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TOM TAT

Polymer Polydimethysiloxane (PDMS) la mét vdt liéu tiém ndng trong khoa hoc vé
microdevices. Bén canh do nano vang hinh sao (AuNSs) la mot dang kha moi cua hat nano
vang véi nhitng tinh chat rat thich hop cho img dung trong cam bién sinh hoc. Trong
nghién ciru nay, ching téi diéu ché hat nano vang hinh sao va nghién civu kha ndang dinh
trén nén PDMS. Két qua SEM cho thay, hat nano vang cé dang hinh sao véi nhitng nhéanh
dai va nhon, mat do nhanh trén méi 16i Iém. Kich thudc hat khodang 220 nm, d¢ dai nhanh
khodng 100 nm. Két qua chup anh mdt truée va mdt sau cia PDMS cho thay AuNSs di sdu
vao trong PDMS. Su hién dién cua AuNSs tang cuong do nhay cua vat liéu.

Tir khéa: Cam bién sinh hoc, D6 phan cuc cua dung moi, Hat nano vang, hat nano vang

hinh sao, Polydimethylsiloxane.

1. MO PAU

Polymer Polydimethylsiloxane (PDMS) c6 cong thirc CH;(Si(CH;),0],Si(CH;);, n 1a $6
lan 1ap lai ciia cac monomer. Néu n nho thi PDMS & dang long va chung ¢ dang ban ran néu
nhu n 16n. Nhimg nim gan day, ching di thu hit dugc sy quan tim dang ké ctia cac nha khoa
hoc boi quy trinh diéu ché don gian, d6 trong sudt tot & ving UV-Vis, kha ning bén nhiét va
bén oxi hoa, trong thich sinh hoc, khong doc ddi véi té bao, dd phan cuc thap, do dan dién thap
va kha ning dan hdi cao [1-5]. Ngoai ra, chi phi diéu ché thap hon so véi nhiéu vat lidu khac
dugc dung trong microdevices.

Bén canh d6, nano vang c6 cong hudong Plasmon bé mit manh trong ving hong ngoai
nén ching rat thich hop cho nhing tng dung trong cam bién sinh hoc [1]. Khi d6 nhimng hat
nano vang déng vai tro nhu mot dau do dé chuyén d6i nhing thay ddi trong chi sd khic xa
thanh d6 dich chuyén phé cua diy phd [1]. Cho dén nay, hau hét cac thi nghiém cam bién déu
sir dung nano vang hinh cau. Tuy nhién, nhitng hat nano vang dang hinh sao (AuNSs) véi sy
hién dién ciia nhitng nhanh sic nhon sé& gitp ting d6 nhay ciia cam bién. Két qua thuc nghiém
cho thdy riang, AuNSs gitp ting do nhay hon gap 10 1an so véi hat nano vang hinh cau. Chiing
con c6 kha ning diéu chinh cong huong Plasmon tir ving phd kha kién dén ving phd hong

ngoai gan.
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Trong nhiing phuong phap diéu ché hat nano vang thi phuwong phap khir hoa hoc 1a phd
bién nhit. Tuy nhién, hau hét cic quy trinh déu sir dung cac dung méi hitu co, tdc nhan khu,
chét hoat dong bé mit c6 doc tinh cao. Dién hinh, Brust va Schiffrin sir dung toluene lam dung
mdi, két hop xtc tac chuyén pha Tetraoctylammonium bromide (TOAB) va chét khir natri
borohydrid (NaBH,) dé khir Au (IIT) thanh Au (0). Thém vao d6, cac chit hoat dong bé mit co
ddc tinh nhu poly(N-vinylpyrrolidone) (PVP), cetyltrimethylammonium bromide (CTAB) ciing
hién dién trong quy trinh diéu ché. Chinh vi thé, ching da giéi han kha ning tmg dung trong
sinh hoc ctia AuNSs va anh huéng dén moéi truong. Mot nhuoc diém quan trong nira 1 ching
con doi hoi phai co quy trinh rira loc nhiu 1an dé loai bo chét c6 doc tinh ra khoi san phim va
thoi gian tién hanh phan (mg kéo dai hang gio, tham chi 1én dén vai ngay.

Do do, tir phuong phap khir héa hoc chung t6i da xay dung mot quy trinh than thién
moi truong véi phuong chdm 3 khong: khong mam, khong chit khir doc hai, khong sir dung
dung moi doc dé diéu ché AuNSs 1a myc tiéu hang dau trong nghién ctru nay. Pdng thoi, budc
thém mot budc tién méi 13 rat ngan thoi gian tong hop xudng con vai phat. D6 1a tat ca nhing 1y
do tai sao chung t6i dd chon quy trinh nay va két hop giita AuNSs v6i PDMS. Chung t6i hy
vong sau khi nhan dugc nhiing két qua ban dau, nhom s& nghién ciru nhirng wu nhuogc diém cua
san pham. Tur d6, cai tién quy trinh dé thu duoc két qua tét dep hon.

2. THU'C NGHIEM
2.1. Héa chit

Céc héa chét cho qua trinh thyc nghiém bao gém: axit chloroauric (HAuCl,.3H,0, do
tinh khiét 99,99%), axit clohydric (HCI, d6 tinh khiét 37%), mudi bac nitrat (AgNOs, do tinh
khiét 99%), axit L-ascorbic hay Vitamin C 99% (C¢HgOg, d0 tinh khiét 99%) dugc mua tir hang
Merck. Polymer polydimethyl-siloxane (PDMS) dwoc cung cip boi dai hoc Concrodia
(Canada).

2.2. Quy trinh tong hop

R/

« Diéu ché hat nano vang hinh sao

10 mL dung dich HAuCl, 0.25 mM dugc khudy tron voi 10 pL dung dich axit clohydric
1.0 M. Hon hop dung dich thu duoc c6 mau vang rom. Sau d6, cho dung dich bac nitrat va dung
dich axit L-asorbic (vitamin C) vao hdn hop dung dich trén rdi khudy. Dung dich tiép tuc duoc
khudy va nhanh chéng chuyén tir mau vang sang khong mau, xanh dwong cudi cling 1a mau
cham. Sau do, dung dich dugc loc rira nhiéu 1an béng nude khtr ion dé tao hop chit nano vang
hinh sao - PDMS.

+ Phi nano vang hinh sao 1én PDMS

PDMS duge diéu ché va cung cép boi dai hoc Concordia. Ching dugc dat vao trong cbe
dung dung dich nano vang trong vong 1 gid dé cac hat AuNSs phui diy bé mit PDMS. Sau d6
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AuNSs-PDMS dugc lay ra khoi dung dich va tién hanh do phd hong ngoai; do anh mit trude va
mit sau cia PDMS dé nghién ciru kha ning phan phdi vao polymer. Cudi ciing ching toi tién
hanh do phé Raman dé xac dinh kha ning ting cudng do nhay ciia AuNSs ddi v6i chat nén
PDMS.

2.3. Cac k¥ thuéat phan tich

Hinh thai bé mit cia AuNSs dugc x4c dinh bang viéc do kinh hién vi dién tir quét SEM
(Scanning Electron Microscope), phd hong ngoai (Infrared spectroscopy, IR) duoc do tai Vién
khoa hoc Hoéa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam, s6 01 Mac Dinh Chi,
Quan 1, Tp.HCM. Ph6 Raman, anh TEM dugce do tai dai hoc Concordia (Canada).

3. KET QUA VA THAO LUAN
3.1.Hinh dang va kich thuwéc AuNSs

Anh SEM cho thiy AuNSs di duoc diéu ché thanh cong (hinh 1), cac hat ¢ 16i hinh
cau, xung quanh c6 rat nhiéu nhanh dai va sic. Trén cung mot hat, mat d6 nhanh rat 1om, nhung
d0 dai va nhon chua hoan toan déng nhét. Déng thoi, giltra cac hat co6 su két tu lai voi nhau.
Diéu nay c6 thé duoc giai thich nhur sau: ¢ kich thudc nano cac hat c6 ti 1¢ s nguyén tir trén bé
mit va téng s6 nguyén tir 16n (f = ny/n = 4ry/r) nén c6 nang luong bé mit cao, ¢6 khuynh hudng
co cum lai v6i nhau dé cuc tiéu hoa nang lugng cling nhu dat trang thai bén. Dic biét véi nhiing
hat nano vang hinh sao, do sy xuat hién bat dang hudéng cta nhiing nhanh va nhiing diém ‘hot
spot’ 1am cho dién tich bé mat 16n, cang lam cho ching c6 khuynh hudng co cum lai v6i nhau
nhiéu hon.

Hinh 1. Anh SEM ciia hat nano vang hinh sao ¢ nhitng dg phén gidi khdc nhau

Vi kich thudce va do dai nhanh 1a mét trong nhiing yéu td rat quan trong anh hudng
dén nhiing tinh chat cuia AuNSs. Tir gian d6 phan bd kich thudc, va do dai nhanh (hinh 2), ta
thay kich thudc hat kha dong nhat va phan bd trong khoang tir 220 nm. Pong thoi do dai nhéanh
trong khoang 100 nm.
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Hinh 2. Sy phdn bé kich thude hat va dé dai nhanh ciia hat nano vang hinh sao

Do dai nhanh gan bang ' kich thudc hat. Chinh diéu nay s& giup cho d6 nhay cia nano
vang ting mot cach dang ké, dic biét trong nhimg tng dung vé microdevices. Tur hinh 2b ta c6
thé théy ri’mg mat du trong ndi tai mot hat, d0 dai nhanh khong déng nhét, nhung c6 su déng
nhét trong d6i vé d6 dai cac nhanh giita cac hat véi nhau.

3.2 Pho EDX

bé phan tich thanh phén hoa hoc cua AuNSs ta do phé EDX. O vi tri 1.6; 2.1; 2.4; 8.5;

9.8 keV c6 dinh hip thu ciia Au. Trong d6, dinh hip thu & 2.1 keV 1a manh nhét. O khoang 0-

1.8 keV ¢6 sy hién dién ctia miii Si, Na, C, O day la nhiing miii hép thu cia dé tim lam ta dung
dé chtra mau khi chup EDX, nhitg miii nay khong thé tranh khoi khi dung dé dé do mau.

300 Au-004
270~ ‘
240 o
210~
1804
z
§ 150 | Si
120 ‘
0] o Na
o)
60 - ‘ “ ﬂ‘ ‘hu AT Au
30’// \m y \} | |
o \f ‘ | "W\“MWWW‘” ) ‘n R — o o el

0.00 100 200 300 400 500 600 7.00 800 9.00 10.00
keV

Hinh 3: Phé EDX ciia hat nano vang hinh sao

Theo nhu két qua EDX thu dugc thi khong ¢6 sy hién dién ciia Ag hay AgCl. Diéu nay
¢6 thé duogc hiéu & hon ¢ phan co ché cua phan tng.
3.3 Giai thich vé co ché phan ing

Axit L-ascorbic 1a mot chét khir yéu, trong phan tir ¢6 hé lién hop p-7 va mt-rt trai dai tir
O ciia nhém —OH dén O cta nhém C=0. Piéu d6 lam cho H ciia 2 nhém —OH gan trén C ¢b ndi
d6i tré nén rat linh dong, d& dang tach ra khoi phan tir va giai phong hai electron. Qué trinh nay
¢6 thé khir tiéu chuan 14 0.066V, trong khi dé khir Au3* v& Au® can thé 1a 1.40V. Do d6, cdu triic
clia axit L-ascorbic di1 kha ning dé khir Au3* thanh Au®.

Mot trong nhing yéu t6 quyét dinh sy thanh cong cua qua trinh tong hgp AuNSs 1a su

hién dién cta ion CI. B6i vi, trong nhiing nim gan déy, cac nha khoa hoc da phat hién rang ion
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halide anh huéng dén hinh dang ciia hat nano vang. Két qua nghién ctru cho thay rang : ion I s&
tao AuNPs hinh tam giac, ion Br- tao hinh gén giéng sao, CI tao hinh sao. Mot s cong trinh
nghién ciru da ching minh rang HCI khong phai dong vai tro tao pH cho dung dich. Vi khi ding
cling nong d6 ctia HNOs thi khong hinh thanh AuNSs. Nhu vdy c6 thé thay rang ion CI- dong
vai trd quan trong trong su phat trién bat dang hudng cua nano vang [1, 11, 12, 14]. Khi cic hat
vang co ban dugc hinh thanh, chung s€ bam 1én bé mat dé tao su phat trién bét déng hudng. Tuy
nhién, két tia AgCl s& kho hinh thanh. Do trong quy trinh, HC1 d dugc thém trude dé tao diéu
kién cho ion CI- hoan thanh vai tro6 ciia minh. Sau d6 mdi thém bac nitrat, ion Ag* cling bi AA
khir thanh Ag®. Cac Ag® khong tao thanh nhanh ma déng vai trd nhu chat xtc tic cho su hinh
thanh nhanh. Do d6 ham lugng Ag sé chiém tir 2 — 4.5% nhanh [18], hay noéi cach khac sé€
chiém dudi 3% tong ham lugng AuNSs. Nhung do phé EDX chi ghi nhan duge ham luong tir 3
— 5 % nén khong thé ghi nhan su xut hién cta Ag.

3.3 Phui AulNSs trén PDMS

Sau khi diéu ché thanh cong AuNSs, ching t6i tién hanh dinh AuNSs 1én trén nén
PDMS (minh hoa hinh 3). Bé biét duoc su phan bd cia AuNSs 1én trén polymer PDMS ta chup
anh mit trudc va mit sau ciia miéng polymer. Két qua mit trudc (miat dé cac AuNSs lang) cho
thdy cac hat phan b6 kha tot trong nén PDMS (hinh 4a). O dnh mat sau (hinh 4b) ta ciing thdy c6
mot s6 vi tri ¢6 su xuét hién caa AuNSs nhung mot s6 lai khong.

e ——

Hinh 4. Quy trinh dinh AuNSs trén nén PDMS

4

Hién tuong nay dugc 1y giai nhu sau: khi dit polymer véo trong cdc thiy tinh, AuNSs
lang dong trén mat trudc. Vé nguyén tic, mat sau da dugc giit cd dinh va chi co thé tiép xitic véi
day cbe thiry tinh nén khong thé tiép xtuc mot cach truc tiép voi AuNSs.

(b)

Hinh 5. Anh mdt trede va mdt sau cia mét mau PDMS dwoc phu AuNSs

Tuy nhién, vi PDMS dugc diéu ché c6 cau trac x5p, nén AuNSs da di siu vao trong va
dich chuyén xubng mat sau. Do thoi gian U qua ngan, cling nhu d6 xdp tai nhitng diém khac
nhau nén kha nang di chuyén ciia AuNSs ciing khac nhau.

11
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3.4 Phé IR cia PDMS

Hinh 6 cho thdy ph6 hong ngoai cia PDMS tuong tu v6i AuNSs-PDMS. Piéu nay da
chimg minh ring AuNSs di phan tan vét 1y vao nén polymer PDMS. Két qua nay dong nhat véi
két qua cia Guanhua va cong su [17].
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Hinh 6: Phé hong ngoai ciia PDMS va AuNSs-PDMS

Diéu nay c6 thé dugc giai thich nhu sau: hau hét cic qua trinh tong hop vat liéu cac tac
gia ding nhém Si-H dé khtr tryc tiép AuCly” theo phwong trinh sau:

3Si-H + 3/2 H20 + 2AuCly; — 3/2 Si-O-Si-2Au + 6H' + 8CI

Qua trinh phan tan nano vang vao mang ludi polymer theo quy trinh nay 1a phén tan hoa
hoc, nén co sy thay d6i phd hong ngoai ciing nhu tinh chét cua polymer. Piéu d6 da dan dén két

qua phd hong ngoai clia nhom tac gia c¢6 su giam peak Si-H va ting cudng do peak Si-O-Si
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Hinh 7 : M6 ta qua trinh phan tan vdt Iy cua AuNSs vao PDMS

Tuy nhién dé qué trinh xay ra hoan toan thi thoi gian phan tmg phai kéo dai dén tan 48h
gio. Khi thoi gian tién hanh phan tmg quéa dai thi kich thudc hat khong dong nhat. Pé dam bao
c6 thé kiém soat dugc kich thude hat, nhém ching toi da tién hanh khir truéc AuNSs. Sau d6
tién hanh phit AuNSs 1én PDMS. Sy phan tan cia AuNSs vao PDMS duoc mo ta trong hinh 7.

3.5 Phé Raman

Pé xac dinh d6 nhay kha ning ting cudng d6 nhay cua AuNSs ddi v6i nén polymer
PMDS, ta do phé Raman. Hinh 8 cho thy phd Raman ctia PDMS va AuNSs-PDMS. Cac dinh
¢6 cuong do manh ¢ 2965 cm! va 2907cm! twong Gng véi dao dong ctia nhém methyl. Ngoai
ra, nhitng dinh c6 cudng d6 yéu ¢ 1412 va 1262 cm! dic trung cho dao dong uén cia Si-CH;.
Dao dong cung chiéu cua Si-CH; xuit hién & 787 va 687 cm!. Pinh & 488 cm! va 708 cm!
tuong tng véi dao dong kéo ciia lién két Si-O-Si va dao dong kéo ddi ximg cua Si-C [13-15].

12
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Hinh 8. So sanh do nhay cua PDMS cung voi sy hién dién cua AuNSs

Khi c6 su hién dién cia AuNSs, d6 nhay cia PDMS ting 1én dang ké. Néu tinh tir chan
dinh c6 d6 nhay cao nhat thi khi phit AuNSs 1én PDMS, d6 nhay ting 1én gap d6i so véi khi
khong phil. Ngoai ra, két qua ciia Yuwei Pei va cong su di chi ra rang su két tu cia AuNSs 1a
mot yéu td quan trong gitip cho phd Raman ciia hat nano vang hinh sao ting 1én dang ké so véi
khi khong két tu [17].

4. KET LUAN

Hat nano vang hinh sao c6 nhiéu nhanh nhon va sic. Kich thudc hat vao khoang 220
nm, do dai nhanh khoang 100 nm, ti 1€ d6 dai nhanh/kich thudc hat gén béng Y% . Cac hat nano
vang hinh sao di vao PDMS va di chuyén dan xudng mit sau. Két qua phd IR cho thdy AuNSs
da phan tan vat 1y vao nén polymer PDMS. Chinh sy hién dién ctia AuNSs gitp ting cuong do
nhay ctia chat nén PDMS. Uu diém chinh cta phuong phap nay 1a don gian, thoi gian tién hanh
phéan ung ng‘fm va voi su V'Zing mit cua chét hoat dong bé mat, chét khu, dung moéi doc hai
nhitng hat nano vang hinh sao ¢ thé twong thich sinh hoc va lién hop mét cach dé dang véi
phan ti sinh hoc cho nhitng tng dung vé sau.

Dua trén nhimng két qua dat duoc, chung t6i hy vong s& nghién ctru tinh chat cta vat liéu
AuNSs-PDMS v6i nhiing dung mdi khac nhau va nghién ciru nhimg yéu t6 anh huong dén hinh
dang va kich thudc cia AuNSs.

LOI CAM ON

T61 xin chan thanh cdm on ban lanh dao Vién Vat Ly Tp.HCM, trudong dai hoc
Concordia (Canada) d3 hd trg t6i hoan thanh nghién ctru nay.
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SYNTHESIS AND INVESTIGATION OF THE PROPERTIES OF COMPOSITE GOLD
NANOSTAR AND POLYMER POLYDIMETHYSILOXANE

Nguyen Thi Bich Duyen**, Nguyen Thi Le Huyen!, Le Hong Phuc!
! HoChiMinh City Institute of Physics

2 HoChiMinh City University of Technology

*Email: ntbichduyen@hcmip.vast.vn

ABSTRACT

Polydimethysiloxane (PDMS) is a potential material for microdevices’s science. In
addition, gold nanostars (AuNSs) are new class of gold nanoparticles with appropriate
properties well adapting for bio-sensor. In this work, we synthesized gold nanoparticles
have star-shape which have long branches, sharp tips and large density of branches per
core with the grain size is of around 220 nm and the length of branches is of around 100
nm. The photos of front and back sides of PDMS show that AuNSs deeply enter into the
matrix of PDMS.

Keywords: Bio-sensor, Gold nanoparticles, gold nanostars particles, Polydimethylsiloxane,

Polarity of solvent.
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