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ABSTRACT 
 

Vanillin was used to synthesize cationic monomers from the amine group with a tertiary amine. It 
has both an amine and an aldehyde group. For that, it helps graft to form Schiff base with amino 
acid-like tryptophan. It is abbreviated by {2-[(diethylamino) methyl]-4-formyl-6-methoxyphenyl 
acrylate} DEAMVA and evaluated by, e.g., 

1
H NMR,

 13
C NMR, and FT IR results were compared 

with the chemical structure elevated good agreement. 10 and 25 mol % of vanillin monomer was 
copolymerized with (S). The copolymers of poly (S-co-DEAMVA) were investigated by 

1
H NMR, 

FTIR, GPC, and DSC. The grafting with tryptophan has also been modified and exposed to the 
same investigation methods; further, UV/Vis spectroscopy has designated the pH responsiveness. 
The study aims to improve the general characterization of polystyrene and produce functional pH-
responsive polymer for graft biological molecules in the future. 
 

 
Keywords: Functional polymer; pH-responsive; styrene; vanillin; tryptophan; grafting modifications. 
 

1. INTRODUCTION 
 
Responsive polymers are the kind of polymers 
that change their properties by changing the 
environment. Among these, pH-responsive 

polymers act as polyelectrolytes with the charged 
positive or negative group according to the amino 
or carboxylic group in the main chain of the 
polymer [1,2]. These charges change the 
electrostatic repulsion between polymer molecule 
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and or and solution, producing a change in the 
hydrodynamically of the polymer volume [3,4]. 
Numerous applications of pH-responsiveness 
were unveiled in biotechnology, e.g., Drug 
delivery systems and Gene carriers [5-11]. 
Recently, polymer scientists revealed several 
disadvantages of styrene monomers and their 
related polymers. They are working hard to find 
new natural alternatives and have low toxicity, 
hazardous for the ecological and green 
environment [12,13]. Vanillin is an important 
material for producing lignin can be used as bio-
based monomers for natural polymers [13-15]. 
Some modification has preceded the vanillin 
molecules using aldehyde or hydroxyl groups, 
which are sometimes used [16]. One of its 
modifications is dimerization in the 
electrochemical polymerization process [17]. 
 
In the last few decades, many scientists have 
been searching for green alternatives of styrene 
monomer due to its disadvantages like 
hazardous air pollutants and emitting during 
metering mixing process and curing; moreover, 
the unreacted styrene continues to be released 
from composites during the life cycle [12]. The 
reaction between primary amine and aldehyde to 
form a Schiff base has been used widely in 
organic chemistry [18]. It was reacted with 
vanillin and amines in a recent study [19], variety 
of biological activities was revealed and recently 
published [20-25]. The formations of the imine 
group in the Schiff compounds facilitate the pH 
responsiveness [27-33]. The reaction to form 
complex compounds by Schiff base has also 
been investigated as pH-responsive polymers 
[34-36]. In our study, we prepared new pH-
responsive with copolymerization with styrene. 
The grafting reaction was done with tryptophan 
via Schiff base and the formation of imine 
linkage. 
 

2. EXPERIMENTAL 
 

2.1 Material 
 
2, 2

-
azobis (isobutyronitrile) (AIBN, 99%, Sigma-

Aldrich), acryloyl chloride (98%, Sigma-Aldrich), 
vanillin (99%, Sigma-Aldrich), styrene (99% 
Sigma-Aldrich), tryptophan (97 % Sigma-Aldrich). 
Other chemicals were used as received.  
 

2.2 Instruments  
 
1
H and 

13
C NMR spectra in CDCl3 or DMSO-d

6
 at 

500 MHz and 125 MHz were investigated by 
Bruker AV 500 spectrometer. Fourier transforms 

infrared-FT IR vibrations by Vertex 70. Size 
exclusion chromatography (SEC) was used to 
measure the Molecular weights (M) and 
dispersity (Đ); CDCl3 was used as eluent in 0.1 
vol% TEA. Perkin Elmer Lambda 45-UV/vis 
spectroscopy was used for indicting the imine 
linkage. Perkin Elmer-differential Scanning 
Calorimeter (DSC) Pyris-1 has been 
implemented for the glass transition temperature 
Tg of at 5 °C/min.  
 

2.3 Preparation of Monomer 
 
2.3.1 Prepration of of {2-

[(diethylamino)methyl]-4-formyl-6-
methoxy-phenyl acrylate (DEMAVA)} [20] 

 
Step1: Synthesis of {3-[(diethylamino) methyl)-4-

hydroxy-5-methoxybenzaldhyde}[20] 
 
A mixture of 5g (0.032 mol) of vanillic acid or 
vanillin (4-hydroxy-3-methoxy benzaldehyde), 5g 
(0.16 mol) of formaldehyde, and 5g of 
diethylamine (0.054 mol) have been dissolved in 
60 ml pure ethanol in a 100 mL round flask fixed 
with a condenser. The solution was refluxed in 
an oil bath at 90-130 ℃ for 4h. Then, they were 
allowed to cool at room temperature. The solvent 
was taken off to get the product; yielded %: 96%, 
Yellowish white solid. 
 

1H NMR (500 MHz, CDCl3 ):δ(ppm) = 1.18(t, 
6H.12-CH3), 1.26 (br., s, 1H, 8-OH), 2.73 (q, 4H, 
11-CH2), 3.92 (s, 2H, 9-CH2), 3.94 (s, 3H, 7-
CH3),   7.25, 7,34 (dd, 2H, 

4
J = 1.6, 3,3

-
- Ar-CH, 

10-NH
+
), 9.77 (s,1H, 1-CHO). 

 
13

C-NMR (125 MHz, CDCl
3 

):δ(ppm) =10.82 (2C, 

12-CH3), 46.35 (2C, 11-CH2), 55.85 (1C, 10-
CH2), 56.01 (1C, 8-CH3),109.68 (1C, 4

-
-Ar-CH), 

120.84 (1C, 4-Ar-CH), 125.75 (1C, 5-Ar-C), 
127.99 (1C, 3-Ar-CH), 148.65 (1C, 6-Ar-CH), 
154.87 (1C,7-Ar-C), 191.65 (1C, 2-C=O). 
 
IR (KBr): ν (cm

-1
): 2987 (s) (CH2, CH3), 1650 (s) 

(2-C=O,), 1706 (s) (7-C=O), 820- 868 (m) (Ar-
CH). 
 
Step 2: Synthesis of 2-[(diethylamino) methyl]-

4-formyl-6-methoxyphenyl acrylate [20] 
 
13.9g (0.058 mol) of 3-[(diethylamino) methyl)-4-
hydroxy-5-methoxybenzaldhyde (I) was 
dissolved in 200 mL dry CH2Cl2 in two neck flask 
fitted with an argon balloon. During stirring, 12.3 
g (0.12 mol) of TEA was added. The reaction 
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mixture allowed cooling in an ice bath to 0-5
o
C.  

After cooling, 5.4g (0.059 mol) acryloyl chloride 
was added dropwise. The yellowish suspension 
was stirred at 5

o
C for 1h, and then allowed to stir 

at RT for 6 h. The precipitate was filtered, and 
the solvent was evaporated under reduced 
pressure. The product was extracted by CH2Cl2 
and washed three times with 100ml distilled 
water, then with 0.1M Na2CO3, and again with 
100 ml distilled water. Then, the product dried 
with MgSO4 overnight. Yield %: 80%, Physical 
state: Orange solid. 

1H NMR (500 MHz, CDCl3 ):δ(ppm) = 1.10(t, 
6H.14-CH3), 2.48 (q, 4H, 13-CH2), 3,51 (s, 2H, 
11-CH2), 3.88 (s, 3H, 7-CH3),  6.06 (dd, 

2
J = 1.3 

Hz, 
3
J = 10.40 Hz,1H, 10a-CH), 6.37(dd, 

3
J = 

10.40 Hz, 
3
J = 17.30 Hz, 1 H, 9-CH), 6.63 (dd, 

2
J 

= 1.3 Hz, 
3
J = 17.30 Hz, 10b-CH),7.25, 7.34 (dd, 

3H, 
4
J = 1.6, 

4
J = 1.9, 3,3

-
- Ar-CH), 9.77 (s,1H, 1-

CHO). 
  
13

C-NMR (125 MHz, CDCl
3 

):δ(ppm) =10.82 (2C, 

12-CH3), 46.35 (2C, 11-CH2), 55.85 (1C, 10-
CH2), 56.01 (1C, 8-CH3),109.68 (1C, 4

-
-Ar-CH), 

120.84 (1C, 4-Ar-CH), 125.75 (1C, 5-Ar-C), 
127.99 (1C, 3-Ar-CH), 148.65 (1C, 6-Ar-CH), 
154.87 (1C,7-Ar-C), 191.65 (1C, 2-C=O). 
 
IR (KBr): ν (cm

-1
): 2987 (s) (CH2, CH3), 1650 (s) 

(2-C=O,), 1706 (s) (8-C=O,), 820- 868. (m) (Ar-
CH). 
 

2.4 Synthesis of Polymer 
 
2.4.1 Preparation of poly (Styrene-co-

DEAMVA) with 10 and 25 mol% of 
DEAMVA (2a) 

 
A mixture of 10 and 25 mol%, 1.088 g, and 2.176 
g respectively of 2-[(diethylamino) methyl]-4-
formyl-6-methoxyphenyl acrylate,4g (0.038mol) 
styrene, and 10

-3 
mol% AIBN of the total mole% 

of monomers was dissolved in 70 ml toluene and 
then added to 100 ml round bottom flask. 
Nitrogen was purged, and in an oil bath, was 
heated at 70-75

o
C and stirred for 8h. They were 

precipitated by solvent evaporation, and then the 
polymer was purified in THF and diethyl ether. 
The product was yellowish-white solid. 
 
1
H NMR (CDCl3): δ (ppm) = 0.53-2.74 (m, 9H, 

CH, CH2- repeating unit, 2CH3 DEAMVA), 3.27-
3.96 (m, 9H, 2CH2, -N-(CH2)2, Ar-OCH3), 4.62-
5.14 (m, 3H, CH, CH2-DEAMVA repeating unit), 
6.32-7.53(m, 6H, H-Ar), 9.76-9.98 (br., 1H, Ar-
CHO). 

IR (KBr): ν (cm
-1

): 2990-3126(s) (CH, CH2-
Aliphatic), 1722-1746 (s) (Ar-CHO), 1755-1765 
(s) (-C=O, ester, 1144 (s) (Ar-OCH3). 
 
2.4.2 Preparation of 25mol% (2A-25) Poly 

(Styrene-co-DEAMVA)-graft-tryptophan 
(2B) as pH-responsivness 

 
In 50 ml round bottom flasks 1.0 g of 25mol% 
poly(Styrene-Co-DEAMVA) and 1.0 g of 
tryptophan has been dissolved in 30 ml THF. The 
reaction was implemented in different pH 
solutions, pH 4, pH 7, pH 9, pH 10, and pH 12, 
by NaOH and HCl. The mixtures were stirred 
gently for 2 h at room temperature. The solvent 
was removed under reduced pressure. After that, 
the residue was dissolved in THF and re-
precipitated in diethyl ether at -40 

o
C to remove 

impurities and unreacted molecules. Physical 
state: Brownish solid. 
 
1
H NMR and IR of poly (Styrene-co-DEAMVA)-

post-Tryptophan at pH12 (IV) 
 
1
H NMR ( (DMSO d

6
): δ (ppm) =0.72-1.24(m, 6H, 

2CH3), 1.30-1.65 (m, 1H, CH repeating unit), 
1.84-2.37 (m,2H, CH2 repeating unit), 2.82-2.94 
(m, 2H, 2-N(CH2)2, vanillin monomer), 3.30-3.40 
(m, 2H, CH2 vanillin monomer), 6.12-6.36(m, 1H, 
-C=CH, Try),  6.83-7.87(m, 9H, H-Aromatic), 8.6-
8.8 (br. (s),1H, CH=N, imine), 9.32-9.95 (s) 1H, 
NH, Try). 
 
IR (KBr): ν (cm

-1
): 2995-3135(m) (CH, CH2-

Aliphatic), 1723-1745 (s) (-C=O ester), 1665-
1654 (s) (-CHO), 1573-1565 (s) (4-CH=N imine), 
1036-1117 (s) (Ar-OCH3). 
 

3. RESULTS AND DISCUSSION 
 

3.1 Synthesis of Monomer, Copolymers, 
and Grafted Copolymers 

 
Scheme 1has illustrated The chemical methods 
of monomer 1B or {2-[(diethylamino) methyl]-4-
formyl-6-methoxyphenyl acrylate} abbreviated by 
(DEAMVA); two steps have been implemented. 
The preparation of {3-[(diethylamino)methyl)-4-
hydroxy-5-methoxy- benzaldehyde} was 
produced by reacting of vanillic acid or vanillin, 
diethylamine, and formaldehyde proceeding via 
Mannich reaction mechanism [1,20] and followed 
by the preparation of {2-[(diethylamino) methyl]-
4-formyl-6-methoxyphenyl acrylate} (DEMAVA), 
by reacting 1A with acryloyl chloride and TEA to 
form 1B. They were evaluated by 

1
H NMR, 

13
C, 

and FT IR. Data has indicated an agreement 
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state and confirmed the aldehyde group at             
9.97 ppm and 196 ppm, as shown in Figs. 1-            
3. 
 

Styrene properties have been enhanced by free-
radical copolymerization with 10 and 25 mol% of 
DEAMVA in AIBA, as in scheme 1. Their 
chemical structures were evaluated by both of 

1
H 

NMR and FT IR, as shown in Fig 4. The 
1
H NMR 

of copolymers 1A, 2A exhibited the broad multi-
peaks (m) at δ = 0.75-1.37 ppm of (2CH3) 

DEAMVA. Another multi-peaks was proved at δ 
= 7.08-7.62 ppm of Aromatic-H of each styrene 
and DEAMVA. At δ = 9.96 for the aldehyde 
proton H-CHO of DEAMVA. Further, the FT IR 
detected the functional groups; it illustrated the 
formation of (C=O stretch) ester at 1747 cm

-1
. 

The accurate concentrations of both monomers 
in the polymer main chain was obtained from the 
spectra of the 

1
H NMR from the ratios of the 

intensity of the peaks at 6.67 ppm (for H, 
Aromatic-H styrene) with peaks at 9.96 ppm (for -
CHO of DEAMVA), all was summarized in Table 
1. 
  

Using the aldehyde group for grafting tryptophan 
as the formation of Schiff base, The grafting 

process was done at RT and in tetrahydrofuran 
THF as solvent as illustrated in Scheme 1. The 
reaction has occurred in a variety of pH solutions 
pH 4, pH 7, pH 9, pH 10, and pH 12. They were 
investigated via 

1
H NMR and FT IR. FT IR 

spectra in Fig 4 demonstrated the formation of 
imine (-CH=N stretch) at about 1565 cm-1. The 
aldehyde proton was disappeared, however, the 
imine (-HC=N) was observed at about 8.6 ppm, 
as in Fig 3. 
 

3.2 Polymer Characterization  
 
3.2.1 Molecular weight 
 
Gel permeation chromatography GPC is a 
technique used for measurements of number 
average molecular weight Mn and dispersity Đ of 
copolymers and grafting one. Polystyrene (PS) 
has been used as a standard in chloroform. All 
data were summarized in Table 1. Fig. 6 
illustrates the relationship between molecular 
weight and log M recorded by the GPC. They 
exhibited one height peak; they indicated the 
disappearance of all low molecular weight, e.g., 
monomers or impurities. 

 

 
 

Scheme 1. Preparation of DEAMVA, copolymers, and graft-Tryptophan 
 

Table 1. Yield, composition, conversation, number average molecular weight, dispersity, and 
glass temperature of, Poly (S-co-DEAMVA) 10, 25 mole ratio of DEAMVA and Poly (S-co-

DEAMVA)-graft- Tryptophan 
 

Polymer 
number 

Product yield 
(%) 

1
HNMR 

DEAMVA (mol %) 
Conversion  
(%) 

Mn
a
 

(g/mol)10
4
 

Đ
b
 Tg

c
 

(
°
C) 

2A-10 92 6.45 - 45500 1.98 124 
2A-25 83 16.67 - 18760 2.06 137 
2B 77 - 85 17558 2.48 143 

a 
Number average molecular weight; 

b 
Polydispersity, 

c
 Glass transition temperature
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Fig. 1. 
1
HNMR (CDCl3) of 2-[(diethylamino)methyl]-4-formyl-6-methoxyphenyl acrylate 

 

 
 

Fig. 2. 
1
H NMR (CDCl3) of 2-[(diethylamino)methyl]-4-formyl-6-methoxyphenyl acrylate 

(DEMAVA) 
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Fig. 3. 
1
H NMR spectra (CDCl3) of P(S-co-DEAMVA) 10, 25 mole ratio of DEAMVA 

 

 
 

Fig. 4. 
1
H NMR spectra (DMSO) of P(styrene-co-DEAMVA)-g-Tryptophan 
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Fig. 5. IR spectra KBr for DEAMV (I), DEAMVA (II), Poly (Styrene-co-DEAMVA) (III b) and grafted 
copolymers IV 

 

 
 

Fig. 6. GPC molecular weight of copolymers 
 
3.2.2 Poly (Styrene-Co-DEAMVA)-g-try  
 
The grafting process of poly (Styrene-Co-
DEAMVA) to poly (Styrene-Co-DEAMVA)-g-
tryptophan has been detected via the pH 
solutions in two hours for each run and 10

-3 
W/V. 

the UV/Vis. Spectroscopy of the grafting reaction 
has been shown in Fig. 7. The disappearance of 
absorption of the -CHO aldehyde group at 255-
275 nm; however, the new functional at 340-380 
nm of -CH=N imine linkage has appeared. The 
intensity of the imine bond was sparked in the 
higher pH solutions over the highest absorbance 
in pH 12. The relationships of pH                
against the absorbance intensity were drawn in 
Fig. 8. 

3.2.3 Thermal properties 
  
Differential Scanning Calorimeter measured the 
thermal properties of copolymer and the grafted 
one at the heating rate 5

o
C/min to detect the 

glass transition temperature (Tg). As shown in 
Fig. 9, the thermograms were recoded the Tg at 
the mid-point inflection; parameters were written 
in Table 1. Copolymers and graft-try 
demonstrated a single Tg to prove the formation 
of random polymerization [36]. A recent study 
showed the Tg of the homo-polystyrene (PS) at 
100

o
C [37]. The copolymerization process of PS 

with DEAMVA shifted the 
hydrophobic/hydrophilic interactions represented 
increased Tg due to the lower spacing and 
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increased interaction between polymer chains, 
producing lesser flexibility and Tg of the polymer 
increased [36]. By grafting the tryptophan 

molecule in copolymer (2B), the Tg has             
sparked the steric hindrance of the         
aromaticity. 

 

 
 

Fig. 7. UV/Vis. Spectroscopy of the grafted poly (Styrene-Co-DEAMVA)-g-try in pH 5-pH 12 
 

 
 

Fig. 8. The relationship of pH against absorbance 
 

 
 

Fig. 9. The diffractogram and the glass transition temperatures Tg of copolymers and grafted 
copolymer 
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4. CONCLUSION 
 
The pH-responsiveness monomer has cationic 
tertiary amine and aldehyde groups in its main 
chain; it was prepared in two steps. We prepared 
functional polystyrene copolymers by free radical 
polymerization. Styrene was copolymerized with 
two-mole ratios of DEAMVA. The graft-
copolymer has been formed via the reaction of 
the aldehyde group with tryptophan. The UV/Vis 
spectroscopy was implemented to record the 
graft-copolymer formation within the formation of 
the Schiff base and the absorption in various pH 
solutions. It was noted that the highest 
absorption was detected at pH 12; however, the 
lowest has occurred at pH 4.  
 

DISCLAIMER 
 
The products used for this research are 
commonly and predominantly use products in our 
area of research and country. There is absolutely 
no conflict of interest between the authors and 
producers of the products because we do not 
intend to use these products as an avenue for 
any litigation but for the advancement of 
knowledge. Also, the research was not funded by 
the producing company rather it was funded by 
personal efforts of the authors. 

 
COMPETING INTERESTS 
 
Author has declared that no competing interests 
exist. 
 

REFERENCES 
 
1. Abdelaty, MSA. Poly (N-

isopropylacrylamide-co-2-((diethylamino) 
methyl)-4 formyl-6-methoxyphenylacrylate) 
Environmental Functional Copolymers: 
Synthesis, Characterizations, and Grafting 
with Amino Acids. Biomolecules. 2018; 
8:138. 
DOI:10.3390/biom8040138  

2. Abdelaty MSA, Kuckling D. Synthesis and 
Characterization of New Functional Photo 
Cross-Linkable Smart Polymers Containing 
Vanillin Derivatives. Gels. 2016;2:1-13. 
DOI :10.3390/gels2010003. 

3. Sato E, Masuda Y, Kadota J, Nishiyama T, 
Horibe H. Dual stimuli-responsive 
homopolymers: Thermo- and photo-
responsive properties of coumarin-
containing polymers in organic solvents. 
Eur Polym J. 2015;69:605–615.  
DOI:10.1016/J.EURPOLYMJ. 2015.05.023 

4. Abdelaty MSA. Environmental Functional 
Photo-Cross-Linked Hydrogel Bilayer Thin 
Films from Vanillin. J Polym Environ.  
2018;26:2243–2256.  
DOI: 10.1007/s10924-017-1126-y 

5. Abdelaty MSA. Trends in the Phase 
Separation Temperature Optimization of a 
Functional and Thermo-pH Responsive 
Terpolymer of Poly (N-isopropylacrylamide-
co-N-(2-(dimethylamino)ethyl) Acrylamide-
co-vanillin Acrylate). J Polym Environ;2021.  
Available:https://doi.org/10.1007/s10924-
021-02096-4 

6. Abdelaty MSA. Preparation and 
Characterization of New Environmental 
Functional Polymers Based on Vanillin and 
N-isopropylacrylamide for Post 
Polymerization. J Polym Environ.  2018; 
26:636–646.  
DOI.org/10.1007/s10924-017-0960-2 

7. Kocak G, Tuncer C,   Bütün V. pH-
Responsive polymers.Polym. Chem. 
2017;8:144-176.  
DOI:10.1039/C6PY01872F 

8. Bazban SS, Hasani-Sadrabadi 
M, Karkhaneh A, Serpooshan V, Jacob 
KI, Moshaverinia A, Mahmoudi M. 
Revisiting structure-property relationship of 
pH-responsive polymers for drug delivery 
applications. J Control 
Release.  2017;10:46-63.  
DOI: 10.1016/j.jconrel.2017.02.021 

9. Ankit K, Carlo M, Hyo-Jick C. Smart 
Microparticles with a pH-responsive 
Macropore for Targeted Oral Drug 
Delivery. Scientific Reports. 2017;7:3059 -
3067. 
DOI:10.1038/s41598-017-03259-x 

10. Lin L, Wen Dong Y, YueFeng R, Xiao 

Yang L, Jian Qing G. Journal Drug 

Delivery. 2017;24: 569-581. 
Available:https://doi.org/10.1080/10717544
.2017.1279238 

11. Jing X, Anqi L, Jianshu L. Advances in pH-
Sensitive Polymers for Smart Insulin 
Delivery. Macromol. Rapid Commun. 
2017;38(1700413):1-14.  
DOI: 10.1002/marc.201700413 

12. Chen G, Hoffman AS. Graft copolymers 
that exhibit temperature-induced phase 
transition over a wide range of pH. Nature. 
1995;373:49–52.  
DOI:10.1038/373049a0 

13. Hoffman AS, Stayton PS, Bulmus V. Really 
smart bioconjugates of smart polymers and 
receptor proteins. J Biomed Mater Res. 
2000;52:577-586.  



 
 
 
 

Abdelaty; IRJPAC, 22(9): 9-19, 2021; Article no.IRJPAC.77337 
 

 

 
18 

 

DOI: 10.1002/1097-4636(20001215)52 
14. Abdelaty MSA. Poly(N-

isopropylacrylamide-co-2-
((diethylamino)methyl)-4-methylphenyl 
acrylate) thermo-ph responsive copolymer: 
trend in the lower critical solution 
temperature optimization of Poly (N-
isopropyylacrylamide). J Polym 
Res.2021;28:213.  
Available:https://doi.org/10.1007/s10965-
021-02574-2 

15. Abdelaty MSA. Influence of vanillin 
acrylate and 4 acetylphenyl acrylate 
hydrophobic functional monomers on 
phase separation of N isopropylacrylamide 
environmental terpolymer: fabrication and 
characterization. Polym. Bull; 2019.  
DOI 10.1007/s00289-019-02890-0 

16. Fache M, Darroman E, Besse V, Auvergne 
R, Sylvain Caillol, S, Boutevina B. Vanillin, 
a promising biobased building-block for 
monomer synthesis.Green Chem. 
2014;16:1987-1998. 
DOI: 10.1039/C3GC42613K 

17. Ananda SA,  Bernard W, Ashfaqur R,. 
Vanillin based polymers: I. An 
electrochemical route to polyvanillin. Green 
Chem. 2012;14:2395-2397.  
DOI: 10.1039/C2GC35645G 

18. Ananda SA, Ashfaqur R. Vanillin-Based 
Polymers-part II: Synthesis of Schiff Base 
Polymers of Divanillin and Their Chelation 
with Metal Ions. ISRN Polymer Science. 
2012;1:1-5. 
DOI:10.5402/2012/532171 

19. Abdelaty MSA. Environmental Functional 
Photo-cross-linked Hydrogel Bilayer Thin 
films From Vanillin (Part 2): Temperature 
responsive layer A, Functional, 
Temperature and pH layer B. Polym. Bull. 
2018;11:4837–4858.  
DOI: 10.1007/s00289-018-2297-y. 

20. Abdelaty MSA. Preparation and 
Characterization of Environmental 
Functional Poly(Styrene-Co-2-
[(Diethylamino)Methyl]-4-Formyl-6-
Methoxy-Phenyl Acrylate) Copolymers for 
Amino Acid Post Polymerization. Open 
Journal of Polymer Chemistry. 2018;8:41-
55.  
Available:https://doi.org/10.4236/ojpchem.
2018.83005 

21. Firdaus M, Meier MAR. Renewable 
copolymers derived from vanillin and fatty 
acid derivatives. EurPolym J. 
2013;49:156–166. 
DOI:10.1016/j.eurpolymj.2012.10.017 

22. MialonLVanderhenst R, Pemba AG, Miller 
SA. Polyalkylenehydroxybenzoates 
(PAHBs): Biorenewable Aromatic/Aliphatic 
Polyesters from Lignin. Macromol Rapid 
Commun. 2011;32:1386–
1392.doi: 10.1002/marc.201100242 

23. Abdelaty MSA, Kuckling D. Poly (N-
Isopropyl Acrylamide-Co-Vanillin Acrylate) 
Dual Responsive Functional Copolymers 
for Grafting Biomolecules by Schiff’s Base 
Click Reaction. Open Journal of Organic 
Polymer Materials. 2018;8:15-32.  
DOI: 10.4236/ojopm.2018.82002 

24. Abdelaty MSA. Layer by Layer Photo-
Cross-Linked Environmental Functional 
hydrogel Thin Films Based on Vanillin: Part 
3. J Polym Environ;2019.  
DOI: 10.1007/s10924-019-01421-2  

25. Abdelaty MSA, Kuckling D. Altering of 
lower critical solution temperature of 
environmentally responsive poly (N-
isopropylacrylamide-co-acrylic acid-co-
vanillin acrylate) affected by acrylic acid, 
vanillin acrylate, and post-polymerization 
modification. Colloid Polym Sci. 
2021;299:1617–1629.  
Available:https://doi.org/10.1007/s00396-
021-04882-x 

26. Abdelaty MSA. A facile Method for the 
Preparation of Hydrophilic-Hydrophobic 
Functional Thermo-pH Responsive 
Terpolymers Based on Poly(NIPAAm-co-
DMAA-co-DMAMVA) and Post-
Polymerization J Polym Environ;2021.  
DOI: 10.1007/s10924-021-02117-2 

27. Zhou L, Cai Z, Yuan J, Kang Y, Yuan W, 
Shen D. Multifunctional hybrid magnetite 
nanoparticles with pH-responsivity, 
superparamagnetism and fluorescence. 
PolymInt. 2011;60:1303-1308. 
DOI: 10.1002/pi.3081 

28. Lyas  G, Burak A, Serkan K, Oguz Y S, 
Emel Y and Selahattin S. Synthesis of 
imine bond containing insoluble polymeric 
ligand and its transition metal complexes, 
structural characterization and catalytic 
activity on esterification reaction. Designed 
Monomers and Polymers. 2017;1:441-448. 
DOI: 10.1080/15685551.2017.1332139 

29. Etika KC, Cox MA, Grunlan JC. Tailored 
dispersion of carbon nanotubes in water 
with ph-responsive polymers. Polymer. 
2010;51:1761–1770.  
DOI: 10.1016/j.polymer.2010.02.024 

30. Oda Y, Kanaoka S, Aoshima S. Synthesis 
of dual pH/temperature-responsive 
polymers with amino groups by living 



 
 
 
 

Abdelaty; IRJPAC, 22(9): 9-19, 2021; Article no.IRJPAC.77337 
 

 

 
19 

 

cationic polymerization. J PolymSci Part A 
Polym Chem. 2010;48:1207-1213. 
DOI: 10.1002/pola.23882 

31. Yan Q, Zhou R, Fu C, Zhang H, Yin Y, 
Yuan J. CO2-Responsive Polymeric 
Vesicles that Breathe. Angew Chem Int. 
Ed. 2011;50:4923. 
DOI: 10.1002/anie.201100708 

32. Dondoni A, Marra A. Recent applications 
of thiol–ene coupling as a click process for 
glycoconjugation. ChemSoc Rev. 
2012;41:573-586.  
DOI: 10.1039/C1CS15157F 

33. Abdelaty MSA. The Effect 
Hydrophilic/Hydrophobic Interaction of 2 
((Dimethylamino)methyl) 4 formyl 6 
methoxyphenyl Acrylate and 4 
Acetylphenyl Acrylate Monomers on the 
Phase Transition Temperature of N 
isopropylacrylamide Terpolymers. J Polym 
Environ. 2020;28:2584–2598. 
Available:https://doi.org/10.1007/s10924-
020-01790-z 

34. Abdelaty MSA. The Influence of Vanillin 
Acrylate Derivative on the Phase 

Separation 
Temperature of Environmental Photo-
Cross-Linked N-isopropylacrylamide 
Copolymer and Hydrogel Thin Films. J 
Polym Environ. 2020;28:2599–2615.  
Available:https://doi.org/10.1007/s10924-
020-01793-w 

35. Iha RK, Wooley KL, Nyström AM, Burke 
DJ, Kade MJ, Hawker CJ. Applications of 
orthogonal "click" chemistries in the 
synthesis of functional soft materials. 
Chem Rev.2009;109:5620-5686. 
DOI: 10.1021/cr900138t 

36. Gupta S, Kuckling D, kretschmer K, 
Choudhary V, Adler HJ. Synthesis and 
characterization of stimuli-sensative micro- 
and nanohydrogel based on 
photocrosslinkable 
poly(dimethylaminoethylmethscrylate). 
Journal of polymer science Part A Polymer 
Chemistry. 2007;45:669-679. 
DOI: 10.1002/pola.21846 

37. Mark, James E. Polymer data handbook 
(2

nd
 Edition). Oxford University Press;2009.  

ISSN 978-0-19-518101-2 
_________________________________________________________________________________ 
© 2021 Abdelaty; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/77337 

http://creativecommons.org/licenses/by/4.0

