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ABSTRACT

Eleven wholly-aromatic polyesters were synthesizgdnterfacial polycondensation of various aromadi@acid
chlorides such as terephthaloyl chloride (TPCL) asmphthaloyl chloride (IPCL) with various aromatiéols such
as bisphenol-A (BPA), resorcinol (RES), 1,5-dihygraoaphthalene(15DHN), 4,4'-bis(hydroxyl)benziligianiline
(BHBA), 4,4-bis(hydroxybenzilidine) benzidine (BB)B 4,4’-bis(hydroxybenzilidine)-p-  phenylenediaei
(BHBP), 4,4-bishydroxy biphenyl thioether (BHBRISing chloroform-water interphase system, alkaliaasacid
acceptor and citramide as phase transfer catalystambient temperature. The resulting polyesters ewer
characterized by solubility test, elemental anaysitrinsic viscosity measurements, FT-IR, aHeNMR spectral
analysis, and thermogravimetric analysis.

Keywords: Wholly-aromatic polyesters, interfacial polycondation, diacid chlorides, diols, chloroform-water
interphase system, citramide, solubility test, elatal analysis, intrinsic viscosity measurement®s,|€, and'H-
NMR spectral analysis, and thermogravimetric analys

INTRODUCTION

A large amount of research work and activities bagn undertaken to synthesize new polyedtgfsjand
copolyesters},4] and to modify them for desired properties andliappons. A great many aromatic polyesters
have been synthesized from various types of bisphand polyesters derived from bisphenol-A anglgbaloyl
chloride (IPCI) / terephthaloyl chloride (TPCI) labeen commercializedHowever, polyesters are generally
difficult to process because of their limited sdlitypin organic solvents and their high meltingrtperature or high
glass-transition temperature by virtue of theiidrigtructures.

Prepared linear polyester have been codified as

(i) PE(TPCH+BPA) PTP1
(i)  PE(TPCI+RES) PTP2
(i)  PE(TPCI+15DHN) PTP3
(v)  PE(TPCI+BHBA) PTP4
(v) PE(TPCI+BHBB) PTP5
(vij  PE(TPCI+BHBP) PTP6
(vl  PE(TPCKBHBPT) PTP7
(vii)  PE(IPCI+BPA) PIP1
(x)  PE(IPCI+RES) PIP2
(X) PE(IPCI+15DHN) PIP3
(x)  PE(IPCI+BHBPT) PIP7
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MATERIALS AND METHODS

A large amount of research work and activities iesn undertaken to synthesize new polyesters goulyasters
and to modify them for desired properties and @afitbns. A great many aromatic polyestgi8] have been
synthesized from various types of bisphenol, anlygsters derived from bisphenol-A and isophthalciyloride

(IPCI) / terephthaloyl chloride (TPCI) have beemeoercialized

Polyethylene terephthalate (PET) is widely useé asaterial for synthetic fibers, packaging filmscarding and
photographic tapes, bottles for beverage and fout engineering plastic components, because ofxitellent
thermal and mechanical properties, high chemicastance, and low gas permeability. However, PEYmer has
some undesirable properties: for example, poor alyidity, pilling, low moisture regain, generatiorf static
charges, poor adhesion to metals, and poor progeisy due to the high melting temperature. In g,
copolymerization affords a facile means of modifyithe crystallinity, morphology, melting point £, glass
transition temperature (), solubility, and permeability. Poly(ethylene isipalate-co-terephthalate) (PEIT)
exemplifies copolyesters possessing a crystallizing a poorly or non-crystallizing component. RandBEIT
copolyester is known to be formed by the convemtidoulk polymerization of ethylene glycol (EG), itlimethyl
isophthalate (DMI) or isophthalic acid (IPA) andrdithyl terephthalate (DMT) or terephthalic acid AJPThe
incorporation of DMI changes morphology (crystatinand crystal size), and properties,(TT, thermal
expansivity and mechanical properties) of PET havhgper. PEIT copolyesters are currently used inugtd; as
thermally shrinkable package films as well as tseat able laminating films for steel cans and matal ceramic
sheets.

Alternatively, in an attempt to increase the Tghef PET polyester and its flame resistance andhjgait unusual
physical properties, the aromatic character of gbé/ester was increased, by modifying PET with pHoxy
benzoic acidNon-crystalline and liquid crystalline polyesteps)y(ester-carbonate)s, poly(ester-amide)s haea be
developed as high performance polymers, which hapecific properties. These polymers have potential
applications as high modulus fibers and enginegsigmer .

Thus, the growth and expansion of polyester workhthasic and applied over the past few decadedées
enormous. In an attempt to synthesize new polye$tercondensation of aliphatic and aromatic diacidgliacid
chloride with aromatic diols with or without liquittystalline structure, the present work was uraden.

Materials

Dicarboxylic Acids: Terephthalic acid (TPA) and Isophthalic acid (IFf®m SRL, Mumbai were used as received.
Cyanuric chloride was obtained from ATUL, Valsadyimg purity better than 98 mol% and was furtheiiffgd by
crystallization from pure benzene (mp 146°QrNaphthylamine was obtained from Polypharm and p-
hydroxybenzaldehyde, p-aminophenol, benzidine,@mptenylenediamine from SRL, Mumbai of purity bettean
99% were used as received. Citramide (cityltrieahyinoniumbromide) (SRL, Mumbai, extra-pure 99%) wasd

as received.

Thionyl chloride, pyridine, ethanol, chloroform, thanol, acetone, sodium hydroxide, sodium bicartgna
sulphuric acid, hydrochloric acid, etc. were goaglgy laboratory reagents and used after apprpparification
and distillation if required.

Aromatic Acid Chloride Monomers:

Terephthaloyl chloride (TPCI) and Isophthaloyl chloride (IPCIl) were synthesized from the condensation
reaction of their corresponding dicarboxylic acwdsh excess of thionyl chloride, in the presencdesf drops of
pyridine as a catalyst. They were purified by ailgtation with n-hexane.

Aromatic Diol Monomers:

Bisphenol-A (BPA) was obtained from Fluka, Switzerland, puris haviogrity > 97%. It was repeatedly
crystallized from 50% aqueous acetic acid. Thetafyswvere filtered thoroughly, washed with wated ainied. It
was used after recrystallization from benzene (56 ).

Resorcinol (RES) was obtained from SRL, Mumbai having purity bettban 99%. It was purified by
recrystallization from rectified spirit.

4,4'-Bishydroxy biphenyl thio ether (BHBPT) was obtained from United Phosphorous Ltd., Vapuitg purity
better than 98% was used as received. *FhBIMR, CDCk, 250 MHz, TMS,5 ppm) for BHBPT:3 6.70-6.74 (d,
4H, ortho- to -OH), 7.10-7.13 (d, 4H, ortho- t0;$.39 (s, 2H, -OH).
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1,5-Dihydroxynaphthalene (15DHN)was obtained from ATIC, Valsad, having a purity92% and was further
purified by crystallization from ethanol (mp 195°C)

4,4’-Bis(hydroxy)benzilidene aniline (BHBA)was synthesized from reaction of p-hydroxybenzatdehand p-
aminophenolEthanolic solution of p-hydroxybenzaldehyde (1.20d@)1 mol) mixed with ethanolic solution of p-
amino phenol (1.09 g, 0.01 mol) was refluxed inesdtath for 2-3 hrs. The reaction mixture was pdureto
crushed ice. The yellow precipitate separatesibwigs filtered, washed with methanol and distilleater and dried
(mp 194°C).FTIR (KBr, cm?) 3426 (broad O-H), 1615 (-CH=N), 1588 and 1510=@Caromatic).**C-NMR
(DMSO-d6, TMS)d ppm: 155.4-157.9 (C1, -C-OH), 115.2-117 (C2 & ©68ho- to —OH), 128.4-128.7 (C3, ortho-
to —CH=N), 130.1-132 (C4, -C-CH=N), 160-163.2 (&BH=N), 122-122.4 (C6, -C-N=HC), 125.4 (C7, ortlho—
N=CH), 143.1-148.4 (C9, -C-OH).

4,4'-Bis(hydroxybenzilidene) benzidine (BHBB)was synthesized from reaction of p-hydroxybenzaldehand
benzidine. Ethanolic solution of p-hydroxybenzalgid (2.4 g, 0.02 mol) mixed with ethanolic solutiof
benzidine (1.84 g, 0.01 mol) was refluxed in wdtath for 2-3 hrs. The reaction mixture was pouredrushed ice.
The yellow precipitate separates out. It was fterwashed with methanol and distilled water andddiFTIR
(KBr, cmi?) 3426 (broad O-H stretch), 1606 (-CH=N), 1594, a%hd 1451 (-C=C- aromatic-NMR (DMSO-
d6, 90 MHz, TMS) ppm 8.4 (d, 2H, 2CH=N), 6.60-6.95 (m, 4Ar-H, ortieo-OH), 7.15-7.50 (m, 4Ar-H, ortho to
phenyl), 7.65-7.85 (m, 8Ar-H, ortho to azomethimel @mino).**C-NMR, (DMSO-d6, TMS)3 ppm: 146.7-150.9
(C1, -C-OH), 114.2-115.5 (C2, ortho- to —OH), 127#% (C3, ortho- to —CH=N), 130.5-130.6 (C4, -C-QH=
158.9-160.6 (C5, -CH=N), 128.7 (C6, -C-N=HC), 1212A1.5 (C7, ortho- to -N=CH), 125.8-126.8 (C8, ortto —
Ph), 136.6-137.9 (C9, -C-Ph).

4,4'-Bis(hydroxy benzilidine) p-phenylenediamine (BIBP) was synthesized from reaction of p-
hydroxybenzaldehyde and p-phenylenediamine. Etimeolution of 2.44 g (0.02 mol) p-hydroxybenzalgeéa and
ethanolic solution of 1.10 g (0.01 mol) p-phenyktiaenine were mixed and refluxed in water-bath fe&& Brs. The
reaction mixture was poured in crushed ice. Théoyeprecipitate separates; it was filtered, wasivéti methanol
and distilled water and dried. The product wasffdiby reprecipitations from chloroform-methan¥idld 81%,
mp 260°C). The FT-IR: 3426 (broad O-H stretch),226@H=N), 1591, 1513 and 1444 (-C=C aromafit}.-NMR
(DMSO-d6, TMS,d ppm): 149.2 (C1, -C-OH), 114.5-115.6 (C2, orth¢e —OH), 129.7-130.5 (C3, ortho- to -
CH=N ), 132 (C4, -C-CH=N), 159 - 160.5 (C5, -CH=N1p1.7 (C6, -C -N=HC), 127.6-128.1 (C7, ortho—o
N=CH).

Conditions for polyester synthesis
In the present investigation interfacial polyconstion of diacid chloride with aromatic diol is dsdt has been
observed that the polymerization reaction is infltesd by solvent system, and catalytic and surfactdditives.

Solvent system: The choice of the organic solvent is critical siitcaffects several other polymerization factorshsu
as the potential partition of reactants betweenttywe phases, the diffusion of the reactants, reactate and the
solubility, swelling or permeability of the growingplymer. Chloroform/water interface system hasnbemployed

for similar polymerization of this typ&he polar aqueous phase contains enough NaOHsgoldisBPA completely
as the active phenolate ion, leaving as little @ssible undissociated BPA, which could be extrabigthe organic
phase. The non-polar chloroform phase is an extedi@lvent for ADCI and oligomer formed in reacti@fthough

not for polymer of high molecular weight two pdssi side reactions are the alkaline hydrolysis ®H-and

dichlorocarbene formation by the action of aquea®H/chloroform. The low solubility of ADCI in wateserves

to prevent it from hydrolysis by the alkali. Morewy very slow rate of the side reactions, as cosgpdo the

polycondensation insure that neither the courgmbfmerization nor the hydrolysis are adverselgetid.

Catalytic and Surfactant Additives

The surface-active agent is known to enhance theedeof polymerization in the interfacial productiof polymer.

This enhancement is brought about by improved nmachbmixing, increased interfacial area and consatly

increased contact of the reactants, the degreehaineement is expected to depend on the natuhe @fdditive and
indeed the use of emulsifier has been the subjemptimization of studies. Sometimes IPC, as typauzleophilic

displacement, are carried out with phase transfalyst generally small symmetric quaternary ammnoncations.
It has been suggested that both surfactant andyti@tunctions could be combined through the u$eationic

surfactants, which as quaternary ammonium compquaigd also used in transfer of monomer betweeasgh
Earlier work has indicated a higher molecular weijtthe product when amount of cationic surfactaas used. In
the present case we have used citramide as aicadimfiactant and phase transfer catalyst.
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Synthesis of polyester

Considering the experience of previous investigatiine reactants ADCI and BPA were taken in equimoddio,
using chloroform-water interphase system and citlenas phase transfer catalyst. The stirring wgsreus and
continuous and the duration of reaction was 5 aiir30C. These are summarized in Table 1.

Table 1 Reaction conditions for the synthesis of pester from ADCI and BPA
ooooooU0oU0o0oOooOooooooooog

Interface System : Chloroform/Water

Phase volume ratio  : 35 ml/ 85 ml

Reactants : ADCI = 0.0125 mol
BPA =0.0125 mol

Acid acceptor : 0.025 mol NaOH

Additive : Citramide

Temperature : 30°C

Time : 5 min.

Stirring Vigorous and continuous

DDDDDDDDDDDDDDDDDDDD

The reaction was carried out using mechanicalestiwith a switch to control the speed in a 250 edkier. An
initial charge of 0.025 mol of NaOH dissolved irtadal of 75 ml of water was stirred at a moderateesl with
0.0125 mol of BPA. 0.25 mg of additive, citramigih@se transfer catalyst) dissolved in 10 ml of wates added.
The organic phase was prepared by dissolving 0.0A@5ADCI in 35 ml of chloroform. The speed of thtrrer
was raised to the maximum value, and the organas@lwas introduced rapidly. Mixing was continueeréiafter
for 5 minutes even though the reaction mass tutoed semisolid paste and adhered to the wallsettntainer.
Total of 5 min. was allowed to elapse so that #ction presumably could continue for full time,igs&nown to
occur in precipitates in mixed systems. At the efidhe 5 min period stirring (which still in prog® was
interrupted and acetone added to the beaker. Afierminute of gentle stirring the polymer was fé off and
washed with acetone to remove unreacted monomaeatschioroform. The moist product was returned to the
container, stirred with distilled water to wash ewtess alkali and salts, and then filtered. Theemaashing was
repeated twice or more till it is free from impig&. The polymerized product was dried to constegight in a
vacuum oven at 40°C.

In the similar manner other polyesters were prapaadopting the same procedure outlined above saject
appropriate acid chloride and diol. Thirteen petges of, ADCI or SECI with aromatic diols BPA, 8EL5DHN,
BHBA, BHBB, BHBP, and BHBPT reported in the presentestigation have been synthesized by the abB@ |
technique and reaction conditions.

The polymerization reaction is representing aofed:
The polymerization reaction is represent as foltows

<:|occoc:| + HOOH

IPC

Room Temp.
Chloroform - Water

L@@
| .
Where, Ar (A)= C (TPCI), @(IPCI) and
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Ar (B)=
Hs

i
0O~ %)
CHs (BPA), (15DHN), (RES),

HBB),

e C e : (BHBP), C S C (BHBPT).

RESULTS AND DISCUSSION

Eleven wholly aromatic polyesters were synthesizgdstirred interfacial polycondensations of variarematic
diacid chlorides and aromatic diols using chlorofdrwater interphase, citramide as phase transtaiyst at 30C
as listed in Table 2

Yield and Appearance

The vyield and appearance are summarized in Tabl¥idds of the different polymer samples involving
terephthaloyl moiety are in the range from 41 t868@nd those of isophthaloyl moiety are from 8@286. All the
polyesters are solid powders with different colodepending upon the types of aromatic diol involvéte
polyesters PTP1, PTP5 and PIP1 are white powdeile wther polyesters are either light to dark browvrpale-
yellow powders.

Elemental Analysis

The results of elemental analysis of present ptdyssre given in Table 2. The observed percerifi@e H and N
contents in present polyesters are fairly in gogie@ment with those theoretically calculated basedhe repeat
units in the chain. This suggests that both monenuén alternatively in 1:1 mole ratio.

Solubility Behavior

As describes in the preceding chapter that thebdjubehavior provides additional information aligpolymer-
polymer and polymer-solvent interactions and isyveseful for processing industries. Therefore, Isiity of

present fourteen polyesters was studied in vargdtysolvents. Relative solubilities in different gehts are
summarized in Table 2.

Table-2 Elemental analysis C, H and N % contents ithe polyesters

C% H% N%
Calc. Obs. Calc Obs Cal¢. Obs.
PTP1 77.08| 76.59 5.06 4.8]- - -

PTP2 70.00| 69.12 3.36 3.10-
PTP3 | 74.48| 74.10 3.47  3.40-

Polyester

B7

N
h 1
[e5]
w

PTP4 73.46] 73.21 3.8% 3.7
PTP5 78.15| 77.93 4.24 4.1 .36 5.p09
PTP6 75.33] 75.06 4.0¢ 3.9

o
LN
oo
(&

.p9

PTP7 68.96| 68.77] 3.4 3.3
PIP1 77.08] 76.95 5.04 4.9
PIP2 70.00f 70.14] 3.36 3.2
PIP3 74.48| 74.35 3.471 3.3
PIP7 68.96| 68.74 3.41% 3.2

= Ll I B R LY

The examination of the Table 3 reveals that pobresPTP4 and PTP7 are soluble in DMF while PTPEZ2and
PTP5 are soluble in nitrobenzene at room tempera®iP3, PTP4, PTP5, PTP6 and PTP7 are solubletin h
DMSO on heating, but PTP1 and PTP2 even on hedtgsplve only partially. All the polyesters are pphartially
soluble only in THF. Further, all the polyestersnizining terephthaloyl moiety are totally insolubie
chlorobenzene, dimethylacetamide, dichloroethatteylacetoacetate, ethyl chloroacetate, methanbknet,, and
petroleum ether.
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Table 3 shows that the polyesters PIP1, PIP2 aR@ Rivolving isophthaloyl carboxylate moiety ardudde in
DMF at room temperature but dissolve in DMSO onfyheating. The PIP7 is only partially soluble in BMnd
DMSO. These polyesters dissolve only partially iHFTand nitrobenzene even on heating, except PIB&hw
dissolves in THF. The polyesters PIP1, PIP2, PIBBd PIP7 are totally insoluble in chlorobenzene,
dimethylacetamide, dichloroethane, ethylacetoaeetdhyl chloroacetate, methanol, ethanol, andf@eim ether.

Table 3 Relative solubilities of polyesters involvig terephthaloyl moiety

Solvent PTP1| PTP2| PTP3| PTP4 PTP% PTP6 PTPF
THF PS PS PS PS PS PS PS
DMF PS PS PS S PS PS S
DMSO PS PS SH SH SH SH SH
Nitrobenzene S S PS PS S PS PS
Chlorobenzene| IS IS IS IS IS IS IS
DMA IS IS IS IS IS IS IS
Dichloroethane IS IS IS IS IS IS IS
Chloroform IS IS IS IS IS IS IS
ECA IS IS IS IS IS IS IS
EAA IS IS IS IS IS IS IS
Methanol IS IS IS IS IS IS IS
Ethanol IS IS IS IS IS IS IS
Petroleum ethe IS IS IS IS IS IS IS
Water IS IS IS IS IS IS IS

S = soluble at room temperature, SH soluble onihgaPS = partially soluble on heating, IS = insbla.

Solution Viscosity

Since these polyesters are not easily soluble fimeon solvents, the intrinsic viscosity of only tpolyesters PTP4
and PIP1 was determined in DMF af@GQusing equations (1.1) to (1.4). The valuesmifdbtained by the various
equations are 0.244 and 0.231 dl/g for PTP4 and,R&3pectively.

Huggins [7]
Nt /C=[N]+Ky[N]2C (1.1)

Kraemer [8]
In r]rel/c= [r]]+KK [n]zc (1.2)

Schulz-Blaschke [9]

r]sp/c = [n] + Ksg [nrel] Nsp (13)
Martin [10]
In(M4p/C) = In (] + Ky (] C (L.4)

Table 4 Intrinsic viscosity in dl/g and constants bEgs. (3.5) to (3.8) for given polyesters in DMFte80°C

Eq (L1) Eq(12) Eq (13) Eq(L4)
Code | [n] | Ku | [n] | -Ke [ [n] | Kss | [n] | Kw
PTP4 | 0.185| 0.251] 0.18§ 0.232 0.185 0.237 0.185 0.p44
PIP1 | 0241 0.239] 0.241 0.236 0.241 0.2p3 0.241 0.p31

Spectral Studies

Infrared Spectra

FT-IR spectrumslata ofall the present eleven polyesters are shown béeldws. formation of polyester from TPCI
and aromatic diol is confirmed from the typical ceteristic bands observed around 1#38ni* (>C=0 stretch in
ester) and 12782 cm®, 107G¢4 cm' and 10027 cm' and (C-O-C symmetric and asymmetric stretch) In al
presently investigated aromatic polyesters(77-T8g relative intensities decreases in the ordd2@6 > 1070 >
1009 cnt. This difference has been attributed to the rigitifiguration of the terephthalate ester linkagaich
further confirmed the presence of terephthaloyl etyiin the polyesterln addition, the spectra also exhibited
several other absorption frequencies, which disisigthe polyesters from each other, because ohtlvement

of the different diols. The presence of BPA moigty°TP1 is indicated by C-H bending vibratiofi isopropyl
group as a typical strong doublet at 1384-1360 and at 1170 cth The presence of resorcinol moiety in PTP2, is
confirmed due to bands around 1691, 1600, and b483(aromatic C=C stretch) and 937, 778, 677" cfh,3-
substituted benzene). 15DHN moiety in PTP3 cardbatified due to bands at 1636 trand 1598 cm because of
ring stretching vibration of substituted naphtheleh is difficult to separately identify BHBA, BHB and BHBP
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diol moieties in the polyesters PTP4, PTP5 and Paséll these diols contain same aromatic and CHroNps in
one another. It may be noted that the intensityaofd varies as number of CH=N are different in¢hmsyesters. A
weak band at 730 ¢h(C-S-C) and band at 1599 ¢nfC=C aromatic) show the involvement of BHBPT im th
polyester PTP7

Like the terephthalic polyesters just discusseel pihlyesters involving isophthaloyl chloride andraatic diol show
the typical characteristic bands around 1##B4mi* (>C=0 stretch in ester) and 12% 1079 and 10097 cmi*
and (C-O-C symmetric and asymmetric stretch) wiiichfirms the polyester formation . As expected risative
intensities follow the sequence at 1296 > 1070 $91@n' because of the rigid configuration of the
tere/isophthalate ester linkagehe different types of polyesters can be distisged from each other by a few other
characteristic absorption frequencies of diffefamblved aromatic diols.

The presence of BPA moiety in PIP1 is indicatedCby bending vibration of isopropyl group at 1364di71 cm
1 The resorcinol moiety in PIP2 is recognized tlueut of plane vibration of 1,3-substituted berezan 886, 778,
and 680 cril. 15DHN moiety in PIP3 can be identified due to Hends at 1690, 1600 and 1505 thecause of
ring stretching vibration of substituted naphthalen

Nuclear Magnetic Resonance Spectra

'H-NMR spectra of eleven selected polyesters PTPRT®7, PIP1, PIP3, and PIP7 were obtained. *FhAIMR
spectra were taken in DMSO-d6 solvent on Bruker EX@R spectrometer at 200 MHz (RSIC, CDRI, Luknovithw
a sweep time of 10 min. at room temperature. Ttexnal reference used was TMS.

PTP1: The sharp singlet & 1.6 ppm corresponds to 6H of isopropyl groBplymer repeat unit has over all 12Ar-
H, which appear in the range6.60 to 8.30 ppm. The 8Ar-H for BPA segment resesatd 6.60-7.34(m) ppm
while 4Ar-H of terephthaloyl group appearsdat.76-8.30 ppm as multiplet

PTP2: Multiplet in the range 6.67-7.59 ppm corresponds to 4Ar-H for resorcsegiment, while the multiplet at
8.01-8.34 ppm is attributable to 4Ar-H of terepldlyhsegment.

PTP3: As expected, 4Ar-H of terephthaloyl segment appeaara multiplet ad 8.15-8.54 ppm while multiplet in
the ranged 7.16-7.99 ppm corresponds to 6Ar-H of 15DHN segntemall peak at 6.92 ppm is due to Ar-H ortho-
to residual end —OH of 15DHN moiety.

PTP4: The broad peak @ 9.77 ppm is attributed to 1H of azomethine grotipe Ar-Hdue to BHBA unit appears
in thed range 6.90 to 7.75 ppm while for terephthalic umithed range 8.03-8.23 ppmSmall peak centered &t
6.71 ppm may be attributed to Ar-H ortho- to residend —OH of BHBA moiety.

PTP5: The singlet ab 10.02 ppm is attributed to 2H of two azomethineugrs. Multiplet in the rang@ 7.56-8.06
ppm corresponds to 16Ar-H of BHBB segment whil& 8t11-8.35 ppm for the 4Ar-H of terephthaloyl segine

PTP6: The peak ad 9.74-10.6 ppm is attributed to 2H of two-azomethgmoup. Multiplet in the rang®6.87-7.78
ppm corresponds to 12Ar-H of BHBP segment whilé &t97-8.32 ppm for 4Ar-H of terephthaloyl moietyn&ll
peak a® 6.80 ppm corresponds to Ar-H ortho- to residua €®H of BHBP moiety.

PTP7:8Ar-H in BHBPT segment appearsé6.83-7.49 ppmwhile the 4Ar-H of terephthaloyl resonate&.00-
8.32 ppmd at 6.73-6.86 ppm shows Ar-H ortho- to residual e@d.

PIP1: The aromatic ester substituted isophthalic unitshér-H atd 7.58-7.85, 8.13-8.46 and 8.61-8.75 pfrhe
multiplet in the rang® 7.14-7.34 ppm corresponds to 4Ar-H ortho- to ispyt in BPA The peak ad 6.64-7.02
ppm results from Ar-H ortho- to end —OH group of Bkhoiet A doublet atd 1.60-1.70 ppm is indicative of
aliphatic 6H of isopropyl unit in BPA segment

PIP3: As expected the aromatic ester substituted isophtlalicshows Ar-H ad 7.57-8.00, 8.05-8.51 and 8.64-
8.73 ppm The 15 DHN is expected to resonated#.79-7.99 ppm for its 6Ar-HThe Ar-H in the rang® 7.57 to
7.99 ppm has merged with isophthalic acid protons.

PIP7: The aromatic ester substituted isophthalic unitshér-H atd 7.63-7.83, 8.14-8.44 and 8.61-8.75 pfrhe
multiplet in the rang® 6.82-7.49 ppm is attributed to Ar-H of BHBPT segini@ polyester
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