Vietnam Journal of Catalysis and Adsorption, 11—issue 4 (2022) 12-17

Vietnam Journal of Catalysis and Adsorption
Tap chixdc tac va hap phu Viét Nam

http://chemeng.hust.edu.vn/jca/

Nghién ctu tng hgp nano [udng kim Ag-Au ing dung trong phé tan xa Raman

tdng cudng bé mat

Synthesis of bimetallic Ag-Au nanoparticles for surface-enhanced Raman scattering

Spe ctroscopy

Nguyén Thi TuyétMai"", Hoang Thi Thu Hoai', Nguyén Lé Huy', Tran Thanh Hoal', Pham Van Hai°

Vien Ky thudt Hoa hoc, Dai hoc Bdch Khoa Ha Noi
2Khoa Vat ly, Truong Baihoc Su' Pham Ha Noi
*Email: mai.nguyenthituyet] @hust.edu.vn

ARTICLE INFO ABSTRACT

Received: 10/02/2022
Accepted: 08/06/2022
Published: 01/12/2022

Keywords:

bimetallic nanoparticles;
plasmonic; SERS; sensor

In this report, bimetallic Au-Ag nanoparticles were successfully prepared
by a chemical strategy using binary reduction agents. The metal ratio in
bimetallic nanoparticles can be easily tuned by controlling the metal
precursor ratio. Using Rhodamine as a probe molecule, we investigated
the surface-enhanced Raman scattering (SERS) activity of synthesized
bimetallic Au-Ag nanoparticles. The results demonstrate that our
materials allow to enhance about 2x106 times the Raman signal of

Rhodamine. Hence, the combination of unique features of two
plasmonic metals opens up exciting prospects for the design of an
ultra-sensitive sensor based on SERS.

Gidi thiéu chung

Phé tan xa Raman khong chi la phuong phap phan tich
€3 ban st dung trong phong thi nghiém ma con dugc
Uing dung trong nhiéu h vuckhac nhau dé gidam dinh
cac chat va hgp chét trong nhiéu déi tugng tu san
phém xay dung, c6 vat, da quy, thu6c tan dugctdi cac
chat ma tly... Néu nhu trudc day cac phép do Raman
tai Viét Nam chi yéu dung dé hd trg cac phép do phé
khac nhu phS héng ngoai, cong hudng tu... dé xac
dinh thanh phan, cdu tao chét; thi trong khoang han 10
nam trd lai déy, cac nghién cliu vé phuang phap phd
tan xa Raman nodi chung va hiéu Ung tan xa Raman
tdng cudng bé mat (Surface-Enhanced Raman
Scattering, SERS) ndi riéng d& trd thanh ndi dung
nghién clfu trong tam. Hién tugng tan xa Raman tang
cudng bé mat (SERS) la su tdng cudng do tin hiéu phé
tdn xa Raman cla phan ti chat phan tich én gép

nhiéu 1an (tUr 103 dén 106 1an, hodc thAm chi cd thé 1én
610" [an & mét s6 dbituong cu thé) khi ching dugc
hdp phu Ién bé mat cla cac nano kim loai dac biét nhu
vang (Au), bac (Ag), déng (Cu)...[1-3]. Day cb thé coi la
ky thuat quan trong md ra mét huéng nghiénclfu Ung
dung hap dan trong phan tich lugng vét cac phan tr
hitu co va sinh hoc bang phd tan xa Raman.

Nh& khd nang tang cudng tin hiéu phé Raman cla
chét phan tich rat manh, phuong phép phén tich dua
trén SERS c6 dé nhay rét cao va hién dang dugc quan
tdm nghién cltu, dac biét la viéc ché tao vat liéu co
hiéu Ung tan xa Raman tang cudng bé mat (dé SERS).
bBay dudgc coi la yéu té quyét dinh tSi hiéu nang cla
phép phan tich trén ¢ s& phd tan xa Raman. D& SERS
6 thé dugc cai tién vdi cac vat lieu mai nhu
graphene[4], TiO2[5]...; hay cac dang cau trdc nano
plasmonic v&i nhiéu goéc canh nhu nhénh cay, 1a cay,
dang vay, dang béng hoa... [6-8]; hay phéat trién cac
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dang vat liéu lai, vat lieu composit...[9-12] hudng tdi
muc dich t6i vu diéu kién va can déi cac Igi ich thu
dudc tuy theo muc dich Ung dung. Bac biét cac bao
cdo khoa hoc cling chi ra rang cac dang cdu tric pha
tap bdi hai hay nhiéu kim loai co tinh chat quang
plasmonic c& sy tuang hd nhau cho phép tao ra cac
dang vét liéu v&i nhiéu tinh chat déc dao, Uing dung
trong nhiéu finh vuc [13-15].

Thong thudng, dé SERS trén cd sd vat liéu nano
plasmonics dugc ché tao bang phuong phap vat ly
nhu béc bay, &n mon laser... do ¢ Igi thé vé su déng
nhat trong hinh thai céu tric va én dinh trong céc
phép do. Tuy nhién, hién nay viéc s&f dung cac phuang
phép hda hoc dé t6ng hop vét liéu nano plasmonics
dang la xu hudng do thai gian ché tao nhanh chdng,
lugng san phdm thu dudc Ién, gid thanh hop ly va
thich hgp trong trién khai Ung dung quy mo I8n. Vi
cac dang cau tric pha tap nhiéu kim loai, viéc 4p dung
phuang phap hda hoc trong ché tao la pht hgp han
ca. Va khi xét téng thé nhing lgi ich khi thuc hién cac
muc tiéu ché tao cdm bién (sensor) SERS Ung dung
trong phan tich tai hién trudng theo thdai gian thuc thi
r& rang ky thudt ché tao hda hoc la gidi phap rat dang
luu tam.

Trong cdng trinh nay, ching toi phéat trién vat liéu
luGng kim nano-plasmonic trén cg s& hai kim loai vang
va bac bang phuang phép téng hop hda hoc nham
thu dugc dé SERS cb khd néng khuéch dai manh mé
tin hiéu chat phéan tich. Cac dang cdu tric pha tap bdi
hai kim loai cd su tuang hd nhau dugcky vong s& lam
tang dé nhay va do bén cla dé SERS cling nhu kha
nang &p dung trong thuc té.

Thyc nghiém va phuong phap nghién ctu

Hdéa chdt

Vang (lll) chloride trihydrate (HAuCl4.3H20, 99,9%) va
Natri borohydride (NaBH4, 99%) dudgc cung cip bdi
Sigma-Aldrich. Bac nitrate (AgNQO3, 99%), Natri citrate
(Na3CeHs507.5H20, 99%) va Rhodamine B (Rho B) co
xudt xUf tU Trung Quéc.

Quy trinh téng hgp hat nano luéng kim Ag-Au

Hé keo nano Ag-Au ludng kim dugc chudn bitheo quy
trinh sau: Bun 39 ml nudc cat dén 90°C trong binh cau
3 6 c6 két ndivdisinh han hoi luuva nhiét k€. Sau do,
thém dong thai 0,5 ml dung dich AgNO3 (ndng dé
0,01 M ho&c 0,02 M) va 0,5 ml dung dich HAuCl4 (ndng
dé 0,01 M) vao hé phan Ung. Ngay lap tic thém vao
hdn hap 4 ml natri citrate (0,1 M) hodc c6 thém 100uL

NaBH4 (0,02 M), tiép tuc khudy manh hdn hop & 90°C
trong 15 phut. San pham thu dudcla hé keo déng nhat
va trong sudt, cd mau tU hdng nhat dén vang sam tuy
vao ti [é [AgNO3J:[HAuCl4]. Ty 1& nay thay d&itu 1:0; 1:1;
271 va 071 bang cach thay déi nbng do tién chat kim
loai dugc st dung. Cudi cing, san pham dugc ly tam
trong 10 phut véi t6c do 15000 vong/phit dé loai bd
cac chat con du sau phan Ung.

Cdc phuong phdp ddc trung vt liéu

Cac mau nano ludng kim Ag-Au sau khi t6ng hap
dugc dac trung bang quang phdé hdp phu (UV-Vis)
trén may quang phé SHIMADZU UV-1280 vé&i khodng
budc song tr 200 nm dén 900 nm. Hinh anh kinh hién
vidién tUf quét (SEM) dudgc ghi t méy FE-SEM, Hitachi
S-4800 Japan microscope.

Chudn bj @& SERS

Tron 90 pl hé keo ludng kim Au-Ag vd&i 10 ul dung
dich Rhodamine B (Rho B) ndng dé 10-4 M dé thu duac
nong do cudi cing cla Rho Bla 10-> M. Sau do, toan
bo lugng mau dugc dua lén tam Silic sach va dé kho tu
nhién & nhiét dé phong. PhS tan xa Raman cla Rho B
trén cac dé khac nhau dugc do trén may Jobin-Yvon
LABRAM HR 800 microspectrometer s& dung ngudn
laser 785 nm.

K&t qua va thao luan

Nghién cau téng hgp hé keo nano luBng kim Ag-Au

D& nghién cltu quy trinh t6ng hop vét liéu nano ludng
kim Ag-Au, ching toi da tién hanh ché tao hai mau
nano ludng kim Ag-Au v&i cac ty lé tién chat
[AgNO3]:[HAuCl4] 1a 11 va 2:1, ky hiéu lan lugt la AgiAu
va AgzAui. Déng thai, hai mau nano don kim loai
AgNPs va AuNPs cling dugc téng hgp theo cing quy
trinh v&i cac mau ludng kim. Hinh anh cac mau vat liéu
t6ng hap dugc dugc mo ta trén Hinh 1, mdi ti 1é khac
nhau cho ra mau c6 mét mau sdc khac nhau. Cac hé
keo sau khi t6ng hop dugc dac trung tinh chét bdi
phuong phap do quang hdp thu (UV-vis). Theo Link va
cdng su [16], hat nano hgp kim Au-Ag sé dugc tao
thanh khi cac ion vang vaion bacbi khr déng thdi b &i
natri citrat. Diéu nay co thé dugc xac nhan bai sy xuét
hién clia mét dai cong hudng plasmon duy nhat trén
phé hdp thu quang clia mau nano ludng kim téng hop
dugc. Két qua do phd hdp thu quang cla cac mau
nano téng hap dugctrong cdng trinh nay cho thdy cac
mau Ag-Au ludng kim chi cho mét dinh cuc dai hdp
thu duy nhat & budcsong 438 nm ddivai mau AgzAus
va 469 nm ddi véi mau AgiAur (Hinh 1). Trong khi do,
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cac mau nano don kim loai AgNPs va AuNPs co budc
song cyc dai hdp thy lan lugt & 388 nm va 520 nm.
Cac pic dac trung cho kim loai nguyén chat khdong
dugc tim thdy trong phd hdp thu quang cla mau
ludng kim ching to san phdm chi c& mot loai hat
nano. Su dich chuyén clia dinh cuc dai hdp thu cla cac
mau ludng kim pht hop véit 1& [Ag][Au]. Mau AgiAuT
cb cuc dai hdp thu & 469 nm gén vdi dinh hdp thu cla
AUNPs hon so vdi mau AgzAur cd cuc dai hdp thu &
438 nm ganvdidinh hdp thu ctia AgNPs hon. Biéu nay
dugc gidi thich la do ti 1é cac hat nano bac c6 trong
mau AgeAur nhiéu hon trong mau AgiAur. Su chuyén
dich tuyén tinh pic hdp thu anh sédng cho thdy c6 su
phan b6 déng nhét clia hai kim loai trong cdu trdc
ludng kim. Cac két qué trén cho phép du doanvatliéu
téng hop dugc o cdu tric hgp kim. Qua thuc, theo
cac nghién clru trude day, Au va Ag cd thé tao thanh
hop kim déng nhét & béat ky thanh phan nao khi bi khir
dong thai bang chat khir do Au va Ag co cac hang s6
mang tucng ty nhau [17].

Nhan thdy, trong Hinh 1, mau Ag2Aut c6 dé hap thu
quang cao nhat va c6 dé réng bén séng (FWHM) nho
nhat, diéu nay chiing 1o cac hat nano ludng kim trong
mau Ag2Aul c6 db déng déu cao va mat do hat I6n.
Trong khi d6, mau AgiAut lai c& do hdp thu quang
thadp han va FWHM I&n hon chiing t6 cac hat luGng
kim c6 kich thudc kém déng déu han.
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Hinh 1: Ph& UV-vis va hinh &nh clia cac mau AgNPs,
Ag2Aut, Ag1Aut va AuNPs

Sau mot thai gian bdo quan, cac mau ludng kim co
hién tuong keo tu. Diéu nay co thé la do lugng axit
ascorbic khong di dé khir hét AgNO3 thanh Ag® nén
phan Ag* con du da bj oxi hda thanh Agz0 (hinh 2 —

mau Ag2Aur sau 50 ngay). D€ dam bao khir hét lugng
AgNO3, ta co thé dua them NaBH4 vao trong qua trinh
téng hdp. Phé hdp thu quang trén Hinh 2 cho thay
mau nano ludng kim Ag2Aur t8ng hap theo quy trinh
c6 st dung thém chat khr NaBH4 ¢6 cuc daihdp thy &
budc séng 423 nm. V&i quy trinh nay, sau 80 ngay,
mau ludng kim van chua xuat hién két tha.
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Hinh 2: Ph& UV-vis cla mau AgzAui ¢o st dung (duding
mau dd) hodc khdng st dung NaBH4 (dudng mau den)
va hinh anh mo ta dé bén cla hé keo.

D& chitng minh sy hinh thanh mau ludng kim Ag-Au,
ching t6i d& so sanh phd UV-vis clia mau ludng kim
Ag-Au va cla mau hon hdp AgNPs-AuNPs (gom hai
mau dan kim loai AgNPs va AuNPs dudc trén vdinhau
theo clng ti & v&i mau ludng kim). K&t qua so séanh
trén hinh 3 cho thdy mau hdn hgp AgNPs-AUNPs c6 2
dinh hdp thu riéng biét & budc séng 395 nm va 520
nm d&c trung cho AgNPs va AuNPs. Trong khi d6, mau
Ag-Au ludng kim chi c& mét dinh hdp thu duy nhat
ching té cédu trdc nano Ag-Au ludng kim da dugc
tdng hop thanh cdng. Co thé gidi thich ¢ ché hinh
thanh cac hat nano ludng kim Ag-Au gém ba giai
doan nhu sau: () Khi cac tién chat cla vang va bac
dugc thém dong thai vao binh phan ing chita nudc
néng, dudi tac dung clia cac chét khr, cac ion kim loai
6 trong tién chat dugc khr déng thdi tao thanh hat
mam ludng kim loai Au-Ag. Trong giai doan nay ion
vang s& bi tiéu thu hét, trong khi cac ion bac c6 thé
van con du do t8c d6 khr cham hon. (i) Cac ion bac
con lai ti€p tuc bi khtr va tao thanh kim loai bac bao
quanh bé mat hat mam Au-Ag. (i) Qua trinh khuéch
tan xdy ra dé hinh thanh cdu tric hgp kim. Néu t6c do
khuéch tan nhanh hon t6c dé khir thi ta co6 thé thu
dugc cdu triuc hgp kim rat dong déu [18].
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Hinh 3: So sanh chng minh ché tao thanh cong vat
liéu nano ludng kim Ag-Au

Do c6 dé bén cao hon, mau nano ludng kim Ag2Au
c6 st dung NaBH4 trong qué trinh téng hop duac lua
chon dé tién hanh cac phép do dac trung cdu tric vat
liéu. Hinh anh kinh hién vi dién tt quét thu dugc clia
mau AgzAut sau khi t8ng hop dugc thé hién trén Hinh
4. Két qué trén hinh 4 cho thay hat nano lu&ng kim
Ag2Aul ¢6 hinh cau, cdu trdc kha dong déu véi dusng
kinh c& ~18 nm.

.
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Hinh 4: Anh SEM clia mau ludng kim AgzAur

K&t qua do tan xa nang lugng tia X (EDS) clia 2 mau
nano ludng kim AgzAui va AgiAui trén hinh 5 cho két
qua dinh lugng thanh phén nguyén t6 nhu trén Bang 1.
TU két qua & Bang 1, ta thdy ty 1& nguyén té thuc té
trong mau nano AgzAui ludng kim dugc tinh lai 1a
Agi,sAul, va mau AgiAur co ty 16 thuc 1a AgriAur. Nhu
vay, ¢ thé ndi phuong phéap téng hgp ma ching toi
st dung cho phép tao ra cac mau ludng kim vdi ti 1€
hai kim loai rdt gan vaitilé clia céc tién chat ban ddu.
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Hinh 5: K&t qua do EDS clia mau AgzAur (hinh trén) va
mau AgiAur (hinh dudi)
Bang 1: Thanh phan nguyén t6 trong mau nano luéng
kim Ag-Au theo két qué do EDS

M3u Nguyén Khéi Nguyén Ty 1&
té lugng (%) ti (%Q thuc
Ag 49,47 64,13

AgzAun AgisAun
Au 50,53 35,87
Ag 36,03 53,69

AgiAur AgiiAui
Au 63,93 46,31

Ung dung vét liéu nano Wwéng kim Ag-Au trong Phé
tdn xa Raman tdng cudng bé mdt (SERS)

Trén Hinh 5a la phS tan xa Raman cla Rho 0,05M trén
dé Si (dusng mau hong), phé SERS clia Rho 10->M trén
dé AgiAut (dudng mau den) va trén dé AgzAut (dudng
mau do). Ca ba dai phé nay déu thé hién cac dinh dac
trung cho cdu trdc clia Rho B: dinh nam & s6 séng 607
cn! tuang Ung vai dao ddng trong mat phang cla
lien két C-C-C trong vong, dinh & s& séng 776 cm™!
tuong Ung vdi dao dong udn ngoai mat phang cla
lien két C-H, dinh & s6 song 1176 cm~! Ung v&i dao
déng udn trong mat phdng cla lién két C-H, dinh tai
s6 song 1310 em~! déc trung cho dao déng uén trong
mat phang cla lién k&t N-H, dao déng kéo gidn cla
lien két C-C trong vong thom tucng (ng vdi cac dinh &
s& song 1306, 1505, 1569 va 1645 cm™' [19]. Dé dang
nhan thdy, mac du ndng dé Rho B gidm di 5000 lan
https://doi.org/10.51316/jca.2022.063

15



Vietnam Journal of Catalysis and Adsorption, 11—issue 4 (2022) 12-17

nhung tin hiéu phé cla Rho B khi c& mat cac hat nano
ludng kim dudgc tdng cucng 1én rét nhiéu lan so vdi
trudng hgp chi st dung dé Si. Biéu nay chiing toé, cac
hat nano lu&ng kim Au-Ag da tdng hgp dugc cd kha
nang tang cudng manh tin hiéu phé Raman clia Rho B.
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Hinh 5. (a) PhS tan xa Raman cla Rho B 0,05M trén dé
Si, ph& SERS clia Rho B 10-°Mtrén dé AgiAur (dudng
mau den) va dé Ag2Aut (dudng mau do). (b) Cac gia tri
EF clia 2 mau nano ludng kim d&i vdi cac tin hiéu
Raman ctia Rho B.

DEé danh gia dinh lugng kha nang tang cudng tin hiéu
phé Raman clia cac chdt nén, ngudita dua rathong s
“chi s¢ tang cudng” (Enhancement Factor — EF) dugc
tinh toan theo cong thic sau [15]:

ISERS X Mbm’k

] X M ads

Raman

EF =

Trong dé: Mouk la s6 phan tif chat phan tich khi khong
dugctang cudng, Mads 1a s& phan tif chéat phan tich khi
dugc hap phu lén/trén véi chat nén cb hoat tinh SERS,

Isers la cuding dé dinh cla phé SERS va Iraman la cudng
dé dinh & cing s6 séng clla phd Raman.

Chi s¢ tang cudng cla chit nén Ag-Au ludng kim dai
Vi mét s§ dinh chinh ciia Rho B 10-> M dugc thé hién
trong hinh 5b. Két qua cho thay EF dat gia tri cao, Ién
tGi 1,83x10° [an. Diéu nay cé thé duagc giai thich 1a do
sU tdng cudng t6i uu trudng dién ti cla cdu tric nano
ludng kim gitta hai kim loai ¢4 hoat tinh SERS rat cao.
Nhu vay, co thé ndi dé SERS trén cg sd cdu tric nano
Ag-Au ludng kim ma chiing t6i téng hgp dugccd tiém
nang Ung dung rat I6n trong phéat trién cdm bién
quang hoc trén co s& phd tan xa Raman tang cudng
bé mat, cho phép phat hién va phan tich cach chat 6
nhiém & ham lugng siéu vét. Theo Hinh 5b, dé dang
nhan thdy cac gia tri EF cia mau AgeAui I6n hon cla
mau AgiAut. Dieu nay 1a do mau Ag2Aur c& mat dé hat
nano cao han va kich thudc hat dong déu hon. Mat
khéc, hoat tinh SERS cling c& thé lién quan t&i ty 1€
Ag:Au trong mau ludng kim. Cac cong bd trude day
déu chi ra rang Ag c6 kha nang tang cudng tin hiéu
Raman manh hon Au, do dé, mau nano ludng kim c6
ham lugng Ag cao hon cling s& thé hién hoat tinh
SERS t6t han.

K&t luan

Trong cong trinh nay, cac vat liéu nano ludng kim Ag-
Au Vi ty 16 [Ag]i[Au] khac nhau d& dugc téng hop
bang phuong phap khir hda hoc don gian. Két qua dac
trung cdu tric cho thdy hat nano ludng kim vdi cac ty
l& [Ag][Au] khac nhau sé& cho dinh cuc dai hdp thy
quang & cac budc song khac nhau. Vat liéu nano
ludng kim c& kich thudc hinh cau khd déng déu vdi
dudng kinh khoang 18 nm. Nhg tinh chdt quang hoc,
dac biét la hiéu Ung plasmon bé mét, hat nano luéng
kim Ag-Au d& dudgc Ung dung lam chit nén cho phd
tdn xa Raman tang cudng bé mat (SERS). K&t qua cho
thdy cac hat nano Ag-Au ludng kim c6 kha nang
khuéch dai cyc manh tin hiéu phé tan xa Raman cla
thudc nhuém Rho B 1én dén 1,83x10° [an. Két qua nay
da ma ra hudng Ung dung tiém nang clia vatliéu nano
ludng kim Ag-Au trong viéc phat hién cac chat 6
nhiém & ndng do siéu viét, cd tiém nang Ung dung rat
I&n trong phan tich moitruong.

L&i cam on
Nghién clru nay dugc tai trg bdi BO Gido duc va Bao

tao trong dé tai ma sé B2021-BKA-17.
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