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TOM TAT

Copolyme cua poly(N-isopropylacry[amil-co-hydroxyelhyl methacrylat) [P(NIPAM-co-
HEMA)] dugc tong hop nr qua trinh dong trung hgp cidc monome N-isopropylacrylamit
(NIPAM) va 2-hydroxyethyl methacrylat (HEMA) véi ti 1¢ mol x4c dinh. Hang s6 df‘)ng tring
hop cia HEMA cao hon so v6i NIPAM khi xdc dinh theo phuong phap Kelen-Tudos (tipam=
0.05; ruema= 0.5). Céu triic diic trung cia copolyme dugc xac dinh bing phd hong ngoai FTIR,
rhiét d6 dung dich t&i han dudi (LCST) cua copolyme ting khi ting ham luong HEMA.

Tir khéa: N-isopropylacryamit, 2- hydroxylethyl methacrylate, hydroge!, polyme nhay nhiét.
1.MG PAU

Hydrogel 1a cac polyme wa nuéc cb chu tric khéng gian ba chidu, 6 kha nang tnrong
nhung khoéng hoa tan khi 1iép xdc véi moi tnrong nude, Mot 56 hydrogel ¢6 sur thay dbi _lhé tich
img dép lai si thay ddi diéu kién mbi truomg xung quanh nhu nhiét d, pH, thanh phin dung
dich, nong d¢ mubi, cac chét hoa hoc, 4nh sang, dién truong nhu poly (N-isopropylacrylamit
(PNIPAM), poly (N-vinyicaprolactam) (PNVCL)... [1, 2, 3].

Gia trj nhiét 46 dung dich t6i han duéi (LCST) cua polyme nhay nhiét chiu anh hudng cua
cac nhém wa nuéce va ki nuée trong polyme (1, 2]. Khi cé sur cén bang gira cdc nhém ua nude
va ki nuéc trong polyme phu hgp dén dén sy co mach va sau cung la tach pha [4). PNIPAM c6
gid trj LCST & khodng 32 °C, rat gin véi nhiét d¢ co thé nén vét liéu niy 14 mot trong nhimg
polyme c6 tinh nhay nhiét dién hinh va dugc img dung dé vin chuyén thudc trong y sinh [4 - 6].
Dé ma rong img dung van chuyén thubc trong y hoc da cé nhimg cong trinh nghién ciru lam
ting gi4 trj LCST cua poly (N-isopropylacrylamit) bing cich bién tinh véi cac monome nhu
acrylamit, maleic axit, acrylic axit [5 - 7]. Bai bdo nay nghién ciru qué trinh dong tring hop N-
isopropylacrylamit véi 2-hydroxyethyl methacrylat thong qua viéc xéc dinh céc hing s6 déng
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tring hop (P Puga), 4nh huong ciia ham lugng HEMA dén gia ri LCST. Sy t0n tai cia
copolyme dugc danh gi qua pho héng ngoai FTIR

2. THU'C NGHIEM

2.1. Hoéa chét va thiét b

N-isopropylacrylamit (NIPAM), 2-hydroxyetyl metacrylat (HEMA) (Merck), N,N,N',N-
tetrametylethylenediamine (TEMED); kali pesunfat (APS), dietyl ete (PA-Trung Quoc).

2.2. Phwong phép tién hanh
2.2.1. Tong hop copolyme tit NIPAM va HEMA.

Dung dich monome trong nudc cé nong d6 0,7M (véi ti 1¢ mol NIPAM/HEMA thay déi tir
70/30 — 30/70) dugc nap vao binh ciu 3 c6 cé gin véi thiét bi khudy, thiét bi héi lwu, ng din
suc khi nito. Khi oxi dugc loai khoi dung dich bang cach suc khi N, trong 10 phut trude khi tién
hanh phan (mg. Hé chét khoi mao gdm APS va TEMED (ti 1€ 1 : 1) dugc cho vao dung dich
phan {mg véi ti 1§ mol [M]/[I] = 70. B¢ nghién ctru hing s6 déng tring hop ctia cic monome,
phan (mg duoc khdng ché sao cho hiéu suét phan img < 10 %. San pham phin img dugc tich
logi bing phuong phip két tha nhiéu Iii_n trong lugng du dietyl ete va 1dm khé trong tu sy chio
khong & 50 °C dén khéi lugng khong doi.

2 2.2. Cac phwong phap phéan tich
Thanh phan nguyén t5 trong copolyme duge thuc hién theo phuong phap phan tich phé tin
xa néng lugng (EDX) trén thiét bj JED 2300.

- Phé héng ngoai duoc ghi trén Quang phd ké hdng ngoa bién dé1 Fourier FTIR IMPACT
Nicolet 410 trong viing 4000- 400 cm’'.

- Nhiét d6 dung dich t6i han dudi (LCST) duoc xAc dinh bing thiét bj UV- 2450 c6 gin
Vi h¢ thong diéu chinh nhigt 46 TCC- Controller cia Shimadzu dugc gia nhiét tir 25 °C - 45°C
vai toc df gia nhiét 0,2 °c/ phit.Nhiét d6 LCST xac dinh theo phuong phap do d¢ duc khi do
fTuyén qua cua mau giam xuong 10 % so v&i mau so sanh.

2.2.3. Xac dinh ha;ng 56 déng tring hgp cua copolyme

Cac hing séxdéng tring hop dugc tinh toén tir dang vi phan tir phuong trinh thanh phin
monomer trong hon hop ban dau va trong copolymer theo phuong trinh sau:
aM, M, nM +M,
M—EUMZ*'M: @n
trong dé: M, M, ]511 lugt 12 n6ng dd mol cla monome 1 va 2. Trong phuong phap Kelen-

Tiidds, cac hang s6 dbng tring hogp 1) va r; tuong img ciia monome 1 va 2 duoc xdc dinh fir
phuong trinh sau: ’ !

r. r.
n= ['n +é]5—gz @2
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Anh huéng cia HEMA dén qud trinh t8ng hop va tinh nhay nhiét cia poly(NIPAM-HEMA)

Biing cach biéu din n 12 mdt bam ca &, trong dé:

n=r——vaél= £ 2.3
(@+F) a+F @3
X(r-1 X? M m
G=——SF="—waX=—»1;Y="1 .
v v ? . oy (24)

a=\JF, F. 23)

Foun va Frax I@n lugt 1a cac gi4 tri nho nhat va Iém nhat cua F trong mét loat cic phép do. Ngoai
suy duong thang thu dugc tai £ =0 va & = 1 thu duoc cac gia tri ro/a va 1y tuong img.

3. KET QUA VA THAO LUAN
3.1. Phé hdng ngoai FTIR

Phé hdng ngoai FTIR ctia san phdm PINTPAM-co-HEMA) dugc biéu didn trén hinh 1.
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Hinh 1. Phd FTIR cia san pham P(NIPAM-co-HEMA).

Trén phd FTIR ctia P(NIPAM-co-HEMA)] quan sal thiy, pic 1637 cm™ dic tnmg cho dao
dong bién dang clia nhém - NH va pic 1540 cm” dic tnmg cho dao déng cua nhém -NH..
Nhém -CH; va -CH, c6 tin hiéu manh trong khoang 2942 - 2857 cm’, pic 1485 cm” ! dic trung
cho dao ddng cia nhém isopropyl, pic 1004 cm™ dugc gan cho dao dﬁng hoéa trj dic trung cho
C-O-C cia nhém este. Ngoai ra trén phé ta thay ¢6 sy chdng l4n pic cia phém — OH va amit
trong khoang 3000 - 3500 cm’’. So sanh Phé FTIR ¢ céc pic dic trung cia ca NIPAM va
HEMA chimg t6 qua trinh dbng tring hop dé xdy ra.

3.2. Xéc dinh hing s6 ddng tring hgp

199



Hoang Duong Thanh, Nguyén Van Khoi, Trn Thi Nhu Mai, Tran Vi Théng, Trinh Buc Cong

Hiing s6 dong triing hap cua chc monome phan 4nh kha niing phan img va khd ning l_(ét hop
gitra cac gbe trong qué trinh phan img. DE x4c dinh cdc bing s6 dong tring hop fuipam VA ThEmA
trong phan img d&ng trang hgp thi ti 1& thanh phan cua cdc monome trong hén hop dau cing nhu
trong copolyme P(NIPAM-co-HEMA)] dugc tong két trong bang 1.

Bang 1. Thanh phn cia NIPAM va HEMA trong h3n hgp déu vio va trong copolyme.

Mxonome Thanh , G

o | copme A - | XU X P e
M [ My | my | my

30 | 70 | 33,3 66,7 043 0,50 -0,43 0,37 0,20 -0,32

40 | 60 | 36,8 63,2 0,67 0,58 -0,48 0,76 0,34 0,21

50 | 50 | 43,4|56,6| 1,00 0,77 -0,30 1,30 0,47 0,11

60 | 40 (444 (556| 1,49 0,80 -0,37 2,78 0,65 0,09

70 | 30 {474 (52,6 | 2,33 0,90 -0,26 6,00 0,80 -0,03

Trong d6: M, m, la phéx] mol cua HEMA trong hér} hop déu va trong san pham; M,, m, 12 phin
mol ctta NJPAM trong hon hop dau va trong san pham.

Tir két qua trong bang 1, ¢6 thé x4c dinh dugc o = (FppFrax)'? = 1,49. Dudmg biéu dién su
phu thude n vao & duge trinh bay trén hinh 2,
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Hinh 2. Buémg biéu dién sy phu thuge n theo & cua hé NTPAM-HEMA.
Tir céc gia tri doan chin tai & =0 va & = 1, tinh dugc céc gia tri hing 56 ddng trung hop

Tntpam :‘0,95 VA gy = 0,51 Ta thiy rang ryza > fueaws nghia 12 Ky > K, va Ky, < Ka), kha
nang phan img clia géc R-NIPAM® va gdc R'-HEMA" phan (img v&i HEMA d& hon, din (6] san

200



Anh hudng ctia HEMA dén qud trinh t6ng hgp v tinh nhay nhiét cua poly(NIPAM-HEMA)

phim copolyme thu dugc c6 ti 1¢ thanh phin HEMA/NIPAM cao hon so vdi ti 1& hai monome
NIPAM/HEMA ban dau.

3.3. Xdc dinh LCST cia copolyme ciia poly(NIPAM-co-HEMA)

Gié trj LCST ciia cic mau copolyme c6 ham lugng HEMA khéc nhau dugc trinh by trong
bang 2.

Bang 2. Anh huémg cta ti 1é mol HEMA dén LCST cia copolyme poly(NIPAM-co-HEMA).

T Ti 1¢ mol NIPAM/HEMA LCST (°C)
1 40/60 36,3

2 50/50 36,7

3 60/40 36,5

4 75025 35,8

5 90/10 33,2

6 100/0 31,8

Trong phén tr NIPAM chira ca cic nhém ua nudc va ki nudc trong khi HEMA chi chira
cac nhém ua nuée. Sy tang LCST ban déu 14 do tang s nhém ua nudc trong copolyme khi ting
ti 1€ mol HEMA. Khi ti 1& mol NIPAM tang, gia tri LCST giam 6 rét do ting tinh ki nuéc cua
copolyme, tao diéu kién cho copolyme téch khoi dung dich & nhiét dd thap hon. Do d6, LCST c6
thé duoc kiém soat théng qua viéc diéu chinh phén ki nuéc trong copolyme tao thanh va nho do
¢6 thé kiém soat duge nhiét g tai d6 copolyme hoa tan hodc két tia.

4. KET LUAN

Cic hing sb ddng tring hop ciia NIPAM va HEMA thu duoc bing phuong phép Kelen -
Tudos 1a r, = 0,05 var; = 0,5. tang ti 1& mol HEMA , gia trj LCST ciia copolyme tang va poly
(NIPAM -co-HEMA ) thé hién tinh nhay nhiét rd rét voi gia trj LCST ting khi tang 6 1¢ mol
HEMA dén 60 %.
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ABSTRACT

EFFECTS OF HEMA ON THE SYNTHESIS PROCESS AND THERMAL SENSITIVITY OF
POLY (NIPAM-CO-HEMA)

Hoang Duong Thanh'*, Nguyen Van Khoi?, Tran Thi Nhu Mai’, Tran Vu Thangz,
Trinh Duc Cong™
"Viet Nam Government Office, I Hoang Hoa Tham, Ba Dinh, Hanoi
’Institute of Chemistry, VAST, 18 Hoang Quoc Viet, Cau Giay, Hanoi
*Faculty of Chemistry, Umiversity of Natural Science, Vietnam National University,

19 Le Thanh Tong, Hoan Kiem, Hanoi
‘Email: thanh.hd0!@gmail.com

Copolymers of poly (N - isopropylacrylamide — co - hydroxyethyl methacrylate)
!P(NIPAM co HEMA)]  were synthesized from the copolymerization of N-
isopropylacrylamide (NIPAM) and 2-Hydroxyethyl methacrylate (HEMA) monomers with
various molar ratios. The reactivity ratios of HEMA, calculated by Kelen- Tudos method were
higher than NIPAM (rypam = 0.05; riema = 0.5). The structure of copolymers were characterized
by IR spectrum; lower critical solution teroperature (LCST) of copolymer increase when
increasing HEMA monomer.

Keywords. n- isopropylacrylamide; 2-hydroxyethyl methacrylate; hydrogel, thermally sensitive
polymer.
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