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MAM PIEU KHIEN PQNG HQC QUA TRINH PHAT TRIEN CUA HAT NANO
VANG CAU DPUONG KIiNH LEN TOI 200 NM BANG PHUONG PHAP NUOI
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TOM TAT

Bai b4o nay trinh bay viéc ché tao cac hat nano vang don phéan tan, dang cau, phan bé kich thudc
hep voi duong kinh [én téi trén 200nm bang phwong phap nudi mam. Dong hoc cua qua trinh phét
trién cua hat duoc diéu khién théng qua phan @ng khu cua axit formic HCHO trong dung dich
vang hydroxide (gold plating solutions - GPS) trong su c6 mat cua cac hat mam vang. Mam duoc
ding dé “nuéi” 1a cac hat keo vang dang ciu vai duong kinh khoang 15nm, ndng d6 hat 5.10™
hat/ml, bé mat duoc bao vé bai cac ion am citrate. Cac hat nay dwoc tong hop bang céch khir axit
chloroauric HAuCI, béi dung dich trisodium citrate dihydrate khi dwoc gia nhiét. San pham tao ra
bang phuong phap nay khong cé hoat dong bé mit thuan lgi cho cac ng dung trong y sinh. Céc
phép do phd hip thu trong ving tir ngoai — nhin thiy (UV-VIS), kinh hién vi dién tir truyén qua
(TEM) cho thiy céc dic trung cua hat trong tirng budc “nudi”.

Tir khoa: nano vang, hat mam, trisodium citrate dehydrate, gold plating solutions, phuwong phdp

nudi mam.

TONG QUAN

Trong nhitng thap ky gan day, cac hat nano
vang dang thu hit dwoc nhiéu sy quan tim
cua cac nha nghién ctru trong cac linh vuc
khac nhau tir cac nghién ctru co ban tdi cac
nghién ctru ing dung. Dac biét, cac hat nano
vang khi dugc gin két voi cac phén tir tuong
thich sinh hoc s& mang lai nhiéu tng dung
trong y sinh, ching han nhu ung dung trong
danh d4u va hién anh sinh hoc [1] [2], chin
doan, phat hién va diéu tri bénh [3], ing dung
quang nhiét [4], phan phdi thuc va cac phan
tar sinh hoc [6],...Vi nhitng tng dung tiém
nang d6 ma cac hat nano vang da va dang
dugc nghién ciru tong hop bang nhiéu phuong
phap khic nhau. Mot cach tong quan, hat
nano vang c6 thé duoc tdng hop bing ba
nhom phuong phép chinh: nhéom phuong
phéap hoa hoc, nhém phuong phap birc xa va
nhom phuong phép khir sinh hoc. Phuong
phap burc xa st dung cac tia buc xa [14], [15]
dé khtr AuCly vé Au’® trong sy c6 mit ciia cac
chat 6n dinh. Phuong phap nay cho hiéu suét
tong hop cao nhung gia thanh cao va yéu cau
phai c6 thiét bi tuong ung. Nhom phuong
phap khir sinh hoc tong hop nano vang bang
cach sir dung cac polimer dé lam chét khir va
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chat bao vé [16], [17], Phuong phap nay co
vu diém 14 sir dung cac chat khong doc nhung
san pham tao ra c6 kich thudc dudi 50nm va
phan bd kich thuéc twong dbi rong. Mot
phuong phap twong dbi phd bién trong viéc
tong hop cac hat nano vang la phuong phap
khir héa hoc. Nguyén tic chung cia phuong
phap nay 13 sir dung mot chat khir nao do dé
khir Au®* trong mudi vang thanh nguyén tr
AW, va dé tranh sur két dinh cta céc hat, chét
bao vé co thé duge sir dung. Cac hat nano
vang v6i duong kinh tir 10nm dén 150nm co
thé duoc tao ra bf?mg cach st dung trisodium
citrate  (NazCeHsO;) dé khir mudi vang
HAUCI, trong mot bude duy nhat khi co gia
nhiét [7] [8]. Tuy nhién, phan bd kich thudc
trd nén rong hon va xuat hién nhleu hat voi
hinh dang khac ngoai cac hat hinh cau khi cac
hat c6 kich thudce 16n hon. Trong nhiing ndm
gan day, phuong phap phat trién mam 1a mot
trong nhiing phuong phap mang lai hiéu qua
cao trong vi€c tao ra cac hat nano vang voi
cac kich thudc va hinh dang mong mudn. Pi
tién phong vdéi phuong phép nay, Natan va
cac cong su da stir dung trisodium citrate nhu
mot chat khir trung gian dé tong hop cac hat
nano vang cau dudng kinh 1én téi 100nm[9].
Tuy nhién, han ché ciia phuong phap nay la
tao ra ca cac hat nano vang dang thanh bén
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canh céc hat nano vang khién cho hiéu suét
tong hop thap. Cac hat nano vang véi duong
kinh tir 5nm téi 40nm dugc Jana tong hop khi
st dung cetyltrimethylammonium bromide
(CTAB) lam chit 6n dinh va sodium-
borohydrate (NaBH,) nhu mot chat khir dé
khur HAuCl, [10]. Véi cung y tudng su dung
CTAB lam chat 6n dinh, Murphy va Liz-
Marzan da st dung phuong phap phat trién
mam dé tong hop céc hat nano vang don phan
tan khi dung axit ascbic (AA) lam chét khu
[11]. Mac du don phén tan, nhung cac hat
vang nay dugc bao vé boi cac phan tir bé mat
1a CTAB nén han ché kha ning tmg dung cua
hat trong y sinh. Vi vdy, viéc tim ra mot
phuong phap tdi wu duoc qua trinh téng hop
cac hat nano vang ciu voi cac tinh ning wu
viét nhu: phan b kich thudc hep, don phén
tan, d& dang hoat hoa bé mat va c6 thé didu
khién duoc kich thudc trong pham vi rong. .
1a can thiét cho cac ung dung cuia ching.
Trong bai bao nay, chung téi bao cdo mot
phuong phap twong dbi don gian tong hop hat
nano vang cau cé kich thudc 1én téi trén
200nm, don phan tan, phan b6 kich thudc hep
va khong c6 CTAB. Phuong phap nay gom
hai bude: (i) tong hop hat mam vang (cac hat
nano vang cau duong kinh khoang 15nm), (i)
phat trién kich thudc hat mim trong dung
dich vang hydroxide (gold plating solutions-
GPS) voi sy c6 mit cia chat khir HCHO.
Diéu quan trong trong phuong phap nay 1a pH
ctia dung dich GPS phai phu hgp dé dam bao
cho hat mam duoc phat trién mot cach lién
tuc, déng nhét, va khong c6 hat nhan méi xuét
hién bén canh cac hat mam.

THUC NGHIEM

Nguyén liéu héa chat: vang (I11) chloride
trihydrate  (HAuCI4. 3H20, 99.9%),
trisodiumcitrate  dihydrate  ((NasCgHsO5).
2H,0, 99 %), Kali cacbonat (99 %), and
formaldehyde (37 % trong nudc) dugc cung
cip boi Merck, nude khir ion duge sir dung
trong tat ca cac thi nghiém.

Téng hop hat nano vang (GNPs)

Giai dogn tao méam:

Céac hat madm 13 cac hat nano vang dugc
chuan bi nhu trong bio céo ciia ching toi
truge day [12], trong cong viéc nay chung t6i
chuan bi cac hat mam nhu sau: Thi nghiém
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duoc thuc hién trong mot binh cau ba c6 dugc
ghép voi h¢ théng 1am lanh 1a mét sinh han
hoi lwu. Toan bd hé thong nay dugc dat trén
mot may khuay ta gia nhiét. Bun 30ml H,O
trong binh cau ba co khuay tir gia nhiét dén
s61. Khi nudc trong binh s61, dua thém 392pl
mudi vang HAuCl, 23mM, sau do 902;11
NazCe¢Hs0; 1% duoc dua vao binh ba co.
Dung dich trong binh luén duoc khudy tir voi
toc do 800-1000v/p va gia nhiét & 100°C.
Dung dich s& d6i mau dan tuong ung véi su
thay ddi kich thuéc hat theo thoi gian phan
tting khac nhau. Mau dung dich dan dan
chuyen tur mau vang nhat sang trong suét roi
xam, dén mau tia ddm cho téi mau do man.
Mau d6 man la dau hiéu caa phan ung két
thic. Binh cau duoc rat ra khoi hé théng thi
nghiém, va duoc dat trén mot may khudy tir
khong gia nhiét khac, van duy tri téc do
khuay khoang 800 vong/phut trong khoang 5-
10 phat. Sau d6 ngung khuay tor va dé dung
dich trong binh cau giam xudng nhiét do
phong Dung dich vang duoc bao quan trong
ti va nhiét do thip khoang 4°C.

Chudn bi dung dich “nuéi” — dung dich
vang hydroxyde (GPS)

Dung dich GPS phai dwoc chuan bi it nhit 3
ngay trudc khi st dung dé “nuéi” mam. pH
cia dung dich GPS dugc diéu chinh trong
khoang tir 4 dén 11 (gia tri duoc ghi nhan sau
3 ngay ché tao) bing cach thay déi lugng
K,CO; trong 100ml H,O. Dung dich nay
duuoc khudy tir khoang 10 phit ¢ nhiét do
phong, sau d6 1,5ml HAuCl, 23mM dugc dua
thém vao. Ban dau dung dich c6 mau vang
séng sau d6 chuyén thanh khéng mau. Khuiy
tir duoc duy tri trong khoang 2h, sau d6 dung
dich dugc bao quan trong diéu kién lanh (4°C)
khoang 3 ngay trudc khi su dung.

Giai doan phét trién hat mam

Dung dich GPS v¢éi pH trong khoang tir 9.0
dén 9.5 da duoc chon dé lam dung dich nudi
mam. Kich thuéc cua hat mdm duoc ting 1én
theo timg budc nubi ¢ nhiét do phong véi
didu kién 1a san pham cua budc nudi trudc sé
duoc st dung dé 1am mam cho budc nudi tiép
sau. Cac budc nudi chi khdc nhau dung dich
mam, luong GPS va HCHO trong mdi binh
phan tmg khong ddi lan luot 1a: 6ml va 5pl.
Trong budc nudi dau tién, 4ml dung dich
mam di chuan bi duoc dua vao trong binh
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phan tng chira 6ml dung dich GPS, hon hop
duoc khudy tir khoang 5 phut, sau do Spl
HCHO duoc dua vao dé phan tng khu xay ra.
Phan ung dugc duy tri trong khoang 30 phut
thi dung lai. Bugc 2: Liy 8ml dung dich thu
duoc tir bude 1 dé lam mam. Bude 3: lay 8ml
dung dich thu duoc tir bude 2 dé lam mam;
budc 4: 1y 12ml dung dich thu duoc tir budc
3 1am mam; budc 5: lay 16ml dung dich thu
duogc tir budc 4 1am mam; bude 6: 1y 17ml
dung dich thu duoc tir bude 5 1am mam; va
quy trinh dugc Iap lai cho téi budc 20 véi
lugng mam 1a 17ml.

Cac phép do thuc nghiém

Pac trung quang cua cac dung dich GNPs
duoc khao sét thong qua phd hap thu UV-VIS
dugc do trén may UV-2600 cua héng
Shimadzu; hinh thai va kich thuéc cua hat nano
duoc quan sat qua anh bang kinh hién vi dién tir
truyén qua Model. Jem 1010 hang JEOL — Nhat

Sau 5 phat
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KET QUA VA THAO LUAN

Khio sit theo thoi gian toc do phan vng
khir caa HCHO véi cac dung dich GPS pH
khac nhau khi ¢6 miam va ko mam

Pé tim duoc dung dich GPS phu hop cho qué
trinh phat trién caa mam, ching tdi khao sat
toc @6 cua phan wng khir caa HCHO va dung
dich GPS. Céc dung dich GPS vai pH khac
nhau duoc chuan bi bang cach thay doi luong
K,COs: 300ul dung dich HAuUCI, 23mM
dugc dua vao trong 20ml H,O khudy tir 10p,
sau do mot lugng K,CO;3 tr 1-11mg véi budc
nhay 1mg dugc dua vao trong cac binh phan
ng. Khuay tir dung dich trong 2h sau d6 bao
quan trong ta lanh sau 3 ngay va kiém tra pH.
pH cua cac dung dich duoc ghi nhan ¢ gia tri
lan luot 1a: 4.45; 6.59; 6.82; 8.30; 9.01; 9.40;
9.70; 9.80; 10.10; 11.56.
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Hinh 1: Phé hdp thy UV-VIS cuia céc dung dich GPS pH khac nhau theo thoi gian dwoc khir béi HCHO.
Hinh A: Phé hdp thu cia cac dung dich GPS pH khac nhau 5 phat sau khi phan #ng khir xdy ra (c6 mam),
hinh B: Phé hdp thu cua dung dich GPS pH =9.01 theo thsi gian phdn ing khaz; hinh C: phé hdap thu cua
dung dich GPS pH =9.40 theo thsi gian phdan ing khaz; hinh D: phé hdp thu ciia dung dich GPS pH = 8.3
theo thoi gian phan ing khir (khdng mam)

Trén hinh 1A 1a phé hap thu cta cac dung dich GPS pH khac nhau 5 phut sau khi phan ung khi
Xay ra véi su c6 mat caa hat mam. Hinh nay cho thdy do hap thu cta cac dung dich c6 pH trong
khoang 8.3 dén9.4 ¢ phla tur ngoal thap hon nhiéu so véi cac dung dich khac. Theo [13], didu nay
cho thay nong do cua cac phirc ion vang trong cac dung dich d6 trong giai doan dau caa phan ung
1a thdp. K&t qua nay ciing phu hop tét véi cong bd caa Mallory va Haidu 1990 khi cho ring phan
ung khtr caia HCHO phu thuéc pH dung dich GPS
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2[AuCIly(OH)4x ] + 3HCHO - 2Au + 2xCI" + 3HCOOH + 3H,0 + (2-2x)OH"
8,3<pH<9,4

[ ]
OO0 ‘O
‘».--.
® O HcHo ...
® O

(1) (x=0-4)

pH < 8,3 pH > 9,7

[ ]
Hinh 2: So' d6 minh hoa su phét trién ciia hat mam phy thuge pH dung dich GPS

Khi pH dung dich ting 1én thi téc do tiéu thu
cac phuc ion vang cang nhanh (ngay trong
giai doan dau cua phan ung nong do cac phirc
ion vang rat thap nén hap thy caa dung dich &
phia 226 va 311nm gan nhu khong quan sat
thay) su khir cang duoc ting cuong dan dén
nong d6 cac monomer trong giai doan dau
phan ung ting nhanh. Khi d6 theo co ché
Ostwald ripening, c&c hat trong dung dich cé
xu huéng bién d6i sao cho tong dién tich bé
mit caa ching 1a nho nhét. Vi vay céc hat Ion
bén viing hon v& mit ning luong so Vai cac
hat nho, c&c hat nho s& co cum lai va tham chi
bién mit trong dung dich. Khi ndng do
monomer trong dung dich dat téi trang thai
qua bdo hoa thi nd s& ngung tu trén bé mat
cac hat 16n mot céch lién tuc va dong nhat
hinh thanh nén cac hat dong déu vé& kich
thuéc va hinh dang.

Khi pH cuta dung dich GPS trén 9.7 (JOH]
>5*10°M), trong dung dich xay ra phan ung
Cannnizzaro cia HCHO vai OH'.

2HCHO + 20H > HCOO + HCH,O +H,0  (2)
Vi vay khi pH cao dén muc nong d6 OH
trong dung dich qué Ién thi HCHO déng thoi
tham gia phan tng (1) va (2) nén lam cho
phan ung khir xay ra cham hon dan dén sy
tiéu thu cta cac phuc ion vang giam. Két qua
1a giam tdc do hinh thanh cac monomer trong
dung dich. Bong thai, trong dung dich c6 it
Au-Cl hon Au-OH nén 1am han ché chuyén
dong cua cac nguyén tir Au trén bé mat hat,
gdy nén su Gc ché co ché intraparticle
Ostwald ripening dan dén su hinh thanh 1op
v6 khong tron nhan.

Hinh 1B, C, D la cac phd hép thu cua cac
dung dich véi pH khac nhau duoc khao sat
theo thoi gian phan tng. Két qua cho thay
vai cac dung dich pH =9.01 va 9.4 phan tng
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gan nhu két thic sau 5 phat, con voi dung
dich pH = 8.3 thi phan tng van tiép tuc sau 30
phat. Vi vay, dé thuan lgi cho viéc kiém soét
kich thudc hat va tao ra cac hat nano vang
dong nhat vé kich thuéc va hinh dang, ching
t6i chon pH dung dich GPS trong khoang 9-
9.4 dé 1am dung dich nu6i.

Sw phét trién kich thwéc hat 18n téi 200nm

Hinh 3 cho thdy anh TEM va phd hap thu
UV-VIS cua dung dich hat mam. Mét dinh
cong hudng manh ¢ budc séng 517nm la do
dao dong tap thé cua cac dién tir trén bé mat
hat dudi tac dung cua anh sang kich thich.
Pinh hap thy nay 1a dic trung cho hap thu
cong huong plasmon bé mat (surface plasmon
resonance - SPR) cua hat vang cau duong
kinh khoang 15nm

Nhitng hat nano vang nay sé dugc st dung
lam mam cho budc nudi dau tién dé phat trién
thanh céac hat c6 kich thuéc lén hon nhu da dé
cap trong phan thuc nghiém.

Hinh 4a la phd hip thu plasmon cua dung
dich mam vang va cac dung dich thu dugc sau
mbi bugc nudi. Co thé nhin thay rang sau moi
budc nudi dinh hap thu plasmon dich do va
d6 hap thu va budc song cuc dai twong tng
phu thuoc nhau theo quy luat ham Gauss
(hinh 4b). Diéu nay la nhiing bang chung cho
thiy su phat trién cua cac hat. Bong thai, kich
thudc va nong do cua cac hat ¢d thé dugc woc

tinh theo cong thuc (*).‘L2 _ | Vers

d, Vseed
(*). Trong do, dy, d, lan luot 1a duong kinh
ciia hat mam va caa hat nano vang sau mot
budc nudi; Vaps, Vseea lan luot 12 thé tich cua
dung dich GPS va cua dung dich mam dugc
sir dung trong mot budc nudi, n 1a ti sb ndng
d6 cua Au** trong dung dich GPS va trong
dung dich mam. Diéu nay cho thiy rang c6

.n+1
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thé diéu khién duoc kich thudc va ndng do
hat bang cach thay ddi thé tich cua dung dich
GPS va dung dich mam.

Hinh 5 cho thay dic trung vé hinh thai, kich
thudc cua hat nano vang sau cac budc nudi.
Céc hat nano vang don phan tan, tuvong dbi

15nm+2nm dén 200nm + 10nm & budc nudi
cudi cing.

Tuy nhién day chua phai la gigi han kich
thuéc cua hat nano vang dugc tao ra tur
phuong phép nay, nhu’ng vi cac kich thudc
16n hon bi han ché vé mit ung dung nén

chung to1 khong de cap o day Céc kich thuédce
nay phu hop kha t6t v6i cac kich thude duoc
tinh theo cong thic (*).

dong déu vé kich thudc va c6 dang tya cau
véi cac kich thudce ting dan theo tirng budc
nuoi tur kich thudc ban dau ctia hat mam la

D6 hap thu (d.v.t.y)
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Hinh 3: 4Anh TEM va phé hap thu UV-VIS ciia hat mam vang
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Hinh 4: Phé hap thu UV-VIS cua dung dich mam vang va cc dung dich keo vang sau cdc budc phét
trien(a) va si phu thugc ciia dé hap thu cua cac dung dich ¢ cdc bude nudéi vao dinh hap thu twong uing
cua chung (b)

Budce 16

Bude 11 ‘ Budce 12 F

Hinh 5: Anh TEM ciia cdc hat nano mam vang va san pham thu dwoc ¢ cdc bu’o’c nuoi khac nhau voi do
phong dai 40000x
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KET LUAN

Chung t6i da bao cdo mét phuong phap méi
dé tong hop cac hat nano vang cau véi kich
thudc tir 10nm dén 200nm va ndng do thay
dbi tir khoang 5*10% dén 5*10® ( hat/ml) Uu
diém cuia phuong phép nay so vi cac phuong
phap nudi mam khac 13 véi co ché nudi tuong
dbi don gian (sir dung HCHO khir dung dich
GPS dé tao nguyén tir vang lam vat lidu dé
phat trién kich thudc hat), phuong phap nay
d3 tong hop dugc cac hat nano vang don phan
tan, dong déu vé kich thuéc va hinh dang,
kich thudc tong hop c6 thé 1én t6i vai trim
nano mét. Va mot uu diém nita 1a cac hat
dugc tao ra trong diéu kién khong can gia
nhiét nén yéu t6 nhiét do khong anh hudng
dén qua trinh téng hop; dong thoi cac hat
dugc phat trién tir hat vang citrate nén thuin
lgi cho céc ting dung trong y sinh.

LOI CAM ON

Nghién curu khoa hoc nay dugc thuc hién nho
su hd tro ciia dé tai cap Pai hoc Thai Nguyén,
mi s6 DPH2016-TN04-03.

Céc tac gia xin chan thanh cam on Phong thi
nghiém trong diém Quang tir thugc Vién Vat
ly, Vién Han 1dm Khoa hoc va Cbng nghé
Viét Nam da cung cap cac trang thiét bi cho
cac phép do cuia nghién ctu.
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ABSTRACT
KINETICALLY CONTROLLED SEEDED GROWTH SYNTHESIS OF
UNIFORM GOLD NANOPARTICLES WITH DIAMETERS OF 15w-200 NM

Do Thi Hue'**", Nguyen Thi Thu Hien*, Chu Viet Ha', Nghiem Thi Ha Lien®?
University of Education - TNU

2Institute of Physics, Vietnam Academy of Science and Technology

3Graduate University of Science and Technology, Vietnarn Acaderny of Science and Technology

This paper presents a new seeded growth method to synthesize gold nanoparticles. Monodisperse
gold nanoparticles with a narrow size distribution, a uniform quasi-spherical shape and controlled
size from 15nm up to 200 nm were prepared by a kinetic process controlling seeded growth in the
gold plating solutions (GPS) and using formaldehyde (HCHO) as a reducing reagent. Gold seeds
are gold colloids (~15 nm, ~5.10"* NPs/mL) with negatively charged citrate ions synthesized by
the reduction of tetrachloroauric acid with trisodium citrate dihydrate in Milli-Q water. In this
process, the gold nanoparticles don’t have surfactant that advantages in biological application. The
optical properties of the gold NPs have been tested by means of UV-Vis spectroscopy and
morphology of them have been examined by transmission electron microscopy. Mechanism of
seeded development is also clearly explained by examining over time the seeded growth in the
different pH gold plating solutions (GPS) and in one step of the growth.

Keywolds: gold nanoparticle, seeds, trisodium citrate dehydrate, gold plating solutions, seeded
growth method, kinetics
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