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Abstract

The recent research in the polymers area concern with the synthesis of aliphatic biodegradable
polyester- based polymers with long chain which can be degraded usefully. The aliphatic based
polyester was receiving special attention due to sensitivity to degradation. A new series of long-
chain linear co-polyesters with up to 20 carbon atoms were designed and synthesized in this study

by condensation polymerization catalyzed by p-toluene sulfonic acid using toluene as solvent.

Copolyesters containing various structure aliphatic diols were prepared as decan-1,10-dioic acid-
co—cis-buten-2,4-dioate (P1), dodecane-1,10-dioic acid -co-1,10- decanedioate (P2), 1,4-

cyclohexane-co-1,4-butandicarboxylate (P3) and 1,4-cyclohexan-co-1,10-decancarboxylate (P4).

The linear copolyesters were characterized by variety of techniques such as FTIR, *H- and *C-
NMR spectroscopy. The average molecular weight (Mw), number average molecular weight (Mn)
and poly dispersity index for these poly esters were measured by gel permeation chromatography
techniques, The influence of the different polyesters middle block on microstructure, the structures
and crystallization properties of the copolymers was investigated. P1 copolymer showed the
highest weight average molecular weight (Mw) of 17771 g/mole and copolymer P2 showed
number average molecular weight (Mn) 5484 g/mole , while poly disparity index(PDI) was 3.78

for copolymer P1 .
Keyword: aliphatic polyester, biodegradable polyester, linear aliphatic polyester.

1. Introduction

Aliphatic polyesters have gained increasing attention in solving “white pollution” concerns which
caused by conventional non-biodegradable polymers as well as their use as particularity polymers
in biomedical field applications [1][2].Up to now, polyesters are considered the most competitive

biodegradable polymers commercialized. Poly (alkylene dicarboxylate) comprise a particular
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family of polyesters as it can be obtained from renewable resources. Generally, The aliphatic poly
esters with long chain repeating unit was prepared early by Carothers[3], long chain monomers are
considered to consist of chain 14 carbon atoms or longer, but are a rather general agreement that
10-15 carbon atoms the lower limit of linear long chain compounds[4]. However, the long chain
reap unit were some advantage and used widely in industry such as the plasticization modification
of linear poly ester with poly vinyl chloride(PVC)[5], also it obtaining sufficient molecular weight
to achieve some properties of mechanical strength[6].They are usually applied to synthesize
perfumes, special nylon engineering plastics[7],hot melt adhesives[8],coatings[9], plasticizers,
senior lubricants[10],drag reduction agent[11],Biopolymers produced from renewable source raw
materials provide an environmentally friendly and many other chemical products[12]. Molecular
weight calculation (molecular weight distribution) for long chain polyester is very important
because of influencing on crystallization behaviors, ratio of degradation and melting point [13],
most polyesters made from DA and diols are crystalline polymers. For impact modification or
elastomer applications, amorphous flexible polyesters are often more desired as they can provide

better chain flexibility than crystalline counterparts [14].

Reactions involving the condensation of organic materials are called poly condensation. The
prepared polyesters are one of the classes of condensation reactions that include two types of

monomers such as di carboxylic acid and diols to form alternative copolymers.

In the work, we investigated the poly condensation of di carboxylic acid with diols to form
copolymers by using p-toluene sulfonic acid (PTSH) as catalyst. A basic catalyst to remove water
output from reaction and use toluene as solvent [15]. Several polyesters have been synthesized on the
basis poly (decan-1,10-dioic-co-cis-2-buten-2,4-dioate) P1 from monomer Sebacic acid and cis-2-
butene 1,4-diol.in a similar way was synthesis copolymer (dodecandioic acid-co-1,10-decandioate)
P2 also prepared long chain co-polyester that contain unsaturated rings such as poly(1,4-
cyclohexane-co-1,4-butancarboxylate) P3 and poly(1,4-cyclohexane-co-1,10-decancarboxylate) P4
from monomer 1,4-cyclo hexandiol. These compounds were discussed structures, characterization

and molecular weight distribution for all synthesized polyesters.
2-Experimental
2.1-meterials:

Sebacic acid (99%), p-toluene sulfonic acid (PTSA), cis-2-butenel,4-diol (98% BHD),
dodecanedioic acid (99%), 1,10-decandiol (98%), adpatic acid (98% BHD) and 1,4-cyclohexanediol
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(98% BHD), toluene, sodium hydroxide (0.01N), argon gas. All materials were purchased from
Sigma Aldrich and were used without further purification.

2.2- synthesis of polyesters
2.2.1-Synthesis of copolymer (decan 1,10-dioic acid - co — cis,2-buten 1,4-dioate)(P1)[16][17].

Sebacic acid (10 gm ,49 mmol), 2% w\w of p-toluene sulfonic acid in 50 ml anhydrous toluene were
charged into 250 round bottom flask fitted with Dean Stark apparatus equipped with a separating
funnel and inlet class tube for argon gas, Argon gas is bubbled through a reaction mixture at ambient
pressure for 5 min. Then the mixture was heated to its boiling point .the reaction was stopped after
water collecting in graduated tube of dean stark flask. The mixture was cooled and washed with
0.01N solution of sodium hydroxide to extracted residual of p- toluene sulfonic acid, also washed
with water five times and evaporated by rotary evaporator to obtain (60 %) weight solid yellow
product, At the same procedure method synthesis copolymer (Dodecane 1, 10-dioic acid -co-1,10-
decan dioate)(P2).

2.2.2- synthesis copolymer (1,4-cyclo hexane - co - 1,4-butane di carboxylate) (P3).

1,4-cyclohexandiol (2.8 gm, 24 mmol) dissolved in 50 ml toluene,then added (3.9 g, 24 mmol)
adipatic to solution in a round bottom flask (250 ml) fitted with Dean-Stark apparatus. The reaction
mixture was heated to 150 C° for 10 min, then 2% of p-toluene sulfonic acid was added under inert
argon gas and the reaction mixture was left refluxed for 4 hours. At the end of the reaction, the
mixture was cooled and p-toluene sulfonic acid was extracted with a suitable solvent such as diethyl
ether or toluene, washed first with 50 ml of 0.01N NaOH and with 10 ml acetone-methanol (1:1)
and finally washed with distilled water. the product is concentrated through evaporation and
afterward subjected to vacuum to obtained brown waxy solid (45%) P3. The copolymer (1, 4-

cyclohexane-co-1,10-decancarboxylate)P4 was prepared using the same procedure as above.
3-Characterization:

The chemical structures of the co-polymers were confirmed by nuclear magnetic resonance (NMR)
and Fourier transformation infrared spectroscopy (FT-IR). The FTIR spectra of the synthesized
polymers were recorded on Shimadzo FTIR spectrometer 4800A (Japan) as KBr discs in the range of
400-4000 cm-1 with a resolution of cm™.

1H- and 13C-NMR spectra of the samples were recorded on 500 MHz JEOI-JNN-EX advance ultra-
shield instrument spectrometer (Japan) and Bruker 125 MHZ type advance Il DRX 500 (Germany),
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respectively, using deutrated dimethyl sulfoxide (DMSO-d6) as solvent in the University of Tabriz,
(Iran). The chemical shifts were reported in part per million (ppm) and using internal standard tetra
methyl silane (TMS).

The molecular weights of the synthesized polymers were determined by gel permeation
chromatography (GPC). GPC was run on a Waters Breeze system equipped. THF as a mobile phase
was eluted at a flow rate of 1.0 mL/min at 25°C. Polystyrene standards in the molecular weight range
of 600-20,000 Dalton were also run to obtain a calibration curve. The molecular weights of the

polymers were calculated from the retention times of the polymers using the calibration curve.

PTSH
HO—C—(—CHZ—)S—C—OH + HO—CHy;—CH—CH—CH,—OH ~
( Sebacic acid ) ( Cis-2-buten-1,4 diol )
I
H«éo—(CHZ-)—C—O—CHZ—CZC—CHZ%OH
8 H H n
polymer P1
I,
0
HO—C%CHZ)»C—OH + Ho{fCHf}OH PTSH \ 120C7
10 10 Ar

( Dodecandioic acid ) (1,10- Decan diol )

I
HAGO—(CHZQI—OC—O—(—CHT)‘?OH
1 n
Polymer P2

Schemel synthetic of long chain aliphatic polyesters P1, P2.
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Scheme 2 synthetic of long chain aliphatic polyesters P3,P4.

4. Result and discussion

Synthesis of long-chain aliphatic polyester was obtained by direct esterification of dicarboxylic acids
and diols in an A2+B2 polycondensation with removal of the liberated water (Scheme land 2). The
direct esterification proceeds very slowly even at high reaction temperatures. Thus, for the
preparation of high molecular weight polyesters the presence of a catalyst is generally required Metal
salts and oxides, as well as organometallic compounds have been used as active catalysts
[18][19].The long-chain polyester was characterized by IR spectroscopy, Figl and fig2, display the
spectra of P1 which show a band at 1732 cm™ attributed to the carbonyl group (C=0)[20]. Strong
bands at 1176 cm™ and 1215 cm™ are assigned to the carbonyl ester group (C-O)[21], while
copolymer P2 shows the same bands at 1168 cm™ and 1219 cm™. A weak absorption band at 1631
cm™ for copolymer P1 attributed to stretching vibration bond (C=C) so attributable absorption band
at 3444 cm™ for copolymer P1 that intermolecular bonded carboxyl group, while appearance the

same ban for copolymer P2 at 3448 cm™ and 3525 cm™ for inter carboxylic acid group[22].

P3 and, P4 copolymer containing cyclo compounds were showed spectra vibration band at

(415,1419) cm™ respectively for streching (-CH2-) group scissoring cyclo compounds[23] .
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Figl infrared spectra for copolymer P1

Fig 2 infrared spectra for copolymer P2
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Fig 3 infrared spectra for copolymer P3

The copolymers were measured NMR spectroscopy in dimethyl sulfoxide (DMSO d6) as solvent.
The copolymer P1 show signal at 4.5 ppm and 2 ppm for protons methylene group (-CH2 -), the
tow protons for (-CH=CH-) has shown signal at 5.6ppm because shielding chemical shift by oxygen
atom neighbor[24][25]. The terminal protons as (OH) and (H) was showed tow bands at 2.18 ppm
and 4 ppm respectively. While P3 copolymer was showed strong band at 1.5 ppm for protons
methylene group and 2.22 ppm for protons cyclo hexane group [26]. P4 copolymers assigned strong

band at 1.2 ppm for methylene group (-CH2 -) 10 and 4.79 ppm for proton al- cohol group. While

Fig 4 infrared spectra for copolymer P4
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H terminal at 4.89 ppm, six protons for cyclo hexane were showed at 2.1 ppm and 1.8
ppm[27][28][29].
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The synthesized polyester were characterized by *C-NMR spectra for copolymer P3 only, P3
Copolymer show signal at 176 ppm was attributed to carbonyl carbon (c)[30] while the methylene
carbon at polymer chain was signal at 36ppm and 32ppm for( d) and (e)[31] .on the other the

methylene carbon in cyclo hexane (b) show signal at 23 ppm .while carbon (a) at 71 ppm[32].

Hfo—c—c»«;—cu;—cu;—cu;—c—o
c d e e d ¢

Fig 9 **C-NMR spectra for polymers P3

Gel permeation chromatography (GPC) is the only technique available to characterize the molecular
weight distribution of polymers and separate mixtures into discrete fractions such as polymer, found
copolymer P1 has number average molecular weight (Mn) was 4698 g/mole ,weight average
molecular weight (Mw) was 17771 g/mole and poly disparity index (PDI) 3.78. While copolymer
P2 has (Mn) was 54849 / mole, (Mw) was 11094 g/ mole and poly dispersity index (PDI) was 2.0.
Copolymer P3 has (Mn) was 523 g/mole ,(Mw) was 1076 g/ mole and poly dispersity index (PDI)
was 1.6 also copolymer P4 has (Mn) 2292 g /mole ,(Mw) was 7499 g/ mole and pol dispersity
index ( PDIl)was 3.2.
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Project Name GPC_1 Project 5 Breeze' 2

Reported by User: Breeze user (Breeze) HPLC System

SAMPLE INFORMATION
Sample Name: T-1 Acquired By: Breeze
Sample Type: Broad Unknown Date Acquired: 6/27/2021 1:10:43 PM CST
Vial: 5 Acq. Method: 2414 RID DETECTOR WITH
Injection #: 1 Date Processed: 6/29/2021 5:37:43 PM CST
Injection Volume: 50.00 ul Channel Name: 410
Run Time: 15.00 Minutes Channel Desc.:
Column Type: 300 mmJORDI GEL DVB MIXED Sample Set Name 14000405
Broad Unknown Relative Chromatogram
25.00
20.00
15.00
10.00
=
=
5.00
0.00
-5.00-
-10.00
200 400 6.00 8.00 1000 12:00 1400
Minutes
Broad Unknown Relative Peak Table
Distribution Mn Mw MP Mz Mz+1
Name (Daltons) | (Daitons) | (Daitons) | (Daitons) | (Daitons) | POIYsPersity | Mz/Mw | Mz+1/Mw
1 4698 17771 8267 59801 144088 3.782851 | 3.365027 | 8.107935
Project N GPC_1 Project /= Breeze 2
foascr Name = rojec -aumc System

Reported by User: Breeze user (Breeze)

SAMPLE INFORMATION
Sample Name: T-2 Acquired By: Breeze
Sample Type: Broad Unknown Date Acquired: 6/29/2021 4:01:33 PM CST
Vial: 8 Acq. Method: 2414 RIDDETECTOR WITH
Injection #: 1 Date Processed: 6/29/2021 5:38:34 PM CST
Injection Volume: 50.00 ul Channel Name: 410
Run Time: 15.00 Minutes Channel Desc.:
Column Type: 300 mMmMJORDI GEL DVB MIXED Sample Set Name 14000407

Broad Unknown Relative Chromatogram

30.00-
25.00
20.00-
15.00
= 10.00
5.00-
0.00
-5.00
-10.00
T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00
Minutes
Broad Unknown Relative Peak Table
Distribution Mn Mw mMP Mz Mz+1
Name (Daitons) | (Daitons) | (Daitons) | (Daitons) | (Daitons) | POYdispersity | Mz/Mw | Mz+1/Mw
1 sa84 11094 10037 17523 23965 2023102 | 1.579401 | 2160043
2 243 274 250 305 333 1131062 | 1.112637 | 1214986

Figll Spectrum and data relative peak for copolymer P2
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Project Name GPC_1 Project a/ Bfeeze 2

Reported by User: Breeze user (Breeze) HPLC System

SAMPLE INFORMATION
Sample Name: T-7 Acquired By: Breeze
Sample Type: Broad Unknown Date Acquired: 7/1/2021 11:35:25 AM CST
Vial: 13 Acq. Method: 2414 RID DETECTOR WITH
Injection #: 1 Date Processed: 7/1/2021 5:28:38 PM CST
Injection Volume: 50.00 ul Channel Name: 410
Run Time: 15.00 Minutes Channel Desc.:
Column Type: 300 mmJORDI GEL DVB MIXED Sample Set Name 14000409

Broad Unknown Relative Chromatogram

30.00
20.00
§ 10.00-
0.00— —
-10.00-
' 2,[C0 ! 4,'00 i 61‘)0 8,})0 ‘IOYOO 12'00 14’00
Minutes
Broad Unknown Relative Peak Table
i s (Da'::ns) (o:n&s) mr«:ns) (Dah::cz)ns) (Dh;zl;:s) Rolyiepersity.| ‘MzMw. | MzE1Mw
1 523 1067 910 1747 2415 2.040049 | 1.637870 2264009
Fig 13 GPC spectrum and data relative peak for copolymer P3
Project Name GPC_1 Project a HBnreceszer 2
PL ystem

Reported by User: Breeze user (Breeze)

SAMPLE INFORMATION
Sample Name: T-8 Acquired By: Breeze
Sample Type: Broad Unknown Date Acquired: 7/1/2021 11:11:46 AM CST
Vial: 32 Acq. Method: 2414 RIDDETECTOR WITH
Injection #: 1 Date Processed: 7/1/2021 5:28:52 PM CST
Injection Volume: S50.00 ul Channel Name: 410
Run Time: 15.00 Minutes Channel Desc.:
Column Type: 300 mmJORDI GEL DVB MIXED Sample Set Name 14000409

Broad Unknown Relative Chromatogram

=
S
30.00 <
25.00]
20.00
15.00
Z 1000
5.00-
0.00 —
-5.00
-10.00
T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00
Minutes
Broad Unknown Relative Peak Table
Distribution Mn Mw MP Mz Mz+1
Name (Daitons) | (Daitons) | (Daitons) | (Daitons) | (Daitons) | POIYsPersity | Mz/Mw | Mz+1/Mw
1 2299 7499 4003 22270 44354 3261751 | 2969593 | 5914385

Fig 14 GPC spectrum and data relative peak for copolymer P4
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5-Conclosion

In this work, new long chain linear polyester were prepared by using toluene as solvent and p-
toluene sulfuric acid as catalyst. Four copolymers named (decan 1,10-dioic acid - co - cis buten 2,4-
dioate)(P1), (Dodecane 1, 10-dioic acid -co-1,10- decan dioate)(P2), (1,4-cyclo hexane -co- 1,4-
butane di carboxylate) (P3) and(1, 4-cyclohexan-co -1,10-decan carboxylate)(P4).

This copolymers characterization by using many technique such as (FTIR)
spectroscopy,(*HNMR) spectroscopy and *C-NMR spectroscopy for copolymer P3.the results of
molecular weight distribution analysis were showed higher weight average molecular weight (Mw)
was 17771 g/mole for copolymer P1, and higher number average molecular weight (Mn) was
5484g / mole for copolymer P2, while poly disparity was 3.78 for copolymer P1,but the lower poly
disparity was 1.2 for copolymer P3, the reason effect can be attributed to the length of repeating

unit and cyclo hexane ring in copolymer P3 and P4.

We concludes from the above the copolymers containing an aliphatic ring P3 and P4 have less
molecular weight, that can be explained by steric hindrance of the ring, also the copolymer P3 has
less molecular weight and less value of PDI ,it shows the lengths of polymeric chains are almost

equal than of the other copolymers.
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