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Abstract

Localized surface plasmon resonance of nanoparticles, especially AUNP and AgNP, has been extensively exploited
in many applications related to chemical and biological sensing. AgNP shows the best dominant plasmon resonance
characteristic compared to other nano metals. Thereforce, it is quite sensitive to changes in the size and shape of nano
particles, as well as external medium on the particle surface. This is the basis for exploiting this nature in the
development of sensor systems. This work presents a chemical method to prepare AgNP colloidal systems which was
then exammined the physical characteristics through physical analyzes, including surface plasmon resonance
characteristic, X-ray diffraction analysis (XRD) and TEM. Experimental results showed that the color of AgNP solution
was changed, accompanying with a decrease in size of AgNP and a blue shift in absorption wavelength in the presence
of Hg*", due to the chemical reaction between Hg®* and AgNPs. The positive results of this work can be applied to the

development of sensors based on the color change for quick screening Hg?*

in water samples.

Keywords. Silver nanoparticle, plasmon resonance, sensor, mercury, mercury analysis in water sample.

1. GIOI THIEU

Trong nhimg nim gan day, cac hudng nghién
ctru vé nano kim loai dang duoc cac nha nghién ctru
trong va ngoai nudc tap trung khai thac trong nhidu
mg dung khac nhau nho nhitng tinh chat 1y tha cia
vat liéu khi ¢ kich thudc toi han. Nhidu ung dung
cua vat liéu co6 kich thudc nano da duoc trién khai
nhu vat li€u xtc tac, khang khuédn, cam bién hoa
hoc, sinh hoc, ...[1-4] dua trén cdc tinh chat dic
trung vé dién tlch bé mat riéng 16n, ciing nhu tinh
chat luong tir cia chiing.

Dbi v6i cac hat nano Au, Ag c6 kich thudc nho
hon budce song cua vung anh sang kha kién (400-700
nm) tinh chat luong tir duoc thé hién rd nét. Khi
chiéu sang, dudi tac dung ciia dién truong dnh sang
téi, cac dién tir trén bé mat hat AuNP, AgNP dugc
kich thich dong thoi, dan toi mot dao dong ddng pha
(dao dong tap thé) goi 1a hién tuwong cong huong
plasmon bé mit. Theo 1y thuyét Mie (gi6i han cho
cac hé c6 ndng do hat nho va gia thuyét cac hat 1a
tach biét, khong tuong tic voi nhau) dién truong
dugc sinh ra do kich thich plasmon bé mit cong
huéng khi mot hat don 1¢ khong twong tac voi phan
con lai trong mdi truong xung quanh. Khi khoang
cach giita hai hat giam di s& c6 mot dich chuyén xay
ra trong phd cong huong plasmon va ta s& quan sat
duoc thém mdt dinh hép thu & budc song dai hon.

Ban chét cia phd hép thy khong phai do su dich
chuyén gitra cac muc nang lwong ma la do hién
tugng cong huong plasmon bé mat. Bdi véi cac hat
dang cau, vi tri dinh cong huéng plasmon phu thugc
vao cac yéu t6 nhu: ban chat vat liéu (hang sé dién
moi cua vat liéu &), hinh dang, kich thudc cia hat
nano, moi truong xung quanh kim loai do (e, hoac
ty s& eo/em). Vi vdy, tinh chat cong hudng plasmon
ctia vat liéu s& thay doi khi co sy bién ddi vé kich
thudc cua hat hay chiét suit cia moi trudng trén bé
mit hat. Diéu nay cho phép khai thac tinh chit cong
hudng plasmon ciia AuNP, AgNP trong nhiéu tng
dung khac nhau, dic biét trong cam bién hoa, sinh
hoc.

Trong bai bao nay, ching t6i trinh nay phuong
phap diéu ché AgNP tir tién chat ban dau 1a AgNO,
véi chat khir NaBH, va khdo sat tinh chat cOng
hudng plasmon cua dung dich keo AgNP khi c6 mat
ion Hg*, tir ¢6 dinh hudng cho viéc xay dung hé
cam bién hoa hoc dua trén su thay dbi tinh chét cong
huéng plasmon bé mit cua cic hat keo AgNP khi
tuong tac voi Hg™".

2. THUC NGHIEM
2.1. Hoa chit

Nudc cat dugc su dung trong nghién cuu la
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nudc cat 2 1an. Hod chét duoc dung thudc loai tinh
khiét, sir dung khong can tinh ché lai, gdm: AgNOs,
NaBH,, Chitosan (DDA ~ 80 %) duoc sin xuit &
héng Sigma-Aldrich; Hg(NO3), ctia hidng Merck
(Ptc). Dung dich chitosan 1 % duoc chuén bi bing
cach hoan tan chitosan rin trong dung dich axit
axetic 1 %; dung dich mudi Hg® duoc pha tir
Hg(NOs),; dung dich NaBH, 0,1 M dugc duoc chuan
bi ngay trudc khi sir dung.

2.2. Phwong phap nghién ciru

2.2.1. Tong hop dung dich keo AgNP

Dung dich keo AgNP duoc tong hop bang
phuong phap khir AgNO; véi tac nhan khir NaBH,.
Qua trinh téng hop duogc thyc hién ¢ nhiét d phong
¢6 str dung chitosan 1a chat lam bén. Quy trinh tng
hop AgNP duoc thuc hién nhu sau: Cho vao coe
phan ung hén hop chira 97 mL H,O va 2,4 mL
chitosan 1 %, khudy déu hdn hop trén may khudy tu.
Ngay sau do, 400 pL dung dich AgNO; (10 mM)
dugc thém tir tir vao dung dich trén, khudy ki (ndng
d6 Ag” luc nay sé 1a 0,04 mM) véi toe d6 khudy 500
vong/phit. Qua trinh khir ion Ag® thanh tap hop
AgNP duoc thuc hién bing cach thém tiép mot
lugng chinh xac dung dich NaBH,4 0,1 M (st dung
ngay sau khi pha). Hon hop phan tmg chuyén dan tir
khong mau sang mau vang sam, tiép tuc gitt hon hop
phan Gmg & nhiét d6 phong trong 60 phut dé phan
mg xay ra hoan toan. San pham dung dich keo
AgNP di tong hop duoc bao quan & 10 °C trong lo
thuy tinh t6i mau.

2.1.2. Phan tich cdc dac trung cua vt liéu AgNP da
tong hop

Dic trung cong huong plasmon bé mit cua cac
hat AgNP dugc xac dinh bang cach do quang phd
hap thu phan tir UV-Vis trong khoang budc séng tir
250-800 nm.

Hinh dang va kich thudc cua cac hat AuNP
dugc xac dinh thong qua chup anh truyén qua TEM
c6 do phén gidi cao trén may JEOL JEM 1100.

Céu tric tinh thé ciia cac hat AgNP trong nén
chitosan dugc xac dinh bang nhidu xa tia X trén may
Bruker AXS D8 Advance.

2.1.3. Nghién curu twong tac cua keo AgNP voi ion
Hg®" trong nirée

Tuong tic cua ion Hg®* voi dung dich keo
AgNP dugc thyc hién ¢ nhiét d0 phong theo quy
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trinh sau: L4y 4,8 mL dung dich keo AgNP, thém
thé tich chinh xac nuwéc va mudi Hg”" theo ti 1& thé
tich (uL) dung dich AgNP:H,O:Hg*" = 4800:x:y
(voi x +y = 200). Quan sat sy d6i mau va ghi lai
phé cong hudng plasmon bé mit ciia dung dich keo
AgNP sau 5 phat phan tmg tinh tir thoi diém cho
Hg* vao dung dich keo AgNP.

3. KET QUA VA THAO LUAN

Hinh 1 trinh bay phd cong hudng plasmon bé
mit cia dung dich keo AgNP dugc diéu ché theo
quy trinh 2.2.1 mg voi cac thé tich dung dich chét
khir NaBH, 0,1 M khéc nhau. Két qua thé hién &
hinh 1 cho thay khi ting thé tich dung dich NaBH,
tr 10 puL dén 50 pL, cuong d6 tin hiéu cong hudng
plasmon bé mit cua dung dich keo AgNP ting,
ching t6 ¢ sy ting 1én vé ndng do cua dung dich
keo AgNP khi ting thé tich cta chat khir. Nong do
AgNP trong dung dich dat gia tri cuc dai va khdng
ddi khi st dung 40 pL dung dich NaBH, 0,1 M.
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Hinh 1: Ph6 UV-Vis cua dung dich keo AgNP diéu
ché & céc thé tich khac nhau ciia NaBH, 0,1 M. Phan
ung duoc thuc hién ¢ nhiét d§ phong theo ti 1€ vé thé
tich: H,O: 9,7 mL; Chitosan 1%: 240 uL; AgNO; 10

mM: 40 pL

Dung dich keo duoc ly tim thu 1dy AgNP, sau dé
duoc phan tich nhiéu xa tia X dé xac dinh ciu trac
tinh thé. Két qua phan tich nhidu xa tia X ciia keo
AgNP trinh bay ¢ hinh 2 cho thay trén gian d6 xuét
hién 3 dinh nhiéu xa c6 cuong d6 cao ung véi cac
gi4 tri goc 20 tai 38,14°% 44,49°% 64,57°. Day chinh 1a
cac dinh nhiu xa dic trung cho cac mat (111),
(200), (220) ctia mang tinh thé lap phuong tim mit
ciia Ag. Véi nhiing dinh nhiéu xa nhan duoc trén, ta
c6 thé hoan toan khing dinh mau san pham di tong
hop chinh la AgNP.
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Hinh 2: Két qua phan tich nhiéu xa tia X ciia AgNP tong hop & nhiét d6 phong theo
ti 1& thé tich: H,O: 9,7 ml; Chitosan 1 %: 240 uL; AgNO; 10 mM: 40 pL; NaBH,0,1 M: 40 pl

Khao sat sy tuong tac cua dung dich keo AgNP
v6i ion Hg® dugc thyc hién theo quy trinh 2.2.3.
Mau ctia hon hop phan tng duoc theo ddi sau 5 phut
phan tmg va ghi lai phd do cong huéng plasmon cta
AgNP theo sy thay ddi nong d6 Hg®*. Theo thuyét
Mie, dinh hap thu cuc dai ciia hat nano s& dich
chuyén vé vung c6 budc song 16n khi tang kich
thudc hat, nong d6 keo AgNP cang cao thi do hip
thu quang cang 16n va nguoc lai [S].

Két qua nghién ciru trinh bay & hinh 3 cho thay
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khi ting ham lugng ion Hg*, mau cta dung dich
keo AgNP va do hdp thu quang cua chung giam.
Dinh hép thu cuc dai cia AgNP khi c6 mat Hg? bi
dich chuyén vé budc soéng ngin hon, mau cia dung
dich keo AgNP hoan toan bi bién mét khi luong
Hg? c6 mit & ti 16 vé thé tich gitra AgNP:H,0:Hg*"
= 4800:175:25. Két qua trén cho phép khang dinh sy
tuong tac gitra ion Hg®* v6i cac hat keo AgNP 1a ¢
xay ra, 1am giam kich thu6c ban dau ciia AgNP.
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Hinh 3: (a) Pho UV-vis ctia dung dich keo AgNP khi thém céc thé tich Hg®* khac nhau; (b) Su thay d6i mau
ctia dung dich keo AgNP khi thém Hg®*. MAu thir dugc thyc hién theo ti 1¢ thé tich (uL) dung dich AgNP:

H,0:Hg**

Hinh 4 trinh bay két qua do TEM cua miu
AgNP trudc va sau khi thém Hg*". Két qua do TEM
cho thiy sau khi twong tic voi Heg®, cac hat AgNP
bi giam dang ké kich thudc hodc bi hoa tan hoan

= 4800:x:y (vi x +y = 200)

toan. Hinh anh thu dugc tir két qua chup anh truyén
qua TEM phu hop véi két qua do cong hudng
plasmon ctia dung dich AgNP truéc va sau khi
tuong tac voi ion Hg”".
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Nhu véy, khi c6 mit Hg?, cac hat keo AgNP ¢6
trong dung dich bi oxi hoa lam giam kich thudc,
mau cua dung dich keo AgNP ban dau nhat dan, do
hép thu cyc dai giam va dinh hap thu cuc dai s& dich
chuyén vé budc song ngén hon. Su thay dbi kich
thudc va tinh chat cong huong plasmon cua dung
dich AgNP, kém theo hién twong bién ddi mau cua
dung dich keo AgNP cho phép tmg dung tinh chat
nay trong phan tich Hg** trong méi trudng nude.

4. KET LUAN

Dung dich keo AgNP d3 duoc tong hop thanh
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cong tir chit dau 1a mubi AgNO; voi tac nhan khu
v6 co NaBH,, dugc lam bén bang chitosan. Két qua
nghién ctru cho thiy co su thay ddi dang ké vé mau,
kich thudc va tin hiéu cong huong plasmon bé mit
ctia AgNP khi c6 mat ion Hg? tu do trong dung dich
keo AgNP. Su thay ddi mau cua dung dich keo bac,
kém theo su giam d6 hip thu quang va dich chuyén
budc song hap thu cuc dai co thé mo ra huong ung
dung dé phat trién phuong phap phan tich Hg” trong
nude ciing nhu xdy dung hé cam bién quang hoc dé
xac dinh nhanh thuy ngan trong méi trudng nudc
dya trén hién tugng ddi mau cua dung dich keo
AgNP.

Hinh 4: Anh TEM cua dung dich keo AgNP trudc va sau khi twong tac voi ion Hg?* trong dung dich.
Hinh chén - ki hiéu (7) 1a dung dich keo AgNP trudc khi thém ion Hg*, - ki hiéu (1)
1a dung dich keo AgNP sau khi thém ion Hg®*
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