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ABSTRACT

Terpolymer (BPEDF-IIl) has been synthesized usihg tmnonomers 2, 2'-biphenol, ethylene diamine and
formaldehyde in 3:1:4 proportion in the presencbf HCI as a catalyst. The number average molecwkight of
this terpolymer has been determined by conductaeniation in nonaqueous medium. Viscometric nngasient

in dimethylformamide has been carried out with ewito ascertain the characteristic functions andastants.
Elemental analysis confirms the stoichiometry o PEDF-III terpolymer whereas the structure hasrbe
elucidated on the basis of IR, NMR, UV-Visible sp¢studies. The antibacterial activities of thergolymer were
screened on various bacteria. The synthesizedrmiyas shown excellent antibacterial activitiescampared to
the standard Ciprofloxacin.

Keywords: Synthesis, BPEDF-III Terpolymer, Elemental An&yS$pectral Studies, Antibacterial Activities.

INTRODUCTION

Now a day, various workers have pressing demansiytthesize eco-friendly polymers having some biicllg
activities like antibacterial. The invasion of paigrs by fungi, bacteria and other organism is nesitéd by loss of
mechanical properties, surface degradation, disatidm, staining and other deteriorations [1-4]rpdymers have
been prepared from o- & m-hydroxyacetophenones, aminoacetophenones, p-chlorobenzoic acid, 4-
hydroxylphenacyl bromide with substituted aromatiompound and formaldehyde which shows pronounce
bactericidal and antifungal activity [5-7]. Perusaf literature reveals that biological activitiesf -
hydroxybenzaldehyde oxime, Substituted Acetopher®aged Terpolymers, and p-hydroxybenzaldehyde oxime
based terpolymers, Phenolic Resin with Lanthanifld3 and Poly [(2-Hydroxy-4-Methoxy Benzophenone)
Ethylene] Resin have been studied by various cogrsrf8-11]. Synthesis, characterisation and thedegradation
studies of terpolymers containing 8-hydroxyquineliwith substituted amino compound and formaldehyaee
been studied [12, 13]. Dhanraj Masram and coworkave synthesized terpolymers by the condensafiealigylic
acid, salicylaldehyde and p-hydroxy benzoic acithwiarious amines viz. ethylenediamine, butylenedti&, p-
phenylenediamine and 2, 4-naphthalene diamine feitmaldehyde [14-18]. M. M. Jadhao and coworkergeha
prepared terpolymer resins containing 2, 2'- bigthewith urea, thiourea, guanidine and formaldehgdd reported
their structure, thermal degradation studies, amdexchange properties [19-23]. However, the litem survey
revealed that no terpolymer has been studied usiieg monomers 2, 2’ biphenol, ethylene diamine and
formaldehyde. Therefore, in this present commuiicatve report synthesis, characterization and antérial
activities of a 2, 2’ - biphenol — ethylenediaminérmaldehyde (BPEDF - Ill) terpolymer. The conthroetric
titration and viscometric measurements have bemiedaout for molecular weight determination andital out the
characteristic functions and constants respectivEiie elemental analysis and spectral studies baea used to
characterize the complete structure of the BPEDEetpolymer.
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EXPERIMENTAL SECTION

All the chemicals used were of analytical gradgoore grade. 2, 2’-biphenol (Aldrich chem.), ethyegiamine,
formaldehyde, N, N’-dimethyl formamide, dimethylgbbxide (all from Merk) were used.

SYNTHESIS OF BPEDF-IIl TERPOLYMER

A mixture of 2, 2'-biphenol (0.3 mol), ethylene diae (0.1 mol), and formaldehyde (0.4 mol) in preseof 2M
HCIl was heated in an oil bath at 285 5’c for 5 hr with occasional shaking. The separatsinous product was
washed with hot water to remove unreacted mononieis. then thoroughly washed with methanol to remo
copolymers which might be present along with teypw@r. It was purified by dissolving in 8m NaOH and
reprecipitated by drop wise addition of 1:1 (v/VEHwith constant stirring. The regenerated produas washed
with hot water, dried in a vacuum desicator ovehyainous calcium chloride. The yield of this terpobr was
found to be 73%. The reaction taking place in thetsesis of BPEDF-III terpolymer is as shown in &cie 1.

Q O + N NHy-(CHy)yNH,+ 4n HCHO

135 + 59
5 Hrs
2M HCI Catalyst

OH — NH-(CH,),-NH-CH,

v H,C HO H;
L + 4n HZO - n
Scheme I: Synthesis of BPEDF-III Terpolymer.

ANTI-BACTERIAL ANALYSIS

Escherichia coli, Staphylococcus aureus, Bacillugibs, Pseudomonas aeruginosa were analysechfiragterial
activities. Pure culture of these pathogenic bactesms taken for analysis. Agar diffusion methodswesed for
antibacterial studies. Nutrient agar medium wasl dise culture of the bacteria. The composition \waptone (10.0
g), sodium chloride (10.0 g), yeast extract (5.@ugd agar (20.0 g) in 1000 ml of distilled wate®.rig sample was
dissolved in 1 ml of N, N’- dimethylformamide sohteand Ciprofloxacin Standard Antibiotic of known
concentration was used for analysis.

Initially, the stock cultures of bacteria were r@d by inoculating in broth media and grown at 3#9CL18 hrs. The
agar plates of the above media were prepared atgl were made in the plate. Each plate was inoedlatith 18
hrs. Old cultures (10Ql, 10-4 cfu) and spread evenly on the plate. AB@rmin, the wells were filled with of
compound at different concentrations. The contrellswith Ciprofloxacin were also prepared. All thiates were
incubated at 37°C for 24 hrs and the diameter bfbition zone were noted. Concentrations of sanfple
antibacterial activity were taken as pg / ml, 100pg / ml, and 20Qug / ml. The antibacterial activities of the
terpolymer were screened on various bacteria aethencentrations. The synthesized polymer hasrsleaaellent
antibacterial activities as compared to the stath@aprofloxacin [24-27].

CHARACTERISATION OF TERPOLYMER

The number average molecular weight (Mn) was detexdnby conductometric titration in DMF using KOH i
alcohol as a titrant. The viscosity measuremerndystuas done by using a Tuan-Fuoss viscometer adifferent
concentrations (3.0% to 0.5%) in DMF a®80The elemental analysis of the terpolymer wasiegout for C, H,
and N by using a ThermoFinnigan CHNSO Analyseny(JtacFLASHEA 1112 series and Infrared spectrum was
recorded in the region of 600-4000 timn Nicolet Instruments corporations (USA), ModeABINA 550, at SAIF,
IIT, Powai, Mumbai. The UV-Visible study was cadieut on a spectrophotometer in the range of 2WB I#n at
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RTM Nagpur university, Nagpur. NMR studies in dilmgsulphoxide as a solnt, was carried out on BRUKE
AVANCE Il 400 NMR spectrometer, SAIF Panjab UniiggsChandigart

RESULTS AND DISCUSSION

The BPEDF-Illterpolymer was found to be light pink in colour @ndoluble in commonly used organic solve
but was partly soluble in DMland DMSO.This synthetic terpolymer doest show a sharp melting point t
undergo decomposition abov@@C. Synthesized terpolymeawas analysed for carb, hydrogen and nitrogen
content and the composition thfe terpolymeiobtaired on the basis of the elemental analysis for ecarbypdroger
and nitrogen content was found to be in good catial to that of the calculated valt

Calculated value for BPEDHF Terpolymer:-  C: 68.29%; H: 6.23%; N: 3.79%

Observed value for BPEDH-Terpolymer:- C: 68.43%; H: 6.17%; N: 3.73%

The molecular weight (Mnof the terpolymer was determined by non aqueoasductometric titratic in DMF
against KOH in alcohol using 100g of resin sample. A pl of specific conductancagainst the milliequivalents

potassium hydroxide required for neutralizatio 100 mg of terpolymer was mades shown in figure. Inspection
of such a plot revealetiat there are many breaks in the | From this plot the first and the last breaere noted.

The calculation of (M) by this method is based on following considerations [28, 29].

(1) The first break corresponds to neutralizatio the more acidic phenolic hydroxy group of all oé repeating
units; and

(2) The break in the plot beyonghich a continuous increase in conductance is @bs represents the stage at
which the phenolic hydroxgroup of all repeating units is neutraliz:

1.2
Conductometric Titration Curve for BPEDF-III Terpolymer
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Figure 1:- Conductometric Titration Curve of BPEDF-III Terpo lymer.

The average degree pblymerization Dp) is given by relation.

_ total milliequivalents of base required for complete neutralisation i.e. last break

Dp*

milliequivalents of base required for smallest interval i.e.first break

The number average molecular weight (Mn) coul obtained by multiplying the Dp by the formula wei of the
repeating unit [30]The average degree of polymerization is found t@€¢. The number average molecular wei
(Mn) is 14,760.

Viscometric measurements were carried out in [ at 30°C. The intrinsigiscosity was determined by the Hug¢
[31] equation and the Kraemers [3&juation.
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Figure 2: Viscometric Plot of BPEDF-IIl Terpolymer.

From the Huggins and Kraemers equatigsp / C andhrel / C against C were plotted, shown in figure [Zick is
found to be linear, giving slopes &nd k respectively. The intercept on the axis of vistyokinction gave the value
of [n] in both the plots. The calculated values of cantt k and k in most cases satisfy the relation k1 + k2 = 0.5
favourably [33]. The intrinsic viscosity is fourid be 0.11343. The values of] [obtained from €§. (1) and (2)
were in close agreement with each other.

Spectral studies

The electronic spectrum of terpolymer is depictedigure 3. The spectra show three absorption maximthe
region 230 - 420 nm. The intense band at 230 -r#80s due to phenolic — OH groups in repeated wfitthe
terpolymer and is assigned to—w*) transition [34]. The intense band at 270-300 isndue to £—=n*) allowed
transition of biphenyl moiety, which readily attainplanarity [34-38], while the later intense baiB50-420 may
be attributed to m-r*transitions for the presence of the phenolic hygtogroup (auxochrome) [35-38]. This
observation is in good agreement with the propgwethable structure for the BPEDF terpolymer. Thecibnic
spectrum of this terpolymer resin is depicted gufe 3.

The IR spectrum of terpolymer is shown in figureAdbroad band appearing in the region 35150.1iomay be
assigned to stretching vibrations of phenolic —@bugs [34, 35-37]. The band at 2923.04%¢c1%95.96 cm-1, and
630.58 cm-lare assignable to —NH- stretching, lmendnd deformation out of plane respectively [F], Ihe band

at 1602.29 cm may be ascribed to an aromatic skeletal ring [BAg presence of methylene bridges (-CH2-) in the
polymeric chain may be assigned to the presence bénd at 1460, 1281.36 — 1370 and 751.9F f@H2-
bending, wagging and rocking] [34-38]. The bandL219.01 crit may be due to >C-O stretch of the polymeric
phenol [35, 38-40]. The bands obtained in the re@®je cnt, 1074.46 cniand 1123.45 cthconfirms the 1,2,3,5
substituted aromatic ring [35, 36]. The 1,2,3,%ubsdditution of the benzene ring is also confirmgdhe presence of

a band at 887.63 cfmand 818.02 cmfor a tetrasubstituted benzene ring [34-36].
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Figure 3: Electronic spectra of BPEDF-III terpolymer.
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Figure 4:- Infrared Spectra of BPEDF-III Terpolymer .

'H NMR spectra of terpolymers are presented in &giiand NMR spectral data is shown in table 5. &lspectra
show a multiple signal (asymmetrical pattern) ia tlgion 6.7 to 7.3] ppm, which are due to aromatic protons
[35, 36]. A doublet signal appearing in the regBo®-9.2 §) ppm can be assigned to the proton of the pherQid
group involved in hydrogen bonding [35, 37, 39].bfoad signal at 9.2f ppm shows intramolecular hydrogen
bonding of the -NHCH group or intermediate proton exchange reactiohatfi phenolic —OH groups [35, 41]. A
weak signal at 7.8-8.®) ppm may be due to protons of the —NH- bridges43P A signal at 3.2-4.00f ppm may
be assigned to ethylenic protons of an Ar,@HH-CH, moiety [34-38,41]. A medium signal in the range3of-4.0
(©) ppm is attributed to the presence of —NH- briddil].
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Figure 5: Nuclear Magnetic Resonance Spectra of BPEDF Terpatyer.

Antibacterial activity

In order to exploreantibacterial activit, synthesised terpolymer hégen tested for their antibacterial acti
against Bacillus subtilis, Escherichia cStaphylococcuaureus, and Pseudomonas aerugi. Zone of inhibition
with respect to standard antibacterial drug (cipratcin) were measured (Table 1).

Table 1: - Relative antibacterial activity of BPEDF-III terpolymer (50 pg/ml, 100pg/ml, 200pg/ml)

Stno| terpolymers Concentrations screengd Diameter of inhibition zones in cm (activity ind
) (ng/ml) B. subtilis| P. aeruginosa E. coli S. aureus
50 0.9 (0.69) 0.7 (0.30) | 0.6 (0.42 0(0)
1 BPEDF-III 100 1.3 (0.86) 1.1(0.39) | 1.4(0.87 | 0.6 (0.37)
200 3.3(1.73) 23(0.71) | 29(1.38 | 1.6(0.8)
: . 50 1.3 (1) 2.3 (1) 14 (1 1.3(1)
2 Cégrtzfr'%ﬁg')” 100 15 () 28(1) | 16(1 | 16()
200 1.9(1) 3.2(1) 21 (1 2.0(1)

The synthesized resin show gaaatibacteriaactivity against all bacteridhe graphical representationshown in
figure 6. From the graphsahe concentrations of the terpolymer sample as&s diameter of inhibition zone in «
increases. Among all the concentrations, at@®0Oml terpolymer show good antibacterial actiy

3.5 + 3.3
m Series1 50 pg/ml

Series2  100ug/ml
M Series3 200pg/m|

B. subtilis P. aeruginosa E. coli S. aureus

Figure 6: Comparative Antibacterial Activity of BPEDF -1Il Terpolymer and Standard Drug Ciprofloxacin against Bacteria Viz.S.
Aureus, P. Aeruginosa, E .Coli And B. Subtilis.
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CONCLUSION

The terpolymer is light pink in colour and partlgigble in DMF, DMSO and insoluble in commonly usaganic
solvents and concentrated acids. On the basisatuenand reactive positions of the monomers, médeaveight,
elemental analysis, electronic, IR, and NMR spedha structure of terpolymer is determine. Th@agmer show
excellent antimicrobial activities as compared tandard drugs. The synthesized terpolymer may videty of
applications in the field of material science.
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