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Synthesis of methyl methacrylate copolymers with vinyl butyl ether has been carried out
from the monomer mixture by compensate polymerization method. Analysis of their compo-
sition has shown that, respectively, either a conversion nonuniform copolymer is formed with
methyl methacrylate units for the most part, or a copolymer nearing equimolar composition.
By the example of monomer couple butyl acrylate—vinyl alkyl ether it has been shown that in
order to get the structurally uniform copolymer, it is possible to use both classical radical in-
itiators and binary alkylborane—oxygen initiators.
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Introduction

Synthesis of new copolymers under radical initiation conditions is a promising direction in chemi-
stry of high-molecular compounds. Modification of polymer properties using the development of copo-
lymer synthesis without additives, with radical initiators of various types, is still an urgent problem [1,
2]. In particular, fractional introduction of one of the monomers into the reaction sphere makes it possi-
ble to obtain copolymers whose composition is unlike those from the monomer mixture, with corres-
pondingly new properties. Thus, such a method, used for copolymerization of some alkyl
(meth)acrylates (AMA) with vinyl alkyl ethers, leads to structurally uniform copolymers. The results
have been obtained by the example of monomer couples, including butyl acrylate (BA), the mixtures of
esters formed by methacrylic acid and higher alcohols of Cs—Cyy fractions (CMA-1) and C,,—Cig frac-
tions (CMA-2) with vinyl butyl ether (VBE), vinyl isobutyl ether (ViBE) [3-6].

The aim of the present study is the comparative analysis of the composition of methyl methacrylate
(MMA) copolymers with vinyl alkyl ethers (VAE) in synthesis from monomer mixture by compensate
polymerization method, as well as of various initiators used to obtain BA—VBE copolymers of equimo-
lar composition.

Experimental

Commercial reagents were used throughout.

In order to synthesize copolymers in ampoules the exact amounts of monomers and initiator were
placed into glass ampoules, freed from oxygen by freezing the reaction mixture in liquid nitrogen and
pumping out to residual pressure < 1.3 Pa. The ampoules were glass-sealed, then polymerization was
carried out at strictly determined temperature. For that an ampoule was placed into a thermostat for pre-
set time, after which the ampoule was taken out and frozen in liquid nitrogen to stop polymerization.
The copolymer was isolated by recrystallization from solution [4]. Monomer conversion was gravimet-
rically determined.

The synthesis of copolymers by compensate polymerization method. The synthesis was performed
in a four-necked flask with a reflux condenser, a paddle-type agitator, a thermocouple, and an outlet for
reagent injection, placed in a thermostat. An exactly weighed sample of less reactive monomer was
placed into the flask, the mixture was brought to boil while stirring. Through the outlet for reagent injec-
tion a solution of exactly weighed sample of azobisisobutyronitrile (BIN) was measured in doses with
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the use of a dropping funnel. After preset synthesis time the flask was cooled in water bath (40 °C). Un-
reacted monomers were pumped out at low pressure (to 0.5 mm of mercury). Under vacuumization con-
ditions the polymer was dried in the flask to constant weight at T = 20-25 °C.

In the case of using triethylborane- (TEB) or tri-n-butylborane (TNB) — oxygen, the commercial
complex trialkylborane hexamethylenediamine was placed into the reactor, and organoelemental com-
ponent was isolated by measuring in doses the equimolar amount of methacrylic acid together with the
reactive monomer.

IR spectra of the synthesized copolymers were recorded on the Fourier-transform IR spectrometer
Shimadzu FTIR-8400S in KBr cuvettes with pathlength 0.26 mm in chloroform solution. The range of
wavenumbers was 5500-550 cm ', determination error did not exceed £0.05 cm . The copolymer com-
position was determined with the use of calibrating curve by characteristic peak area. The analytical
bands were the following: the band at 1727 cm' for carbonyl group (acrylate fraction); the band at
1100 cm™ for C—O—C group of ether (VAE fraction).

'H NMR spectra were recorded on the Agilent DD2 400 spectrometer (solutions in CDCls), at oper-
ating frequency 400 MHz. Chemical shifts are given in ppm in relation to the solvent residual signal
(chloroform: 7.26 ppm). All spectra are recorded at temperature 25 °C.

Results and Discussion

In accordance with the purpose in hand the samples of MMA and VBE copolymers were obtained
from the monomer mixture (Table 1) and by compensate polymerization (Table 2), the composition
analysis was performed by IR- and NMR-spectroscopy.

It can be seen from the data in Table 1 that the copolymer synthesis from the monomer mixture of
the following composition: 60 mol % MMA and 40 mol % VBE leads to formation of samples com-
posed by MMA units for the most part, their fraction insignificantly decreases with conversion. Similar
results were previously obtained by the example of the monomer couple BA—ViBE. The obtained results
are obviously explained by relative reactivities of comonomers, whose values equal ryma = 10-11,
rvpe ~ 0 [7, 8]: high reactivity of the growing MMA radical with respect to its monomer leads to forma-
tion of the macromolecule containing but small amount of VBE units. Though with conversion buildup
the content of BVE fragments in the polymer insignificantly increases (rows 3, 4).

Table 1
Characteristics of the copolymers obtained from the monomer mixture of the composition:
60 mol % MMA, 40 mol % VBE, initiator BIN (0.1 mol %). Temperature 60 °C
. . Content of MMA units, mol %
. Time, h nversion, ¢ . ’ ’
No © Conversion, % according to "H NMR data
1 2 15 98
2 4 27 96
3 6 57 —
4 8 55 94
5 10 62 94
Table 2
Data on composition of MMA-VBE copolymers obtained by compensate polymerization method
at general monomer ratio 1:4 in the presence of BIN (0.1 mol %) at boiling VBE
. o . Content of MMA units, mol %,
No MMA dosing | Yield in reactive according to data
. " . o
1me, min monomer, % IR 'H NMR
1 20 44 58 56
2 40 51 53 53
3 53 62 56 57
4 80 78 59 57
5 180 92 54 53
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The use of compensate copolymerization method (uniform dosing of MMA into VBE) makes it
possible to obtain the copolymer with almost equimolar composition (Table 2). At that the calculation
results of copolymer composition according to IR- and 'H NMR-spectroscopy data are in close agree-
ment. Similar results have been obtained by the example of monomer couples including BA, CMA-1
and C;,—C,s fractions (CMA-2) with VAE [4, 6].

Among initiators of radical polymerization the initiating systems involving trialkylboranes are of
great interest [9, 10]. In the present paper their initiation effect has been studied both during copolymeri-
zation from the monomer mixture by the example of the couple MMA—VBE at initiation by the system
BIN-TNB (Table 3), and during compensate copolymerization of the comonomers BA and VAE (VBE
and ViBE) in the presence of TEB and TNB (Table 4). In the latter case atmospheric oxygen acts as the
co-initiator together with trialkylboranes, air is present in the reaction mixture at abovementioned
process conditions in small proportion. For comparison, Table 4 shows data on the composition of copo-

lymers BA-BAE, synthesized by compensate copolymerization in the presence of BIN.
Table 3

Characteristics of the copolymers obtained from the monomer mixture of the composition:
60 mol % MMA, 40 mol % VBE, initiator BIN + TNB (0.1 + 0.8 mol %). Temperature 60 °C

o )
No. Time, h Conversion, % CO;::t:(r)lrt d?ﬁg?%lﬁll\;[sf{rgza@
1 2 22 98
2 4 33 96
3 6 50 94
4 8 59 93
5 10 60 93

At data correlation for Tables 1 and 3 it can be seen that during copolymerization from the monomer
mixture the use of the initiating system BIN-TNB does not lead to significant changes in the copolymer
MMA-VBE composition: the formed samples are composed by MMA units for the most part, their frac-
tion insignificantly decreases with conversion. Previously it was observed [10] that at MMA polymeri-
zation initiated by BIN-TNB the rate of polymerization increased compared to that with azo-initiator,
which increased if TNB concentration increased in its ratio to BIN. In this instance it is also possible to
note somewhat greater conversion of the copolymers in the early stages. It is related to the fact, de-
scribed in [10], that the radical system on the basis of TNB and BIN is appropriate for polymerization of
methyl methacrylate in the absence of oxygen-containing oxidizing agents. Possibly, azo-initiator, coor-
dinated by TNB through nitrile groups, dissociates homolytically to generate n-butyl radicals. Their
formation proceeds according to Sg2 reaction, in which the resonance forms of nitrogen-centered cya-
noisopropyl radicals on the boron atom are substituted in compliance with scheme 1:

LC>c—c=N = MC>c=c=\
- R;B
H3C>C=C=N — H3C>C=C=N—BR2 + R
H,C H;C

Besides, the increasing rate can be explained by coordination of the growth radical TNB and coordina-
tion radical polymerization in compliance with the following scheme [11]:

R R ~ R
’ ~N /.- CH, = R p
‘-CH3—CI' s - B —;-*-CHQ—%“ - CI"' —rNC‘Hg—C]‘R—C'Hj—C[’ o g7
Cs | Nge  Covol. LC.. C. .1 ©
(I) © 70 | d/ \(I) "0 (l) o’ CI) 9 0
CH; CH; CH; CH; CH;
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Such coordination is possible for AMA and acrylonitrile [11]. As coordination proceeds on the
basis of the growth radical, formed by the reactive monomer, consequently, copolymer compo-
sition should be determined only by the way of synthesis.

Table 4
Data on composition of the copolymers BA-VAE obtained by compensate polymerization method
in a total proportion of the monomers 1:4 in the presence of trialkylboranes at reflux of VBE
; ; ; ; ; o
No. Initiator VAE BA dosmg Yield in reac(flve Content of .BA units, mol %,
time, min monomer, % according to IR data

1 BIN* ~100 51-52

2 TEB VBE 56-66 51-52

3 TNB 18-20 48-50

4 BIN 20-30 ~100 65-70

5 TEB ViBE 50-51 59-60

6 TNB 40 30 65-66
* data [4].

Based upon the data in Table 4, the composition of the copolymer BA-VAE, obtained at initiation
by BIN, compared to trialkylboranes TEB and TNB, which form initiating radicals after oxidizing by
atmospheric oxygen [9], left in small proportion in boiling VAE, is almost the same. For the copolymer
BA-ViBE, synthesized in the presence of trialkylboranes (rows 5, 6), the content of acrylate is some-
what less than for it at initiation by BIN (row 4). Note that the use of organoelemental initiator leads to
decrease of the copolymer yield. This is obviously correlated to the characteristic features of polymeri-
zation initiation in the presence of trialkylboranes [9]: at introduction of trialkylborane the oxygen in the
reaction mixture is rapidly consumed. Autooxidation begins with homolytic Sg2 substitution by oxygen
of an alkyl radical in trialkylborane (scheme (3)). The formed alkyl radical interacts with the next oxy-
gen molecule, yielding peroxy radical (scheme (4)), which can further react with original trialkylborane
(scheme (5)), continuing the chain reaction (6). Then monoalkylperoxyborane reacts with oxygen to
produce dialkylperoxyborane (scheme (7)) or with original trialkylborane (scheme (8)). In the latter case
the product is dialkylalkoxyborane (RO)BR,, capable of further reaction with oxygen, eventually form-
ing trialkylborate B(OR); (scheme (9)) [9]:

Initiation:
R3B + Oz RZBOO. + Re (3)
Chain growth:
Re+ 0O, ROO- 4)
ROO- + R3B OO0O)BR;,+ Re (%)
(ROO)BRz +R;3B R,BOR+ R,BOe + Re (6)
Following reactions:
(ROO)BR; + O, (ROO),BR (7)
(ROO)BR; + R3B 2(RO)BR; (8)
(RO)BR; + O, (RO)(ROO)BR (RO);B 9)

Except the abovementioned reactions, other processes are possible. Conversion level for autooxida-
tion of trialkylboranes depends on the ratio of borane and oxygen. Apparently, under the conditions of
compensate copolymerization, the results of which have been shown in Table 4, the specific features are
such that it is impossible to obtain the copolymer with quantitative yield in acrylate. Though the copo-
lymer composition stays almost equimolar, independently on the used initiator.

Thus, the investigation on the influence of the synthesis conditions for copolymers of AMA with
VAE upon their composition, by the example of several monomer couples, has allowed detecting that
the method of monomer introduction into the reaction mixture influences the process significantly, and
that the nature of initiator causes but a slight change in the copolymer composition; the use of organo-
elemental initiator leads to decrease in copolymer yield.
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Conclusions

1. Copolymers of methyl methacrylate with vinyl butyl ether have been synthesized form the mo-
nomer mixture and by compensate polymerization method. The analysis of their composition has shown
that in the first case the gradient copolymer is formed, nonuniform in conversion, with methyl methacry-
late units for the most part; when acrylate is dosed uniformly, the copolymer of almost equimolar com-
position is obtained.

2. It has been shown that in order to obtain the structurally uniform copolymer from the monomer
couple butyl acrylate—vinyl alkyl ether it is possible to use both classical radical initiators, e.g. BIN, and
binary alkylborane—oxygen initiators. At that the copolymer conversion decreases if trialkylboranes are
used for initiation.
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BINMUAHUE YCNNOBUN CUHTE3A HA COCTAB COINOJINMEPOB
ANKUN(MET)AKPUNAT-BUHUNTANTIKUNOBbLIA 3PUP

J1.J1. CemeHbiveea, KO.J1. Ky3aHeuyoea, E.B. epacbKuHa,
FO.0. Mamkueckasi, A.A. MoUKuUH
Huwxezopodckuli eocydapcmeeHHbIl yHugepcumem um. H.U. Jlobayesckoeo, 2. HuxHuti Hos2opod

IIpoBeneH cUHTE3 CONMOIMMEPOB METHIMETAKpHIaTa ¢ BUHUIOYTHIOBBIM 3(HUPOM H3 MO-
HOMEPHOI CMECH W KOMIICHCAITHOHHBIM CITOCOO0OM. AHAIM3 WX COCTaBa MOKAa3all, 4TO IPOHC-
XOIUT 00pa3oBaHKE, COOTBETCTBCHHO, HEOJHOPOIHOTO IO KOHBEPCHH COIOJIUMEpa C Ipe-
HMYIICCTBEHHBIM COJICPKAaHHEM 3BCHBEB METHJIMETAKPHIIATA M COMOJIMMEpPa OIM3KOTO K IK-
BAMOJBHOMY cocTaBa. Ha mpuMmepe MOHOMEpHOH Naphl OyTHIIaKpHIIAT-BHHUIATKIIOBBIN
3(¢up NOKa3aHO, YTO IS MOTYUCHHST KOMITO3UIIIOHHO OJJHOPOIHOTO COTIOIAMEpPa MOTYT OBITh
HCTIOJIB30BaHbl KaK KJIACCHYCCKHUE PaJuKalbHBIC MHUIUATOPHI, TaK M OMHApHBIC MHUALIATOPHI
OOpaANIKHI-KUCTOPOI.

Kniouesvie cnosa: memunmemaxpuiam, OymuiaxKpuiam, SUHUIOYMUNLOBbIU d¢up, euHU-
AU306YMUNO0BHILL IPUD, PAOUKATLHOE UHUYUUPOBAHUE, OUHUMPUIL A30U30MACTSIHOU KUCTIOMDbI,
AMUHHBLIL KOMIJEKC, MPUIMUIO0p, mpu-H-0ymuidoop, cocmas conoaumepa.

JlutepaTypa

1. Matyjaszewski, K. Handbook of Radical Polymerization / K. Matyjaszewski, T.P. Davis. — West
Sussex: Wiley &Sons, 2002. — 936 p.

2. Moad, G. The Chemistry of Radical Polymerization / G. Moad, D.H. Solomon. — Elsevier, 2006.
- 639 p.

3. CemennbrueBa, JI.JI. Comonnmepsl OyTHIaKpuiIaTa ¢ BUHHIOBBIMH d(PUpPaMHU KakK 3arylarollue
npucaaku k Macinam / JI.JI. Cemenniuea, E.J. boratosa, B.B. Bunc // )KypHan npukiagHol XUMUH, —
2008. - T. 81. - C. 1536-1566.

4. A New Procedure for Preparing Butyl Acrylate—Vinyl n-Butyl Ether Copolymer as Effective
Thickening Additive to Oils / L.L. Semenycheva, V.V. Vins , E.I. Bogatova et al. // Russian Journal of
Applied Chemistry. —2009. — V. 82. — P. 1644-1647.

5. Moan¢ukaTopsl BA3KOCTH HA OCHOBE COIOJMMEPOB BUHHIN300YTHIIOBOTO 3¢upa Uil cMa3ou-
ueix Macen / E.B. I'epacbkuna, F0.0. Markusckasi, E.IT. Uyxmanos u ap. // XKypHan npukiagHoi xu-
mun. —2014. - T. 87. — C. 1609—1614.

6. BnusiHue MOJEKyIIpHOH Macchl Ha CBOMCTBAa COMNOJMMEPOB BHHWIOYTHJIOBOTO 3¢upa W ai-
KWI(MET)aKpHIaTOB Kak 3arymarommx npucaaok k HedrsaeiM Macinam / JLJI. CemensiueBa, E.B. Te-
pacbkuHa, O.A. Kazanues u ap. / XKypuan npuknagaor xumuu. — 2014, — T. 87, Ne 2. — C. 244-249.

7. Khomutov, A.M. Reactivity of vinyl ethers in copolymerization / A.M. Khomutov // Polym. Sci.
U.S.S.R.—1964. - V.5, No. 2. — P. 181-187.

8. Apakenos, I'.I'. IIpocteie Bunmnossie 3¢upsl / I.I'. Apakenos, B.E. bagansau, C.C. XauaTpsH. —
M.: HUNTOXUM. — 28. — (0O630p. ung cepust «IlonmmepusanioHHbIe IACTMACCHD)

9. Organoboranes-atmospheric oxygen systems as unconventional initiators of radical polymeriza-
tion / M.Yu. Zaremski, E.S. Garina, M.E. Gurskii, Yu.N. Bubnov // Polymer Science. Series B. — 2013.
— V.55, Ne 5-6. — P. 304-326.

10. Honmonos B.A., T'ankun P.B., Crapoctuna T.U., Kyponaros B.A., Mansimesa FO.b. Paaukansb-
Hasl CHCTeMa JUHUTPHI a30U30MACISIHOM KUCIIOTBI — TPU-H-OyTHUIIOOpaH B MOJIMMEPHU3AIMNA METHIIME-
takpunara // Jokmagel Axkamemmn Hayk. — 2015, — T. 463, Ne 2. — C. 168-171.
DOI: 10.7868/S0869565215200116

11. Dodonov, V.A. Electrophilicity of Propagating Macroradicals as a Rate-Determining Factor in
Coordination-Radical Polymerization of Acrylic Monomers / V.A. Dodonov, D.F. Grishin,
LN. Aksenova // Polymer science. Series B. — 1993. — V. 35, Ne 12. — P. 2070-2072.

64 Bulletin of the South Ural State University. Ser. Chemistry.
2015, vol. 7, no. 4, pp. 59-65



Semenycheva L.L., Kuznetsova Yu.L., Influence of synthesis conditions on composition
Geraskina E.V. et al. of alkyl (meth)acrylate—vinyl alkyl ether copolimers

Cemenbruena Jlrogmuna JleonuaoBua — 3aB. nabopatopun Hedrexumun HUU xumunu, Huxero-
poackuii rocymapctBeHHbll yHuBepcuter uM. H.M. JloGaueBckoro. 603950, r. Hwxkuuit Hosropon,
np. uM. FO.A. T'arapuna, 23. E-mail: llsem@yandex.ru

Ky3nenona FOumus JleonnaoBHa — J0ICHT Kadeapbl OpraHnveckoi XuMuu, Hiskeropockuii ro-
cyaapcTBeHHbIH  yHuBepcuteT wuM. H.U. JloGaueBckoro. 603950, r. Hwxkuuit Hosropog,
mp. uM. F0.A. I'arapuna, 23. E-mail: kyul@yandex.ru

I'epacbkuna EBrenus BuxktopoBHa — acnimpant saboparopun Hedrexumun HUW xumun, Hioke-
ropoackuii rocynapcteennslii yausepcuter uM. H.M. Jlo6aueBckoro. 603950, r. Hwknuit Hosropox,
np. uM. FO.A. I'arapuna, 23. E-mail: geraskinaev@mail.ru

Markusckasi FOnusa QueroBua — acrimpant naboparopun Heprexumun HUUM xumun, Huxkero-
poackuii rocynapctBeHHbll yHuBepcuter uM. H.M. JloGaueBckoro. 603950, r. Hwxuuit Hosropon,
np. uM. FO.A. I'arapuna, 23. E-mail: yulia-univer@mail.ru

Moiikun Asexceli AHATOIBEBUY — JOKTOpAHT Jadoparopun Hedprexumun HUU xumun Huxero-
ponckuil rocynapctBeHHbI yHuBepcuteT uM. H.U. JloGauesckoro. 603950, r. Hwxkuuit Hosropon,
np. uM. FO.A. I'arapuna, 23. E-mail: moykin@mail.ru

Hocmynuna 6 pedaxyuro 18 cenmaopa 2015 2.

OBPA3EIl HUTUPOBAHUS FOR CITATION

Influence of Synthesis Conditions on Composition of Semenycheva L.L., Kuznetsova Yu.L., Geraskina E.V.,
Alkyl (Meth)Acrylate-Vinyl Alkyl Ether Copolimers / L.L. Matkivskaya Yu.O., Moikin A.A. Influence of Synthesis
Semenycheva, Yu.L. Kuznetsova, E.V. Geraskina et al. // Conditions on Composition of Alkyl (Meth)Acrylate—Vinyl
Becrruk OYpI'Y. Cepust «Xumusa». — 2015. — T.7, Ne 4. - Alkyl Ether Copolimers. Bulletin of the South Ural State
C. 59-65. DOL 10.14529/chem150408 University. Ser. Chemistry. 2015, vol. 7, no. 4, pp. 59-65.

DOI: 10.14529/chem150408

BecTHuk HOYpIY. Cepus «Xumusa». 65
2015. T. 7, Ne 4. C. 59-65



