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DONG HOC PHAN UNG POLYME HOACUA
2-HYDROXYETYL METACRYLAT (HEMA) VA CAU TRUC
HINH THAI CUA POLY(ETYL ACRYLAT)/HEMA BLEND
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Dén Toa soan 8-8-2014; Chip nhan dang 20-6-2015

Abstract

Reaction kinetics of 2-hydroxyethyl methacrylate (HEMA) photo-polymerization, which is the driving force of the
morphology of poly(ethyl acrylate)/HEMA mixture, was monitored by using Fourier Transform Infrared Spectrometer
(FTIR, Perkin-Elmer, model Spectrum GX). The photo-polymerization of HEMA was carried out under irradiation with
visible light A = 405 nm in the presence of Lucirin TPO used as an initiator. The experimental results of HEMA
polymerization in the bulk state and in the mixture with poly(ethyl acrylate) (PEA) showed the dependence of reaction
yield, the mean reaction rate (d¢/dt) and the characteristic time () on the irradiation intensity. The presence of PEA also
affects the reaction kinetics of HEMA polymerization. The molecular weight of PHEMA, the change in the viscosity of
the medium, and the concentration fluctuations are important factors in the reaction kinetics of HEMA polymerization.
The induced morphology of HEMA/PEA mixture was observed by Laser Scanning Confocal Microscope (LSCM)
(LSM 5 Paslcal, Carl Zeiss). PEA component was labeled with Rhodamine B for fluorescence imaging using LSCM.
The morphology of PEA/HEMA mixtures induced under several experimental conditions such as irradiation intensity,
weight fraction of two components and crosslinker were observed and summarized in the morphology maps. The
morphology of PHEMA droplets was found to disperse in PEA continuous matrix. Further discussion on the obtained
morphology was discussed after the characteristic length (&) of the morphology was analyzed by 2D-Fast Fourier
Transform (2D-FFT). The characteristic length was found to be affected by the molecular weight of PHEMA, the
change in the viscosity of the medium, and the concentration fluctuations as well.
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1. GIOI THIEU

Viéc tong hop poly(2-hydroxyetyl metacrylat)
(PHEMA) da va dang la huéng nghién ctru thu hit
nhiéu sy quan tim cua cdc nha khoa hoc trén thé
gidi, dac biét trong nhiing ung dung y sinh, dugc
pham [1-8]. Cu thé, cac san pham PHEMA dugc sir
dung phé bién 1am kinh sat trong, cac by phan noi
tang nhan tao, mo céy, cac dung cu truyén dan
thudc,.... Cac nha nghién ciru da dua ra nhiéu giai
phap khac nhau [9-10] tr vige téng hop polyme
khong dung méi, tong hop polyme trong dang huyen
pht, nhii tuwong,... dé tao ra cac san phim tur
PHEMA nhu mong rnuon Trong nghién ciu nay,
tac gia dé xuit hudng tong hop san phim bang viée
tron hop HEMA va poly(etyl acrylat) (PEA), thuc
hién phan Gmg polyme héa HEMA bang phuong
phap chiéu sang trong qué trinh phan chia pha ciia
hai cdu tir - PEA va PHEMA. Trong qué trinh tron
hop, phan tng polyme hoa quang hoc HEMA duogc
thuc hién véi cac diéu kién phan g khac nhau. Céc

yéu t6 nhu d chuyén hoa hay hiéu sudt phan Gng
(), tbc d6 phan tng trung binh (d¢/dt) va thoi gian
dic trung (t) dudi tic dong cta cac diéu kién phan
ung khac nhau 1an luot duge khao sat va phéan tich.
Viéc kiém soat qua trinh polyme hoa anh hudng truc
tiép dén cac dic diém cua cdu tric hinh thai san
pham. Két qua nghién ciru mé ra kha ning khong
ché dic diém céu trac hinh thai san phdm thong qua
viéc khéng ché phan g polyme hoa.

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén li¢u va héa chét

Poly(etyl acrylat) (PEA) dugc tong hop bang
phuong phap dong tring hop etyl acrylat (Wako
Pure Chemical Industries, Nhat Ban) va 2-
chloroethyl acrylate (CEA, Monomer-Polymer &
Dajac Labs, Inc, Pennsylvania) trong axeton trong
30 phat ¢ 70 °C [11]. Qua trinh polyme hoa duoc
khoi mao bai 2,2 -azobis(isobutyronitrile) (AIBN).
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Khéi lwong phan tir trung binh dugc xac dinh bing
phuong phap sic ky rdy phan tir v6i dung moi 1a
tetrahydrofuran (THF) va chat chuan 1a polystyren
(PS). Khéi lwong phan tir trung binh ciia PEA 1a M,
= 1,6x10°. PEA dugc nhuém véi Rhodamine B
nham hd tro cho viéc khao sat cdu trac hinh thai caa
mau bang phuong phap kinh hién vi quét Confocal.
San pham sau qua trinh nhudém duoc goi tén 1a PEA-
Rh. 2-hydroxyetyl metacrylat (HEMA) dugc cung
cap tir Wako Pure Chemical Industries (Nhat Ban).

(a)

o]

OH

(b)

(d)

Hinh 1: Céu trac hoa hoc cua (a) 2-hydroxyetyl
acrylat (HEMA); (b) Lucirin TPO; (c) poly(etyl
acrylat) nhuém Rhodamine (PEA-Rh); (d) etylen
glycol dimetacrylat (EGDMA)

Hoén hop déng nhit cia PEA-Rh va HEMA s&
dugc st dung d€ khao sat dong hoc phan tng
polyme hoa cia HEMA va cau trac hinh thai ctua

Van Pham Pan Thuy

hdn hop. 2 % vé khdi lwong cua Lucirin TPO (BASF
Inc.) duogc st dung nhu chat khoi mao quang hoc
cho qué trinh polyme héa HEMA. Etylen Glycol
Dimetacrylat (EGDMA) duogc sir dung nhu chat
khau mang cta hé phan ung. Hinh 1 trinh bay cau
truc hoa hoc cia HEMA, Lucirin TPO, PEA-Rh va
EGDMA.

2.2. Thiét bi va phwong phap phan tich s6 liéu
2.2.1. Dong hoc phan g polyme hda

bong hoc phan ung polyme hoa cua 2-
hydroxyetyl metacrylat (HEMA) trong hdn hop gom
poly(etyl acrylat) (PEA-Rh) va HEMA dugc khao
sat trong sudt qua trinh chiéu sang bang thiét bi
quang phd hip thy hong ngoai FTIR (Perkin, model
Spectrum GX). Budc song don sic 405 nm duoc cip
tir ngudén dén thily ngan cao ap (350 W, Moritex,
Nhat Ban) két hop voi kinh loc (Asahi Spectra Co.,
Ltd). Phan ung polyme héa cuia HEMA dugc tinh
toan dua trén sy bién d6i do hap thu cia lién két doi
C=C ciia monome HEMA tai s6 song bang 1640 cm®
Lva do hép thu cua lién két C=0 tai sb song béng
1720 cm™ duoc sir dung 1am dudng chuan. Hinh 2
thé hién pho hong ngoai FT-IR khi khao sat dong
hoc phan ung polyme héa HEMA theo thoi gian.

D6 chuyén hoa ¢ (%) duoc tinh toan theo cong
thire (1):

C(Ae) (A,
(Ac) o /(Ao

Trong d6, Ac=c Vf'}l Ac-o lan luot 1a dién tich ving
hap thu cuta lién két C=C va C=0.

#(%) = {1 } «100% (1)

Do hfip thu (a.u.)

1600 1650 1700 1750 1800

S6 song (cm)

Hinh 2: Ph6 hong ngoai FT-IR khi khao sat dong
hoc phan tng polyme héa HEMA theo thoi gian
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2.2.2. Khao sat ccfu triic hinh thdi cua hén hop
polyme bang kinh hién vi dién twr quét confocal

Céu trc hinh thai cia hé phan Ung quang hoa
dugc quan sat bang kinh hién vi quét confocal (LSM
5 Pascal, Carl Zeiss). Cau truc hinh thai cua hon hop
PEA-RWHEMA dugc khao sat trong sudt qua trinh
phan chia pha cua PEA-Rh va HEMA duéi tac dong
cua phan tUng polyme héa HEMA. Pédng thoi, cau
tric hinh thai 6n dinh cia hé cling dugc xac dinh.
Céu tric hinh thai ctia hon hop PEA-Rh/HEMA véi
nhiéu ty 1¢ thanh phan phan trim vé khdi lugng khac
nhau cua hai ciu tir dugc khao sat véi cac cuong do
chiéu sang khac nhau.

3. KET QUA VA THAO LUAN

3.1. Pong hoc phan trng polyme héa cia
2-hydroxyetyl metacrylat (HEMA)

bong hoc phan ung polyme hoda quang hoc cua
2-hydroxyetyl metacrylat (HEMA) dugc thuc hién
v6i sy tham gia cua chit khoi mao Lucirin TPO. Pd
chuyén hoa (hay hiéu suat phan tmg) (¢ (%)) duoc
tinh toan theo coéng thuc (1). Hinh 3 trinh bay su
bién thién ctia d6 chuyén hoa (¢) va téc d6 phan tmg
trung binh (d¢/dt) theo thoi gian phan tng Ung cua
hai hén hop PEA-Rh/HEMA (0/100) va (10/90). Bo
chuyén hoa cia PEA-RW/HEMA (0/100) duoc thé
hién bang cac ky hiéu trong. Mat khac, do chuyén
hoa ctia PEA-Rh/HEMA (10/90) duoc thé hién bang
cac ky hiéu dién day. Thém vao do, tbc do phan ting
trung binh dugc dinh nghia 12 dao ham cua d6
chuyén hoa theo thoi gian ciing duoc trinh bay &
phan dudi caa hinh 3. Pong thoi, thoi gian dic trung
(1) ctia phan tmg chinh 1a thoi gian ma tai d6 tée do
polyme hoa (d¢/dt) dat gia tri cuc dai.

100

80

(%)

60 - & .
*

) o fﬁt 1=0,5mW/em?
40 O PEA-RWHEMA (0/100)

® PEA-RWHEMA (10/90)
1=10.025mW/cm?* .
©  PEA-RWHEMA (0/100)
+ PEA-RWHEMA (10/90)

dd/dt

] 10 1; 2‘0 ‘;"s 30
Thoi gian chiéu sang (phut)
Hinh 3: Bong hoc phan tmg polyme hda trong
hén hop PEA-Rh/HEMA véi cudng do chiéu sang
I = 0,5 va 0,025 mw/cm?

Dong hoc phan ung polyme hoa cua...

Vé6i cudng do chiéu sang xac dinh, d6 chuyén
héa ting nhanh sau mdt thoi gian nhét dinh, cu thé
véi cuong do 1= 0,025 mWcm™, do chuyén hoéa tang
nhanh sau 7 phat. Day 1a vi du dién hinh cho hi¢u
ung Trommsdorff-Norrish [12, 13]. Hiéu Gng nay
chinh la su tuong tac gitra sy gia tang do nhot va sy
giam ciia qua trinh tit mach trong phan tng polyme
hoa. Két qua thyc nghiém da chimg minh dg chuyén
hoa ti 1¢ thuan v6i cuong do chiéu sang. Didu nay co
thé duoc giai thich thong qua viéc giam khdi luong
phén tr trung binh cia PHEMA tao thanh dudi tac
dung cia cudng do chiéu sang cao. Khi d6, su giam
khdi luong phéan tir din dén giam do nhét cua hé
phan ung.

Pong thoi, toc d6 phan tng polyme héa thu
dugc khiang dinh anh huong cia hiéu Ung
Trommsdorff-Norrish trong hé khao sat. Toc do
polyme hoa cling téng theo chiéu ting cua cudng do
chiéu sang. Ngoai ra, khi cuong d6 chiéu sang giam,
vi tri cta thoi gian dic trung (t) dich chuyén theo
chiéu ting cua thoi gian phan tng. Chiéu cao tinh tir
vi tri cua thoi gian dac trung (t) dén truc x cia dd thi
giam khi cuong do chiéu sang giam.

Do chuyén héa ¢ (%) trong hdén hgp PEA-
Rh/HEMA (0/100) va PEA-RhVHEMA (10/90) c6 su
khac biét rd nhat khi miu duge chiéu sang voi
cuong do thap, cu thé 1 = 0,025 mW/cm?. Sy c6 mit
cia 10 % PEA-Rh vé khdi lugng di lam gia ting
hiéu suat phan ung polyme hoa cia HEMA. Diéu
nay co thé giai thich nhu sau: voi sy c6 mit cia
PEA-Rh, su dao dong néng dd cua hé tang dan dén
viéc gia ting nong do cuc bo cia HEMA trong pha
PEA-Rh do sy khac biét hang sé dung dich
Hildebrand cua HEMA, PEA, PHEMA. Bén canh
do, su khac biét vé do chuyén hoa ¢ (%) trong hon
hgp PEA-Rh/HEMA (0/100) va PEA-Rh/HEMA
(10/90) giam khi cudong do chiéu sang tang. Nhu da
dé cap 6 trén, khi cuong do chiéu sang tang, do nhdt
ctia dung dich giam do khdi lugng phan tir trung
binh cuia PHEMA giam.

3.2. Ciu tric hinh thai cia hdén hop
PEA-Rh/HEMA véi cac thanh phin phin trim
vé khdi lwgng ciia hai ciu tir va cwong dd chiéu
sang khac nhau

Anh cau trac hinh thai cia hdn hgp PEA-
RWHEMA véi cac thanh phan phan trim vé khéi
luong cia PEA-Rh va cuong do chiéu sang khac
nhau dugc trinh bay ¢ hinh 4. Cau trac hinh thai ciia
hdn hop PEA-RWHEMA véi cac thanh phan phén
tram vé khdi lugng cua PEA-Rh nhu 5, 6, 10, 12 va
13 %, duoc chiéu sang véi cac cudng do I = 0,025;
0,05; 0,5 va 1,5 mW/cm? lan lugt dugc khao sat.
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I
(mW/cm?)

L5

0.5

0.05

0.025

10 12 13

Van Pham Pan Thuy

%PEA-Rh

Hinh 4: Anh ciu trac hinh thai cia hdn hop PEA-RW/HEMA véi cac thanh phan phan trim vé khéi luong
cua PEA-Rh va cuong d9 chiéu sang khac nhau

Nham khao sat anh hudng cia thanh phan phan
trdm cua cac ciu tir thanh phan 1én ciu trac hinh thai
cua hé, chiéu dai dac trung (characteristic length) (£)
ctia cdu trac hinh thai duoc tinh toan bang phuong
phap phan tich 2D-Fast Fourier Transform.

T I T T
30, - o [=0,05mW/cm?
. \\ -@- 1=05mW/cm?2
- ® .
E 25 S
90 '
g B \ 7
b \
S N
:‘U 15“— \ =
% N \Q
= Y ~\
D 0 . -
s | . "
‘5‘ N
S5t T “'--.-.;' T
| | | T pec=@
6 8 10 12

PEA-Rh (w%)

Hinh 5: Anh huéng ctia phan tram khoi lwong
PEA-Rh trong hdn hop PEA-Rh/HEMA dén chiéu
dai dic trung duoc khao sat voi cudng do chiu sang
| = 0,05; 0,5 mW/cm®

Hinh 5 thé hién mdi quan hé giira chiéu dai dic
trung va phan traim khéi luong ciia PEA-Rh trong
hén hop 1'1’ng v6i hai cuong d chiéu sang I = 0,05;
0,5 mW/cm?. Véi ca hai cuong do chiéu sang, chiéu
dai déc trung () cua cdu trac giam khi thanh phan
phan tram khdi luong ctia PEA-Rh ting. Diéu nay c6
thé giai thich dwa vao su gia ting d6 nhét cia hé khi
ham lugng PEA-Rh ting. D§ nhot tang lam giam
kha nang linh hoat ctia hé phan ung. Tu do, lam
giam kha niang khuéch tan ciing nhu kha ning két
hop gitra cac cdu tir cung pha. Do d6, chidu dai dic
trung (£) cta ciu tric giam.

Thém viao do, tir anh cu tric hinh thai (hinh 4),
chiéu dai déc trung (&) cua ciu trac duoc phan tich
dua trén mdi quan hé véi cuong do chiéu sang. Mbi
quan hé nay dugc khao sat dbi véi cac hdn hop
PEA-Rh/HEMA c6 cac thanh phan phan trim khac
nhau ctia hai cau tir (hinh 6). Két qua phan tich dua
ra mot két ludn mang tinh théng nhat dbi voi cac
thanh phén phan trim khac nhau ciia hai ciu tir; d6
1a chiéu dai dic trung (€) tang theo chidu ting cta
cuong do chiéu sang. Piéu nay hoan toan phu hop
v6i két qua khao sat dong hoc phan tmg polyme hoa
cia HEMA. Khi cuong d6 chiéu sang ting, khoi
lugng phan tir trung binh ctia PHEMA tao thanh
giam. Khi do, sy giam khdi lugng phan tir dan dén
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giam dg nhdt cua h€ phan Gng.

PEA-RWVHEMA

10 —o— 1090
—— 11/89
—o— 12/88

L —e— 13/87

6

Chiéu dai dac trung, £(um)

! L I
0.5 1.0 1.5 2.0 25
Cuomg do chiéu sang (mW/cm?)

Hinh 6: Anh huéng cia cuong do chiéu sang vao
chiéu dai dac trung~cf1a cau trac hinh thai duoc
khao sat trén hon hop PEA-Rh/HEMA

(mW/cm?)

L5

0.5

0.05

0.025

Dong hoc phan ung polyme hoa cua...

3.3. Céiu tric hinh thai cia hén hop PEA-
Rh/HEMA véi cac thanh phan phén trim vé khéi
lwgng ciia chiat khau mang va cuong do chiéu
sang khac nhau

Bén canh viéc khao sat cac yéu té nhu cuong d6
chiéu sang, thanh phan phan trim vé khéi lugng cua
hai cau tir trong hon hop PEA-Rh/HEMA, bai bao
da tiép tuc mo rong nghién ctru anh hudng cia chat
khau mang 1én cdu trac hinh thai cta hé. Etylen
Glycol Dimetacrylat (EGDMA) dugc biét dén nhu
mét chat khau mang dugc st dung phé bién trong
cac polyme gdc vinyl, acrylic. Nghién ciru nay khao
sat anh hudng cua chit khdu mang EGDMA 1én ciu
trac hinh thai cua hon hop PEA-Rh/HEMA trong
qua trinh polyme héa HEMA. Hinh 7 tong hop cau
trac hinh thai cia hé khi thanh phan phan trim vé
khdi lwong cia EGDMA thay doi tir 0; 2 va 4 %.

0

2 4 %EGDMA

Hinh 7: Anh,hu(mg cua thanh ph?m ph?m tram ctia chat khau mang EGDMA &
cic cudng do chiéu sang khic nhau dén cau tric hinh thai ctia hdn hop PEA-Rh/HEMA

Nham khao sat anh huong ciia thanh phan phan
tram vé khdi luong ctia chat khdu mang EGDMA va
cuong do chiéu sang 1én cAu trac hinh thai cua hé,
chidu dai ddc trung (&) ciia cdu trac hinh thai dugc
tinh toan bang phwong phap phan tich 2D-Fast
Fourier Transform (2D-FFT). Hinh 8 thé hién méi
quan hé giita chiéu dai dic trung (&) va cuong do
chiéu sang.

Két qua phan tich cho thay chiéu dai dic trung
(€) tang khi cudng d6 chiéu sang ting. Két qua nay
tuong tu nhu truong hop chat khau mang khong
tham gia vao h¢ phan Gmg. Mat khac, khi thanh phan
phin traim vé& khéi luong cia chit khiu mang
EGDMA ting, chiéu dai dic trung (&) cua cu trac
giam. V6i sy hién dién cia EGDMA, mang khong
gian tao thanh da can tré sy linh dong, kha ning
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khuéch tan clia cac monomer chua tham gia phan
ung [14]. Chinh vi Véy, qua trinh phan pha bi anh
hudng truc tlep chiéu dai dic trung (&) ting khi
cuong do chiéu sang tang. Két qua nay tuong tu nhu
truong hop chat khau mang khong tham gia vao hé
phan tng.

T | T T
355 EGDMA (wit%)

-0
— 30F o2 .
g —— 4
T 25 .
e
E 20
2
g
o
=]
=
<D
3
o

| | |
0.4 0.8 1.2

Cuomg do chiéu sang (mW/cm?)

Hinh 8: Anh huong ctia phan tram khdi lugng
EGDMA trong hon hop PEA-Rh/HEMA dugc khao
sat voi cudng do chiéu sang I = 0,05; 0,5 mW/cm?

4. KET LUAN

Nghién ciru ndy da trinh bay cac két qua thuc
nghiém vé dong hoc phan ung polyme hda quang
hoc cua 2-hydroxyetyl metacrylat (HEMA) va anh
hudng cia qua trinh phan ing vao qua trinh phéan
chia pha cua 2 cdu tu, tir d6 dan dén su thay doi cac
dic diém cua cdu trac hinh thai ctia hdn hop PEA-
RNW/HEMA. Cu thé:

(1) D6 chuyén hoa cua phan Gng polyme hoa
chiu anh hudng cua hi¢u ting Trommsdorff-Norrish
va ti 1 thuan vé6i cudong do chiéu sang.

(2) Su c6 mat cia 10 % PEA-Rh vé khdi luong
da 1am gia ting hidu sudt phan tmg polyme hoa ciia
HEMA do su dao dong néng dd cuc bo trong hé
khao sat.

(3) Anh chu tric hinh thdi cia hé PEA-
Rh/HEMA khang dinh chiéu dai dic trung (§) tang
khi cuong do chiéu sang ting. Két qua nay cho thy
anh hudng cta dong hoc phan ung polyme hoa Ién
ddc diém cau trac hinh thai.

(4) Chiéu dai dic trung (&) cia ciu tric ting khi
cuong d9 chiéu sang ting ca trong trudng hop co va
khong c6 chat khau mang. Ngoai ra, chiéu dai dic
trung () ctia cdu trac ciing ting theo chiéu ting
ndng do ciia chat khau mang.

Van Pham Pan Thuy

Loi cam on. Tdc gid xin gii 167 cam on sdu sdc dén
GS. TS. Qui Tran Céng Miyata dd gép y nham
huéng dan, hé tro tic gia trong thoi gian thuwc hién
nghién cueu tai Vien Cong Nghé Kyoto, Nhdt Ban.
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