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NGHIEN CUU TONG HQP
POLIME NHAY NHIET POLY
(N-VINYL CAPROLACTAM)
VA DAN XUAT ACRYLATE

® PHUNG ANH TUAN - CAO HONG HA - HUYNH TRUNG HAI

TOM TAT:

Poly (N-vinylcaprolactam) (PNVCL) 12 mot polime nhay nhiét, dudc rat nhi€u nha khoa hoc
quan tAm nghién ctu. Qu4 trinh tring hgp ciia PNVCL rat kho ki€m sodt. Bai bio nghién ctu

tong hgp copolime ctia N-vinyl caprolactam va dan xuét acrylate bing phan tng triing hgp quang,
st dung chat khoi mao quang 1a Phenylbis (2,4,6-tri-methylbenzoyl) phosphine oxide va ngudn
sang UV halogen huynh quang budc séng A = 350 - 450 nm. Cic y&u t& anh hudng d&€n do chuyén
héa polime dugc khio st 1a ndng d6 chat khoi mao quang, thdi gian phan Gng va ndng do

monome tham gia phin ng. Cau triic va kha ning nhay nhiét clia copolime tao thanh dugc xdc
dinh bing phuong phip chup phd hdng ngoai (FTIR) va phd UV-vis. K&t qud nghién ctiu cho
thay, thdi gian chi€u sdng 30 phit, ndng do chat khoi mao 2,2% va khdi lugng monome 3,5 g thi
d6 chuyén héa polime dat 90%. Hon nita, polime tao thanh cho thy nhay nhiét trong khoang tir
32 - 40°C, gin v6i nhiét do cd thé ngudi nén c6 tiém ning ng dung trong linh vuc y sinh.

Tu khoéa: polime, nhay nhiét, tring hgp quang, PNVCL, khdi mao quang.

1. Pat van dé

Poly (N-vinylcaprolactam) (PNVCL) 1la mdt
polime nhay nhiét, dugc rat nhiéu nha khoa hoc
quan tim nghién cttu. PNVLC c6 tinh ch4t nhiét
chuyén pha trong nudc (LCST) la 30 - 32°C
(Subhash D., 2021). PNVCL c¢é thé truong dé
chuyén trang thdi trong mdi trudng nuéc & nhiét
dd LCST. Qud trinh trung hop cia PNVCL rat
khic biét va rat khé ki€m sodt (Kozanoglu S.,
2011). C6 nhiéu nghién ctu vé qud trinh tring
hdp PNVCL st dung phuong phép tring hdp goc

362 S6 7 - Thang 4/2024

tu do da thyc hi€én thanh cong. PNVCL dudc tring
hgp biing gdc ty do trong nhiéu mdi trudng khic
nhau, nhu mdi trudng toluen, benzen, isopropanol,
isopropanol, dimethylsulfoxide (DMSO)/water,
water, p-dioxane and N,N-dimethylformamide
(DMF) (Kozlovskaya V., 2020). PNVCL trung
hgp trong nudc hodc cdc hé c¢6 chira nuGe sé cho
trong lugng phan ti cao, nhung qud trinh ki€m
sodt tring hgp kém. Cdc nghién ctfu vé dong hoc
clia phan ng tring hgp PNVCL kiéu gdc tu do
dudc thuc hi€n trong mdi trudng hitu c¢d 1a benzen
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va p-dioxan. Tuy nhién, cdc nghién cdu nay s
dung phuong phép tring hdp dung dich sdn phim
PNVCL tao thanh trong dung moéi, va qud trinh
tich PNVCL ra khéi dung moi la khé khian
(Cortez-Lemus N. A., 2016).

Céc polime nhay nhiét dudgc nghién ctu rong rai
trong cic ing dung y sinh. PNVCL c6 chita nhém
amit cung cAp tinh chit ua nudc cho polime (EI-
Sherbiny 1. M., 2013). PNVCL bao gdm 01 don vi
14dp lai cia nhém vong amit ndi ma Nito gin truc tiép
vao phan wa diu cda polime. Vi vay, khong nhu
poly(N-alkylacrylamide) (PNIPAAm), PNVCL
khong san xut ra cdc din xudt amit nhd dua trén sy
thiy phan (Klouda L. ,2015). Nhu da biét, khé ning
tuong thich sinh hoc ctia cdc polime tdng hdp dudc
cai thién bing cach ghép mach véi poly(ethylene
oxide) (PEO) or poly(ethylene glycol) (PEG), vi
ghép mach tao ra luc ddy khong gian chong lai su
hip thu protein (Khoo Z. X., 2015). PNVCL la
polime ua nudc & nhiét @6 phong va dugc nghién
cifu cho nhiéu ng dung y sinh. Vi vy, polime nay
rat thu hiit cac nghién cu lién quan d&n ng dung y
sinh va mdi trudng (Liu Y., 2018).

Bai bdo trinh bay nghién citu tdng hgp polime
(N-vinyl
caprolactam) va din xudt cla acrylate si dung

nhay nhiét thudn nghich Poly
phuong phdp tring hop quang két hgp véi khoi
mao quang goc tu do nhay vdi 4nh sing UV. Két
qud nghién citu cho thidy, copolime tao thanh
khong bi phan hily nhém amit va c6 kha ning nhay
nhiét & khodng nhiét do 32 - 40°C. Sdn phim
copolime tao thanh la vatli¢u hydrogel nhay nhiét
thuan nghich, c6 tiém ning tng dung trong nhiéu
linh vuc nhuin 3D, y-sinh hoc, hodc moi trudng.

2. Nguyén liéu va phuong phap

2.1. Nguyén li¢u, héa chdt dung cu thiét bi
nghién ciiu

- N-vinyl Caprolactam CgH{3NO (Sigma
Aldrich), >98%: NVCL.

- 2-hydroxyethyl methacrylate,
(Sigma Aldrich), >99%: 2-HEMA.

- Phenylbis (2,4,6-tri-methylbenzoyl)
phosphine oxide, (Sigma Aldrich) >97%.

CeH1003,

- N,N'-Methylenebisacrylamide, (Merck) > 97
%: MBA.

- Etanol, C,H5OH, (Aladdin, TQ), >99%.

2.2. Phuong phadp nghién citu

- Phuong phdp tring hgp goc tu do, khoi mao
quang dnh sdng UV.

- Pén chi€u UV huynh quang: dii quang phd
350 - 450 nm, cudng do trung binh 10 - 13.5
mW/cm? (Hinh 1).

Hinh 1: Hé théng dén UV (a) va khuén
silicon (b) thuc hién phdn lng trang hgp
quang PNVCL

- Hon hdp polime dugc tron theo khdi lugng
monome NVCL va HEMA mong mudn, két hop
v6i chat khoi mao va chat tao ludi 2%. TAt ca hdn
hgp dugc hoa tan trong etanol theo lugng etanol
xdc dinh, k&t hdp rung siéu am 30 phiit cho tan
hoan toan.

- Dung dich hdn hgp sau d6 dudc cho vao khudn
silicon, chi€u 4nh sing UV.

- MAu sau khi dugc chi€u sing, dugc ngdm
trong nu6c khit ion 24h va sdy chian khong dén
khdi lugng khong doi.

- Thong s6 khédo sat phdn ng trung hgp quang
dugc trinh bay trong Bang 1.

BAng 1. T8ng hop cdc théng sé khdo sat
phdn (ing tring hdp quang PNVCL

STT Thong s khao sat Giatr

Nong do chat
khai mao quang

0,05-0,4
(% khdi luong)

2 | Theigian phan ting 10 - 40 (phat)

1-6(9)

3 Khéi lugng monome NVCL
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*Phan tich cAu tric va kh3 ning nhay nhiét clia
copolime

- Xdc dinh dd chuyén héa

Vi copolme dugc tring hgp bang phuong phap
tring hop khdi, khoi mao quang gdc ty do, cho nén
d6 chuyén héa dugc xac dinh theo cong thiic sau:

Do chuyén héa = (Khoi lugng polime tao
thanh/kh&i lugng monome) * 100%.

- Xéc dinh cAu tric clia copolime: Cédc miu
copolime sau khi siy kho dugc phan tich FT-IR,
nhiét d6 25°C, budc song quét 4000 - 650 cm™.

- Xdc dinh khd ning nhay nhiét: St dung
phuong phdp do UV-VIS véi bude séng quét tir 320
- 800 mm, may UV-VIS DR3900,
vGi 02 mirc nhiét do 20°C va 50°C.

3. K&t qua nghién ciu va thao

2,2 (% khéi lugng), phan tng dat do chuyén hod
cao nhat1a 86%. Tuy nhién, ting ti€p ndng do khoi
mao quang 1én 3,7 va 4,5 (% khoi luong), thi do
chuyén héa gidm nhe con 73%. Nguyén nhan dugc
cho 1a ndng @6 chat khoi mao qud cao sé& sin sinh
ra qud nhiéu gdc tr do va qué trinh khdi mao qué
nhanh ciing sé& khi€n cdc gdc tv do nay két hgp véi
nhau va khong con khd nang khoi mao cho phan
rng chudi ti€p theo.

K&t qud khdo sit dnh hudng ctia khdi lugng
monome NVCL dé&n d6 chuyén héa dudgc trinh bay
trong Hinh 4. K&t qua khao sdt cho thdy, khoi lugng
monome tham gia phdn tng quang tring hgp cé

Hinh 2: Anh hudng cla thdi gian chiéu séng phdn tng
dén dé chuyén héa polime P(NVCL-co-HEMA)

luan

3.1. Anh huéng ciia cdc yéu to 100
khdo sdt dén do chuyén héa polime 9
PNVCL va ddn xudt acrylate :.;'; 80

K&t qud khdo sat 4nh hudng clia 2 60
thdi gian chi€u sang d€n do chuyén .
héa P(NVCL-co-HEMA) dugc thé 5 40
hién & Hinh 2. K&t qud cho thay, o 20
thdi gian chi€u sdng ¢6 4nh hudng @
dén do chuyén héa phin ting quang 0
trung hgp. Thdi gian ting thi do
chuyén héa ting, tuy nhién khi ting
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Théi gian chiéu sang phan &ng (phut)

thdi gian chi€u sing d&n 40 phiit thi
d6 chuyén héa ting khong dang ké
(Hinh 2). Piéu nay c6 thé giai thich

Hinh 3: Anh hudng ciia néng dé chét khoi méo quang
dén dé chuyén héa PNVCL

do sau 30 phut sy tao thanh polime

lam can tr§ qué trinh chuyén dong 100

cta phan tf monome trong qué trinh :,\_:, 30

phiat trién mach vad ndng do ‘S

monome gidm nén toc do phdn dng = 60

winepopehmlat. 3 40
Két qua khdo sat anh hudng cua <

ndng dd chit khoi mao quang 4nh o 20

hudng d€n @6 chuyén héa P(NVCL- @ 0

co-HEMA) dugc trinh bay trong

Hinh 3. Vi thoi gian chi€u sang 30

phiit, ndng dd khoi mao quang la

1.3 1.8 2.2 3.0 3.7 4.2

Nong d6 khoi mao quang (%)

364 S6 7 - Thang 4/2024




HOA HOC - CONG NGHE THUC PHAM

dnh hudng dén do chuyén hoa
polime. Khi lugng
monome tham gia phan tng thi do
chuyén héa ting 1én. Tuy nhién, khi
ting ti€p thi d6 chuyén hoa lai c6 xu

ting khoi

huéng gidm (Hinh 4). Diéu nay c6
thé giai thich 1a do phan tng triing
hgp trong khudng silicon, nén khi
ting khoi lugng monome, do day
clia mau ting, dAn dén cdn trd 4nh
sdng trong qua trinh tring hgp gidm.

3.2. Phén tich c@u triic copolime
P(NVCL-co-HEMA) tao thanh

Miu copolime P(NVCL-co-
2HEMA) tdng hop bing phin tng
tring hop quan gdc tu do dugc lua
chon d€ phan tich ciu tric. K&t qua
phan tich phd FTIR dugc thé hién
trong Bang 2.

Quan sit phd FT-IR cila
P(NVCL-co-2HEMA)
cho thdy, peak nhém cacbonyl 1a
1607 cm’'. Peak clia lién két doi
bi€n ma't. Peak lién k&t mach thing
C-H dich chuyén 13 2924 cm™ va
2855 cm’! do tdc dong cda lién két
C-H trong ciu tric phan tir. Céc
peak cua nhém vinyl (=CH va
=CH,) khong xudt hién trong
polime. Ngoai ra, peak & vi tri 3400

copolime

cm’! tudng dng v6i nhém OH c6
trong PNVCL do PNVCL hiit 4m tir
khong khi. C6 thé két luin, qud
trinh trung hgp tao thanh polime
PNVCL khong lam thay ddi vong
caprolactam.

K&t quid do UV-vis dudc trinh
bay trong Hinh 5. K&t qua do UV-vis
cho thiy, nhiét do lam thay ddi do
hdp thu cta P(NVCL-co-HEMA)
trong nude. O nhiét do 20°C - 30°C
dd hap thu rat thip (< 0.1), dung
dich trong su6t. Khi ting nhiét do

Hinh 4. Anh hudng cda khéi ligng monome tham gia
phdn ing dén dé chuyén héa PNVCL
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Bdng 2. Phd FT-IR clia copolime P(NVCL-co-2HEMA)
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Hinh 5. Mt dé quang cta dung dich polime P(NVCL-co-
HEMA) theo nhiét dé
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1én tir 32°C - 40°C do hap thu ting 1én va dat gia tri
16n nhat = 1.52 & nhiét do 40°C. Tuy nhién, khi
nhiét do ting tir 40°C - 50°C, do hap thu gidm. biéu
nay dudc cho la cac phin t polime trong dung dich
PNVCL tao gel nén dung dich c6 mau tring duc va
do hap thu ting. Khi nhiét d ting cao thi cic gel
ti€p tuc phat trién va tap hop két tu lai véi nhau va
sa ling xuong. K&t qua la dd hap thu cia dung dich
gidm khi nhiét do ting qué 40°C.

4.Kétluan

Polime nhay nhi¢t P(INVCL-co-HEMA) dudc
tdng hdp thanh cong bing phuong phap tring hdp
quang goc ty do st dung khoi mao quang nhay dnh
sang UV. Polime P(NVCL-co-HEMA) tao thanh

Loicam on:

dugc phan tich bdi phd FTIR va UV-Vis. Polime
P(NVCL-co-HEMA) tao thanh nhay nhiét &
khodng 32°C - 40°C, vong caprolactam khong bi
phd hdy sau phdn tng. K&t qui nghién citu cho
tha'y, ndng do chat khoi mao, thdi gian chi€u sang
phdn @ng va ham lugng monome tham gia phan
ing ¢6 4nh hudng d&€n dd chuyén héa polime
P(NVCL-co-HEMA). Ngoai ra, ndng do chat khoi
mao AIBN 1a 2,2%, thdi gian phdn tng la 30 phit
va khdi lvgng monome tham gia phdn ting 12 3,5 g
thi hiéu suat chuyén héa polime dat cao nhat. K&t
qua c6 y nghia cho viéc phat trién cdc nghién citu
ti€p theo vé kha ning tng dung lam vat liéu in 3D
stt dung cong nghé chi€u sding UV m

Tdc gid xin giii loi cdm on dé tai By Gido duc va Dao tao mé sé B2021-BKA-20 da tai trg kinh phi cho

nghién citu nay.
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2.CAO HONG HA!
3.HUYNH TRUNG HAT!
Pai hoc Bach khoa Ha Noi

A STUDY ON THE PREPARATION OF THE THERMALLY
RESPONSIVE POLY (N-VINYL CAPROLACTAM)
AND ACRYLATE DERIVATIVE

® PHUNG ANH TUAN!
® CAO HONG HA!
® HUYNH TRUNG HAI

'Hanoi University of Science and Technology

ABSTRACT:

Poly (N-vinyl caprolactam) (PNVCL) is a thermally responsive polymer that many
scientists are interested in researching. It is very difficult to control the polymerization of
PNVCL. The study presented the photo-polimerization of N-vinyl caprolactam and acrylate
derivative monomers with the use of phenylbis(2,4,6-tri-methylbenzoyl) phosphine oxide as a
photo-initiator and UV halogen lamps with a wavelength of A = 350 - 450 nm. The study
analyzed the impacts of photo-initiator concentration, reaction time, and monomer
concentration on the conversion efficiency of photo-polymerization. The prepared polymer’s
structure and thermal sensitivity were determined by infrared spectroscopy (FTIR) and UV-vis
spectroscopy. The results indicated that under the reaction time of 30 minutes, the photo-
initiator concentration of 2.2%, and the monomer concentration of 3.5 grams, the conversion of
photo-polymerization is 90%. The obtained polymer has a thermal sensitivity within the range
of 32 to 40°C, which is close to human body temperature, thus having potential biomedical
applications.

Keywords: polyme, thermal sensitivity, photo-polimerization, PNVCL, photo-initiator.
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