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Environment pH influence on behavior of p-PFP copolymer-based gels with AA and
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This article looks into influence of environment pH change on behavior of
polypropylenefumaratephtalate copolymers with acrylic and methacrylic acids. It was found that
synthesized gels are stimulus-sensitive polyelectrolyte «smart»-polymers. It was demonstrated that
initial polyester molecular mass increase improves expansion rate of copolymers synthesized on
its base.
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Introduction

Some of promising chemicals for creating polymer compounds are unsaturated polyesters which are
products of polyatomic alcohols and polybasic acids polycondensation. Main feature of unsaturated polyesters
is ability to easily enter into copolymerization reaction (cure) with vinyl monomers (styrene,
methylmethacrylate etc.) at room temperature without high pressure as well as without emission of volatiles and
other byproducts [1-5]. This being said, there are almost no references on unsaturated polyesters and ionogenic
monomers copolymer synthesis.

Previously the authors have published a number of works on polymeric gels synthesis based on unsaturated
polyesters with several ionogenic monomers of vinyl type [6-12]. Due to high sensitivity to external conditions
change these copolymers qualify as «smart»-systems, which suggests prospects of carrying out further research
in this area.

Experimental

Synthesis of initial polypropylenefumaratephtalate (p-PFP) and copolymers based on it and acrylic acid
(AA) is described in works [13]. Copolymerization with methacrylic acid (MAA) was performed in identical
conditions.

In order to determine copolymers expansion rate considering impact of acidic/alkaline environment
properties we prepared buffer solutions with various pH levels. Equilibrial expansion rate of copolymers based
on p-PFP with AA and MAA in solutions with various pH levels was defined by gravimetric method. To do
this, a copolymer sample weight was prepared and then exposed in a buffer solution (pH 2—9) until fixed mass
was reached. Equilibrial expansion rate of copolymer samples was calculated according to the formula:
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where n— number of measurements;
X; — outcome of i-th measurement;
1— measurement ordinal number.
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Result and discussion

Due to polymeric gels ability to react to even slightest changes of environment by switching to expanded
or collapsed state their use is defined as that of «smart»-polymers [14]. This being said, «smart»-systems may
expand, collapse or express both types of behavior under outside impact depending on chemical composition
[15].

Reference sources suggest that ionogenic hydrogels are notable for high sensitivity to outside solution pH
change. This way, gels containing acidic groups in their polymeric chain expand in alkaline environment and
collapse in acidic environment. On the contrary, gels with basic groups in their polymeric chain expand at
solution’s lower pH values and collapse in alkaline environment [16].

Figures 1 and 2 show experimental data of studying environment pH impact on behavior of p-PFP:AA and
p-PFP:MAA copolymers while changing initial p-PFP molecular mass.
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Figure 1. Dependency of p-PFP:AA expansion rate on environment pH
1-6,77:93,23; 2 - 20,34:79,66; 3 — 44,17:55,17; 4 — 68,42:31,58; 5 — 86,67:13,33;
6—6,77:93,23; 7 - 20,34:79,66; 8 —44,17:55,17; 9 — 68,42:31,58; 10 — 86,67:13,33;
1-5: My=2500, 6 —10: M=9000.
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Figure 2. Dependency of p-PFP:MAA expansion rate on environment pH

1-6,65:93,35; 2 —-19,25:80,75; 3 —42,09:57,9; 4 — 69,17:30,83; 5 — 89,98:10,02;
6 —6,65:93,35; 7—-19,25:80,75; 8-42,09:57,9; 9— 69,17:30,83; 10— 89,98:10,02;
1-5: My=2500, 6 —10: My=9000.

Primary aspect that influences dependency of p-PFP and AA/MAA copolymers expansion ability on
solution pH and its curve flow is comonomer nature. This way, electrostatic repulsion of likely charged
carboxylic groups covalently attached to primary polymeric chain in synthesized polymers appearing as a result
of their ionization facilitates polymeric grid expansion in alkaline environment. On the contrary, in case of
outside solution’s lower pH acidic groups ionization inhibition occurs, which facilitates gel switching to
compact conformation, i.e. gel sample collapses. Such behavior is typical for polyelectrolytic gels.

It should be noted that p-PFP copolymers with initial polyester molecular mass ~9000 a.m.u. display higher
sorptive capacity comparing to similar parameters for p-PFP and AA/MAA copolymers with initial polyester
molecular mass ~2500 a.m.u.

Conclusion

This way, carried out research show high sensitivity of synthesized polypropylenefumaratephtalate and
acrylic/methacrylic acid copolymers to environment pH change, which makes them available for use as
«smart»-systems.

Dedication:
Dedicated to the memory of Meiram Burkeev, who passed away while pursuing his scientific studies.
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I'"M. Kymanazaposa, E.M. Tax0aeB, f.I' pannuek

Kanpiknaran noamdupii maisipiaap Herizinaeri comosmmepJiepre pH moninin
JcepiH 3epTTey

by makanana opranbiH pH e3repyiHiH akpuil )koHe METaKpUJT KbILIKbUIAAPBIMEH MOTUTPONUIICH
(ymaparbl (ranaThIHBIH COMOIMMEpIIEPiHiH MiHE3-KYJIKbIHA dcepi KapacThlpbliaibl. biz0oeH
CHHTE3JICJ/ITeH TelbJiep bIHTAJAH/bIPYFa Ce3iMTasl MOJMAJIEKTPOIUTTIK «aKbULABD) MOIMMepIiep
eKeHi aHbIKTaNAbl. bacTankel monuaupaiH MOJIeKyIaublK MaCCaChbIHBbIH YJIFAtObl OHBIH Heri3iHe
CHHTE3JIeNITeH COMOTUMEpIIep/IiH iCIHY JIOPEKECiH apTThIPAThIHBI KOPCETIITEH.

Tyuin coz0ep: Kanblknaran mnonusuprep, «smarty-monMmepiiep, iciHy, Kosjanc, akpui
KBILIKBLTBI, METAaKPUJT KbILIKBUTBI, MOTUTIpONIeHpymapaTdranar.

I'"M. XKymanazaposa, E.M. Tax06aeB, f.I' pannuek

HUccnenoBanne BIANSTHAS BHEITHHX (l)aKTﬂpOB Ha COMOJIMMEPHLI HA OCHOBE
HCECHACBINCHHbIX HOJIH?D(l)HpHLIX CMOJI

B naHHOI craThe paccMoOTpeHO BiMsiHME u3MeHeHWe pH cpeapl Ha nmoBeaeHHE COMOJIMMEPOB
nonunponuieHdymapardranara ¢ akpuaoBod U METAKPUJIOBOW KMCIOTaMU. Y CTAaHOBJIEHO, YTO
CUHTE3MPOBAHHbIE HAMHU Te€IH SBJISIOTCS CTUMYJIYYBCTBUTEIBHBIMM  MOJUAJIEKTPOIUTHBIMH
«smarty-noaumepamu. [lokazano, 4To yBenuueHne MOJEKyISIPHONW Macchl MICXOAHOrO Monudpupa
MOBBILIAET CTeNeHb HaO0yXaHWsl CUHTE3UPOBAHHBIX HA €r0 OCHOBE COMOIMMEPOB.

Kniouesvre cnosa: HCHaCbILCHHBIC HOJ'II/IB(I)I/IpI)I, «smart»—nonﬂMepbl, Ha6yX3HI/Ie, KoJu1aric,
aKpujioBas KUCJ0Ta, ME€TaKpuJioBas KUCJ10Ta, l'[OJ'[I/IHpOHI/IHeH(byMapaT(bTaHaT.

118



BECTHUK K1y Ne 2 (41) 2023 e.
Pa3den 5. «Xumusi»

References

1 Kandelbauer A., Tondi G., Zaske O.C. Goodman S.H. In Handbook of Thermoset Plastics. — San Diego:
William Andrew, 2014.- 111 p.

2 Andreas Kandelbauer, Gianluca Tondi, and Sidney H. Goodman. Unsaturated Polyesters and Vinyl
esters. In Handbook of Thermoset Plastics, 3™ edition. Hanna Dodiuk, Sydney H Goodman (eds.). — San Diego:
William Andrew Publications, 2014. —P. 111-172.

3 Yasko A.W., He S., Engel P.S., Yaszemski J.M., Mikos A.G. Injectable biodegradable polymer
composites based on poly(propylenefumarate) with poly(ethylene glycol)-dimethacrylate // Biomaterials. -
2000. Ne21. —P. 2389-2394.

4 Sarsenbekova A. Zh., Kudaibergen G.K., Burkeev M.Zh. Comparative analysis of the Thermal
Decomposition Kinetics of Polyethylene Glycol Fumarate-Acrylic Acid Copolymers // Russian journal of
physical chemistry. -2019. Ne7 (93). — P. 1252-1257.

5 Mot Y. [Monuadupsl u ankuausie cmonel. — M.: KTC, 2009. — 380 c.

6 Konsro I'.T"., Ctpyk B.A. Matepuanbl Ha OCHOBE HEHACBILICHHBIX Monud¢upoB. — Munck: Hayka u
TexHuka, 1990. — 143 c.

7 ®ununnosa O.E. «BocnipuumumBbie» nojauMepHble renu // BeicokoMmonekysipHbie coequnerus. —2000.
—T.42, Ne 12. — C. 2328-2352.

8 Holland T.A., Tabata Y., Mikos A.G. In vitro release of transforming growth factor-beta 1 from gelatin
microparticles encapsulated in biodegradable oligo(poly(ethylene glycol) fumarate) hydrogels // J Control
Release. -2003. -Ne91. —P. 299-313.

9 Burkeev M.Zh., Tazhbaev E.M., Burkeeva G.K.et al. Effect of External Factors on the Swelling of
Hydrogels Dased on Poly(ethylene glycol) Maleate with Some vinyl Monomers // Russian Journal of Applied
Chemistry. —2013. - Ne 1 (86). - P. 63—68

10 Tazhbayev E.M., Mustafin E.S., Burkeev M.Zh. et al. Enthalpy of swelling of crosslinked copolymers
of acrylic acid beta-vinyloxyethylamide in water and ethanol // Russian journal of physical chemistry. — 2006.
- Ne8 (80). — P. 1300-1304.

11 Burkeev M.Zh., Tazhbaev E.M., Burkeeva G.K., Kovaleva A.K. Nanocatalytic Systems Based on
Poly(ethylene glycol maleate) — Acrylamide Copolymers // Russian Journal of Applied Chemistry. — 2015. —
Ne2 (88). — P. 314-319.

12 Burkeev M.Zh., Tazhbayev Ye.M. et al. Constants and parameters of radical copolymerization of
poly(propylene glycol fumarate) with acrylic acid // Bulletin of University of Karaganda. Series «Chemistry».
—2019. - Ne 1 (93). —P. 32-37.

13 Burkeev M.Zh., Zhumanazarova G.M., Kudaibergen G.K. et. al. Poly(propylene fumarate phthalate)
and acrylic acid radical copolymerization constants and parameters // Bulletin of the Karaganda university.
Series «Chemistry». — 2020. -Ne 1 (97). —P. 68-74.

14 Burkeev M.Zh., Kudaibergen G.K., Burkeeva G.K. et. al. The number average and mass average molar
masses of polyethylene (propylene)glycol fumarates // Bulletin of University of Karaganda. Series «Chemistryy.
—2018. -Ne 2 (90). —P. 17-22.

15 Tons6ept K.A., Burneprays M.C. Beenenue B razosyto xpomarorpaduro. — M.: Xumus, 1990. — 352
c.

16 3omoror 1O.A., HlopoxoBa E.H., ®aneera B.M. ®uznko-xumudeckre metroasl aHanuza. [Ilox pen.
10.A.3omoroBa]. — M.: Beicm. mik., 2000. — 356 c.

119



