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In this study, the author presents new results on the fabrication of
silver/gold alloy nanostructures (AgAu alloy) to detect methylene blue by
surface-enhanced Raman scattering (SERS) method. The silver/gold alloy
nanoparticles are fabricated by the simultaneous reduction of AgNO3; and
HAUCIs; by by trisodium citrate (TSC). The obtained products are
investigated on some properties: the morphology of the alloy NPs are
examined using transmission electron microscopy (TEM). The lattice
constants of samples and the formation of homogeneous Ag/Au alloy
nanocrystals were confirmed by high-resolution transmission electron
microscopy (HRTEM) technique. The optical property (plasmon
absorption) was analyzed by ultraviolet-visible (UV-Vis) spectroscopy; the
experiment for methylene blue (MB) detection by the surface enhanced
Raman scattering spectroscopy. The results show that AgAu alloy
nanoparticles with molar component ratio 1:2 have a spherical shape, the
size in the range of 40-50 nm, and the plasmon absorption peak at 523 nm.
Interestingly, the highest SERS activity achieved at AgAu alloy sample with
limit of detection (LOD) equals 10 M and the linear dependence was found
between the logarithmic concentration of MB and the intensities of the 1624
cm* peak as shown in equation Logl = 0,33*LogC + 5,54, R? = 0,997. This
result is particularly interesting for making the high-sensitivity chemical
sensors for quantitative analysis of harmful pigments in food safety.
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Trong nghién ctu nay tac gia trinh bay két qua mai vé ché tao nano hop
kim bac/vang nham phat hién xanh methylene bang phuong phap tan xa
Raman ting cuong bé mat. Cac nano hop kim bac/vang (AgAu alloy)
dugc ché tao bang phuong phap khir hda hoc ddng thoi AgNOs va
HAUCI, boi trisodium citrate (NasCeHsO7). San pham sau ché tao duoc
khao sat cac tinh chat: tinh chéat quang bang phd hip thu plasmon; hinh
thai va kich thuéc bang hién vi dién tu truyen qua; cau tric tinh thé va
thanh phan nguyeén té bang hién vi dién tir truyén qua phan giai cao va phd
tan sic ning luong; thi nghiém phat hién xanh methylene bang phé tan xa
Raman ting cuong bé mat. Két qua nghién ctiu cho thay, cac nano AgAu
Vvéi ty 18 mol 1:2 c6 dang cau, kich thudc tir 40 + 50 nm, dinh hip thu
plasmon & 523 nm. Chat mau xanh methylene dugc phat hién & ndng do rat
thap (108M) va cuong do tin hiéu Raman phu thudc tuyén tinh theo logarit
cua nong do chat phan tich theo quy luat Logl = 0,33*LogC + 5,54, R? =
0.997. Két qua nay dic biét thu vi trong hudng nghién ctu tao ra cac cam bién
héa hoc c6 dd nhay cao nham wng dung phén tich dinh lwong céc chat mau
doc hai trong an toan vé sinh thuc pham.
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1. Mé dau

Trong nhitng nim gan day cac ciu tric nano ludng kim dang tré nén déc biét dugc thu hut boi
cac dac tinh quang Iy tha vi cua n6, nhu tinh chat dién va quang xuc tac [1]-[3]. Trong sb cac
nano ludng kim, dién hinh 1a cac nano Ag/Au cé cau trac 18i vo, hop kim bai ching c6 nhiéu loi
thé nhu. dé dang diéu khién cong husng plasmon bé mat (SPR) ‘trong ving nhin thiy va hong
ngoai gan bang cach diéu khién ty I¢ thanh phan giita 2 nguyén té kim loai Ag va Au twong ng
[4]-[6]. Hon nira, nhiéu nghién ctiu chi ra rang cac nano ludng kim Ag/Au c6 do bén hoa va on
dinh hon nano bac thuan (do nano bac d& bi oxi hda) va kha nang wng dung trong nhiéu linh vuc
cling cao hon nano vang thuan twong Gng [7]. Mét trong cac ung dung tiéu biéu ké dén 1a tinh
khang khuan, hién anh sinh hoc [8], [9], xUc tac [10], dan thubc [11], quang tir, phat hién céc
phan tir hay 1am céc cam bién héa hoc va sinh hoc [12].

Tan xa Raman tang cuong bé mat (SERS) la mot phuong phéap quang pho rat manh va khong
pha huy mau trong viéc phan tich cac chat hiru co ¢ nong d6 vét (ppm) khi ching dugc hap phu
trén bé mat cua céc vat liéu co cau tric nano thich hop [13]. Tin hiéu SERS duoc ting cudng
manh m& so véi khi khong dung cac dé kim loai & kich thude nano. Nho vao cac dao dong dic
trung ciia phd tan xa Raman (dau van tay) ma c6 thé xac dinh duogc cac chat dinh danh can phan
tich. Pay 1a hé qua cua Sy twong tac cta truong dién tir (EM) véi cac nano kim loai dan dén dao
dong cong hudng cua cac electron trén bé mat nano tao ra mot trudng dién tir cuc bé ting cuong,
goi 1a cac diém nong (hot spots). Déi véi cac kim loai quy nhu bac, vang la cac tng vién sang gia
cho cac lua chon vé nghién ctiu tao ra cac dé SERS [3], [14].

Trong bai bao nay, cac nano hop kim bac/vang (Ag/Au) duoc ché tao bé‘mg phuong phap hoa
khir dong thoi cac ion Ag* va Au3+ bai trisodium citrate (TSC) voi sy c6 mat cua polyvinyl
pyrrolidone (PVP) nhu la tac nhan 6n dinh. Pay 1a phuong phap tong hop kha don gian di dugc
mot so nhdm nghién ciru trude do [15], [16]. Tuy nhién, cac nghién ciru d6 chua day du va khong
huéng dén muc tiéu (ng dung trong viéc phat hién cac phan tu chat mau hitu co & ndéng do thap.
Do do, bai bao nay s€ tap trung vao trinh bay ndi dung ché tao cac nano hop kim (Ag/Au) cho
phét hién xanh methylene trong nudc & nong do vét.

2. Phwong phap thuc nghiém

Bac nitrate (AgNQOg), chloroauric acid (HAuCl4.3H,0, 99.99%), trisodium citrate (TSC,
NasCsHs07.2H,0), xanh methylene (MB, C1sH1sCIN3S) cta Sigma-Aldrich Chemical Co. (My),
polyvinyl pyrrolidone (PVP, 29.000 g/mol) cia Merck (Ptc). Cac dung dich dugc chuan bi bang
cach str dung nudc cat (hodc nude khir ion). Tat ca cac hda chat dugc st dung truc tiép ma khdng
c6 su diéu ché thém nao khac.

Cac hat nano vang (AuNPs) dugc tao thanh khi thém tirng giot cua 100 ul, TSC 2% vao binh
dung 50 ml nudc cat co chira 50 pl HAUCI, 0,02 M da dun sbi va khudy tir manh. Sau khi thém
TSC tiép tuc khudy manh trong 1 gio dé phan ang xay ra hoan toan va dam bao cac ion Au®* da
duoc khir hoan toan thanh Au®. Cac hat AuNPs duoc hinh thanh khi quan sat mau dung dich ¢
su bién ddi tir vang nhat sang do, roi dén dé man. Binh san pham sau khi ché tao duoc dé ngudi
tu nhién dén nhiét do phong. Déi voi cac nano bac (AgNPs) ciing duoc ché tao twong tu nhu quy
trinh & trén voi cac tham so thi nghiém la 50 pl AgNOs 0,02 M, 100 pl (NasCeHsO7.2H,0-TSC)
2%. Dung dich c6 mau chuyén tir trong suét sang vang nhat, do 1a két qua cua sy hip thu
plasmon bé mit cuia cac hat nano bac duoc tao thanh c6 kich thudc nho [9].

Qué trinh thi nghiém dién hinh ché tao nano hgp kim Ag/Au nhu sau: cac mudi bac (50 p
AgNO; 0,03 M), chloroauric acid (50 ul HAuCls 0,06 M) va 2 ml PVP 0,0067 M dugc thém
ddng thoi vao binh dung 100 ml nuéc & pH = 7,2, gia nhiét 100°C va khudy tir manh (1000
vong/pht). Tiép theo thém cham 250 ul TSC (2%) dé khir dong thoi cac ion Ag* va Au®* trong
hai tién chat trén. Hon hop duoc duy tri & nhiét do nay trong 2 gio dé phan ang xay ra hoan toan
va nham tao céc hat nano ddng déu nhit, sau d6 dé ngudi tu nhién dén nhiét do phong. San pham
cubi cung dugc bao quan trong tu lanh & 4°C va duoc sir dung vao céc thi nghiém tiép theo.
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3. Két qua va thao luan
3.1. Phé hdp thu plasmon va hinh thdi kich thwéc hat
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Hinh 1. Biéu dién tinh chat quang cuia cac AgAu alloy. (a) Phé hap thy plasmon va (b) dnh kinh hién vi
dién tir truyeén qua, phan biéu do thém vao trong hinh (b) 1a phan bé kich thuéc hat
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Hinh 2. (a) 4nh TEM cua AgAu alloy; (b) Ank HRTEM c¢6 d@é phan gidi cao ciia mét phan hat nano hop
kim twong vmg; () Anh ban d6 mau EDS trn ldn vé su c6 mdt cia Ag, Au trong ciing 1 hat nano hop kim
va (d,e) 1a anh riéng biét cho ting nguyén té Ag, Au twong 1ng; (f) 1a phé EDS thé hién phan bé ty I¢ phan
tram cua Ag va Au trong nano hgp kim te hinh ¢
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Céac AgNPs, AuNPs va AgAu alloy duoc khao st tinh chét quang bang phd hap thy plasmon
tir may UV-Vis (Jassco V770, Nhat). Két qua duoc chi ra rang, cac hat keo AgNPs, AuNPs va
AgAu alloy chi c6 méot cuc dai hap thu duy nhat nam trong ving nhin thiy nhu trén hinh la,
chting to chung c6 dang cau theo Iy thuyét Mie [17].

Ciing theo 1y thuyét Mie, cuc dai hap thu plasmon ciia cac AgNPs ¢ 396 nm ching to hat c6
kich thuéc nho (~6 nm). Di véi cac AuNPs c6 cuc dai vé phia song dai hon ¢ 552 nm, trong khi
cac AgAu alloy c6 dinh & 524 nm va mau sic dung dich nhu trong anh dugc thém vao trong hinh
la. Diéu nay cho thiy cac AgAu alloy 1a cac nano hop kim, phi hop véi mot sé cong bd trudc
[18]. Hinh 1b cho thiy hinh dang va kich thudc cia cac nano hop kim AgAu alloy dang cau, kich
thudc kha dong déu va chi yéu tap trung ¢ khoang 40 nm.

3.2. Cdu trdc tinh thé va thanh phan héa hec

Dé khao sét vé cdu tric va thanh phan cac nguyén té déng gop vao ciu tric nano AgAu alloy,
kinh hién vi dién tir truyén qua phan giai cao (JEOL JEM-1010 hoat dong ¢ 200 kV) duoc sir
dung. Hinh 2a 1a anh TEM cua cac AgAu alloy c6 d6 phong dai cao cho thay rd cac ving séang va
t6i tron 1an nhau thé hién cac su c6 mit ciia cac nguyén tir bac va vang tuong tng. Hinh 2b cho
thiy hinh anh hién vi dién tir truyén qua c6 d6 phan giai cao (HRTEM) cua mét phan hat nano
hop kim trong hinh 2a. Khoang cach mang tinh thé huéng [111] cua Au don tinh thé do duoc la
di11(an = 0,233 nm, di11(ag) = 0,234 nm Xx&c minh sy ¢6 mat caa Au va Ag. Cac hing s6 mang (a)
dugc tinh theo khoang cach dna ciia cac mit phing {111} dué6i dang phwong trinh sau:

2 a?
dikt = 332 D)

Do d6, hing s6 mang cua tinh thé Au va Ag lan luot dugc tinh bang 0,40357 nm va 0,4053 nm,
gan véi bao cdo trude d6 [19], [20]. BE thiy rd hon cau triic hop kim ciia mot hat nano AgAu alloy,
ky thuat phd tan sic nang luong EDS mapping da dugc su dung. Do Ag va Au déu co cau trdc lap
phuong tdm mat va co hang s6 mang rét giéng nhau nén ching rat dé& di chuyén trong qué trinh
hinh thanh nano dé tron 13n vao nhau. Hinh 2(c-e) mé ta lan luot anh EDS mapping cua sy xen phu
phan bd nguyén té Ag va Au dong thoi c6 mat trong cung 1 hat nano duy nhat AgAu alloy va ban
d6 mau cua Ag va Au riéng r&, twong ang. Hinh 2f 12 phd EDS thé hién phan trim nguyén 6 Ag va
Au chiém trong mét hat nano AgAuU hop kim tuong ng cua hinh 2c, trong d6 nguyén t6 Ag chiém
33,6 % va Au chiém 66,4%. Két qua ndy mot lan nira khang dinh nano hop kim bac/vang da duoc
ché tao thanh céng.

3.3. Phét hi¢gn xanh methylene bang SERS

Dé khao sat kha niang hoat dong SERS cua cac ciu tric nano sau khi ché tao, may quang phd
tan xa Raman (Xplora Plus, Raman microscope, Phap) duoc sir dung véi nguon kich 1a laser 532
nm va vat kinh 100x. Hinh 3a biéu dién phd Raman cua xanh methylene (MB) bot. Mot sb dai
noi bat tai cac sé song 445 cm?, 501 cm'?, 772 cm™, 1037 cm', 1070 cm'?, 1154 cm?, 1302 cm?,
1395 cm™ va 1625 cm* twong tng v&i dinh dic trung cua phan tir MB [21]. Céc dinh dic trung &
445 cmt va 501 cm'® 1a do dao dong bién dang xuong C-N-C. Cac dinh & 772 cm™, 1037 cm™,
1070 cm', 1154 cm't dwoc géan cho mit phiang dao dong udn cia nhém C-H. Binh ¢ 1302 cm™ 1a
nguyén nhan gay ra mode bién dang vong trong mit phing dao dong caa C-H.

Céc dinh dic trung (ddu vén tay) nay ciing duoc tim thay trong truong hop phan tir MB hap
phu trén dé nano nhu trong hinh 3b. Tuy nhién, diéu thd vi 1a cuong d6 SERS cua MB khi ¢6
nano Ag, Au va AgAu alloy lam dé da tiang rit manh so véi riéng MB. Diédu d6 ching to dudi
truong dién tir ti da tao ra duoc nhidu diém néng trén bé mat cac cu tric nano. Pién tich da
truyén gira cAc nguyén tir Au va Ag trong cac nano tao ra cac vung tich dién du’omg trong nguyén
tr Ag va cc ving tich dién am trong nguyén tr Au, diéu ndy dan dén sy gan cac phan tu chat
phan tich trén vat liéu nano d& dang hon. Ngoai ra, trén hinh 3b con cho thay & cling mot nong do
MB (10°M), cac AgAu alloy cho cuong d6 SERS manh nhét, tiép dén 1a AgNPs va cudi cang la
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AuNPs. Diéu d6 ching to nano hop kim AgAu da tao ra nhiéu diém néng nhat dan dén hoat dong
SERS I6n [22]. Tin hiéu SERS manh s¢ chi thu dugc néu céc phan tir thuoc nhuém hap thu vao
bé mat kim loai mét cach hiéu qua.
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Hinh 3. (a) Phé Raman cia xanh methylene (MB). Hinh 4. (a) Pho SERS cua cac nong dé MB khéc
(b) Phé tan xg Raman ting cuong bé mat cua riéng nhau (tzr 108M den 10*M) hap phu trén cac nano
MB va hén hop MB (10°°M) véi cac nano AgNPs, hop kim AgAu alloy. (b) Su phu thugc tuyen tinh
AuNPs va AgAu alloy cua logarit cuong do tai 1624 cm vao logarit nong
do MB tuwong ung

Trén co s& danh gia hoat dong SERS ddi véi MB & 10°M d6i véi ca 3 loai AgNPs, AuNPs va
AgAu alloy thi nano hop kim cé két qua tét nhat, vay nén tac gia da tap trung khao sat siu hon
dbi voi cac ndng @6 MB khac nhau, dé tir d6 danh gia gidi han phat hién (LOD) caa n6. Cac nong
d6 MB duogc chuan bi lan luot tir 108M dén 10M duoc phu Ién cac nano hop kim sau khi ché
tao. Quan sat cac phd SERS duoc thé hién trén hinh 4a. Két qua chi ra rang, dai da sé cac vach
dic trung cia MB duoc quan sat thiy trén cac nong do nay, trong d6 vach ¢ 1625 cm™ tan xa
manh nhat. Day ciing 1 vach thuong dugc dung dé phét hién MB ¢ nong do vét. Tuy nhién, co
mét s6 cac dao dong dic trung co sy sai léch nho so véi phd chudn trong hinh 3a. Pién hinh nhu
mot s6 vach chinh & s song 445 cm™, 1302 cm't, 1625 cm™ dich tuong tng dén 448 cm't, 1300
cm® va 1624 cm'™. Su léch khong déng ké nay c6 thé dén tir sy tuong tac gitra phan tir chat mau
va cac dién tir dao dong trén bé mit cua kim loai [23]. Hinh 4a cho thdy cudng do SERS tai 1624
cm! tang khi ting dan nong d6 MB.

Tin hi¢u SERS manh nay c6 thé dén tir 46 nham hodc khuyét tat cia bé mit ctia nano. Quan
sat hinh 4a cho théy, vach dic trung cia MB & 1624 cm™ ¢6 thé dugc xac dinh & néng do thép téi
108 M véi dé AgAu alloy. bay la bang ching vé gidi han phat hién trong trudng hop nay la 10° 8
M. Két qua nay cho thay, cac nano hop kim bac/vang dang cau cho hoat dong SERS cua MB ¢
d6 nhay cao hon so voi tim nano hop kim Ag/Au ma ching t6i di cong bd trude day [20]. Hon
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nira, cudong d6 dinh chinh cia SERS tai 1624 cm & mdi nong d6 MB duoc st dung dé xéac dinh mdi
quan hé tuyén tinh giira nong d6 MB va cudng do cua dinh déc trung nay. Hinh 4b thé hién mdi quan
hé tuyén tinh gitta cuong do logar1t (logl) va nong do logarit (logC) cua dinh dac trung ¢ 1624 cmr 1
trong pham vi nong do tir 10® M dén 10"’ M. Mdi quan hé tuyén tinh nay biéu dién trén biéu dd log-
log cho phép hiéu chuan va x4c dinh ndng do cua dung dich MB bang mdi lién hé:
Logl = 3,3"Log C + 5,54 2
Két qua chi ra rang, c4c hat nano hop kim Ag/Au c6 thé dung lam cam bién hoéa hoc dé dinh
lwong nong d xanh methylene trong nudc.

4. Két luan

Nano hop kim bac/vang cé kich thudc ~40 nm dugc ché tao thanh cong cho hoat dong SERS
dé phat hién xanh methylene c6 d6 nhay cao so véi Cac nano vang va nano bac riéng bict. Gisi
han phéat hién phan td« MB dat den 10® M. Diéu thd vi 1a tim ra sy phu thudc tuyén tinh cua
logarit cudng d0 tai 1624 cm™ va nong d6 chat phan tich MB. Két qua nay c6 thé sir dung céc cu
trdc nano hop kim nhu 14 cac cam bién héa hoc nham phén tich va xac dinh mot cach dinh luong
nong d6 MB trong nudc va tién toi trong cac méi trudng vé vé sinh an toan thuc pham.
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