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KINETIC'S INVESTIGATION OF METHACRYLIC MONOMERS BASED ON 2-STYRYLQUINOLINE

Polymethylmethacrylate is widely use material in optics due to its atmosphere resistance, chemical stability, good mechanical properties, trans-
parency and light transmission. Due to these properties, PMMA is often used as a polymeric matrix for creating photosensitive polymers and polymers
with nonlinear optical (NLO) properties. Materials with NLO properties can be made by introducing moleculas of chromophores into the polymer
chain. There are two fundamentally different ways of doing this. The first is to create composite material where the chromophore is a dispersed phase
and is introduced into the system as a "guest”. In the second case, the chromophore is introduced into the polymer chain covalently, and can be
included in the side and the main chain. Studies of polymers containing NLO chromophore in the side chain have shown a number of advantages:
better orientation of the chromophores under the action of an electric field; relaxation processes are much slower; increasing time and thermal
stability; increasing the glass transition temperature of the polymer. Based on present knowledge we decided to design new methacrylic polymers
with styrylquinoline chromophore in side chain.

The polymerization ability of the new monomers for free radical homopolymerization was investigated kinetically by using dilatometric method.
It was found that new 2-styrylquinoline containing monomers are able to homopolymerization with high conversions (63-83 %). The polymerization
was carried out in DMF using 2,2"-azobisisobutyronitrile as initiator at 80°C in argon atmosphere. The products of polymerization were characterized
by "H NMR spectroscopy. It was installed that all new monomers have bigger speed of polymerization (Ksum= 1.36—8.33x10° I/molxs) then methyl-
methacrylate (Ksum= 0.5%10° I/molxs), phenylmethacrylate (Ksum= 1.1%x10° I/molxs) and similar to polymerization of 2-methyl-8-oxyquinoline methacry-
late (Ksum= 3.28x10° I/molxs). It was found that speed of polymerization increases with increasing electron donating power of substitute in para-
position of the aromatic ring. It has been proven that presence of electron acceptor group reduces speed of polymerization.

Keywords: 8-methacryloxystyrylquinoline, styrylquinoline-containing monomers, polymerization kinetics.
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OCANOBA KONMOJNIMEPU3ALUIA 4-BIHINNIPUAUHY 31 CTUPOJIOM

OnucaHo su3Ha4eHHs1 peasibHo20 ckilady KonoJsimepie 4-eiHinnipuduHy 3i cmuposioM, w0 ymeoproromscsi 8 ymoeax ix ocadoeoi
konosimepu3sauii y CCl,. [nst ybo20 6ys10 npoeedeHo Kornosimepu3sayito 4-eiHinnipuduHy 3i cmuposiom y pisHux criiegioHoweHHsix. Ckiad
odepxxaHux Korosnimepie eusHayanu 3a daHumu "H SIMP-crniekmpockonii. BUKOHaHO nopieHsIHHSI peanbHo20 cknady Kororsimepie 3 meo-
pemuyHo po3paxoeaHum. BusHayeHo, wjo kononimepu 4-eiHinnipuduHy 3i cmuposiom, odep)xaHi ocadoeoro konosimepu3sauiero y CCl,,
36azayeHi naHkamu 4-giHinnipuduHy. BusieneHo, ujo 0ns euxiGHo20 MOJIbHO20 8Micmy cmupoity, 6inbwoeo Hix 0,85, HeMoX/ueo CcuH-

me3yeamu ocadoeoto nosnimepu3sauieto y CCl, kononimepu 4-giHinnipuduH:cmuposn.

Knroyoei cnoea: 4-eiHinnipuduH, cmupoJi, kornonimepu3sayisi.

BceTtyn. NpegmMeToM iHTEHCMBHOMO OOCRIAXEHHS NPOTS-
rOM OCTaHHiX KifbkoX pokiB ©6ynM MeToAu KOHTPOSbOBaHOI
pagukanbHoi nonimepwmsadii (CRP) Taki, sk HiTpokcua-
onocepeagkoBaHa  nonimepu3sadis (nitroxide-mediated
polymerization), pagvukanbHa nonimMepusauis 3 nepegadeto
atoma (atom transfer radical polymerization, ATRP), noni-
Mepu3alisi 3i 3BOPOTHOK Mepefadveld naHuira AofaBaH-
HAM-bparmeHTauieto  (reversible addition-fragmentation
chaintransfer, RAFT).

ABTOpK poboTu [1] NoBiAOMNAITL NPO NepLUy YCiLHY
RAFT nonimepu3sadito 2-BiHinnipuavuy (2BI1) Ta 4-BiHinni-
puauHy (4BI1). MNokasaHo TakoX MOXITMBICTb KOHTPOIbOBa-
Horo cuHTe3dy Gnokkononimepis 2BIM-4BIM ta 4Bl-2Bl1 y
pexwumi pocTy naHutora noni(2BIM) abo noni(4VP) [2], wo Bu-
CTynanu areHToM nepegadi naHutora 3 BignoBigHMM KOMO-
HOMEpPOM.

Y poboTi [2] 6nokkononimep cTUpon-6nok-4-BiHinnipu-
OVH 3 MonekynsipHoto Macoto 98000 r/monb Ta iHaeKkcoMm no-
nigucnepcHocTi 1,28 BMKOpUCTOBYBaBCst Ik cTabinisaTtop
aucnepcinHoi nonimepusadii ctupony B cnupTi. Takum kono-
nimep Moxe 6yTV BUKOPUCTaHMI SK CTEPUYHNIA cTabinisaTtop
y AMCNEepCiVHin noniMepwmaadii CTMpony 3aBAasku TOMY, LUO
noegHye rigpodobHi BnacTnBoCTi nonictupony Ta rigpodi-
NbHWI Xapaktep nosni-4-BiHinnipnanHy.

I"pyHTOBHe pocnigxeHHs [3] npucBsYeHo cuHTe3y brok-
kononimepy ctupon-BlT B ymoBax peBepcMBHOrO iHriby-
BaHHA HiTpokcugom TEMPO. Matoum Ha MeTi 3'acyBatu

onTumarnbeHi YMOBM AONS1 KOHTPOSIbOBAHOIO CUHTE3Yy OGrok-
KornorniMepiB y Ui cucTeMi, noniMepusaLiio BiHiNNipuauHy su-
BYanu B Pi3HUX KOHLEHTpaLisiX MakpoiHiljaTtopa nonictmporn-
TEMPO. AnioHHa Ta RAFT-nonimepu3adis 6ynm BukopucTaHi
OJHOYaCHO Ans NPUroTyBaHHSA BUCOKOMOMEKYNApPHOro amaiddi-
NbHOro AMBoKKoMNoniMepy Ha OCHOBI riapodOBHOro CTMpOny
Ta GinbLU NONSAPHUX 2-BiHINNipuanHy abo 4-BiHiNnipuanHy.

Pe3ynbTaTtn Ta ix obroBopeHHs. Y cratTi [4] Hamu
Oyna BusiBNeHa Ta onucaHa copbuiiHa akTUBHICTb cunika-
rento 3 iMMoGinisoBaHNUM KOMoniMepoM A0 MiKpPOKinbKOC-
Ten ioHiB Cu(ll), Cd(ll), Pb(ll), Fe(lll), Ni(ll) y ctatnuHomy
pexumi npoeaeHHst copbuii, a Takox Ni(ll) ioHiB y guHa-
MiyHOMY pexumi. Kononimep 4-BiHinnipuanHy 3i cTuponom
OyB in situ immobGini3oBaHun Ha NOBEpPXHi cunikarento 3a
[OMOMOrol0 reTEPOreHHOi paauKkanbHOI noniMepusadii.
KpinneHHs kononimepy B NOBEPXHEBOMY Lapi 6yrno nigr-
BepakeHo IY-cnektpockonieto. KinbkicTb kononimepy Ha
noBepxHi cunikarento ouiHioBanack gk 25,73 % mac. 3a
pe3ynbTatamMn aHanizy metogamu TepMmorpasiMeTpii Ta
OWHaMIYHOT CKaHYyl4O0l KanopumeTpii-maccnekTpomeTpii.
PosTalwyBaHHA noniMepHoOro wwapy Ha noBepXHi cunika-
rento 6yno onucaHo 3a 4ONMOMOrOK CKaHYHYOi eneKTPOoH-
HOT Mikpockonii.

3 MeTO BU3HAYEHHS pearnbHOro ckragy Konomnimepis
4-BiHINNiPUAWHY 3i CTUPONOM, LLIO YTBOPHOKOTHCS B YMOBaX
ocapoBoi kononimepuaadii y CCls, 6yno nposegeHo moae-
NbHI gocnimkeHHs. [1ns uboro ogepXysanu kononimepu 6e3
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JonaBaHHs curnikarento. Kononimepusadito ctupony 3 4-
BiHINNipMAMHOM NPOBOAMNN B 3anasiHNX amnynax y cepe-
AoBuLi aproHy. oTyBanu po3yuMHM KoHueHTpauii 1,02
monb/n y CCls. JogaBanu iHiuiatop a306ici3o6yTUpOHIT-
pun y kinbkocti 0,00106 Mone/n. IHepTHY aTmocdepy
cTBOpioBanu, nponyckatouun aproH npotarom 30 xB. Kono-

nimepusauis Benacb Yy Tepmoctati L1823 npu
b
b b
a a

1.53 -1

T=75+0,5°C. Yac kononimepu3sauii craHoBmB 3 rog. Buxi-
[OHi MOrbHI CniBBiQHOLLIEHHS MOHOMEPIB (4-BiHiNipUAanH :
ctupon) = 6:1; 5:1; 4:1; 3:1; 2:1; 1:2; 1:3; 1:4; 1:5; 1:6.

[ina ekcnepyMeHTanbHOro BU3HaYeHHs cKrnagy Moaernb-
HWUX KOMOriMepiB 3iCTaBNANM iHTEerpanbHy iIHTEHCUBHICTb CUr-
Hany 6nm3bko 8,23 Mm.y., WO Bignosigae 2 npoToHaMm
apoMaTUYHOrO Kinbusa naHok 4-BiHinnipnavHy Ta 7,07 M.,
LLIO BignoBigae 2 NpoToHaM naHok ctupony (puc. 1).
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Puc. 1. 'H AMP-cnekTp Kononimepy cTupony Ta 4-BiHinnipuavHy npy BUXigHOMYy MornbHOMY cniBBigHoweHHi 4BM:CT=5:1
Po6oua yactota — 400 MI'y, po3unHHuk — AIMCO-ds

YMOBU NpoBeaeHHs1 kornoniMepu3aaLii HaBegeHo B Tabn. 1,
eKCrepyYMeHTanbHO BU3HAYEHWI cknag MogenbHUX Komori-
mepis 3a gaHumu 'H AMP-cniektpockonii — y Taén. 2.

3a ekcnepumeHTanbHUMMN JaHumu NobyaoBaHoO KpuByY
MUTTEBOrO CKMNaay kononimepis B yMOBax 0cagoBoi KOMo-
nimepu3adii 4-siHinnipnauHy 3i ctuponom y CCls, rpadik
HaBedeHo Ha puc. 2.

3 puc. 2 BuaHO, Wo Kononimepu 4-BiHiNnipuauHy 3i ctu-
pornom, ogepxaHi ocagoBoto kononimepu3sauieto y CCla,
36araveHi naHkamu 4-BiHiNnipuanHy.

Ta6bnuys 1

YMoBM npoBeAeHHs1 ocagoBoi kononimepu3sauii ctupony (Ct) 3 4-BiHinnipuanHom

Ne BuxigHe MonbHe cniBBigHOWeHHA MOoHOoMepiB CT:BI Yac nonimepu3sadii, roauHu Buxia, mac. %
1 4:1 3,0 54,46
2 2:1 3,0 5,62
3 6:1 3,0 6,05
4 5:1 3,0 96,80
5 1:4 3,0 6,39
6 1:2 3,0 39,06
Tabnuys 2

PospaxoBaHi 3a gaHumm 'H AMP-cnekTpockonii 3HaueHHs1 F, (MOMbLHi YacTKu naHok 4-BiHinnipuauHy y kononimepi)
NOpPiBHSIHO 3i CKNagoM BMXiAHOI MOHOMepHOI cyMmiui (f, — MonbHa YacTka 4-BiHinnipuauHy y BUXigHIA cymiuui)

VP:ST 1:4 1:2 2:1 4:1 6:1
fa 0,2 0,333 0,667 0,80 0,857
F, 0,308 0,417 0,670 0,748 0,814

HaBnaku, po3paxyHOK MUTTEBOrO CKNaay KononiMepis
3a niTepaTtypHUMK gaHumm [5] nokasye, Lo B yMOBaXx Kna-
CUYHOI KononiMmepuraaLil B po34mHi 4-BiHINNipUanH € MeHLU
aKTUBHUM, HiXX CTUpOI.

BuikopucToBytoun piBHAHHSA Andpes — lNMpaiica [6], 3Ha-
toum anga ctmpony: e1 = -0,8 Ta Q1 = 1,0, a anga 4-siHinnipu-
avHy  e2=-0,2; Q2=0,82, mu pospaxyBanu TeOpeTUYHi
BiJHOCHi KOHCTaHTK Kononimepu3aadii cTupony 3 4-BiHinnipu-
anHoM. OagepxkaHo Taki 3HayeHHs: r1=1,97; r.=0,93.

Omxe, B yMOBax KInacu4yHoi kononimepusauii B pOo34nHi
4-BiHINNIpUAMH € MEeHL! aKTUBHUM, HiXX cTupon (rz< rq). Lle

[obpe iNCTpye TeOpeTUYHO po3paxoBaHa KprBa 3arnexHo-
cTi "MuTTEBOrO" Ccknagy kononimepis ctupony (M1) Ta 4-BiHi-
nnipuanHy (Mz2) Big cknagy BMXiAHOT CyMmili (auB. puc. 2a).
[ns po3paxyHKy KOPUCTYBanuCb PiBHSAHHAM
_ rf? +fif,
1722  ore . £2°
rfy + 2ff, + 1,1,

TeopeTnyHO po3paxoBaHUI cknag KononiMepy Hase-

neHo B Tabn. 3.

Tabnuys 3

TeopeTUYHO po3paxoBaHMi BMICT NTaHOK 4-BiHinnipuanHy B KononiMepax 3i cTuponom
(F2— MonbHi YacTKu naHokK 4-BiHiNNipuanHy y kononimepi) NOpiBHAHO 3i CkNagoM BUXigHOI MOHOMEPHOI CyMiLui
(f2 — monbHa YacTka 4-BiHinnipMAuHY y BUXigHIA cymiui)

fa 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
f1 1 0,9 0,8 0,7 0,6 0,5 0,4 0,3 0,2 0,1
Fo 0 0,055 0,122 0,200 0,292 0,392 0,508 0,653 0,760 0,844 1
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Puc. 2. 3anexHicTb "MuUTTEBOrOo" cknagy kononimepis ctupony (M,) Ta 4-BiHinnipnanHy (M) Bia cknapy BUXiAHOI cymiLui:
a — TeopeTnyHa KpuBa ANns pagukanbHOi Kononimepu3aadii B po3ynHi;
6 — ckriag konosimMepy Ans ocagosoi konosimepusadii y CCls, po3paxosanuin 3a gaHumn 'H AMP-cnektpockonii

BucHoBKku. NokasaHo, Lo kononiMepwu 4-BiHiNnipuanHy 3i
CTUpOrioM, ofepxaHi ocagosoto kononimepu3adieto y CCla,
36araveHi naHkamu 4-BiHiNnipuauHy. 3HakaeHo, Wo Ans Bu-
XiZIHOrO MOMBLHOro BMICTY CTMpoy, GinbLuoro Hix 0,85, Hemo-
XIMMBO CUHTE3yBaTM ocafoBok nonimepusauieto y CCls
kononimepu 4-BiHINNipUANH:CTUPON.
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OCALOYHAA CONOJIMMEPU3ALUA 4-BUHUNTNTIUPUANHA CO CTUPOJIOM

OnucaHo onpedeneHue peaslbHO20 COCMaega cornosumMepoe 4-euHuUNNuUPUAUHa co cmMuposioM, o6pa3yrowuxcs 8 ycrioeusix ocado4yHol conosnu-
mepusayuu e CCly. [jnsi amoeo 6bina nposedeHa cononumepu3ayusi 4-euHUNNUPUOUHa CO CMUPOJIOM 8 Pa3HbIX CoomHoweHusix. Cocmae nosy4yeH-
HbIX cononumepoe onpedensinu no daHHbim 'H SIMP-cniekmpockonuu. BbinosiHeHo cpagHeHue peasibHo20 cocmaea cornosiuMepoe ¢ paccyumaHHbIM
meopemuyecku. OnpedesieHo, YmMo comnosiuMepbl 4-eUHUNNUPUGUHA CO CMUPOJIOM, MoJly4eHHbIe Memodom ocadoy4Holi cononumepu3ayuu e CCly,
o6ozawjeHbl 38eHbsIMU 4-auHunnupuduHa. O6HapyXeHo, Ymo npu UCXOOHOM MOJIbLHOM codepXaHuu cmuporna, npesbiwarousem 0,85, He803MOXKHO
CcuHme3upoeams cononumepsi 4-euHunnupuduH:cmupos e CCls ykazaHHbIM MemodoMm.

Knroyeenie cnoea: 4-euHunnupuduH, cmuposi, conosumMepusayusi.
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PRECIPITATION COPOLYMERIZATION OF 4-VINYLPYRIDINE AND STYRENE

The determination of the copolymers of 4-vinylpyridine with styrene copolymers real composition, formed under the conditions of precipitation
copolymerization in CCly, is described. For this, 4-vinylpyridine with styrene was copolymerized in different ratios. The composition of the obtained
copolymers was determined according to 'H NMR spectroscopy. A comparison of the real copolymers composition with the theoretically calculated
ones was performed as well. The copolymerization of styrene with 4-vinylpyridine was carried out in sealed ampoules in argon medium. Solutions of
a concentration of 1.02 mol/l in CCl,; were prepared. The initiator azobisisobutyronitrile in the amount of 0.00106 mol/l was added. The copolymerization
was carried out in a thermostat C1823 at T = 75 * 0.5°C. The copolymerization time was 3 hours. The original ratio of monomers (4-vinylpyridine:sty-
rene) = 6:1; 5:1; 4:1; 3:1; 2:1; 1:2; 1:3; 1:4; 1:5; 1:6. The composition of the obtained copolymers was determined according to "H NMR spectroscopy.
It was determined that copolymers of 4-vinylpyridine with styrene obtained by precipitation copolymerization in CCls were enriched by 4-vinylpyridine
bonds. On the contrary, the calculation of the instant composition of the copolymers according to the literature shows that under the conditions of
classical copolymerization in 4-vinylpyridine solution is less active than styrene. We calculated the theoretical relative constants of copolymerization
of styrene with 4-vinylpyridine: r1 = 1.97; r. = 0.93. Therefore, under the conditions of classical copolymerization in solution 4-vinylpyridine is less
active than styrene (r: <ry). It was also found out that for the original molar content of styrene if it is greater than 0,85, it is not possible to synthesize
by means of precipitation polymerization into CCls the copolymers of 4-vinylpyridine:styrene.

Keywords: 4-vinylpyridine, styrene, copolymerization.



