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This paper presents anisotropic silver nanoparticles fabricated by
photochemical method by changing from blue to green radiation at
different exposure times on small spherical seed nanoparticles (~7 nm).
Morphology and size of obtained nanoparticles were investigated by
field-emission scanning electron microscopy (FESEM). Crystal
structure, elemental composition was investigated by X-ray diffraction
(XRD) and energy dispersion spectroscopy (EDX). Optical properties
of obtained silver nanoparticles product were analyzed by UV-Vis
absorption spectroscopy. The obtained anisotropic silver nanoparticles
were triangular, rounded triangular and cross-shaped flat plates and
nanodecahedra. Silver nanodecahedra were formed by stimulating on
spherical silver nanoparticles under blue LED (BLED). Triangular
silver nanoparticles were formed when the seeds are excited by a green
LED (GLED). The results of investigating the applicability of silver
nanoparticles for melamin detection by using surface enhancement
Raman scattering (SERS) technique reached high sensitivity (10° M).
The anisotropic silver nanoparticles promise to many interesting
researches in analysis method and detecting toxic substances in food
safety thanks to silver nanoparticles such as Raman sensors in the future.

CHE TAO CAC NANO BAC DI HUGNG BANG KICH THICH TO HQP LED
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Bai bao nay trinh bay cac nano bac di huéng dugc ché tao bing
phuong phap quang hoa bang cach lan luot kich thich anh sang LED
xanh 14 va LED xanh duong véi céc thoi gian khac nhau I&n cac mam
nano cau kich thudc nho (~7 nm). Hinh thai, kich thudc dwoc khao sat
bang kinh hién vi dién tir quét phét xa truong (FESEM). CAu tric tinh
the, thanh phan nguyén t6 dugc do dac khao sét bang nhidu xa tia X
(XRD) va pho tan sic nang luong (EDX). Tinh chat quang cua céc san
pham nano bac sau ché tao dwoc phan tich boi phuong phap pho hap
thu UV-Vis. Cac nano bac di huéng nhan duoc |a cac tim phing dang
tam giac, dang tam giac cut, dang luc giac va dang hop dién. Cac nano
hop dién dugc hinh thanh khi kich thich cac nano bac dang cau duéi
LED xanh duong (BLED). Cé4c tim phing nano bac dang tam giac
duoc hinh thanh khi cac mam duoc kich thich béi LED xanh 14
(GLED). Két qua khao st kha ning (ing dung cia c4c nano bac trong phét
hién melamin bang tan xa Raman ting cuong bé mit (SERS) cho do nhay
cao (10 M). Tir day hira hen nhiéu nghién ciu tha vi tiép theo trong linh
vuc phan tich, phét hién céc chat doc hai trong an toan thuc pham nho vao
c4c nano bac nhu nhiing cam bién Raman.
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1. Mé dau

Cac nano kim loai quy nhu nano bac (AgNPs) dang dugc dac bi¢t quan tam va chd y trong
khoang vai thap ky tro lai day, do ching c6 tinh chét quang vo cung ly tha [1]-[3]. Cong hudng
plasmon bé mat dinh xtr (LSPR) c6 thé dé dang duoc diéu khién tur vung nhin thiy dén hong
ngoai gan nho thay d6i kich thudc va hinh dang cua hat nano nhu dang cau [4], dang tam gi4c
[5], dang hop dién [6],... Cac dang nano bac nay c6 thé dugc ché tao bang nhiéu phuwong phap
khac nhau, nhu phuong phap khir hda hoc, phuong phap Vvat 1y (an mon laser, plasma lanh, chiéu
LED,...), phuong phap tong hop xanh sinh hoc,... tir &6 ching c6 nhiéu loi thé img dung trong
nhiéu linh vuc khac nhau nhu quang dién tir, trong y sinh hoc hay ca trong méi trudng.

Mot trong cac phuong phép hitu hiéu cua vat Iy dé ché tao cac nano bac di huéng la dung anh
séng cua dén LED dé kich thich vao céac hat nano bac dang cau rat nho (~vai nano mét) goi la
mam. Dudi kich thich ciia photon chiéu t6i, cac nano bac mam hap thu nang lugng va chuyén doi
hinh théi va kich thuéc sang dang khéc cau (di huéng), nhu dang tdm phang tam giac, tam giac
cut gc khi duoc chiéu bsi LED xanh 14 [7], dang hop dién khi mam dugc chiéu boi LED xanh
duong [8], [9]. Tuy nhién, néu td hop chiéu dong thoi hoic chiéu lan luot 2 loai LED nay vao
mam nano bac thi chua c6 nhiéu nhém thuc hién nghién ctu. Gan day nhit ¢ cong bé cua P. E.
Cardoso-Avil va cong sy di c6 thi nghiém dau tién vé van dé nay [10].

Trong nghién ctu nay, ching toi trinh bay két qua cac nano bac di huéng duoc hinh thanh
bang phuong phép quang hoa dudi su hd tro cia anh sang LED xanh 14 va xanh duong. Thi
nghiém dugc tién hanh gom hai buéc chinh la: dau tién ché tao cac mam nano bac (AgNPs) dang
cau, tiép dén Ia chiéu LED xanh duong roi dén xanh la vao dung dich chira mam AgNPs. Thi
nghiém duoc lap lai khi d6i tht tu chiéu 2 loai LED nay véi céc thoi gian khéc nhau. Cubi cung,
cac san pham nano bac dugc thir nghiém phét hién melamin bang phuong phap tan xa Raman
tang cuong bé mat (SERS).

2. Phuong phap nghién ciru

Bac nitrate (AgNOs, 99,92%) dugc st dung nhu tién chat. Trisodium citrate (TSC,
NasCsHs07.2H,0, 99,96%), sodium borohydride (NaBH4, 99,93%) ca hai c0 tac dung nhu chat
khtr khi tao mam AgNPs. Melamin (CsHsNe) duoc ding nhu chat can phan tich hdp phy trén dé
nano trong thi nghiém SERS. T4t ca cac hda chat déu dugc mua tir Sigma-Aldrich Chemical Co.
(M3), polyvinyl pyrrolidone (PVP, molar weight (MW) 29,000 g/mol) dugc mua tir Merck
(Puc). Céc dung dich duoc chuan bi bang cach sir dung nudc cat khir ion. Tat ca cac hoa chat
dugc st dung truc tiép ma khong co sy diéu ché thém nao khéc.

Céc hat nano bac mam dugc diéu ché nhu trong cong bé truée cua ching toi [8], [11]. Mot
cach tom tit vé quy trinh tao mam AgNPs nhu sau: 1 ml dung dich AgNOs (0,01 M), 0,2 ml
trisodium citrate solution (TSC, 0,3 M), 0,3 ml dung dich PVP véi nong d6 0,1 mM duoc tron
déu trong binh nudc cat khir ion dung tich 100 ml. Tiép dén dung dich hdn hop dugc khudy tir
manh (1500 vong/phut) & nhiét do phong trong thoi gian 10 phut dé dam bao sy dong nhat. Tiép
theo nho tir tir (tirng giot) mot luong 0,5 ml NaBH, (0,05 M) vao dung dich hdn hop & diéu kién
lanh (binh phan tng dwoc dit chim trong da lanh) va khuay tur lién tuc trong 1 gio (h). Ngay
truéc khi thém NaBH, dung dich khéng mau (gan nhu trong sudt), sau khi thém ting giot
NaBH,, dung dich ngay lap tirc chuyén sang mau vang sang va sau khoang 3 phat thi thanh mau
vang nhat. Pay chinh 1a mau cta cac hat keo nano bac dang cau khi c6 &nh sang tu nhién chiéu
vao mau. Tiép tuc duy tri phan ung c6 khudy tir manh trong 1h sau dé dirng khudy va dé san
pham & nhiét do phong.

Giai doan tiép theo Ia chiéu t6 hop &nh sang LED vao dung dich mam vira ché tao & trén. Thi
nghiém dwoc thyc hién véi 2 nhém mau: (i) lay 20 ml mam dé chiéu LED xanh duong (1,2
mW/cm?) trong 5 phat (ky hiéu mau B 5), tiép theo chiéu LED xanh I4 vai thoi gian khac nhau
20, 25, 40 va 60 pht (ky hisu miu: B 5+G 20, B 5+G 25, B 5+G 40 va B 5+G 60 tuong (mg);
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(i) 1dy 20 ml mam dé chiéu LED xanh 14 (1,2 mW/cm?) trong 30 phat (ky hiéu mau G 30), tiép
dén chiéu LED xanh duong vdi thoi gian thay doi 20, 25, 40 va 60 phat (ky hiéu mau: G 30+B
20, G 30+B 25, G 30 +B 40 va G 30+B 60 tuong tng).

Cac san pham sau khi duoc chiéu LED dugc bao quan ¢ 4°C trong bong téi dé sin sang cho
viéc thir nghiém phét hién melamin.

3. Két qua va ban luan
3.1. Hinh thdi va kich thwéc nano bac di hweng

Dé khao sat hinh thai va kich thudc, cac nano bac sau khi ché tao dugc do trén hé kinh hién vi
dién tir quét phat xa truong (FESEM, Hitachi S4800, Japan) van hanh ¢ ché do chan khong cao &
dién thé 5 kV. Hinh 1 biéu dién anh FESEM cua c4c nano bac mam va di huéng sau khi chiéu
LED xanh duong rdi dén LED xanh 14, phan thém vao trong anh tuong tng 1a anh chup mau caa
dung dich nano. Hinh 1a cho thay, cac AgNPs c6 dang cau, kich thuéc khoang tir 4-8 nm. Mau
cua dung dich hat AGNPs ¢ mau vang nhat. Két qua nay phu hop véi cac cong b truéc cua cac
tac gia khac va ciia nhom ching toi [8], [12]. Hinh 1 (b-f) 12 anh FESEM cua cac mau tuong g
B 5, B 5+G 20, B 5+G 25, B 5+G 40 va B 5+G 60. Ngay sau khi chiéu LED xanh duong dugc 5
phat (mau B 5 hinh 1b) cho thay xuét hién céc nano bac dang hop dién, mot sé dang hinh thoi,
maot s6 dang tam giac phang va mau cuaa dung dich tir vang nhat chuyén thanh cam dam. Nhin
chung chiing c¢6 kich thuéc canh khoang tir 35-55 nm. Co ché tao thanh cac hop dién c6 thé giai
thich 1a do twong quan wu tién phat trién canh cta hat & dao dong plasmon ludng cuc mat trong
Vv6i song anh sang kich thich (485 nm) [7]. Sau d6 chuyén sang chiéu anh sang LED xanh 14 20,
25, 40 va 60 phut ddi vé6i cac mau B 5+G 20, B 5+G 25, B 5+G 40 va B 5+G 60 tuong ung hinh
1c, d, e va f cho thy, hau hét cac nano bac nhan dugc dang tim phang tam gi4c, tam giac cut
g6c, mot sé dang dia, luc giac. Kich thuéc canh cua ching Ién hon (khoang 40-60 nm) so Véi
truong hop chi chiéu LED xanh duong. Dung dich chira hat chuyén sang mau anh tim dam (anh
chup thém vao mdi anh hinh 1).

p(a) Q‘ . “'

Hinh 1. Anh FESEM cua cacmam nano bac va sau khl Chleu |an lum LED xanh dwong va LED xanh la
(a) cac mam AgNPs; (b) B 5; (c)- (f) tuwong img la cac mau B 5+G 20, B 5+G 25, B 5+G 40 va B 5+G 60.

Thi nghiém tiép theo dugc thuc hién khi chiéu LED xanh 14 30 phit truéc khi kich thich bang
LED xanh dwong véi cac thoi gian 20, 25, 40 va 60 phut. Hinh 2 the hi¢n anh FESEM cua cac
mau sau khi nhan dugc. Dé dang thay ring, ngay sau khi chiéu 30 phit LED xanh 14, dung dich
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chuyén tir mau vang nhat sang mau xanh luc (hinh 2a) va cac nano bac dang tam tam giac dugc
hinh thanh. Quan sat dudi anh FESEM cho thay, cac tim phang tam gidc nay co6 kich thuoc kha
ddng déu 55 nm (miu G 30 hinh 2a). Hinh 2 (b-d) biéu dién anh FESEM cuia cac mau G 30 khi
tiép tuc chiéu LED xanh duong véi thoi gian twong ung 20, 40 va 60 phut (ky hiéu G 30+B 20, G
30+B 40 va G 30+B 60). Quan st cho thdy cAc tim nano tam gi4c bi an mon & phan goc tro nén
tron hon, xuét hién thém mot s6 tam dang luc giac, dia tron. C6 thé thay rang, kich thudc cia cac
nano nay gan nhu khong co sy thay do6i so voi mau G 30.

3.2. Phé hép thu

Dé khao sét tinh chat quang cua cac ciu tric nano bac di huéng, phd hap thu UV-Vis (Jassco
V770, Japan) duoc sir dung do trong khoang buéc song tir 300-800 nm. Hinh 3 biéu dién pho hap
thu cua 2 ddy mau trén. Quan sat trén hinh 3a, b déu cho thiy mam AgNPs c6 mot dinh duy nhat
& bude song 400 nm. Piéu ndy ching to cac mam AgNPs ¢ dang cau, kich thudc nho, rat pha
hop véi anh FESEM di trinh bay & trén va ciing phu hop véi ly thuyét Mie [13]. Bay gio ching
ta s& phan tich phé hap thu ddi véi cac mau chiéu LED xanh dwong roi dén LED xanh 14 véi cac
thoi gian khéc nhau (hinh 3a). Nhin chung cac miu déu c6 nhiéu hon mét dinh hip thu khi ting
thoi gian chiéu LED. Sb dinh phé hap thu ty 1& véi sé bac d6i xing cua hat nano [14]. Su xuat
hién thém dinh ¢ 504 va 560 nm la do trong qua trinh ché tao mam, citrate dong vai tro rat quan
trong trong su phat trién va 6n dinh cua nano bac. Khi chiéu sang bang LED, cac hat mam
AgNPs hap thy anh sang tao ra dao dong plasmon bé mit kich thich phan @ng héa hoc cua citrate.
T d6 dan dén cac phan tu citrate trén bé mat hat nano bac bi oxi hda nady thanh
acetonedicarboxylate va nhuong lai 2 dién tar trén bé mat hat AGNPs mam. Céc ion Ag* sé& b khir
trén bé mat cua cac hat AgNPs mam. Do d6, hat mam s& dugc phat trién c6 kich thudc lén hon.
Dusi kich thich cua anh sang LED xanh dwong (budc séng ngan ~485 nm) cac hat mam s& hap
thu mot cach dang hudng tao nén cac dao dong plasmon ludng cuc, diéu nay wu tién kich thich
cac dao dong ludng cuc doc dé tao nén céc nano bat dang hudng dang hop dién (hinh 3a).

s > 100k SE{M)

— 150k SEM) b . 300nm . . g . 'sx I“wr\
Hinh 2. Anh FESEM cua cac mau nano sau khi chiéu té hop LED xanh ld (30phut) va sau do chiéu LED
xanh dwong: (a) mau G30; (b) mau G 30+B 20; (c) mau G 30+B 40 va (d) mau G 30+B 60
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So v6i mau B 5 thi cac mau con lai khi tang dan thoi gian chiéu LED xanh I4 ¢6 phé hap thy
dich d6 va cudng do tang dan. Ching t6 kich thudc hat 16n dan. Thém mot didu thd vi 1a c6 mot
dinh nha nho ¢ 330 nm déu xuét hién o tat ca cac mau khi c6 chiéu LED, déy la dinh dic trung
cho bé day caa nano bac. Déi véi cac mau khi duoc chiéu té hop LED xanh 14 trudc, roi dén LED
xanh duong (G 30, G 30+B 20, G 30+B 25, G 30+B 40 va G 30+B 60) c6 phd hap thu nhu hinh
3b. Ngay sau khi chiéu LED xanh 1a dugc 30 phut, dinh phd thir 2 xuat hién ¢ buéc song 584 nm
dic trung cho nano bac dang tim tam giac (G 30). Diéu nay ching to cac tim nano dang tam giac
bi mon dan & cac goc, dan dén dang tam giac ti goc, hoidc dia tron nano (nhu trén anh FESEM &
hinh 2b-d). K&t qua nay khé phtl hop vai nghién ciru trude day [15].

3.3. Cdu trdc tinh thé va thanh phan héa hec

Dé khao sat cau truc tinh thé cua cac san pham nano sau khi ché tao, hé do nhidu xa tia X
(XRD) Bruker D8 Advance (budc song A = 1.5406 A) va quét goc 26 tir 30-80°. Hinh 4a biéu
didn XRD cua 2 miu dién hinh B 5 va G 30. Bén dinh trong phé nhiéu xa XRD cua 2 mau nay
déu tim thiy & cac goc 26 gom 38.04°, 44.05°, 63.92° va 76.74° dic trung twong Gng cho cac mit
tinh thé (111), (200), (220) va (311) phan xa Bragg cua cau trac lap phuong tdm mat (FCC) so
vé6i the chuan PDF (No. 01-071-3752) [16]. Diéu nay cho thay céc san pham thu duoc la cac
nano bac nhu mong mudn. Cuong do nhidu xa cua dinh tai mat (111) cao gap khoang 2,5 lan so
Vé6i cac dinh wng voi mat (200), (220) va (311). Diéu nay ching to cac nano bac két tinh manh
theo huong (111).

2.0
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_‘% (111) B5
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@ = 800 (200) (2200 (311)
E; 1 H i
« 6004
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r . —;b
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(b) 532 Mam B A
2.5 ---G30 30 40 50 80 70 80
FEE W G30+B20 Goc 2 theta (do)
3 2.0 Y ..G30+B25
£ /11584 M3u G 30
o 15, fix - ---G30+B40 “
@ ---G 30 +B 60
o 1.04
[n]
05{ |
0_0_‘ f }k}*h."m

300 400 500 600 700 800
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Hinh 3. Phé hap thu UV-Vis cua c4c nano bac d;
hieong. (a) Chiéu té hop LED xanh dwong (5 phit),  Hinh 4. (a) Nhiéu xg tia X ciia 2 mdu dién hinh B 5
sau dé dén LED xanh 14 (20, 25, 40 va 60 phat); (b)  va G 30. (b) Phé tan sdc ndng heong ciia Mdu dién
Chiéu té hop LED xanh ld (30 phit), sau dé dén hinh khi chiéu LED xanh I trong 30 phut (G 30)
LED xanh dwong (20, 25, 40 va 60 phut)

~ D& kiem tra chic chin hon v& thanh phan nguyén t6 héa hoc trong mau, phuong phap pho tan
sac nang lugng (EDX) duoc sir dung. Hinh 4b la pho EDX cua mot mau dien hinh G 30. Két qua
cho thay mau rat tinh khiét chi cé duy nhat la nguyén t6 bac chiem 100% trong luong.
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3.4. Ung dung phat hién melamin

Céc nano bac c6 tinh chét plasmon 1y thu, do d6 ching c6 nhiéu kha nang @ng dung trong y -
sinh hoc va méi trueong. Trong nghién ctiu nay, tac gia da thir nghiém sir dung cac nano bac nhu
nhitng cam bién Raman dé phét hién chat melamin & nong do thap. Pay 1a mot trong nhitng chat
gy doc hai néu lam dung st dung véi luong 16N trong cac thuc pham, nhat 14 trong sita dé ting
chat béo. Nhin chung, khi do phé Raman cua melamin dang nguyén chat thi cudng do rat thap,
tuy nhién khi melamin hap phu trén bé mat nano bac thi tin hiéu Raman dugc ting cuong Ién rat
manh mac du véi mot nong dd melamin rat nho. Phuong phap nay goi 13 tAn xa Raman ting
cuong bé mat (SERS).

| —=—Melamin (107 M)
1200 | (a)ﬁm G 30 + 10% M melamin
. B 5+ 10°°M melamin
= 1000i ——B 5+G 40 +10° M melamin
8004 R i mH*GS(MEEiOlE].r\v‘lmelamm
> : >
o 600-
O A4
ko]
o 400 |
e |
g 200 -
O LlA
T T T
500 1000 1500 2000
S0 séng (cm™)
3004 (b) Melamin .

— B 5+G40+10°°M melamin
—~ 250 —— B 5+G40+10™M melamin
> ——— B §+G40+10"*M melamin
+
> 200+
k<)
o 150+
S
(o))
c
O
=]
(@]

500 1000 1500 2000
S6 song (cm-)

Hinh 5. (a) Phé Raman ciia melamin (10*M) va pho SERS ciia melamin ¢ nong dg 10°°M hap phy trén
cdc dé tir cqu tric nano G 30, B 5, B 5+G 40 va G 30+B 5. (b) Pho SERS cua cé&c néng dé melamin (107 -
10*M) hdp phu trén dé B 5+G 40.

Phép do phd Raman dugc thyuc hién trén may Micro Raman (Horiba Xplora Plus, France)
dugc két ndi vai laser (budc séng 532 nm), véi dai do tir 500 cm'® d@én 2000 cmL. Hinh 5a la phd
SERS cua melamin (10 M) trén cac dé SERS tir cdu trdc nano thir nghiém 1a B 5, G 30, B 5+G
40 va G 30+B 40) so véi phé Raman cua riéng melamin (10* M) duong mau den. Quan sét rd
rang rang, khi chua c6 miat cia cac d& SERS thi cudng do phd Raman cia melamin chua xuét
hién (bang 0). Nguoc lai, khi c6 mit cua cac dé SERS cho thay tin hiéu SERS ctua melamin duoc
tang cuong ngay lap tic. Pay 1a két qua cia su tang cuong trudng dién tir (EM) gay ra boi dao
dong cua cac dién tir b& mat nano khi c6 photon chiéu téi véi phan tir chat melamin. Do bé mit
clia cac cau tric nano xu xi, géc canh va khoang cach giita cac nano véi nhau tao ra nhirng khe
hep v cing nho thich hgp ma chlng tao ra nhiéu diém nong “hot spot”, tir d6 1am tang cuong
truong dién tu [17]. Co ché cua twong tac giira melamin va AgNPs c6 thé duoc giai thich dya
trén nguyén tic cua Ping va cong su [18]. Nguyén tic nay la phan tng tinh dién gitra cac nhém
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amino tich dién dwong ctia melamin va cac dién tich am trén bé mat dé [19]. Dai dic trung chinh
dé nhan biét sy c6 mat ciia melamin 1a & s6 song 675 cm™ twong tmg 14 mode dao dong cua vong
phang trong, né gém dao dong caa nhém nguyén tir amino nito [20]. Trong s6 4 mau lam thir
nghiém phét hién melamin, thi mau B 5+G 40 cho tin hiéu SERS manh nhat & néng do melamin
10° M. Diéu nay c6 nghia 1a chiing tao ra duwoc nhiéu diém néng nhat trong s6 4 mau lam thi
nghiém. Trén co s& ndy, tac gia tiép tuc 1am thi nghiém vé gigi han phat hién (LOD) melamin dbi
Vi mau B 5+G 40. Két qua nay duoc thé hién trén hinh 5b. D& dang thiy rang, giéi han con c6
thé nhan biét dugc melamin trong trudng hop nay 1a 10° M. Gigi han nay cho thay dé SERS tir
c4u trdc nano di huéng dang tam giac c6 do nhay cao.

4. Két luan

Ché tao thanh cong cac nano bac di huéng dang hop dién, tim tam giac, tam giéc cut,... ¢6
kich thuéc canh tir 35-55 nm bang phuong phap quang hoa phat trién mam dudi sy kich thich t6
hop lan Iuot 4nh sang LED xanh duong dén LED xanh 14 va nguoc lai. Cac san pham két tinh tot
va ¢ do tinh khiét cao. Cac cau tric nano bac di huéng déu cho kha nang ng dung phat hién
melamin bang SERS va c6 gigi han phat hién 10° M. Két qua nay hira hen c6 thé tao ra cac cam
bién Raman dé phan tich dinh lwong va phét hién melamin trong cac thuc phim (nhu sira,...) c6
d6 nhay cao.
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