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Tong hop nano vang dang hinh sao véi chat bao vé chitosan bang
phuong phap khit mét giai doan
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TOM TAT

Vat liéu nano vang dang hinh sao dugc téng hgp théng qua phuong phép khir mét giai doan
khong tao mam trung gian, véi chat bao vé la chitosan, déng vai tro via la chat béo vé via la tac
nhan dinh hudng. Théng qua khao sat cac thanh phan phan ting, hudng dén diéu khién hinh dang
va kich thudc clia cac hat nano vang dang sao dugc tao thanh. Nong dé chat bao vé tai diéu kién
pH thich hgp cé vai tro quan trong trong su hinh thanh clia hat nano vang dang sao. Vat liéu nano
vang tao thanh dugc phan tich véi phuong phéap kinh hién vitruyén qua (TEM), phd t& ngoai (FTIR),
phd UV-Vis va nhiéu xa tia X. Kich thudc trung binh clia nano vang dang sao khodng 55 nm phan
bé déu trong dung dich véi d6 phan bo kich thudc nho dua trén théng ké s6 lugng hat trén anh
TEM, cudng dé hap thu cuc dai trong phd UV-Vis khodng 587-700 nm. Hat nano vang tao thanh
¢6 cac tuong tac dac trung vai cac nhém chie trén phan t chitosan vai ky thuat phan tich phd
FT-IR. Két qua phuong phép téng hgp lam sdng té tuong téc tinh dién gilra chitosan va bé mat hat
nano vang dang sao. Phuong phap téng hap mdi cé thé khdc phuc nhiing han ché trudc day khi
téng hop co kiém soat hinh dang va kich thudc hat nano vang dang sao nhu st dung cac chat hoat
déng bé mat va qua trinh thuc hién thudng phuc tap. Bén canh do, vat liéu nano vang dang sao
Vi chét bdo vé chitosan dugc tdng hop véi cac chét cd ngudn géc tu nhién cé thé mang lai nhiéu
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MG PAU

Vit liéu nano vang ngay cang thu hut nhiéu sy quan
tdm ctia cac nha khoa hoc do qua trinh t6ng hgp don
gian!, c6 nhiéu tinh chét dic trung? va d6 tuong hgp
sinh hoc cao®. Cac tinh chit nay mang lai nhiéu tng
dung quan trong trong trong sinh hoc nhu chan doan
hinh &nh?, phan phéi sinh hoc®, diéu tri ung thu®,
xtc tac va cam bién’. Kha ning Ging dung ctia vt liéu
nano vang chiu anh huéng rat nhiéu bégi kich thudc va
hinh thai ctia chiing®. Céc hat nano vang dang thanh
dugc st dung lam chit nhay quang trong chin doén®
hay diéu tri ung thu '°, dang x6p dugc st dung trong
liéu phap diéu tri ndng nhiét 1 Trong s6 nhiéu loai
hinh dang, vat liéu nano vang dang sao c¢é nhiéu ting
dung hon trong gin két cdc phén ti sinh hoc dya trén
ciu trac va hinh théi ctia cdc nhanh. Hon nita, véi cac
tinh chit quang déc trung, nano vang dang sao c6 thé
st dung trong chdn dodn hinh dnh trong tdm sodt ung
thu dua trén sy hdp thu plasmon bé mdt trong viing
tli ngoai va can hong ngoai (NIR) 12,

Céc polymer tuong hgp sinh hoc nhu cellulose,
gelatin, chitosan, collagen va tinh bt ¢6 thé thu dugc
ti cac ngudn khdc nhau trong tu nhién. Trong s6 cac
hop chét nay, chitosan dugc st dung rong rai trong

téng hop nano vang do khé ning viia lam chét khi va
la chét bao vé do cd cdc nhém chiic hoat dong. Hon
niia, uu diém ctia chitosan 1a cho kha nang tuong hgp
sinh hoc cao!? va khong doc hai 13 nén dé dang dugc
ung dung vao linh vuc sinh hoc. Chitosan (2-amino-
2-deoxy-b-f-glucan) 1a mot polysaccharide v6i nhiéu
nhom chtic va ciu tric cé do linh hoat cao, tit d6 c6
thé dé dang st dung trong dinh hudng phat trién tinh
thé nano vang. Mic du hién nay c6 rit nhiéu béo céo
vé tdng hgp nano vang véi chitosan, tuy nhién c6 rét it
cdc cdng trinh nghién ctu vé tdng hop mot giai doan
hat nano vang dang sao. Thi du nhu cong trinh cta
Sun va cdng sy mo ta qud trinh tdng hgp mot giai doan
AuNPs v6i chitosan c6 d6 deacetyl hoa va khéi lugng
phan tit khic nhau'®. Gan day, Phan va cong sy da
phit trién mot phuong phap téng hgp hiéu qua nano
vang dang sao trong liéu phdp chidn dodn nhiét véi
chitosan '2. Trong nghién ctiu nay, nano vang dang
sao dugc téng hop véi chit khit 1a ascorbic acid va
chit dinh hudng la chitosan. Su tuong tac cta chi-
tosan vGi nano vang dang sao ciing dugc nghién ciu.

VAT LIEU VA PHUONG PHAP

Trich dan bai bao nay: Khuong V Q,Hong TT, Phong N T P, Phic H T. Téng hgp nano vang dang hinh sao
vGi chat bao vé chitosan bang phuong phap khir mét giai doan. Sci. Tech. Dev. J. - Nat. Sci.,; 4(4):760-

766.
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Héa chat

Tat ca cac dung cu thuy tinh dugc rua sach véi
HCI 0,5 M va sau d6 dugc ria lai v6i nudc cat hai
lan. Tién chét tetrachloroauric (III) acid trihydrate
(HAuCly.3H,O 99,9%), acetic acid (CH3COOH
99,5%), and ascorbic acid (C¢HgOg 99,7%) dugc mua
ti Sigma-Aldrich, Chitosan ((Ci2H24N209),, DD
75%) cting cung cdp bdi Sigma-Aldrich (St. Louis,
MO, USA).

Phuong phap téng hgp nano vang dang sao

0,3 g chitosan dugc phan tan trong dung dich acetic
acid 1% (w/v). Khudy tii 800 vong/phut trong 90 phut
6 60°C, kiém sodt pH tai 4,5. Trong mdt phan ting cu
thé, 2 mL thé tich HAuCly nong d6 2,5x 1073 M dugc
cho vao dung dich chitosan c¢6 noéng d6 0,06% (w/v),
khudy déu trong 5 phut & 50°C, khao sat tai cac diéu
kién pH khéc nhau thay déi tit pH 1 dén 6. Sau d6 0,5
mL thé tich ascorbic acid 0,1 M dugc nhd ti ti vao
dung dich trén, sau d6 khudy ti 600 vong/phit trong
5 phut, ti€p theo dung dich dugc d€ yén khong khudy
trong 2 gid cho phan ting xay ra hoan toan. Téng thé
tich dung dich 1& 10 mL dugc diéu chinh véi nudc
deionized (DI). Mau ctia dung dich keo dugc chuyén
til mau vang trong sudt sang mau do, do tim va dén
mau xanh duong ddm. pH cta dung dich keo dugc
diéu chinh trudc khi cho ascorbic acid nong d6 0,1 M
vao, va dugc chinh véi dung dich HCI 0,1M va NaOH
noéng d6 1,0 M.

CAC PHUONG PHAP PHAN TiCH

Phg hép thu UV-Vis cta dung dich keo nano vang
dang sao dugc phén tich trén may do quang UV-Vis-
NIR-V670 (JASCO, Japan), dugc do & budc song ti
300 dén 800 nm véi téc do quét khoang 200 nm trén
phut. Gian d6 nhiéu xa tia X dugc xdc dinh trén may
D8 Advance-Bruker, Dic, dugc thuc hién véi nhiéu
xa Cu-Ka véi goc 20 dugc xac dinh trong khodng
ti 20°-807 (t6c do quét 4° trén phut). Phuong phép
phén tich phd hong ngoai FT-IR dugc thuc hién trén
may Bruker Equinox 55, Dtic, 3,0 mL méu cin phan
tich dugc trén véi KBr véi ty 1€ 2-5%, s6 song quét tit
400-4000 cm~!. Hinh dang va cu tric ctia nano ving
dang sao dugc phan tich bang phuong phép chup anh
kinh hién vi dién tu truyén qua (TEM) trén may JEM-
1400, Nhat, thuc hién & thé 200 kV. Kinh hién vi dién
ti quét phat xa trudng FE-SEM dugc dung d€ xdc
dinh hinh thai cia mau, mau phan tich dugc quét 1én
tdm lam, sau d6 chd cho mau kho hoan toan va chup
anh trén may FESEM S4800 Hitachi, Nhit.
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Bang 1: Dt liéu UV-Vis cia nano vang dang sao duoc
téng hop tai cac diéu kién pH khac nhau tir 1-6

Miéu Budc song (nm) Cuong do hip
thu
pH1 747 0,187
pH2 742 0,183
pH3 617 0,315
pH 4 587 0,885
pH5 533 0,846
pH6 529 0,896

KET QUA VA THAO LUAN

Khao sat anh huéng ctia pH

Két qua phd hap thu UV-Vis (Hinh 1) cho thdy chuyén
dich tai cac budc song cuc dai hdp thu vé phia budc
song song ngan (747-529 nm) (Bang 1), tuong tng
v6i sy thay d6i pH tii 1 dén 6. Su thay d6inay c6 thé du
doén cho sy hinh thanh ctia nano vang dang sao trong
dung dich keo, ddc trung trong khoang budc song tit
587-747 nm (Bang 1). Hon niia, sy chuyén dich do
ctia cyc dai hdp thu plasmon bé mit ciing lién quan
dén su ting dan kich thudc hat. Trong khoang pH
4-5 ¢6 sy hinh thanh nhiéu hon céc phiic tao thanh
gitia ti€u don vi glucosamine trén phan ti chitosan
va phtic AuCl4_,)OH,) 14 Sau d6 14 qué trinh khit
Aut vé& Au®, hat nano vang dugc hinh thanh trong
khuon mém dugc tao bdi cdc mach phan ti chitosan
nén dang cau tao thanh chil yéu va ciing v6i kha ning
bao vé t6t ctia cac phén tl chitosan nén cac hat tao
thanh du dodn c6 kich thuéc nho hon.

Tai pH 3, xay ra qua trinh thuy ph4n cta phan tu
chitosan dugc xtc tic bdi méi trudng acid (HT) 4,
céc tiéu don vi glucosamine han ché hinh thanh lién
két hon véi cac phic AuCly_,)OH,), qud trinh khu
Aut tao Au® xdy ra tu do khong nim trong cdc mach
phén tt chitosan, hat nano tao thanh c6 kich thuéc
16n hon, dong thoi c6 thé dé dang tao ra dang sao véi
cac nhanh c6 dinh nhon va ddc trung hon. Sy hinh
thanh ctia nano vang dang sao c6 thé dya trén qué
trinh tao mam tinh thé va khuéch tdn ctia nguyén ti
Au?, qud trinh nay c6 thé dugc kiém soat bsi do nhét
clia dung dich keo va t&c d6 khtt ion Au>* tao nguyén
tt Au’. Ascorbic acid ton tai & dang proton hoa trong
khoéng pH thich hgp, & dang nay t6c do phan tng
kht gidm, dan dén sy hinh thanh ctia nano vang dang
$a0.

Két qua TEM ctia mau nano vang dang sao dugc téng
hgp véi diéu kién 0,5 mL ascorbic acid nong d6 0,1
M; 5 mL chitosan 0,06 %; 2 mL HAuCl, 2,5 x 1073
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Hinh 1: Phé hap thu UV-Vis cGia nhiing mau nano vang dugc téng hop véi 5 mL chitosan 0,06 % (w/v) tai cac gia
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Hinh 2: Anh TEM c(ia cAc m3u nano vang dang sao tai pH 4 (a) thang do 20 nm, (b) thang do 100 nm, (c) thang do

200 nm, va (d) gidn d6 phan bé kich thudc hat tuong ting

M tai diéu kién pH 4 (Hinh 2 a-b) cho théy hat nano
vang tao thanh c6 dudng kinh trung binh khoang tu
50-60 nm gidn d6 phéan bé kich thudc hat tuong ting
cling cho thdy d¢ phan b6 kich thudc hep, duong kinh
trung binh khoang 55 nm) (Hinh 2 c-d). Cac hat nano
hinh thanh dugc phén tich v6i phuong phap chup anh
TEM c6 kich thuéc khd nho c6 théla do k§ thuét chup
danh TEM chi xéc dinh phan 16i kim loai bén trong
ma khong xac dinh 16p chat bao vé chitosan ndm bén
ngoai ctia hat nano vang.

Két qua anh SEM ciing cho théy c6 sy hinh thanh cta
nano vang dang sao trong khoang pH 3-4 (Hinh 3 a—
b). Két qua anh SEM cho théy tai pH 3, cdc dang sao
dugc hinh thanh véi cdc ddu nhon dic trung va ro
rang hon (Hinh 3 a) so vé6i cac hat nano vang dugc
tao thanh trong khoang pH 4 (Hinh 3 b). Tai pH 4,
cac hat nano vang tao thanh c6 dang sao nhung cac
dinh bi bo tron, mét s6 hat tao thanh c¢é dang cau hodc
dang gin vé6i hinh ciu. Kich thudc trung binh ctia cic
hat nano vang tai pH 3 (khodng 150 nm) 16n hon so
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Hinh 3: Anh SEM cta nano vang dang sao tai (a) pH 3 (thang do 1 um) va (b) pH 4 (thang do 500 nm)

v6i hat tao thanh & diéu kién pH 4 (khoang 120 nm).
Két qua nay phu hgp véi cac dy dodn vé sy chuyén
dich budc séng trén phd UV-Vis (tai pH 3 tuong tng
véi budce séng hdp thu cyc dai 700 nm, mau tai pH 4
c6 budc song hép thu cuc dai 587 nm) (Hinh 3 a-b).
Do d6, pH 3 dugc chon lam pH thich hgp cho qua
trinh ché tao hat nano vang dang sao véi chit bao vé
chitosan. Céc két qua tao thanh nano vang dang sao
tai pH 3 c6 su khdc biét trong cong bo trudce day ctia
Phan va cong su 12 hat nano tao thanh dang sao tai
pH 1. Trong nghién ctiu ctia Baginskiy va cong su '°,
hat nano vang dang sao tao thanh tai pH 7,5 va c¢6 cdu
tric cac nhanh dai va nhon.

Gian d6 nhiéu xa tia X
Gian d6 nhiéu xa tia X ctia nano vang cho théy c6 cac
dinh nhiéu xa tai géc 2-0: 397, 44, 65°, 78° (Hinh 4),
tuong ting 1an lugt véi cac mat tinh thé {111}, {200},
{220}, va {311} ctia cdu trdc tinh thé 13p phuong tam
dién (fcc) clia nano vang '°. Cac két qua nay phtt hgp
v6i cac nghién ctiu trude ddy ctia nano vang dang sao
16,17 C4c dinh nhiéu xa tia X ctia hat nano vang téng
hgp dugc hoiléch vé bén tréi so v6i phd chudn, c6 thé
14 do anh huéng ctia 16p chét bao vé chitosan bao phu
bén ngoai hat nano vang.

Phé héng ngoai FT-IR

Céc tuong tac dic trung cua chitosan véi nano vang
dang sao dugc phan tich véi phé FT-IR (Hinh 5 a-
b). Céc dinh hap thu déc trung tai budc sdng 3447 va
2991 cm ™! tuong ting v6i dao dong ctia nhém N-H va
O-H cua chitosan tinh khiét. Cac dinh hép thu trong
mau chitosan tinh khiét gidm r6 rét khi phan tich véi
mau nano vang dang sao (Hinh 5 b). Cudng d6 peak
clia cdc nhém amine xudt hién tai s6 séng 1600 cm ™ 1
va nhém ~CONHj tai 6 séng 1657 cm ™! ciing giam

763

rd rét trong mau nano vang véi chitosan, c6 thé du
doan cho sy tuong tdc cia nhom amine véi tinh thé
nano vang. Két qua FTIR cho théy vai tro clia chitosan
trong téng hgp nano vang dang sao viia 1a tic nhan
bao vé viia 1a tdc nhan kiém soét sy hinh thanh tinh

thé nano.
KET LUAN

Nano vang dang sao dugc tng hgp thanh coéng véi
kich thudc trung binh khoang 55 nm (véi ky thuét
chyp anh TEM) bang phuong phap khit mot giai
doan, khong qua tao mam trung gian véi chitosan
trong diéu kién thich hgp. Nano vang dang sao c6
budc séng hdp thu cuc dai trong khoang ti 587-747
nm. Giadn d6 nhiéu xa tia X cho théy cac dinh nhiéu
xa tuong ting véi cdu trac tinh thé vang. Hon niia,
tuong tac gitia cdc hat nano vang dang sao va chitosan
ciing dugc lam ro. Tong hop cb kiém sodt hinh dang
va kich thudc hat nano vang dang sao c6 thé dugc ting
dung trong y sinh.

LO1 CAM ON

Nghién ctiu dugc tai trg Dai hoc Quéc gia Thanh ph6
Ho6 Chi Minh (PHQG-HCM) trong khudn khé Dé tai
ma s6 C2018-18-09.

DANH MUC TU VIET TAT

UV-Vis: Ultraviolet visible
FTIR: Fourier transform infrared spectroscopy
XRD: X-Ray diffraction

TEM: transmission electron microscopy

XUNG POT LOI iCH TAC GIA

Céc tac gia tuyén bo ring khong cé xung dot 1gi ich.
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Hinh 5: Phé FT-IR clia (a) chitosan tinh khiét va (b) mau

PONG GOP CUA TAC GIA

V6 Quéc Khuong va Tong Thi Hong thiét ké thi
nghiém, thu thép s6 liéu, xtt ly két qua va tham gia
viét bai.

Nguyén Thi Phuong Phong, Hoang Thanh Phuc tién
hanh thu thap s6 liéu va xti ly két qua.
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Synthesis of gold nanostar using chitosan as reductive agent by
the seedless reduction method

Quoc Khuong Vo'"*, Hong Tong Thi?, Phuong Phong Nguyen Thi', Phuc Hoang Thanh'’

ABSTRACT
The gold nanostars (AuNS) were prepared through seedless reductive method by using the natural
: biodegradable polymer chitosan acting both as the stabilizing and shape-directing agent, ascor-
Use your smartphone to scan this bic acid as a reducting agent. This reaction synthesis was carried out at room temperature and
QR code and download this article facile conditions. In an effort to control the size and shape of AuNS, many experimental param-
eters were investigated for the thorough understanding the role of chitosan in the formation of
gold nanostar. In this novel method, the pH condition and appropriate stabilizer concentration
were crucial factors to prepare the well-defined AuNS. The obtained AuNS were characterized by
many physical-chemistry analysis method such as transmission electron microscopy (TEM), Fourier
transform infrared spectroscopy (FT-IR), UV-Vis spectroscopy, dynamic light scattering (DLS), and
X-Ray diffraction (XRD). The AuNS have an average size of about 55 nm and narrow size distribu-
tion when characterized by TEM images. UV-Vis spectroscopy of the gold nanoparticles colloidal
solution showed the characteristic peaks at 587-700 nm, corresponding to the surface plasmon
resonance of star-shaped nanostructure. The specific interactions between the functional groups
of chitosan chain and the as-prepared gold nanostars are analyzed by the FT-IR spectroscopy tech-
nique. These results provided insight into the role of biopolymer as both a protecting agent and
structure-directing agent. This novel method can overcome previous limitations in controlled syn-
thesis of star-shaped gold nanoparticles such as surfactant use and complex implementation. Be-
sides, the gold nanostars stabilized by chitosan could be a potential material in many applications
in the field of biomedical medicine.
Key words: Gold nanostar, chitosan, seedless reductive method
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