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SUMMARY

STUDY ON KINETICS AND SWELLING BEHAVIORS OF THE (n-
ISOPROPYLACRYLAMIDE-co-MALEIC ACID) COPOLYMERIC HYDROGELS

Copolymers of N-isopropylacrylamide (NIPAM) and maleic acid (MA) were synthesised
by free radical polymerization in water using N,N’-methylene bis — acrylamide (MBA) as
using N ’-tetrametyletylendiamin  (TEMED)/amoni  persunfat  (APS)
(ITEMED]/[APS]=1) as a system initiator. The reactivity ratios of the monomers were
computed by Kelen-Tudos method at lower conversion. Hydrogels swelling/deswelling
properties in water were investigated. The reactivity ratios obtained rnipam 0,45 and rwva
0.08 showed richer content of NIPAM than MA in the copolymer. In addition, swelling
equilibrium ratio increased by enhancing the MA content.
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1. MO PAU

Polyme chirc ndng hay con goi 1a polyme
thong minh dang ngay cang thu hut dugc
nhiéu sy quan tim cila cac nha khoa hoc
trong thoi gian gan dy. Cac vat liéu nay
c6 kha nang dép ung duoc vdi céc kich
thich bén ngoai nhu nhi¢t do (polyme
nhay nhiét), pH (polyme nhay pH), cac
kich thich héa hoc va sinh hoc... Co ché
cia polyme thong minh dugc giai thich
mot cach don gian 1a su thay d6i cau dang

cua cac mach trong polyme theo nhiing
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thay d6i clia moi truong ngodi giy ra
nhing tinh chat thii vi c6 gié tri ing dung
trong thyc té&. Mot trong nhimng mg dung
c6 gia tri nhat cta vat liéu polyme thong
minh la trong linh vuc y sinh [1-2].

N-isopropylacrylamid (NIPAM) la mot
loai polyme dugc nghién cuu ung dung
phd bién trong linh vyc vat liéu y sinh do
c6 gié tri nhiét d§ hoa tan gidi han dudi
(LCST) khoang 32 °C, rit gan véi nhiét
d6 co thé nguoi. Tuy nhién trong nhiéu

linh vuc ung dung lai doi héi diém LCST



cao hodc thap hon. Dbi véi cac tmg dung
lam hé dan thudc thi diém LCST doi hoi
cao hon diém LCST cua NIPAM [3-4].
Acid maleic (MA) la mdt monome ua
nude, ¢6 kha nang sir dung két hop voi
NIPAM nham ting diém LCST cua
NIPAM. Do vay, trong bai bdo nay, nhom
tac gia tién hanh nghién ciru dong hoc cia
qué trinh dong tring hop NIPAM va MA
trong sy c6 mat cua hé chit khoi mao
TEDEM/APS va chit tao luéi MBA.
Ngoai ra, qua trinh truong va nha truong
cua hydrogel NIPAM-co-MA trong nudéc
clia cac mau c6 chira ham lugng MA khac
nhau tai ciac pH khiac nhau ciing dugc
nghién cuu.

2. THUC NGHIEM

2.1. Nguyén liéu va héa chit
N-isopropylacrylamid (Aldrich), d6 tinh
khiét > 99%, acid maleic (Merck, Puc) do
tinh  khiét > 99%.  NN-
tetrametyletylendiamin (Aldrich) d¢ tinh
khiét > 99%, amoni persunfat (hing
Merck) d6 tinh khiét > 99%, dietyl ete
(Merck, btic), N,N'- metylenbisacrylamid
(MBA) (Merck, buc).

2.2. Tong hop copolyme

Qua trinh tong hop copolyme (NIPAM-
co-MA): duoc thuc hién trong dng thiy
tinh hinh try c6 duong kinh I5mm.
Monome, hé chét khoi mao
([TEMEDJ/[APS] = 1) duoc cho vao 6ng
nghiém ciing véi nudc cat. Thé tich dung
dich trong 6ng nghiém cb dinh 13 25ml.
Sau khi suc khi N, trong 15 phut, éng
thuy tinh dugc nut kin va hon hop duoc

dua dén nhiét do phan ung bang cach

ngam trong bé diéu nhiét. Két thuc phan
tmg hén hop phan tng duoc két tia nhiéu
lan trong dietyl ete va 1am kho trong chan
khong t6i khdi luong khong ddi, sau do
duogc bao quan trong binh hat am.
2.3. Téong hop Hydrogel (NIPAM-co-
MA)
Hydrogel (NIPAM-co-MA) dugc tong
hop voi cac diéu kién: néng d6 monome
0,7 M, nhiét d6 20 °C, ty 16 monome/chét
khoi mao = 70, ty 1€ [TEMED]/[APS] =
1, nong do chét tao ludi [MBA] = 1,2%.
Qua trinh tién hanh thi nghiém va tach san
pham hydrogel duoc thyc hién nhu trong
muc 2.2.
2.4. Phwong phap danh gia
Xac dinh thanh phan copolyme va hing
sd ddng trung hop: Thanh phan copolyme
dugc xac dinh bing phwong phap phan
tich nguyén t6. Hang s6 dong tring hop
dugc x4c dinh bang phuong phap Kelen-
Tudos [5].
Qué tinh truong cua hydrogel: Muc do
truong cua cac may hydrogel duoc xac
dinh bang phuong phap trong luong. Cac
mau gel duge ngam trong nudc cét it nhat
24 gio tai nhimng nhiét d6 nhat dinh va
khéi lugng cia gel dugc ghi lai tai nhimg
khoang thoi gian sau khi thim hét nudc
du trén bé mat bang gidy loc. Muc do
truong (SW) dugc xéac dinh nhu sau:
SW=Wy/W4 (9/9)
Trong d6: Ws va Wa: 1a khéi luong gel
sau khi truong c4n bang trong nudc cat va
khéi lugng gel sau khi lam kho trong chan
khong.
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Quad trinh nha truong cua hydrogel: trong
qua trinh nha treong, cac mau gel duoc dé
truong can bang trong nude cat & nhiét do
20 °C sau d6 gel truong dugc chuyén vao
nude cat & 50 °C dé dam bao nhiét d6 nay
cao hon nhi¢t do LCST cua hydrogel va
qua trinh thay d6i muc d6 truong xay ra
rd rang. Tai nhiing thoi diém nhét dinh,
khéi lwong gel duoc ghi lai sau khi thdm
hét nuc du trén bé mat bang gidy loc.
Kha nang gilt nudc (Q) dugc tinh theo %

va duoc xac dinh nhu sau:

WC 0,
-~ Yc100 (%
Q W ( )

Trong d6: Wc 1a khdi lugng gel ¢ cac thoi
diém khac nhau.

3. KET QUA VA THAO LUAN

3.1. Pong hoc qua trinh ddng tring hop
NIPAM va MA

Ty 18 thanh phin cia cic hdn hop
monome ciing nhu thanh phin cia
copolyme san phdm dugc trinh bay trong

Béang 1.

Bang 1. Thanh phin ciia NIPAM va MA trong hon hop dau vdo va trong copolyme

A Thanh phan nguyén t trong copolyme (%)

. Ty 1¢ mol Tinh toan 1y thuyét theo ty 1& n Két qua
Miu NiPAM/MA oan 1y thuyct theo ty fe hap _oetqua
vVao Phan tich nguyén t6
Ban dau | Copolyme” C H N C H N
M1 71/29 67/33 57,1 7,9 8,7 56,2 | 76 | 8.2
M; 67/33 65/35 56,2 7,6 8,2 55,8 | 75 | 8,0
M3 62/38 63/37 55,1 7,3 7,6 552 | 7,3 | 7,7
My 51/49 58/42 52,6 6,6 6,2 541 | 70 | 7,1
Ms 33/67 51/49 48,7 55 4,1 526 | 66 | 6,2
Me 14/86 42/58 44,4 4,3 1,7 50,7 | 6,1 | 51

*Thanh phan NIPAM trong copolyme dugc tinh trén co s¢ két qua phan tich nguyén t6
(Nhiét dg tong hop tai 20 °C, [NIPAM + MA]=0,7M; 1 Ié [M]/[T] = 70; ty I¢
[TEMED]/[APS] = 1, dj chuyén héa <10%)

Duya vao dir lidu két qua phan tich thanh
phan copolyme thu dugc trong bang 1 va
str dung phuong phap Kelen-Tudos dé xac
dinh hang s6 déng trung hop r1, r2 twong

g cia NIPAM va MA, két qua tinh todn
cac hé sd cua phuong trinh Kelen-Tudos
dugc trinh bay trong Bang 2.

Bdng 2. Céc hé s6 trong phirong trinh Kelen-Tudos

x M, é XY -1 X? = G
Mau X:Miz Y:¢72 G= (Y ) F=7 a=\/FminFmax §:a+F :((Z+F)
M, 2,45 2,04 1,25 2,94 0,90 0,38
M; 2,03 1,87 0,94 2,20 0,87 0,37
M3 1,63 1,67 0,65 1,59 0,32 0,83 0,34
Mg 1,04 1,36 0,28 0,80 0,71 0,25
Ms 0,50 1,03 0,01 0,24 0,43 0,03
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Puong biéu dién su phu thudc n vao
dugc biéu dién trén Hinh 1.
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Hinh 1. Puong biéu dién sw phu thudc n
theo ¢ cua hé NIPAM -co- MA

Ngoai suy tir két qua phuong trinh K-T ta
duoc:

v6i £ =0 - rva=0,08

voi £ =1 rnieam = 0,45
Tir cac két qua hé s6 dong trung hop cho
thiy cic monome MA va NIPAM c6 xu
huéng két hop véi nhau hinh thanh céc
copolyme hon 1a tyr két hop v6i nhau dé
hinh thanh cac homopolyme. Ngoai ra,
san pham thu duoc c6 do luan phién tot
(rma.rnipam 0,036) va chira nhiéu
NIPAM hon.
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3.2. Qua trinh trwong/nha trwong cua
hydrogel (NIPAM-co-MA)

Anh huéng cua ham luong MA dén qua
trinh truong va nha truong cia hydrogel
duogc khao sat véi cac ty 1€ NIPAM/MA =
95/5, 85/15 va 75/25. Puong cong qua
trinh truong va nha truong cla cic mau
hydrogel c6 ham luong MA thay doi thé
hién trén Hinh 2 va Hinh 3. Két qua cho
thiy toc d6 trwong va nha truong cua
hydrogel cling nhu murc d truong & trang
thai cAn bang, thoi gian dat trang thai
truong can bang (0% MA, 5% MA, 15%
MA, 25% MA lan luot 1a: 300, 270, 240,
180 phut) déu ting. Sy thay doi nay 1a do
khi ting ham lugng MA sé& lam ting s6
lugng cac nhém uwa nuéc (-COOH) dan
dén tang lyc ddy tinh dién gitta cac doan
mach hydrogel 1a nguyén nhan m¢ rong
ciu tric cac 0 mang thuan loi cho viéc
khuéch tan cta cac phan tir nudc ciing
nhu s6 lugng vao trong ciu tric hydrogel,

viéc tang s6 lwong nhém COOH ciing lam

taing sO luong lién két cua nudc véi

hydrogel.

—a— NIPAM/MA 100/0
—x— NIPAM/MA 95/5

=
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o

—— NIPAM/MA 85/15
—o— NIPAM/MA 75/25

150

200

250

Tho&i gian (phut)

300 350 400

Hinh 2. Qua trinh truwong cua hydrogel (NIPAM-co-MA) voi cac ty Ié MA khac nhau trong

nuwde cat tai 20 °C
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Hinh 3. Qua trinh nha truong cua hydrogel (NIPAM-C0-MA) véi cdc ty 1é¢ MA khac nhau

trong nuéce cat tai 20 °C
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—a— NiPAM/MA 100/0
—x— NIPAM/MA 95/5
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Hinh 4. Anh hwéng ciia pH méi trwong dén mire @6 trwong ciia hydrogel ¢ ham lwong

MA thay déi tai 20 °C

3.3. Anh huwéng ciia ham lwgng MA dén
mirc dj trwong cua hydrogel (NIPAM-
co-MA) tai cac pH khac nhau

Anh huong cia ty 16 mol MA dén murc d6
truong cua hydrogel tai cac pH khéac nhau
dugc  khdo sat  vor ty 1€
NIPAM/MA=95/5, 85/15, 75/25, pH 2-8.
Mtc d6 truong clia cac mau hydrogel véi
ham luong MA thay ddi trong cic dung
dich dém c6 pH khac nhau duogc biéu dién
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trén Hinh 4. Mrc d6 truong can bang cia
cac hydrogel véi cac ty 1€ NIPAM/MA
khac nhau dugc tién hanh ¢ 20 °C trong
khoang pH tir 2 téi 8 cho thdy muc do
truong ctia hydrogel ting khi pH ting. Tét
ca cac mau hydrogel déu c6 do truong can
bang cuc dai khi pH 7 diéu nay 1a do sy
phan ly hoan toan ctia cac nhoém acid cé
trong MA tai gia tri pH nay. Bén canh do,

viéc MA 1a acid hitu co c6 hai mirc phan



ly 1a pKa1 = 1,85 va pKa2 = 6,06 khac nhau
16n nén 1a nguyén nhan dan téi do truong
dién ra theo hai muc 1o rét. Trong khi véi
hydrogel (NIPAM) d¢ truong khong bi
anh huong bdi pH ciia moi truong 1a do
day la hydrogel khong chira nhém c6 kha
nang bi ion manh. Bén canh do, véi viéc
quan sat toc do truong cin bang cia cac
miu hydrogel theo thoi gian cho thiy
dudi didu kién acid, cdc nhoém anion
cacboxylat bi proton hoéa dan t6i cu tric
cua copolyme co lai trong khi tai pH cao
thi mat d6 cac nhom nay ting dan toi co
su thay d6i vé toc do truong.

4. KET LUAN

Pa tong hop dugc hydrogel NIPAM-co-
MA tr NIPAM va MA c6 st dung hé
khoi mao [TEMD]/[APS] = 1, chit tao
lugi MBA. Két qua xac dinh hing s
dong trung hop ciia NIPAM va MA bang
phuong phap Kelen-Tudos la rnipam =
0,45 va rua = 0,08. Viéc tang ham lugng
MA lam cho muc d¢ truong ctua hydrogel
thay d6i rd rét theo pH (d6 truong cua
hydrogel NIPAM-co-MA tang khi thay
d6i pH tang tir 2+7). Khi ting ham lugng
MA thi thoi gian dat trang thai can bang

trong nghién cuu muc do truong va nha

truong giam.
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