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Creation of a polymeric matrix on the basis of polyester resins
for an immobilization of metals nanoparticles

For the purpose of creation of polymeric matrixes for an immobilization of the transitional metals nangparti-
cles copolymers of unsaturated polyester resins with the acrylic and methacrylic acids were synthesized and
their swelling ability was studied. Sensitivity of polymeric hydrogels to external factors as pH, quality, of sol-
vent and ionic strength of solution has been shown.
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Now the catalysis chemistry on nanoparticles or colloidal solutions of nanodimensional'metals particles
develops violently. This is due to the facts as they have high specific surface arcafwhieh brings closer the
catalysis to homogeneous type and as an existence on a nanoparticles surface of comsiderably larger propor-
tion of metal atoms than in the ordinary heterogeneous catalyst. Even‘the #efmyp«nanocatalysis» which is
considered as peculiar «bridge» between heterogeneous and,k homogenegus catalysis [1-3] is entered.
Besides, because of a small particles size the considerable proportign of atoms‘is outside the boundaries of a
flat surface and has greater catalytic activity. Activity of the atoms loeated at tops and sides of a nanocrystal
is especially high. Decrease of particle sizes of solid matter below the some limit leads to the considerable
change of their properties, such as melting point, a thermal ‘eapacity, an electrical conductivity, also new
optical, magnetic and electronic properties appear. Threshold particle size at which there is a saltatory
change of properties for the majority of materials vapi€s¥somyl0 to 1000 nanometers. Owing to these factors
the mass (volume) of the nanodimensional catalyst demanded for carrying out reaction is considerably
sometimes one thousand times less in comparisemywith,th€ same catalyst in a normality. It gives the chance
of economy of the expensive or infrequent components applied to preparation of catalysts. Moreover, special
characteristics of nanoparticles strengtheft’ and, modify the catalytic activity leading to emergence of an
opportunity to catalyze reactions whichfdomot catalyze similar macrodimensional materials.

Synthesis of new nanocatalystsf«metalpelymeric matrix», in combination with synthesis of catalytical-
ly active transitional metals brought @n‘pelymeric carriers opens huge area of their application. Therefore for
today searching of new catalytic systeéms, in particular the nanocatalysts possessing high activity and selec-
tivity is an actual task.

Owing to the abilityto react/adequately to a variation of external factors (pH, temperature, quality of
solvent, etc.), thereby/controlling morphology of hydrogels, and as a result to regulate structure and proper-
ties of the nanopagticles, immeobilized in a matrix, so-called «clever» polymers are increasingly used. Along
with it, the matzX ofithe polymeric hydrogel can execute some kind of role of the «microreactor» suitable for
carrying out oxidation-reéduction, catalytic and other reactions.

The available'and cheap carrier of metals nanoparticles are polymers on the basis of unsaturated polyes-
teraesins\which fappeal in comparison with other thermoreactive polymers is caused by ability of curing by
yinyl monomers at a room or rather low temperature practically without allocation of any byproducts [4, 5].

Earlier we investigated a copolymerization of unsaturated polyester resins as at molar, and as mass rati-
0s4]. To obtain more hygroscopic polymers in the work reactions of a radical copolymerization of unsatu-
rated‘polyester resins — ethylene-(propylene)-glycol maleate with unsaturated carboxylic acids (the acrylic
(AA) and methacrylic (MAA) acids) were investigated in solution at excellent ratios of an initial mixture
getting polymers with spatially cross-linked structure and the possibility of use of the latter as matrixes for
obtaining catalysts on the basis of nanometric size nickel was considered. Synthesis conditions,
comonomers, a ratio of monomer: solvent were changed, more efficient initiator for this process was used.

Radical copolymerization of polyethylene(propylene)glycol maleate with unsaturated carboxylic acids
(the acrylic and methacrylic acids) was carried out in dioxane solution at various mass ratios of the initial
polymer-monomeric mix which data are given below in Table 1. As the initiator the dinitrile of
azobisisobutyric acid (DAA) was used.

Cepusa «Xumunsy». Ne 3(83)/2016 55



Ye.M. Tazhbayev, A.T. Kazhmuratova et al.

From comparison of data of Table 1 it is visible that at approximately equal ratio of comonomers co-
polymers of unsaturated polyester resins with MAA possess larger swelling ability. More dense structure of
copolymer on the basis of polyethyleneglycol maleate (p-EGM)-AA can be one of the most probable causes
of it, despite lower contents in the latter of a proportion of crosslinking agent links. The similar effect is
found also by other researchers [5].

Table 1
The dependence of copolymers composition on an initial mix composition
at a copolymerization of p-EGM (M) with AA (M;) and MAA (M,),
DAA [I] of =8 mol/m’, T = 333 K, [p-EGM-AA, MAA|:[dioxane] — 1:3
o . Copolymer composition Numbér of maleate
Initial mix mass, % g mass, % Yield, % o, % groups, %
M; | M, m | my
p-EGM:AA
13.07 86.93 15.5 84.3 81.1+3 1116.4+2 46,8
18.88 81.13 21.1 78.9 74.5+1 1323.6+3 49.7
24.84 75.16 27.1 72.9 68.7+4 877.1+1 52.9
41.59 58.41 45.6 54.4 65.9+2 558.2+2 57.6
55.30 44.70 58.9 41.1 60.3+3 396.5+3 63.5
p-EGM:MAA
10.25 89.75 11.1 88.9 88.4+1 1169.1+4 45.4
15.56 74.44 18.2 81.8 76.7+4 138683 47.8
23.58 64.80 26.3 73.7 75.542 918.3+3 51.7
49.48 50.96 50.6 49.4 72.7+4 581.3+1 54.4
56.30 37.61 61.8 38.2 50.4+3 415.1+£2 59.3

Also the tendency of increase in quantity of unreactedimaleate groups with decrease of polymers swell-
ing degree is observed. The maximal swelling degreé of the received products is characteristic for copolymer
18.22:81.78 (1386.8 %).

It is possible to notice that swelling ability”ofieopelymers reaches the maximal value only at a particular
ratio of polyester resins and unsaturated carboxylic agids links. Above and below this ratio more cross-linked
copolymers turn out. Such dependencedis quite,efplainable assuming that two factors have an effect on
swelling of copolymers: degree of croSs-linking and existence of the charged groups. And so, at some point
monitoring of one regulator is replaced with?another. Thus, we see that there is no simple dependence of
swelling degree on copolymer composition.

Copolymers of UPER with, MAA possess larger swelling ability in water, than AA. Such dependence
can seem to the abnormal at first'Sight, but it is necessary to take into consideration not only electrostatic re-
pulsive forces, but alsogstfuetural ¢hanges of copolymers upon transition from AA to MAA. Data of an elec-
tron microscopy confirm this) fact. Earlier the similar case was observed by us at research of copolymers
swelling of othergvinylimonomer — B-vinyloxyethylacrylamide of AA with AA and MAA [6]. Data were
published and guoted‘many times by other scientists working with unsaturated carboxylic acids.

Other objects,for obtaining polymeric matrixes for synthesis of nanocatalysts were copolymers of poly-
propyleng glyeol maleate (p-PGM) with AA, MAA. Polyester resins, having hydrophobic group, can change
agnatiix behavior in less polar mediums. Considering a possibility of «clever» behavior for polymeric cata-
lyst catriers, t0 synthesize and study this object was interesting in actual reactionary mediums.

Water absorption of copolymers with p-PGM is slightly lower than p-EGM that can be caused by some
hydtephobic nature of the first though it was possible to expect smaller degree of a cross-linking because of
spatial*factors, i.e. large distance from each other of double bonds in p-PGM.

Some characteristics of p-PGM-AA (MAA) copolymers at various initial ratios are presented in Ta-
ble 2. Unlike the previous system it is possible to observe the linear relation of swelling degree with increase
in copolymer of unsaturated carboxylic acids links.
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Table 2

The dependence of copolymers composition on an initial mix composition
at a copolymerization of p-PGM (M) with AA (M,) and MAA (M,),
DAA [I] of =8 mol/m’, T = 333 K, [p-PGM-AA, MAA]:[dioxane] — 1:3

Initial mix mass, % Copolyn;gscs:f);(l)posmon Yield, % o % Number of m(e;le-
M, | M, - | - ate groups, %
p-PGM:AA
8.35 91.65 9.1 90.9 86.6+3 967.4+4 46.8
21.58 78.42 23.5 76.5 76.2+1 887.5+2 49.7
41.95 58.05 45.6 54.4 70.0+2 764.1+3 5279
70.01 29.99 73.8 26.2 72.2+3 570.5+2 57.6
85.25 14.75 87.0 13.0 68.4+1 400.6*1 63.5
p-PGM:MAA
7.02 92.98 8.9 91.1 82.0+3 1209.3+£2 45.4
22.13 77.87 26.1 73.9 86.0+2 983.6+2 47.8
41.45 58.55 47.1 52.9 72.0+1 86 17+4 51.7
68.63 31.47 74.9 25.1 68.0+3 795.62 54.4
80.25 19.75 87.8 12.2 52.0+4 469.343 59.3

The intense absorption bands at 1670 cm™, corresponding to fluctuation,of unreacted double bonds, and
the intense absorption bands in the field of 1157 cm™, corresporiding to the ester bond oscillations and fluc-
tuation of the methyl groups of methacrylic acid at 2926 cm™, carboxyl groups, providing swelling in the
field of 1723 cm™ are present in the IR spectra of copolymers p-BGM:AA, MAA and p-PGM:AA, MAA.

The composition of the copolymers was determined by igas ¢hromatography (GC) AGILENT 7890A
Technologies DE 198081610 USA, equipped with a masg,selective detector.

All samples of p-EGM and p-PGM copolymers awith unsaturated carboxylic acids showed monomodal
type curves, demonstrating that these polymers are copolymers.

Carried out microstructural analysis of the copelymets using a scanning electron microscope (IVS Su-
pra 55VP-3249 firm Zeiss), showed that the tést samples,of polyester resin with MAA have a cellular struc-
ture than with AA. Moreover, copolymergstructure is homogeneous enough and suggests the possibility of
obtaining metal nanoclusters with predeterminedisize and satisfactory polydispersity in internodal spaces.

Environmental condition is an important, factor in swelling of the copolymers. Previously presented data
relate to normal conditions, but these settings'can be crucial as in synthesis of metal NP, and in the applica-
tion of ready-made polymer-immaobilizedimaterials. Further, water-absorbing properties of copolymers have
been investigated by measuring pH €nvironment, proportion of solvent in the system water-organic solvent
and ionic strength for detectionof the sensitivity of obtained hydrogels to changes of external factors.

The ability to swell ofithespélymer can vary significantly with fluctuation of the environment parame-
ters [7]. In turn, the ptesence of stimulus-responsive transitions in the polymer lattice allows control the size
of metal particlesfduringitheir formation in the matrix. In addition an opportunity to process control appears
on the release Step.

A largesnumber of foreign and domestic works devoted to the study of hydrogels on the basis of
polycarbexyli€ aeids, but the behavior of the latter which contains links of p-EGM and p-PGM have not been
stidied:

This paper presents the research results of the external factors effect on the copolymers swelling of
p-PGM and p-EGM, and a certain mechanism of behavior has been established. However, in contrast to pre-
vious)studies in this paper 1.3-propylene glycol (previously 1.2-propylene glycol) was used for the synthesis
of p-PGM. Changes in the structure of the unsaturated polyester resin give an additional possibility to con-
struct peculiar nanoreactor (in polymer pores) to obtain metal nanoparticles.

By crosslinking polymer chains of unsaturated polyester resin by vinyl monomers having a linear struc-
ture, the formation of relatively hard and chemically inert three-dimensional network of the polymer gel oc-
curs, which has good absorption properties against water.

The presence in the structure of such gels of functional links capable of ionization increases their sensi-
tivity to the various environmental parameters changes. As the literature sources show one of such parame-
ters is pH that can significantly affect the properties of polymeric gels [8, 9].
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It is known that gels containing groups of weak bases or acids that can be ionized even at a small
change in pH have a pH-sensitivity. Uncharged gel is exposed to collapse, while the ionization provokes
process of swelling gel, which is due to the arising of the osmotic pressure created by the counter-ions [10—
13].

During a series of experiments, the following relationship was found: for hydrogels containing acid
groups, the swelling process occurs in an alkaline medium, and in the collapsed state transition is carried out
in an acidic medium. On the contrary, the swelling of hydrogels with basic groups is carried out in the acidic
medium, collapse is observed at high pH values, where ionization suppression is observed [6].

It was found that the tested polymer hydrogels are in collapsed state in the acidic medium until the pH
of the medium is not yet changed upward. The ionization of ionic fragments of macrochains causes anielec-
trostatic repulsion of like-charged groups and creates the straining osmotic pressure of the counterfions that
forces the hydrogel to swell even greater.

If we compare the change in the swelling ability of the copolymers range, it increasesiwith the propor-
tion of unsaturated acids, i.e. with an increase in the number of charged links. It is observed beth in the case
of AA, and MAA. Variation for copolymers of p-EGM and p-PGM is also similar, buf with, thejdifference
that the depth of the contraction of the hydrogels is less pronounced in the latter.

The effect of the presence of compositions of binary mixtures of solvents onghejxolummetric characteris-
tics of these gels has been studied for a more complete situation of the imp@act ofivafious,environmental fac-
tors on the ability of hydrogels swelling on the basis of polyethylene-(propylene)-glycol'maleate.

It is especially important that the catalytic reaction is often accompaniedsbyschanges in the environment
and take place in the presence of organic solvents [14, 15].

Commonly used solvents of different polarity, dimethyl sulfoxide (DMS®), dimethylformamide (DMF)
and ethanol (Et) were selected as an organic component. Their contentyin the mixture was varied from 0 to 1
volume fractions.

The obtained results indicate the fact that coefficient of swelling copolymers of p-EGM-AA, p-PGM-
AA is higher in water than in the considered organic, thatimay argue that with an increase in composition of
the binary mixture of the organic solvent proportiongthe,gradual contraction of the polymer network of the
investigated hydrogels on the basis of polyethylene-(propylene)-glycol maleate with unsaturated carboxylic
acids is observed.

In as much as the studied polymers arefionogenic,solvent quality deteriorates due to the addition of a
water-soluble organic solvent and the collapseeccurs!

In all cases, we are witnessing confraction and the solvent is less polar, suppression of swelling is more
pronounced. There are differences imswelling behavior depending on the nature of the copolymer. Copoly-
mers of p-PGM with AA (MAA) are l€ss susceptible collapse, which may be due to the presence of longer
hydrophobic fragment in the structure of the unsaturated polyester resin. It can also be used when the appli-
cation of copolymer nanocomposites‘in low-polar environments as required.

In addition to such factors'as pH and solution composition the presence of low molecular salt can affect
the degree of swellinggpolymer‘géls in solution and the size of the intenode space for metal immobilization.

An interaction mechanism of low molecular compound with cross-linked polymers is a key issue, inas-
much as metal NP synthesis’occurs from salt as a result of a redox reaction.

In this regard, onelef the most promising and challenging task is to study the processes of interaction of
metal ionsgWithygels,components. As part of this study the effect of a bivalent salt with hydrogels on the basis
of p-EGM and pfPGM with AA (MAA) was examined.

Aseries of experiments to identify the behavior of the obtained copolymers in solutions with increasing
conceftration of NiCl, were conducted.

It is found that low concentration values of metal salts affect slightly the polymer gels of polyethylene-
(propylene)-glycol maleate. With further increase of the salt concentration a decrease of the swelling capaci-
ty is observed. This fact will be taken into account during the synthesis of nanoparticles in a polymer matrix.
It should be understood that the lattice will be compressed in the presence of salt in the solution, and it is di-
rectly important to control the size and dispersion of metal NP in the system.

In studies of the effect of temperature on swelling of investigated copolymers we have found that this
factor has no significant effect on the phase transition of these systems. Perhaps this is due to charged mac-
romolecules links and domination of strength electrostatic repulsion of the hydrophobic interaction of
macrochains areas.
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Comparison of the experimental results shows some differences in the swelling polyester resins copol-
ymers containing polyethylene and polypropylene fragments. In general, it is possible to observe that the
curves have a common regularity. However, the nature of the substituent and copolymers and their com-
pounds lead to a more pronounced stimulus-induces transition or contraction. In some cases, a so-called la-
tency period, i.e. there is a delay in the change of the properties on the stimulus effect. All these features of
the swelling should be considered in the synthesis of nanocatalysts.

Thus, on the basis of the above, we can draw the following conclusions:

1. The obtained new polymers on the basis of polyester resins (p-EGM, p-PGM with MAA and AA) are
promising for use as matrix polymers in the synthesis of metal nanoparticles and nanocomposite use(in the
electrocatalytic hydrogenation reactions. It is shown that the nature of comonomers and their content in the
copolymer, i.e. composition of copolymer show a significant impact on the sorption propertiesrand¥perosity
of the polymer. The products were identified and some of their physical and chemical propérties have been
studied.

2. The effect on polymer hydrogels (potential carriers of nanocatalysts) of external factots, such as the
pH, ionic strength, the presence of an organic solvent, the temperature change was stddicdyDeseribed pa-
rameters affect the swelling capacity of the copolymers and hence are important to account for the synthesis
of metallic nickel, and the development of apparatuses and conditions of use offthe, polymier-immobilized
nanoclusters in various catalytic processes. Discovered stimulus-sensitive ttansitions atéyalsojimportant. For
example, an increase in the swelling of the copolymer-containing metal,nangparticles @ccurs with increasing
pH. This has a positive effect on the kinetics of electrocatalysis process ‘as,inthesreaction conditions of pyri-
dine hydrogenation with increasing pH of the medium nanocatalysts availability will increase symbatically.
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E.M. Taxo6aeB, A.T. Kaxxmyparosa, T.C. JKymaranuena,
K.A. Tenenni, I'.Y. KoxxabexkoBa

Metann HaHOO6JIIIEKTePiH HMMOONIM3ANMAIAY YIHIH Noau3GuUp maibIpjapbl
Herizinjae moJuMepJik MaTpuUAJIapAbI ATy

Makanaza aybiciialibl MEeTaJlJl HAHOOOJILEKTePiH HIMMOOWIN3ALMsIIAY YILIIH OJTUMEPIIiK MaTPULANAp/Abl ATy
MaKcaThIHAA KaHBIKMaFraH NOJMAI(UP IIAWBIPIApBIHBIH ~aKpPWI JKOHE METaKpHiI  KbIIIKBUILAAPBIMEH
CONOJINMEpJIepi CHHTE3/IeNITeH, ONapAbIH iciHy KabineTi 3eprrenreH. IlommMepiik ruaporeIbaep IiH CHIPTKEL
(axropiapra, opTaHbIH pH, epiTKIIITIH canacs! XoHe epiTIHAIHIE HOHIBIK KYII, Ce31MTaIIbIFBl KOPCETLITeH.

E.M. Tax06aeB, A.T. Kaxxmyparona, T.C. Kymaranuesa,
KA. Tonenau, I'.Y. Koxxabexona

IHony4yeHne moIMMEpPHOM MATPHIBI HA OCHOBE MOJHI (PUPHBLX CMOJT
JAJI MMMOOWIN3AMU HAHOYACTHI] METAJLJIOB

B crarbe ¢ menbio co3maHus MOMMMEPHBIX MAaTPHIL AT HMMOOHMIIM3AIMY HAHOUACTHI HepeXOMHRIX METAIIOB
CHHTE3MPOBaHbl COIOJIMMEpPHl HEHACHINEHHBIX MONMMA(QUPHBIX CMOJI G, AKPHIIOBOH | M _AMETaKpHIOBOI
KUCIOTAMM ¥ HW3ydeHa uX Halyxamoomas crnocoOHocTb. I[loka3zaHa YYBCTBUE@ILHOCTH IOJUMEPHBIX
ruziporenel K BHEITHUM (akTopam, TakuM Kak pH cpespl, KauecTBO pacTBOPUTEIISL M HOHHAS CHJIa PacTBOPA.
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