMBBCCSSeenn  -0.008 -0.074 -0.069 -0.062 -0.006 

PPMMBBCCSSPPRR  -0.025 -0.021 -0.021 -0.02 -0.019 

PPMMBBCCSSSScc  -0.037 -0.032 -0.031 -0.029 -0.028 

PPMMBBCCSSTTSScc  -0.043 -0.043 -0.043 -0.042 -0.041 

PPMMBBCCSSSS  -0.050 -0.048 -0.047 -0.046 -0.046 

 

CONCLUSION:  

The Willgerodt-Kindler type of polycondensation was carried out for the preparation of 

polythioamides by coupling polycondensation of different diamines in the presence of sulfur and 

dialdehyde. In this research work, 4,4’-methylenebis(cinnamaldehyde) (MBC) was reacted with 

various diamino compounds (ethylenediimine, 1,3-propylenediamine, semicarbazide, 

thiosemicarbazide and meso-stillbenediamine) in the presence of  elemental sulfur.  The products 

of polythioamides were obtained in moderate to good yield and were characterized by C. H. N 

analyses and various spectroscopic techniques. 

 

   In FT.IR studies, the main characteristic peak of υN-H stretching was obtained within 

3215-3285 cm-1 in different polythioamides (PMBCSen, PMBCSPR, PMBCSSc, PMBCSTSc 

and PMBCSS). These polythioamides also gave another important peak of υC= S vibration at 

1227-1266 cm-1, after polycondensation. The polythioamides (PMBCSTSc) indicated a sharp 

peak of υC= S vibration at 1260 cm-1 due to higher ratio of thio group in the structure of 

compound. The U/Vis spectroscopy further clearly explained the presence of thio group in 

different polythioamides, which showed a new band in 410-421 nm (1% ε = 195.0- 336.5 L g-1 

cm-1) than dialdehyde. 

 



 
 

 

110

  According to the TG analyses, these polythioamides were thermally stable than 

dialdehyde. The obtained polythioamides indicated good thermal stability up to 600 oC with 80-

88 % weight loss. The polythioamides indicated solubility in organic solvents such as; 

chloroform, acetone, THF, DMF, DMAc and DMSO. 

 

 The intrinsic viscosities of these polythioamides were found to be ranged within 0.429-

1.646 dL/g which decreased on raising the temperature because many empty spaces of solutions 

reduced at low temperature. The values of Huggin’s constant were higher than 0.5, so the 

solvents DMF and THF were considered as poor solvent for these polythioamides.  

 

Finally, all thermodynamic parameters like free energy of activation, enthalpy and 

entropy of system were taken with polymeric solutions. The values of free energy (∆Gv) for 

polythioamides ranged within 14.26-16.01 J/mol at different temperatures. The results of 

enthalpy (∆Hv) decreased on increasing molecular weight of polymeric solution within 9.43- 

5.87 J/mol at different temperatures. 
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CHAPTER 4 

PREPARATION AND CHARACTERIZATION OF SCHIFF BASE POLYMERS 
DERIVED FROM [4, 4’-NAPHTHYLBIS(OXY)]BIS BENZALDEHYDE 

 

4.1 INTRODUCTION 

Schiff base polymers are the important class of polymer due to their tremendous nature, 

they have different behavior like thermally stability [109, 1150], chelating property [111, 112], 

high mechanical strength [113, 114], semi conducting nature [115- 116] and so on. Some Schiff 

base polymers contain heteroatoms in their backbones such as oxygen, nitrogen or sulfur. The 

effect of heteroatoms affected the whole structure of polymer. These polymers have limited 

processing ability due to their low solubility in organic solvents and their high melting point.  

 The dialdehyde [4,4’-naphthylbis(oxy)]bisbenzaldehyde is an ether group containing 

aldehydic bis derivative, which is used in the formation of polymers with different diamino 

compound by method of polycondensation..   
 

4.2 LITERATURE REVIEW 

Banerjee et al [117] synthesized hetero atom containing Schiff base polymers. These 

Schiff base polymers contained especially phosphorus- oxygen or ether linkage in the polymer 

structures. The structure of Schiff base polymers were confirmed by viscosity parameters, 

elemental analyses, I.R spectroscopy. The X-ray diffraction and differential scanning calorimetry 

was measured. The thermal strength of the polymers was evaluated by thermogravimetric (TG) 

and isothermal gravimetric analysis (IGA). 
 

Banerjee et al [118] reported some polyether azomethines, by polycondensation of 4,4-

[1,4-phenylenebis(oxy)]bisbenzaldehyde with six different diamines and characterized by IR, x-

ray, elemental analysis and DSC study.  The polymers obtained by melt condensation have high 

viscosity. These polymers gave inherent viscosities till 0.59 dL/g in concentrated H2SO4. These 

polymers were thermally stable and electrical conductivities were evaluated from 10-11-10-8S cm-

1at 30°C.  

Banerjee et al [119] reported six new Schiff base polymers obtained from 4,4′-aryl bis-

(oxy)bisacetophenone. These polymers required a high temperature to open [-C(CH3)=N--] 

linkages. The electrical conductivities were increased at 30 °C. The variations in the electrical 

conductivity were also observed.  
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Gutch et al [120] reported newer dialdehyde 4,4 -(hexafluoroisopropylidine)bis(p-

phenoxy)benzaldehyde and their novel poly-Schiff bases in reactions with various diamines, 

such as 4,4 -diaminodiphenylether, 4,4 -(isopropylidine)bis(p-phenoxy)dianiline, 4,4 -

(hexafluoroisopropylidine)bis(p-phenoxy)dianiline, and benzidine. The structures of these 

polymers were confirmed by viscosity parameters, nitrogen analyses, I.R and 1H NMR 

spectroscopy. The thermal stability was improved up to 491 °C.  

 

Kaya et al [121] reported Schiff base polymers from diethyleneglycol bis(2-aminophenyl 

ether) and triethyleneglycolbis(4-aminophenylether) with oligosalicylaldehyde (OSA). They 

were formed from the oxidative polycondensation of salicylaldehyde (SA) in an aqueous alkaline 

medium at 90 °C. These were characterized by 1H-NMR, 13C-NMR, FT-IR, UV–Vis and 

elemental analysis. The average molecular weight (Mn), mass average molecular weight (Mw), 

and polydispersity index values (PDI) were also measured. The thermogravimetric analysis 

indicated weight loss of oligo(polyether) ligands and Schiff base types 52 and 56% at 1000 °C, 

respectively. 

 

Mustafa Yildiz et al [122] synthesized Schiff base polymers from diethylene glycol 

bis(2-aminophenyl)ether and triethylene glycol bis(2-aminophenyl)ether with salicylaldehyde, 5-

methoxysalicylaldehyde, 5-bromosalicylaldehyde, 5-nitro salicylaldehyde, and 2-hydroxy-1-

naphthaldehyde. The structures of polymers were characterized by elemental analysis, IR, 1H, 
13C NMR, and UV-VIS techniques. The solubilities were observed in polar and nonpolar 

solvents in acidic and basic media.  

 

Grigoras et al [123] reported some Schiff base polymers with extremely conjugated 

chains which have main attention in the benefits of electronics, opto-electronics, and photonics 

products.  These polymers were synthesized by polycondensation, using diamines or hydrazine 

and dialdehydes, diketones or quinone compounds, containing terminal oxidable groups (pyrrole, 

thiophene, furan, naphthalene etc) band and characterized their structure due to liquid crystalline 

behavior or having rotaxane and dendrimer architectures.  
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Luminita et al [124] synthesized a new poly(azomethine-ether) by the reaction of 

bisphenol with 4,4′-oxy-bis(4-chlorobenzylideneiminophenylene). They were characterized by 

elemental analysis and spectroscopic methods (IR, UV, 1HNMR) and their thermal behaviour. 

On increase of the thermal transition temperatures and mesophase order with increasing 

molecular weight was observed. 

 

Kumar et al [125] synthesized Schiff base polyethers by reaction of ethers containing 

amino end groups with 8-hydroxyquinoline-2-carboxaldehyde. The Schiff base polymers were 

characterized by size-exclusion chromatography, UV, IR, 1H and 13CNMR spectroscopy, and 

(MALDI-TOF) mass spectrometry. The complexation among newly prepared polymers and Fe3+ 

complex were characterized by all spectroscopic techniques.  

Kricheldorf et al [126] synthesized and characterized Schiff base polymers from 

telechelic oligo and poly(etherketones) by polycondensation reaction.  The inherent viscosity of 

these polymers was calculated in DMF within 0.07-0.62 dL/g at room temperature.  

 

 

4.3 SYNTHESIS OF DIALDEHYDE OF 4,4’-[NAPHTHYLBIS(OXY)]BIS 
BENZALDEHYDE:  

 
Dialdehyde 4,4’-[naphthylbis(oxy)]bisbenzaldehyde was formed and purified by reported 

procedure [127].  

In to a 250mL three necked, round –bottom flask equipped with a reflux condenser, was 

placed (0.02M) of p-florobenzaldehyde in nitrogen atmosphere and was added (0.01M) of 1,4- 

naphthaquinone in dry dimethyl acetamide (DMAc) slowly and gradually in anhydrous (0.5 g) 

K2CO3 presence. The temperature was maintained on hot plate for 5 hours at 165 oC with 

constant magnetic stirring.  The reaction mixture was poured in 1 liter of cold water and allowed 

to stand over night. The solid product was filtered and recrystallized from the mixture of acetone 

and n-hexane. The crude precipitates were separated by filtration, dried in oven at 100 oC. The 

decomposition point was found to be > 280 oC. The structural diagram is represented is in Fig 

4.1  

 

(a).  
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O O CHOOHC

 

Fig 4.1 (a) STRUCTURAL DIAGRAM OF DIALDEHYDE   

 4, 4’-[NAPHTHYLBIS(OXY)]BISBENZALDEHYDE (NBOB) 
 

4.3.1 SYNTHESIS OF SCHIFF BASE POLYMERS FROM 4,4’-[NAPHTHYLBIS  
(OXY)]BISBENZALDEHYDE: 

 
               (0.005 M) Ethylenediamines (0.3 mL), 1,2-propylenediamines (0.37 mL), 1,3-

propylenediamines (0.37 mL), 1,2-phenylenediamines (0.54 g) or 4-amino phenyl ether (1.0012 

g)  was dissolved in 15 mL of m-cresol. The mixture was heated till the solution became clear. 

Monomer (4,4’-[naphthylbis(oxy)]bisbenzaldehyde) was added (0.005 M, 1.72 g) at room 

temperature and stirred overnight. The contents were refluxed for 4 hours at 100 oC and the 

solution was poured in 100mL of methanol. The mixture was filtered and washed with hot H2O. 

The precipitates were recrystallized from DMAc and n- hexane. The decomposition point was 

found to be > 330 oC. The structural diagram is represented is in Fig 4.1 (b).  

 

R = ▬ 

PNBOBen  = R =  CH2.CH2  PNBOBPn  = R = CH(CH3).CH2 

PNBOBPR  = R = CH2.CH2.CH2 PNBOBPh  = R = o–C6H4   

PNBOBIPE =  R =  C6H4-O-C6H4  

Fig:4.1(b): STRUCTURE DIAGRAMS OF SCHIFF BASE POLYMERS OF 
4,4’-[NAPHTHYLBIS(OXY)]BISBENZALDEHYDE 

4.4 C. H.  N Elemental Microanalysis 
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The composition and purity of newly synthesized compounds were checked by C. H. N 

analysis. The elemental microanalysis of 4,4’-[naphthylbis(oxy)]bisbenzaldehyde (NBOB) and 

their Schiff base polymers were carried out by H.E.J Research Institute of University of Karachi, 

Karachi. The percentage found of all synthesized compounds agreed with theoretical yield of 

compounds, (Table: 4.1). 

 

Table:4.1:  C. H. N Analysis of  4,4’-[naphthylbis(oxy)]bisbenzaldehyde (NBOB) and Their 

Schiff base Polymers. 

S.# 
 

Compounds 

Mol: Found (Calculated) 

Formula %C %H %N 

1 (NBOB) (C19H16O2) 78.8(78.2) 4.55(4.34) - 

2  (PNBOBen) (C26H20N2O2)n 79.6 (78.9) 5.102 (5.22) 7.14 (7.07)

3 (PNBOBPn) (C27H22N2O2)n 79.8 (80.02) 5.4 (5.56) 6.29 (6.34)

4 (PNBOBPR) (C27H22N2O2)n 79.4(80.02) 5.51(5.56) 6.26(6.34) 

5 (PNBOBPh) (C30H20N3O2)n 81.8 (79.99) 4.5 (4.87) 6.36 (6.05)

6 (PNBOBIPE) (C36H24N2O3)n 81.2 (79.26) 4.51 (4.87) 5.26 (5.11)

 

4.4 FT I. R STUDY OF 4, 4’- NAPHTHYLBIS(OXY)BISBENZALDEHYDE AND 
THEIR DERIVED SCHIFF BASE POLYMERS. 

 
Extensive studies are carried out to characterized organic compounds by spectroscopic 

techniques, but infrared spectroscopy is an initial step of physical methods. 

The infrared spectra of 4,4’-[naphthybis(oxy)]bisbenzaldehyde and  their Schiff base 

polymers were recorded on a same instrument that is describe in section 3.6 within 4000-600cm-1 

and  are discussed as below.  

 

THE REGION 4000-2000 cm-1 
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  The compound 4,4’-[naphthylbis(oxy)]bisbenzaldehyde (NBOB) indicated bands of weak 

intensity at 3116cm-1, 3081 cm-1, 2942 cm-1 and 2860 cm-1. Most of Schiff base polymers 

showed weak to medium intensity bands within 3116- 3081 cm-1 because of aromatic stretching 

vibrations. The methylene group (-CH2-) indicated asymmetric stretching mode at 2942 cm-1 and 

a symmetric mode at 2860 cm-1 for C-H vibrations. The derived Schiff base polymers PNBOBen, 

PNBOBPn, PNBOBPR, PNBOBPh and PNBOBIPE also showed weak or medium intensity 

bands within 3172- 2878 cm-1 region due to aromatic and aliphatic C-H stretching vibrations.  

 

THE REGION 2000-1000 cm-1 

The 4,4’-[naphthylbis(oxy)]bisbenzaldehyde (NBOB) indicated very clear bands at 1743 

cm-1 because of the aldehydic υC=O vibrations. As NBOB was used to prepare Schiff base 

polymers with different diamines, The I.R spectra of all derived polymers did not  show the band 

between 1700 -1730 cm-1 due to υC=O vibrations. Actually, this is a major distinction between 

FT I.R spectra of dialdehyde and Schiff base polymers. All the Schiff base polymers gave rise to 

a characterized peak around 1616- 1644 cm-1 due to υC=N vibrational frequencies.  

 

Gutch et al [127] also assigned the azomethine bending in the polymers of 4,4’-(hexa 

floroisopropylidine)bis(p-phenoxy)benzaldehyde within 1608- 1650 cm-1. The υC=N stretching 

vibrations appeared after polymerization and confirmed the formation of Schiff base polymers. 

The dialdehydes as well as their derived Schiff bases polymers indicated few bands within 1600- 

1520 cm-1 due to aromatic ring and C=C vibration.  

 Schiff base polymer (PNBOBPn) contained one isopropyl group, which showed a band 

at 1383 cm-1 due to symmetric CH3 group deformation. The ether band was observed in both 

monomer as well as polymers within 1050-1300 cm-1. 

 

THE REGION 1000-600cm-1 

  A number of bands appeared within 1000-621cm-1 because of C-H vibrations of out of 

plane, of adjacent aromatic hydrogen atoms in all compounds.  
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Fig: 4.2.1: Infrared spectrum for dialdehyde 4, 4’-[naphthylbis (oxy)]bisbenazldehyde 

(NBOB) 
 

 

 

 

 

 

 

 

 

Fig: 4.2.2: Infrared spectrum for Schiff base polymer (PNBOBen). 

 

 

 

 

 

 

 

 

 

Fig: 4.2.3: Infrared spectrum for Schiff base polymer (PNBOBPn). 
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Fig: 4.2.4: Infrared spectrum for Schiff base polymer (PNBOBPR). 

 

 

 

 

 

 

 

 
 

Fig: 4.2.5: Infrared spectrum for Schiff base polymer (PNBOBPh). 

 

 

 

 

 

 

 

 

 

 

Fig: 4.2.6: Infrared spectrum for Schiff base polymer (PNBOBIPE) 
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Table:4.2: Infrared Spectroscopic Studies of 4,4’-[naphthylbis(oxy)]bisbenzaldehyde and  
their Schiff Base Polymers. 

NBOB (PNBOBen) (PNBOBPn) (PNBOBPR) (PNBOBPh) (PNBOBIPE) 
Possible 

Assignment 

3116 (w) 3122 (w) 3143 (w) 3158 (m) 3140 (w) 3170 (w)  
C-H aromatic 

vibration 

3081 (w) 3010 (m) 3026 (w) 3043 (w) 3052 (w) 3078 (m)   

2942 (w) 2963 (w) 2988 (w) 2986 (w) 2974 (w) 2980 (w) 
C-H aliphatic 

vibration 

2860 (w) 2866 (w) 2856 (w) 2880 (w) 2896 (w) 2878 (w)  

1743 (s) - - - - - C=O vibration 

- 1616 (s) 1628 (s) 1620 (s)  1630 (s) 1644 (s) 
C=N vibration 

   1611 (w)   

1595 (w) 1604 (w) 1608 (w) 1600 (m) 1520 (w) 1500 (w) 

C=C vibration 1538 (m) 1598 (w) 1590 (w) 1546 (w) 1496 (m) 1496 (w) 

1490(m) 1574 (m) 1530 (w) 1500 (m) 1480 (m) - 

- - 1388 (m) - - - 
CH3 group 

deformation 

1125 (w) 1176 (m) 1216 (w) 1230 (m) - 1236 (m) CH wagging 

1083 (m) 1096 (m) 1105 (m) 1122 (m) 1088 (m) 1010 (m) -C-O-C- likage 

1040 (m) 986 (m) 981 (w) 992 (w) 1005 (w) 993 (m) In- plane of CH 
bending 
vibration 1032 (w) 974 (w) 973 968 (w) - 974 (m) 

882 (w) 879(w) 880 (w) 899 (w) 864  (w) 894  (w) 

=CH bending 

866 (w) - - - 858 (w) - 

796 (m) 763 (w) 652 (w) 716 (m) 745 (m) 799 
Out of  plane of 

CH bending 
vibration 

 780 (w) 754 (w) 621 (m) 700 (w) 723 (w) - 
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4.5 ULTRAVIOLET VISIBLE ABSORPTION SPECTRA OF [4,4’-NAPHTHYLBIS 
(OXY)]BISBENZALDEHYDE AND THEIR DERIVED SCHIFF BASE 
POLYMERS. 

 
Spectrophotometric studies were carried on double beam spectrophotometer, (Perkin 

Elmer Lambda 35 UV/Vis spectrometer), with dual 1cm silica cuvettees from 180- 600nm. 

UV/Visible spectroscopy of dialdehyde 4,4’-[naphthylbis(oxy)]bisbenzaldehyde (BNOB) was 

carried out in DMF but derived Schiff base polymers of (NBOB) were taken in THF and DMF.  

Dialdehyde (NBOB) indicated two absorption bands at 268 nm and 294 nm with the 

molar absorptivity of 4.3 104 and 2.1 104 L mol-1cm-1 because of π- π* transition in the 

benzoid rings and π- π* transition of ether linkage between two phenyl groups respectively. As 

the molecular weight of these Schiff base polymers was not investigated, therefore 1% 

absorptivity was calculated.  

The polymers indicated almost three bands (Figures: 4.3.1- 4.3.6). The observation of a 

new band or the shift in the position of the band as compared to (NBOB), was attributed to 

conjugated azomethine chromophores incorporated in the polymers due to polycondensation. 

The first and second absorption bands appeared in (PNBOBen) at 240m (1% ε =415.2 L g-1cm-1) 

and 257 nm (1% ε =462.6 L g-1cm-1), (PNBOBPn) at 248nm (1% ε = 395.1 L g-1cm-1) and 

255nm (1% ε =433.5 L g-1cm-1), (PNBOBPR) at 250nm (1%ε =358.4 L g-1cm-1), 258nm (1% ε 

=451.5 L g-1cm-1) and 360nm (1% ε =259.2 L g-1cm-1), (PNBOBPh) at 278nm (1% ε =325 L g-

1cm-1) and 291nm (1% ε =523.8 L g-1cm-1), (PNBOBIPE) at 241 nm (1% ε = 432.3 L g-1cm-1) 

and 265nm (1% ε =450.5 L g-1cm-1), which appeared due to π – π* transition in benzoid and 

naphthyl rings.  

While the last absorption bands in polymers as characterized band appeared as a result of 

the π - π* transition of conjugated C=N bending (azomethine group). This band appeared in 

(PNBOBen) at 318 nm (1% ε =349.8 L g-1cm-1), (PNBOBPn) at 386 nm (1% ε =308.8 L g-1cm-

1),  (PNBOBPR) at  382 nm (1% ε =305.6 L g-1cm-1), (PNBOBPh) at 346 nm (1% ε =224.6 L g-

1cm-1) and (PNBOBIPE) at 345 nm (1% ε =241.5 L g-1cm-1). 

Kaya [121] reported on Schiff base type polyethers by the reaction of diethyleneglycol 

bis(2-aminophenylether) and triethyleneglycolbis(4-aminophenylether) with 

oligosalicyaldehyde. These polymers gave bands at 210, 254 and 331 nm in U.V region. The 

bands agreed with the observed bands in these newly prepared polymers, in present work. 
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Fig: 4.3.1: UV- Visible spectrum for dialdehyde 4, 4’-[naphthylbis(oxy)]bis 

benzaldehyde (NBOB) 
 

 

 

Fig: 4.3.2: UV- Visible spectrum for Schiff base polymer (PNBOBen). 
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Fig: 4.3.3: UV-Visible spectrum for Schiff base polymer (PNBOBPn). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 4.3.4: UV-Visible spectrum for Schiff base polymer (PNBOBPR). 
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Fig: 4.3.5: UV-Visible spectrum for Schiff base polymer (PNBOBPh). 
 

 
 

 

Fig: 4.3.6: UV- Visible spectrum for Schiff base polymer (PNBOBIPE). 
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Table:4.4: Spectroscopic Studies of 4,4’-[naphthylbis(oxy)]bisbenzaldehyde and their Schiff 
Base Polymers. 

 
Compound 

 
λmax 

 
Ε  (L g-1 cm-1) 

 
Possible Assingmnt 

 
(NBOB) 

 
268 

 
294 

 
4.3x 104 

Lmol1cm-1 

 

2.1x 104 
Lmol1cm-1 

 

 
π – π* transition in benzoid ring system. 

 
π – π* transition in ether linkage b/w two 

phenyl groups. 

  1% ε  

 
(PNBOBen) 

240 
 

257 
 
 

318 
 

415.2 
 

462.6 
 
 

349.8 

π – π* transition in benzoid ring system. 
 

π – π* transition in ether linkage b/w two 
phenyl groups. 

 
π – π* transition in  azomethine  group. 

 
 

(PNBOBPn) 
 

248 
 

255 
 
 

386 

395.1 
 

433.5 
 
 

308.8 

π – π* transition in benzoid ring system. 
 

π – π* transition in ether linkage b/w two 
phenyl groups. 

 
π – π* transition in  azomethine  group.. 

 
 

(PNBOBPR) 

250 
258 

 
360 

 
382 

358.4 
451.5 

 
259.2 

 
305.6 

π – π* transition in benzoid ring system. 
 
 

π – π* transition in ether linkage b/w two 
phenyl groups. 

π – π* transition in  azomethine  group. 

 
(PNBOBPh) 

278 
 

291 
 
 

346 

325 
 

523.8 
 
 

224.6 

π – π* transition in benzoid ring system. 
 

π – π* transition in ether linkage b/w two 
phenyl groups. 

 
π – π* transition in  azomethine  group. 

 
 

(PNBOBIPE) 

 
241 

 
 

265 
 
 

345 

 
432.3 

 
 

450.5 
 
 

241.5 

 
π – π* transition in benzoid ring system. 

 
π – π* transition in ether linkage b/w two 

phenyl groups. 
 

π – π* transition in  azomethine  group. 
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4.6 TG/ DTA SPECTRA OF 4,4’-[NAPHTHYLBIS(OXY)]BISBENZALDEHYDE  
AND THEIR DERIVED  SCHIFF BASE POLYMERS. 

 

Thermogravimatry (TG) and differential thermal analysis (DTA) were recorded on 

Thermalgravimetric / Differential thermal Analyzer, Pyris Diamond TG / DTA (Perkin Elmer, 

Japan) with a nitrogen flow rate 50mL/min, from room temperature to 700 oC. The platinum 

crucibles were used for placing sample (10mg) and alumina as reference. The rate for heating 

was 10 oC/min. In case of, dialdehyde (NBOB) started weight loss at 180oC and 100 % loss was 

observed at 600 oC, but in polymers weight loss started within 380-600 oC and 70 to 85 % weight 

loss occurred up to 700 oC.  
 

According to TG thermograph, the polymer (PMBOBen) indicated initial weight loss at 

315 oC with 18 % weight loss up to 402 oC. This compound further decomposed till 498 oC with 

78 % total weight loss. The maximum weight loss temperature was found to be 451 oC. Initially, 

both polymers (PMBOBPn) and (PMBOBPR) started weight loss from 334 oC and 342 oC with 

18% and 14 % weight loss. The further decompositions of these polymers followed upto 700 oC 

with 86 % and 79 % total weight loss. The maximum weight loss temperature was high in 

(PMBOBPR) at 380 oC than (PMBOBPn) at 375 oC, due to more stability of the 1,2-subsitution 

of azomethine groups in its structure.  In case of (PMBOBPh), the weight loss began from 317- 

404 oC with 25 % weight loss. The second decomposition was obtained from 425- 700 oC with 

17% remaining residue and the maximum weight loss temperature was observed at 331 oC.While 

polymer (PNBOBIPE) showed maximum weight loss at 412 oC  with 87 % total weight loss and 

was more thermally stable as compare to other polymers.  

 
DTA of dialdehyde and derived polymers indicated melting endotherms followed by 

vaporization endotherms and exotherms. The melting point endotherm appeared in dialdehyde at 

288 oC and in derived Schiff base polymers ranged 310-340 oC.  Fairly large exotherms was 

observed in dialdehyde within 300- 400 oC and Schiff base polymers in temperature range 400- 

550 oC which may be assigned due to decomposition exotherms. (Fig: 4.4.1-4.4.5).    
 

These results of thermal analysis were agreed with the reported work [121], that formed the 

polymers from diethyleneglycol bis (2-amonophenyl ether) and triethylene glycolbis(4-amino 

phenyl ether). These polymers indicated maximum weight loss 52 and 56 % weight loss at 1000 

°C.  
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.  

 

Fig: 4.4.1: TG/DTA Thermograph of dialdehyde 4,4’-[naphthylbis(oxy)]bis 
benazldehyde (NBOB) 

 

 

Fig: 4.4.2: TG/DTA Thermograph of Schiff base polymer (PNBOBen). 

 

Fig: 4.4.3: TG/DTA Thermograph of Schiff base polymer (PNBOBPn). 
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Fig: 4.4.4: TG/DTA Thermograph of Schiff base polymer (PNBOBPh). 

 

 

Fig: 4.4.5: TG/DTA Thermograph of Schiff base polymer (PNBOBIPE). 

 

 

4.7 VISCOMETRIC MEASUREMENTS OF 4,4’-[NAPHTHYL BIS(OXY)]BIS 
BENZALDEHYDE AND THEIR DERIVED SCHIFF BASE POLYMERS.  

 
The viscosity measurements of 4,4’-[naphthylbis(oxy)]bisbenzaldehyde and their derived 

Schiff base polymers in THF solvents with 0.02-0.08 g/dL were taken within 283 to 323 K with 

the help of the  suspended level viscometer (Technico ASTM 445). Every time 15mL of solution 

was used and three readings were recorded for mean flow times. 



 
 

 

128

0

0.1

0.2

0.3

0.4

0.5

0 0.02 0.04 0.06 0.08 0.1

Concentraion

R
e
d
u
c
e
d
 v

is
c
o
s
it
y

283K

293K

303K

313K

323K

(i) Reduced Viscosity: 

The reduced viscosity of dialdehyde and Schiff base polymers was obtained from 

equation 4 (chapter: 2) and results are revealed in (Fig: 4.5.1-4.5.6). The reduced viscosity 

increased with increase in the concentration of dialdehyde and Schiff base polymers because the 

intermolecular forces of attraction between molecules increased. On high temperature, polymeric 

molecules became more movable and internal resistance decreased, as a result viscosity was 

decreased. Therefore, polymers indicated higher reduced viscosity than dialdehyde (NBOB). 

 

Fig: 4.5.1: Reduced Viscosity v/s Concentration for dialdehyde (NBOB) 

 

 

 

 

 

 

 

 

 

 

Fig: 4.5.2: Reduced Viscosity v/s Concentration for Schiff base polymer (PNBOBen) 
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Fig: 4.5.3: Reduced Viscosity v/s Concentration for Schiff base polymer (PNBOBPn) 

 

Fig: 4.5.4: Reduced Viscosity v/s Concentration for Schiff base polymer (PNBOBPR) 

 

 

 

 

 

 

 

 

 

 

Fig: 4.5.5: Reduced Viscosity v/s Concentration for Schiff base polymer (PNBOBPh). 
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Fig: 4.5.6: Reduced Viscosity v/s Concentration for Schiff base polymer(PNBOBIPE) 

 

 

(ii) Intrinsic Viscosity: 

The intrinsic viscosity is related with molecular mass of polymer, which can be varied 

according to the elongation of polymer chain. The intrinsic viscosity of 4,4’-

[naphthylbis(oxy)]bisbenzaldehyde (NBOB) and their derived Schiff base polymers was 

calculated from Huggins’s equation. According to equation, when a graph was plotted between 

reduced viscosity verses concentrations, then intercept gave the intrinsic viscosity of polymeric 

solution. The intrinsic viscosity varied from 0.273- 0.348 dL/g in dialdehyde and 0.404- 0.648 

dL/g in different Schiff polymers. The polymers indicated higher intrinsic viscosity than 

dialdehyde, indicating polymerization. Among the polymers the intrinsic viscosity increased in 

polymers in the following order PMBOBen<PMBOBPn<PMBOBPR<PMBOBPh<PMBOBIPE. 

The detail results are shown in (Table: 4.5). 

 

  Banajere [118] also observed inherent viscosity for thermally stable polymers of 4,4’-

[4,4’-phenylenebis(oxy)]bisbenzaldehyde in sulphuric acid which indicated minimum value 

(0.59 dL/g) at low temperature. 
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Table: 4.5: Intrinsic Viscosity of 4,4’-[naphthylbis(oxy)]bisbenzaldehyde 
& It’s Polymers at Different Temperatures. (m.N.S/m2) 

Compounds 
Temprature (K) 

283  293  303  313  323 

(NBOB) 0.348 0.324 0.299 0.286 0.273 

(PNBOBen) 0.482 0.453 0.439 0.4216 0.404 

(PNBOBSPn) 0.498 0.473 0.448 0.423 0.418 

(PNBOBSPR) 0.549 0.524 0.498 0.474 0.448 

(PNBOBPh) 0.598 0.573 0.548 0.523 0.499 

(PNBOBIPE) 0.648 0.623 0.599 0.573 0.548 

 

(iii) Huggins’s constant: 

The Huggins’s constant is independent of molecular weight of polymer. The value of KH 

was increased in these polymers with decreasing ionic strength. The electrostatic strength at the 

effective surface of the macromolecules was calculated by the method of viscometry. The values 

of huggin’s constant of dialdehyde (NBOB) and their polymers were higher than 0.5, it means 

that DMF/ THF were poor solvents for these compounds. The results of 4,4’-naphthyl bis (oxy) 

bis benzaldehyde and their Schiff base polymers  are described in following (Table:4.6).  
 

Table: 4.6: Huggin's Constant KH of [4,4’-[naphthylbis(oxy)]bisbenzaldehyde 
& Derived Schiff Base Polymers. 

Compounds 
(KH) 

283 K 293 K 303 K 313 K 323K 

(NBOB) 0.626 0.624 0.621 0.620 0.519 

(PNBOBen) 0.768 0.745 0.718 0.693 0.668 

(PNBOBSPn) 0.818 0.793 0.768 0.745 0.718 

(PNBOBSPR) 0.868 0.843 0.812 0.794 0.769 

(PNBOBPh) 0.918 0.894 0.868 0.843 0.819 

(PNBOBIPE) 0.969 0.943 0.919 0.893 0.867 
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(iv) Absolute Viscosity (η): 

The absolute viscosity means dynamic viscosity of polymer. It determines the dynamic 

flow of polymeric solution. The resistance of flow encountered when one layer or plane of fluid 

attempts to move over another layer or plane of fluid at a given speed. It was calculated from 

equation 8 (chapter: 2). The values of absolute viscosity for dialdehyde (NBOB) and Schiff base 

polymers in DMF and THF at different temperature and concentration are given in (Table: 4.7.1-

4.7.6). The absolute viscosity of dialdehyde (NBOB) and polymers increased with increase in the 

concentration with respect to their molecular weight of polymers and decreased at high 

temperature.  

 

Table: 4.7.1: Absolute Viscosity v/s Concentration for dialdehyde (NBOB) (m.N.S/m2) 

Concentration 
(g/dL) 

Temperature 

283K 293K 303K 313K 

0.02 0.24 0.23 0.22 0.21 

0.04 0.25 0.24 0.24 0.22 

0.06 0.29 0.27 0.25 0.23 

0.08 0.32 0.29 0.28 0.25 

0.10 0.34 0.31 0.29 0.27 

 

Table: 4.7.2:  Absolute Viscosity v/s Concentration for Schiff base polymer (PNBOBen)   
(m.N.S/m2). 

 

Concentration 
(g/dL) 

Temperature 

283K 293K 303K 313K 

0.02 0.39 0.36 0.33 0.30 

0.04 0.40 0.36 0.33 0.31 

0.06 0.43 0.38 0.35 0.32 

0.08 0.45 0.4 0.37 0.34 

0.10 0.47 0.42 0.39 0.36 
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Table: 4.7.3:  Absolute Viscosity v/s Concentration for (PNBOBPn)  (m.N.S/m2).  

Concentration 
(g/dL) 

Temperature 

283K 293K 303K 313K 

0.02 0.42 0.39 0.37 0.36 

0.04 0.43 0.4 0.38 0.36 

0.06 0.47 0.43 0.41 0.38 

0.08 0.49 0.45 0.42 0.40 

0.10 0.51 0.47 0.44 0.42 

 

 

Table: 4.7.4:  Absolute Viscosity v/s Concentration for Schiff base polymer (PNBOBPR)   
(m.N.S/m2). 

Concentration 
(g/dL) 

Temperature 

283K 293K 303K 313K 

0.02 0.46 0.42 0.39 0.37 

0.04 0.47 0.43 0.40 0.38 

0.06 0.50 0.47 0.43 0.41 

0.08 0.52 0.49 0.45 0.42 

0.10 0.56 0.51 0.47 0.44 

 

Table: 4.7.5:  Absolute Viscosity v/s Concentration for Schiff base polymer (PNBOBPh)   
(m.N.S/m2). 

 

Concentration 
(g/dL) 

Temperature 

283K 293K 303K 313K 

0.02 0.53 0.49 0.46 0.42 

0.04 0.55 0.51 0.47 0.43 

0.06 0.59 0.53 0.5 0.47 

0.08 0.6 0.56 0.52 0.49 

0.10 0.62 0.59 0.56 0.51 
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Table: 4.7.6:  Absolute Viscosity v/s Concentration for (PNBOBIPE)  (m.N.S/m2). 

Concentration 
(g/dL) 

Temperature 

283K 293K 303K 313K 

0.02 0.58 0.55 0.53 0.50 

0.04 0.61 0.58 0.55 0.51 

0.06 0.63 0.61 0.59 0.53 

0.08 0.66 0.64 0.60 0.56 

0.10 0.69 0.66 0.62 0.59 

Thermodynamic Parameter: 

 The thermodynamic parameters of polymeric solution are characteristics behavior of 

polymer toward solvent which are the function of concentration and temperature. The 

thermodynamic relationships have many advantages in solution phase of macromolecules. The 

thermodynamic parameter described energy of activation (ΔGv), heat (ΔHv) and entropy of 

system during flow process (ΔSv). 
 

(i)  Energy of Activation of Viscous Flow (ΔGv): 

The energy of activation of viscous flow was calculated from equation 10 (chapter: 2) of 

viscosity. The results of dialdehyde (NBOB) and their Schiff base polymers at different 

temperature and concentration are listed in (Table: 4.8.1-4.8.6). As the molecular weight of 

polymer is increased, the free energy of activation increased, and then solution stability 

decreased. The energy of activation increased from (12.58- 14.83 J/mol) at 283K in different 

polymers, with an increase in the concentration in dilute solution as well as on the increase in 

higher temperature. Therefore, free energy increased by raising the number of carbon in 

polymeric components. 
 

Table: 4.8.1: Energy of Activation of Viscous Flow (ΔGv) for Dialdehyde (NBOB)  (K. J. mol-1) 

Concentration 
(g/dL) 

Temperature 

283K 293K 303K 313K 

0.02 12.58 13.14 13.70 14.26 

0.04 12.69 13.35 13.80 14.37 
0.06 12.79 13.45 14.10 14.75 

0.08 12.99 13.72 14.28 15.01 

0.10 13.17 13.81 14.45 15.17 
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Table: 4.8.2:  Energy of activation of viscous flow (ΔGv) for (PNBOBen) (K. J. mol-1). 

Concentration 
(g/dL) 

Temperature 

283K 293K 303K 313K 

0.02 14.04 14.34 14.61 14.93 

0.04 14.09 14.34 14.64 14.84 

0.06 14.26 14.47 14.75 15.01 

0.08 14.37 14.59 14.89 15.17 

0.10 14.47 14.71 15.03 15.32 

 

 

Table: 4.8.3:  Energy of activation of viscous flow (ΔGv) for (PNBOBPn) (K. J. mol-1). 

Concentration 
(g/dL) 

Temperature 

283K 293K 303K 313K 

0.02 14.21 14.53 14.89 15.32 

0.04 14.26 14.59 14.96 15.38 

0.06 14.47 14.77 15.15 15.46 

0.08 14.57 14.88 15.21 15.59 

0.10 14.67 14.99 15.33 15.72 

 

Table: 4.8.4: Energy of activation of viscous flow (ΔGv) for (PNBOBPR) (K. J. mol-1). 

Concentration 
(g/dL) 

Temperature 

283K 293K 303K 313K 

0.02 14.32 14.59 14.89 15.24 

0.04 14.47 14.77 15.096 15.46 

0.06 14.62 14.99 15.27 15.65 

0.08 14.717 15.09 15.39 15.72 

0.10 14.89 15.18 15.50 15.84 
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Table: 4.8.5:  Energy of activation of viscous flow (ΔGv) for (PNBOBPh) (K. J. mol-1). 

Concentration 
(g/dL) 

Temperature 

283K 293K 303K 313K 

0.02 14.67 15.09 15.33 15.59 

0.04 14.84 15.18 15.50 15.78 

0.06 15.01 15.28 15.65 16.01 

0.08 15.05 15.41 15.75 16.12 

0.10 15.13 15.54 15.94 16.22 

 

Table: 4.8.6: Energy of activation of viscous flow (ΔGv) for (PNBOBIPE) (K. J. mol-1). 

Concentration 
(g/dL) 

Temperature 

283K 293K 303K 313K 

0.02 14.83 15.28 15.70 16.12 

0.04 14.92 15.37 15.80 16.22 

0.06 15.11 15.62 16.07 16.32 

0.08 15.22 15.74 16.11 16.47 

0.10 15.32 15.81 16.20 16.60 
 

 

(ii) Heat of Activation of Viscous Flow (ΔHv): 

When heat is added to condensed phase of substance, its temperature increase until a 

phase change temperature is reached. The heat of activation of viscous flow was calculated for 

dialdehyde (NBOB) and Schiff base polymers, by plotting a graph between Logη verses 1/T, and 

a straight line was observed. The ΔHv values were calculated from slope (ΔHv /R) of line, and the 

results are listed in (Table: 4.9).  The values of (ΔHv) increased with increase concentration and 

decreased on raising temperature. The results of (ΔHv) decreased from (7.52- 5.83 J/mol) by 

increasing in molecular weight of different polymers because when chain of carbon or bulky 

groups are increasing in molecule, more heat is required to flow so (ΔHv) was reduced. 
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Table: 4.9: Enthalpy of Activation of Viscous Flow (ΔHv) for 4,4’-[naphthylbis(oxy)]bis 
benzaldehyde (NBOB) and their Schiff Base  Polymers (K. J. mol-1). 

S.# Compounds 
Temperature (K) 

283  293  303  313  323 

1 (NBOB) 9.55 9.52 9.49 9.46 9.43 

2 (PNBOBen) 7.52 7.49 7.46 7.43 7.4 

3 (PNBOBSPn) 7.74 7.709 7.678 7.647 7.616 

4 (PNBOBSPR) 6.92 6.89 6.86 6.83 6.81 

5 (PNBOBPh) 6.64 6.609 6.578 6.547 6.516 

6 (PNBOBIPE) 5.83 5.798 5.766 5.734 5.702 

 

(iii) Entropy of Activation Viscous Flow       (ΔSv) 

 The entropy of activation of viscous flow is defined as the disorderness or randomness of 

the system. When molecular weight of molecules increased then the effect of randomness was 

also higher as compared to low molecular weight compounds. The entropy change (∆Sv) was 

obtained by adding the absolute entropy of product minus sum of absolute entropy of reactants. 

However, the entropy of polymeric solution varies in different polymers due to various 

substitutions in their structures. The results of ΔSv are summarized in (Table: 4.10). 

Table: 4.10: Entropy of Activation of Viscous Flow (ΔSv) for 4,4’-[naphthylbis(oxy)]bis 
benzaldehyde (NBOB) and Schiff Base Polymers (K. J. mol-1). 

 

Compounds 
Temperature (K) 

283  293  303  313  323 

(NBOB) -0.009 -0.008 -0.008 -0.008 -0.007 

(PNBOBen) -0.017 -0.017 -0.016 -0.016 -0.016 

(PNBOBPn) -0.021 -0.021 -0.02 -0.019 -0.019 

(PNBOBPR) -0.04 -0.04 -0.035 -0.031 -0.031 

(PNBOBPh) -0.048 -0.048 -0.047 -0.046 -0.046 

(PNBOBIPE) -0.056 -0.056 -0.055 -0.054 -0.054 
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4.9 CONCLUSIONS: 

This research work represents the synthesis of dialdehyde 4,4’-[naphthylbis(oxy)]bis 

benzaldehyde and their  Schiff bases polymers by polycondensation reaction, with the help of 

reported procedure [127]. The polymers were further characterized by elemental microanalysis, 

IR, UV and Vis spectroscopy.  

 

The FT.IR spectra of dialdehyde (NBOB) indicated main band at 1743 cm-1 due to υC=O 

vibrations.  The Schiff base polymers gave characterized peaks around 1616 - 1644 cm-1 as a 

result of υC=N vibrational frequencies. The dialdehydes as well as their derived Schiff bases 

polymers indicated few bands of aromatic ring and C=C vibration within 1600-1520 cm1.  

 

4,4’-[naphthylbis(oxy)]bisbenzaldehyde (NBOB) indicated two absorption bands at 268 

nm and 294 nm but polymers (PNBOBen, PNBOBPn, PNBOBPR, PNBOBPh and PNBOBIPE) 

gave third band within 318-345 nm  due to the presence of conjugated azomethine 

chromospheres incorporated in the polymers after polycondensation. These polymers are 

partially solubility in common solvents like chloroform and acetone but good solubility is 

observed in DMF and THF. 

 

Thermogravimetric analysis for these polymers was carried out from room temperature to 

700 oC with a nitrogen flow rate 50mL/min, which agreed with the thermal stability of polymers. 

The thermal analysis of polymers indicated better stability with 80-85 % weight loss around 700 
oC. DTA of dialdehyde showed a melting edotherm at 288 oC but the polymers indicated melting 

endotherms within 310- 340 oC in different polymers.  

 

All type of viscosity increased with increase in concentration due to the high molecular 

weight of macromolecules. The intrinsic viscosity of dialdehyde (NBOB) ranges within 0.273- 

0.348 dL/g and in polymers the intrinsic viscosity ranged within 0.404- 0.648 dL/g. These 

polymeric solutions were also used to measure the thermodynamic parameters, free energy of 

activation (∆Gv), enthalpy (∆Hv) and entropy (∆Sv) of the system. These thermodynamic 

relationships gave an idea about the structure and orientation of polymeric molecules in dilute 

solution.  
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CHAPTER 5 

PREPARATION AND CHARACTERIZATION OF  
POLYTHIOAMIDES DERIVED FROM 4,4’-[NAPHTHYLBIS(OXY)]BIS 

BENZALDEHYDE  BY WILLGERODT –KINDLER REACTION. 
 

5.1 INTRODUCTION 

Polythioamides are more stable polymers with low M.P point as compared to their Schiff 

base polymers. 4, 4’-[naphthyl(oxy)]bisbenzaldehyde is used to prepared some polythioamides in 

the presence of elemental sulfur by Willgeodt Kindler- type reaction. The reaction is strongly 

affected by reaction conditions such as substrates, amines, solvents & reaction temperature.  

This is a versatile method for the preparation of polythioamide because this reaction is simple 

& a variety of dialdehyde & diamines can be treated by this procedure. Different diamino 

compounds are used in the synthesis of polythioamides, like ethylenediimine, 1,2-

propylenediamine, 1,3-propylenediamine, 1,2-phenylenediamine and 4-aminophenylether. The 

polythioamide prepared from 4-aminophenylether is observed more stable due to the presence of 

phenyl group in their molecule.  The polymeric yield & molecular weight of polythioamides 

depend on the adopted condition to perform the Willgerodt Kindler type reaction. 

 

5.2 LITERATURE REVIEWW 

Ghezalla Tabak et al [128] reported the synthesis of thioamide-containing polystyrenes 

by Friedel-Crafts reaction and by thioamidation of (co)polydithioesters, in the presence of 

anhydrous aluminium chloride. Free radical copolymerization of 4-vinyl dithiobenzoate with 

styrene was followed by low-temperature solution condensation reactions. The excess of amines 

in N, N-dimethylformamide, offered another synthetic route to (co)polymers preparation 

containing thioamine groups in the side chains without crosslinking. 

 

Deletre et al [129] reported the kinetics and mechanism of polythioamidation in solution 

of mono and bis(dithioesters) with excess amines. These compounds were characterized by 

elemental analysis, H1NMR, I.R and U.V spectroscopy. 

 

Sanui and Kishimoto [130-131] synthesized polythioamides from dithiocarboxylic acid, 

diethyl esters and diamines at room temperature by polycondensation. The bis(thiocarboxylic) 
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acid 0,0’- diesters, 0,0’- diethyl dithioadipate, 0,0’-diethyl dithioterephthalate and 

diethyldithioisophthalate(l) readily polycondensed with ethylenediamine, 

hexamethylenediamine(ll) and bis(4-aminophenyl) ether, in various solvents at room temperature 

in the presence of EtOLi.  

 

Zafranskii et al [132] synthesized diphenylguanidine- based polythioamides through 

different methods of polycondensation. These polythioamides were formed with various 

diamines in the presence of elemental sulfur by Willgerodt-Kindler reaction. 

 

Kawai et al [133] reported Willgerodt-Kindler reaction which is a well known method for 

the synthesis of polythioamides and was used for the preparation of polythioamides by coupling 

polycondensation of dialdehyde with diamines in the presence of sulfur. 

 

5.3 SYNTHESIS OF DIALDEHYDE OF 4,4’-[NAPHTHYLBIS(OXY)]BIS 
BENZALDEHYDE:  

 
Dialdehyde 4,4’-[naphthylbis(oxy)]bisbenzaldehyde was prepared and purified by reported 

procedure [132] (chapter 4.3).  

 

5.3.1 SYNTHESIS OF DERIVED POLYTHIOAMIDES FROM 4,4’-[NAPHTHYL 
BIS(OXY)]BISBENZALDEHYDE: 

 
       Sulfur (160 mg, 2.5 equiv as elemental sulfur for monomer) was added (2 mmol) 

ethylenediamines (0.12 mL), 1,2-proylenediamines (0.148 mL),  1,3-proylenediamines (0.148 

mL),  1,2-phenylenediamines (0.216 g) or  4-amino phenyl ether (0.148 mL) dissolved in (10mL)  

DMAc at room temperature. The stirring was continued   for 10 minutes and during the time, the 

reaction mixture turned to dark green. Dialdehyde (4,4’-[naphthylbis(oxy)]bisbenzaldehyde) 

(2mmol, 0.688 g) dissolved in 10 mL of DMAc, was added to the reaction mixture and   heated 

at 115 oC for 8 hrs with constant stirring under nitrogen atmosphere. The reaction mixture was 

cooled at room temperature and poured in 100 mL ethanol. Precipitates were separated by 

filtration. Crude product was extracted with chloroform (50 mL) then residual sulfur removed by 

filtration and recrystallized in ethanol (20 mL). The solid mass was filtered, washed with water 

and carbon disulphide CS2. The dark brown compounds decomposed within 280 -300 oC. 
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Fig: 5.1: STRUCTURE DIAGRAM OF SCHIFF BASE POLYTHIOAMIDE OF 
4,4’-[NAPHTHYLBIS(OXY)]BISBENZALDEHYDE 

R = ▬ 
PNBOBSen  = R =  CH2.CH2  PNBOBSPn  = R = CH(CH3).CH2 
PNBOBPR  = R = CH2.CH2.CH2 PNBOBSPh   = R = o–C6H4   

PNBOBSIPE =  R =  C6H4-O-C6H4 

5.4 C. H. N Elemental Microanalysis 

The elemental microanalysis of 4,4’-[naphthylbis(oxy)]bisbenzaldehyde (NBOB) and 

their Schiff base polymers was carried out by H. E. J University of Karachi, Karachi.. The found 

percentage of C. H. N analyses for all synthesized compounds agreed with theoretical values of 

the compounds, (Table: 5.1). 
 

Table: 5.1:  C. H. N Analysis of 4,4’-[naphthylbis(oxy)]bisbenzaldehyde (NBOB) and Their 
Polythioamides 

S.# Compounds 
Molecular 
Formula 

Found (Calculated) 

%C %H %N %S 

1 (NBOB) (C19H16O2) 78.80(78.20) 4.55(4.34) - - 

2 (PNBOBSen) (C26H20N2O2S2)n 67.20(67.90) 4.12 (4.38) 6.04 (6.10) 13.80(14.03) 

3 (PNBOBSPn) (C27H22N2O2S2)n 68.61(68.90) 4.41 (4.68) 5.49 (5.90) 12.20(13.61) 

4 (PNBOBSPR) (C27H22N2O2S2)n 68.04(68.90) 4.27 (4.68) 5.84 (5.91) 12.00(13.61) 

5 (PNBOBSPh) (C30H20N3O2S2)n 71.03(71.40) 3.77(3.96) 5.36 (5.55) 12.20(12.69) 

6 (PNBOBSIPE) (C36H24N2O3S2)n 72.21 (72.40) 3.99 (4.02) 4.26 (4.69) 10.00(10.07) 
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5.5 FT I. R Study of 4, 4’-[naphthyl bis(oxy)]bisbenzaldehyde and their derived 
Polythioamides. 

 

FT-IR spectra of 4,4’-[naphthylbis(oxy)]bisbenzaldehyde & their  Polythioamides were 

taken on same instrument  as is mentioned in section 4.5 within the regions 4000-600 cm-1. 
 

THE REGION 4000-2000 cm-1 

  FT-IR spectra of 4,4’-[naphthylbis(oxy)]bisbenzaldehyde (NBOB) is clearly described in 

previous chapter. First of all polythioamides (PNBOBSen), (PNBOBSPn), (PNBOBSPR), 

(PNBOBSPh) and (PNBOBSIPE) indicated characteristic band within 3345-3422 cm-1 due to 

υN-H vibrations which appeared after polymerization. Kawai et al [138] worked on some 

polythioamides and observed a new strong peak within 3245- 3477 cm-1 in the structure of 

different compounds which indicated the formation of strong N-H stretching frequencies due to 

the bonding between dialdehyde and diamines.   
 

                      The peak of weak absorption bands appeared within 3085- 3012 cm-1 due to C-H aromatic 

stretching. These polythioamides also indicated weak or medium intensity bands within 2978- 

2826 cm-1 region due to aliphatic υC-H stretching vibrations except (PNBOBSIPE), has no any 

methylene group vibrations in their structure. One peak appeared due to methylene group(-CH2-) 

which assigned to asymmetric stretching mode at 2978-2938 cm-1 and an other peak was 

symmetric mode at  2860- 2826 cm-1. 

 

THE REGION 2000-1000 cm-1 

The dialdehyde (NBOB) and its derived polythioamides showed many bands of strong 

and medium intensities within this region. The I.R spectra of NBOB indicated band of strong 

relative intensity at 1742 cm-1 due to υC=O vibrations. The dialdehyde (NBOB) was 

polymerized by different diamines in the presence of elemental sulfur to form polythioamides. 

The dialdehyde (NBOB) and its polythioamides gave two to three bands within 1576-1489 cm-1 

due to aromatic ring and υC=C vibrations. The dialdehydic peaks at 1742 cm-1 were reduced or 

vanished in all polythioamides and gave a characterize band within 1228 –1247 cm-1 for υC=S 

vibrations. One polythioamide (PNBOBSPn) gave a peak at 1382 cm-1 because of the presence 

of isopropyl group which indicated symmetrical CH3 group deformation. 
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Kawai et al [133] reported that when polymerization takes place in the presence of 

elemental sulfur, then the new compound were formed free of υC=N bonding but give a new 

peak of  υC=S bonding  within 1213- 1280 cm-1 in different polythioamides. 

 

THE REGION 1000-200 cm-1 

Many bands of υC-H vibration were observed within 1000-665 cm-1 due to out of plane 

C-H vibration which characterized adjacent aromatic hydrogen atoms in all the compounds.  

 

 

Fig: 5.2.1: Infrared spectrum for derived polythioamide (PNBOBSen) 

 

 

 

 

 

 

 

 

 

 

 

Fig: 5.2.2: Infrared spectrum for derived polythioamide (PNBOBSPn) 
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Fig: 5.2.3: Infrared spectrum for derived polythioamide (PNBOBSPR). 

 

 

 

 

 

 

 

 

 

 

Fig: 5.2.4: Infrared spectrum for derived polythioamide (PNBOBSPh). 

 

 

 

 

 

 

 

 

 
 

Fig: 5.2.5: Infrared spectrum for derived polythioamide (PNBOBSIPE) 
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Table: 5.2: Infrared Spectroscopic Studies of 4,4’-[naphthylbis(oxy)]bisbenzaldehyde and  
their Polythioamides. 

 

 
(PNBOBSen) 

 
(PNBOBSPn) 

 
(PNBOBSPR)

 
(PNBOBSPh) 

 
(PNBOBSIPE) 

Possible 
Assignment 

3386 (w) 3398  (w) 3408  (w) 3418  (w) 3422 (m) 
N-H aliphatic 

vibration 
3376  (w) 3362  (w) 3367 (m) 3345  (w) 3355  (w) 

3035 (m) 3046  (w) 3050  (w) 3067  (w) 3085 (m) 
C-H aromatic 

vibration 
3012  (w) 3023   (w) 3031  (w) 3036  (w) 3063  (w) 

2938  (w) 2942  (w) 2956  (w) 2978  (w) - 
C-H aliphatic 

vibration 
2826  (w) 2859  (w) 2885  (w) 2860  (w) - 

1576 (s) 1556 (s) 1526  (w) 1518 (s) 1496 (s) 

C=C vibration
1524 (m) 1500 (m) 1496 (m) 1505  (w) 1489  (w) 

- 1382 (m) - - - CH3 group 
deformation 

1247 (s) 1246 (m) 1238 (s) 1230  (w) 1228 (s) C=S vibration

1105 1121 1094 1066 1085 -C-O-C- ether 
linkage 

994 (m) 985  (w) 980 (m) 978 (m) 967  (w) In- plane of 
CH bending 

vibration 982  (w)     

765 (s) 770 (m) 786 (m) 790 (s) 780 (s) 

Out of  plane 
of CH 

bending 
vibration 
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5.6 U/VIS STUDY OF 4, 4’-[NAPHTHYLBIS(OXY)]BISBENZALDEHYDE AND THEIR 
DERIVED POLYTHIOAMIDES. 

 
Spectroscopic studies is one of the important step for the characterization of these new 

compounds (polythioamides),  which were carried on same instrument as mention in section 3.7. 

The studies of all polythioamides were carried out in DMF, expect (PNBOBSIPE) which was 

dissolved in THF. The polythioamides indicated three bands within 220- 340 nm (Fig: 5.3.1-

5.3.5) due to incorporation of conjugated thio groups (C=S) with conjugated C=C bonds of 

benzoid rings in the polythioamides. The first absorbtion band  appeared due to bathochromic 

shift in the band due to the of benzoid ring system of compound in (PNBOBSen) at 239.2 nm 

(1% ε =380.8 L g-1cm-1), (PNBOBSPn) at 240nm (% ε = 420.2 L g-1cm-1), (PNBOBSPR) at 

242nm(%ε =435.6 L g-1cm-1), (PNBOBPh) at 232nm (1% ε =417.6 L g-1cm-1) and 

(PNBOBSIPE) at 228 nm (1% ε = 319.2 L g-1cm-1). 

 

The second absorbtion band appeared in (PNBOBSen) at  252 nm (1% ε =428.4 L g-1cm-

1), (PNBOBSPn) at 252nm (% ε = 327.6 L g-1cm-1), (PNBOBSPR) at 256 nm(%ε =409.6 L g-

1cm-1), (PNBOBPh) at 248 nm (1% ε =347.2 L g-1cm-1) and (PNBOBSIPE) at 261 nm (1% ε = 

469.8 L g-1cm-1) due to π- π* transition within phenyl groups conjugated with ether linkage. 

 

The last absorption band is characteristic band which appeared due to π- π* transition of 

the conjugated C=S group in polythioamides. This band appeared in (PNBOBSen) at 318 nm 

(1% ε =222.6L g-1cm-1), (PNBOBSPn) at 319 nm (1% ε =307.4 L g-1cm-1),  (PNBOBSPR) at  

323 nm (1% ε =339.0 L g-1cm-1), (PNBOBSPh) at 324 nm (1% ε =226.8 L g-1cm-1) and 

(PNBOBSIPE) at 340 nm (1% ε =272.1 L g-1cm-1). 

 

Deletre et al [129] characterized their polythioamides in solution of mono and bis 

(dithioesters) with excess amines and indicated main peak of thio group (C=S) associated with π- 

π* transition of the aromatic rings of polythioamides within 300-380 nm in different compounds. 

The result suggested that π-electrons of the polythioamides were extensively delocalized along 

the main chain.  
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Fig: 5.3.1: U/V- Visible spectrum of derived polythioamide (PNBOBSen). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 5.3.2: U/V- Visible spectrum of derived polythioamide (PNBOBSPn). 
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Fig: 5.3.3: U/V- Visible spectrum of derived polythioamide (PNBOBSPR). 

 

 

Fig: 5.3.4: U/V- Visible spectrum of derived polythioamide (PNBOBSPh). 
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Fig: 5.3.5: U/V- Visible spectrum of derived polythioamide (PNBOBSIPE) 
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Table:5.3: Spectroscopic Studies of 4,4’-[naphthylbis(oxy)]bis benzaldehyde 
and their Polythioamides. 

 
Compound 

 
λmax 

 
ε  (L g-1 cm-1) 

 
Possible Assingmnt 

 
 
 
 

PNBOBSen 

 
239.2 

 
252 

 
 

318 

 
380.8 

 
428.4 

 
 

222.6 

 
π – π* transition in benzoid ring system. 

 
π – π* transition in phenyl and naphthyl 

rings conjugated with ether groups. 
 

π – π* transition in  thio group (C=S) 
conjugated with phenyl groups. 

 
 
 

PNBOBSPn 

 
240 

 
252 

 
 

319 

 
420.2 

 
327.6 

 
 

307.4 

 
π – π* transition in benzoid ring system. 

 
π – π* transition in phenyl and naphthyl 

rings conjugated with ether groups. 
 

π – π* transition in  thio group (C=S) 
conjugated with phenyl groups. 

 
 
 
 

PNBOBSPR 

 
242 

 
256 
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409.6 

 
 

339.0 

 
π – π* transition in benzoid ring system. 

 
π – π* transition in phenyl and naphthyl 

rings conjugated with ether groups. 
 

π – π* transition in  thio group (C=S) 
conjugated with phenyl groups. 

 
 
 
 

PNBOBSPh 

 
232 
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347.2 

 
 

226.8 

 
π – π* transition in benzoid ring system. 

 
π – π* transition in phenyl and naphthyl 

rings conjugated with ether groups. 
 

π – π* transition in  thio group (C=S) 
conjugated with phenyl groups. 

 
 
 

PNBOBSIPE 

 
228 

 
261 

 
 

340 

 
319.2 

 
469.8 

 
 

272.1 

 
π – π* transition in benzoid ring system. 

 
π – π* transition in phenyl and naphthyl 

rings conjugated with ether groups. 
 

π – π* transition in  thio group (C=S) 
conjugated with phenyl groups. 
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5.7 TG/ DTA SPECTRA OF 4,4’-[NAPHTHYLBIS(OXY)]BISBENZALDEHYDE AND 
THEIR DERIVED  POLYTHIOAMIDES. 

 

Thermogravimatry (TG) and differential thermal analysis (DTA) were recorded on 

Thermalgravimetric / Differential thermal Analyzer, Pyris Diamond TG / DTA (Perkin Elmer, 

Japan) with a nitrogen flow rate 50mL/min, from room temperature to 700 oC. The platinum 

crucibles were used for placing sample (10mg) and alumina as reference. The rate for heating 

was 10 oC/min. In case of, dialdehyde (NBOB) started weight loss at 180 oC and 100 % loss was 

observed at 600 oC, but in polythioamides weight loss started within 300-600 oC and 87-96 % 

weight loss occurred up to 700 oC.  

 

According to TG thermograph, the polythioamide (PMBOBSen) indicated initial weight 

loss at 300 oC with 18 % weight loss up to 325 oC. This compound further decomposed till 700 
oC with 94 % total weight loss. The maximum weight loss temperature was found to be 370 oC. 

Initially, both polythioamides (PMBOBSPn) and (PMBOBSPR) started weight loss from 295 oC 

and 303 oC with 18% and 14 % weight loss upto 330 oC. The further decompositions of these 

polythioamides followed upto 700 oC with 94 % and 95 % total weight loss. The maximum 

weight loss temperature was high in (PMBOBSPR) at 392 oC than (PMBOBSPn) at 382 oC, due 

to more stability of the 1,2-subsitution of azomethine groups in its structure.  In case of 

(PMBOBSPh), the weight loss began from 327- 397 oC with 36 % weight loss. The second 

decomposition was obtained from 425- 465 oC which further decomposed till 700 oC with 17% 

remaining residue and the maximum weight loss temperature was observed at 331 oC. While 

polymer (PNBOBSIPE) showed maximum weight loss at 412 oC with 87% total weight loss and 

was more thermally stable as compare to other polythioamides.  

 

DTA for polythioamides of 4,4’-[naphthyl bis(oxy)] benzaldehyde indicated melting 

points endotherm, followed by a series of vaporization/ decomposition of exotherm.the melting 

point endotherms ranged 205-245 oC in different polythioamides. The DTA showed a clear 

exotherm around 500 oC but (PNBOBSIPE) gave two exotherms at 360 oC and 454 oC due to the 

decomposition of the polythioamides [133]. 
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Finally TGA and DTA of all polythioamides were also recorded and results indicated that 

they are sufficiently thermally stable compounds. Therefore these polythioamides demonstrated 

more resistance to thermal decomposition than dialdehyde with temperature at same conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

        Fig: 5.4.1: TG/ DTA Thermograph of derived polythioamide (PNBOBSen). 

 

           

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 5.4.2: TG/ DTA Thermograph of derived polythioamide (PNBOBSPn). 
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Fig: 5.4.3: TG/ DTA Thermograph of derived polythioamide (PNBOBSPh). 

 

 

       
               Fig: 5.4.4: TG/ DTA Thermograph of derived polythioamide (PNBOBSIPE). 
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5.8 VISCOMETRIC MEASUREMENTS OF 4,4’-[NAPHTHYLBIS(OXY)]BIS 
BENZALDEHYDE AND THEIR DERIVED  POLYTHIOAMIDES.  

 
The viscosity measurements of 4,4’-[naphthylbis(oxy)]bisbenzaldehyde and their derived  

polythioamides in THF with 0.02-0.08 g/dL were noted within temperatures 283 - 323 K with 

interval of 10 K by using a suspended level viscometer (Technico ASTM 445) and optimized by 

similar way as discussed in earlier chapters.  

(i) Reduced Viscosity: 

The reduced viscosity of dialdehyde and polythioamides were obtained from equation 4 

and results are revealed in (Fig: 5.5.1-5.5.5). The reduced viscosity increased from 

polythioamides (PNBOBSen) to (PNBOBSTSc).  But some variations were also observed in 

(PNBOBSIPE), when the concentrations of polymeric solutions were raised then the ratio of 

viscosity increased rapidly due to the higher intermolecular forces of attraction between 

molecules. On higher temperature molecules became more portable and internal resistance of 

solution decrease, as a result decreased in reduced viscosity. 

Y. Saegusa et al [109] worked on the polymeric compounds which insoluble in common 

organic solvents but dissolved completely in acidic medium such as concentrated sulfuric acid 

and formic acid. However, these polymers had reduced viscosities up to 0.32 dL/g in 

concentrated sulfuric acid. 

 

Fig: 5.5.1: Reduced viscosity v/s concentration of polythioamide (PNBOBSen) at different 
temperatures. 
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Fig: 5.5.2: Reduced viscosity v/s concentration of polythioamide (PNBOBSPn). 

 

                      

 

 

 

 

 

 

 

 
 

Fig: 5.5.3: Reduced viscosity v/s concentration of polythioamide (PNBOBSPR).  
 

 

 

 

 

 

 

 

 
 

Fig: 5.5.4: Reduced viscosity v/s concentration of polythioamide (PNBOBSPh) at different  
temperatures. 
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Fig: 5.5.5: Reduced viscosity v/s concentration of polythioamide (PNBOBSIPE) at different 
temperatures. 

 
 (ii) Intrinsic Viscosity: 

The intrinsic viscosity was calculated from Huggins’s equation of viscous flow. The 

intrinsic viscosity of dialdehyde and their polythioamides ranged from (0.203- 0.846 g/dL) at 

different temperatures. The intrinsic viscosities of polythioamides increased continuously with 

increase in their molecular structure because if the number of carbon chain became high, the 

value of viscosity increased.  

Both polythioamides (PNBOBSPn and PNBOBSPR) contained same molecular weight 

but polythioamides (PNBOBSPR) showed more stable structure due to 1, 3-subsitution of amino 

groups, gave higher values of viscosities than (PNBOBSPn). The values are summarized in 

(Table: 5.4). 

Table: 5.4:  Intrinsic Viscosity of 4,4’-naphthylbis(oxy)]bisbenzaldehyde (NBOB) and Their  
Polythioamides  (dL/g). 

S.# CCoommppoouunnddss  
TTeemmppeerraattuurree  ((KK))  

228833kk  229933kk  330033kk  331133kk  

1 (NBOB) 00..224488  00..223344  00..221188  00..220033  

2 (PNBOBSen) 00..778844  00..770077  00..661199  00..552200  

3 (PNBOBSSPn) 00..778833  00..770077  00..661188  00..552266  

4 (PNBOBSSPR) 00..883399  00..882299  00..882255  00..881177  

5 (PNBOBSPh) 00..884433  00..884422  00..883399  00..883399  

6 (PNBOBSIPE) 00..884466  00..884433  00..883377  00..883322  
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(iii) Huggins’s constant: 

The Huggins constant (KH) is the expression for the viscosity of dilutes polymer solutions 

and measured from equation.  The values of the Huggins viscometric constant for semi rigid- and 

rigid-chain aromatic polymers were high, but not very high in comparison to the values for 

flexible-chain polymers. The Huggins viscometric constant nearly changed with increase the 

concentration of polymeric solution. The results are described in following (Table: 5. 5), which 

showed that both solvents (DMF/ THF) are poor solvents for these polythioamides. 

Table: 5.5: Huggin’s Constant of 4,4’-naphthylbis(oxy)]bisbenzaldehyde 
&Polythioamides 

S.# CCoommppoouunnddss  
CCoonncceennttrraattiioonn ((gg//ddll  ))  

00..0022  00..0033  00..0044  00..0055  

1 (PNBOBSen) 00..662277  00..664488  00..666699  00..669988  

2 (PNBOBSSPn) 00..665511  00..666633  00..668800  00..6699  

3 (PNBOBSSPR) 00..770022  00..771144  00..772211  00..772299  

4 (PNBOBSPh) 00..770044  00..771177  00..772266  00..773344  

5 (PNBOBSIPE) 00..771166  00..773333  00..774422  00..775588  

 

(iv) Absolute Viscosity (η): 

The absolute viscosity was calculated from (equation 2.8). The values of absolute 

viscosity for dialdehyde (NBOB) and their polythioamides at variable temperature and 

concentration are given in (Table: 5.6.1-5.64.5). The absolute viscosity of polythioamides 

increased from (0.417- 0.86 g/dL) with increase in concentration and decreased with increase in 

different temperatures. The values of derived polythioamides are given in following tables. 

 

Table: 5. 6.1: Absolute Viscosity v/s Concentration for (PNBOBSen) (m.N.S/m2). 

CCoonncceennttrraattiioonn  
((g/dL)  

TTeemmppeerraattuurree ((KK)) 

228833  229933  330033  331133  

00..0022  00..770033  00..660055  00..550077  00..441177  

00..0033  00..771111  00..661155  00..552222  00..443322  

00..0044  00..772200  00..663333  00..553388  00..444411  

00..0055  00..773322  00..663355  00..553399  00..44449911  

00..0066  00..774400  00..664422  00..554466  00..446699  
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Table: 5. 6.2: Absolute Viscosity v/s Concentration for plolythioamide (PNBOBSPn)  
(m.N.S/m2). 

CCoonncceennttrraattiioonn  

((g/dL)  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  00..883344  00..882211  00..880077  00..779999  

00..0033  00..883355  00..882222  00..880077  00..779966  

00..0044  00..883377  00..882233  00..880088  00..779988  

00..0055  00..883388  00..882255  00..880099  00..779999  

00..0066  00..884400  00..882266  00..881122  00..880011  

 

Table: 5. 6.3: Absolute Viscosity v/s Concentration for plolythioamide (PNBOBSPR)  
(m.N.S/m2). 

CCoonncceennttrraattiioonn  
((g/dL)  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  00..884466  00..884444  00..884422  00..884422  

00..0033  00..884477  00..884477  00..884444  00..884433  

00..0044  00..884488  00..884477  00..884455  00..884444  

00..0055  00..885500  00..884499  00..884477  00..884466  

00..0066  00..885511  00..885500  00..884488  00..884488  

 

Table: 5. 6.4: Absolute Viscosity v/s Concentration for polythioamide (PNBOBSPh)  
(m.N.S/m2). 

CCoonncceennttrraattiioonn  
((g/dL)  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  00..884422  00..883322  00..882288  00..882200  

00..0033  00..884433  00..883333  00..883311  00..882222  

00..0044  00..884444  00..883355  00..883333  00..882233  

00..0055  00..884466  00..883366  00..883355  00..882244  

00..0066  00..884477  00..883377  00..883355  00..882266  
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Table: 5. 6.5: Absolute Viscosity v/s Concentration for polythioamide (PNBOBSIPE)    
(m.N.S/m2). 

 

CCoonncceennttrraattiioonn  
((g/dL)  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  00..885511  00..884477  00..884411  00..883355  

00..0033  00..885522  00..884488  00..884422  00..883355  

00..0044  00..885544  00..884499  00..884433  00..883366  

00..0055  00..885555  00..885511  00..884455  00..883388  

00..0066  00..886600  00..884433  00..884477  00..883399  

 

 

Thermodynamic Parameter: 

 Chemical thermodynamic is the study of interrelation of heat with chemical reaction or 

with physical change of state within the confines of the law of thermodynamics. The 

thermodynamic parameters of polymeric solution are the function of concentration and 

temperature. These parameters give information about the structure and orientation of polymer 

molecules in the dilute solution. The thermodynamic parameters include energy (ΔGv), heat 

(ΔHv) and entropy of activation flow (ΔSv). 

 

 

(i)  Energy of Activation of Viscous Flow (ΔGv): 

The energy of activation of viscous flow was calculated from the viscosity of system 

using (equation 2.10). The results of energy of activation of viscous flow of dialdehyde (NBOB) 

and their polythioamides are listed in (Table: 5.7.1- 5.7.5) at different temperatures and 

concentrations. The energy of activation increased with increase in concentration as well as 

temperature in dilute solutions. Hence the main fundamental application of Gibb’s free energy by 

thermodynamic reaction was its change in value during the formation of the compound from the 

standard state of the polythioamide or its reaction. 
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Table: 5.7.1: Energy of activation of viscous flow (ΔGv) for polythioamide  (PNBOBSen)  
(K. J. mol-1). 

CCoonncceennttrraattiioonn  
((g/dL)  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  1155..4422  1155..6600  1155..6699  1155..7711  

00..0033  1155..4455  1155..6644  1155..7766  1155..7799  

00..0044  1155..4488  1155..7711  1155..8844  1155..8855  

00..0055  1155..5522  1155..7722  1155..8844  1155..8899  

00..0066  1155..5544  1155..7755  1155..8888  1166..0000  

 

Table: 5.7.2: Energy of activation of viscous flow (ΔGv) for polythioamide  (PNBOBSPn)  
(K. J. mol-1). 

CCoonncceennttrraattiioonn  
((g/dL)  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  1155..4433  1155..6666  1155..8811  1155..8877  

00..0033  1155..4466  1155..6699  1155..8855  1155..9933  

00..0044  1155..4499  1155..7733  1155..9900  1155..9988  

00..0055  1155..5522  1155..7766  1155..9944  1166..0033  

00..0066  1155..5555  1155..7799  1155..9988  1166..0088  

 

Table: 5.7.3: Energy of activation of viscous flow (ΔGv) for polythioamide (PNBOBSPR)  
(K. J. mol-1). 

CCoonncceennttrraattiioonn  
((g/dL)  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  1155..4466  1155..7711  1155..8866  1155..9944  

00..0033  1155..4499  1155..7733  1155..9900  1155..9999  

00..0044  1155..5522  1155..7777  1155..9955  1166..0044  

00..0055  1155..5555  1155..8800  1155..9999  1166..0099  

00..0066  1155..5588  1155..8833  1166..0033  1166..1144  
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Table: 5.7.4: Energy of activation of viscous flow (ΔGv) for polythioamide (PNBOBSPh)  
(K. J. mol-1). 

CCoonncceennttrraattiioonn  
((g/dL)  

TTeemmppeerraattuurree  ((KK))  

228833  229933  330033  331133  

00..0022  1155..5555  1166..0077  1166..6600  1177..1111  

00..0033  1155..5577  1166..0099  1166..6611  1177..1122  

00..0044  1155..5577  1166..1100  1166..6622  1177..1122  

00..0055  1155..5599  1166..1111  1166..6644  1177..1144  

00..0066  1155..6600  1166..1122  1166..6644  1177..1155  

 

Table: 5.7.5:  Energy of activation of viscous flow (ΔGv) for polythioamide (PNBOBSIPE)  
(K. J. mol-1). 

CCoonncceennttrraattiioonn  
((g/dL)  

TTeemmppeerraattuurree ((KK)) 

228833  229933  330033  331133  

00..0022  1155..5544  1166..0033  1166..5566  1177..0088  

00..0033  1155..5555  1166..0055  1166..5577  1177..1100  

00..0044  1155..5566  1166..0066  1166..5588  1177..1122  

00..0055  1155..5577  1166..0088  1166..5599  1177..1144  

00..0066  1155..5588  1166..1100  1166..6600  1177..1155  

 

 (ii) Heat of Activation of Viscous Flow (ΔHv): 

It is very difficult to measure absolute amount of any thermodynamic quantity involving 

the enthalpy. Each substance has its own typical temperature at which it begins to show 

thermodynamics reaction. 

The heat of activation of viscous flow was calculated for dialdehyde (NBOB) and their 

polythioamides from slope of (ΔHv /R) of straight line from graph Log and 1/T. The results are 

listed in (Table: 5.8) which confirmed that both dialdehyde and polythioamides followed the 

rule of enthalpy of viscous flow, and the values of ΔHv   decreased with increase in molecular  

mass of polythioamides. As the polythioamide (PNBOBSIPE) has more mass so the result of 

enthalpy was 8.539 g/dL which was low value than other polythioamides.  
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         Fig: 5.6.1:  Plot of lηabs v/s reciprocal temperature for polythioamide (PNBOBSen). 

 

 

 

 

 

 

 

 

 
 

Fig: 5.6.2:  Plot of lηabs v/s reciprocal temperature for polythioamide (PNBOBSPn). 

 

 

       Fig: 5.6.3:  Plot of lηabs v/s reciprocal temperature for (PNBOBSPR). 
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Fig: 5.6.4:  Plot of lηabs v/s reciprocal temperature for (PNBOBSPh). 
 

 

Fig: 5.6.5:  Plot of lηabs v/s reciprocal temperature for (PNBOBSIPE). 
 

Table: 5.8:  Enthalpy of activation of viscous flow (ΔHv) for 4,4’-naphthylbis (oxy)]bis 
benzaldehyde  & Polythioamides  (K. J. mol-1). 

S.# CCoommppoouunndd  
CCoonncceennttrraattiioonn  ((gg//ddll))  

00..0022  00..0033  00..0044  00..0055  

1 (NBOB) 1133..4411  1133..3366  1133..3333  1133..3300  

2 (PNBOBSen) 1111..2277  1111..9988  1111..9999  1122..1188  

3 (PNBOBSSPn) 1100..5511  1100..6633  1100..8800  1100..9988  

4 (PNBOBSSPR) 1100..2244  1100..4411  1100..5511  1100..7722  

5 (PNBOBSPh) 99..5511  99..5544  1100..0022  1100..1111  

6 (PNBOBSIPE) 88..5533  88..9911  99..3355  99..8855  
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(iii) Entropy of Activation Viscous Flow       (ΔSv) 

 The entropy of activation of viscous flow is a function of the degree of order of the 

system. The negative values of entropy showed that the disorderness was observed during the 

flow process of compounds. The polythioamides became excited by raising the temperatures 

then the values of randomness reduced as compare to low temperature.  The change in entropy 

(∆Sv) at the normal phase transition temperature was equal to the heat of transition divided by the 

transition temperature. The results of ΔSv are summarized in (Table: 5.9). 

Table: 5.9: Entropy of activation of viscous flow (ΔSv) for 4,4’-naphthylbis(oxy)]bis 

benzaldehyde (NBOB) and Polythioamides (K. J. mol-1). 

Compounds 
Temperature (K) 

283 293 303 313 323 

(PNBOBSen) --00..004400  --00..003355  --00..002299  --00..002211  -0.014 

(PNBOBSPn) --00..004433  --00..003388  --00..003311  --00..002222  --00..001177  

(PNBOBSPR) --00..004455  --00..004400  --00..003344  --00..002244  -0.020 

(PNBOBSPh) --00..004455  --00..004411  --00..003366  --00..002277  --00..002222  

(PNBOBSIPE) --00..004488  --00..004444  --00..004400  --00..002299  -0.025 

 

5.9 CONCLUSIONS: 

Willgerodt-Kindler type of polycondensation is a versatile method for the preparation of 

polythioamide for its simple reaction and a variety of dialdehyde & diamines are treated in the 

presence of sulfur.  Polythioamides are less stable polymers having reduced melting point as 

compared to their Schiff base polymers. In this research, five new polythioamides were prepared 

by coupling polycondensation of different diamines (ethylenediimine, 1,2-propylenediamine, 

1,3-propylenediamine, 1,2-phenylenediamine and 4-aminophenylether) in the presence of sulfur 

with a dialdehyde [4,4’-naphthylbis(oxy)bisbenzaldehyde)] (NBOB). These polythioamides were 

obtained in moderate to good yield by this type of polycondensation. These compounds were 

further characterized by various spectroscopic techniques C. H. N analysis, FT.IR and U/Vis 

spectroscopy.  
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All polythioamides indicated two characteristic bands within 3345-3422  cm-1 and 1227 –

1247 cm-1 due  to  υN-H vibrations and υC=S vibrations.  The polythioamide (PNBOBSPn) gave 

a duplet of peak at 1382 cm-1 as a result of isopropyl group which indicated symmetrical CH3 

group deformation. The ether bands also appeared in these polythioamides within 1085- 1105 

cm-1, which was already present in the structure of dialdehyde.  

 

These polythioamides were dissolved in DMF, only (PNBOBSIPE) was soluble in THF. 

All polythioamides gave three absorption peaks of π – π* transition in benzoid ring system, π – 

π* transition within phenyl group conjugated with ether linkage, π – π* transition in thio group 

(C=S) as compare to dialdehyde. 
 

The TG and DTA studies were observed with dialdehyde (NBOB) and polythioamides. 

During this study these polythioamides indicated good thermal stability up to 700 oC for 87-96 % 

weight loss. DTA spectra for different polythioamides of 4,4’-methyl bis(oxy) benzaldehyde 

indicated endotherm from 205-245 oC. In this polythioamides, DTA thermograph showed a clear 

exotherm at 415 oC with a clear exotherm but (PNBOBSPh) represented two exotherms at 360 
oC and 454 oC. 

 

All viscosities of these polythioamides measured with different concentrations (0.02-0.08 

g/dL) and temperatures 283 - 323 K by using a suspended level viscometer. The intrinsic 

viscosities of these polythioamides ranged within 0.520- 0.846 dL/g. The values of Huggins 

constant varied from 0.627- 0.758, represented that both solvents (DMF/ THF) were poor 

solvents for these prepared polythioamides. 

 

The free energy of activation was increased with increase in molecular mass of various 

synthesized polythioamides, but decreased on raising heat of polymeric solutions. Finally, the 

negative values of entropy indicated that the disorderness was observed during the flow process 

by increasing molecular weight of polythioamides.  
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CHAPTER 6 

PREPARATION OF POLY METAL COMPLEXES FROM POLYMERS OF 5,5-
METHYLENE BIS(2-HYDROXYBENZALDEHYDE) / 6, 6’-METHYLENEBIS  

(2- HYDROXYNAPHTHALDEHYDE) 
 

6.1 INTRODUCTION: 

A polymer–metal complex is composed from man-made polymer as ligand with metal 

ions by a coordinate bond. Those polymers contain nitrogen, oxygen or sulphur at anchoring 

sites, are able to form metal complexes with different metals through coordinating site or by a 

chemical reaction having the coordinating aptitude. The polymer–metal complexes can be 

classified on the basis of position occupied by the metal, which is determined by the method of 

preparation, into different polymeric groups. Different sort of polymer ligands form 

complexation with a variety of metal ions such as, cross-linked polymers, ligands having may be 

intramolecular and/or intermolecular chelating functions. The central metal atoms may exhibit 

catalytic behaviors, which are markedly different from their molecular weight analogues. Mostly 

synthetic polymer–metal complexes have elevated catalytic efficiency, regeneration of trace 

metal ions, in accumulation to ion selectivity in waste water treatment, and hydrometallurgy of 

metal ions. 

6.2 LITERATURE REVIEW: 

A variety of research projects about the coordination complexes has focused on the 

heterogeneous systems. They contained additional economical potentials and benefits than 

homogeneous systems. Some of these are discussed as following: 

 

Marvel and Tarkoy [134] synthesized Schiff base polymers by polycondensation of 5, 

5’-methylenebis(salicyaldehyde) with o-phenylenediamine. They prepared polymeric Schiff base 

metal chelats with Zn, Ni, Fe and Co. All compounds were characterized by various 

spectroscopic techniques.  

 

Goodwin with his coworkers [135] condensed 5,5’-methylenebis(salicyaldehyde) and 5, 

5’-sulfonylbis(salicyaldehyde) with triethylenetertramine to obtain Schiff base  polymers.  
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Kleen et al [136] reported co-ordination compounds from polymers of 3-subsituted 

bis(ß-diketone)beryllium complexes. They were prepared by melt or solution of metal ions with 

difunctional organic molecules of polymers. They were relatively unstable at 200 oC and the heat 

stabilities were well accounted for inductive and resonance effects produced by various 

substituents groups belong to respective polymers. 

Sawodny et al [137] reported preparation and thermal stability of polymeric metal 

chelats of Be(II), Zn(II), Cu(II), Ni(II), Pd(II), Co(II), Fe(II), Cr(II), VO(II), In(II), Co(III), 

Rh(III), Fe(III), Cr(III), Ti(III) and U(VI) prepared with 5,5’-methylene bis salicyaldehyde and 

different diamines. But metal complexes could not be obtained with Mn(II). Beside analytical 

results the complexes were characterized by magnetic and infrared measurements.  

             Bottino et al [138] reported the properties of polymeric Schiff bases derived from 5,5′-

methylene-bis-salicylaldehyde in complexing with different metal ions and characterized by C. 

H. N analysis, U.V-Vis spectroscopy, NMR spectroscopy and thermal analysis. 

           Reitzle and Sawodny [139] reported the synthesis of Schiff base polymeric metal 

complexes with Mn(II),Ni(II), Pd(II), Pt(II), In(II) and Au(III). They were characteristic by IR 

studies and the bands like, υSO of the bridging SO2 group were invariably at 1300 and 1150 cm-1 

present in spectra. The two bands of NH group appeared at 3450 and 3340 cm-1, which shift to 

3405 and 3250 cm-1 in the Schiff base polymer.  

                El-sayed Mansour [140] synthesized different types of Schiff base polymers of 5,5’-

methylenebis(salicyaldehyde) and characterized them. The intrinsic viscosities of polymers were 

ranged within 0.019-0.241 dL/g in THF at room temperature. 

Kocain et al [141] reported the synthesis, characterization of new polyethyleneoxy 

substituted salicylaldimine Schiff bases polymers as well as their corresponding reduced tetra- 

and penta-aza ligands and gadolinium(III) complexes. The potential agents were also 

investigated in magnetic resonance imaging. 
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Khuhawar et al [142] synthesized four new Schiff base polyemrs from 5,5'-methylene-

bis-salicylaldehyde with different diamines tetramethylethylenediamine, meso-stilbene-diamine, 

dl-stilbenediamine and 2,6-diaminopyridine and derived copper(II) and  nickel(II) complexes.  

They were characterized by elemental micro-analysis, I.R and UV/ Vis spectrophotometry. The 

reduced viscosity of PMSATen, meso-PMSAS and dl-PMSAS measured in tetrahydrofuran 

(THF) was found in the range of 0.135-0.315.  

 

              Kaliyappan and Kannan [143] worked on Polymer-metal complexes. They 

synthesized poly(2-hydroxy-4-methacryloyloxybenzaldehyde), characterized its spectral and 

thermal properties.  

Kaliyappan et al [144] studied on poly(2-Hydroxy-4-methacryloyloxybenzophe-none) 

and its  Cu(II), Ni(II) metal complexes polymerized from 2-Hydroxy-4-

methacryloyloxybenzophenone in 2-butanone at 70 °C using benzoyl peroxide as initiator. These 

compounds were characterized by infra-red spectra, X-ray diffraction, spectral studies, magnetic 

moments and electrical conductivity measurements. Thermal analyses of the polymer and 

polychelates were carried out in air. The catalytic activity of polychelates was discussed. 

         Pillai et al [145] synthesized novel Schiff base polymer from 3-allylsalicyaldehyde with 

various diamines (1,2-diaminoethane, 1,3-diaminopropane, 1,2-diaminobenzene, and 2,2’-

diaminodiethyl amine). The Schiff base obtained from 3-(β-Me vinyl)salicyaldehyde with 1,2-

diaminoethane was also described. All products were characterized by IR, U.V, IHNMR, 13C, 

and C. H. N analysis. 

 

Özgen et al [146] reported the polyhydroxyethylmethacrylate (PHEMA) microbeads in 

the 150–200 μm particle size range, to remove Pb(II), Cd(II), Cu(II) and Zn(II) from aqueous 

solutions in a packed-bed column system. The maximum metal ion uptake values found were: 

80.60, 96.98, 78.36, 103.98 μmol/g polymer for Pb(II), Cd(II), Cu(II) and Zn(II), respectively. 

The heavy metal adsorption capacity of the microbeads decreased with an increase in the 

circulation rate of aqueous solution. The order of affinity was Zn(II)>Cd(II)>Pb(II)>Cu(II) based 

on molar uptake. It had high desorption ratio as 98.5%. 
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Hasan et al [147] synthesized some copper(II), zinc(II) and cobalt(II) complexes with 

oligosalicylaldehyde. These metal complexes were characterized by FT-IR, magnetic moments 

and elemental analyses methods. According to TG, these metal complexes were stable 

throughout the temperature and thermooxidative decomposition. The weight losses were found to 

be 5 and 50% at 191 and 525°C (Cu(II)), 300 and 592°C (Zn(II)) and 245 and >600°C (Co(II)), 

correspondingly. 

 

 Chi-Chung Kwok et al [148] synthesized thermally stable zinc(II) Schiff base polymers 

formed by reactions of zinc(II) salts and salicylaldimine monomers. These polymers emitted 

green or orange light with 5 and 6 V in DMF; and their upper limit efficiency was of 2.0 and 2.6 

A–1 respectively. 

 

          Khuhawar et al [149] prepared some new Schiff base polymers, formed by 

polycondenstion of 5,5’-methylenebis(2-hydroxyacetophenone) or 6,6’-methylenebis(2-hydroxy 

naphthaldehyde) with 1,2-propylenediamine, 1,3-propylenediamine, urea semicarbazide and 

thiosemicarbazide. The polymers were characterized by elemental micro analyses, I.R, U. V 

spectroscopy. The viscometric parameters were also discussed.  

 

Abdul Rauf [150] synthesized some Schiff bases polymers by the reactions of 2-

aminoniconitic acid and bis salicyaldehyde/ 5-bromosalicyaldehyde/ 5-nitrosalicyaldehyde/ 5-

methoxysalichylaldehyde, correspondingly. The synthesized Schiff bases polymers gave no or 

moderate activity against single or many bacterial species, but metal complexes (cobalt(II), 

nickel(II) and zinc(II) complexes) showed relatively much higher activity . 

 

Aysegul et [151] synthesized poly metal complexes of 4-[(4-bromo-phenylimino)-

methyl]-benzene-1,2,3-triol (A1), 4-[(3,5-di-tert-butyl-4-hydroxy-phenylimino)-methyl]-

benzene-1,2,3-triol (A2), 3-(p-tolylimino-methyl)-benzene-1,2-diol (A3), 3-[(4-bromo-

phenylimino)-methyl]-benzene-1,2-diol (A4), and 4-[(3,5-di-tert-butyl-4-hydroxy-phenylimino)-

methyl]-benzene-1,3-diol (A5), with  Cd(II) and Cu(II) metal ions.  These complexes were 

investigated by using elemental analysis, FT-IR, UV–Vis, 1H and 13C NMR, mass spectra, 
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magnetic susceptibility and conductance measurements. These synthesized poly metal complexes 

gave pronounced results toward biological activity. 

 

6.3 EXPERIMENTAL: 

6.3.1: Synthesis of monomers: 

5,5’-methylenebis(2-hyroxybenzaldehyde)/ 6,6’-methylenebis(2-hydroxy naphthaldeyde) 

were prepared by reported condensation methods [142-149] . 

 

6.3.2: Synthesis of polymers from 5,5-methylenebis(2-hydroxybenzaldehyde)/ 6,6’-

methylenebis(2-hydroxynaphthaldehyde): 

 To 5,5-methylenebis(2-hydroxybenzaldehyde) (1.28 gm) or 6,6’-methylenebis(2-hydroxy 

naphthaldehyde) (1.78 gm) dissolved in DMSO (50 mL) was added hydrazine (0.16ml) or 4-

aminophenylether (1.002 gm) dissolved in THF (5 ml) and acetic acid (2ml). The reaction 

mixture was refluxed for 24 h with constant stirring, the content was concentrated to about half 

of the volume and the mixture was poured to ethanol (50 ml). The colored precipitates obtained, 

were filtered and dried in oven. Finally, recrystallized the crude precipitates in acetone and n-

hexane.     

 

 

6.3.3: Synthesis of poly metal complexes: 

Polymeric Schiff Metal complexes were prepared by a solution technique. A typical 

procedure for the preparation is as follows [151] with some modification: 

 

(2 mmol) of polymer was dissolved in 100 mL of DMF/ THF and the pH of solution was 

adjusted to 7 with dilute NH4OH. An aqueous solution of Cu(II) acetate (5 mmol) was added 

drop wise to the Schiff base polymeric solution with constant stirring in nitrogen atmosphere. 

The mixture was then digested at 80-85 oC for 14 h and kept overnight at room temperature with 

continuous stirring. The reaction mixture was poured in chilled water. The precipitates of metal 

chelates was formed, filtered, washed with hot distilled water and recrystallized from ethanol. 

This crude product was dried at 100 oC. The similar procedure was adopted for the preparation of 

Ni(II) complex.  
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(i) 

 

OO CH2

CH =N       N=CH
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(ii) 

OO CH
2
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M
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CH =N                           N=CH

 

M= Cu, Ni 

 

Fig: 6.1:  Structure diagrams of (i) poly schiff metal chelates of poly 6, 6’-methlenebis       
(2-hydroxynaphthaldehyde)azine and (ii) poly schiff metal chelates of poly 6, 6’-methlene 

bis(2-hydroxynaphthaldehyde)4-iminophenylether. 
 

 

 

6.4 C. H. N Elemental Microanalysis 

The elemental microanalysis is one of the basic tools which give exact composition of 

each element present in new compound. These C. H. N analyses were carried out by H.E.J 

University of Karachi, Karachi. The percentages found of all synthesized compounds agreed 

with theoretical yield of compounds, (Table: 6.1). 
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Table: 6.1: C.H.N Analysis of Poly Metal Complexes of Polymers Derived From the 
monomers 5,5’-methylenebis(2-hydroxybenzaldehyde) and 6,6’-methylenebis(2-hydroxy 

naphthaldehyde) 
 

S.#: 

 

Compounds 

 

Molecular  formula 

 

% Calculated % Found 

C H N C H N 

1 (PMBHBHCu(II)) (C15H10N2O2 Cu)n 40.03 2.23 6.22 40.01 2.31 6.10

2 (PMBHBIPECu(II)) (C27H18N2O2.Cu)n 52.45 2.91 4.53 52.22 2.67 4.28

3 (PMBHBHNi(II)) (C15H10N2O2.Ni)n 36.10 2.05 5.74 35.89 2.10 5.52

4 (PMBHBIPENi(II)) (C27H18N2O2.Ni)n 49.41 2.74 4.27 49.24 2.62 4.16

5 (PMBHNHCu(II)) (C24H14N2O2.Cu)n 51.27 2.49 4.98 51.15 2.51 4.79

6 (PMBHNIPECu(II)) (C36H22N2O3.Cu)n 59.2 3.01 3.83 59.08 2.99 3.74

7 (PMBHNHNi(II)) (C24H14N2O2.Ni)n 48.02 2.33 5.05 47.97 2.35 4.93

8 (PMBHNIPENi(II)) (C36H22N2O3.Ni)n 56.20 2.86 3.64 56.0 2.89 3.59

 

 

6.5 FT I. R STUDY FOR POLY METAL COMPLEXES:  

All infrared spectra of poly metal complexes of Poly 5,5’-methylenebis(2-hydroxy 

benzaldehyde) and Poly 6,6’-methylenebis(2-hydroxynaphthaldehyde) with hydarize and 4-

aminophenylether are shown in Fig (6.2.1- 6.2.9).  

Infrared spectra were recorded on same instrument as describe in (section: 3.8). The 

spectra of all compounds are divided into three main regions, namely 4000 -2000 cm-1, 2000 -

1000 cm-1 and 1000 -600 cm-1.  
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THE REGION 4000-2000cm-1 

  The Schiff base polymers formed poly metal complexes with Cu(ll) and Ni(ll) metal ions. 

These metal complexes gave weak absorption band at 3082- 3016 cm-1 due to C-H aromatic 

stretching. The methylene group (-CH2-) was assigned as an asymmetric stretching mode at 2965 

cm-1. 

 

THE REGION 2000-1000cm-1 

All poly metal complexes showed several bands of strong to medium intensities like 

monomer but none of peak was found at 1700 cm-1, and didn’t indicated peak for carbonyl 

group. The I.R spectrum of poly metal complexes gave rise a characterized peak around 1648- 

1615 cm-1 due to υC=N vibration frequencies. The imine peak (–HC=N- group) in metal 

complexes were showed red shifts below 12-20 cm-1 compared to polymers, indicating 

coordination of the imine nitrogen to the metal ions. These poly metal complexes indicated a few 

bands within 1603- 1580 cm-1 due to aromatic ring and C=C vibration. All gave two to three 

bands within 1578-1395 cm-1 due to aliphatic and aromatic ring and υC=C vibration. Another 

peak of N-N vibration was only found in poly metal complexes of hydrazine around 1340-1440 

cm-1. The C-O-Cu band frequency in metal complexes appeared 1281 cm-1 as strong band, 

indicating involvement of phenolate oxygen atom in the coordination. These frequencies also 

observed in Ni complexes.  

 

Bottino et al [138] reported υC=N vibration frequencies in polymers as well as their poly 

metal chelates after the condensation reaction within 1650-1622 cm-1 with different metal ions. 

The strong peak of υO-H banding was appeared in the polymers but after the complexation in 

poly metal chelates that band vanished due to the formation of coordination bond between 

polymer and metal ion.  

 

 THE REGION 1000-600cm-1 

  Several bands of strong and medium intensities were obtained within 1000-700 cm-1 due 

to in and out of plane C-H vibration due to adjacent aromatic hydrogen atoms present in all 

compounds.  
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Fig: 6.2.1: Infrared spectrum for poly metal chelate (PMBHBHCu) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 6.2.2: Infrared spectrum for poly metal chelate (PMBHBHNi) 
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Fig: 6.2.3: Infrared spectrum for poly metal chelate (PMBHNHCu) 

 

Fig: 6.2.4: Infrared spectrum for poly metal chelate (PMBHNHNi) 

 

Fig: 6.2.5: Infrared spectrum for poly metal chelate (PMBHBIPECu) 
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Fig: 6.2.6: Infrared spectrum for poly metal chelate (PMBHNIPENi) 

 

 

 

 

 

 

 

 

 

 
Fig: 6.2.7: Infrared spectrum for poly metal chelate (PMBHNIPENi) 

 

 

 

 

 

 

 

 

 
 

Fig: 6.2.8: Infrared spectrum for poly metal chelate (PMBHNIPENi) 
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Table: 6.2: Infrared Spectroscopic Study of Poly Metal Chelates Derived From the Monomers 5, 
5’-methylenebis(2-hydroxybenzaldehyde) and 6, 6’-methylenebis(2-hydroxy 

naphthaldehyde). 

(PMBHBHCu) (PMBHBHNi) (PMBHNHCu) (PMBHNHNi) 
Possible 

Assignment 

3016 (w) 3030 (w) 3046 (w) 3020 (w) 
C-H aromatic 

vibration 3034(w) 3026 (w) 3028 (w) 3006 (w) 

2946 (w) 2990 (w) 2994 (w) 2900 (w) 
C-H aliphatic 

vibration - 2850 (w) 2856 (w) 2830 (w) 

1632 (s) 1630 (s) 1632 (s) 1620 (s) 

C=N vibration 1502 (m) 1610 (w) 1618 (m) - 

1594 (s) - - - 

1562 (s) 1550 (s) 1562 (m) 1550 (w) 
C=C vibration 

 1558 (w) 1481 (w) 1496 (s) 1480 (w) 

1440 (s) 1450 (s) 1480 (w)   

1326 (m) 1340 (w) 1356 (w) 1395 (m) 
C-H bending 

 - - - 1340 (w) 

1361(m) - 1377 (m) - N-N vibration 

1281(m) - 1280(s) - C-O-Cu bending 

1208 (w) 1250 (w) 1208 (m) 1220 (w) O-R bending 

1194 (w) 1200 (s) 1164 (w) 1145 (w) C-O bending 

904 (w) 970 (w) 978 (w) 1020 (w) 
CH2 group 

deformation - 920 (w) 934 (w) 900 (s) 

837 (w) 850 (m) 855 (m) 855 (m) 
=CH bending 

 816 (m) 800 (w) 818 (w) - 

759 (m) 770 (s) 767 (s) 760 (s)  
 
 

C-H out of plane 
bending vibration 

 
 
 

705 (s) 710 (w) 720 (s) 714 (s) 

 

- 
- - 706 (w) 



 
 

 

178

 

(PMBHB IPECu) 

 

(PMBHBIPENi) 

 

(PMBHNIPECu) 

 

(PMBHNIPENi) 

 
Possible 

Assignment 

3038 (w) 3086 (m) 3024 (m) 3067 (w) 
C-H aromatic 

vibration 3022 (w) 3045 (w) 3010 (m) 3033 (m) 

2982 (m) 2989 (w) 2977 (m) 2979 (w) 
C-H aliphatic 

vibration 2866 (w) 2874 (w) - 2880 (w) 

1622 (s) 1628 (s) 1619 (s) 1635 (s) 
C=N vibration

1617 (w) 1620 (w) - - 

1602 (m) 1600 (m) 1590 (w) 1598 (s) 
C=C vibration

1586 (w) 1592 (m) 1576 (w) 1583 (w) 

1569  (m) 1576 (m) 1553 (w) -  

1457 (m) 1456 (m) 1445 (m) 1460 (m) 
C-H bending 

1396 (w) 1416 (s) - 1433 (w) 

1366 (m) - 1382 (m) - N-N vibration 
 

1283 (m) - 1281 (m) - C-O-Cu 
bending 

1196 (m) 1189 (w) 1171 (w) 1198 (w) 
O-R bending 

1181 (w) 1180 (w) 1188 (w) - 

1126 (w) 1138 (w) 1116 (w) 1123 (s) C-O bending 

1048 (m) 1053 (m) 1030 (w) 1048 (w) -C-O-C- ether 
linkage 

912 (w) 930 (w) 908 (w) 913 (w) 
CH2 group 

deformation - - - 924 (w) 

867 (w) 873 (w) 856 (w) 880 (w) 

=CH bending 
812 (w) 826 (w) 808 (w) 834 (w) 

763 (s) 779 (s) 759 (s) 766 (s) C-H out of 
plane bending 

vibration 713 (s) 718 (s) 707 (s) 700 (s) 
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6.6: ULTRAVIOLET VISIBLE ABSORPTION STUDY FOR POLY METAL 
CHELATES : 

 
  A number of investigations were carried out including the electronic spectra of the metal 

chelates of Schiff base like bis(acetylacetone)ethylenediimine, 

bis(salicyaldehyde)ethylenediimine and their reagents [142]. These metals chelate containing 

copper, nickel, cobalt, palladium, platinum, iron, oxovanadium and dioxouranium. 

In present work, electronic spectra of newly synthesized poly metal complexes poly 5,5’-

methylenebis(2-hydroxybenzaldehyde)azine (PMBHBH),  poly 5,5’-methylenebis(2-hydroxy 

benzaldehyde)4-iminophenylether (PMBHBIPE), poly 6,6’-methylenebis(2-hydroxy 

naphthaldehyde)azine (PMBHNH),  and poly 6,6’-methylenebis(2-hydroxynaphthaldehyde)4-

iminophenylether (PMBHNIPE) were recorded.  

 

The spectroscopic studies were recorded on same instrument as describe in (section 3.7) 

up to 600 nm. UV/Visible spectra of these metal complexes were carried out in THF. As the 

polymers indicted almost three absorption bands due to π- π* transition in the benzoid rings, π- 

π* conjugated carbonyl groups and C=N chromophic groups of compounds.  

 

The metal complexes (chelates) indicated three or four bands (Fig:  6.3.1-6.3.8) and the 

observation of a new band or the shift in the position of the band as compared to Schiff base 

polymers might be attributed to metal ions incorporated in the metal chelates. The initial 

absorption band appeared due to π- π* transition in the benzoid and phenyl system in 

(PMBHBHCu) at 262 nm (1% ε =445.4 L g-1cm-1), (PMBHBHNi) at 252.9 nm (1% ε =429.93 L 

g-1cm-1), (PMBHBIPECu) at 225nm (1% ε = 319.5 L g-1cm-1) and 253 nm (1% ε =404.8 L g-1cm-

1), (PMBHBIPENi) at 282 nm (1% ε =234.2 g-1cm-1), 296 nm (1% ε =503.1 g-1cm-1), 

(PMBHNHCu) at 256.4 nm (1% ε =410.24 L g-1cm-1), (PMBHNHNi) at 238.4 nm (1% ε 

=333.76 L g-1cm-1), (PMBHNIPECu) at 238nm (1% ε =380.8 L g-1cm-1), 258 nm (1% ε = 438.6 

L g-1cm-1), (PMBHNIPENi) at 234.7 nm(1% ε = 280.8 L g-1cm-1) and 274 nm (1% ε = 438.4 L g-

1cm-1). Thus a hypsochromic shift of 8-12 nm occurred in THF solvent as compare to acetone. 
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The next band with strong intensity for all metal complexes were observed between 290-

330 nm, which indicated bathochromic shift, this assigned for π-π* transition involving the 

ligand π- orbital near carbonyl oxygen [142].   

 

The copper complexes indicated a shoulder band between 340- 400 nm which might be 

due to a charge transfer band but in nickel metal complexes these shoulder bands were obtained 

after 410-440 nm with higher absorbance. Therefore it was concluded that the nickel chelates 

were more planar than copper complexes. 

 

Pillai et al [145] observed a similar shoulder in copper and nickel complexes from 3-

allyl(salicyaldehyde) with 1,2-diiminoethane, 1,3-diaminopropane, 1,2-diaminobenzene, and 

2,2’-diaminodiethyl amine which suggested that a charge transfer band was observed in metal 

complexes as compare to polymers. 

 

 

Fig: 6.3.1: U.V/ Vis spectrum for poly metal chelate (PMBHBHCu) 
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Fig: 6.3.2: U.V/ Vis spectrum for poly metal chelate (PMBHBHNi) 

 

           

 

 

 

 

 

  

 

 

  

 

    

   

 

Fig: 6.3.3: U.V/ Vis spectrum for poly metal chelate (PMBHBIPECu) 
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Fig: 6.3.4: U.V/ Vis spectrum for poly metal chelate (PMBHBIPENi) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 6.3.5: U.V/ Vis spectrum for poly metal chelate (PMBHNHCu) 
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Fig: 6.3.6: U.V/ Vis spectrum for poly metal chelate (PMBHNHNi) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 6.3.7: U.V/ Vis spectrum for poly metal chelate (PMBHNIPECu) 
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Fig: 6.3.8: U.V/ Vis spectrum for poly metal chelate (PMBHNIPENi) 
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Table: 6.3: Spectroscopic Study of Poly Metal Chelates Derived From The Monomers 5, 5’-
methylenebis(2-hydroxybenzaldehyde) and 6, 6’-methylenebis (2-hydroxy 

naphthaldehyde). 

 
Compound 

 
λmax 

 
ε  (L g-1 cm-1) 

 
Possible Assingment 

 
 
 

(PMBHBHCu) 

 
262 

 
307 

 
389.2 

 
392 

 
445.4 

 
368.4 

 
272.5 

 
235.2 

 
π – π* transition in benzoid ring system. 

 
π – π* transition involving  benzoid ring and   

π  -electron system. 
 

a charge transfer band between metal and 
ligand.  

 
 
 

(PMBHBHNi) 

 
252.9 

 
307 

 
 

426 

 
429.93 

 
245.6 

 
 

511.2 

 
π – π* transition in benzoid ring system. 

  
π – π* transition involving  benzoid ring and   

π  -electron system. 
 

a charge transfer band between metal and 
ligand. 

 
 
 

(PMBHBIPECu) 

 
225 
253 

  
 324.6 

 
387 

 
319.5 
404.8 

 
389.5 

 
232.2 

 
π – π* transition in benzoid ring system. 

 
 
π – π* transition involving  benzoid ring and   
π  -electron system. 

 
a charge transfer band between metal and 

ligand. 

 
 
 

(PMBHBIPE)Ni 

 
282 
296 

 
368.2 

 
423 

 
234.2 
503.1 

 
257.74 

 
211.5 

 
π – π* transition in benzoid ring system. 

 
π – π* transition involving  benzoid ring and   

π  -electron system. 
 

a charge transfer band between metal and 
ligand. 

 
 
 

(PMBHBHCu) 

 
256.4 

 
309.1 

 
 

396.8 
 
 

 
410.24 

 
340.0 

 
  
 317.44 

 
π – π* transition in benzoid ring system. 

 
π – π* transition involving  benzoid ring and   

π  -electron system. 
 

a charge transfer band between metal and 
ligand. 
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Compound 

 
λmax 

 
ε  (L g-1 cm-1) 

 
Possible Assingment 

 
 
 
 

(PMBHNHNi) 

 
238.4 

 
 

297.1 
 
 

436 

 
333.76 

 
 

534.7 
 
 

523.2 

 
π – π* transition in benzoid ring system. 

 
 

π – π* transition involving  benzoid ring 
and   π  -electron system. 

 
a charge transfer band between metal and 

ligand. 

 
 
 

(PMBHNIPECu) 

 
238 

 
258 
318 

 
386.9 

 
 

 
380.8 

 
438.6 
254.4 

 
232.14 

 
π – π* transition in benzoid ring system. 

 
π – π* transition involving  benzoid ring 

and   π  -electron system. 
 

a charge transfer band between metal and 
ligand. 

 
 
 
 

(PMBHNIPNi) 

 
234 

 
 274 

292 
 

432 

 
280.8 

 
438.4 
525.6 

 
518.4 

 
π – π* transition in benzoid ring system. 

 
π – π* transition involving  benzoid ring 

and   π  -electron system. 
 

a charge transfer band between metal and 
ligand. 

 

6.6 TG/ DTA THERMOGRAMS FOR SCHIFF BASE POLY METAL CHELATES 
DERIVED FROM MONOMERS 5,5’-METHYLENEBIS(2-HYDROXY 
BENZALDEHYDE) AND 6,6’-METHYLENEBIS(2-HYDROXY 
NAPHTHALDEHYDE). 

 
The thermal stability and volatility of poly metal chelates have attracted a wider interest 

in recent years. The studies are considered helpful in the preparation of metal chelate polymer 

[149].  

The thermal stability by thermogravimatry (TG) and differential thermal analysis (DTA) 

of these newly prepared poly metal complexes were recorded on same instrument which is 

mentioned in (section 3.8) from room temperature to 600 oC with a heating rate 15 oC /min and 
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nitrogen flow rate 50 mL/min. The unknown sample (10 mg) was placed in platinum sample 

holder and -alumina was used as reference. These copper and nickel complexes of poly 5,5’-

methylenebis(2-hydroxybenzaldehyde)azine (PMBHBH), poly 5,5’-methylenebis(2-hydroxy 

benzaldehyde)4-iminophenylether (PMBHBIPE), poly 6,6’-methylenebis(2-hydroxy 

naphthaldehyde)azine (PMBHNH), and  poly 6,6’-methylenebis(2-hydroxynaphthaldehyde)4-

iminophenylether (PMBHNIPE) were formed by polycondensation of bis(2-hydroxy 

benzaldehyde) or bis(2-hydroxynaphthaldehyde) with hydrazine and 4-aminophenylether. The 

poly metal complexes formed from 4-iminophenylether have more stability than poly azine 

complexes because 4-aminophenylether contains two phenyl group and one ether group. The 

presence of additional phenyl groups enhanced the thermal stability.   

 

The weight loss for copper and nickel complexes of (PMBHBH) strated from 370 and 

320 oC upto 418 oC, then the loss in weight followed till 700 oC with total loss of 80 % and 78 %. 

The TGA thermograph for copper complexes of (PMBHBIPE) showed many variations from 

500- 575 oC with 64 % weight loss but its nickel complexes gave three clear humps within 200- 

250 oC, 390- 520 oC and 520- 700 oC with 62 % weight loss, correspondingly. 

 

The thermograph for copper and nickel complexes of (PMBHNH) observed maximum 

weight loss temperature at 395 and 420 oC with 78 % and 73 % till 700 oC. The copper and nickel 

complexes of (PMBHNIPE) indicated maximum weight loss temperature at 475 oC and 408 oC 

with 70 % and 68 % till 700 oC. 

 

According to thermogravimetric analysis, nickel complexes were more thermally stable 

than corresponding copper complexes and loss in weight in nickel complexes was almost 

quantitative (70- 75 %) up to 410 oC, but copper complexes were more volatile in nature as 

followed by nickel complexes. 

 

 DTA indicates endotherms/ exotherms in microvolts by volatization or decomposition of 

compounds. The melting point endotherms of these poly metal chelates ranged within 250- 330 
oC and corresponding vaporization endotherms and fairly large exotherms were observed in 
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copper and nickel poly chelates around 330 oC and 405 oC due to the decomposition of poly 

chelates. This work also agreed with reported work [142]. 

 

Sawodny et al [137] also worked on thermal analysis of various the metal complexes 

included Cu(II)  and Ni(II) of 5,5’methylenebissalicyaldehyde with different diamines. 

According to TG analysis, they formed very stable metal complexes but the stability of nickel 

compexes were high than copper metal complexes.  

 

 

 

Fig: 6.4.1: TG/ DTA thermogram for poly metal chelate (PMBHBHCu) 

 

 

 

Fig: 6.4.2: TG/ DTA thermogram for poly metal chelate (PMBHBHNi) 
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Fig: 6.4.3: TG/ DTA thermogram for poly metal chelate (PMBHBIPECu) 
 

 

 

 

 

 

 

 

 
 
 

Fig: 6.4.4: TG/ DTA thermogram for poly metal chelate (PMBHBIPENi) 
 

 
 

Fig: 6.4.5: TG/ DTA thermogram for poly metal chelate (PMBHBNHCu) 
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Fig: 6.4.6: TG/ DTA thermogram for poly metal chelate (PMBHNHNi) 
 

 

Fig: 6.4.7: TG/ DTA thermogram for poly metal chelate (PMBHNIPECu) 
 

 

 

 

 

 

 

 

 
 

Fig: 6.4.8: TG/ DTA thermogram for poly metal chelate (PMBHNIPENi) 
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6.7 VISCOMETRIC MEASUREMENTS FOR POLY METAL COMPLEXES:  

The viscosity measurements of copper and nickel poly metal chelates were taken 0.02-

0.08 g/dL in THF, within temperatures 283 - 323 K with interval of 10 K by using a suspended 

level viscometer (Technico ASTM 445). Each time 15mL of solution was taken and the average 

flow times were confirmed by least three readings.  

(i) Reduced Viscosity: 

The reduced viscosities of poly metal complexes were obtained from equation 4 and 

results are revealed in (Fig: 6.5.1-6.5.10). The reduced viscosity increased with increase in the 

concentration because the intermolecular forces of attraction between molecules increased. But 

viscosity decreased with raising the temperature due to increase in vibrational frequency of 

molecules. On high temperature molecules become more mobile and internal resistance to flow 

decrease, as a result decrease in viscosity. Therefore, (PMBHNIPENi) gave high value of 

reduced viscosity at 283 K as compared to all prepared metal complexes. 
 

This work also agreed with reported work [142] in which viscosity behavior for the 

copper and nickel complexes of 5,5’-methylene bis salicyaldehyde with tetramethylethyldiimine, 

meso- stillbenediamine, dl- stillbenediamine and 2,6- diamino pyridine were observed. The 

reduced viscosities were obtained within 0.135- 0.315 g/dl in different metal complexes.  
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Fig: 6.5.1: Reduced viscosity for poly metal chelate (PMBHBHCu) 
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Fig: 6.5.2: Reduced viscosity for poly metal chelate  (PMBHBHNi) 

 

 

 

 

 

 

 

 

 

 
Fig: 6.5.3: Reduced viscosity for poly metal chelate (PMBHBIPECu) 
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Fig: 6.5.4: Reduced viscosity for poly metal chelate (PMBHNHCu) 
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Fig: 6.5.5: Reduced viscosity for poly metal chelate  (PMBHNHNi) 
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Fig: 6.5.6: Reduced viscosity for poly metal chelate (PMBHBIPENi) 

 

 

 

 

 

 

 

 

 
Fig: 6.5.7: Reduced viscosity for poly metal chelate (PMBHNIPECu). 
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Fig: 6.5.8: Reduced viscosity for poly metal chelate (PMBHNIPENi) 

 

(ii) Intrinsic Viscosity: 

The intrinsic viscosity for poly metal complexes of bis(2-hydroxybenzaldehyde) / bis(2-

hydroxynaphthaldehyde) was calculated from Huggins’s equation. According to equation, when 

a graph is plotted between reduced viscosity verses concentrations, then intercept gave the 

intrinsic viscosity of polymeric solution. Intrinsic viscosity increased with increase in molecular 

weight of metal chelate as (PMBHNHNi) (1.173 dL/g ) which was higher than (PMBHBHNi) as 

well as (PMBHNHCu) complexes intrinsic viscosity decreased on high temperature. The values 

are summarized in (Table: 6.4). The poly metal chelate indicated increasing intrinsic viscosity in 

the series (PMBHBHCu)<(PMBHBHNi)<(PMBHBIPECu)<(PMBHNHCu)<(PMBHNHNi)< 

(PMBHBIPENi)<(PMBHNIPECu)<(PMBHNIPENi). The poly chelate (PMBHBIPENi) had highest 

intrinsic viscosity in the series and might be due to considered have highest molecular mass 

because intrinsic viscosity depend upon molecular mass of the compound.  

 

Similar trend of intrinsic viscosities were also obtained in reported data [140] in THF, 

which gave intrinsic viscositirs within 0.019- 0.241 g/ dL in different solutions. 
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Table: 6.4:  Intrinsic Viscosity of Poly Metal Complexes at Different Temperatures. 

S.No Compound 
Temperature  (K) 

283  293  303  313  323 

1 (PMBHBHCu) 0.65 0.57 0.49 0.41 0.33 

2 (PMBHBHNi) 0.76 0.685 0.66 0.635 0.61 

3 (PMBHBIPECu) 0.91 0.88 0.86 0.83 0.81 

4 (PMBHNHCu) 1.05 0.97 0.82 0.81 0.73 

5 (PMBHNHNi) 1.17 1.10 1.03 0.96 0.89 

6 (PMBHBIPENi) 1.11 1.085 1.06 1.035 1.01 

7 (PMBHNIPECu) 1.31 1.285 1.26 1.235 1.21 

8 (PMBHNIPENi) 1.45 1.37 1.29 1.21 1.13 

 

(iii) Huggins’s constant: 

The Huggins’s constant is independent of molecular weight of poly metal complexes and 

was calculated from equation 6 (chapter: 2). The nature of the solvent has the predominant 

effect on the values of the Huggins viscometric constant in polymeric solutions.  The poly metal 

complex (PMBHBIPECu) has less power of solvation in solvent than (PMBHNHCu) because of 

the high aromatic character of phenyl rings in poly chelate of 4-iminophenylether. The results are 

described in following (Table: 6.5).  

Table: 6.5: Huggin’s Constant KH of Poly Metal Complexes at Different Concentrations. 

Compounds 
Temperature  (K) 

283  293  303  313  323 

(PMBHBHCu) 0.85 0.82 0.79 0.77 0.76 

(PMBHBHNi) 0.86 0.84 0.81 0.78 0.78 

(PMBHBIPECu) 0.92 0.89 0.86 0.83 0.83 

(PMBHNHCu) 0.99 0.97 0.94 0.91 0.91 

(PMBHNHNi) 1.05 1.03 1.00 0.98 0.97 

(PMBHBIPENi) 1.12 1.09 1.06 1.03 1.03 

(PMBHNIPECu) 1.18 1.15 1.12 1.09 1.09 

(PMBHNIPENi) 1.26 1.23 1.20 1.17 1.17 
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(iv) Absolute Viscosity (η): 

The absolute viscosity was calculated from equation 8 (chapter: 2). The values of 

absolute viscosity for the poly metal chelates in DMF or THF at different temperature and 

concentration are given in (Table: 6.6.1-6.6.10). The absolute viscosity of poly metal chelates 

increased with increase in concentration and decreased with increase in temperature. The values 

of absolute viscosities for poly metal chelates ranged within 1.27-2.06 mNS/m2 in different 

concentrations of polymeric solutions. 

 

Table: 6.6.1: Absolute Viscosity v/s Concentration for (PMBHBHCu) (m.N.S/m2). 

Conentration 
(g/dL) 

Temperature  (K) 

283 293 303 313 323 

0.02 1.37 1.34 1.31 1.29 1.27 

0.04 1.40 1.36 1.33 1.30 1.29 

0.06 1.43 1.38 1.35 1.32 1.31 

0.08 1.45 1.40 1.37 1.34 1.34 

0.1 1.47 1.42 1.39 1.36 1.32 

 

 

Table: 6.6.2: Absolute Viscosity v/s Concentration for (PMBHBHNi)  (m.N.S/m2). 

Concentration 
(g/dL) 

Temperature  (K) 

283 293 303 313 323 

0.02 1.39 1.36 1.33 1.31 1.29 

0.04 1.42 1.38 1.35 1.32 1.31 

0.06 1.45 1.40 1.37 1.34 1.33 

0.08 1.47 1.42 1.39 1.36 1.36 

0.1 1.49 1.44 1.41 1.38 1.34 
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Table: 6.6.3:  Absolute Viscosity v/s Concentration for (PMBHBIPECu) (m.N.S/m2) 

Concentration 
(g/dL) 

Temperature  (K) 

283  293  303  313  323 

0.02 1.44 1.41 1.38 1.36 1.34 

0.04 1.47 1.43 1.4 1.37 1.36 

0.06 1.50 1.45 1.42 1.39 1.38 

0.08 1.52 1.47 1.44 1.41 1.41 

0.1 1.54 1.49 1.46 1.43 1.39 

 

Table: 6.6.4:  Absolute Viscosity v/s Concentration (PMBHNHCu) (m.N.S/m2). 

Concentration 
(g/dL) 

Temperature  (K) 

283  293  303  313  323 

0.02 1.52 1.49 1.46 1.44 1.42 

0.04 1.55 1.51 1.48 1.45 1.44 

0.06 1.58 1.53 1.50 1.47 1.46 

0.08 1.60 1.55 1.52 1.49 1.49 

0.1 1.62 1.57 1.54 1.51 1.47 

 

Table: 6.6.5:  Absolute Viscosity v/s Concentration (PMBHNHNi) (m.N.S/m2). 

Concentration 
(g/dL) 

Temperature  (K) 

283  293  303  313  323 

0.02 1.58 1.55 1.52 1.5 1.48 

0.04 1.61 1.57 1.54 1.51 1.5 

0.06 1.64 1.59 1.56 1.53 1.52 

0.08 1.66 1.61 1.58 1.55 1.55 

0.1 1.68 1.63 1.6 1.57 1.53 
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Table: 6.6.6:  Absolute Viscosity v/s Concentration for (PMBHBIPENi) (m.N.S/m2). 

Concentration 
(g/dL) 

Temperature  (K) 

283  293  303  313  323 

0.02 1.64 1.61 1.58 1.56 1.54 

0.04 1.67 1.63 1.60 1.57 1.56 

0.06 1.70 1.65 1.62 1.59 1.58 

0.08 1.72 1.67 1.64 1.61 1.61 

0.1 1.74 1.69 1.66 1.63 1.59 

 

Table: 6.6.7:  Absolute Viscosity v/s Concentration for (PMBHNIPECu) (m.N.S/m2). 

Concentration 
(g/dL) 

Temperature  (K) 

283  293  303  313  323 

0.02 1.70 1.67 1.64 1.62 1.6 

0.04 1.73 1.69 1.66 1.63 1.62 

0.06 1.76 1.71 1.68 1.65 1.64 

0.08 1.78 1.73 1.71 1.67 1.67 

0.1 1.8 1.75 1.72 1.69 1.65 

 

Table: 6.4.8:  Absolute Viscosity v/s Concentration for (PMBHNIPENi) (m.N.S/m2) 

Concentration 
(g/dL) 

Temperature 

283K 293K 303K 313K 323K 

0.02 1.78 1.75 1.72 1.70 1.68 

0.04 1.81 1.77 1.74 1.71 1.7 

0.06 1.84 1.79 1.76 1.73 1.72 

0.08 1.86 1.81 1.78 1.75 1.75 

0.1 1.88 1.83 1.8 1.77 1.73 
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Table: 6.6.9:  Absolute Viscosity v/s Concentration for (PMBHNPnNi) (m.N.S/m2) 

Concentration 
(g/dL) 

Temperature  (K) 

283  293  303  313  323 

0.02 1.88 1.85 1.82 1.80 1.78 

0.04 1.91 1.87 1.84 1.81 1.8 

0.06 1.94 1.89 1.86 1.83 1.82 

0.08 1.96 1.91 1.88 1.85 1.85 

0.1 1.98 1.93 1.90 1.87 1.83 
 

Table: 6.6.10:  Absolute Viscosity v/s Concentration for (PMBHNIPENi) (m.N.S/m2). 

Concentration 
(g/dL) 

Temperature  (K) 

283 293 303 313 323 

0.02 1.96 1.93 1.9 1.88 1.86 

0.04 1.99 1.95 1.92 1.89 1.88 

0.06 2.02 1.97 1.94 1.91 1.90 

0.08 2.04 1.99 1.96 1.93 1.93 

0.1 2.06 2.01 1.98 1.95 1.91 
 

THERMODYNAMIC PARAMETER: 

 The thermodynamic parameters of polymeric solution have characteristics behaviors 

which are the function of concentration and temperature. This activation energy gave 

information about the structure and orientation of polymer molecules in the dilute solution. 

Thermodynamic parameters include energy (ΔGv), heat (ΔHv) and entropy of activation flow 

(ΔSv). 
 

(i)  Energy of Activation of Viscous Flow (ΔGv): 

The energy of activation of viscous flow was calculated from the viscosity of a system 

using equation 10 (chapter: 2). The results of metal complexes at different temperature and 

concentration are listed in (Table: 6.7).  The energy of activation (ΔGv) of (PMBHNIPENi) was 

gradually raised with increase in concentrations of dilute solution because molecules have 

weaker association with each other and easily overcome during flowof solution. The values of 

(ΔGv) increased at temperature indicate that shape transition of molecules takes place during 

flow process. 
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Table: 6.7: Free Energy Activation of Viscous Flow (ΔGv) of Poly Metal Complexes at  
Different Concentrations (K. J. mol-1). 

S.No Compound 
Temperature (K) 

283  293  303  313  323 

1 (PMBHBHCu) 13.21 13.27 13.33 13.39 13.46 

2 (PMBHBHNi) 13.44 13.51 13.56 13.61 13.66 

3 (PMBHBIPECu) 13.64 13.73 13.76 13.82 13.86 

4 (PMBHNHCu) 14.44 14.51 14.56 14.61 14.66 

5 (PMBHNHNi) 14.64 14.72 14.76 14.80 14.86 

6 (PMBHBIPENi) 13.84 13.90 13.96 14.01 14.06 

7 (PMBHNIPECu) 14.04 14.11 14.16 14.2 14.26 

8 (PMBHNIPENi) 14.24 14.30 14.36 14.39 14.46 

 

 

 (ii) Heat of Activation of Viscous Flow  (ΔHv): 

The heat of activation of viscous flow was calculated for metal chelates of poly 5,5’-

methylenebis(2-hydroxybenzaldehyde),  poly 6,6’-methylenebis(2-hydroxynaphthaldehyde) by 

using equation 10 (chapter:2). When a graph was plotted between Log η verses 1/T, then a 

straight line was obtained. The ΔHv values of metal chelates were calculated from slope of (ΔHv 

/R) of line, the results are listed in (Table: 6.8). As the molecular mass was increased, the results 

of ΔHv became lower because more energy was required to over came the flow of polymeric 

solvents. The values of ΔHv indicated the process of degradation of structure and orientation of 

macromolecule during the flow process.   
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Table: 6.8:  Enthalpy of Activation of Viscous Flow (ΔHv) for Poly Metal Complexes at  
Different Temperatures (K. J. mol-1). 

S.No Compound 
Temperature  (K) 

283  293  303  313  323 

1 (PMBHBHCu) 11.28 11.22 11.16 11.11 11.04 

2 (PMBHBHNi) 10.32 10.26 10.20 10.14 10.08 

3 (PMBHBIPECu) 9.37 9.31 9.25 9.19 9.13 

4 (PMBHNHCu) 9.11 9.05 8.99 8.93 8.87 

5 (PMBHNHNi) 8.75 8.69 8.63 8.57 8.51 

6 (PMBHBIPENi) 8.42 8.36 8.30 8.24 8.18 

7 (PMBHNIPECu) 7.46 7.40 7.34 7.28 7.22 

8 (PMBHNIPENi) 6.51 6.45 6.39 6.33 6.27 

 

 

(iii) Entropy of Activation Viscous Flow       (ΔSv) 

 The entropy of activation of viscous flow is a function of the degree of order of the 

system. If the entropy of system is positive, the process of structure of solution and system 

becomes less ordered during flow. If the entropy of activation is negative, the system is more 

ordered during the flow. These newly prepared poly metal complexes indicated negative values 

so they showed the process of uncoiling and orientation of macromolecules occurred during flow 

process.  The results of ΔSv are summarized in (Table: 6.9). 
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Table: 6.9:  Entropy of Activation of Viscous Flow (ΔHv) for Poly Metal Complexes at  
Different Temperatures  (K. J. mol-1). 

 

S.No Compound 
Temperature  (K) 

283  293  303  313  323 

1 (PMBHBHCu) -0.040 -0.039 -0.038 -0.038 -0.038 

2 (PMBHBHNi) -0.047 -0.047 -0.047 -0.046 -0.046 

3 (PMBHBIPECu) -0.054 -0.051 -0.051 -0.050 -0.049 

4 (PMBHNHCu) -0.072 -0.07 -0.070 -0.065 -0.061 

5 (PMBHNHNi) -0.079 -0.078 -0.078 -0.077 -0.076 

6 (PMBHBIPENi) -0.087 -0.086 -0.086 -0.085 -0.084 

7 (PMBHNIPECu) -0.088 -0.088 -0.088 -0.088 -0.087 

8 (PMBHNIPENi) -0.093 -0.092 -0.091 -0.090 -0.089 

 
 
6.9 CONCLUSIONS: 

The hydroxy aldehydic polymers have ability to form metal complexes with different 

inorganic metal ions by intramolecular bonding. The metal complexes have distinct behavior due 

to complexation as compared to their analogous polymers.  

 

 Some copper(II) and nickel(II) metal complexes were reported from 5,5'-methylene 

bis(salicylaldehyde) with different diamines tetramethylethylenediimine, meso-stilbene-diimine, 

dl-stilbenediimine and 2,6-diiminopyridine. But during this work newer polymers were formed 

by polycondensation of 5, 5’-methylenebis (2-hydroxybenzaldehyde) and 6,6’-methylenebis(2-

hydroxynaphthaldehyde) with hydrazine as well as 4-aminophenylether. These polymers formed 

metal chelates with copper and nickel metal ions. These metal complexes were characterized by 

C. H. N analysis, FT.IR and U/Vis spectroscopy. 
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According to FT.IR spectra, these metal complexes showed weak absorption band at 

3082- 3016 cm-1 due to C-H aromatic stretching. While other characterized peaks were observed 

at 1648- 1615 cm-1 due to υC=N vibration frequencies. The N-N vibration was only obtained in 

poly metal complexes of hydrazine between 1340- 1440cm-1.  The metal complexes also 

indicated C-O-M band frequency around 1281 cm-1 as strong band, representing the phenolate 

oxygen atom, after complexation. 

 

UV/Visible spectra of these metal complexes were taken in THF. They indicted almost 

three absorption bands due to π- π* transition in the benzoid rings, π- π* C=N chromophic 

groups involving benzoid ring and π – π* transition in aromatic   π -electron group with Cu metal 

ion. The copper complexes indicated a shoulder band between 340- 400 nm and the nickel metal 

complexes gave peak after 410-440 nm with higher absorbance, which represented that the 

nickel complexes were significantly stable on account of better delocalization of π- electron 

density of nickel complexes.   

 

The obtained polymeric metal complexes have good thermal stability with loss of 70- 780 

% up to 700 oC due to the presence of heavy metal ions. The copper and nickel poly chelates 

indicated melting point endotherms ranged 340- 394 oC and fairly large exotherms were 

observed around 250- 330 oC may be assigned due to the exothermic decomposition of poly 

chelates.The viscometric measurements for these metal complexes were discussed in detail. 

However, the intrinsic viscosities of these polymeric metal complexes ranged within 0.33- 1.45 

dL/g with concentration of solvents, at different temperatures.  

 

Finally, all thermodynamic parameters were calculated from their general equations. The 

free energy activation of viscous flow (ΔGv) of poly metal complexes was varied from 13.21-

14.46 g/dL at different concentrations. 
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CHAPTER 7 

EFFICIENCY IN POLYMERS OF BIS (2- HYDROXYL BENZALDEHYDE) AND  BIS(2- 

HYDROXY NAPHTHALDEHYDE) AS ADSORBENTS WITH DIFFERENT METAL IONS. 

 

7.1 INTRODUCTION  

Adsorption, Absorption and Sorption  

The word adsorption was given by du-Bois Reymond however it was introduced by 

Kayser. Adsorption is a phenomenon in which the concentration of a particular component 

increases at the surface between two phases. This process takes places in following systems 

(phases): liquid- gas, solid- solid and solid- gas. It was also observed that a very slow uptake of 

hydrogen by carbon as compared to adsorption. Absorption is a process of penetration of the 

adsorbate molecule into the bulk solid phase.  

Some scientists also proposed the term sorption which is a combination of adsorption as 

well absorption, when both processes occur simultaneous otherwise cannot be distinguished 

[152-153].There are two types of adsorption, one is Physiosorption and other is Chemisorption. 

Physiosorption involves the balancing of weak attractive forces, like vander waal forces, 

forces of attraction between surface and adsorbate, forces of repulsion between associative 

molecules during the close contact. 

Chemisorption explains the process by which a chemical bond is formed between 

surface and adsorbate. It occurs at high temperature and is often associated with activation 

energy. As all adsorbed molecules are localized by chemical bond on specific sites, so they can 

not easily migrate on the surface. 

The term desorption involves with the procedure in which molecules accumulates in the 

interfacial layer, while desorption deals the contrary method. In the adsorption process, both 

adsorption and desorption curves deviate (diverge) from one another. 

The work of adsorption processes are depending on choice of adsorption on individual 

components from their mixtures was introduced in 1903 by Tswett [154]. He took advantages of 
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this process to separate chlorophyll and many other plant pigments by the help of silica materials 

as adsorbent. In fact, this technique is a origin of a new field of surface science as well as 

analytical technique. 

The structure of resin depends on its stability as a material for separation of metal ions 

and preconcentration. Different functional groups contain in the polymer backbone and having 

ability to link with metal ions for complexation. Studies on chelating resins have evoked prime 

importance interest in recent years due to many considerable factors such as maximum recovery, 

little analysis time, and high enrichment aspect, low price and low intake of organic solvents.      

This present work examined two different types of polymer, one is  poly 5,5’- methylene 

bis(2-hydroxybenzaldehyde)azine (PMBHBH) as adsorbent for Cu(II) and Cd(II) metal ions for 

preconcentration, and other type of polymers are poly 6,6’-methylenebis(2-hydroxy 

naphthaldehyde)4-iminophenylether (PMBHNIPE) as well as 6,6’-furfurylenebis(2-hydroxy 

naphthaldehyde)4-iminophenylether (PFBHNIPE), and compared their metal uptake (adsorption) 

behavior with Cu and Ni metal ions .These procedure were followed by desorption and 

determination of metal ions using atomic absorption spectrophotometry.  

 

7.2 LITERATURE REVIEW: 

Once adsorption occurs in liquid solution, the adsorbate molecule is haggard from the bulk 

solution to the adsorbent-phase. All components (solute, solvent, and the adsorbent) are assumed 

to be responsible for adsorption which is concerning the attractive forces between them. Here is 

some previous work reported about chelating resin (polymeric resin), and effecting of adsorption 

processes of metal ions on resin. 

Davankov et al [155] synthesized porous hypercrosslinked polystyrene sorbents and 

studied the nature of these sorbents (Styrosorb). These adsorbents could be prepared by series of 

chemical reaction especially suspension polymerization process.  

Davankov et al [156] worked on the nature and structure of hypercrosslinked 

polystyrene. These newly prepared polymeric adsorbents contained their unique attention for 
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adsorption properties due to increase in surface area, high volume of micro pores and wide range 

of surface functional groups in their chemical reactions.  

Dumont et al [157] reported the sulfonation reaction of resin on the retention of polar 

organic components in solid-phase extraction. The polymeric resin was  utilized with sulfuric 

acid by a series of chemical derivatizations and gave better extraction efficiencies (about 95%) as 

well as  surface hydrophilicity, for the sulfonated resin for different types of compounds like 

halogenated alkanes aldehydes, esters, nitro compounds, alcohols and phenols. 

 

Samal et al [158] synthesized Schiff bases obtained from hydroxy benzaldehydes with 

formaldehyde and furfuraldehyde and 4,4-diaminodiphenyl sulphone. The polymeric materials 

prepared were polychelates with Cu(II) and Ni(II) metal ions. They were characterized by 

infrared, UV-vis., 1HNMR spectroscopy and thermal analysis.  

Masque et al [159] reported chemically modified sorbent which was utilized in a solid-

phase extraction process to observe phenolic compounds in aqueous media. These polymeric 

adsorbents were able to posess the adsorption capacities due to a number of functional groups.  

Crittenden et al [160] developed a method for the measurement of adsorption 

equilibrium capacity of different adsorbents and organic compounds by the help of combined 

theories (Polanyi potential theory and linear solvation energy relationships (LSERs)). Polanyi 

theory was used for the basic mathematical form and correlation. LSERs were obtained from the 

Polanyi theory based on the fundamental interaction forces between the solvent, adsorbate, and 

adsorbent expected in aqueous-phase adsorption. This method was applied on 56 organic 

compounds and eight adsorbents. Such as (i) halogenated aliphatics, (ii) aromatics and 

halogenated aromatics (iii) polyfunctional organic compounds and (iv) sulfonated aromatics 

compounds. 

Kazuhiko et al [161] synthesized a polymethacrylate-based weakly acidic cation-

exchange resin (TSKgel OApak-A) for ion-exclusion chromatography under the acidic 

conditions during elution process. The method was very sensitive as compared to benzoic acid 
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eluent and enabled a better resolution in dicarboxylic as well as monocarboxylic acids. The 

retention times of carboxylic acids reduced 5–20% in methanol due to hydrophobic nature 

Anasthas et al [162] investigated a sorption process of acetic acid (CH3COOH) from 

ethyl acetate (CH3COOC2H5) and ethanol (95%) with the help of polymeric ion-exchange resins. 

These adsorbents contained tertiary (3o) or quaternary (4o) amino functional groups on a styrene–

divinyl benzene copolymer matrix. These were used for the elimination of acetic acid 

(CH3COOH) impurities from organic solvents. The % sorption of the acid was reinforced from 

the functional groups on the polymer structure. Therefore, uptake relation was obtained by a 

hydrogen bonded complex formation between the lone pair of electrons on the amino group and 

the acidic proton. 

Ravikumar et al [163] reported metal uptake behaviour of chelating polymer resins 

functionalized with (a) glycine, (b) diethanoldiamine and (c) hydroxybenzoic acid. The metals 

Cr(II), Hg(II) and Cd(II) were used for adsorption. The resins were reuseable and were helpful 

for the removal of toxic metals from industrial waste water. 

Birlik et al [164] developed molecular separation techniques to recover metal ions from 

Cu(II)-imprinted poly(ethylene glycol dimethacrylatemethacryloylamidohistidine / Cu(II)) 

(poly(EGDMA–MAH/Cu(II))) microbeads by dispersion polymerization reaction. These 

synthesized microbeads could be reformed with the addition of 0.1 M EDTA solution. These 

features made imprinted microbeads very good candidate for selective removal of Cu(II) ions at 

high adsorption capacity. These microbeads were used for adsorption with following metal ions: 

Cu(II) > Zn(II) > Ni(II) > Co(II). The process was also used for certified reference and seawater 

samples. 

Moawed et al [165] examined the different trace metal ions by using functionalized 

polyurethane foam with β- naphthol. The mechanism of adsorption of these metal ions Cu(II), 

Ni(II), Hg(II) and Ag(II) on to β – Nap-Puf was also observed.  

Hamed et al [166] synthesized N-propyl salicylaldimine and determined its uptake 

behaviour for Cd(II), Cr(II), Cu(II), Mn(II) and Pb(II) metal ions. 
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Selva et al [167] examined 2-acrylamido-2-methyl-1-propane sulfonic acid (AMPS) and 

itaconic acid (IA), P(AMPS-co-IA) for the removal of Cu(II), Pb(II) and Cd(II) ions from 

aqueous solutions. The total molar % of sulfonic acid and itaconic acid were obtained 80 and 20, 

correspondingly. While the recovery of heavy metal ions from PAMPS and P(AMPS-co-IA) 

were 1.685 and 1.722 mmol Me2+/g polymer. The pseudo-second-order type kinetics was 

observed onto both PAMPS and P(AMPS-co-IA) for adsorption of Cu(II), Pb(II) and Cd(II) ions.  
 

 

Tahaei et al [168] described a new modification process for making a chelating ion-

exchanger fiber with ethylene diamine (EDA) compounds, having a distinct selectivity for toxic 

heavy metal ions. Modified acrylic fibers were formed by two-step processes of the nitrile 

groups into amino groups via partial conversion procedure. This resin was used as an ion 

adsorbent in a series of batch adsorption experiments for removal of chromium(III) and lead(II) 

ions but Pb(II) ion had the highest adsorption capacity. 
 

Noureddine Charef et al [169] synthesized polystyrene supported Schiff base (N,N'-

disalicylidenepropylenetriamine) resin and examined reactions toward some divalent metal ions  

[Cu(II), Ni(II), Zn(II), and Pb(II)] in aqueous solutions. Batch method was investigated as a 

function of contact time, pH, amount of metal-ion, polymer mass, and temperature by using 

atomic absorption spectrometry (AAS). According to results of metal uptake study, the resin 

exhibited maximum capacities and a prominent adsorption toward Cu(II) than other metal-ions.  
 

David et al [170] prepared a modified cellulose material by grafting glycidyl 

methacrylate to cellulose (Cell-g-GMA) with subsequent functionalization with imidazole (Cell-

g-GMA-imidazole). The method of Cu(II) binding against the cell-g-GMA-imidazole was 

investigated at the molecular level by means of scanning electron microscopy (SEM), Fourier 

transform infrared (FTIR), x-ray photoelectron spectroscopy (XPS), energy dispersive x-ray 

analysis (EDX) and X-ray diffraction (XRD).  
 

 Shiyan et al [171] prepared Amidoximated bacterial cellulose, used as an adsorbent to 

remove Cu(II) and Pb(II) from aqaeous solutions. The adsorption behaviors of Cu(II)  and Pb(II)  

onto prepared polymer was pH-dependent and gave  adsorption capacity for both metal ions 84 

and 67 mg g-1, respectively, at pH 5. The renewal of resin was studied by treatment with a 

powerful complexing agent, ethylenediaminetetracetic acid (EDTA). 
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A. A. Atia et al [172] worked on the interaction of amines and thio groups with different 

metals like, Zn(II), Cd(II) and Hg(II) from their aqueous solutions. The metal ions had metal 

uptake property but Hg(II) gave maximum percentage sorption toward amines as well as thio 

groups, as compared to Zn(II) or Cd(II) metal ions. These metal ions also desorbed very well in 

acidic media (HNO3). 

 

Rezvani et al [173] synthesized and characterized two new liquid crystalline tetradentate N, 

N’-di(5-(4-alkoxyphenyl)azo)salicylidene 1,2- phenylenediimine resin and their nickel complex. 

The resin was formed by the polycondensation of 5-(4-alkoxy phenylazo)salicyaldehyde with 

1,2-phenylenediamine. The synthesized resin and its complex were characterized by elemental 

analysis. I. R, NMR and mass spectroscopic techniques. 

 

7.3 SYNTHESIS OF SCHIFF BASES POLYMERS POLY 5,5’-METHYLENEBIS(2-HYDROXY 
BENZALDEHYDE)AZINE (PMBHBH), POLY6,6’-METHYLENEBIS(2-HYDROXY 
NAPHTHALDEHYDE)4-IMINOPHENYLETHER (PMBHNIPE) AND POLY6,6’-FURFURYLENE 
BIS(2-HYDROXY NAPHTHALDEHYDE)4-IMINOPHENYLETHER (PFBHNIPE) :  

 
The Schiff base (BHBH) and (BHNIPE) were synthesized following reported method 

[149], as under:  

 (0.01 M) of hydrazine or 4-aminophenylether was added to (0.02 M) of  2-hydroxy 

benzaldehyde or 2-hydroxy naphthaldehyde dissolved in 10 ml of methanol and was added  0.5 

g of anhydrous sodium acetate. After one hour of refluxing at 70 oC, precipitate was filtered & 

recrystallized from ethanol. The Schiff bases were isolated in crystalline form.  
 

Polymerization: 

1 g of Schiff base was added in 25 mL distilled water and dissolved with addition of 

about 10-12 drops of 2 M NaOH and the content was heated for 5 min at 50-60 oC. 

Formaldehyde (37 %, v/v) or furfuraldehyde was then added to obtain a molar ratio of 1:2 with 

respect to Schiff base (BHBH) or (BHNIPE). These mixtures were refluxed on oil bath for 2 hrs 

at 120-130 oC. The crude resins were filtered and washed thoroughly with distilled water, 

followed by petroleum ether. Finally the purified precipitates of resins were dried at 70 oC.  The 

M.P of these polymeric resins was ≥ 300 oC. General structural diagram of polymers of 2-

hydroxybenzaldehyde / 2-hydroxynaphthaldehyde are shown in (Fig: 7.1). 
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Fig: 7.1 (a) Structure diagrams of (a) Schiff base polymer (PMBHBH) (b) Schiff base 
polymer (PMBHNIPE) and(c) Schiff base polymer (PFBHNIPE). 
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7.4 FT I. R STUDY FOR SCHIFF BASE POLYMERS OF  (2-HYDROXY 
BENZALDEHYDE/ NAPHTHALDEHYDE): 

 
FT I. R Spectra of  Poly 5, 5’-methylenebis(2-hydroxybenzaldehyde)azine (PMBHBH), 

6,6’-methlenebis(2-hydroxynaphthaldehyde)4-iminophenylether  (PMBHNIPE) and poly6,6’- 

furfurylenebis(2-hydroxynaphthaldehyde)4-iminophenylether (PFBHBNIPE) were obtained with 

the same instrument as described in section 4.5. These spectra were taken to understand the 

structure of polymers by the spectroscopic techniques within the ranged of 4000-600 cm-1 and 

are shown in (Fig: 7.2- 7.4). The spectra are also divided into following regions [165].  

 

THE REGION 4000-2000cm-1 

Poly 5,5’-methylenebis(2-hydroxybenzaldehyde)azine gave different bands of medium to 

weak intensities at 3087cm-1, 3024cm-1 and 2926 cm-1. It also gave medium intensity band of  

υO-H stretching at 3346 -3382 cm-1 .The peak of a weak absorption band around 3048 cm-1 

appeared due to υC-H aromatic stretching vibrations. The methylene group (-CH2-) assigned as 

an asymmetric stretching mode at 2926 cm-1.  

 

Poly 6,6’-methylenebis(2-hydroxynapthaldehyde)4-iminophenylether (PMBHNIPE) gave 

three bands of medium to strong intensity at 3071 cm-1, 3023cm-1 and 2972 cm-1 for aromatic and 

methylene groups (-CH2-) and υC-H stretching. Poly 6,6’-furfurylenebis(2-hydroxy 

napthaldehyde)4-iminophenylether (PFBHNIPE) indicated these peaks at 3074 cm-1, 3027cm-1 

and 2982 cm-1. Both polymers also gave weak intensity band of υO-H stretching at 3436 -3362 

cm-1. The peak of a weak absorption band around 3071 -3023cm-1 appeared due to υC-H 

aromatic stretching vibrations.  

 

THE REGION 2000-1000cm-1 

The spectra of Schiff base polymer of (2-hydroxybenzaldehyde) gave rise a characterized 

peak at 1620 cm-1 due to υC=N vibration frequencies. This polymer also indicated few bands 

within 1498 and 1443 cm-1 due to aromatic ring and υC=C vibration. The N-N vibration also 

appeared in the azine polymer at 1348 cm-1. The phenolic O-H appeared showed at 1226cm-1.  

The spectra of Schiff base polymers (PMBHNIPE) and (PFBHNIPE) indicated main 

peak around 1640- 1615 cm-1 due to υC=N vibration. A few peaks also appeared within 1600 – 
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1500 cm-1 due to aromatic ring and C=C vibration, and at 1266 cm-1 due to υC-O vibration in 

both polymers. 

Samal et al [158] suggested that a new peak of C=N vibration appeared in any polymer 

of 2-hydroxybenzaldehyde at the same region (1640 cm-1), when lone pair of diamines was 

reacted with aldehydic groups of parental molecule. 

 

THE REGION 1000-600cm-1 

Many bands also appeared within 1000-712cm-1 due to out of plane υC-H vibration that 

characterized the adjacent aromatic hydrogen atoms in all Schiff base polymers.  Most of the 

peaks in the finger print region were sharp and well resolved 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 7.2: FT-IR spectrum of Poly 5, 5’-methylenebis(2-hydroxybenzaldehyde)azine  
(PMBHBH). 
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Fig: 7.3: FT-IR spectrum of Poly 6, 6’-methylenebis(2-hydroxynaphthaldehyde)  
4-imanophenylether (PMBHNIPE). 

 

 
 

Fig: 7.4: FT-IR spectrum of Poly 6, 6’-furfurylenebis(2-hydroxynaphthaldehyde) 
4-iminophenylether (PFBHNIPE). 

 

7.5 ULTRAVIOLET VISIBLE ABSORPTION SPECTRA FOR SCHIFF BASE 
POLYMERS OF  (2-HYDROXYBENZALDEHYDE/ NAPHTHALDEHYDE): 

 
The measurements of UV/Vis spectra of polymeric resin of polymers (2-hydroxy 

benzaldehyde/ naphthaldehyde) were carried out in tertrahydofuran (THF) using same instrument 

as described in section 3.7 (chapter:3). The spectra are shown in (Fig: 7.5-7.6). The polymeric 

resin (PMBHBH) indicated three absorption bands at 265 nm (1% ε = 477.4 L g-1cm-1), 318 nm 

(1% ε = 286.2 L g-1cm-1
)
 and 385 nm (1% ε = 215.6 L g1cm1) due to π- π* transition in the 
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benzoid rings, π- π* transition benzoid rings conjugated with azomethine group and π- π* 

transition in C=N π-electron system correspondingly.  

 

The polymer (PMBHNIPE) indicated three absorption bands at 255 nm (1% ε = 369.75 L 

g-1cm-1), 311 nm (1% ε = 301.67 L g-1cm-1) and 408 nm (1% ε = 244.8 L g-1cm-1) due to π- π* 

transition in the benzoid rings, π- π* transition benzoid rings conjugated with azomethine group 

and π-  π* transition in C=N π-electron system respectively. While polymer (PFBHNIPE) 

indicated four absorption bands at 262 (1% ε = 445.4 L g-1cm-1), 280 nm (1% ε = 431.2 L g-1cm-

1), 328(1% ε = 393.6 L g-1cm-1) and 410 nm (1%ε = 340.3 L g-1cm-1). The first absorption band 

appeared at 262 nm could be assign π- π* transitions in benzoid rings. The bands at 280 nm and 

328 nm appeared due to π- π* transition of phenyl ring systems of polymers. The forth band 

obtained at 410 nm could be responsible of π- π* transition connecting benzoid rings and π -

electron system of azomethine group.  

 

These Schiff base polymers almost correlated with the reported method [158] but there 

adsorption peaks are more intense. This could be indicated because of the environment of alkyl 

and phenyl group ring system in the polymers. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 7.5: UV/ Visible absorption spectrum of poly 5,5’-methylenebis(2-hydroxy 

benzaldehyde)azine (PMBHBH). 
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(a)  

 

 

 

 

 

 

 

 

 

 

 

 

(b) 

 

 

Fig: 7.6: UV-Visible spectra of (a) poly 6, 6’-methylenebis(2-hydroxy 
naphthaldehyde)4-iminophenylether   (PMBHNIPE) and (b) poly 6, 6’-furfurylenebis(2-

hydroxynaphthaldehyde)4-iminophenylether   (PFBHNIPE). 
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7.6 TG/ DTA SPECTRA FOR SCHIFF BASE POLYMERS OF  (2-HYDROXY   
BENZALDEHYDE/ NAPHTHALDEHYDE): 

 
Thermogravimatry (TG) and differential thermal analysis (DTA) were recorded on same 

instrument as described in section 6.7 from room temperature to 700 oC with a heating rate 15 oC 

/min and nitrogen flow rate 50 mL/min. The sample 10 mg was placed in platinum crucible and 

recorded against -alumina as reference in both type of polymers. The degradation of polymeric 

resin (PMBHBH) occurred in two stages. In first stage, the rate of weight loss started at 267 oC 

with 45 % weight loss which followed by total loss of 82 % upto 400 oC. Thereafter a slow loss 

in weight continued up to 700 oC. The maximum weight loss was noticed at 328 oC, indicating 

that polymer retain more weight loss at higher temperature. The figure 4 shows the thermogram 

of polymer (PMBHBH). 

 

Samal et al [158] indicated the thermal stability of its Schiff base polymers from 4,4’-

diaminophenylsulphone with hydroxybenzaldehyde. It also indicated 80 % weight loss between 

400-700 oC. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Fig: 7. 7: TG/DTA thermograph of Poly 5,5’-methylene bis(2-hydroxy benzaldehyde) azine  
(PMBHBH). 
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7.7 METAL UPTAKE STUDIES FOR SCHIFF BASE POLYMERS OF  (2-HYDROXY   
BENZALDEHYDE/ NAPHTHALDEHYDE): 

 
 The metal ion uptake behavior of the resin was obtained by following batch and column 

techniques and is described below: 

 

7.7.1 BATCH METHOD: 

  0.2 g of the resin portions were treated with aqueous solution (10 mL) of 0.05 M metal 

ions. The pH of the solution was optimized by a series buffers of acetic acid- sodium acetate (pH 

3 -6) and ammonium hydroxide –ammonium chloride (pH 7 -9). The pH of solution was 

maintained by using suitable buffers and suspensions were agitated for a fix time period 

maintained on a hot plate equipped with magnetic stirrer. The polymeric resin were filtered off 

and washed thoroughly with demineralized water. The filtrate and washing were collected and 

analyzed by flame atomic absorption spectrophotometer, using air acetylene flame.  

 

7.7.2 COLUMN METHOD: 

 Five hundred milligrams of synthesized polymeric hydroxyl resins were slurred in water, 

and then poured into a Pyrex glass column of 10 inches with a diameter (50mm). A little plug of 

quartz wool was placed at both ends of the column so as to avoid the loss of resin (adsorbents). 

The column was connected through peristatic pump (three channels). The metal ions solution 

was passed through peristaltic pump to the column filled with resins. The eluent was analyzed 

for metal concentration by atomic absorption spectrophotometer.  

From the data, the percentage of metal ions loading on the resin and finally the 

distribution co-efficient (kd) values were calculated from the following relations. 

Metal uptake (%) = Ci- Cf / Ci x 100 

Ci = Initial concentration of metal ions in solution (µg) 

Cf = Final concentration of metal ions in solution in filtrate and washing (µg). 

 

          Kd =     mmol metal ion on resin         x        volume of solution (mL) 

                             mmol metal ion in the solution          weight of resin (g) 
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The results are the average of at least four independent measurements and precision in 

most cases is close to ± 2.0%. 

 

7.7.3 PROCEDURE FOR SAMPLES PREPARATIONS: 

Following procedures were applied for the determination of copper, nickel and cadmium 

from aqueous metal ion solution on resins individually: 

Procedure for the use of samples on column: 

 10 mL of metal solutions were passed from the column filled with 0.5 g resin 

(PMBHBH)/ (PMBHBNIPE)/ (PFBHNIPE) through peristaltic pump. The pH of the sample 

solutions were adjusted with 2 mL of buffer pH 6 solutions. The eluent was analyzed for metal 

concentration by atomic absorption spectrophotometer. The analyte was desorbed with 1M HCl 

at optimized flow rate (1 mL for Cu and 2 mL for Cd) and then the eluent was also analyzed by 

AAS. 

  The total amount of metal ions was calculated with the addition of both results of 

eluents by atomic absorption spectrometry. The Cu(II) ions and Cd(II) ions were analyszed with 

(PMBHBH), and Cu(II) ions and Ni(II) ions with (PMBHNIPE) as well as (PFBHNIPE) from 

their aqueous metal ion solution.  

 

7.7.4 RESULTS AND DISCUSSIONS: 

The metal ions uptake was divided in to two categories on the basis of way of method, 

applied on polymeric resin during the adsorption process. These methods were also subdivided 

into different optimizations. 

 

(I) METAL ION UPTAKE STUDIES BY BATCH METHOD: 

(a) Effect of pH 

 The effect of pH on resin was used as a main determining parameter in achieving the 

quantitative adsorption. The effect of pH was varied in the range of 2-9 for Cu, Ni or Cd metal 

ions, (Fig: 7.7-7.8). The uptake of Cu(II) and Cd(II) decreased with increase in pH and caused 

precipitation of metal ions as hydroxides but at low pH, the C = N group got protonated. While 

the uptake of Ni(II) ions on resin increased with increase pH upto pH 8 and reached a plateau 

value at pH 8 [158].Therefore CH3COOH—CH3COONa buffer of pH 6 was recommended for 
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Cu and Cd adsorbtion [163], and NH4OH—NH4Cl buffer of pH 8 was used for Ni adsorption on 

both type of polymeric resins of hydroxyl naphthaldehyde.  

 

The polymer (PMBHNIPE) gave more % sorption as compared to (PFBHNIPE) because 

it has bulky nature and contained hetero atoms in the side chain of polymer. 

   

 

 

 

 

 

 

 

 

 

 
 

 Fig: 7.7: Effect of contact pH of resin (PMBHBH) for % adsorption of Cu(II) and Cd(II) in  
    batch method. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig: 7.8 (a): Effect of contact pH of resin (PMBHNIPE) for % adsorption of Cu(II) and  
Ni(II) in batch method. 
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 Fig: 7.8 (b): Effect of contact pH of resin (PFBHNIPE) for % adsorption of Cu(II) and  

Ni(II) in batch method. 
  

(b) Effect of contact time:    

The effect of contact time for maximum uptake was observed by keeping percentage of 

metal uptake verse contact time of reaction (Fig: 7.9), taking initial metal ion concentration set 

(2000 µg per 10mL). The optimized time was 60-65 minutes for both metals with (PMBHBH).  

The % sorption of Cu(II) ions was higher as compare to Cd(II) ion may be due to lower activity 

of resin towards Cd(II).  

Similarly the optimized contact time of % adsorption of Cu(II) and Ni(II) metal ions on 

the polymers of (PMBHBNIPE) was 72 and 80 minutes respectively, which represent more 

uptake behavior in (PMBHBNIPE) as compared to (PFBHBNIPE), (Fig: 7.10). 

 

Fig: 7. 9:  Effect of contact time on % adsorption of copper and cadmium ions on   
polymeric resin (PMBHBH). 
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Fig: 7.10:  Effect of contact time on % adsorption of copper and nickel ions on (a) 
polymeric resin (PMBHNIPE) and (b) (PFBHNIPE). 

 

( c)  Effect of optimum volume: 
 

After the pH effect, the next important step in batch method was to optimize the volume 

of metal ion solution for adsorption, the pH of resin and amount of metal in solution were kept 

constant for both metals, while the volumes of metal ion solutions were varied from 10-80 mL 
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for maximum % sorption. The optimum volumes of   20 and 10 mL were selected for Cu (II) and 

Cd (II) respectively with  resin (PMBHBH), (Fig: 7.11). 

The optimum volume was obtained 12 and 15 mL for maximum % sorption of Cu(II) and 

Ni(II) ions with both polymers obtained from 2-hydroxynaphthaldehyde, on changing the 

volumes from 10- 60 mL(Fig: 7.12). 

 

 

 

 

 

 

 

 

 

 
 

 
 

Fig: 7.11: Effect of   volume on % adsorption of copper and cadmium ions on  
polymeric resin (PMBHBH). 
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Fig: 7.12: Effect of   volume on % adsorption of copper and nickel ions on polymeric resins 
             (a) (PMBHNIPE) and (b) (PFBHNIPE). 
  

 

(II) METAL ION UPTAKE STUDY USING COLUMN TECHNIQUE: 

 After the successful attempt of batch method, effect of pH, contact time, volume and 

concentration were optimized, for column sorption keeping above parameters constant but 

further parameters were optimized for column study.  

 

(a)  Effect of flow rate 

The flow rate for the maximum adsorption was measured in the range of 1-6 mL/min at 

the selected pH, as shown in (Fig: 7.13). It was observed that the flow rate more than 2 mL/min 

for copper and 1mL/min for cadmium indicated a decrease in % sorption [163].  Therefore flow 

rates of 2 and 1mL/min were preferred for adsorption of Cu(II) and Cd(II) metal ions on the resin 

(PMBHBH). 

When the metal ion solution of copper and nickel were passed on both resin 

(PMBHNIPE) as well as (PFBHNIPE) by keeping above range of variation, then 2mL was 

optimized for % sorption on both resins.  
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Fig: 7.13:  Effect of flow rate on % adsorption of Cu(II) and Cd(II) ions on 

polymeric resin (PMBHBH). 
 

(b) Desorption 

 The amount of metal ions eluted from the resin column was obtained with 10 mL of 1M 

hydrochloric acid (HCl) for the process of desorption. Many efforts were made to elute the metal 

ions from resin by using aqueous hydrochloric acid (HCl). At 4 mL of 1 M HCl, the metal ions 

were desorbed completely from resin column (PMBHBH), and 6 mL of 1 M HCl was sufficient 

for the desorption of (PMBHNIPE) as well as (PFBHNIPE) 

 

 

7.7.5 APPLICATION OF METHOD 

The metal ions were determined from different concentration of copper, nickel and 

cadmium solutions by passing from resin filled column through peristaltic pump at pH 6 with all 

optimized condition individually. The qualitative % sorptions were obtained from eluents by 

atomic absorption spectrophotometer. 
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7.8 CONCLUSIONS: 

The adsorption is one of the well known processes, used to determine a much slower 

uptake of metal ion on the molecule of bulk solid phase. Many variations are increasing in the 

adsorption procedure time to time, now a day it is a vast field of chemistry.   

 Varieties of resin are reported by different researchers like, polystyrene sorbents 

(Styrosorb), polymers of   2-hydroxybenzaldehyde with 4,4-diiminodiphenylsulphone, aliphatic 

and aromatic 1,2-diamines, polymers of sulfonated resin for different types of organic 

compounds including nitro compounds, alcohols, phenols, halogenated alkanes, aldehydes, and 

esters which were used as adsorbent in a solid-phase extraction process to determine uptake of 

metal ions on substance.  

In this chapter, poly 5,5’-methylenebis(2-hydroxybenzaldehyde)azine and poly 6,6’-

methylenebis(2-hydroxynaphthaldehyde)4-iminophenylether are prepared, to observe the process 

of adsorption of Cu(II) and Ni(II) metal ions from aqueous solution at optimized pH. Both batch 

and column methods were examined and % adsorptions on (PMBHBH) were observed at 84.0% 

and 70 % with Cu(II) and Cd(II) ions. While % adsorptions on (PMBHNIPE) and (PFBHNIPE) 

were observed at 81.5 %, 77.4 %, 74.5 % and 70.01 % with Cu(II) and Ni(II) respectively The 

desorption with hydrochloric acid (1M) was quantitative with 4-6 mL solution with different 

resins. For this research, the monitoring was made by air- acetylene flame atomic absorption. 

Finally, the method was applied for the determination of Cu(II), Ni(II) and Cd(II) metal ions on 

different hydroxyl polymeric resins. 
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CHAPTER 8 

PREPARATION, CHARACTERIZATION AND METAL UPTAKE STUDY OF Cu(II), Ni(II), 
Fe(II), Co(II) AND Cd(II) ON POLY 5, 5’- METHYLENE BIS( 2- HYDROXYL BENZALDEHYDE) 

1,2-PHENYLENEDIIMINE FROM REAL SAMPLES. 
 

8.1 INTRODUCTION  

All metals have different properties, some are essential and some nonessential. But when 

they exceed to certain limit, the presence of heavy metal ions in the environment possess a 

problem due to harmful effect on human health. Copper is one of the essential nutrients for all 

high plants and animals at certain limit. It is used extensively in many products, such as copper 

piping and copper wire; the copper is highly resistant to corrosion. Similarly very small amounts 

of nickel and cobalt have been shown to be essential for life, but mostly nickel and its 

compounds can have high acute and chronic toxicity to living life at higher concentration.  

 

Iron is a major factor in oxygen transport and an essential mineral component of 

hemoglobin, myoglobin, and several enzymes. Often it can be widely used in iron medicine for 

the prevention and treatment of iron deficiency (anemia). Cadmium is known as a non- essential 

and extremely noxious element. Cadmium may be present in considerable concentration in 

surroundings due to expulsion of wastes water, especially of plating wastes and also intake of 

cigarettes (tobacco).  

 

Numerous chelating resins are designed for selective sorption of metal ions for their 

determination form environment. The resin contains as a rule one or more donor atoms which 

can form a co-ordination bond with metal ion. Flame atomic absorption spectrometry (FAAS) is 

largely used for the determination of metals showing good selectivity step. 

 

Present work examines the Schiff base polymer of poly 5,5’-methylene 

bis(salicyaldehyde)1,2-phenylenediimine (PMBHBPh) as adsorbent for different metal ions, 

Cu(II), Co(II), Ni(II),  Fe(II) and Cd(II) metal ions for preconcentration, followed by desorption 

and determination by atomic absorption spectrophotometer. Data on both synthetic and real 

samples also reports the results of this study.  
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8.2 LITERATURE REVIEW 

A number of methods have been used for preconcentration, but co precipitation and solvent 

extraction are being replaced by modified and non- modified sorbents. Numerous of physically 

or chemically modified synthetic adsorbents have been used for the preconcentration and 

determination of various metal ions. Some of them are discussed as below: 

Samal et al [174] reported preparation, characterization and uptake studies of 

formaldehyde condensed 2-hydroxybenzaldehyde with aliphatic and aromatic 1,2-diamines in 

alkaline media with various metal ions. The resins formed metal chelates with Cu, Co, and Ni 

metal ions. The structures of resins were confirmed by I.R, 1H-NMR, UV-visible spectral 

studies, and thermogravimetric analyses (TG). The % sorption of these resins indicated metal 

loading up to 70% with optimized pH at room temperature.  

           Tuncel et al [175] reported the thermally stable Schiff base polymers and their copper, 

cobalt and nickel complexes by the condensation of o-phenylenediamine and salicyaldehyde. 

Metal complexes were prepared by condensation of polymers with metal salts and characterized 

by elemental analysis, FT-IR, UV-Vis spectroscopy and thermogravimetric analysis. The weight 

losses of Poly metal complexes of Cu, Ni and Co were found as 57%, 60% and 61% respectively 

at 900 oC. 

 

Chawastowska et al [176] reported the chelating adsorbent obtained with dithizone and 

styrene—DVB (5%) copolymer by chemical reaction. The analytical characteristics of the 

adsorbent were optimum by sorption for Ag, Cu, Cd, Pb, Ni, Co and Zn under static and dynamic 

circumstances. The adsorbent was used to find Cd(II) and Pd(II) in stream water and of Ag (I) 

silver in electrolytic copper.  

 

Koejan et al [177] developed Silica gel impregnated with a mixture of Aliquat 336 and 

Calcon for preconcentration of metals from dilute aqueous solutions. The sorption capacities of 

gel towards 33 metal ions were observed in the pH range 1–9. Perchloric acid and hydrochloric 

acid was used for eluting the retained metals. The rate of sorption for Mg, Ca, Cu, Zn, Al, Cr(III) 

and Fe(III) was studied by AAS.  
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Pathak et al [178] prepared a resin poly [styrene-co-(divinylbenzene)] (XAD-4) from1-

hydrazinophthalazine ligand and investigated its analytical applications. The sorption on the 

resin was useful for Cu(II), Ni(II), Co(II), Cd(II), Pb(II), Zn(II), Fe(III) and Cr(III). The resin 

was selected for Fe(III) from other metals  with the help of atomic absorption (AAS). 

 

Mustafa et al [179] worked on the effect of uptake of copper (II), cobalt(II), and iron(III) 

ions on poly(ethyleneterephthalate) (PET) resins in aqueous solution by a batch method. The 

adsorption results followed intake of metal ion in this order: Co(II) > Cu(II) > Fe(III). The rate of 

adsorption was minimized on raising the temperature. Langmuir adsorption isotherm curves were 

calculated for all the ions. The heat of adsorption values for Cu(II), Co(II), and Fe(III) ions, were 

considered as -5, -2.8, and -3.6 kcal/mol, respectively. 

 

Kumar et al [180] developed and characterized the stable chelating resin matrix with the 

benzene ring of the polystyrene–divinylbenzene resin and Amberlite XAD-2 by covalently 

linking o-aminophenol (o-AP). It was used to preconcentrate Cu (II), Cd (II), Co (II), Ni (II), 

Zn(II) and Pb(II), before their determination by FAAS. The technique was applied to determine 

Cu, Cd, Co, Ni, Zn and Pb content in well water samples (RSD≤8%). 

 

Tunceli et al [181] prepared a column containing Amberlite XAD-16 resin for silver 

preconcentration followed by determination by a flame AAS after elution. The recovery of silver 

was also examined on the basis of some matrix elements. The quantitative recovery of 

thiocyanate complex of silver was determined from HNO3 solution at pH 2.0 and detection limit 

of silver was found to be 0.047 mg l−1.  

 

Kadirvelu et al [182] prepared and characterized activated carbon from coirpith by 

chemical activation. Carbonised coirpith was able to adsorb Ni(II) from aqueous solution. It was 

noted that at pH 5.0 reduced the carbon concentration by keeping constant Ni concentration, or 

higher the Ni concentration with constant carbon concentration.  

 

Tewari et al [183] reported a new chelating resin of Amberlite XAD-2 with pyrocatechol 

through an azo spacer by coupling reaction, and characterized by C. H. N analysis, infrared 
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spectroscopy and thermal studies. The adsorption behavior was studied for preconcentrating 

Cd(II), Co(II), Cu(II), Fe(III), Ni(II) and Zn(II) by (FAAS) for metal adsorption. The resin gave 

the maximum sorption capacity in the range of 0.023–0.092 mmol g−1 of the resin. The loading 

half time (t1/2) for Cd, Cu, Fe, Ni, Zn and Co was 1.4, 4.8, 3.2, 2.3, 1.8 and 1.6 min, respectively. 

 

  Uzun et al [184] reported a method for the preconcentration of Cu, Fe, Pb, Ni, Cd and Bi as 

their diethyldithiocarbamate chelates using a column filled with Amberlite XAD-4 resin and 

determination by FAAS. Various factors including amount of XAD-4 resin, amount of ligand, 

pH of sample solution, sample volume, eluent volume and matrix property for preconcentration 

were determined. The recoveries were higher than 95% for the analytes under the optimum 

operational conditions.  

 

 Abou- El-Sherbini et al [185] reported metal complexes prepared from N-

propylsalicylaldimine (IE11) with Cd(II), Cr(III), Cu(II), Mn(II) and Pb(II) and were 

characterized by infrared, UV/Vis spectroscopy and classical pH-metric titration. The behavior 

of % sorption on porous silica gel by N-propylsalicylaldimine (IE11) and these metal ions were 

observed. The pH and time of stirring factors depending, Log kd was obtained in the range of 

2.19–5.16. The technique was found to be accurate and not subject to random error. 
 

  Saeed et al [186] reported the adsorption profile of heavy metal ions Eu(II) on 2- 

thenoyltrifluoroacetone loaded polyurethane (PUR) foam as well as thermodynamic parameters 

of the preconcentration at different temperature. The maximum % sorption of metal ions was 

observed 96 %. The deviation of uptake of metal ions on resin with temperature was observed. 

The thermodynamic parameters ΔGv=-1.4±0.1 kJ. mol-1, ΔHv=79±2 kJ. mol-1 and ΔSv=276±7 kJ. 

mol-1 at 298 K. The association of the high temperature and differential heat of adsorption 

(ΔHdiff) have been evaluated and discussed. 

 

   Akl et al [187] synthesized a chelating adsorbent 5-formyl-3-(1′-carboxyphenylazo) 

salicylic acid-bonded silica gel (FCPASASG) through a single step reaction between 5-formyl-3-

(1′-carboxyphenylazo) salicylic acid (FCPASA) and aminopropyl silica gel (APSG). They 

formed metal chelates with Ni(II), Cu(II), Co(II) Cd(II), Zn(II), Fe(III), Pb(II), Mn(II) and 

Cr(III) at pH 7.0–8.0, and were easily desorbed with (0.05 M) Na2EDTA or (1 M) HNO3.  
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  Xie et al [188] developed a thioacetamide immobilized by the Mannich reaction on silica 

gel and % sorption was determined for Cd(II), Pd(II) and Cu(II) ions from aqueous solutions. 

The adsorption capacity of the matrix for Pb(II), Cu(II), and Cd(II) ions was obtained 19.76, 

16.35 and 12.50 mg/g, respectively, while the preconcentration factor of 200 for Cu(II) as well 

as Cd(II) ions and 300 for Pb(II) ions. The analytical application was determined from aqueous 

real samples (distilled water, tap water, and river water samples). 
 

Sari et al [189] reported the adsorption characteristics of Cu(II) and Pb(II) onto 

expanded perlite (EP) from aqueous solution. The Langmuir isotherm model fixed to equilibrium 

data improved than the Freundlich isotherm model. In the Langmuir model equation, the 

monolayer adsorption capacity for Cu(II) and Pb(II) ions on EP was indicated 8.62 and 

13.39 mg/g, respectively. Thermodynamic functions of adsorption were also calculated for each 

metal ion.  
 

Kocaoba et al [190] developed a chemical Process for the removing of metals containing 

Co2+ and Ni2+ from effluent of chemical industries. The removal of these metals with some 

cation exchange separation was investigated with the addition of powerfully acidic cation 

exchange resins like Amberlite IR 120, Amberlite 200, Amberlite 252 ZU and Amberjet 1200. 

The exchange equilibria of Co(II) and Ni(II) for H(I) were measured experimentally. It was 

found that Ni(II) ions were more efficiently adsorbed than Co(II) ions by the strongly acidic ion 

exchange resins. 
 

Francisco et al [191] worked with 8-hydroxyquinoline as the active sites in cross-linked 

chitosan beads with epichlorohydrin and used it for the removal of heavy metal from aqueous 

solution at optimized pH 5.0 with both batch and column methods. The adsorption capacity 

sequence was: Cu(II) > Ni(II) > Zn (II). In case of breakthrough curves, the adsorption capacity 

was arranged in the order Cu(II)>Zn(II)>Ni(II) metal ions. The adsorption capacity was achieved 

90% with the use of 1.0 mol L-1 HCl solution for the desorption of metal ions. 
 

Vicentius et al [192] reported a biosorption method for the removal of heavy metal from 

aqueous solutions. The good removal efficiency at optimized parameters was observed. Various 

functional groups represented by carboxyl, hydroxyl, sulfate and amino groups took part in the 

biosorption process. In short, ion exchange and complexation was obtained as the most common 

mechanisms for the biosorption of heavy metals. 
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Kazi at el [193] repotted an investigation of poisonous metals which affected the lungs by 

smoking. These toxic metals (TMs) (Al, Cd, Ni and Pb) was calculated in various Pakistani local 

cigarettes and imported branded, (before and after normal smoking by a single volunteer) and 

adsorption of metals on the ash of tobacco was determined by (ETAAS). This was based on 

Microwave-assisted digestion method. The accuracy and validity of technology were determined 

from the sample of Virginia tobacco leaves by using certified (ICHTJ-cta-VTL-2). The higher 

percentage (%) of Al was found within 97.3–99.0%. In the ash of all cigarettes, Cd, was obtained 

within 15.0–31.3% of total contents of cigarettes. 

8.3 SYNTHESIS OF SCHIFF BASES POLYMERS OF 2-HYDROXY BENZALDEHYDE:  

8.3.1 EXPERIMENTAL: 

Chemicals: 

All following chemicals were used of analytical/ equivalent grade.  Salicylaldehyde, 1,2-

phenylenediamine, formaldehyde and other organic solvents were purchased from E. 

Merck/Germany. Stock standard solutions of Cu(II), Co(II), Ni(II),  Fe(II) and Cd(II)   were 

prepared by dissolving the appropriate amounts of their salts in deionized water. Buffer solutions 

of 1-2, 3-6, 7-9 were prepared with the addition of exact ratios of (0.1M) hydrochloric acid (HCl) 

and potassium chloride (KCl), (0.5 M) acetic acid (CH3COOH) and sodium acetate 

(CH3COONa), (0.5 M) ammonia (NH3) and ammonium chloride (NH4Cl) solutions, 

correspondingly. 
 

8.3.2 SYNTHESIS OF POLY 5,5’METHYLENEBIS(2-
HYDROXYBENZALDEHYDE)PHENYLENEDIIMINE: 

 
 The poly 5,5’-methylenebis(2-hydroxy benzaldehyde)1,2-phenylenediimine was prepared 

by reported procedure [174], as following: 

1 g of  synthesized  Schiff base (BHBPh) was suspended in 25 mL distilled water and 

dissolved with addition of  minimum about 10-12 drops of 2M NaOH; the mixture was warmed 

to 50-60 oC for 5 min and formaldehyde (37 %, v/v ) was added to a final molar ratio of 1:2 with 

respect to Schiff base. Then the content was refluxed on oil bath for 2 hrs at 120-130 oC. The 

unsolvable resin was filtered, washed with distilled water and petroleum ether, and lastly 

dehydrated at 70 oC. The M.P was greater than 300 oC. The structure diagram of poly 5,5’-

methylene bis(2-hydroxy benzaldehyde)1,2-phenylenediimine is shown in (Fig: 8.1).  
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Fig: 8.1: Structure diagram of Schiff base polymers of 2-hydroxy benzaldehyde. 
 

8.4 FT I. R STUDY OF POLY 5,5’-METHYLENEBIS(2-HYDROXYBENZALDEHYDE) 
1,2-PHENYLENEDIIMINE. 

 

FT I. R Study of poly 5,5’-methylenebis(2-hydroxybenzaldehyde)1,2-phenylenediimine 

(PMBHBPh) was recorded on Nicolet Avatar 330 spectrometer and shown in (Fig: 8.2). The 

spectrum is also divided into following regions.  
 

THE REGION 4000-2000cm-1 

Poly 5,5’-methylenebis(2-hydroxybenzaldehyde)1,2-phenylenediimine gave different 

bands of medium intensities at 3192cm-1, 3116cm-1 and 2911 cm-1 and the  medium intensity 

band of  υO-H stretching appeared at 3476 cm-1. The peak of a weak absorption band around 

3192 and 3116 cm-1 appeared due to υC-H aromatic stretching vibrations. The methylene group 

(-CH2-) is assigned at 2911 cm-1 as an asymmetric stretching mode.  
 

THE REGION 2000-1000cm-1 

The spectrum of Schiff base polymer gave a characterized peak around 1642cm-1 due to 

υC=N vibration frequencies. The phenyl groups indicated absorbtions within 1600 -1580 cm-1 

due to aromatic ring and υC=C vibration. The band of υC-O vibration appeared at 1230 cm-1 

similar observation were recorded by some authors [174].  
 

THE REGION 1000-600cm-1 

Several sharp and strong peaks are obtained within 1000-647 cm-1 due to out of plane C-

H vibration of aliphatic as well as aromatic bonding. 
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Fig: 8.2: FT-IR spectrum of Poly 5, 5’-methylene bis(2-hydroxybenzaldehyde)1,2- 
                         phenylenediimine (PMBHBPh). 

 

8.5 ULTRAVIOLET  VISIBLE  ABSORPTION  SPECTRUM  OF  POLY  5,5’- 
METHYLENEBIS(2-HYDROXY BENZALDEHYDE)1,2-PHENYLENEDIIMINE. 

 
The measurements of UV/Vis spectrum of poly 5,5’-methylenebis(2-hydroxy 

benzaldehyde)1,2-phenylenediimine (PMBHBPh) was carried out same instrument which is 

mentioned in section 3.7 (chapter:3), in THF solvent and they are shown in (Fig: 8.3). The 

polymeric resin (PMBHBPh) indicated three absorption bands at 255 nm (1% ε = 459 L g-1cm-1), 

298 nm (268.2 L g-1cm-1) and 348 nm (1% ε = 208.8 L g-1cm-1). The first absorption band 

appeared at 255 nm which could be assign π- π* transitions in benzoid rings. The second band 

obtained at 298 nm with medium intensity due to π- π* transition of phenyl ring systems. The 

third band is at 348 nm that could be responsible for π-  π* transition connecting benzoid rings 

involving π-  π* transition in C=N π-electron system. 
 

Samal et al [174] also gave clear absorption band in uttraviolet region like above work 

and no absorption were noticed in visible region might be due to the poor solubility of polymeric 

resin. 
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Fig: 8.3: UV-Visible spectrum of Poly 5,5’-methylene bis(2-hydroxy benzaldehyde) 
1,2-phenylenediimine (PMBHBPh). 

 

8.6 TG/ DTA SPECTRA OF POLY 5,5’-METHYLENEBIS(2-HYDROXY 
BENZALDEHYDE)1,2-PHENYLENEDIIMINE. 

 
The TGA thermogram of polymeric resin (PMBHBPh) was observed on instrument that 

is described in detail in section 6.7. The thermogram of polymeric resin showed three step mass 

losses up to 550 oC, in (Fig 8. 4). In the initial step, the loss of 11 % of resin obtained at 148 oC 

might be due to the removal of absorbed solvent. It was concluded that approximately one water 

molecule existence in its molecule; the second loss started after 148 oC with theweight loss of 55 

% up to 410 oC which further decomposed till 550 oC with total weight loss of 68 %. The 

maximum weight loss was observed at 392 oC and indicated the high thermal stability of 

modified resin.  This thermograph of PMBHBPh agreed with the repoted work [174] and was 

observed similar patteren of decomposition of resin.  
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Fig: 8.4: TG/DTA thermograph of Poly 5, 5’-methylenebis(2-hydroxybenzaldehyde)  
  1,2-phenylenediamine (PMBHBPh). 

 

8.7 METAL UPTAKE (SORPTION) STUDIES OF POLYMERIC RESIN OF POLY 5,5’-
METHYLENE BIS (2-HYDROXY BENZALDEHYDE) 1,2-PHENYLENEDIIMINE 

 
8.7.1: Static sorption of metal ions 

 

In the batch technique, 100 mg of resin was treated with aqueous solution of 0.05 M 

Cu(II), Co(II), Ni(II), Fe(II) and Cd(II) metal ions solutions at 25 ± 1 oC. The pH of solution was 

adjusted using suitable buffers. Suspensions of resins were agitated for a exact time period over 

magnetic stirrer for 10 min. The insoluble resins were filtered off and washed carefully with 

chilled demineralized water. The filtrates were collected and determined by flame atomic 

spectrophotometer, using air acetylene flame. The structure diagram of poly metal chelate of 2-

hydroxy benzaldehyde with 1,2-phenylenediamine is shown in (Fig: 8.5). 
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OOCH2
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M= Cu, Ni, Fe, Co, Cd metal ions. 

 

Fig: 8.5: Structure diagram of Schiff base poly metal complexes of poly 5,5’-
methylenebis(2-hydroxybenzaldehyde)1,2-phenylenediimine. 

 

8.7.2: Dynamic sorption of metal ions 

The synthesized resin (PMBHBPh) (500 mg) was slurred in water, after that poured into 

a Pyrex glass column of 10 inches with a diameter (50mm). A little plug of quartz wool was 

placed at both ends of the column so as to avoid the loss of resin (adsorbents). The column was 

connected through peristaltic pump. The metal ions solution was passed through peristaltic pump 

to the column filled with resins. The eluent was analyzed with determination of the metal uptake 

or % sorption, the distribution co-efficient (Kd) and separation factor (α) for metal concentration 

by atomic absorption spectrometry.  

 

8.7.3: SAMPLES PREPARATION: 

Following procedures were applied for the determination of Cu(II) Ni(II), Co(II), Fe(II) 

and Cd(II) from real and synthetic samples respectively: 

 

Analysis of copper wires 

 Copper wires (1.0174 g) were dissolved in a mixture of 1M hydrochloric acid (5 mL) and 

1M nitric acid (2 mL) and heated the mixture to near dryness. The residues were dissolved in 

double demineralized water and volume adjusted to 100 mL. The 1.0 mL of solution was taken 

from each samples and further diluted to 100 mL with double distilled water.  
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Analysis of iron and cobalt from various pharmaceutical drugs: 

The different samples of pharmaceutical drug were placed in beakers of 100 mL capacity, 

the tablets were ground and added 20mL of deionized water and 1mL of Conc: nitric acid 

(HNO3). The volume of sample was reduced on hot plate up to half. After cooling filtered the 

samples and diluted up to 10 mL in C2H5OH. 

 

Analysis of cadmium from different brands of dry tobacco (Cigarettes): 

Dry tobacco sample (5- 8 g) was added to 10-30 mL of aqua regia (HCl: HNO3, 3:1) and 

the solution heated gently near to dryness. The residue was dissolved in 50 mL water. Then 1.0 

mL of solution was further diluted to 25 mL, with double distilled water.  

 

8.7.4: Sorption Procedure for samples: 

 10 mL of metal solutions were added in flask with 0.1 g resin (PMBHBPh) at optimized 

pH.  All the sample solutions of different metals were prepared in separate flasks with their 

different optimized conditions like, pH, shaking speed and shaking time. After shaking, the 

sample solutions were filtered and washed. The resin was also optimized on desorbed conditions. 

The eluent and washing of each metal were analyzed for their concentrations by atomic 

absorption spectrometry. The total amount of each metal ion of different samples was calculated 

from both results obtained by atomic absorption spectrometry. 

 

8.7.5: RESULTS & DISCUSSION:  

The metal uptake of metal ions on polymeric resin (PMBHBPh) was observed by batch 

method and different conditions were optimized. 

 

(1) Sorption studies by batch method: 

(a) Effect of pH 

First of all, the most appropriate sorptive medium was selected experimentally, for the 

maximum sorption.  Various buffers were used to examine the pH of metal ions, with the range 

of pH 2- 10. All results of pH effect are given in (Fig: 8.6). The uptake of metal ions increased 

by increase in pH of aqueous solutions and finally optimized the higher sorption at pH 4.0 for 

Fe(II), pH 6.4 for Cu(II), pH 6.8 for Cd(II) and pH 8 for Co(II) and Ni(II) metal ions. Increasing 
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pH beyond the range resulted in precipitation of metal ion as hydroxides. The metal uptake 

behavior of resin (PMBHBPh) enhanced the basicity of C=N at higher pH. The retention 

capacity of resin for Cu(II) was found 1.92 mmolg-1 at pH 6.2 along with standard deviation 

(S.D±0.05) which is higher than some of similar amino group; functionalized resin  1-

hydazinophthalazine [188] ,1.24 mmolg-1; Chelamine resin [195] , 1.0 mmolg-1; 8- hydroxy 

quinoline on fractogel [196] , 0.29 mmolg-1; and diamine on silica gel [197] , 0.47 mmolg-1. The 

sorbent capacity of resin for Ni(II), Fe(II), Co(II) and Cd(II) was obtained 1.84, 1.65, 1.32 and 

1.21 mmolg-1 at optimum pH with (S.D±0.03). this resin has better relative capacity than  resins 

as o- amino phenol [197] , trion [194] and dithizone [195] at pH 5 and 6, and XAD resin 

immobilized with the pyrocatechol [196] with  pH 4- 5. 

 

 

 

Fig: 8.6: Effect of contact pH of resin (PMBHBPh) for % adsorption of Cu (II) Co (II), 

Ni(II), Fe(II) and Cd(II) in batch method. 

 

(b) Quantity of resin 

The amount of synthesized resin (PMBHBPh) for adsorption of metal ions was varied 

from (100-500 mg) for Cu(II) (1.52 x 10-4)M, Co(II)  (1.68 x 10-4)M, Ni(II) (1.70 x10-4)M,  

Fe(II) (1.79 X10-4)M  and Cd(II) (1.34 X 10-4)M ions using  10 mL volume. The % sorption was 

increased with an increase in quantity of sorbent. For further study, 100 mg of resin was used 

which was sufficient for adsorption of metal ions on it. 
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(c) Optimum shaking speed 

Shaking speed is one of the important parameter for the sorption of metal ions and 

determined its speed in the range of 10-120 rpm. It was concluded that % sorption increase by 

high shaking speed and achieved a maximum % sorption about 80 rpm for Cu and Ni(II), 90 rpm 

for Fe(II) and Cd(II), and 75 rpm for Co(II)and were selected. However % sorption decreased on 

increasing more speed at optimized pH (Fig: 8.7).  

 

Fig: 8.7: Effect optimum shaking speed of resin for % adsorption of Cu(II) Co(II), Ni(II), 

Fe(II) and Cd(II)  in batch method. 

(d) Optimum Shaking Time 

 The shaking time was studied for the maximum sorption of metal ions. The uptake of 

Cu(II) and Ni(II) metal chelates was rapid within 10 min, but  Fe(II), Co(II) and Cd(II) required 

12- 15 min on resin (PMBHBPh). Beyond optimum shaking time, a decrease in % sorption was 

observed (Fig: 8.8) and was selected for further studies. 
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Fig: 8.8: Effect optimum shaking time of resin for % adsorption of Cu(II), Co(II), Ni(II),  

Fe(II) and Cd(II)  in batch method. 
 

8.7.6 Kinetics of sorption 

The kinetics of resin metal interface at optimum pH, was calculated by the variation of 

sorption with time from kinetic equations i.e. Morris- Weber and Lagergren. The Morris- Weber 

equation [198] given as under: 

           qt =  Rdt(t)1/2 

where sorbed concentration of metal ions on resin, qt(molg-1) at time ‘t’ was plotted verses (t)1/2, 

and gave 7 min for Ni(II), Cu(II) and Fe(II), but 8 min for Cd(II) and Co(II) with co-efficient of 

correlation 0.979, 0.967, 0.998, 0.9921 and 0.994 for these metal ions, but deviated when the 

agitation time became higher. In the first stage, the result of  rate constant  of intraparticle 

transport (Rit) was obtained for each metal ion from the slope of plot which was found to be 3.75 

± 0.15, 2.73 ± 0.21, 2.25 ± 0.21, 3.05 ± 0.28 and 4.25 ± 0.25 µmolg-1 min-1/2 for Cu(II) Ni(II), 

Fe(II), Co(II) and Cd(II) ions, respectively (Fig:8.9).   

 

 

 

 

 

  

 

   

Fig: 8.9: Morris- Weber plot for the kinetics of sorption of Cu(II), Co(II), Ni(II), Fe(II) and  
Cd(II) ions on polymeric resin (PMBHBPh)  at 298K. 
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The lagergren equation [199] is as follows:   

log(qe- qt) =  log qe – kt/ 2.303                              

 when a graph was plotting by log(qe- qt) verses, ‘t’, where qe is the sorbed concentration of 

metal ion at equilibrium, qt is the sorbed concentration of metal ion on to resin (PMBHBPh) 

(molg-1) and k is lagergren constant (Fig:8.10). Initially, the time was set up to 10 min. The plot 

became linear for both metal ions and their slope gave the value for overall rate constant k = 0.09 

± 0.01, 0.174 ± 0.02, 0.19 ± 0.07, 0.23 ± 0.02 and 0.26 ± 0.005 min1. According to graph, the 

slope is very steep beyond 7- 8 min and gave a value of  k = 1.63, 1.77, 1.94, 2.06 and 2.11 min-1 

for Cu(II), Ni(II), Fe(II), Co(II) and Cd(II) ions, respectively. 

 

 

 

 

 

 

 

 

 

Fig: 8.10: Lagergren plot for the kinetics of sorption of Cu(II) Co(II), Ni(II), Fe(II) and  
     Cd(II) ions on polymeric resin (PMBHBPh)  at 298K. 

 
8.7.8 Sorption isotherms 

The sorption of  Cu(II), Ni(II), Fe(II), Co(II) and Cd(II)  metal ions were determined by 

varying concentration from 6.7 x 10-7 to  4.2 x 10-4 molL-1  on 100 mg sorbent ( resin) / 10 mL 

sorbate for  10 min (optimized shaking time) as well as  with 90rpm (optimized shaking speed),at  

30 ±1 oC. The uptake of metal ion increased with increase in the concentration, and gave 95% 

sorption for Cu(II), Fe(II) and Ni(II), while for Co(II) and Cd(II) was 90% sorption. Above the 

concentration, the sorption behavior was reduced. The effect of metal ions on resin was 

examined with the variety of concentrations of solutions, for the removal of metal ions. The 

efficiency of metal ions on polymeric resin (PMBHBPh) was determined by the help of different 

isothermic equations, which are shown as below: 
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Freundlich Equation: 

 (log Cads =log A+ (1/n) log Ce.  

Langmuir Equation: 

 ((Ce/Cads) = (1/ Qb) + (Ce/Q),  

Dubinin –Radushkevich Equation: 

 (ln Cads = ln Xm –βε2 )  

where ε is calculated by RT ln [1+(1/Ce)] equation, Ce  is the amount of metal ions in the 

liquid phase at equilibrium and Cads is a amount of metal ions adsorbed/ mass of adsorbent. The 

Freundlich (A) (n), Langmuir (Q) (b) and D-R (Xm) (β) constants were calculated from intercept 

and slope of linear plot at room temperature. The results are listed in (Table: 1) which concluded 

that % sorption decreased at low temperature.  

The mathematical results of Langmuir isotherm was determined by means in of a 

dimensionless constant as separation factor (RL), which observed from the equation RL = 

[1+(1+ bCi)] , where Ci represents the initial concentration of metal ions. RL is a part of 

Langmuir isotherm [200] as positive (0 < RL >1), irreversible (RL =0) and linear (RL =1) 

represents unfavorable separation factor. The values of separation factor (RL) for sorption of 

Fe(II), Cu(II), Ni(II), Co(II), and Cd(II) metal ions were determined as 0.07, 0.21, 0.38, 0.63 and 

0.82 respectively, which representing very much favorable separation factor (RL) on resin 

(PMBHBPh). The result of E calculated from slope of D-R plot using the equation [201- 202] as 

below: 

 

 was 13.48, 13.13, 12.96, 11.7 and 9.01 for  Fe (II), Ni (II), Cu (II), Co (II), and Cd (II) ions 

respectively, which is within the range of 9- 16 kJmol-1,  estimated for ion exchange or 

chemisorption. Thus all metal ions were well sorbed onto polymeric resin (PMBHBPh), but 

Fe(II), Ni(II) and Cu(II) have sorbed slightly better than Co(II) and Cd(II) ions. The calculated 

results of adsorption ability were dissimilar for all these sorption isotherms.  
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Table 1. :Sorption parameters of Cu(II), Ni(II), Fe(II), Co(II)  and Cd(II) ions  with          
               (6.7 x 10-7 -  4.2 x 10-4 M) onto synthesized resin PMBHBPh  (100 mg) at 30 oC. 

 

8.7.9 Thermodynamic of sorption 

All results of temperature were studied on equilibrium constant (Kc,)  in the range of 283- 

323 K at optimum conditions, for the sorption of Cu(II), Ni(II), Fe(II), Co(II) and Cd(II)  ions 

onto resin. Initially log Kc was plotted verses 1/T (T in K).  Kc represents calculated by equation, 

Kc = Fe/ (1 –Fe) where Fe represents the fraction sorbed at equilibrium. The results of all 

thermodynamic parameters like ΔH, ΔG and ΔS were obtained from the following relationships:                          

   

 log Kc =  -   ΔH    RT  +    ΔS   R 

                            2.303             2.303 

ΔG = -RT ln Kc 

From the results of slope and intercept of the plots the enthalpy of activation were 

obtained for Fe(II), Ni(II), Co(II), Cu(II) and Cd(II) ions as  ΔH = −50.27 ± 0.17, 

ΔH = −48.21 ± 0.23, ΔH = −43.28 ± 0.37, ΔH = −53.21 ± 0.1 and ΔH =  −36.72 ± 0.21 

 kJ mol−1, ΔS = -0.104 ± 0.072, -0.118 ± 0.009, -0.1346 ± 0.021, -0.156 ± 0.043, −0.172  ± 

0.00 1, −0.109  ±  0.008J mol−1 K−1 and ΔG298K  = −1.95 ±  0.07 , −2.19 ±  0.05, −2.75 ± 0.05, 

−3.25 ± 0.03 and −4.2  ± 0.03 kJ mol−1, with correlation factor of 0.996, 0.9389, 0.9914, 0.0998 

and 0.992 respectively. The parameters ∆H and ∆G indicated negative results which showed 

spontaneous nature of the sorption for metal ions with exothermic reaction.  

Metal 

Freundlich Langmuir D-R 

A 
1/n r 

Q B 
r 

Xm E 
r 

(mmol/l) (mmol/g) (I/mol) (mmol/g) (kJ/mol) 

Fe(II) 5.43 0.37 0.998 0.04 2.9 x102 0.98 0.81 13.5 0.95 

Ni(II) 4.68 0.32 0.99 0.04 1.8 x103 0.99 0.76 13.1 1 

Co(II) 4.31 0.31 0.97 0.04 3.7 x103 0.99 0.62 13 0.99 

Cu(II) 3.41 0.3 0.94 0.06 7.1 x104 0.97 0.35 11.7 0.99 

Cd(II) 2.82 0.23 0.98 0.09 4.3 x104 0.98 0.21 9.01 0.99 
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8.7.10 Stability of sorbent:  

The capacity of resin was confirmed by means several loading of the resin as well as 

desorption processes. The stability of resin was obtained clearly and it reused 12 times with 

constant (variation of 1-2%) for sorption, which representing that the resin (PMBHBPh) is 

feasible for sorption.  

 

8.7.11 Desorption  

Desorption of metal ions were determined by shaking the 0.5 g of resin with metal 

solutions, at optimized circumstances. The insoluble resin was filtered and washed with various 

concentration (0.1-2M) and volumes (1-10 mL) of mineral acid. Each washings were collected 

and analyzed by flame AAS. It was obsereved that maximum Cu(II), Ni(II), Co(II) and Cd(II) 

were optimized at 5-6 mL (2M) HCl with 92-94 % recovery of these metal ions.  Although the 

highest desorption of Fe(II) metal required 5 mL of (1M) HCl with recovery of Fe(II) metal ions 

about (89%).  

 

8.7.12 Interference Study: 

The sorption of these metal ions may be affected due to the presence of different cations 

and anions which due to the formation of complexation or precipitation. Some cations and anions 

were used to observe their interferences with Cu(II), Ni(II), Co(II) and Cd(II) metal ions under 

the equilibrium conditions. The synthesized resin (PMBHBPh) was treated with 50 μg/mL of 

different cations or anions, like, Na(I), K(I), Ca(II), Zn(II),  Mn(II), Co(II), Mg(II), Pb(II), 

Cr(III), Br-, Cl-, HSO4
-, SO2

2-, HCO3
-, CrO4

2-, at optimized pH of the metal solution for 24 h. The 

presence of cations/ anions did not affected the uptake capacity of Cu(II), Ni(II), Co(II) metal 

ions significantly but % sorbption of some metal ions like Fe(II) and Cd(II) ions was affected by 

cations, Mg2+, Pb2+and Cr3+ ions in the range of 43-51 %. In case of anions, Cl- and Br- ions 

impeded the sorption of Fe and Cd metal ions within the range of 32- 44 %. Therefore the 

cations and anions only affected the Fe(II) and Cd(II) metal ions due to the stronger affinity on 

surface of resin, towards other metal ions. 
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8.7.13 Analytical Application: 

The proposed method was applied for the determination of these five metal ions on 

polymeric resin (PMBHBPh). The collection of metal ions were taken from different types of 

sample, such as copper wires for the determination of Cu(II) ions. Ten pharmaceutical drugs 

were used as samples for Co(II) and Fe(II) ions, and nine samples for Ni(II) and Cd(II) 

determinations were taken from different brands of tobacco samples. These metals were eluent 

and determined from resin. The results are given in Table: 2(a, b, c), which showed applicability 

of method on resin for pre-concentration and desorption of metal ions by optimized acid leaching 

procedure.  

Table: 2(a): Atomic absorption spectrophotometeric analysis of Cu(II) ions from different  
grades of copper wires using polymeric resin {PMBHBPh) 

 

Table: 2(b): Determination of Fe(II) and Co(II)  from various pharmaceutical drugs using 

resin (PMBHBPh). 

S.no Samples 
Found amount  
(µg/inj or tab) 

Calculated 
amonut  

(µg/inj or tab) 
% RSD 

1 Mecobalamine Inj 21.75 21.9 0.68 

2 Qbal Injection 21.0375 21.9 0.87 

3 Cobalmin Tab 20.25 21.9 7.8 

4 Mecobalamine Tab 19.875 21.9 9.5 

5 Qbal Tab 21.375 21.9 2.3 

6 Ferplex Tab 19.04 20 4.6 

7 Fefol vit Tab 45.56 50 2.8 

8 Acefer- F Tab 97.12 100 2.87 

9 Bisleri Tab 98.74 100 1.25 

10 Mediflic Tab 96.7 100 3.2 

S.No: Sample   
(copper wires) 

Amount % of Cu(II) ions  
found with  (AAS) 

RSD% 

 
1 

 
Million supreme Karachi 

 
92.6 

 
2.1 

 
2 

 
Royal Lahore 

 
88.0 

 
3.5 

 
3 

 
Millan Lahore 

 
90.4 

 
1.8 
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Table: 2(c): Determination of Ni(II) and Cd(II)  from tobacco samples (cigarette) using   

                           resin (PMBHBPh) 

 

8.8   CONCLUSIONS: 

Polymeric resins have great quality of adsorbent, to remove metal ions by the process of 

adsorption, every metal has its special properties. Present work represents the synthesis of poly 

5,5’-methylenebis(2-hydroxybenzaldehyde)1,2-phenylenediimine (PMBHBPh), by reported 

method [181], characterized by various spectroscopic techniques and helpful for the 

preconcentration as well as  removal of metal ions from their dilute solutions.  

 

This resin was used to determine the adsorption from real samples such as copper wires 

for the determination of Cu(II) ions, ten pharmaceutical drugs for the determination Co(II) and 

Fe(II) ions, and nine samples of different brands of tobacco for determination of Ni(II) and 

Cd(II) by optimized acid leaching procedure. Under optimum conditions approximately 

quantitative sorption was achieved for these metal ions on resin (PMBHBPh).  These metals 

could be desorbed very well with 5-6 mL HCl (2M). The further studies showed that the rate of 

equilibrium was faster with higher percentage sorption on this resin. The Langmuir, Freundlich 

and Dubinin- Radushkevich sorption isotherms and the thermodynamic parameters were also 

measured for these metals. The stability of resin was determined practically and has least matrix 

interference with other common ions.  

 

S.No: Tobacco samples 
Amount found  Ni (II)ions in  

(µg/Kg)  by AAS 
(RSD%) (n=3) 

Found Cd(II)ions in 
(µg/Kg)  with 

(RSD%) 

1 Boss 4.05 (2.4) 7.36  (1.3) 

2 Capstan 6.21  (6.2) 8.35  (2.1) 

3 Diplomat 4.92   (5.6) 8.55  (1.9) 

4 Dunhill 3.98   (4.8) 5.44  (1.9) 

5 Gold leaf 4.10   (3.8) 9.07   (2.20) 

6 Gold flake 4.02   (3.7) 8.40   (0.9) 

7 Red &White - 7.99   (2.6) 

8 K-2 5.26   (2.9) 8.40   (0.7) 

9 Pine - 9.06   (1.6) 
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CHAPTER: 9 

RESULTS AND DISCUSSION 

9.1 RESULTS AND DISCUSSION: 

Various Schiff base polymers have been prepared from different simple or substituted 

dialdehydes or diketone with properly placed diamino compounds [1-36]. The advantages of 

these Schiff base polymers are due to variety of their chemical and physical properties. These 

Schiff bases have better thermal stability than their respective polyamides [37-38]. Some of the 

Schiff bases have electro physical properties like semiconductor in nature [77].  Some of 

polymers have been reported as high material, tensile strength, modules as well as impact 

strength. Some of Schiff base polymers have also shown some anticancer activity but anti- HIV 

activity, while a few of Schiff base polymers behaved also antibacterial activates.  

 

In the present work new bifunctional dialdehyde 4,4’-methylenebis(cinnamaldehyde) and 

4,4’-naphthylbis(oxy)bisbenzaldehyde were prepared by reported methods [81]. Then these 

dialdehyde were used   to prepare Schiff base polymers as well as polythioamides with different 

nature of diamino compounds by polycondensation reaction. 

 

The bifunctional dialdehyde 4,4’-methylenebis(cinnamaldehyde) (MBC) was synthesized 

from their parental solution of cinnamaldehyde by the addition of glacial acetic acid at 90- 95 oC 

in the presence of  nitrogen atmosphere. The mixture of concentrated H2SO4 (0.125mL) and 

glacial acetic acid (0.625mL) containing dissolved in trioxane (1.75 g) was added drop wise with 

magnetic stirring to liquid mixture of cinnamaldehyde and refluxed for 24 hours at 90- 95 oC 

with continuous magnetic stirring. After refluxing, the reaction mixture was poured into 1L 

chilled water and allowed to stand overnight. The precipitate was separated by filtration to obtain 

crude ppt of 4,4’-methylenebis(cinnamaldehyde). The decomposition point was > 300 oC. 

 

Another dialdehyde was an ether linked substituted dialdehyde 4,4’-naphthylbis(oxy) 

bisbenzaldehyde (NBOB), which was prepared by polycondensation of  2 molar p-floro 

benzaldehyde  and 1 molar 1-4-naphthaquinone, in the presence of anhydrous K2CO3 (0.5 g) step 

by step in dry dimethyl acetamide (DMAc). The reaction mixture is refluxed 5 hours at 165 oC 

with constant magnetic stirring. After refluxing, the reaction mixture was poured in 1 liter of 
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cold water and allowed to stand overnight. The solid precipitate was filtered and recrystallized 

from the mixture of acetone and n-hexane. The crude precipitate was separated by filtration, 

dried in oven at 100 oC. The decomposition point was > 280 oC. 

 

The synthesis of Schiff base polymers of 4,4’-methylenebis(cinnamaldehyde) were based on 

reactions of dimines, hydrazine, 1,2- propylenediamine, 1,3- propylenediamine dissolved in 

DMF and ethylenediimine, urea, 1,2-diamino benzene, semicarbazide, thiosemicarbazide and 

meso-stitbenediamine dissolved in THF and acetic acid.  

 

Some new Schiff base polymers of MBC and NBOB are also successively prepared by the 

polycondensation of (2 moles) of dicarbonyl compound 4,4’-methylenebis(cinnamaldehyde) 

(MBC) and  (4,4’-naphthylbis(oxy)bisbenzaldehyde) to synthesize variety of Schiff base 

polymers. Some polymers poly 4,4’-methylenebis(cinnamaldehyde)hydrazine (PMBCH), 

poly4,4’-methylenebis(cinnamaldehyde)ethylenediimine (PMBCen), poly4,4’-methylene 

bis(cinnamaldehyde)1,2-propylenediimine (PMBCPn), poly4,4’-methylenebis(cinnamaldehyde) 

1,3-propylenediimine (PMBCPR), poly4,4’-methylenebis(cinnamaldehyde)1,2-

phenylenediimine (PMBCPh), poly4,4’-methylenebis(cinnamaldehyde)semicarbazide 

(PMBCSc), poly4,4’-methylenebis(cinnamaldehyde)thiosemicarbazide (PMBCTSc), poly4,4’-

methylenebis(cinnamaldehyde)meso-stilbenediimine (PMBCS), poly4,4′-naphthylbis(oxy) 

bisbenzaldehyde)ethylenediimine (PNBOBen), poly4,4′-naphthylbis(oxy) bisbenzaldehyde)1,2-

propylenediimine (PNBOBPn), poly4,4′-naphthylbis(oxy)bisbenzaldehyde)1,3-propylenediimine 

(PNBOBPR), poly4,4′-naphthylbis(oxy)bisbenzaldehyde)1,2-phenylenediimine](PNBOBPh), 

poly4,4′-naphthylbis(oxy)bisbenzaldehyde)4-iminophenylether (PNBOBIPE) were formed by 

polycondensation of (4,4′-naphthylbis(oxy)bisbenzaldehyde) with ethylenediamine, 1,2-

propylenediamine, 1,3-propylenediamine, 1,2-phenylenediamine, and 4-aminophenylether. The 

precipitates were recrystallized from mixture of chloroform/ n-hexane, dried in oven at 110 oC 

and pure precipitates of Schiff base polymers were obtained by filtration. The melting point of 

these polymers was ranged between 300- 360 oC. 

 

The prepared dialdehydes (MBC) and (NBOB) were further used to form new 

polythioamides by polycondensation with adducts of diamino compounds, such as 
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ethylenediamine(en), 1,2-propylenediamine (Pn), 1,3-propylenediamine (PR), 1,2-

phenylenediamine (Ph), 4-aminophenylether, meso-stillbenediamine, semicarbazide and 

thiosemicarbazide with sulfur in dimethylacetamide (DMAc) at room temperature. The adduct 

was refluxedwith dialdehyde for 16 hrs at 115 in nitrogen atmosphere. Each time a solid product 

was obtained. Structural formulas of polythioamides were assigned, based on Willgerodt- 

Kindler reaction [126]. The effect of amount of elemental sulfur, added in the preparation of 

polythioamides and different factors, such as solvent of reaction medium, heating time, 

temperature of reaction were optimized. The addition of elemental sulfur was varied from 2.0, 

2.5 and 3.0 milliequivalent, but improved results are obtained with addition of 2.5 

milliequivalent of elemental sulfur. The solvents DMAc, DMF, o-xylene and dimethylene glycol 

were examined as solvents for formation of polythioamides, but best yield was obtained with 

DMAc and was selected. The effect of heating time of reaction mixture was varied for   6, 12, 18 

and 20 hrs at 115 oC to obtain a better yield. The maximum yield was obtained by refluxing for 8 

hr and was selected. Dialdehyde and polythioamides were insoluble in water, methanol and 

ethanol, but were soluble in chloroform, THF, and DMAc. 

 

The dialdehyde (MBC), derived polymers and polythioamides were partially soluble soluble 

in highly polar solvents, like THF, DMF and dimethylsulphoxide (DMSO). 

 

In this study, some poly metal complexes (copper and nickel) were synthesized from 

polymers of 5,5’-methylenebis(2-hyroxybenzaldehyde) and 6,6’-methylenebis(2-hydroxy 

naphthaldehyde) with hydrazine and 4-aminophenylether by the following reported methods 

[172-182] and recrystallized from ethanol.  

 

Bifunctional dialdehydes (MBC, NBOB), their Schiff bases polymers and polythioamides 

were characterized by C. H. N analysis, I. R, U.V- Vis spectroscopy, thermogravimetry and 

viscosity measurement.  

 

Initially, the C. H. N analyses were carried out by Elemental Analysis Ltd, Devon, 

England, and then from H. E. J University of Karachi, Karachi. The percentage found of every 

synthesized compound agreed with % expected of compounds.  
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Infrared spectroscopy deals with vibrational frequencies and molecular stretching of 

compounds and provides basic data for the geometrical and structural features. Infrared spectra 

of 4,4’-methylenebis(cinnamaldehyde) and resulting polymers were recorded on the perkin 

Elmer 1430 IR spectrophotometer using KBr pellet in the range of 4000-200 cm-1. This 

instrument was calibrated by polystyrene film for the precocious of results. Dialdehyde [4,4’-

methylenebis(cinnamaldehyde)] provide a few bands at 3076 and 3052 cm-1 due to C-H aromatic 

stretching. The methylene group (-CH2-) was assigned as an asymmetric stretching mode at 2938 

cm-1 and a symmetric mode at 2864 cm-1. The derived Schiff base polymers PMBCH, PMBCen, 

PMBCPR, PMBCPn, PMBCSc, PMBCTSc and meso- PMBCSt also gave weak or medium 

intensity bands within 3025- 2828 cm-1 region due to aromatic and aliphatic υC-H stretching 

vibrations. Dialdehyde (MBC) showed strong bands at 1730 and 1740 cm-1 of aldehydic υC=O 

vibrations but this band was weak or disappeared in all polymers. All derived Schiff base 

polymers gave main peak around 1650- 1620 cm-1 due to υC=N vibration frequencies. The 

polymers PMBCUR and PMBCSc were indicated strong band at 1751- 1758 cm-1 due to υC=O 

vibration of urea and semicarbazone, but polymer PMBCTSc gave a band at 1240 cm-1 because 

of υC=S vibration of the polymers.   

 

All the polythioamides of MBC were assigned characteristic band within 3300-3400 cm-1 

due to υN-H vibrations. The FT-I R spectra for these polythioamides PMBCSen, PMBCSPR, 

PMBCSSc, PMBCSTSc and meso- PMBCSSt were indicated weak intensity bands within 3080- 

2828cm-1 because of aromatic and aliphatic υC-H stretching vibrations. They did not give any 

band in υC=O vibrations except (PMBCSSc), for ketone group in the semicarbazide. The 

polythioamides PMBCSen, PMBCSPR, PMBCSSc, PMBCSTSc, meso- PMBCSSt gave a 

characterize band within 1227 –1266 cm-1 for υC=S vibrations. The dialdehyde MBC and their 

polythioamides gave two to three bands within 1605-1500 cm-1 due to aromatic ring and υC=C 

vibration and some bands within 1000-565 cm-1 as a result of in and out of plane C-H vibration.  

 

The dialdehyde 4,4’-naphthyl bis(oxy)bisbenzaldehyde (NBOB) gave few main bands of 

weak intensity at 3116cm-1, 3081 cm-1, 2942 cm-1 and 2860 cm-1as a result of aliphatic and 

aromatic υC-H group stretching vibrations. The derived Schiff base polymers PNBOBen, 

PNBOBPn, PNBOBPR, PNBOBPh and PNBOBIPE were showed weak or medium intensity 
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bands of aromatic and aliphatic C-H stretching vibrations within 3172- 2878 cm-1 region. The 

main characterized peak of NBOB was observed at 1743 cm-1 due to aldehydic υC=O vibrations 

but in the Schiff base polymers gave υC=N vibrational frequencies within 1616- 1644 cm-1. 

  

All polythioamides of 4,4’-naphthyl bis(oxy)bisbenzaldehyde) gave characteristic band 

within 3316-3422 cm-1   due to  υN-H vibrations which appeared after polymerization [119]. The 

derived polythioamides (PNBOBSen), (PNBOBSPn), (PNBOBSPR), (PNBOBSPh) and 

(PNBOBSIPE) are indicated weak or medium intensity bands within 2984- 2826cm-1 region due 

to aromatic and aliphatic υC-H stretching vibrations. The aldehydic peaks disappeared in all 

polythioamides and indicated a particular band within 1227 –1247 cm-1 for υC=S vibrations.  

 

The dialdehydes,  their derived Schiff bases polymers as well as polythioamides gave two 

to three bands within 1600-1580 cm-1 due to aromatic ring and υC=C vibration,. The bands were 

observed below 1000 cm-1 due to in and out of plane C-H vibration which characterized adjacent 

aromatic hydrogen atoms in all the compounds.  

 

The Schiff base polymers of Poly5,5’-methylene bis(2-hydroxy benzaldehyde)azine, Poly 

5,5’-methylenebis(2-hydroxybenzaldehyde)4-iminophenylether, Poly6,6’-methylenebis(2-

hydroxy naphthaldehyde)azine and Poly 6,6’-methylenebis(2-hydroxy naphthaldehyde)4-imino 

phenylether formed poly metal complexes with Cu(ll) and Ni(ll) metal ions. These poly metal 

complexes gave weak absorption band at 3082- 3016 cm-1 due to C-H aromatic stretching and 

2965 cm-1due to the methylene group. 

 

Poly copper and nickel metal complexes of bis(2-hydroxy)benzaldehyde/ naphthaldehyde 

showed a characterized peak around 1648- 1615 cm-1 due to υC=N vibration and  few bands 

within 1603- 1580 cm-1 as a result of aromatic ring and C=C vibration.  

 

UV/Visible spectroscopy of dialdehydes, their resulting Schiff base polymers and 

polythioamides were carried out in THF as well as DME upto 600 nm. As the molecular weight 

of these Schiff base polymers was not investigated, therefore 1% absorptivity was calculated. 

The polymers indicated almost two or three bands and the observation of a new band or the shift 
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in the position of the band as compared to dialdehydes were attributed to conjugated azomethine 

chromophores incorporated in the polymers due to polycondensation. The first absorption band 

appeared, in PMBCen at 268nm (1% ε = 428.8 L g-1cm-1) and PNBOBen at 240 nm (1% ε 

=415.2 L g-1cm-1), due to π- π* transition in the benzoid rings and π- π* conjugated (–C=C-) 

groups respectively. The last absorption bands are assigned to π - π* transition in C=C-C=N 

chromophore group present in the compounds and this significant bathchromic shift has occurred 

in solvents (THF/ DMF). 

 

The dialdehydes and their polythioamides contain the conjugated double bonded 

electrons, which could be excited to high energy level. The observation of a new band or a shift 

in the position of the band in polythioamides as compared to dialdehyde, was due to 

incorporation of conjugated thio groups C=S with C=C bonds or  benzoid rings  in the 

polythioamides. The first absorption band appeared in PMBCSen at 271 nm (1% ε = 311.65 Lg-1 

cm-1) and (PNBOBSen) at 239.3 nm (1% ε =380.8 L g-1cm-1).  

 

Electronic spectra of synthesized poly metal chelates (complexes) of bis(2-hydroxy 

benzaldehyde) and bis(2-hydroxynaphthaldehyde)copper and nickel complexes, were carried out 

in THF. As the polymers indicted almost three absorption bands due to π- π* transition in the 

benzoid rings, n- π* conjugated C=N chromophic groups of compounds.  

 

The next band with strong intensity in metal complexes was observed between 290-330 

nm, which represents bathochromic shift, due to π-π* transition in conjugated azomethine group 

present in the compound. The copper chelates indicated characteristic charge transfer band 

within 340-400 nm and nickel chelate obtained a charge transfer band within 410- 440 nm with 

higher absorbance.  

 

The weight loss in case of dialdehydes (MBC and NBOB) started at 180 oC and 100 % 

loss was observed at 600 oC. In the polymers of MBC weight loss started from 220-600 oC with 

88- 100 % weight loss observed. And in polymers of NBOB maximum weight loss observed 

within 200-600 oC with 90 % up to 700oC. An improvement in thermal stability of polymers was 
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observed due to polymerizations. The polymer (PNBOBIPE) left maximum residue behind 

(24%) as compared to other respective polymers.  

 

The weight losses of polythioamides prepared from both dialdehydes were more stable as 

compared to their corresponding dialdehydes. The weight loss in case of different 

polythioamides started from 310-380 oC and 78-90 % loss was observed up to 700oC. As the 

methyl group is present in the carbon chain of (PMBCSPR) and (PNBOBSPR) indicated a 

similar thermal stability but the weight loss started in polythioamides (PNBOBSPR) at lower 

temperature as compare to polymers (PMBCSPR). It therefore suggested that presence of methyl 

improved the volatility of polythioamides. While polythioamides (PMBCSTSc) has maximum 

stability due to the presence of more thio groups in compound, and gave high weight loss at high 

temperature. 

 

DTA results for dialdehydes, their Schiff base polymers and polythioamides indicated 

that all synthesized polymers showed exothermic reaction during the decomposition followed by 

a series of vaporization/ decomposition of exo- endotherm. The polymer (PMBCS) with meso-

stilbenediamine gave three small endotherms within 150-370 oC due to vaporization of solvent 

and melting point endotherm showed DTA at 500 oC exotherms but (PNBOBSPh) gave two 

exotherms at 360 oC and 454 oC due to decomposition of the polymer. The maximum weight loss 

was observed at 415 oC with 18 % remaining residue.  

 

Finally the results of TGA and DTA for all polythioamides of both dialdehydes indicated 

that they were sufficiently thermally stable.  

 

Both copper and nickel complexes of poly 5,5’-methylenebis(2-hydroxybenzaldehyde)4-

iminophenylether (PMBHBIPE) and  poly 6,6’-methylenebis(2-hydroxynaphthaldehyde)4-imino 

phenylether (PMBHNIPE) gave more themally stability than (PMBHBH) and (PMBHNH) due 

to the presence of additional  one phenyl and one ether group. 

 

The loss in weight for nickel complexes was observed 70- 75 % up to 410 oC. The 

melting point endoderm ranged between 250- 330  oC in these poly metal chelates.  
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DTA indicated a large exotherms in copper and nickel poly chelates with maximum at 

330 oC and 450 oC because of the decomposition of poly chelates. The poly chelate 

(PMBHBIPECu) gave slightly dissimilar pattern at 260 oC and 452 oC with clear endotherms, 

caused by melting point and decomposition.  

 

The viscosity measurements of dialdehydes, their newly synthesized polymers and 

polythioamides were recorded within 283 - 323 K with concentration within 0.02-0.10 g/dL in 

DMF /THF.  

 

The reduced viscosities (η)of the dialdehydes (MBC and  NBOB) were observed within 

0.22 to 0.3086 dL/g, but  their derived Schiff bases polymers indicated within 0.26 -0.399 dL/g 

and polythioamides 0.451 -0.859 dL/g. The reduced viscosities of Cu(II) and Ni(II) poly metal 

chelates of 5,5’-methylene bis (2-hydroxy benzaldehyde), 6,6’-methylene bis (2-hydroxy 

naphthaldehyde) were ranged within 0.794-1.366 g/dL in DMF and THF at different 

temperatures 283 - 323 K in the ranged between. The relationship between reduced viscosity 

(ηred) and concentration was observed linear for all the compounds and an increased with an 

increase in concentration and decreased with temperature.  

 

Intrinsic viscosity (η) is a function of molecular mass and it increased with an increase in 

the molecular mass of polymer. Intrinsic viscosities (η) of the dialdehydes were obtained within 

0.249 to 0.348 dL/g, but their derived polymers indicated with 0.283 -0.448 dL/g and 

polythioamides within 0.528 -0.7841 dL/g.  The intrinsic viscosity of metal chelates depend from 

of 5,5’-methylenebis(2-hydroxy benzaldehyde), 6,6’-methylenebis(2-hydroxynaphthaldehyde) 

varied between 0.658-0.849 dL/g.  

 

Huggin’s constant represents the quality of solvents, the values from 0.3 -0.4 indicated 

for a good solvents while above 0.5 showed poor nature of solvents. Therefore it was only refer 

the hydrodynamic relation between compound and solvent. The Huggin’s constant for 

dialdehydes were observed within 0.516 –0.6268 as compared to polymers (00..559988  --0.768) and 
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polythioamides (00..552277  -0.6275). It means that DMF /THF are poor solvents for these 

compounds.  

The Huggin’s constants of metal chelates of poly 5,5’-methylenebis(2-hydroxy 

benzaldehyde)azine, 5,5’-methylenebis(2-hydroxybenzaldehyde)4-iminophenylether, poly 6,6’-

methylenebis(2-hydroxynaphthaldehyde)azine and poly 6,6’-methylenebis(2-hydroxy 

naphthaldehyde)4-iminophenylether were observed between 0.76- 1.261.  

 

The absolute viscosity (ηabs) for dialdehydes were observed within 0.106-0.21m•N•S/m2 

as compared to polymers (00..113355  --0.31 m•N•S/m2) and polythioamides (0.33- 00..441177 m•N•S/m2). 

The absolute viscosity of synthesized poly metal chelates were between 1.27 -2.06 m•N•S/m2. 

Absolute viscosity increased at higher concentration, due to the increase in the density of 

solution and probable arrangement of molecules, where as a decrease in ηabs was observed with 

increase in temperature.  

 

All thermodynamic parameters of dilute solution of dialdehydes (MBC and NBOB) and 

polythioamides were calculated in DMF /THF. The values of ΔGv for dialdehydes were within 

11.989-14.26 KJmol -1 as compared to the polymers (12.438 -14.93 KJmol -1) and 

polythioamides 15.09 -15.71  KJmol – 1). The values of ΔGv for copper and nickel metal chelates 

derived from 5,5’-methylenebis(2-hydroxybenzaldehyde), 6,6’-methylenebis(2-hydroxy 

naphthaldehyde) increased between 13.21-14.46 KJmol -1. The value of ΔGv for dialdehydes and 

their polythioamides increased with an increase in temperature as well as concentration which 

indicated that shape evolution of the molecules took place throughout flow process. 

 

 The values of ΔHv for dialdehyde are 9.43 -11.505-KJmol -1 as compared to the 

polymers (8.604-8.771 KJmol-1) and polythioamides (5.87 -8.771-KJmol -1). The results of ΔHv 

for copper and nickel metal chelates increased between 6.27 -11.04 KJmol -1. However the 

values of ΔHv of viscous flow are less dependent on temperature. Similarly a decrease in the 

value of ΔHv was observed in polymers as well as polythioamides as compared to dialdehydes it 

may be because of aggregation of the molecules.  
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The values of ΔSv of dialdehydes, their polymers and polythioamides gave negative 

results which showed that these solutions were more ordered during flow process. The parameter 

of ΔSv for poly metal chelates ranged between -0.038--0.093 KJmol -1. The negative sign of ΔSv 

represents that the molecules are becoming more extended due to the uncoiling of the polymer 

molecules taking place in the solution. 

 

This research also used some of the polymers like poly 5,5’-methylenebis(2-hydroxy 

benzaldehyde)azine, (PMBHBH), poly 5,5’-methylenebis(2-hydroxybenzaldehyde)1,2-

phenylenediimine (PMBHBPh), poly 6,6’-methylenebis(2-hydroxynaphthaldehyde)4-

iminophenylether (PMBHNIPE) and poly 6,6’-furfurylenebis(2-hydroxynaphthaldehyde)4-

iminophenylether (PFBHNIPE) for the adsorption study of different metal ions, followed by 

desorption and metals ions detections by using atomic absorption spectrophotometry. The batch 

and column methods were adopted for the quantitative adsorption of metal ions on polymeric 

resins. The kinetic and thermodynamic parameters are also discussed in detail with the resins 

used. 

 

Poly 5,5’-methylenebis(2-hydroxybenzaldehyde)azine was used for the preconcentration 

of Cu(II), Ni(II) and Cd(II) ions from the aqueous solutions with different concentration. The 

percentage adsorption of (PMBHBH) was observed 84.0 %, 70.0 % with Cu(II) and Cd(II) ions, 

(PMBHNIPE) and (PFBHNIPE) were indicated 81.5 %, 77.4 %74.5 % and 70.01 % sorpion with 

Cu(II) and Ni(II) ions respectively. These metal ions were desorbed with 4-6 mL of (1M) of 

hydrochloric acid.  

 

In batch method, poly 5,5’-methylenebis(2-hydroxybenzaldehyde)azine (PMBHBH) was 

optimized for asorption at pH 6 for Cu, Ni and Cd metal ions. Both polymers (PMBHNIPE) and 

(PFBHNIPE) gave maximum % sorption at pH 6 for Cu and at pH 8 for Ni metal ions. In column 

method, the flow rate for (PMBHBH) was optimized at 2mL/min-1 for Cu(II) and 2mL/min-1 for 

Cd(II) ions, while for polymers (PMBHNIPE) and (PFBHNIPE) were selected at 2 mL/min-1 for 

both (Cu and Ni) metal ions. 
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These functionalized resins were applied for the determination of Cu, Ni and Cd metal 

ions at the optimized conditions for different concentrations of aqueous solutions by air 

acetylene flame atomic absorption.  

 

Another polymer 5,5’-methylenebis(2-hydroxybenzaldehyde)1,2-phenylenediimine 

(PMBHBPh) was also used as adsorbent with different metal ions like, Cu, Ni, Co, Fe and Cd 

followed detection by atomic absorption spectrophotometer. 

 

These metal ions were optimized for adsorption on polymeric resin by batch as well as 

column techniques and showed that the resin (PMBHBPh) had a faster rate of equilibrium as 

compare to (PMBHBH) with higher percentage sorption. 

 

The sorption results were subjected to different sorption isotherms namely Langmuir, 

Freundlich and Dubinin- Radushkevich. The sorption isotherms were evaluated by using slop 

and intercept of linear plot. The uptake of all these metal ions decreased with an increase in 

temperature by indicating the processes to be exothermic in nature. 

 

The stability of resin was established to be constant with a small variation of 1-2%, after 

its use for 12 times. The reusability of resin column was main advantage of resin (PMBHBPh). 

 

The uptake study of  (PMBHBPh) with different metal ions was carried out form various 

samples e.g copper wires for the determination of Cu(II) ions, pharmaceutical products for Co(II) 

and Fe(II) ions and tobacco samples for Ni(II) and Cd(II) metal ions. 
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FUTURE TRENDS AND RECOMMENDATIONS 

 

From past two decades, the field of polymers is growing day by day, due to the 

importance in consumption of polymers in routine daily life. Several research groups have 

worked on the synthesis of polymers, polythioamides and their derivatives with numbers of 

different reagents by polycondensation. In the present work, various dialdehydes were 

synthesized for the preparation of polymers, polythioamides and metal complexes. All the 

compounds were characterized by different techniques such as C. H. N analysis, I.R, U.V-

Visible and thermal analysis (TG/DTA). The viscosity measurements were also carried out in 

dilute solutions at different temperatures. The thermodynamic parameters (Hv, Gv, Sv) were also 

calculated. 

 

Now for future research, there is need to determine some of other parameters such by 

NMR spectroscopy. X-ray diffraction to investigate the determination of sequencely ranged 

atoms or molecules and the structure of these polymers. 

  

The molecular weight is a main step for newly synthesized polymers. There are two 

methods to determine the molecular weight of compounds. One is light scattering method and 

other is gel permission chromatography, these methods may be examined to compare the results 

of both methods. 

 

Many polymers have been worked as an adsorbate with high surface area and offer 

selectivity with high adsorption capacity (retention capacity). The study has attracted attention of 

researchers to solve out many environmental problems. In this study, a few polymers were used 

to optimize various factors to get the maximum sorption of metals, other polymers can also be 

examined for adsorption with various metals. These polymers may prove helpful for the removal 

of heavy metals ions to reduced potential toxicity due to heavy metals. 
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