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ABSTRACT

The colloidal nanosize golds were synthesized from metal precursor chloroauric acid
(HAuCl,) using trisodium citrate dehydrate (C;H;0,Na;) as reducing and stabilizing agents. The
optical properties of colloidal gold solution have been investigated under the different synthetic
conditions and aging time. The results show that the absorption and the stability of the colloidal
gold nanoparticles depend robustly on the synthetic conditions and pH of media.
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- MO BAU

Hat nano vang da duoc biét dén tir thoi co
dai vé tinh chit mau 1y thd st dung trang tri
trong cic d6 dung thuy tinh va kinh xay dung.
Gan day, ching duoc quan tam nghién cdu
manh vi mot s6 tinh niang dac biét ¢6 tiém nang
16n cho viéc tng dung trong y sinh [1 - 7]. Dac
tinh wu viét cia cdc hat nano vang 1a 6n dinh vé
cdu tric, khong doc, c6 kha nang tuong hop
sinh hoc cao va nhét 1a ching dé dang hoat hod
dé gin két vé6i cdc phan tit sinh hoc nhu amino
axit, protein, enzym, DNA [8, 9] va cac phan tr
thudc thong qua cdc chat ¢6 chita nhém -SH. Vé
khia canh vat 1y, nho vao hiéu tng plasmon
cong hudng nén cac hat nano vang cé thiét dién
tat 16n trong vung nhin thay, phu thuéc manh
vao hinh dang va kich thuéc hat cling nhu tinh
chat ctia moi trudong bao quanh. Sy bién ddi mau
sic cua dung dich keo nano vang theo su thay
déi clia moi trudng da duoc st dung trong céc
cam bién sinh héa dé chin dodn bénh ciing nhu
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phét hién cac doc t6 [10].

C6 nhiéu céch dé tao ra hat nano vang nhu
cdc phuong phdp vat 1y bao gébm phuong phap
quang héa, dién hoa siéu am, chiéu xa, nhiét ...,
hodc bang phuong phdp héa. Phé bién nhat la
phuong phdp Turkevitch [11] tao hat nano vang
phan tédn trong nuéc tr HAuCl, bing phuong
phap héa khtr c6 st dung xitrat lam tdc nhan
khir. Cdc hat vang ché€ tao bang phuong phédp
nly c6 thé dé dang bién ddi bé mat dé gan két
v6i cdc phan tir sinh hoc dé st dung trong cic
ting dung y-sinh nhu cdm bién sinh hoc, danh
déu sinh hoc ...

Trong bai nay, ching toi trinh bay cdc két
qua ché hat keo vang bang phuong phap
Turkevich. Nghién cttu tinh chat quang cia
dung dich keo nano vang trong cdc diéu kién
ché tao khac nhau nhu thoi gian phan tGng, néng
do tidc nhan khu, noéng do cia mudi vang. anh
hudng cua do pH lén tinh chdt quang cua cac
hat nano vang cling nhu do 6n dinh ctia dung



dich keo vang theo thoi gian bao quan ciing
dugc khao sat.

I - PHUONG PHAP THUC NGHIEM

1. Héa chat

Axit tetrachloro auric ngdm ba phan tir nudc
99,5 % (HAuCl,.3H,0), trinatri xitrat ngadm hai
phan t& nuéc (Na,C,0,.2H,0) dugc mua tir hang
Merck. Cic thi nghiém duoc st dung nude cét
hai l4n.

2. Téng hop dung dich nano vang
a) Ché'tao

90 ml dung dich 2,0 10*M axit chloroauric
chita trong binh cdu ddy bang duoc khuay tir va
gia nhiét cho t6i soi. Khi dung dich bét diu soi,
nho 3,6 ml dung dich 6,8 10>M natri xitrat vao
binh phan tng. Khi d6 phén ting bét ddu xay ra,
phuong trinh phan tng nhu sau:

HAuCl, + 2Na,C¢H;0; 2> Au + CO, +

2NaCl + 2HCI + 2Na,C;H,0;5 +1/2H,

Theo thoi gian phan ting, mau ctia dung dich
phan tng chuyén tir mau vang nhat sang khong
mau, mau xam, tim va cudi cling 12 mau vang
dd. Sau khoang hon 10 phit phan Gng xay ra
hoan toan, dung dich vang c6 mau vang do.
Dung dich nay duoc chup &nh hién vi dién tir
quét phan giai cao HSEM va do hap thu hdng
ngoai va Raman st dung phd ké hoéng ngoai
bién déi Fourrier FTIR Nicolete va thiét bi
LAMBRAM

b) Thay doi thoi gian phdn ting

Sau khi nho dung dich xitrat dugc 1 phat thi
qua trinh 14y mau ra duoc bét ddu thuc hién -
thoi diém 14y mau ra duoc coi la thoi gian két
thdc phan ung ctia mau. Ci sau 3 phat thi 5 ml
mau trong binh phan tng dugc rit ra va dimg lai
han sau 25 phiit tinh tir thdi diém phan tGng bat
dau x4y ra. Cdc méu trén dugc do phé UV-VIS.
¢) Thay doi nong do xitrat

Nhim nghién citu sy phu thuoc cua kich
thudc va hinh dang cla céc hat nano vang vao
noéng do xitrat, mot diy gém 18 thi nghiém
dugc thuc hién véi nong do ciia HAuCl, 1a 2,0

10* M khong déi, ty ¢ mol r cha r =
[citrate]/[HAuCl,] dugc thay déi tir 0,5 cho t6i
12 v6i budc thay déi 1a 0,5. Thoi gian cho tét ca
céc phan tng duoc gitt ¢6 dinh 1a 15 phat.

d) Thay doi néng dé axit chloroauric

Su phu thuoc ctia néng do hat nano vang vao
nong do HAuCl, ciing dugc nghién citu qua viéc
khao sat mot ddy mau 12 dung dich keo vang
dugc ch€ tao voi lugng HAuCl, thay doi tir
0,5x10* M t6i 6,0x10* M, mdi budc la
0,5x10* M. Ty Ié r giit c6 dinh cho c4 ddy mau r
= 12. Thoi gian phan tng dugc xdc dinh cho
ting mau vé6i lugng HAuCl, cu thé.

e) Khdo sat anh huong cua do pH
Anh huong cta pH lén tinh chat quang ca
dung dich keo vang dugc khdo sit qua phd hap

thu ctia cadc dung dich keo vang c6 pH khac
nhau tur 1,9 cho t61 9,1.

f) Khdo sat do on dinh cia cdc dung dich keo

vang

T4t ca cdc dung dich keo vang déu dugc bao
quan trong t6i va & nhiét do l1a 4°C. Dac trung
quang cla céc dung dich nay dugc kiém tra
hang thang. Tat ca cdc dung dich keo vang ché&
tao duoc déu duge kiém tra kich thudc va hinh
dang hat bang chup 4nh hién vi dién tr quét
phan giai cao (HSEM) Hitachi-S480. Tinh chat
hép thu cua cac dung dich keo vang dugc khao
sat st dung mdy quang phé UV-VIS Varian
Carry-5000 v6i do phan giai 1 nm.

11 - KET QUA VA THAO LUAN

1. Cau tric hoéa hoc, hinh dang va kich thudc
hat keo vang

Hinh 1 biéu dién anh HSEM ctia dung dich
keo vang ché tao dugc. K&t qua cho thdy hat
vang ¢6 dang tua cdu véi kich thuéc kha dong
déu khoadng 16 nm (cdc hat c6 duong kinh
khoang 16+2,4 nm chiém khoang 95% téng s6
hat (hinh 1 b)).

Hinh 2 biéu dién phd microRaman va hép
thu héng ngoai bién déi Fourrier FTIR cla cac
hat vang. C6 thé nhém cac vach phd thanh hai
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nhém chinh: nhém vach dac trung cho dao dong
ctia vang & 1360 cm™ (phé Raman) va nhém cac
vach dac trung cho dao dong cua ion xitrat bao
quanh hat vang gém: cdc nhém vach 1415,
1319 va 1256 cm’ dac trung cho nhém CH,
trong phan tir xitrat (ph6 Raman) va 1403 va
2920 cm™ & phé FTIR. Cdc nhém vach cua

nhém OH & 3400 va 1085 cm™ (phé FTIR) va
cdc nhom vach dac trung cho dao dong cia
nhém cacboxyl COO™ gém: i) cdac dao dong cua
lien két C=0 1589 cm™ & phd hong ngoai va
1644 cm™ & phé Raman. ii) Cdc dao dong clia
lien két C-O gém 1045 va 1029 cm” & phéd
Raman.
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Hinh 1: (a) anh SEM cua hat vang (kich thuéc ~ 16 nm), (b) Phé phan bé kich thudc hat
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Hinh 2: (a) Ph6é Raman clia vang xitrat; (b) Ph hong ngoai vang xitrat

Qua khéo sdt phé dao dong, c6 thé thay 1o
cfu tric héa hoc cla cdc hat vang gom nhéan
vang c6 cdc nhéom xitrat xung quanh véi cac
nhém chiic cacboxyl COO' tich dién am vira tao
can bang dién tich cho cdc hat vang khong bi
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két tu, vira sdn sang cho cdc gan két sinh hoc.
2. Anh huéng ciia thoi gian phéan dng

Hinh 1 trinh bay phé UV-VIS ctia cdc dung
dich keo vang theo thdi gian phan tng thu dugc




tlr thi nghiém a). Nhin chung, phé hap thu thay
déi manh trong khoang 10 phit ddu cta phan
ung: cuong do hdp thu tang gan tuyén tinh
(H1.b)), do ban rong hep lai va dinh phé dich vé
phia séng ngan. Sau 13 phit, phd tré nén on
dinh vé6i cudong do ~ 1,2 va dinh tai 519 nm

1.2 — 1 min
j‘\ 4 min
1.0 \ '{ .‘ 7 min
) = =10min
0.8 %“:‘g\ / L ------ 13 min
Sty ﬁ - =. 16 min
0O 0.6 - b 19 min
(] o =22 min
R Y - =25 min
0.0 L L L i
300 400 500 600 700 a0m
Budc sdng (nm)
(a)

(H.1a). C6 thé néi ring phan tng dugc tang toc
trong khoang thoi gian tir 0 t6i 10 va két thiic
sau 13 phit. Nhu vay, thoi gian phan tng cla
thi nghiém a) 1a ~15 phit. Nho thuc hién qua
trinh theo ddi ndy, chiing ta c6 thé x4c dinh thoi
gian phan ting d6i v6i méi néng do HAuCl,.

1.2+ . . *

0a8t
06}
04t

ODtai ..

02t

0.0

0 5 0 15 20 25
Thoi gian (phit)
(b)

Hinh 3: (a) Phé UV-VIS va b) cuc dai hdp thu cua céc dung dich keo vang theo thoi gian phan ting

3. Anh huéng cia ty 1¢ mol
r = [xitrat]/[HAuCl,]

Hinh 4 biéu dién anh HSEM cua cdc dung
dich vang thu dugc trong thi nghiém b. Két qua
cho thdy khi r < 2,5, cdc hat nano vang khong
doéng dang véi cdc kich thudc khic nhau va
khong don phan tin (hinh 4a, 4b va 4c). Khi
r £ 6, cac hat nano vang dan tré thanh don phan
tdn va dang ciing dan trd thanh ciu. Khi r > 6,
céc hat nano vang 6n dinh véi dang cdu, don
phan tdn, duong kinh phan bé trong khoang 16
nm (hinh 4e, 4f). Hinh 5 biéu dién céc dac trung
hédp thu cong huéng phu thudc vao gia tri  cua
cac dung dich nay.

Hinh 5 cho thay phé hap thu ctia dung dich
nano vang c6 nhitng bién déi manh trong
khoang r < 6; cudng do hap thu ting ti 1& thuan
v6i r (hinh 5a), do ban rong phd gidm monoton
tr 140 nm xuéng 65 nm (hinh 5b) va dinh phd
dich vé phia séng ngin tir 564 nm dén 519 nm
(hinh 5c¢)). Phé hap thu 6n dinh khi r > 6 véi
cudng do hap thu ~ 1,3, Al = 67 nm va A, =

518 nm.

C6 thé giai thich hién tugng nay nhu sau:
khi r < 6, luong xitrat khong dii dé bao quanh
hét cdc hat nano vang tao duoc, vi vay chd nao
clia hat vang khong dugc bao thi s€ tiép tuc phat
trién va tu thanh ddm, 1Am cho kich thu6c hat
16n, néng do hat trong dung dich thép. r tang thi
luong xitrat d€ boc xung quanh hat s& tang, do
d6 han ché kich thudc hat cling nhu su tu dam
cta hat, dan t6i su tang nong do hat; lam cho
cudng do phé hap thu ting, do ban rong phd hep
lai va dinh phd dich vé phia séng ngan. Khi
r > 6, lugng xitrat da dé bao kin cdc hat vang
tao thé on dinh, do d6 phé hap thu ctia dung
dich vang ciing tré nén én dinh.

4. Anh huéng cha néng do muéi vang

Hinh 6a thé hién phé hap thu cong hudng
ctia cdc dung dich keo vang theo ham cta lugng
mudi vang dugc tao tir thi nghiém c. C6 thé thay
la dang phé hap thu khong thay déi nhiéu nhung
cuong do tang khi lugng mudi vang tang, ching
t6 lugng mudi vang thay déi trong dai quan st
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khong 1am anh hudng nhiéu t6i kich thudc cua
hat nano vang, nhung anh hudéng manh téi nong
do hat. D6 thi biéu dién cuong do hap thu theo

lugng mudi vang (hinh 6b) cho thdy su tang
tuyén tinh cta nong do hat vang trong dung
dich theo lugng mu6i vang st dung.
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(d)
Hinh 4: Anh HSEM clia cdc hat nano vang dugc tao ra véi cdc ty 1€ mol khac nhau :
r=1,0;b)r=2,5;¢)r=3,0,d) r=4,0; e=6,0; f) r=12
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r=Icitratel/THAuUCI 41

r=[citrate]/[HAUCI,]

r=[citrate]/[HAuCl4]

Hinh 5: Céc dac trung hép thu cong hudng cua cdc dung dich keo vang phu thuoc vao gia tri r:
(a) cudng do hap thu, (b) do ban rong phd hap thu AA,,, va (c) cuc dai hip thu A,

5. Anh huéng cia pH

Hinh 7 biéu dién phé hap thu UV-VIS clia céc dung dich keo vang véi cdc pH khdc nhau.
Tur hinh 7, ta c6 thé thay dung dich keo vang én dinh tai cdc pH > 7.
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Hinh 6: (a) Ph6 hap thu UV-VIS theo ham ctia néng do HAuCl, trong thuc nghiém c),
(b) mot 16p cét cha phé tai cuc dai hip thu A, theo néng do HAuCl,
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Hinh 7: Phé hap thu UV-VIS ctia cdc dung dich
keo vang xitrat tai cic pH khac nhau

C OH - H*
— : iy _‘O —
o <
OH
/730
C
Ton xitrat

C6 nghia la khi pH giam dan thi cdc nhém
cacbonat trong ion xitrat s& két hgp véi cdc ion
H* dan dén s6 luong cdc nhém cacboxyl trong

Piéu nay c6 thé duoc gidi thich nhu sau:
phan tir axit citric ¢6 hing s6 phan ly pKal =
3,15, pKa2 = 4,77 va pKa3 = 6,4. Khi pH > 7,
dung dich chi bao gém cdc ion xitrat vé6i ca ba
nhém cacboxyl duoc phan ly hoan toan thanh
cacbonat, do d6 cdc ion am xitrat bi hit trén bé
mat cic hat vang va bao quanh hat vang tao ra
céc hat keo vang, giita cdc hat keo vang ton tai
luc day tinh dién, luc nay giit cho cédc hat vang
khong thé két tu v6i nhau. Khi pKa2 < pH <
pKa3 thi mot nhém cacbonat trong ion xitrat sé
két hop v6i ion H* va tao thanh mot nhém
cacboxyl. Khi pKal< pH < pKa2 cé hai nhém
cacbonat trong ion xitrat két hop véi ion H*
thanh hai nhém cacboxyl. Khi pH < pKal ca ba
nhém cacbonat trong ion citrat két hop véi cac
ion H* vi vay trong dung dich chi t6n tai cdc
phan tu xitric.

HC

HO OH

O G
HO® ~0

Phdn ti xitric
dung dich ting dan nén luc bam hdt trén bé mat
hat vang giam dan lam s@ ion xitrat xung quanh

hat vang it dan di. Vi vay, cac hat vang c6 thé
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tién sit gan nhau va két hgp véi nhau tao thanh
hat to hon va ling xuéng din dén su gidm mat
do quang cta cac dung dich keo vang khi pH
giam.

6. Do 6n dinh cia dung dich keo vang
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Hinh 8: phé hap thu cta dung dich keo vang
theo thoi gian bao quan

Hinh 8 trinh bay phé héap thu cia mot dung
dich keo vang: vira dugc ch€ tao a) va sau 185
ngay bao quan trong téi & nhiét do 4°C b) (r =
10,5). Két qua cho thay hai dudng hédp thu a) va
b) triing khit v6i nhau, ching to su 6n dinh clia
dung dich vang trong thoi gian bao quan.

IV - KET LUAN

Di ch€ tao dung dich keo vang dang cau,
déng nhat vé hinh dang va don phan tin véi
duong kinh trung binh 16 nm da dugc trinh bay.
Khao sédt su phu thuoc cia néng do hat vang
trong dung dich vao lugng HAuCl, cho thady su
phu thudc nay la tuyén tinh. Dung dich keo
vang c¢6 pH > 7 6n dinh trong thoi khoang 6
thang trong t6i & 4°C. Nhiing nghién ciu tiép
theo ché tao 16p hop sinh dé gan két hat vang
nano vdi cdc phan tir sinh hoc nhim st dung
trong cac ung dung Y - Sinh cén duoc thuc hién.

Lién hé: Nghiém Thi Ha Lién
Vién Vit ly, Vien KH&CNVN
10 Pao Tén, Ba Dinh, Ha Noi
E-mai : halien@iop.vast.ac.vn.

724

Loi cam on. Cong trinh dugc hoan hanh vdi su
tai tro kinh phi cia Dé tai nghién citu co badn
cdp nha nudc md sé 103.06.58.09, s6°4.034.06
va Loreal Inc..

TAI LIEU THAM KHAO

1. National = Mining  Association 101
Constitution Avenue, NW, Suite 500 East
Washington, DC 20001.

2. Gregory J. Higby. Gold Bulletin, 15 (4),
130 (1982).

3. Young-Pil Kim, Young-Hee Oh, Hak-Sung
Kim, Biosensors and Bioelectronics, 23,
980 - 986 (2008).

4. Chang-Cheng You, Apiwat Chompoosor,
Vincent M. Rotello, Nanotoday, 2 (3), 34 -
43 (2007).

5. Yong Taik Lim, Mi Young Cho, Jung Min
Lee, Sang Jeon Chung, Bong Hyun Chung,
Biomaterials, 30, 1197 - 1204 (2009).

6. Natalia C. Tansil and Zhiqiang Gao.
Nanotoday, 1(1), 28 - 37 (2006).

7. Kewal K. Jain T, Clinica Chimica Acta, 358,
37 - 54 (2005).

8. Partha Ghosh, Gang Han, Mrinmoy De,
Chae Kyu Kim, Vincent M. Rotello.
Advanced Drug Delivery Reviews, 60, 1307
- 1315 (2008).

9. James D. Byrne, Tania Betancourt, Lisa
Brannon-Peppas. Advanced Drug Delivery
Reviews, 60, 1615 - 1626 (2008).

10. Jhansi Rani Kallur et al, Angew. Chem. Int.
Ed., 48,1 - 5 (2009).

11. J. Turkevitch, P. C. Stevenson and J.
Hillier, Trans. Faraday Soc., 11, 55 (1951).



725



