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ABSTRACT 

The colloidal nanosize golds were synthesized from metal precursor chloroauric acid 
(HAUCI4) using trisodium citrate dehydrate (C^sOyNa^) 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 andpH of media. 
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I - MO D A U 

Hat nano vang da dugc bilt de'n tQ thdi cd 
dai vl tfnh chat mau ly thu su dyng trang trf 
trong cdc dd dung thuy tinh va kfnh xay dung. 
Gdn day, chung dugc quan tam nghien cQu 
manh vi mgt so tfnh nang dac biet cd tilm nang 
ldn cho viec Qng dyng trong y sinh [1 - 7]. Dac 
tfnh uu viet cua cdc hat nano vdng la dn dinh vl 
cau true, khdng dgc, cd khd nang tuang hgp sinh 
hgc cao vd nhdt la chung dl dang hoat hod dl 
gdn kit vdi cac phan tQ sinh hgc nhu amino axit, 
protein, enzym, DNA [8, 9] va cdc phan tQ thudc 
thdng qua cdc chat cd chQa nhdm -SH. Vl khfa 
canh vat ly, nhd vao hieu Qng plasmon cdng 
hudng nen cac hat nano vdng cd thilt dien tdt 
ldn trong vung nhin thdy, phu thugc manh vdo 
hinh dang va kfch thudc hat cung nhu tfnh chat 
cua mdi trudng bao quanh. Su bien ddi mdu sdc 
cua dung dich keo nano vdng theo sy thay ddi 
cua mdi trudng da dugc sQ dung trong cdc cam 
biln sinh hda de chan dodn benh cung nhu phdt 
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hiencaedgc td [10]. 

Cd nhilu each de tao ra hat nano vdng nhu 
cac phuang phdp vat ly bao gdm phuang phdp 
quang hda, dien hda sieu am, chilu xa, nhiet..., 
hoac bang phuang phap hda. Phd biln nliat la 
phuang phdp Turkevitch [11] tao hat nano vang 
phan tdn trong nudc tQ HAUCI4 bdng phuang 
phap hda khQ cd sQ dyng xitrat lam tac nhan 
khu. Cac hat vang ehl tao bang phuang phap 
nay cd the de dang bien ddi b l mat de gdn kit 
vdi cdc phan tQ sinh hgc dl sQ dung trong cac 
Qng dyng y-sinh nhu cam bien sinh hgc, ddnh 
da'u sinh hgc .... 

^ Trong bai nay, chung tdi trinh bay cdc ket 
qua che hat keo vdng bang phuang phdp 
Turkevich. Nghien cQu tfnh chat quang cua 
dung dich keo nano vang trong cdc dilu kien 
chi tao khac nhau nhu thdi gian phan Qng, ndng 
do tac nhan khQ, ndng do cua mudi vdng. anh 
hudng cua do pH len tfnh chdt quang cua cac 
hat nano vang cQng nhu do dn dinh cua dung 



dich keo vang theo thdi gian bao quan cung 
dugc khao sat. 

II - PHUONG P H A P T H U C NGHIEM 

1. Hoa chat 

Axit tetrachloro auric ngtoi ba phan tu nudc 
99,5 % (HAUCI4.3H2O), trinatri xitrat ngam hai 
phan tu nudc (Na3C607.2H20) dugc mua tQ hang 
Merck. Cdc thf nghiem dugc su dung nudc cat 
hai ldn. 

2. Tdng hgfp dung dich nano vang 

a) Che tgo 

90 ml dung dich 2,0 10''M axit chloroauric 
chQa trong binh cdu ddy bdng dugc khua'y tQ va 
gia nhiet cho tdi sdi. Khi dung dich bat dau sdi, 
nhd 3,6 ml dung dich 6,8 10"^M natri xitrat vao 
binh phan Qng. Khi do phan Qng bdt ddu xay ra, 
phuang trinh phdn Qng nhu sau: 

HAUCI4 -I- 2Na3C6H507 -> Au -I- CO2 + 

2NaCl + 2HC1 + 2Na2C5H405 -KI/2H2 

Theo thdi gian phan Qng, mau cua dung dich 
phan Qng chuyen tQ mdu vang nhat sang khdng 
mdu, mdu xdm, tfm vd cudi cung la mdu vang 
dd. Sau khoang ban 10 phut phan Qng xay ra 
hodn toan, dung dich vdng cd mau vang dd. 
Dung dich ndy dugc chyp anh hiln vi dien tQ 
quet phan giai cao HSEM vd do hdp thy hdng 
ngoai va Raman su dyng phd k l hdng ngoai 
biln ddi Founier FTIR Nicolete vd thilt bi 
LAMBRAM 

b) Thay ddi thdi gian phdn Ung 

Sau khi nhd dung dich xitrat dugc 1 phut thi 
qua trinh Idy mdu ra dugc bdt ddu thyc hien -
thdi dilm Idy mdu ra dugc coi Id thdi gian kit 
thuc phan Qng cua mdu. CQ sau 3 phut thi 5 ml 
mdu trong binh phan Qng dugc nit ra vd dihig lai 
han sau 25 phut tfnh tQ thdi diem phan Qng bdt 
ddu xdy ra. Cac mdu tren dugc do phd UV-VIS. 

c) Thay ddi ndng dd xitrat 

Nhdm nghien cQu sy phy thugc cua kfch 
thudc va hinh dang cua cac hat nano vang vao 
ndng do xitrat, mgt day gdm 18 thf nghiem dugc 
thuc hien vdi ndng do cua HAUCI4 la 2,0 lO^M 

khdng ddi, ty le moi r cua r = [citrate]/[HAuCl4] 
dugc thay ddi tQ 0,5 cho tdi 12 vdi budc thay 
ddi la 0,5. Thdi gian cho tat ca cac phdn Qng 
dugc giu cd dinh la 15 phut. 

d) Thay ddi ndng do axit chloroauric 

Sy phy thudc cua ndng dd hat nano vang vao 
ndng dd HAUCI4 cung dugc nghien cQu qua vifc 
khao sdt mgt day mdu 12 dung dich keo vang 
dugc che tao vdi lugng HAUCI4 thay ddi tQ 
0,5x10-^ M tdi 6,0x10"' M, mdi budc la 
0,5xlO"^M. Ty le r giu cd dinh cho ca day mdu r 
= 12. Thdi gian phdn Qng dugc xac dinh cho 
tQng mdu vdi lugfng HAUCI4 cu thi. 

e) Khdo sdt dnh hudtng cua do pH 

Anh hudng cua pH ien tfnh chdt quang cua 
dung dich keo vang dugc khao sat qua phd hdp 
thy cua cdc dung dich keo vang cd pH khde 
nhautQ 1,9 cho tdi 9,1. 

f) Khdo sdt do on dinh cua cdc dung dich keo 
vdng 

Tat ca cac dung dich keo vang diu dugc bdo 
quan trong tdi va d nhiet do la 4°C. Dac trung 
quang cua cac dung dich nay dugc kilm tra 
hang thang. Tat ca cac dung dich keo vdng chi 
tao dugc diu dugc kiem tra kfch thudc va hinh 
dang hat bang chyp anh hiln vi dien tQ quet 
phan gidi cao (HSEM) Hitachi-S480. Tfnh chdt 
hap thy cua cac dung dich keo vang dugc khdo 
sat sQ dyng mdy quang phd UV-VIS Varian 
Carry-5000 vdi do phan giai 1 nm. 

Ill - KET QUA VA T H A O LUAN 

1. Cau triic hoa hoc, hinh dang va kich thudc 
hat keo vang 

Hinh 1 bilu diln anh HSEM cua dung dich 
keo vang che tao dugc. Kit qua cho tha'y hat 
vang cd dang tya cdu vdi kfch thudc kha ddng 
diu khodng 16 nm (cdc hat cd dudng kfnh 
khodng 16±2,4 nm ehilm khoang 95% tdng sd 
hat (hlnh 1 b)). 

Hinh 2 bilu diln phd microRaman va hap 
thy hdng ngoai biln ddi Fourrier FTIR cua cac 
hat vdng. Cd thi nhdm cdc vach phd thdnh hai 
nhdm chfnh: nhdm vach dac trung cho dao dgng 
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cua vdng d 1360 cm"' (phd Raman) va nhdm cac 
vach dac tnmg cho dao dgng cua ion xitrat bao 
quanh hat vang gdm: cdc nhdm vach 1415, 1319 
vd 1256 cm"' dac trung cho nhdm CH2 trong 
phan tQ xitrat (phd Raman) vd 1403 va 2920 
cm"' d phd FTIR. Cdc nhdm vach cua nhdm OH 

d 3400 va 1085 cm"' (phd FTIR) vd cac nhdm 
vach dac trung cho dao dgng cua nhdm 
cacboxyi COO" gdm: i) cac dao dgng cua lien 
kit C=0 1589 cm"' d phd hdng ngoai va 1644 
cm"' d phd Raman, ii) Cac dao dgng cua lien kit 
C-0 gdm 1045 va 1029 cm"' d phd Raman. 
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Hinh 1: (a) anh SEM cua hat vang (kfch thudc - 1 6 nm), (b) Phd phan bd kfch thudc hat 
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»o -non 1900 
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Hinh 2: (a) Phd Raman cua vdng xittat; (b) Phd hdng ngoai vang xittat 

Qua khdo sdt phd dao ddng, cd the thdy rd , 
cau tnic hda hgc cua cac hat vang gdm nhan ^- ^"'^ hudng cua thai gian phan ung 
vdng cd cdc nhdm xitrat xung quanh vdi cac 
nhdm chQc cacboxyi COO" tfch dien am vQa tao 
can bdng dien tfch cho cdc hat vang khdng bi 
kit tu, vQa sdn sang cho cdc gdn kit suih hgc. 

Hinh 1 trinh bay phd UV-VIS cua cdc dung 
dich keo vang theo thdi gian phan Qng thu duac 
tu thi nghiem a). NMn ehung, phd hap thu thay 
ddi manh trong khoang 10 phut ddu cua phan 
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ling: cudng do hap thy tang gdn tuyln tfnh 
(Hl.b)), dd ban rdng hep lai va dinh phd dich vl 
phia sdng ngdn. Sau is phut, phd trd nen dn 
dinh vdi cudng do ~ 1,2 va dinh tai 519 nm 
(H.la). Cd thi ndi rdng phan Qng dugc tang td'c 
trong khoang thdi gian tQ 0 tdi 10 va kit thuc 

sau 13 phut. Nhu vay, thdi gian phan ting cua thf 
nghiem a) la -15 phut. Nhd thuc hien qua trinh 
theo doi nay, chung ta cd thi xdc dinh thdi gian 
phan Qng ddi vdi mdi ndng do HAUCI4. 
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Hinh 3: (a) Phd UV-VIS va b) eye dai hdp thy cua cac dung dich keo vdng theo thdi gian phan Qng 

3. Anh hudng ciia ty le moi 
r = [xitrat]/[HAuCl4] 

Hinh 4 bieu diln dnh HSEM cua cac dung 
dich vang thu dugc trong thf nghiem b. Kit qua 
cho thdy khi r < 2,5, cac hat nano vdng khdng 
ddng dang vdi cdc kfch thudc khac nhau va 
khdng dgn phan tan (hinh 4a, 4b va 4c). Khi r 
< 6, cac hat nano vdng ddn trd thanh don phan 
tdn va dang cung ddn trd thanh cdu. Khi r > 6, 
cac hat nano vang dn dinh vdi dang cdu, dan 
phan tan, dudng kfnh phan bd trong khoang 16 
nm (Mnh 4e, 4f). Hinh 5 bieu diln cdc dac tnmg 
hdp thy cdng hudng phy thugc vao gid tri r cua 
cac dung dich ndy. 

Hinh 5 cho thay phd hdp thy ciia dung dich 
nano vang cd nhQng bie'n ddi manh trong 
khoang ;• < 6; cudng do hdp thy tang ti le thuan 
vdi r (hinh 5a), dd ban rdng phd giam monoton 
tQ 140 nm xud'ng 65 nm (Mnh 5b) va dinh phd 
dich vl phfa sdng ngdn tQ 564 nm din 519 nm 
(hinh 5c)). Phd hdp thu dn dinh khi ;• > 6 vai 
cudng do hdp thy - 1 , 3 , AX-̂ bs = 67 nm va ^̂Abs = 

518 nm. 

Cd thi giai thfeh hien tugng nay nhu sau: 
khi r < 6, Mgng xitrat khdng du dl bao quanh 
hit cdc hat nano vang tao dugc, vi vay chd nao 
cua hat vdng khdng dugc bao thi se tilp tyc phdt 
trien vd ty thdnh dam, lam cho kfch thudc hat 
ldn, ndng do hat trong dung dich thap. r tang thi 
lugng xitrat dl bgc xung quanh hat se tang, do 
dd ban chi kfch thudc hat cung nhu sy ty dam 
cua hat, ddn tdi su tang ndng do hat; lam cho 
cudng do phd hap thy tang, do ban rdng phd hep 
lai vd dinh phd dich vl phfa sdng ngdn. Khi 
r > 6, Mgng xitrat du de bao kfn cdc hat vang 
tao thi dn dinh, do dd phd hap thy cua dung 
dich vang cung trd nen dn dinh. 

4. Anh hudfng cua ndng do mudi vang 

Hinh 6a thi hien phd hap thy cdng hudng 
cua cac dung dich keo vang theo ham cua Mgng 
mudi vang dugc tao tQ thf nghiem c. Cd the thdy 
Id dang phd hdp thy Ididng thay ddi nhilu nhung 
cudng do tang khi lugng mudi vang tang, chQng 
td Mgng mudi vang thay ddi trong dai quan sat 
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khdng lam dnh hudng nhilu tdi kfch thudc cua Mgng mudi vdng (hinh 6b) cho thdy su tang 
hat nano vang, nhung dnh hudng manh tdi ndng tuyln tfnh cua ndng do hat vdng trong dung dich 
do hat. Do thi bilu diln cudng dd hdp thy theo theo Mgng mudi vang su dung. 

•^T.;. 

• .r\ 

(c) 

(d) ^ (e) (f) 
Hlnh 4: Anh HSEM cua cdc hat nano vang dugc tao ra vdi cdc ty le moi khde nhau : 

r = 1,0; b) r = 2,5; c) r = 3,0; d) r = 4,0; e=6,0; f) r = 12 
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Hinh 5: Cdc dac trung hdp thy cdng hudng cua cac dung dich keo vang phy thudc vao gia tri /-; 
(a) cudng do hdp thy, (b) do ban rdng phd hap thy AĴ b̂s vd (c) cue dai hdp thy A-̂ bs 

5. Anh hudng ciia pH 

Hinh 7 bilu diln phd hap thy UV-VIS cua cdc dyng dich keo vang vdi cac pH khde nhau. TQ 
hinh 7, ta cd thi thay dung dich keo vdng dn dinh tai cdc pH > 7. 
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Hinh 7: Phd hap thy UV-VIS cua cac dung dich 

keo vang xitrat tai cdc pH khde nhau 

Dilu nay cd thi dugc giai thfeh nhu sau: 
phan tu axit citric cd hdng sd phan ly pKal = 
3,15, pKa2 = 4,77 va pKa3 = 6,4. Khi pH > 7, 
dung dich chi bao gdm cdc ion xitrat vdi cd ba 
nhdm cacboxyi dugc phan ly hodn todn thanh 
cacbonat, do dd cdc ion am xitrat bi hut tren bl 
mat cdc hat vdng va bao quanh hat vdng tao ra 
cac hat keo vdng, giQa cdc hat keo vdng tdn tai 
Mc day tinh dien, Mc nay giQ cho cac hat vang 
khdng thi kit ty vdi nhau. Khi pKa2 < pH < 
pKa3 thi mgt nhdm cacbonat trong ion xitrat se 
kit hgp vdi ion H* va tao thdnh mgt nhdm 
cacboxyi. Khi pKal< pH < pKa2 cd hai nhdm 
cacbonat trong ion xitrat kit hgp vdi ion H* 
thanh hai nhdm cacboxyi. Khi pH < pKal cd ba 
nhdm cacbonat trong ion citrat kit hgp vdi cac 
ion H^ vi vay trong dung dich chi tdn tai cdc 
phan tQ xitric. 

H+ 

OH 

HO 
HO 

Ion xitrat Phdn td xitric 

OH 

Co nghia la khi pH gidm ddn thi cac nhdm 
cacbonat trong ion xitrat se kit hgp vdi cac ion 
H* ddn de'n sd Mgng cac nhdm cacboxyi trong 

dung dich tang ddn nen Mc bdm hut tren bl mat 
hat vang gidm ddn lam sd ion xitrat xung quanh 
hat vdng ft ddn di. Vi vay, cdc hat vang cd thi 
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tie'n sat gdn nhau vd kit hgp vdi nhau tao thanh 
hat to ban va ldng xud'ng ddn din sy giam mat 
do quang cua cac dung dich keo vang khi pH 
gidm. 

6. Do dn djnh ciia dung djch keo vang 

30/07/2008 
08/02/2009 

IcnntHHKij-ias 

BiO 

Buifipc s6ng (nm) 

Hinh 8: phd hdp thy cua dung dich keo vang 
theo thdi gian bao qudn 

Hinh 8 trinh bay phd hap thy cua mgt dung 
dich keo vang: vQa dugc che tao a) vd sau 185 
ngay bao quan trong tdi d nhiet do 4° C b) (r = 
10,5). Kit qua cho thdy hai dudng hap thy a) va 
b) triing khft vdi nhau, chQng td sy dn dinh cua 
dung dich vang ttong thdi gian bao qudn. 

IV - KET LUAN 

Da chi tao dung dich keo vang dang cdu, 
ddng nhdt vl hinh dang va dan phan tdn vdi 
dudng kfnh trung binh 16 nm da dugc trinh bay. 
Khao sat sy phy thudc cua ndng do hat vdng 
trong dung dich vao lugng HAUCI4 cho thay su 
phu thugc nay Id tuyln tfnh. Dung dich keo 
vang cd pH > 7 dn dinh trong thdi khodng 6 
thdng trong tdi d 4°C. NhQng nghien cQu tilp 
theo ehl tao ldp hap sinh de gdn kit hat vang 
nano vdi cdc phan tu sinh hgc nham su dung 
ttong cdc Qng dyng Y - Sinh cdn dugc thuc Men. 

Ldi cam on. Cdng trinh dugc hodn hdnh vdi su 
tdi trg kinh phi cua De tdi nghien cUu ca bdn 
cdp nhd nudc md sd 103.06.58.09, sd 4.034.06 
vdLoreal Inc.. 
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