Tap chi Khoa hoc Pai hoc Can Tho

Tap chi Khoa hoc Dai hoc Can Tho Hieeclio

Tép 60, S6 64 (2024): 104-109

s

ISSN 1859-2333 | e ISSN 2815-5599

DOI:10.22144/ctujos.2024.475

NGHIEN CUU TONG HQP POLYCAPROLACTONE TRIOL HINH SAO
LAM NGUYEN LIEU TONG HQP POLYURETHANE
PINH HUONG UNG DUNG TRONG Y SINH

Huynh Dai Phu'*", Tran Pirc Manh', Mai Hitu Xuan® va Nguyén Thi Kim Phuong*
'Khoa Céng nghé Vit liéu, Truong Pai hoc Bach Khoa, Pai hoc Quoc gia Thanh pho Ho Chi Minh,

Viet Nam

2Trung tam Nghién ciru Vit liéu Polymer, Truong Pai hoc Bach Khoa, Pai hoc Quéc gia Thanh ph(f Ho6 Chi

Minh, Viét Nam

3Khoa Khoa hoc Ung dung, Truong Pai hoc Bach Khoa, Pai hoc Quéc gia Thanh phé Hé Chi Minh,

Viét Nam

1Vién kiém nghiém thuoc Thanh phé Ho Chi Minh, Viét Nam
*Tac gia lien hé (Corresponding author).: hdphu@hcmut.edu.vn

Thong tin chung (Article Information)

Nhdn bai (Received): 22/06/2024
Stra bai (Revised): 05/08/2024
Duyét dang (Accepted): 16/10/2024

Title: Synthesis of star-shape
polycaprolactone triol in the
preparation of Polyurethane
polymerization for biomedical
applications

Author(s): Huynh Dai Phu'**, Tran
Duc Manh!, Mai Huu Xuan' and
Nguyen Thi Kim Phuong’

Affiliation(s): ' Faculty of Materials
Technology, Ho Chi Minh City
University of Technology, Viet Nam

TOM TAT

Trong nghién cuu nay, polycaprolactone triol (stPCL) hinh sao da
diegre tong hop thanh cong théng qua phan g trung hop mo vong
cua e-caprolactone (CL), sur dung glycerol lam chat khoi dau va
Sn(01)2 lam chdt xiic tac. Khoz lwong phan tir ciia stPCL dugc xdc
dinh bang phwong phdp sdac ky gel (GPC,) nam trong khodng
1.600Da. Céu triic cua stPCL dwege xdc dinh bang pho cong huong
tir hat nhan (1H-NMR) va quang phé hong ngoai bién doi Fourier
(FTIR). San phdm stPCL nay dwoc sie dung lam nguyén liéu chinh
dé tong hop polyurethane (PU) nhiét rin dinh huéng g dung
trong linh viee y sinh.

Tir khoa: Poly e-caprolactone, polymer phan huy sinh hoc,
polymer sinh hoc, polyurethane

ABSTRACT

In this study, star-shape polycaprolactone triol (stPCL) was
successfully synthesized via ring-opening polymerization of e-
caprolactone (CL), using glycerol as the initiaton and and Sn(Ot),
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as the catalyst. The molecular weight of stPCL, determined by gel
permeation chromatography (GPC), was found to be around
1.600Da. The structure of stPCL was characterized using
hydrogen nuclear magnetic resonance ('H-NMR) and fourier
transform infrared spectroscopy (FTIR). This stPCL product was
used as the main raw material for synthesizing thermosetting
polyurethane (PU) aimed at biomedical applications.

Keywords:  Biodegradable, biopolymer, poly e-caprolactone,
polyurethane
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1. GIOI THIEU

Polycaprolactone (PCL) 1a mét loai polyester
phan hiy sinh hoc bang phan tmg thiy phan méi lién
két ester trong mach phan tir cia nd trong moi
truong nude hodc co thé (Woodruff & Hutmacher,
2010; Guarino et al, 2017). Tuy nhién, téc do phan
hiy kha cham vi n6 co tinh ky nudc twong dbi cao.
Néu e-caprolactone duoc dong trung hop véi poly
(ethylene glycol) (PEG) dé tao copolymer khoi
PCL/PEG (Kowalski et al., 2000; (Storey &
Sherman, 2002), thi tinh va nuérc va kha nang phan
huy sinh hoc cua ching c6 thé duoc cai thién. Trén
co ¢ do, chung ¢6 thé duoc tmg dung rong rai hon
trong nhiéu linh vic nhu méi truong, y €, duoc
phim va nhiéu tng dung khic (Chen, 2014).
Kouparitsas et al. (2019) da tong hop thanh cong
polycaprolactone, st dung hé xtic tdic nhom Al-
MDBP véi chat khoi mao ruou khac nhau. Qua trinh
duoc thyc hién trong binh chira 250 ml toluen &
40°C, méi truong nito trong vong 5 gid. Két qua
polycaprolactone thu dugc c6 trong lugng phan tir
¢6 thé kiém soat v6i cac nhom chirc cudi mong
mubn va cho hiéu suat chuyén héa cao, 6 da phan
tan thap. Trong cac loai PCL, loai c¢6 c4u trac hinh
sao (stPCL) méi dwoc phat trién trong thoi gian gan
day voi nhiéu dinh huéng tng dung hon so véi PCL
mach théng do n6 ¢6 thé tao duoc loai nhya c6 cu
trac mang khong gian khi phan tmg véi cac chét
khac nhu diisocyanate, diacid,... Pé lam co sé cho
dinh hudng tng dung trong linh vyc y té, Marijana
et al. (2020) da tong hop nhiéu loai stPCL véi sd
lwong nhanh khac nhau, dong thoi nghién ciru qua
trinh phén hiy cua ching va doc tinh sinh hoc anh
hudng boi s nhanh. Natjaya et al. (2022) d sir dung
stPCL dé tao ra hé composite hydrogel v6i chitosan
dé img dung trong linh vyuc y sinh. Mot trong nhiing
hudéng tng dung mai cua stPCL dugc nghién cou
bdi Giacomo et al. (2021) 1a su dung stPCL nhu la
mot chét hoat dong hd trg cho viée hinh thanh nano
tur graphite.

Polyurethane (PU) la mét vat li€u quan trong
trong linh vuc y sinh, mot s6 vi du dién vé ung dung
PU trong linh vuc nay nhu ndi tang nhan tao, thiét
bi y té va vat lidu y té&. Mot trong nhing san phim
g dung trong y té cua PU 14 bing dan y té. Su lya
chon PU lam vét liéu nén cho bang déan chi yéu dwa
trén céc 1y do sau: (1) Vat liéu PU bao gdm cac phan
doan mém va cling, va hiéu suét cta vat liéu PU ¢6
thé dugc didu chinh bang cach thay dbi loai va ty 1&
céc phan doan mém va cung; (2) Vat liéu PU c6 tinh
chat co hoc phu hop véi timg loai tmg dung va d&
gia cong; (3) Vat liéu PU c6 kha nang tuong thich
sinh hoc t6t va doc tinh thap. Phuong phéap tong hop
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PU chinh 1a bang phan ting cong gitra nhém OH cua
polyether, polyester hodc polycarbonate diol véi
diisocyanate, sau do bang bd mé rong chudi dé mo
rong chudi thanh polymer. Chudi chinh ctia PU bao
goém cac doan mém va cimg. Do sy khong tuong
thich nhiét dong giita cac phan doan mém va cung,
hiéu suét tong hop ctia PU ¢6 lién quan dén ciu tric
hoa hoc va ty 1¢ giira cac phan doan mém va cing,
diéu nay cang anh huong dén hiéu suét ctia vat liéu
PU (Nikoletti et al., 1999). Nghién ctru ctia Selvaraj
et al. (2015) da cong bd vé céac loai nguyén vat liéu
duoc st dung cho bang dinh trén da véi nhiéu muc
dich khac nhau. Trong cong bd nay, PU 1a mot trong
nhitng loai vt liéu duoc quan tim boi nhiéu nha
khoa hoc. Nhan dinh ndy ciing dugc nhic trong
nghién ctru cua Savannal et al (2021). Sophie et al.
(2021) da tong hop PU tir nguyén liu co nguon gbe
thién nhién va thir nghiém tng dung cho nhiéu san
pham trong linh vuc y sinh.

Da sb cac nghién ciru tong hop PU tir PCL {mg
dung trong linh vyc y t& déu tép trung vao sir dung
PCL mach thﬁng. bdi vé6i linh vuc khac, PU téng
hop tir stPCL da dugc nghién ctru trong linh vuc
polymer nh¢ hinh (Khine et al., 2011). Trong nghién
ctru nay, stPCL duoc tong hop tir e-caprolactone va
glycerol dé lam nguyén liéu nén tong hop PU dinh
hudng Gng dung trong linh vyc y sinh. PU sau khi
tong hop duge phan tich ciu tric bang cac phuong
phap phan tich "H-NMR, FTIR. Két qua nghién ctru
14 co s6 dit lidu tién dé cho cac nghién ciru tng dung
tiép theo nhu mot nguyén liéu lam bang dan trén da.

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén vit liéu

Céc nguyén liéu st dung trong nghién ctru nay
bao gdm: e-caprolactone (Sigma-Aldrich, 97%),
glycerol (Sigma-Aldrich, 99%) va thiéc octoate
Sn(Oct): (Sigma-Aldrich 98%) polyethylene glycol
(Sigma-Aldrich, 99%), hexamethylene diisocyanate
(Sigma-Aldrich, 99%), ethyl acetate (Sigma-
Aldrich, 99,8%), chloroform (99,9%) va n-hexan
(99.9%) dugc cung cip boi Samchun.

2.2. Tién hanh thi nghiém

2.2.1. Téng hop stPCL

Phan (g tong hop stPCl dwogc trinh bay &
hinh 1

Trugce tién, 45,7778 g CL, 7 g glycerol va 0,1252
g Sn(Oct)z dugce cho vao binh cau 2 ¢6 250 ml c6 bd
khay tir. Sau d6, hon hop duge gia nhiét dén 90°C
va hat chan khong trong 1 gi¢. Sau do, khi N> dugc
nap dé tao moi truong khi tro, gia nhiét dén 140°C
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dé thyc hién phan tng trong 4 gid. Hon hop phan
g duoc giai nhiét dén 70°C, sau d6 hoa tan mau
bang 50 ml chloroform. Dung dich stPCL trong
chloroform dugc rira lai trong 500 ml n-hexan. San
pham két tia sau rira dugc chiét tach va siy chan
khong ¢ 80°C trong 24 gid, duge stPCL ¢ dang rén
va dugc luu trit trong ti dong ¢ nhiét d6 dudi -10°C.
Céc tinh chat ciia san pham dugc danh gia bang cac
phuong phép phan tich GPC, '"H-NMR va FTIR.

0 h/\/\/\or‘
HO o} N
q \/\/\JI
Ho—( * — H"O 0
‘)Jm/\/\/\o}H
HO
Glycerol

CL stPCL

Hinh 1. Phuong trinh phan ng tong hop stPCL
2.2.2. Téng hop PU

Dau tién, 12 g stPCL duoc pha lodng voi 49 g
PEG va 5 g glycerol trong cdc thuy tinh 500 ml &
nhiét @6 60°C trong 10 phiit. Sau d6, hon hop dugc
can va cho tu tir 34 g hexamethylene diisocyanate
vao hé phan tmg dé tién hanh dong rin stPCL bién
tinh PEG bang diisocyanate. Sau dé, 50 g ethyl
acetate duoc cho vao hé dé pha loang. Cudi cing, db
hén hop ra dia petri va dé kho trong tu nhién 24 gio,
sau d6 say ¢ 60°C trong 72 gid. Sau khi hoan thanh
qua trinh sdy kho, cac tinh chat cua san pham duoc
danh gia bang cac phuong phéap phan tich 'TH-NMR
va FTIR.

2.3. Phuong phap phan tich

Céu trac ciia stPCL va PU trong nghién ciru nay
dugc phan tich bang ATR-FTIR (trén may Nicolet
6700 (Thermo) & Truong Dai hoc Khoa hoc Ty
nhién - Pai hoc Qubc gia Thanh phd HS Chi Minh)
va 'H-NMR (trén may Avance 400 MHz (Bruker) &
Vién kiém nghiém thuc Thanh phd H6 Chi Minh)
trong dung méi CDCI3.

. Khdi lugng phén tir cua stPCL duoc phan tich
bang phuong phap GPC dau do Infinity II Multi-
Detector 1260 (mdy Agilent series 1100) tai Truong
Pai hoc I§ho§1 hoc Ty nhién - Pai hoc Quoc gia
Thanh pho H6 Chi Minh.

3. KET QUA VA THAO LUAN

3.1. Danh gia trong lwgng phén tir ciia stPCL

Duya vao két qua do mau stPCL bing phuong
phap séc ky gel trén Hinh 2, c6 thé nhén thy ring
san pham polycaprolactone triol da tong hop co

trong lugng phan tir My, < 2000Da (cu thé 1a 1.600
g/mol) va c6 d§ phan tan PDI 1a 1,43.
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Hinh 2. Phé sic ky gel - GPC ciia san stPCL
3.2. Panh gia cAu tric phan tir cia stPCL

Phan tmg téng hop stPCL xay ra do sy twong tic
cua dialkoxide stannous vdi mgt monomer lactone
(trong CL) thong qua trao dbi dién tir tai trung tam
thiéc véi vi tri lién két c6 chénh 1éch d6 4m dién 16n
nhu -CO-O- ciia lactone, 1am dut lién két carbonyl-
oxy dan t&i md vong e-caprolactone hinh thanh lién
két ester. Két thiic phan tng tao ra stPCL, nhu vay
s& 6 su xuat hién cua cac nhom lién két ester -COO-
, ddng thoi tao ra cac nhom -OH méi & cudi mdi bén
nhénh cua stPCL.

7 —
2500 2000

4000 3000 5
FTIR Measurement m

3500 1250

Hinh 3. Pho FTIR ciia sin phidm stPCL

Tir Hinh 5, két qua FTIR ciia stPCL cho thy co
su xuét hién cta cac dinh dic trung cho dao dong
kéo dan ctia cic nhom lién két ester gdm lién két -
C=0 tai dinh c6 vi tri 1728 cm™! va =C-O- & vi tri
1165 cm™'. Déi céc dinh dao dong kéo dan cua cac
lién két -CH,- trong tirng chudi mach PCL duoc tim
thy tai vi tri 2945 cm™!. Sy xuat hién nhiéu ciia dai
lién két CH; cho th?iy da c6 sy md vong va tao ra
cac chu ki cua céac e-caprolactone. Bén canh do6, lién
két -OH duoc tim thay tai vi tri dinh 3442 cm.
Ngoai ra, dinh ¢6 vi tri 1055 cm™! dédc trung cho dao
dong kéo dén cua lién két C-C ddi vai cac polymer
ester, con co su xuét hién cua cac dinh & vi tri 1460
cm’! dic trung cho dao dong kéo dan lién két C-H
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va dinh & vi tri 735 cm™! dic trung cho lién két CH,
dao dong rocking.

B a 7 & s

Hinh 4. Phé cdng huéng tir hat nhian 'H- NMR
ciia sdn pham stPCL

Pho cong hudng tir hat nhan cta stPCL ¢ Hinh 4
cho théy ¢6 su xuét hién cua cac dinh dic trung cho
tirng nhom c6 mit trong cau tric cua stPCL tmg véi
do chuyén dich hoa hoc sau:

Dinh & vi ’tri 1 tai 6 = 4,067 ppm, déc trung cho
H cua lién két -CH,-O-. Dudi sy anh huong cua
nguyén tr O lam peak dich chuyén 1én vi tri cao
nhat.

Dinh & vi tri 2 tai 6 = 3,62 ppm, déac trung cho H
trong -CH,-O-

DBinh 6 vi tri 3 tai 8 = 2,317 ppm, dac trung cho
H trong -CH»-COO

Dinh ¢ vitri 4 tai 6 = 1,654 ppm va 5 tai 6= 1,58
ppm dac trung cho H trong -CH,-CH,-

Dinh ¢ vi tri 6 tai 6 = 1,387 ppm déc trung cho
H trong -CH,-CH,-

WPV

J

TT 1

Hinh 5. Pho cng hwéng tir hat nhan 'H- NMR
cta stPCL cuia Chelike (Chelike et al., 2023)
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Tuy nhién, proton & vi tri 4 gan nguyén tir O hon
so v&i tri 6 nén dinh cua nod s€ dich chuyén sang vi
tri cao hon.

Két qua phan tich cong huong tir hat nhan cua
stPCL trong nghién clru nay ciling dugc so sanh va
dbi ching vai cong bd cia Chelike et al., (2023) nhu
HinhS.

Bing 1. So sanh phd 'H- NMR ciia san pham véi
nghién ciia Chelike (Chelike et al., 2023)

Vi tri peak (ppm)
Peak San phiam stPCL StPghI; lg:f:)om
1,a (m) 4,067 4,03
2,b (1) 3,62 3,59
3,c(m) 2,317 2,26
4,d (m) 1,654 1,60
5, f(m) 1,58 1,57
6, e 1,387 1,34

Hinh anh so sanh cua hai ph6 'H- NMR trén cho
thiy cac dinh dic trung ctia stPCL dugc tong hop va
ctia nhom Chilike duoc danh du tir a dén h nhu
Hinh5 c¢6 cung vi tri twong duong, cu thé do dich
chuyén héa hoc ctia cac dinh nay dugc thé hién trong
Bang 1.

3.3. Panh gia ciu tric phén tir sain pham PU

tong hop

PU dugc tong hop chu yéu dya trén phan tmg
gitta nhom isocyanate (NCO) v6i nhém hydroxyl
(OH) trong céc diol, polyol. Pau tién cic trung tim
a1 nhan chua OH s& thém dién tu e vao nguyén tir
carbon trong nhom carbonyl ctia NCO va dong thoi
proton dwoc chuyén qua cho cac nguyén tir nitrogen.
Su sai 1éch dong hoc ¢o thé xay ra do Kkét qua cua
hiéu tng ty xuc tac ciia nhom -OH va -NH-COO-.
Dé danh gia va dam bao két qua chinh xac v& su xuét
hién ctia cac nhoém chirc trong mach cua san phém,
nghién clru nay st dung phuong phap phan tich
FTIR dé xéc dinh cAu trac cua PU.

Ngoai ra, dya vao viéc st dung stPCL gay ra sy
gia ting tuong ddi gitra ty 16 cudng do kéo dai dbi
xtng va khong ddi ximg cua cac nhom -C-H- ¢ dai
budce song tir 2877-2994 cm! va bién dang d6i ximg
cua 1467 — 1438 cm! ctia cdc nhom -CHo- trong vat
liéu PU nay. Dinh tai budc song c6 gid tri 1531 cm!
dic trung cho dao dong kéo dan cta nhom lién két -
C-N-. Céc dai budc song khoang tir 950 - 1180 cm
!'lién quan dén dao dong kéo dan ctia nhom lién két
-N-CO-O va su kéo dai cua cac lién két C-O-C
trong PU.
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Hinh 7. Pho cdng hwéng tir hat nhan 'H- NMR
cua san pham PU
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