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T 6 M TAT 

Copolyme ciia poly(N-isopropylacrylamit-eo-hydroxyethyl methaerylat) [P(NIPAM-co-
HEMA)] dugc tong hgp tu qua trinh dong triing hgp cac monome N-isopropylacrylamit 
(NIPAM) va 2-hydroxyethyl methaerylat (HEMA) voi ti le moi xae dinh. Htng s6 d6ng trung 
hgp eiia HEMA cao hon so voi NIP AM khi xac dinh theo phuang phap Kelen-Tudos (rN[PAM= 
0.05; rHEMA= 0-5). Cau tnie dae tnmg eiia copolyme duge xae dinh bang pho hong ngoai FTIR, 
nhiet do dung djch toi ban duoi (LCST) eua copolyme tang khi tang ham lugng HEMA. 

Tit khda: N-isopropylacryamit, 2- hydroxylethyl methacrylate, hydrogel, polyme nhay nhiet. 

l.MOfDAU 

Hydrogel la cae poljone ua nudc co cau tnie khong gian ba chieu, eo kha nang truong 
nhung khong hoa tan khi tiep xiic vdi moi trudng nude. Mgt so hydrogel eo su thay doi the tich 
ling dap lai su thay d6i di6u kien moi trudng xung quanh nhu nhiet do, pH, thanh phan dung 
dieh, nong do muoi, cae chat hda hoc, anh sang, dien trudng nhu poly (N-isopropylaerylamit 
(PNIPAM), poly (N-vinylcaprolactam) (PNVCL)... [1, 2, 3]. 

Gia tri nhiet do dung dich tdi ban dudi (LCST) ciia polyme nhay nhiet chiu anh hudng eua 
cac nhdm ua nudc va ki nudc tiong polyme [1,2]. Khi cd su can bang giiia cac nhdm ua nudc 
va ki nudc tiong polyme phu hgp din den su eo mach va sau eung la taeh pha [4]. PNIPAM co 
gia tri LCST d khoang 32 "C, rat gan vdi nhiet do ea the nen vat lieu nay la mot tiong nhiing 
polyme cd tinh nhay nhiet dien hinh va duge iing dung de van ehuyen thuoc tiong y sinh [4 - 6], 
De md rong iing dung van ehuyen thuoc trong y hgc da cd nhiing cong trinh nghien ciiu lam 
tang gia tri LCST eiia poly (N-isopropylacrylamit) bang each bien tinh vdi cac monome nhu 
acryiamit, maleie axit, acrylic axit [ 5 - 7 ] . Bai bao nay nghien eiiu qua trinh dong trimg hgp N-
isopropylacrylamit vdi 2-hydroxyethyl methaerylat thong qua viee xae dinh cae hang so dong 
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trimg hop (rmp.<M,' <•»£*«), anh huong cua ham luong HEMA dSn gia tri LCST. Su t6n tai cila 
copolyme duoc danh gia qua pho hong ngoai FTIR 

2. THVC NGHIEM 

2.1. Hoa chat va thiet bi 

N-isopropylacrylamit (NIPAM), 2-hydroxyetyl metacrylat (HEMA) (Merck); N,N,N',N'-
tetrametylethylenediamine (TEMED); kali pesunfat (APS), dietyl ete (PA-Trung Qu6c). 

2.2. Phu'tfng phap ti^n hanh 

2.2.1. Tong hap copolyme tic NIPAM vd HEMA. 

Dung dich monome trong nuoc CO nong do 0,7M (vol ti le moi NIPAM/HEMA thay doi tir 
70/30 - 30/70) dugc nap vao binh cau 3 CO co ^5n vol thiet bi khuay, thiet hi hoi lim, ong dan 
sue khi nita. Khi oxi dugc loai khoi dung dich bang each sue khi N2 trong 10 phut truoc khi tien 
hanh phan ung. He chat khoi mao gom APS va TEMED (ti le 1 : I) dugc cho vao dung dich 
phan ung vol ti le moi [M]/[I] = 70. De nghien ciiu hang s6 d6ng trimg hgp ciia cac monome, 
phan ung dugc khdng che sao cho hieu suat phiin iing < 10 %. San pham phan ung dugc tach 
loai bang phuong phap ket tua nhieu lan trong lugng du dietyl ete va lam kho trong tii s4y chan 
khong 6 50 "C den khoi lugng khong doi. 

2 2.2. Cdc phuong phdp phan tich 

Thanh phan nguyen to trong copolyme dugc thuc hien theo phuang phap phan tich ph6 tan 
xa nang lugng (EDX) tten thiSt bi JED 2300. 

- Pho hong ngoai dugc ghi tren Quang phfi kl h6ng ngoai bijn d6i Fourier FTIR IMPACT 
Nicolet 410 trong vung 4000- 400 cm"'. 

- Nhiet dg dung dich toi han dudi (LCST) dugc xac dinh bSng thiSt bi UV- 2450 CO gin 
vol he thong dieu chinh nhiet do TCC- Controller cua Shimadzu duoc gia nhiet tir 25 °C - 45 "C 
voi toe do gia nhiet 0,2 °C/ phiit.Nhiet do LCST xac dinh theo phuong phap do do due khi do 
truyen qua ciia mlu giam xuong 10 % so voi mlu so sanh. 

2.2.3. Xdc dinh hdng so dong triing hap cua copolyme 

Cac hang so_d6ng trimg hgp dugc tinh toan tir dang vi phan Hr phuong trinh thanh phin 
monomer trong hon hgp ban dau va trong copolymer theo phuang trinh sau: 

dM^~ M^r^M^+M, *^" 

trong do: M,, M2 lln lugt la n6ng dp moi cua monome 1 va 2. Trong phuong phap Kelen-
Tiidos, cac hang so dong triing hgp r, va tj tuong ting cua monome 1 va 2 dugc xac dinh tir 
phuong trinh sau: 

a 
^ = l'-.+f l̂ -T- (2.2) 



Anh huvnq cOa HEMA den qua trinh tdnp hop va tfnh nhay nhiet cua po!y(NIPAM-HEMA) 

Bang each bieu dien T] la mgt ham cua ^, trong do: 

G . c F 
1 = 7 \ va f = 

(a+F) ^ a + F 

G = ̂ f c l ) ; F = ̂ v a X = ̂ ; 7 = X^ 
Y M, 

(2.3) 

(2.4) 

« = V-P™F™ (2.5) 

Fnun va Fmax lan lugt la cac gia tri nho nhat va lan nhlt ciia F trong mgt loat cac phep do. Ngoai 
suy duong thang thu dugc tai ^ = 0 va ^ = 1 thu dugc cac gia tri r2/a va ri tuong irng. 

3. KET QUA VA THAO LUAN 

3.1. Fh6 h^ng ngoai FTIR 

Ph6 h6ng ngoai FTIR cua san phim P(NIPAM-co-HEMA) dugc bilu diln tren hinh I. 

Hinh 1. Ph6 FTIR ciia san pham P(NIPAM-co-HEMA). 

Tren phd FTIR cua P(NlPAM-co-HEMA)] quan sat thly, pic 1637 cm" dac tnmg cho dao 
dong biin dang cua nhom - NH va pic 1540 cm' dac trung cho dao dong ciia nhom -NH2. 
Nhom -CHj va -CH2 CO tin hieu manh trong khoang 2942 - 2857 cm"', pic 1485 cm' dac trung 
cho dao dong ciia nhom isopropyl, pic 1004 cm"' dugc gan cho dao dong hoa tri dac tnmg cho 
C-O-C cua nhom este. Ngoai ra tren ph6 ta thly c6 su chIng lan pic ciia nhom - OH va amit 
trong khoang 3000 - 3500 cm"'. So sanh Ph6 FTIR co cac pic dac tnmg cua ca NIPAM va 
HEMA chiing to qua trinh ddng trimg hgp da xay ra. 

3.2. Xac dinh h^ng s6 ddng trung h^p 
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HJng so ddng tning hgp ciia cac monome phan anh kha nang phan ling va kha nang ket hop 
giiia cac g6c tiong qua trinh phan iing. De xac dinh eae hang so dong tning hop tNipAM va THEMA 
tiong phan iing d6ng tning hgp thi ti le thanh phan cua cae monome trong hon hgp dau eiing nhu 
tiong copolyme P(NIPAM-eo-HEMA)] dugc tdng kk tiong bang 1. 

Bang 1. Thanh phSn cua NIPAM va HEMA trong h6n hgp diu vao va trong copolyme. 

Monome 
hdnhop 

dau 

M, 

30 

40 

50 

60 

70 

M2 

70 

60 

50 

40 

30 

Thanh 
phln 

copolyme 

m, 

33,3 

36,8 

43,4 

44,4 

47,4 

m2 

66,7 

63,2 

56,6 

55,6 

52,6 

M, 

M, 

0,43 

0,67 

1,00 

1,49 

2,33 

Y=—L 

0,50 

0,58 

0,77 

0,80 

0,90 

^^XiY-X) 
Y 

-0,43 

-0,48 

-0,30 

-0,37 

-0,26 

Y 

0,37 

0,76 

1,30 

2,78 

6,00 

F + a 

0,20 

0,34 

0,47 

0,65 

0,80 

G 

'^ (a^F) 

-0,32 

-0,21 

-0,11 

-0,09 

-0,03 

Trong do: Mi, mj la phan moi ciia HEMA trong hln hgp dau va trong san pham; M2, m2 la phai 
moi ciia NIPAM trong hon hgp dau va trong san pham. 

Tir ket qua trong bang 1, co the xac dinh dugc a = (FnunFmax) 
phu thuoc 11 vao ^ dugc trinh bay tren hinh 2. 

0 -

•0.05 

-0.1 

•0.15 

-0.2 

= 1,49. Duimg bieu dien su 

-0.25 

y = 0.3413x-0.3019 

R̂  = 0.9404 

Xi 
Hmh 2. Duong bilu diln sir phu thuoc T\ theo ^ cua he NIPAM-HEMA. 

Tit cac gia tri doan chjn tai ^ = 0 va ^ = I, tinh dugc cac gia tri hSng si ding triing hgp 
TNIPAM = 0,05 va r„EMA = 0,51. Ta thly ring rmKK> rmpAM, nghia la K,, > K,, va K22 < K21 kha 
nang phan img cua goc R-Nff AM* va gdc R'-HEMA* phan ling win HEMA dl hon, din tai san 
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pham copolyme thu duoc co ti le thanh phan HEMA/NIPAM cao ban so vai ti le hai monome 
NIPAM/HEMA ban diu. 

3.3. Xac dinh LCST cOa copolyme cua poly(NIPAM-co-HEMA) 

Gia tri LCST cua cac mlu copolyme co ham lugng HEMA khac nhau dugc trinh bay trong 
bang 2. 

Bang 2. Anh huong cua ti le moi HEMA den LCST cua copolyme poly(NTPAM-co-HEMA). 

TT 

1 

2 

3 

4 

5 

6 

Ti le moi NIPAM/HEMA 

40/60 

50/50 

60/40 

75/25 

90/10 

100/0 

LCST (°C) 

36,3 

36,7 

36,5 

35,8 

33,2 

31,8 

Trong phan tir NIPAM chira ca cac nhom ua nuac va kj nuoc trong khi HEMA chi chira 
cac nhom ua nuac. Su tang LCST ban dau la do tang so nhom ua nuoc trong copolyme khi tang 
ti le moi HEMA. Khi ti le moi NIPAM tang, gia tri LCST giam rd ret do tang tinh ki nuac cua 
copolyme, tao dieu kien cho copolyme tach khoi dung dich d nhiet do thap hon. Do do, LCST c6 
thi dugc kilm soat thdng qua viec dieu chinh phan ki nudc nong copolyme tao thanh va nhd dd 
cd thi kiem soat dugc nhiet do tai dd copolyme hoa tan hoac ket tiia. 

4. KET LUAN 

Cac hlng so ddng triing hgp ciia NIPAM va HEMA thu dugc bang phuong phap Kelen -
Tudos la r, = 0,05 va r2 = 0,5. tang ti le moi HEMA , gia Ui LCST ciia copolyme ting va poly 
(NIPAM -co-FIEMA ) thi hien tinh nhay nhiet ro ret vdi gia tri LCST tang khi tang ti le moi 
HEMA din 60 %. 
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Copolymers of poly (N - isopropylacrylamide - c o - 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 (rN̂ AM =0.05; r„EMA = 0.5).The sttuctare of copolymers were characterized 
by IR spectrum; lower critical solution temperahue (LCST) of copolymer increase when 
increasing HEMA monomer. 

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

mailto:thanh.hdQl@gmail.com



