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Cross-linking of PVC by Various Lengths of PEG via “Click” Chemistry

Cesitli Uzunluklardaki PEG ler Vasitasiyla PVC'nin “Klik” Kimyast ile Capraz Baglanmast
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Abstract

Cross-linked poly(polyvinyl chloride) (c-PVC) was synthesized by “click” reaction of polyvinyl chloride with azido pendant group
(PVC-N3) and dipropargyllated polyethylene glycol (dp-PEG). For this purpose, dp-PEGs were obtained from polyethylene glycols
with different molecular weights (400 Da, 600 Da, 1000 Da, 1500 Da, 2000 Da, 3000 Da, and 10000 Da) via treatment with
propargyl chloride. PVC-N3 was synthesized through the substitution reaction between the pendant chloride on the PVC chains
and azide ion. By using PVC-N3 and dp-PEGs with various lengths, c-PVCs with various degrees of cross-linking was obtained.
The characterization of the PVC-N3, dp-PEG and ¢-PVC were performed using Fourier transform infrared spectroscopy, nuclear
magnetic resonance spectroscopy, thermogravimetric analysis, scanning electron microscopy and elemental analysis. Degrees of
swelling of c-PVCs with different cross-linking densities in N,N-dimethylformamide were determined by quantitative measurements.

Keywords: “Click” chemistry, Cross-linking, Poly(vinyl chloride), Polyethylene glycol, Degree of swelling

Oz

Capraz bagli poli(vinil kloriir) (c-PVC), azit grup ekli poli(vinil kloriir) (PVC-N3) ile dipropargillenmis polietilen glikoliin (dp-PEG)
“klik” kimyas1 reaksiyonuyla sentezlendi. Bu amag i¢in, dp-PEG’ler, farkli molekil agirliklarina sahip polietilen glikollerin (400 Da,
600 Da, 1000 Da, 1500 Da, 2000 Da, 3000 Da, and 10000 Da) propargil kloriir ile muamelesinden elde edildiler. PVC-N3, PVC
zincirleri tizerindeki asili kloriirlerle azid iyonu arasindaki yer degistirme reaksiyonuyla sentezlendi. PVC-N3 ve ¢esitli uzunluklardaki
dp-PEG’ler kullanilarak farkli derecelerde ¢apraz baglamaya sahip c-PVCller elde edildi. PVC-N3, dp-PEG ve ¢-PVCnin
karakterizasyonlari, Fourier dontgtimlii kizil6tesi spektroskopisi, niikleer manyetik rezonans spektroskopisi, termogravimetrik analiz,
taramali elektron mikroskobu ve elementel analiz teknikleri kullanilarak gerceklestirildi. N,N-dimetilformamid i¢inde farkli capraz
baglanma yogunluklarina sahip c-PVC’lerin sisme dereceleri nicel 6lgiimlerle belirlendi.

Anahtar Kelimeler: “Klik” kimyasi, Capraz baglanma, Poli(vinil kloriir), Polietilen glikol, $Sisme derecesi

1. Introduction

Poly(vinyl chloride) (PVC), one of the most common and
important functional polymers, has been kept steady growth
of the production and consumption over the world (Asan

and Oztiirk 2017, Grishin 2015). PVC is less dependent on
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crude oil or natural gas comparing to all other polymers,
which are nonrenewable such as polyethylene, polyethylene
terephthalate and polymethyl methacrylate. Copolymers
have substantial interest due to their mechanical properties
and practical applications (Savas and Oztirk 2020).
Copolymers, having polyethylene glycol (PEG) units, are
very appealing substances for chemicals, industrial and
biomedical practices, as PEG has unparallel features such
superior hydrophilicity, flexibility, ion absorbability, and a
superior grade of biocompatibility (Asan and Ovztiirk 2017,
Wang et al. 1998, Aydinli et al. 2004, Riess 2003, Gacal
et al. 2006, Pispas and Hadjichristidis 2003, Goktas et al.
2014). In 2001, “click” chemistry described by Sharpless et
al. (2001) has high yields, requires minimum purification,
and proceeds in the existence of various functional groups
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without the need for protection chemistry (Hein et al.
2008). After this time, “click” chemistry applications have
been broadly studied (Moses and Moorhouse 2007, Savas
et al. 2020, Xu et al. 2007, Tunca 2013, Altintas and
Tunca 2011, Xi et al. 2014, Catiker et al. 2019, Binder and
Sachsenhofer 2007, Moshaverinia et al. 2012, Oztiirk and
Yoriimez 2020, Oztiirk et al. 2018). The Cu catalyzed azide-
alkyne cycloaddition reactions are only the important one of
these “click” reactions (Barner-Kowollik et al. 2011, Tunca
2018, Oztiirk and Cavicchi 2018).

Firstly, polyvinyl chloride with azido pendant group
(PVC-N,) was carried out by the reaction of purified PVC
and sodium azide as the literatures (Asan and Oztiirk 2017,
Savagand Oztiirk 2020, Kiskan et al. 2008, Pawlak et al. 2013,
Zhang et al. 2020). Secondly, synthesis of dipropargyllated
polyethylene glycol (dp-PEG) obtained by the reaction of
PEGs with different molecular weights (400 Da, 600 Da,
1000 Da, 1500 Da, 2000 Da, 3000 Da, and 10000 Da) and
propargyl chloride was presented as the similar procedures
reported in the cited literatures (Pawlak et al. 2013, Oztiirk
et al. 2019, Oztiirk and Meyvaci 2017). Lastly, PVC-N, and
dp-PEG were utilized for “click” chemistry to obtain cross-
linked poly(polyvinyl chloride) (c-PVC). Furthermore, the
product characterization was provided in detail. Briefly, this
paper demonstrates cross-linking of PVC by using difunc-
tionalized PEGs with various lengths as novel cross-linking
agents through “click” chemistry method.

2. Experimental
2.1. Materials

PVC (approximately Mn = 22,000 Da), copper(I) bromide
(CuBr), N,N-dimethylformamide (DMF), sodium azide
(NaN,), 2,2"-bipyridyl (bpy), propargyl chloride, acetone,
chloroform were received from Sigma-Aldrich and
tetrahydrofuran (THF), PEGs with various molecular
weights (400 Da, 600 Da, 1000 Da, 1500 Da, 2000 Da, 3000
Da, and 10000 Da), ethanol, petroleum ether, triethylamine
(TEA) were supplied by Merck Millipore. Diethyl ether and
petroleum ether were received from Carlo Erba Reagent,
methanol was supplied by Kimetsan. All chemicals were
used without further purifications.

2.2. Instrumentation

Fourier transform infrared-attenuated total reflectance
(FTIR-ATR) spectra of the products were detected using a
Jasco F'T/IR 6600 model FT-IR spectrometer. 'H nuclear
magnetic resonance ("H NMR) spectra of the products
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were detected using a Bruker Ultra Shield Plus, ultra-
long hold time 400 NMR spectrometers. The elemental
analyses of the samples were performed on a Costech
ECS 4010 instrument. Thermogravimetric analysis (TGA)
measurements were conducted using a Seiko II Exstar 6000
TG/DTA 6200 instrument. The sample was heated at a rate
of 10 °C/min from 25 °C to 900 °C under N, gas. Scanning
electron microscopy (SEM) images were taken on a Zeiss
EVO LS 10 electron microscope. The cross-linked polymers
were coated with a thin layer of gold on their surfaces to
provide electrical conductivity.

2.3. Purification of PVC

PVC was purified as in the cited literatures (Asan and
Oztiirk 2017, Oztiirk et al, 2014, Oztiirk et al. 2020) as
tollow; 30 g of PVC powder was dissolved in 120 mL of
THEF in 48 hours and precipitated in excess methanol and
dried under vacuum at 40 °C for 48 hours.

2.4. Synthesis of polyvinyl chloride with pendant azido
group (PVC-N,)

The similar procedures described in the cited literatures
were applied for synthesis of PVC-N; (Asan and Oztiirk
2017, Savas and Oztiirk 2020, Kiskan et al. 2008, Pawlak et
al. 2013, Zhang et al. 2020, Jia et al. 2017, Ouerghui et al.
2016).For example, 30 g of purified PVC, 0.886 g of NaN
and 70 mL of DMF were placed into a flask. The flask was
immersed in an oil bath fixed at 60 °C on a magnetic stirrer,
and afterwards N, gas was introduced in the flask by a
glass syringe. After 48 hours, the flask was opened, and the
content was filtered. The solvent was evaporated by using
a rotary evaporator. The mixture was poured into excess
methanol to precipitate PVC-N.,. The product was filtered

and dried at room temperature under vacuum for 2 days.

2.5. Synthesis of dipropargyllated polyethylene glycol
(dp-PEG)

Synthesis of dipropargyllated PEGs was performed by a
synthesis protocol similar with the literatures (Pawlak et
al. 2013, Oztiirk et al. 2019, Oztiirk and Meyvact 2017,
Goswami et al. 2013). The reaction parameters were given
in Table 1. The specified amounts of PEGs (400 Da, 600
Da, 1000 Da, 1500 Da, 2000 Da, 3000 Da, and 10000 Da)
and TEA were dissolved in chloroform under N, gas flux.
The flasks were cooled below 0 °C by using ice-salt bath.
Certain amounts of propargyl chloride (stoichiometrically
equivalent to the PEGs) in 7 mL of chloroform were slowly
added to the solutions via dropping funnels. The solutions
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were stirred at room temperature for certain times given
in Table 1. The solutions were concentrated by a rotary
evaporator and then cold excess diethyl ether was added to
precipitate the dp-PEGs. The dp-PEGs were obtained from
decantation and dried at room temperature under vacuum
for 2 days.

2.6. Synthesis of cross-linked polyvinyl chloride (c-PVC)
by “click” chemistry

The amounts of reactants used in the cross-linking were
shown in Table 2. The specified amounts of PVC-N,,
dp-PEG, CuBr, bpy, and THF (as solvent) were charged
separately into a flask and then the flask was purged with
N, for 5 minutes. The flask was immersed in an oil bath
at 35 °C until the times given in Table 2. The jelly mixture
was poured into excess methanol to remove the unreacted

Table 1. Reaction parameters for the synthesis of dp-PEG.

chemicals and catalysts. The cross-linked polymer was dried
at room temperature under vacuum for 2 days.

2.7. Degrees of swelling (q ) values of c-PVC

The degrees of swelling (q ) values of c-PVC were determined
as in the literatures (Collins et al. 1973, Hamurcu and Baysal
1993, Hazer and Baysal 1986). Briefly, 0.2 g of the cross-
linked sample was kept in 20 mL of DMF for 2 h at 25 °C.
Then, sample was removed and weighed. q_ values of c-PVC
samples were calculated by the equation:

_ Miswolten polymer

qv =

I‘ndry polymer

Here,m and m are the masses of the swollen
swollen polymer dry polymer

c-PVC and the dry ¢-PVC, respectively.

p 1P 1 PEG/ .
PEG ropal.'gy ropafgy Propargyl Triethyl- Time Yield
chloride chloride . ) form
(mol) (@) (mol) chloride amine (g) (mL) (hour) (wt %)
& o (mol/mol)
15.002 0.008
HH-2 (PEG-2000 Da) | (PEG-2000 Da) 1.120 0.015 0.533 2.287 60 56 | 82.91
7.547 0.005
HH-3 (PEG-1500 Da) | (PEG-1500 Da) 0.745 0.010 0.500 1.525 55 48 | 74.18
8.094 0.008
HH-4 (PEG-1000 Da) | (PEG-1000 Da) 1.192 0.016 0.500 2.440 45 48 | 66.52
6.091 0.010
HH-5 (PEG-600 Da) (PEG-600 Da) 1.490 0.020 0.500 3.050 46 49 | 48.51
5.005 0.013
HH-6 (PEG-400 Da) (PEG-400 Da) 0.931 0.012 1.083 1.906 47 53 | 58.96
10.045 0.001
HH-7 (PEG-10000 Da) | (PEG-10000 Da) 0.150 0.002 0.500 0.134 74 48 93.79

Table 2. Synthesis of c-PVC by “click” chemistry. Reaction temperature: 35 °C.

dp-PEG PVC-N, CuBr bpy

THF Time

Decomposition

Yield q

R Temperature (°C)
(®) (®) (® (® (mL) (hou) (wt%) GnDMF) ..~ " . .
HK2 1.539 3.381 | 0.221 | 0.475 40 25 72.10 - 223 464 -
HK3 1.370 1.010 | 0.130 | 0.284 27 27 84.58 3.31 181 274 459
HK4 1.000 1.364 | 0.190 | 0.425 30 27 65.51 3.24 198 371 448
HK5 1.015 2.003 | 0.258 | 0.562 35 26 75.61 6.64 195 457 -
HKe6 0.792 2.048 | 0.258 | 0.562 30 24 80.90 6.57 201 299 444
HK7 9.090 1.007 | 0.261 | 0.567 50 26 87.75 1.95 285 399 -
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3. Results and Discussion
3.1. Synthesis of PVC-N,

PVC-N, yield was 93.91 wt %. The first line in Scheme 1
includes the reaction pathway for synthesis of PVC-N_. The
FT-IR spectrum of PVC-N, in Figure 1A shows 2950 cm™
and 2912 ecm™ for aliphatic ~-CH, and 2330 cm™ for -N..
Typical -N, signal at 2330 cm™ appeared in polymer sample,
which was confirmed the expected chemical structure. The
"H-NMR spectrum of PVC-N, in Figure 2A shows 2.2
ppm for -CH , 4.3 ppm for -NCH, and 4.5 ppm for -CICH.
The result of elemental analysis of PVC-N_ shows 37.76 wt
% C, 4.48 wt % H, and 0.25 wt % N, which confirms the
successful azidation of PVC.

3.2. Synthesis of dp-PEG

The second line in Scheme 1 includes the synthesis of dp-
PEG. The yields of the propargylation reaction were found
to be between 48.51 wt % and 93.79 wt % as shown in Table
1. Maximum yield of dp-PEG was obtained by using PEG
with 10000 Da. Minimum yield of dp-PEG was obtained by
using PEG with 600 Da. It is more probably that there will
be a population of three types of PEG which possess zero,
one, and two propargyl end-groups. As we used [propargyl
chloride]/[PEG] = 2/1 (mol/mol) in the reaction, there
could be zero and one propargyl end-groups at very little
amounts. To the best of our knowledge, most of the product
is PEG with two propargyl groups at chain-ends. However,
we assumed that all the product was dp-PEG, namely, cross-
linking agent. The FT-IR spectrum of dp-PEG (HH-7 in
Table 1) in Figure 1B indicates the signals at 3411 cm™ for
C=C, 2946 cm™ for aliphatic -CH, 1115 cm™ for -OC. The
'H-NMR spectrum of propargyl-PEG (HH-3 in Table 1)
in Figure 2B shows 2.5 ppm for =CH of the propargyl part,

3.5 ppm and 4.1 ppm for -OCH,, of PEG block, 4.4 ppm for
-OCH, linked PEG block. The observed peak at 2.5 ppm
for =CH proton in the "H-NMR spectrum and 3411 cm™
for C=C groups in the FT-IR spectrum of dp-PEG were
further evidences that dp-PEG was successfully obtained.

3.3. Synthesis of c-PVC by “click” chemistry

c-PVC was obtained at 35 °C by using “click” chemistry
method of dp-PEG and PVC-N.,. Scheme 2 includes the
reaction pathway for synthesis of ¢-PVC. The results of
the polymerization were shown in Table 2. The yields of
the ¢-PVC obtained from “click” chemistry were found
gravimetrically between 65.51 wt % and 87.75 wt %. The
yields may be assumed to be relatively high. The FT-IR
spectrum of ¢c-PVC (HK7 in Table 2) in Figure 1C indicates
the characteristic signals at 2877 cm™ for aliphatic -CH,
1095 cm for-OC, 617 cm™ -Cl. Furthermore, the observed
peaks at 1462 cm™ and 1342 cm™ for triazole group were
evidence that the “click” chemistry was fulfilled.

The morphological properties of ¢-PVC samples (HK2
and HK4 in Table 2) were examined by SEM analysis. The
surface morphologies of the cross-linked polymers were
given in Figure 3. Generally, fractured surface structure was

seen in SEM images of c-PVC. SEM images of the c-PVC
generally exhibited porous surfaces.

TGA analysis of c-PVC (HK4 in Table 2) was conducted to
determine both the chemical compositions of the polymer
and temperatures of thermal transitions belonging to
each component in the polymer (Figure 4). PEG had one
decomposition temperature (Td) at 371 °C. But PVC had
two Td at 198 °C and 448 °C. In the case of c-PVC, PVC
and PEG units have individual Td. As shown in Figure
4, TGA demonstrated fascinating characteristics of the

60°C

PEG Fropargyl chloride

in DMF
H—CH,CH H + NaN; — s H—CH,CH
| n MaCl \
Cl

1 N5
Prufied PV C PVCN;
room temp.
in CHCL
HO {-~CH,CH,0 JK]H + 2CH=CCH,CI ! e CH=CCH oJVCHZCHzo JECHZ,CECH
-HCI
+TEA

11 |
Ik | CHETH [ | CHETHJFPH
Cl

PEG-dipropargyl

Scheme 1. Reaction pathways in the syntheses of PVC-N; and dp-PEG.
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Figure 3. SEM images of c-PVC; (A) X1000 (HK2 in Table 2), (B) X5000 (HK2 in Table 2), (C) X20000 (HK2 in Table 2), (D)

X500 (HK4 in Table 2), and (E) X1000 (HK4 in Table 2).
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Figure 4. TGA thermogram of c-PVC (HK4 in Table 2).
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polymer such as continuous weight loss starting from about
140 °C to nearly 550 °C with maxima at 198 °C, 371 °C,
and 448 °C.

The “click” chemistry synthesis of ¢c-PVC from the two
constituent homopolymers was acquired. In other word,
this paper demonstrates cross-linking of PVC by using
difunctionalized PEGs with various lengths as novel cross-
linking agents through “click” chemistry method. This
procedure used to synthesize cross-linked polymer is easy
and effective. This work can pioneer for further and well-
conceived cross-linked polymers used for many applications.
The calculation of q, a very reliable and practical method,
could be applied to verify the cross-linked polymer
formation. The swelling ratios of c-PVCs in DMF varied
from 1.95 to 7.26.

Karaelmas Fen Miih. Derg., 2022; 12(1):59-66



Asan, Oztiirk, Kudu, Meyvaci, Catiker / Cross-linking of PVC by Various Lengths of PEG via "Click" Chemistry

4. References

Altintas, O., Tunca, U. 2011. Synthesis of Terpolymers by
Click Reactions. Chem. Asian J., 6:2584-2591. doi:10.1002/
asia.201100138

Asan, N., Oztiirk, T. 2017. Synthesis and Characterization
of Poly(Vinyl Chloride-graft-Ethylene Glycol) Graft
Copolymers by “Click” Chemistry. Hacettepe J. Biol. Chem.,
45:35-42. doi:10.15671/HJBC.2017.139

Aydinli, M., Tutas, M., Bozdemir, O. A. 2004. Mechanical and
light transmittance properties of locust bean gum based edible
films. Turk. J. Chem.,28:163-171.

Barner-Kowollik, C., Du Prez, F. E., Espeel, P., Hawker, C.
J., Junkers, T., Schlaad, H., Camp, W. V. 2011. “Clicking”
Polymers or Just Efficient Linking: What Is the Difference?
Angew. Chem. Int. Ed., 50:60-62. doi:10.1002/anie.201003707

Binder, W. H., Sachsenhofer, R. 2007. ‘Click Chemistry in
Polymer and Materials Science. Macromol. Rapid Commun.,
28:15-54. d0i:10.1002/marc.200600625

Collins, E. A., Bares, J., Billmeyer, F. W. Jr. 1973. Experiments in
Polymer Science; John Wiley and Sons: New York.

Catiker, E., Meyvacy, E., Atakay, M., Salih, B., Oztiirk, T. 2019.
Synthesis and Characterization of Amphiphilic Triblock
Copolymers Including p-alanine/a-methyl-p-alanine and
Ethylene Glycol by “Click” Chemistry. Polym. Bull., 76:2113—
2128. d0i:10.1007/s00289-018-2561-1

Gacal, B., Durmaz, H., Tasdelen, M. A., Hizal, G., Tunca, U.,
Yagci, Y., Demirel, A. L. 2006. Anthracene-Maleimide-Based
Diels-Alder “Click Chemistry” as a Novel Route to Graft
Copolymers. Macromolecules, 39:5330-5336. doi:10.1021/
ma060690c

Goswami, L.N., Houston, Z.H., Sarma, S.J., Jalisatgi, S.S.,
Hawthorne, M.F. 2013. Efficient synthesis of diverse
heterobifunctionalized clickable oligo(ethylene glycol) linkers:
potential applications in bioconjugation and targeted drug
delivery. Org. Biom. Chem., 11:1116. doi:10.1039/c20b26968f

Goktag, M., Oztiirk, T., Atalar, M. N., Tekes, A. T., Hazer,
B. 2014. One-Step Synthesis of Triblock Copolymers via
Simultaneous Reversible-Addition Fragmentation Chain
Transfer (RAFT) and Ring-Opening Polymerization
using a Novel Difunctional Macro-RAFT Agent Based on
Polyethylene Glycol. J. Macromol. Sci. Part A, 51:854-863. doi:
10.1080/10601325.2014.953366

Grishin, D. F. 2015. Synthesis of Vinyl Chloride Homo- and
Copolymers under the Conditions of Controlled Radical
Polymerization. Russ. J. Appl. Chem.,88:361-376.d0i:10.1134/
51070427215030015

Karaelmas Fen Miih. Derg., 2022; 12(1):59-66

Hamurcu, E., Baysal, B. M. 1993. Interpenetrating Polymer
Networks of Poly(dimethylsiloxane): 1. Preparation and
Characterization. Polymer, 34:5163-5167. doi:10.1016/0032-
3861(93)90264-B

Hazer, B., Baysal, B. M. 1986. Preparation of Block Copolymers
Using a New Polymeric Peroxycarbamate. Polymer, 27:961-
968. doi:10.1016/0032-3861(86)90312-5

Hein, C.D., Liu, X.M., Wang, D. 2008. Click Chemistry: A
Powerful Tool for Pharmaceutical Sciences. Pharm. Res.,
25:2216-2230. d0i:10.1007/s11095-008-9616-1

Jia, P.,, Hu, L., Feng, G., Bo, C., Zhang, M., Zhou, Y. 2017.
PVC materials without migration obtained by chemical
modification of azide-functionalized PVC and triethyl citrate
plasticizer. Mater. Chem. Phys., 190:25-30. doi:10.1016/j.
matchemphys.2016.12.072

Kiskan, B., Demiray, G., Yagci, Y. 2008. Thermally Curable
Polyvinylchloride via Click Chemistry. J. Polym. Sci. Part A,
46:3512-3518. doi:10.1002/pola.22685

Kolb, H.C.,Finn, M.G., Sharpless, K.B.2001. Click Chemistry:
Diverse Chemical Function from a Few Good Reactions.
Angew. Chem. Int. Edit., 40:2004-2021. doi:10.1002/1521-
3773(20010601)40:11%3c2004:AIDANIE2004%3e3.0.
CO,2-5

Moses, ]J. E., Moorhouse, A. D. 2007. The Growing Applications
of Click Chemistry. Chem. Soc. Rev., 36:1249-1262.
doi:10.1039/B613014N

Moshaverinia, A., Thirumamagal, B.T.S., Schricker, S.R.2012.
Click Chemistry: A Potential Platform for Development of
Novel Dental Restorative Materials. J. Macromol. Sci. Part A,
49:288-292. d0i:10.1080/10601325.2012.662027

Ouerghui, A., Elamari, H., Dardouri, M., Ncib, S.,
Meganem, F., Girard, C. 2016. Chemical modifications
of poly(vinyl chloride) to poly(vinyl azide) and “clicked”
triazole bearing groups for application in metal cation
extraction. React. Funct. Polym., 100:191-197. doi: 10.1016/j.
reactfunctpolym.2016.01.016

Oztiirk, T., Cavicchi, C. A. 2018. Synthesis and Characterization
of Poly(epichlorohydrin-g-g-caprolactone) Graft Copolymers
by Click Chemistry. J Polym. Mater., 35:209-220.
doi:10.32381/JPM.2018.35.02.6

Oztiirk, T., Goktas, M., Savas, B., Isiklar, M., Atalar M.N.,
Hazer, B. 2014. Synthesis and Characterization of Poly(vinyl
chloride-graft-2-vinylpyridine) Graft Copolymers using a
Novel Macroinitiator by Reversible Addition-Fragmentation
Chain Transfer Polymerization. 14:27-34.
doi:10.1515/epoly-2013-0011

e-Polymers,

65


https://doi.org/10.1016/j.matchemphys.2016.12.072
https://doi.org/10.1016/j.matchemphys.2016.12.072
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=U24wGSwAgTtsQPL2qrB&field=AU&value=Kiskan, B&ut=16075137&pos=%7B2%7D&excludeEventConfig=ExcludeIfFromFullRecPage&cacheurlFromRightClick=no
https://doi.org/10.1002/pola.22685
https://doi.org/10.1002/ 1521-3773(20010601)40:11%3c2004:AIDANIE2004%3e3.0.CO
https://doi.org/10.1002/ 1521-3773(20010601)40:11%3c2004:AIDANIE2004%3e3.0.CO
https://doi.org/10.1002/ 1521-3773(20010601)40:11%3c2004:AIDANIE2004%3e3.0.CO
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1080%2F10601325.2012.662027
https://doi.org/10.1002/asia.201100138
https://doi.org/10.1002/asia.201100138
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=V2oiudzFMlNaQXObcVJ&field=AU&value=Aydinli, M&ut=823311&pos=%7B2%7D&excludeEventConfig=ExcludeIfFromFullRecPage&cacheurlFromRightClick=no
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=V2oiudzFMlNaQXObcVJ&field=AU&value=Tutas, M&ut=20406583&pos=%7B2%7D&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=V2oiudzFMlNaQXObcVJ&field=AU&value=Bozdemir, OA&ut=1909895&pos=%7B2%7D&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=18&SID=X1XuVnYkn5qgk3Ox1Qm&page=1&doc=1
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=18&SID=X1XuVnYkn5qgk3Ox1Qm&page=1&doc=1
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=18&SID=X1XuVnYkn5qgk3Ox1Qm&page=1&doc=1
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=13&SID=X1XuVnYkn5qgk3Ox1Qm&page=1&doc=8
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=13&SID=X1XuVnYkn5qgk3Ox1Qm&page=1&doc=8
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=13&SID=X1XuVnYkn5qgk3Ox1Qm&page=1&doc=8

Asan, Oztiirk, Kudu, Meyvaci, Catiker / Cross-linking of PVC by Various Lengths of PEG via "Click" Chemistry

Oztiirk, T, Kilichoglu, A., Savas, B., Hazer, B. 2018. Synthesis
and Characterization of Poly(e-caprolactone-co-ethylene
glycol) Star-Type Amphiphilic Copolymers by “Click”
Chemistry and Ring-Opening Polymerization. J. Macromol.
Sci. Part A,55:588-594.d0i:10.1080/10601 325.2018.1481344

Oztiirk, T., Meyvaci, E. 2017. Synthesis and Characterization
Poly(e-Caprolactone-b-Ethylene ~ Glycol-b-e-Caprolactone)
ABA Type Block Copolymers via “Click” Chemistry and Ring-
Opening Polymerization. . Macromol. Sci. Part A, 54:575-581.
doi:10.1080/10601325.2017.1309251

Oztiirk, T., Meyvaci, E., Arslan, T. 2020. Synthesis and
Characterization of Poly(Vinyl Chloride-g-g-Caprolactone)
Brush Type Graft Copolymers by Ring-Opening
Polymerization and “Click” Chemistry. /. Macromol. Sci. Part A4,
57:171-180. doi:10.1080/10601325.2019.1680253

Oztiirk, T, Meyvacy, E., Bektas, H., Mentese, E.2019. Synthesis
and Characterization of Ring-Type and Branched Polymers
Including Polyethylene Glycols by “Click” Chemistry. SN
Appl. Sci., 1:343. doi:10.1007/542452-019-0360-4

Oztiirk, T., Yoriimez, C. 2020. Synthesis of Block Copolymer
Including Polyepichlorohydrin and Polyethylene Glycol by
“Click” Chemistry: Evaluation of Primary Parameters of
Copolymerization. Polym. Bull., 77:4773-4788. doi:10.1007/
s00289-019-02989-4

Pawlak, M., Grygolowicz-Pawlak, E., Crespo, G.A.,
Mistlberger, G., Bakker, E. 2013. PVC-Based Ion-Selective
Electrodes with Enhanced Biocompatibility by Surface
Modification with “Click” Chemistry. Electroanalysis, 25:1840—
1846. d0i:10.1002/elan.201300212

Pispas, S., Hadjichristidis, N. 2003. Aggregation Behavior
of Poly(Butadiene-b-Ethylene Oxide) Block Copolymers
in Dilute Aqueous Solutions: Effect of Concentration,

Temperature, lonic Strength, and Type of Surfactant.
Langmuir, 19:48-54. doi:10.1021/12020561z

66

Riess, G. 2003. Micellization of Block Copolymers. Prog. Polym.
Sci., 28:1107-1170. doi:10.1016/S0079-6700(03)00015-7

Savag, B., Catiker, E., Oztiirk, T. 2020. Synthesis and

Characterization of  Poly(a-methyl  f-alanine)-poly(e-
caprolactone) Tri Arm Star Polymer by Hydrogen Transfer
Polymerization, Ring-Opening Polymerization and “Click”
Chemistry. J. Polym. Res., 28:30. doi:10.1007/s10965-020-

02367-z

Savas, B., Oztiirk, T. 2020. Synthesis and Characterization of
Poly(vinyl chloride-g-methyl methacrylate) Graft Copolymer
by Redox Polymerization and Cu Catalyzed Azide-alkyne
Cycloaddition Reaction. J. Macromol. Sci. Part A.,57:819-825.
doi:10.1080/10601325.2020.1788393

Tunca,U.2013.Triple Click Reaction Strategy for Macromolecular
Diversity. Macromol. Rapid. Commun., 34:38-46. doi:10.1002/
marc.201200656

Tunca, U. 2018. Click and Multicomponent Reactions Work
Together for Polymer Chemistry. Macromol. Chem. Phys.,
219:1800163. doi:10.1002/macp.201800163

Wang, H., Dong, J. H., Qiu, A. Y., Gu, Z. W. 1998. Studies on
Properties and Drug Delivery Systems of PTMC-b-PEG-b-
PTMC Block Copolymers. J. Macromol. Sci. Part A, 35:811—
820. doi:10.1080/10601329808002013

Xi, W,, Scott, T. F., Kloxin, C. J., Bowman, C. N. 2014. Click
Chemistry in Materials Science. Adv. Funct. Mater., 24:2572—
2590. doi:10.1002/adfm.201302847

Xu, J., Ye, J., Liu, S.Y. 2007. Synthesis of Well-Defined Cyclic
Poly(N-Isopropylacrylamide) via Click Chemistry and Its
Unique Thermal Phase Transition Behavior. Macromolecules,

40:9103-9110. doi:10.1021/ma0717183

Zhang, Z., Xiong, ]J., He, G., Dang, D., Xie, Y., Wang, Q.
2020. Fluorous Effect-Induced Emission Of Azido Substituted
Poly(Vinylidene Fluoride) with High Photostability and Film
Formation.  Polym. Chem., 11:1307-1313. doi:10.1039/

C9PY01622H

Karaelmas Fen Miih. Derg., 2022; 12(1):59-66


https://doi.org/10.1080/10601325.2020.1788393
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=17&SID=X1XuVnYkn5qgk3Ox1Qm&page=1&doc=1
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=17&SID=X1XuVnYkn5qgk3Ox1Qm&page=1&doc=1
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=17&SID=X1XuVnYkn5qgk3Ox1Qm&page=1&doc=1
https://doi.org/10.1080/10601329808002013
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.201302847
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.201302847
https://doi.org/10.1002/adfm.201302847
https://doi.org/10.1021/ma0717183
https://pubs.rsc.org/en/results?searchtext=Author%3AZhicheng Zhang
https://pubs.rsc.org/en/results?searchtext=Author%3AJie Xiong
https://pubs.rsc.org/en/results?searchtext=Author%3AGang He
https://pubs.rsc.org/en/results?searchtext=Author%3ADongfeng Dang
https://pubs.rsc.org/en/results?searchtext=Author%3AYunchuan Xie
https://pubs.rsc.org/en/results?searchtext=Author%3AQing Wang
https://doi.org/10.1039/C9PY01622H
https://doi.org/10.1039/C9PY01622H
https://doi.org/10.1080/10601325.2019.1680253
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Q28ORya1VADum2zfbIU&field=AU&value=Pawlak, M&cacheurlFromRightClick=no
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Q28ORya1VADum2zfbIU&field=AU&value=Grygolowicz-Pawlak, E
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=Q28ORya1VADum2zfbIU&field=AU&value=Crespo, GA&ut=16394398&pos=%7B2%7D&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Q28ORya1VADum2zfbIU&field=AU&value=Mistlberger, G
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=23&SID=X1XuVnYkn5qgk3Ox1Qm&page=1&doc=2
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=23&SID=X1XuVnYkn5qgk3Ox1Qm&page=1&doc=2
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=23&SID=X1XuVnYkn5qgk3Ox1Qm&page=1&doc=2
https://doi.org/10.1002/elan.201300212
https://doi.org/10.1021/la020561z

