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Nghién ctru nay duoc thuc hién nham khao sat anh hudng cua dién ap dén sy hinh thanh hat va cac
déc tinh quang cta nano vang diéu ché bang phuong phép dién hoa. Hai thanh vang dong vai tro la
dién cuc anot va catot, mdt dau duoc ndi ngudn 1 chiéu v6i dién ap 0-15V, phan dién cuc con lai
dugc nhing trong nudc cit hai lan. Tang dién ap 3V mdi 1an didu ché va tién hanh khao sat cac
dic trung nhd quan sat sy thay d6i mau sic bang mét thuong, do phd hip thu tir ngoai — kha kién
va kinh hién vi dién tir truyén qua (TEM). Két qua cho thiy nano vang dugc tao thanh véi dién ap
6-15V, mau sic dung dich thay dbi tir hdng nhat t&i d6 thdm theo chidu ting cua dién ap. Dinh phd
UV-vis ciia dung dich ndm trong dai budc séng 528 nm — 538 nm tiiy theo murc dién ap sir dung,
hat nano vang hinh cau, phan bd ¢ dai kich thudc hep dudi 20 nm. Nghién ciru nay di dwa ra mot
phan cua birc tranh tong thé trong qué trinh tim cac didu kién tdi uvu dé didu ché nano vang tir vang

khdi dé c¢6 hinh dang va kich thude phu hop cho nhiing muc dich tng dung khac nhau.
Twr khéa: nano vang; vang khoi; ché tao dién hoa, dac tinh quang; nano y sinh

PAT VAN PE

Trong hon hai thdp ky vira qua, vat li€u nano
noéi chung va nano vang néi riéng dugc cac
nha khoa hoc, nha cong nghé dac biét quan
tam va phat trién [1]. Nano vang duoc nghién
ctru tmg dung rong rai trong nhiéu linh vyc
khac nhau, nhit 14 trong tiéu diét té bao ung
thu, dan thudc hudng dich, chup chiéu sinh
[2]. Phuong phap khu
héa hoc dugc st dung phé bién nhét ché tao
nano vang [3, 4]. Phuong phap nay st dung
mot chét thich hop dé khir mudi vang HAuCl,
tinh sach thanh nano vang. Do viy, tinh sin

hoc hay chan doan...

¢6 ciia ngudn nguyén lidu ciing nhu viéc kiém
soat hoa chat ton du sau phan Gmg 13 van dé
cAn quan tim. Gan ddy, mot phuong phap
moéi trén co sé dién hoa da dugce phét trién
thanh cong dé diéu ché nano bac truc tiép tur
bac khbi chi théng qua mét bude [5, 6]. Day
la phuwong phap don gian, chi phi thip, chu
dong dugc nguyén liéu dau vao va co kha
nang kiém soat dugc do sach cua san phérn.

* Tel: 0978 960658, Email: tgh@nihe.org.vn

Nghién ctru dugc thuc hién nhim 4ap dung
phuong phép trén dé diéu ché nano vang tir
vang khéi. Ciing gidng nhu cac phuong phap
diéu ché khac, kho khan 16n nhét cua phuong
phap nay 1a tim dugc cac diéu kién didu ché
thich hop, dic biét 1a dién ap dau vao dé tao
ra hat nano vang theo ¥ muén. Bai bao trinh
bay nhiing két qua ban diu nham khao sat anh
huéng cua dién ap téi sy hinh thanh hat va
dic tinh quang ciia nano vang diéu ché bang
phuong phap dién hoa.

PHUONG PHAP NGHIEN CUU

Vit li¢u, héa chat

Hai thanh vang (Au), d6 sach 99,99%, mua tur
Cong ty Vang bac da quy Bao Tin Minh
Chau, Ha Noi, c6 kich thudc 70 mm x 5 mm
x 0,2 mm (dai x rong x day). Natri citrate
Nas;C¢Hs07 duoc mua tir Sigma Aldrich. Céac
nguyén vat liéu lién quan khac dam bao diéu
kién phan tich.

Pong ho van ning do cuong do dong dién va
hiéu dién thé; b nguén cung cép dién ap mot
chidu c6 thé thay doi gia tri tir 0 dén 15V
(budc thay dbi 1V).
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Tong hop nano vang bang phwong phap
dién hoa

Hai thanh vang (Au) duoc rira sach bing
nude cat hai 1an rdi cho vao may rung siéu 4m
15 phut dé loai bo hoan toan bui ban bam trén
bé mit. Sau d6, ndi hai thanh véi h¢ dién hoa
dit trén may khudy tir. Mot thanh dong vai tro
lam andt va thanh con lai 1a catdt. Khoang
cach gitra hai dién cuc: 2 cm. Thém 50 ml
nudc cit hai 1an vao binh dién héa sao cho 2
dién cuc ngp trong nudc 50 mm, rdi thém
vao binh mdt luong natri citrate 0,1%. H¢
dién hoa d3 thiét 1ap duoc cép nguf‘m dién mot
chiéu c6 thé thay doi dién ap tir 3-15V, voi
budc thay déi 3V.

Su hinh thanh nano vang dugc khao sat bf?lng
mit thuong va phd hap thu UV-vis (Halo DB-
20/DB-20S, Dynamica), kich thudc hat dugc
xé4c dinh boi kinh hién vi dién tir truyén qua -
TEM (JEM1010, JEOL).

KET QUA VA BAN LUAN

St hinh thanh nano vang quan sdt bang mat thuong
Phuong phap dién héa da duoc ap dung thanh
cong dé diéu ché nano vang tir vang khoi
trong nudc cat 2 lan chi théng qua 1 budc,
cung véi sy hd trg coa néng d0 natri citrate
nhd ¢& 0,1%. Két qua quan sat bing mit
thudng cho thay sau 2 gid, khong co sy thay
d6i mau sic cia dung dich diéu ché ¢ dién ap
3V. Nhung ¢ cac gia tri dién ap 16n hon, dung
dich dién hoa c6 hi¢n tugng ddi mau theo thoi
gian diéu ché

Véi dién ap 3V, mau do bang phd UV-vis
khong thay xuat hién dinh hap thy. Do vay,
qué trinh khao sat tiép theo chi thuc hién véi
cac mau o dién ap 6V- 15V, voi budc thay
d6i 3V. Két qua cho thiy mau sic cua dung
dich trong binh dién hoa thay déi tir tring
trong sang lan luot sang hong nhat va hong
dam, dung dich ¢ binh diéu ché voi dién ap
15V dam nhét, mau dung dich diéu ché ¢ 9V
va 12V khong khac biét dang ké, trong khi &
mau 6V nhat hon (Hinh 1).

26

¥

\S= '
Hinh 1. Sy thay déi mau sdc cziq dung dich nano
vang theo dién ap diéu che
Su thay d6i mau sic dung dich bing mit
thuong trude va sau khi ché tao ¢ thé xac
nhén so bd sy hinh thanh hat nano trong dung
dich. Piéu nay c6 thé giai thich rang do céc
hat nano vang hinh thanh ngay cang nhiéu
trong dung dich, khoang cach giita cac hat
nano giam thiéu, nén khi anh sang chiéu vao
gdy ra su cong huong plasmon bé mit [8,
10]. Tuy nhién, dé c6 nhing bang chimg khoa
hoc chinh x4c dé khang dinh sy hinh thanh
hat nano vang diéu ché bang phwong phap
nay can st dung nhitng phép phén tich hién

dai hon nhu UV-vis hay TEM.

Sw hinh thanh nano ving khéo sdt bang
UV-vis

Tuong tng v6i két qua quan sat bang mat
thuong, cac mau dugc khao sat bang UV-vis
dé khéng dinh sy hinh thanh hat nano. Phan
tich pho héap thu ddi v6i mau diéu ché duoc
bang cach thay dbi dién ap va gilt nguyén
ndng do natri citrate 0,1% va thoi gian diéu
ché 2 gio. Két qua cho thay tat ca cac miu
khao sat déu co dinh hap thu ¢ budc séng
trong dai 528 nm — 538 nm, diéu nay di
khang dinh sy hinh thanh hat nano vang trong
dung dich (Hinh 2). Hay phd UV-vis da xéac
nhan ring nano vang hoan toan c6 thé duoc
diéu ché trong nudc cat tir vang khdi ma chi
thong qua 1 budc [11-13]. Cu thé, miu diéu
ché véi dién ap 6V cho dinh hap thu tai budc
song 528 nm; 9V tai budc song 529 nm; 12V
tai budc song 531 nm va 15V tai budc song
532 nm. Trong cung mdt diéu kién thi nghiém
va do dac, cac dinh phd hép thu c6 cudong do
thay d6i phu thudc vao gia tri dién ap sir
dung, dién ap cang cao thi cuong d¢ dinh
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cang cao, dinh c6 xu hudng léch vé phia budc
song dai. D6 1a do khi ting dién thé s& lam
tang su but pha cua cac ion vang ra khoi andt
dé di dén catdt nhan electron dé hinh thanh
nguyén tr vang. Ngoai ra, mQt lugng ion vang
khi birt phd ra khoi andt khong di dén catdt
ma chuyén dong xoay vong do dong ning
quay cua dung dich (khudy tir) s& tuong tac
v6i cac phan tir natri citrate va nhan electron
tir mubi nay hinh thanh cic nguyén tir vang.
Piéu nay dan dén nong do nguyén tir vang
hinh thanh trong dung dich sé ting 1én va co
hoi két tu thanh nano vang nhiéu hon, kich
thudce hat vang tang nhanh va lén hon so véi
mau khi ché tao s dung dién ap thip. Tuy
nhién, sy dich chuyén dinh ph6 nay khong
dang ké, diéu nay dong nghia véi viéc kich
thudc cua cac hat nano vang c6 su khac biét,
nhung khong dang ké trong dai dién ap khao
sat. Hon nira, dinh phd hap nhon va khéng
xudt hién dinh phy, diéu nay ching to kich
thudc hat rat tap trung & mot dai kich thude
hep xac dinh nao d6 [11], [13].
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Hinh 2. Phé ﬁdp thu UV-vis ciia nano vang diéu
che o cac dién ap khac nhau

Dung dich nano vang sau khi diéu ché duoc
boc gidy nhom dé tranh 4nh sang va luu giit &
4°C. Hinh 3 cho thiy phd hap thu UV-vis cua
mau dung dich nano vang ngay sau khi diéu
ché 2 gid & dién ap 9V va ndéng do natri
citrate 0,1% va sau khi lwu gitr & 4°C. Két qua
cho thiy sau 6 thang dinh hip thu ¢ su dich
chuyén nhe vé phia budc séng dai, trong tmg

cling c6 thé quan sat thdy mau sic cta dung
dich quan sat bang mat thuong ciing hoi dam
hon so v&i mau ngay sau khi diéu ché (hinh
chén thém bén canh). Picu nay c6 thé giai
thich rang, kich thudc nhiéu hat nano vang
sau diéu ché chua 6n dinh nén van c6 thé 16n
1én hodc tién tdi trang thai on dinh theo thoi
gian. Tuy nhién, cac dinh phd hip thu hep da
cho thiy rang kich thudc cua nano vang tap
trung & mot dai nao d6. Nhitng hat/tinh thé
nano vang sau diéu ché tiép tuc nhan thém
cac nguyén tir vang ton tai trong dung dich dé
dat t6i gid tri lién két bén viing. Trong diéu
kién bao quan ¢ 4°C va tinh trang bit kin dé
tranh anh sang, kich thudc cua cac hat nay c6
16n 1én dén mot trang thai tuong ddi 6n dinh
du kich thudc chung gia ting khong dang ké.
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Hinh 3. Phé hdp thu UV-vis ciia nano ving theo
thoi gian lwu giir
Két qua phan tich phd hip thu UV-vis da xéac
nhan sy hinh thanh hat nano vang diéu ché
bang phuong phap dién hoéa. Sy hinh thanh
hat chu yéu phu thudc vao dién ap mét chiéu
dua vao va thoi gian ché tao. Véi néng do
natri citrate thay d6i xung quanh gia tri xac
dinh 0,1% khong cho thay nhiéu su khac biét
vé kich thuéc. Mic du c6 thé tinh toan tuong
dbi kich thudc twong ddi thong qua phd UV-
vis [13], tuy nhién vdi cac phuong phap phan
tich hién vi dién ttr s& cho biét duge chinh xac
kich thudc cia nano vang tao thanh.
Kich thuwéc hat nano vang quan sdt bang TEM

Hinh 4 cho thiy c4c anh TEM cua cac hat
nano vang di dwoc tao thanh khi diéu ché
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bang phuong phap dién hoa véi dién ap khac
nhau (6V-15V, budc thay doi 3V). Véi goc
nhin tong thé, tit ca cdc miu phan tich déu
cho thay céac hat nano vang tao duoc c6 hinh
ciu, phan bd twong ddi roi rac trén vi trudng
quan sat, kich thudc trung binh dudi 20 nm.
Phan tich chi tiét hon khi quan sat dudi TEM,
mau diéu ché tai 6V cho kich thuéc ndm
trong dai 10-13 nm, trong khi mau diéu ché
tai 9-12V cho kich thudc hat nam trong dai 12
— 15 nm. MAu diéu ché tai 15V cho hat nim
trong dai kich thudc 12-18 nm. Trén thuc té,
khi phan tich véi mau diéu ché & dién 4p cang
cao thi trén vi trudng quan sat xuat hién cang
nhiéu cac dam hat c6 xu hudng co cum, va co
dai kich thudc hat phan bb rong hon, nhung
dai kich thudc van dudi 20 nm. Cac dam hat
nay co su lién két khong chat ché, cac bién
hat van dugc quan sat 1o rang, do vy co thé
dé dang phan tach hodc sir dung cac chat bao
boc thich hop dé ngin can su két dinh theo
thoi gian.

S ";-".“ (a); ;’t ‘i. .;w i '(w
! . _.‘_-:~" ‘.“.$ ’ Bl

« : iy I 5, W%
L g I e -"v.-’i,{_. ‘;Oo‘

U
Tk
e ._~'f-";,-:-‘,‘1-..., o
‘-'. e e n “WM -ﬁ‘ ‘§ ;3’ ._‘;£:$~.

;l-"l.w iy .lf'r; 7, .'"'\“ (’)" ™ M ‘d)

Hir]h 4. Hinh anh TEM cua cdc hat nano vang
diéu ché sau 2 gio tqi 6 cac murc dién dp khac
nhau, nong do natri citrate 0,1% khong doi
Véi cac mau ché tao sau 2 gio ¢ 9V; 0,1%
natri citrate va dugc luu gilr tai 4°C, Kkét qua
phan tich TEM ngay sau khi ché tao va sau 6
thang cho thdy khong c6 su khéac biét 16n vé
kich thudc, nghia 1a cac hat khong c6 xu
huéng 16n 1én hay hay két tu. Tuy nhién, diéu
tht vi 1a cac hat nano vang tré thanh “hinh
ciu” hon, hoan thanh tach roi (Hinh 5). Piéu
nay phu hop véi nhan dinh phd UV-vis nhan
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dugc tai Hinh 3. Trong truong hop cac hat
hau nhu khong bi két ty hay ling xudng day
lo, d6 la nho cac phﬁn tor citrate. Trong
phuong phap nay citrate khong nhiing dong
vai tro 1a chét dién ly ma né con dong vai tro
nhu mot chit cho dién tir va bao boc thanh
mot 16p mdéng bén ngoai cac hat nano vang
lam giam kha ning két tu giira cic hat nano.
Hon ntra, véi 4°C va tinh trang che phu tdt
cling gop phan lam giam thiéu ning lugng
lién két cua cac hat nano vang, giup cac hat
nano vang don phén tan trong nudc cit.

Hinh 5. Hat nano vang diéu ché tai 9?’, néng do
natri citrate 0,1% sau 2 gio tai thoi diém ngay sau
khi diéu ché va sau 6 thang lwu giit & 4°C.
Hién nay, c6 rt nhiéu phuong phap da duogc
cong bd dé ché tao nano vang co kha ning
diéu khién duoc kich thudc hat [14-17]. Tuy
nhién, hiu hét cac phuong phap nay déu su
dung cong nghé hoéa hoc dé khir mudi vang
HAUCI,, trén thyc t& hoa chit nay co gia
thanh cao va khé cha dong dugc. Do vay, voi
két qua quan sat bang mét thuong, do phd hip
thy UV-vis va phan tich bing TEM d4 khing
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dinh mot cach chic chin rang nano vang hoan
toan c6 thé diéu ché don gian tir 1a vang khoi
thong qua phuong phap dién hoa. Nano vang
tao duogc khong nhiing c6 thé dé dang kiém
soat duoc ngudn nguyén liéu ddu vao ma con
c6 kha nang kiém soat dugc d6 sach & san
pham dau ra. Theo tim hiéu cia nhém nghién
clru, chi 6 rat it cac cong trinh cong bd su
thanh cong cta viéc diéu ché hat nano tir vang
khdi va phuong phap ché tao hat nano sach
bang phuong phap dién hoa tir chinh nguyén
liéu dé tim kiém & xung quanh ciing chinh la
diém doc dao ctia nhom [5,6,18 - 20].

KET LUAN

Két qua nghién ctu cho thiy nano vang da
dugc diéu ché thanh céng bang phuong dién
hoéa tir vang khdi véi dién ap 6V-15V, dung
dich nano vang ché tao duoc chi co 1 dinh
hip thu tai budc séng nam trong dai budc
s6ng 428 nm - 438 nm, tuy thudc vao dién ap.
Hat nano vang c6 hinh cau, dai phan bd kich
thuoc hep duéi 20 nm, 6n dinh trong thoi
gian it nhat 6 thang luu gitr & 4°C.
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ABSTRACT

EFFECT OF APPLIED VOLTAGE ON FORMATION

OF GOLD NANOPARTICLES PREPARED

BY ELECTROCHEMICAL METHOD AND THEIR OPTICAL PROPERTIES

Vu Quang Khue', Hoang Long?, Vu Thi Lanh?,

Nguyen Thi Luyen? Pham The Tan® Tran Quang Huy***

Advanced Institute of Science and Technology - Hanoi University of Science and Technology,
2University of Science — TNU,
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This study was conducted to investigate the effect of applied voltage on formation of gold
nanoparticles prepared by electrochemical method and their optical properties. Two gold bars were
used as anode and cathode electrodes, one head of electrodes were connected to a DC source with
a voltage of 0-15V, other heads were dipped in bi-distilled water. The voltage was applied with
increment of 3V per experiment, and characteristic properties of formed gold nanoparticles were
investigated by observing the color change with naked eye, ultraviolet-visible absorption spectra
and transmission electron microscopy. The results showed that gold nanoparticles were formed by
using a voltage of 6-15V, the color of solution changed from light pink to dark red by increasing
the voltage. UV-vis spectra of gold coloidal solution peaked at 528 nm - 538 nm of wavelength
depending on voltage applied. Gold nanoparticles were found as spherical shape, distributed in the
narrow size of less than 20 nm. This study has provided a part of the overall picture for optimal
conditions to prepare gold nanoparticles from bulk gold for various applications.

Keywords: gold nanoparticles; bulk gold; electrochemical synthesis; optical properties;
nanomedicine
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