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TOM TAT

Trong nghién ciru ndy, vat liéu nano vang dang que dwoc tong hop theo phwong phdp
phat trién mam. Pé kiém sodt kich thwée, hinh thdi va do don phdn tan cua vt liéu,
chiing téi tién hanh khdo sat va danh gid cdc yéu té chinh anh hwéng dén qud trinh tong
hop vt liéu, bao g5m: néng dé cia chdt hoat dong bé mat, ti 1é mol cia acid ascorbic, va
bac nitrate doi véi HAUCl,, va pH ciia méi truong. Tir két qud cho thdy,vdt liéu nano
vang dang que tong hop dwoc c¢é d¢ don phén tin cao véi kich thuée hat nam trong
khodng 15x76nm.

Nham tang do bén va tinh tuong hop sinh hoc ciia vit liéu trong cdc iing dung vé y-sinh,
nano vang dang que dwoc bao phii bang mét 16p silica ¢é dé day khodng 20nm tong hop
theo phwong phdp Stober. Hinh thdi va tinh chdt cua vét liéu dwoc xdc dinh bang cdc
phiwrong phép phan tich vit li: kinh hién vi dién tir truyén qua (TEM), phé UV-Vis, pho
hong ngoai (FTIR), gian d6 nhiéu xa tia X (XRD).

Tir khéa: nano vang dang que, nong dg CTAB, ti s6 mol AA/AU®*, Ag*/Au®*, gid tri pH,
boc silica.

1. MO PAU

Nano vang dang que (GNR) co rat nhiéu tiém niang va duoc ng dung trong
nhiéu linh vuc hién nay nhu di¢n hoa, cam bién khi, va dic biét 1a cac ung dung vé y
sinh [1-4]. Véi tinh chat cong huang plasmon bé mat (SPR) tuyét voi, GNR c¢6 thé phat
nhiét khi hép thu cac tia brc Xa thich hop, vat liéu nay hién dang dugc nghién ctru trong
viéc diéu tri ung thu bing liéu phap xa nhiét [3,4]. Tinh chat SPR phu thudc chu yéu
vao hinh thai va kich thudc cta vat liéu nano vang. Péi v6i nano vang dang cau, SPR
xay ra & ving kha kién tai budc séng 520 nm. Trong khi d6, GNR lai c6 hai dinh hap
thu tuong tng voi cac dao dong dién tur theo truc doc (dao dong LSPR) va truc ngang
(dao dong TSPR) cuia hat, cho mot SPR manh hon & viing hong ngoai gan va mot SPR
yéu hon & ving kha kién (x4p xi 520 nm do dao dong TSPR va mot phan déng gop cua
dang cau). Trong d6, SPR xay ra & ving hong ngoai gan 1a van d& can duoc quan tam.
Mot nghién ctu trude ddy chi ra rang, laze hong ngoai gan 1a thich hop cho cac tng
dung tang than nhiét vi sy hip thu cia cac sic thé mo nhu hemoglobin va nudc trong
ving ndy rat thap so v4i ving kha kién [3]. Ngoai ra, laze hong ngoai gan it gy ton
thuong dén cac té bao lanh xung quanh. Vi vdy, trong cac liéu phap quang nhiét, cac hat
nano vang duoc thiét ké sao cho ti s6 canh (chiéu doc/chiéu ngang) cang lén thi budc
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s6ng hap thu cuc dai cang dich chuyén vé ving hong ngoai gan [5], do d6 giam thiéu sy
tuong tac ning luong anh sang dén mé té bao.

Nano vang dang que dugc tong hop theo phuwong phap “phat trién mam” [6, 7, 9,
11]. Qua trinh tong hop nay lién quan dén cic tic nhan gin két trén bé mat ciia mam
vang, tbc do phat trién, nho do co thé dinh huong sy phat trién cia hat mam dé tao
thanh cac hinh thai mong mudn. O bai bio nay, chiing toi khao sat va danh gia sy anh
hudng cia cac yéu td quan trong dén hinh thai, kich thudc, va do don phan tan cua vt
lidu. Cac yéu t& do bao gdbm: gié tri pH; ti 16 mol Ag*/Au®"; ti 16 mol acid ascorbic/Au®*;
néng d6 cua chét hoat dong bé mat.

Mot s6 van dé kho khan co thé gap phai khi tién hanh khao sat cac yéu té anh
hudng dén hinh thai cling nhu d6 don phan tan cta vat liéu gom: vé mat nhiét dong hoc,
hinh thai que ctia cac hat nano vang la khong bén. Ngoai ra, trong cac tng dung vé
quang nhiét, n6 c6 xu huéng chuyén thanh dang cau. Vi vy, yéu cau dit ra 1a phai bao
phi cac hat nano bang mét 16p bao vé. Lp vo boc bang silica tro khéng nhitng c6 kha
nang chdng lai sy thoai hoa tinh chat quang hoc cta hat nano vang, ma con ting tinh
twong hop sinh hoc va dé dang bién tinh cho cac tng dung khac. Phuong phép sol-gel
Stober duoc st dung dé pha 16p silica [6, 12]. Phuong phap nay c6 nhiéu vu diém 13 co
moi trudng on hoa, chi phi thap, khong stir dung thém chat hoat dong bé mit.

2. THU'C NGHIEM
2.1. Hoa chat

Hoa chit sitr dung trong cic thi nghiém nay gom: HAuCl, (hydrogen
tetrachloroaurate); CTAB  (cetyltrimethylammonium bromide); NaBH, (natri
borohydride); AgNO3 (bac nitrate); AA (ascorbic acid); H,SO, (acid sulfuric); NaOH
(natri hydroxide); TEOS (tetraethyl orthosilicate); NH,OH (ammonium hydroxide);
nudc cat.

2.2. Téng hop nano vang dang que
2.2.1. Chudn bi mam vang

GNR duogc tong hop theo phuong phap phét trién mam. Dung dich mam duoc
chuan bi nhu sau: 250 puL dung dich HAuCly 10 mM duogc phan tan vao 9,7 mL dung
dich CTAB 0,1 M. Dung dich nay duoc khudy tir trong 5 phut. Sau d6 thém nhanh 1 mL
dung dich NaBH, 5°C 0,1 M vao. Mau cua dung dich ngay 1ap tic chuyén tir mau vang
cam sang mau do tia, ching té sy hinh thanh cta cac hat mam vang. Sau do, dung dich
chira hat mam dugc giit & 30°C trong 2,5 gio.

2.2.2. Tong hop nano vang dang que

Nhédm muc dich danh gia céc yéu té anh huéng dén hinh thai, kich thudc va do
da phan tan cua vt liéu, cac thong sb: gia tri pH, [Ag’], [AA], [CTAB] lan lugt dugc
thay d6i. Quy trinh dai dién nhu sau: phan tan 500 pL dung dich HAuCls vao 9,4 mL
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dung dich CTAB 0,1 M. Thém 100 pL dung dich AA 0,1 M. Dung dich mét mau,
ching té qua trinh khir cua Au®* thanh Au’. Tiép theo, thém vao 300 pL dung dich
AgNO; 3,3 mM va pH cia dung dich duoc diéu chinh dén 1,5 bang dung dich H,SO,
0,5 M. Budc cudi cing, thém 35 uL dung dich mam véao dung dich phat trién. Dung dich
phat trién sau d6 duoc gift & nhiét d6 30°C trong 24 gid.
2.3. Nano vang dang que boc silica

Nano vang dugc tich ra bang cach ly tam & téc do 8500 vong/phat trong 30
phut. Sau do6 phan tan lai vao 10 mL nudc cat. Thém 1,3 mL dung dich NaOH 0,05 M
va 300 pL dung dich NH3 0,05 M. Tiép d6, thém 200 pL dung dich TEOS 5%,,. Dung
dich nay sau d6 dugc siéu am 30 phat, khudy tir trong 1 gio trude khi thém tiép 200 pL
TEOS 5%yw. Dung dich dugc khuéy trong 12 gio. Nano vang boc silica sau d6 dugc
tach ra bang cach ly tim ¢ toc do 6500 vong/phut.
2.4. X4c dinh tinh chat vat li¢u

Anh TEM ghi nhan tir thiét bj JEOEL 1010 (Japan); gian d6 nhiu xa XRD ghi
nhan tir thiét bi D8-ADVANCED; pho UV-Vis ghi nhan tur thiét bj Jasco V-630; pho
FTIR ghi nhan tir thiét bi SHIMADZU.

3. KET QUA VA THAO LUAN
3.1. Tong hop nano vang dang que
3.1.1. Anh huéng ciia ti 16 mol AA/Au®*
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Hinh 1. o th; biéu dién buréc sdng hdp thu cuc dai ciia dao dong LSPR va ti sé do hap thu
quang cia dao dong LSPR/dao déng TSPR tai cac ti 16 AA/Au®* khac nhau. [CTAB] = 0,1M;
Ag* /AU = 0,2; pH = 1,5; Vinam = 20 pL. AA/AUY: 1,0; 1,3; 1,4; 1,5; 1,6; 2,0; va 2,5.

Trong bai bédo ndy, chung t6i danh gia 2 két qua: a. Cuc dai hip thu cia dao
dong LSPR (cuc dai hdp thu cang chuyén vé vung hong ngoai gan thi ti s6 canh cang
16n [5]); b. Ti s6 @6 hap thu quang cua dao dong LSPR/TSPR. Ti s6 nay cho biét hiéu
sudt clia nano vang dang que tong hop dugc. Vi néu hiéu suit thip, thi sy c6 mat ciua
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c4c hat nano vang hinh cdu 16n s& lam tiang d6 hap thu quang & dao dong TSPR, lam ti
s6 nay giam. Theo 1y thuyét [15], ti 16 mol hop thirc cho qua trinh khir Au®* vé& Au® Ia:
AA/AUL = 1,5. Theo két qua ¢ Hinh 1, khi luong AA vuot qua ti 1€ hop thure thi cuc dai
hép thu ctia dao dong LSPR va ti s6 do hép thu cta dao dong LSPR/dao dong TSPR
(tam goi 1a ti s6 LSPR/TSPR) d6ng thoi giam, chi ra rang vat liéu thu duoc cé ti sb canh
thip va mot lugng 16n nano dang cau dwoc hinh thanh. Ngoai ra, can phai luu ¥ rang,
hiéu suat tong hop GNR la rt nho khi luong AA khong dam bao ti 1¢ hop thc.

AA duoc lya chon lam tac nhan khir vi né 1a mét chat khtr yéu nén chi ¢ thé
khir Au®* vé Au®. Tiép d6, ion Au” chi bi khir vé Au® bang AA khi c6 bé mat kim loai
lam xuc tac, chinh 13 cc hat mam vang. Ngoai ra ning luc khir cia AA con bi anh
hudng boi gia tri pH [13]. Vi vay, toc do khir Au” c6 thé dugc kiém soat, nho d6 cac hat
mam s& phat trién chon loc theo mot hudng nhat dinh.

3.1.2. Anh hwéng cua gia tri pH
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Hinh 2. o th; biéu dién buréc séng hap thu cue dai ciia dao dong LSPR va ti s6 dé hap thu cua
dao déng LSPR/dao dong TSPR tai c&c gia tri pH khac nhau. [CTAB] = 0,1M; Ag*/Au®" = 0,2;
AA/AU®" = 1,6; Viam = 30 pL. pH: 4,0; 2,8; 2,3; 2,0; 1,5; va 1,0.

GNR téng hop & cac gia tri pH béng 4,0; 2,8; 2,3; 2,0; 1,5; va 1,0 c6 ti s6 canh
khac nhau tuong tmg voi cac dao dong LSPR tir 700 dén 950 nm. Tur Hinh 2, khi gi4 tri
pH giam thi cuc dai LSPR va ti s6 LSPR/TSPR ting. Tuy nhién, khi gia tri pH giam
dudi 1,5 thi ti s6 LSPR/TSPR giam tir 3,9 dén < 3, ching t6 hiéu suit tao thanh GNR
giam. Anh huéng cua gia tri pH dén sy hinh thanh GNR ¢6 thé dugc giai thich nhu sau:
ban than acid ascorbic 1a mot chét khir yéu va ning lyc khir cia né bi giam manh trong
moi trudng acid manh [13]. Két qua 13, qua trinh khir Au* vé Au® trén bé mat mam dién
ra cham trong méi truong acid. Didu nay rat c6 loi cho qua trinh phat trién bat ding
huéng ciia mam vang trén mot mat tinh thé ndo d6 dudi su didu hudng cia CTAB va
Ag'.
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3.1.3. Anh hudng ciia i 16 mol Ag*IAU>*
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Hinh 3. D6 thj biéu dién budc sdng hap thu cuc dai ciia dao dong LSPR va ti sé dg hdp thy cia
dao déng LSPR/dao déng TSPR tai céc ti 16 Ag*/Au®* khac nhau. [CTAB] = 0,1M; AA/AU®" =
1,5; pH = 1,5; Viam = 16 pL. Ag*/Au®*: 0; 0,1; 0,2; 0,3; 0,4; va 0,5.

Tur két qua ¢ Hinh 3, c6 thé thdy cuc dai caa dao dong LSPR dich vé ving hong
ngoai khi tang ti 18 mol Ag*/Au®*. Khi ti 16 mol Ag*/Au® ting dén 0,2 thi cuc dai hip
thu tng véi dao dong LSPR gan nhu khong thay d6i. Néu tiép tuc ting ti 16 nay Ién dén
0,3 thi ti s6 LSPR/TSPR bt dau giam manh. Ching t6 rang ti 16 Ag*/Au t6i vu dao
dong xung quanh 0,2. Ngoai ra, néu khdng c6 mat ion Ag” (ti & = 0) thi s& khdng c6 su
hinh thanh GNR.

Murphy va cong su [7, 14] da d& xut co ché anh huong caa ion Ag” 1&n su hinh
thanh cia GNR nhu sau: Ag” trong dung dich c6 thé bj khtr thanh AgP® trén bé mat kim
loai & mot gid tri thé thap hon rat nhiéu so voi thé khir thuc té caa nd, nho d6 tao thanh
mot don 16p nguyén tir Ag trén bé mat caa vang. Hién tuong nay co xu huéng xay ra
trén mat mang (110) hon so v4i mat (111) va mat (100), nho @6 mat mang (110) duoc
bao vé. Piéu ndy dan dén sy phat trién bt dang hudng caa mam. Két qua khao sat cua
chiing t6i trong truong hop nay hoan toan phu hop véi nhitng nghién ciru trude day [7,
14].

3.1.4. Anh huong cua nong do CTAB

Tir Hinh 4, ching t6i nhan thiy GNR khong duoc tao thanh néu khong cé sy
dinh huéng cua CTAB. Khi nong d6 [CTAB] = 0,1 M, thi budc séng hap thu cuc dai
g vé6i dao dong LSPR va ti s6 LSPR/TSPR 1a 16n nhat. Khi nong d¢6 [CTAB] > 0,1 M
thi ca 2 théng sé nay déu giam manh. Nhu vay nong do téi uu cia CTAB duogc khao sét
trong khoang 0,1 M.

Két qua nay hoan toan gidng vai két qua khao sat cua tac gia M. Reza Hormozi
va cong su [15]. Dua trén y tudng CTAB ¢6 xu hudng tao thanh mot cau trac hai 16p
trén mat mang (100) hozc (110) [7]. Lic nay, Au™ s& wu tién bi khar boi acid ascorbic
trén nhitng mat mang it bi can tré boi CTAB, d6 1a mat (111). Chinh diéu nay din dén
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su hinh thanh caa céc hat GNR. Ngoai ra, cdu tric hai 16p caa CTAB gilp hat nano
vang tich dién duong, nho do6 tranh khoi sy keo tu cua cac hat nano.
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Hinh 4. D6 thj biéu dién budc song hap thu cuc dai ciia dao dong LSPR va ti sé dg hdp thy cia
dao déng LSPR/dao dong TSPR tai cac nong dg CTAB khac nhau. Ag*/Au®" = 0,2; AA/AU® =
1,6; Vinam = 30 pL. pH = 1,5. [CTAB] = 0,01; 0,05; 0,10; 0,15; 0,20; va 0,30 M.

3.2. Nano vang dang que boc silica

Sau khi di khao sat cac yéu to quan trong anh huong dén sy hinh thanh cuaa
GNR, chiing t6i chon diéu kién tong hop nhu sau: pH = 1,5; AA/AUY =15 Ag+/Au?’+

=0,2; [CTAB] = 0,1 M.
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Hinh 5. Anh TEM ciia GNR (A), GNR-SIO, (C), va sau khi logi silica du (D);
va do thi phan bé ti sé canh ciia GNR (B). Thang do trong anh TEM: 100 nm.
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Hinh 5A cho thay két qua TEM caa GNR téng hop duoc & diéu kién trén. Vat
liéu chang t6i tong hop duoc co d6 don phan tan cao Vi ti s6 canh ~ 5 (Hinh 5B). Trén
gian d6 nhidu xa XRD (Hinh 6), dinh nhiéu xa tai 2 6 = 38" twong ng véi mat mang
(111) ciia GNR c6 cuong d6 16n nhit.
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Hinh 6. Gidn do nhiéu xa tia X cizia GNR

Diéu nay mét 1an nira xac nhan lai gia thuyét vé su phat trién cua cac hat mam
vang uu tién trén mat mang (111) dé tao thanh cac que nano vang.

Tiép do, 16p vo silica mong co chiéu day khoang 20 nm bao quanh hat nano
vang duoc tong hop trong dung méi nudc/ethanol (10 mL/400 uL) véi tién chét silica la
TEOS. Trong qua trinh boc silica, ching t6i chon dung méi nudc vi néu chuyén nano
vang vao dung mdi ethanol s& xay ra su két tua do sy pha v 16p CTAB bao vé trén bé
mit hat nano vang. Ttr Hinh 5C, d& dang nhan thiy rang c6 mét luong on céc hat silica
du, tuy nhién ching dé dang bi loai bo bang cach ly tam & 6500 vong/phut (Hinh 5D).

Tir phdé UV-Vis cia GNR va GNR-SIO; ¢ Hinh 7, chling tdi nhan thdy rang, cuc
dai hap thy tng véi dao dong LSPR cua nano vang sau khi dé boc silica tang tir 850 1&n
900. Piéu nay dugc giai thich 1a do su thay doi chi s khdc xa xung quang hat nano
vang sau khi boc bang silica [5, 6].
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Hinh 8. Phé FTIR ciia GNR va GNR-SIO,

Trén phd hong ngoai cia GNR va GNR-SiO; (Hinh 8) déu xuit hién cuc dai ¢
3480 cm™, diéu nay dwoc giai thich 1a c6 thé do dao dong cua lién két OH cua nudce va
hai cuc dai ¢ 2920 va 2800 cm™ twong ung vé6i dao dong héa tri bt dbi xung va dbi
xung cua lién két C-H cua nhém CH; trong phan tir CTAB [12]. Tuy nhién, & vat liéu
GNR-SiO;,, cudng do hai dinh nay nho hon nhiéu, chiing t6 raing CTAB di dugc loai bo
mot phan trong qua trinh ly tm hoac bi bao boc bai silica. Ngoai ra, trén phd hdng
ngoai cua nano vang sau khi boc silica cho mot cuc dai hip thu & 1050 cm™ tuong @ng
vé6i dao dong cua lién két Si-O-Si [6, 12].
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4. KET LUAN

1. Tir viéc khao sat cac yéu té anh huong dén qua trinh hinh tong hop vat liéu

nano vang dang que, vat liéu chling t6i tong hop duoc co do don phan tan cao vai kich
thudc hat nam trong khoang 15 x 76 nm.

2. B boc thanh céng c4c hat nano vang bang silica c6 d6 day khoang 20 nm.

Loi cam on: Nghién ciru nay duoc tai tro bai Quy phat trién khoa hoc va cong

nghé qubc gia (NAFOSTED) trong dé tai mé s6 104.03-2012.54.
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EFFECTS OF CRUCIAL PARAMETERS ON THE SYNTHESIS OF HIGHLY

MONODISPERSED GOLD NANORODS FOR SILICA COATING

Mai Duy Hien, Le Thi Lanh, Pinh Quang Khieu, Tran Thai Hoa”
Department of Chemistry, Hue University of Sciences
* Email: trthaihoa@yahoo.com

ABSTRACT

In this report, the gold nanorods are synthesized by a modified seed-mediated method.
Our research aim is to manipulate the size, morphology, and uniformity of the obtained
gold nanorods. The four significant factors are thoroughly investigated, including:
concentration of surfactant [CTAB]; molar ratio of ascorbic acid and silver nitrate to
hydrogen tetrachloroaurate; and pH value. The results show that, the synthesized gold
nanorods are highly mono-dispersed with a mean size of approximately 15 x 76nm.

In order to increase the material durability and biocompatibility in the biomedical
applications, the gold nanorods are coated with a silica layer of about 20nm thickness
synthesized by the method of Stober. The morphology and properties of the gold nanorods
and silica-coated gold nanorods are charaterized using transmission electron microscopy
(TEM), ultraviolet-visible (UV-Vis), fourier transform infrared (FTIR) spectroscopy, and
X-ray diffraction (XRD).

Keywords: Gold nanorods, CTAB concentration, AA/Au, Ag/Au, molar ratio, pH, silica
coating.
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