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Tom tat

Tan xa Raman ting cuong bé mat (SERS) 1a mot trong nhimg phwong phép quang phd nhay c6 kha ning phat hién
nhanh cac chat 6 nhidm & nong d6 thap. Trong nghién ciru nay, chung t6i nghién ctru co ché hip phu va SERS cua
formaldehyde trén vat liéu nano bac, vang va hop kim ciia chung. Chung t6i sir dung phwong phap phiém ham mat do
(DFT) d mo phong céu hinh hip phu va tinh toan phd Raman, ciing nhu giai thich co ché. Céc cluster 6 nguyén tir bac
Ags, vang Aus va hop kim Age.nAus (n=1-5) dugc sir dung lam chat nén hap phu dé moé phong SERS. Két qua cho thay,
phuc gitta formaldehyde va cluster kim loai dugc tao thanh tir sy tuong tac clia nguyén tir oxy va nguyén tir kim loai &
dinh. Co ché tang cudng hoa hoc SERS duoc xac dinh boi sy chuyén dién tir tir phan tir formaldehyde sang cluster. Hon
nira, hiéu (mg ting cudng manh nhat thu dugc ¢ phirc AgsAuiFo va AgsAusFo do su chuyén dién tir tot hon hai dang
nguyén chit. Nhu vay, viéc sir dung hop kim Ag-Au khong chi tao hiéu ing SERS tdt, ma con han ché sy oxy hoa so véi
Ag nguyén chit va gitp giam thiéu chi phi so véi viéc sir dung Au nguyén chat.

Tur khoa: SERS; formaldehyde; DFT; vét liéu nano vang; vat liéu nano bac.
Abstract

Surface-enhanced Raman scattering (SERS) is a highly sensitive spectroscopic method for the rapid detection of
pollutants at low concentrations. In this study, we investigated the adsorption and SERS mechanism of formaldehyde on
silver, gold, and their alloy nanomaterials. We employed density functional theory (DFT) to simulate the adsorption
configurations, calculate the Raman spectra, and elucidate the underlying mechanism. For our SERS simulation, we used
Ags, Aus, and alloy clusters of the form Ags-nAun (n=1-5) as the adsorption substrates. The results revealed that the
complexes between formaldehyde and metallic clusters were formed through the interaction of the oxygen atom in the
ligand with metallic atoms at the apex of the cluster. The SERS chemical enhancement mechanism was primarily driven
by the electron transfer from the formaldehyde molecule to the cluster. Additionally, the strongest enhancement effects
were observed in the AgsAuiFo and AgsAuzFo complexes which exhibited better electron transfer capabilities than the
pure forms. Therefore, using Ag-Au alloy not only creates a good SERS effect but also limits oxidation compared to pure
silver, while providing cost advantages over pure gold.
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1. Giéi thi¢u

Formaldehyde 1a mot chat hoa hoc dugc sir
dung rong rdi trong nhiéu nganh coéng nghiép
nhu thyc pham, dét may va da. Tuy nhién, hop
chét nay ciing 1a mdi lo ngai dang ké dbi voi stc
khde con nguoi do kha nang gy kich irng va ung
thu ciia chung. Mot sb nghién ctru ciing cho thay
su ton tai ctia formaldehyde trong thuc pham [1,
2]. Vi vay, viéc phat hi¢n formaldehyde c6 y
nghia rat 16n, dic biét trong phan tich thuc pham.

Téan xa Raman tang cuong bé mat (Surface-
enhanced Raman Scattering-SERS) 1a mot trong
nhitng phuong phap quang phd rat nhay cho
phép phan tich nhanh cac chat & nong do thap.
Nhiéu nghién ctru di phat trién cac loai vat liéu
SERS khac nhau dé phén tich du lugng cac chat
6 nhiém, bao gdm formaldehyde. Gu va cong su
[3] dd ché tao hat nano bac lam chat nén cho
SERS dé phat hién gian tiép formaldehyde &
ndéng do gidi han rit nhé 10 M thong qua phan
ung Hantzsch. Nhom nghién clru cua Zhang-
Ying [4] da diéu ché soi vang lam chét nén cho
SERS dé phat hién luong nho formaldehyde
trong khong khi trong nha, dya trén phan tng
cta nd véi 4-amino-3-hydrazino-5-mercapto-1,
2, 4-triazol (AHMT). Ngoai ra, Ge va cOng su
[5] cling dd ché tao cac hat hop kim lai hoa
PbBiO:Br/AusAgs dé 1am chat nén SERS trong
phat hi¢n nhanh, nhay va c6 chon Ioc
formaldehyde. Zhao va déng nghiép [6] da sir
dung nano vang l1am chit nén SERS dé phat hién
va dinh lugng formaldehyde trong thuc pham.

Bén canh cac nghién ctu thuc nghiém, tinh
toan mo6 phong DFT (density functional theory)
da duoc st dung dé nghién ctru co ché hap phu
va hién tugng SERS [7-9]. Trong cac nghién ctru
nay, cac tac gia da su dung cac cluster kim loai
(nhu Ag, Au, va Cu) c6 sb lugng nguyén tir 1én
t6i 20 dé mo phdng vat liéu nano lam chét nén
SERS phat hién thudc trir siu.

Trong nghién ctru nay ching to6i st dung
cluster 6 nguyén tir bac Ages, vang Aus va hop
kim cta ching AgsnAun (N=1-5) lam chat nén
hip phu dé tinh toan SERS cho hop chit
formaldehyde. Phuong phap DFT duoc st dung
dé ti uu hoa cac cdu hinh twong tac khac nhau
giita chat nghién ctru va cluster. Phé Raman va
SERS tuong img ctia chung cling dugc tinh toan.
Ngoai ra, gian d6 bé mit thé ning tinh dién
(electrostatic potential-ESP) va dién tich nguyén
tir Mulliken dugc phan tich dé l1am rd co ché
SERS.

2. Phwong phap nghién ctru

Phan mém Gaussian 16, phién ban C.01 [10]
duoc sir dung dé thuc hién cac tinh toan DFT.
Phuong phap LC-BLYP [11] két hop bo ham co
s& cc-pVDZ-PP [12] cho nguyén tir Ag va Au va
cc-pVDZ [13] cho cac nguyén tir ciia hop chat
hitu co duoc ap dung dé tdi uu hoa ciu tric, tinh
toan tan s6 dao dong va tin hiéu Raman. Gian dd
bé mit thé nang tinh dién (electrostatic potential-
ESP) duoc phan tich cho cac phirc chat giira chat
nghién ctru va cluster kim loai. Dién tich nguyén
tr Mulliken ciing dugc tinh toan dé giai thich co
ché chuyén dién tir va ting cudng cia cic phiic
khac nhau.

3. Két qua va thao luin
3.1. Ciu dang ciia cdc hén hop cluster

Hinh 1 biéu dién ciu triic t6i wu clia cac cluster
chura 6 nguyén tir st dung moé phong vat liéu nano
bac, vang va hop kim. Céc cdu trac bén nhét co
gié tri nang luong tuong d6i 0.0 kcal/mol, cac cau
trac con lai c6 ning luong tuong ddi cao hon cau
triic bén tir 5.1 t6i 8.8 kcal/mol. Két qua cho thay
cau trac hop kim Age-nAun (n= 1-3) bén nhit thu
duoc khi thay thé nguyén tir vang tai cac dinh cta
cluster Ags. Cac nguyén tir thay thé tiép theo cho
cluster Age-nAun (n=4-5) sé & cac nguyén tir con
lai & canh.
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Hinh 1. Ciu trac t6i wu clia cac cluster bac Ags, vang Aus va hop kim AgenAun (n= 1-5)

(Tén cua céc cluster bén nhit cia mdi dang dwoc viét mau do. Gid tri trong ngodc don twong ng véi niang luong tu do
twong doi (kcal/mol). Nguyén tir bac biu thi bang mau xanh nhat, vang c6 mau vang).

3.2. Co ché hép phu ciia formaldehyde trén bé  biéu dién ciu tric t6i vu va gian dd bé mat thé
mdt vat liéu nang ESP cho phuc tuong tac gitra formadehyde

Céc cau trac cluster bén nhét dugc st dung dé (Fo) va cac CIUSt?r khac nhau. Cau tric toi uu
nghién ctru tao phttc voi formaldehyde. Tuong (Hinh 2A) cho thay khoang cach gitra nguyén tir
tic giita formaldehyde va cluster kim loai duge ~ ©XY cua formaldehyde va nguyén tir kim loai ctia
xac dinh & nguyén tir oxy gidu dién tor. Hinh 2 cluster thay doi tir 2.27 téi 2.38 A.
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Hinh 2. Céu trac téi uu (A) va gian dd bé mat thé ning tinh dién ESP (B) cta cac phtc giita formaldehyde (Fo)
va cac cluster kim loai khac nhau

(Do dai twong tac c6 don vi A).

Gian dd ESP cho thay ving mau do6 dic trung  thy su hap phu duoc tao thanh tir sy chuyén
cho ving giau dién tir tip trung & cluster, trong  dién tir tir phan tir sang cluster. Su chuyén dién
khi ving mau xanh thé hién dién tich duong tim  tich nay dic trung cho co ché hoa hoc cua hiéu
thiy & phan tir).) formaldehyde. Diéu nay cho  tmg SERS.
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3.3. Phén tich pho SERS va co ché ting cwong tin xa Raman

Phd Raman cuia formaldehyde va SERS cia phuc giita formaldehyde va cluster kim loai (¢ Hinh

2) duoc thé hién ¢ Hinh 3 dudi day.
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Hinh 3. Phé Raman ciia hop chit formaldehyde (a); phé SERS ctia formaldehyde hap phu trén vét liéu nano Ags (b),
AgsAus (€), AgsAu: (d), AgsAus (e), Ag2Aus (f), AgiAus (Q) va Aug (h).

Ph6 Raman ciia formaldehyde (Hinh 3a) chi
ra pic dic trung ¢ tan s6 1530 cm™ cho dao dong
ctia nhom C-H va 1917 cm™ cho nhém C=0.
Khi hap phu trén vat liéu nano, cac pic cho cac
dao dong ddc trung nay dugc tang cuong va dich
chuyén vé tan s6 nho hon ¢ khoang 1513 t6i
1518 cm™ (C-H) va 1863 t6i 1875 cm™ (C=0).
Diédu dang chu ¥ 1a cudng do tin hi¢u Raman cho
nhém C=0 tai vi tri tuong tac voi cluster kim
loai thay d6i manh mé tir 4.3 A“’AMU (Hinh 3a)
t6i 45.0 A%AMU (hap phu trén Age, Hinh 3b),
pic dic trung cho nhém C-H thay déi khong
dang ké. Khi thay thé cic nguyén tir vang vao

cluster Age tao hop kim thi thay hiéu ung ting
cudng manh nhét thu dugc & phirc AgsAuiFo va
AgsAuzFo, khi nguyén tir oxy ctua formaldehyde
tuong tac voi nguyén tir Au ctua hop kim. That
vay, tin hi¢u Raman cho pic C=O cua hai phirc
nay lan luot 12 67.0 va 66.1 A¥AMU (Hinh 3c
va d). Cac gié tri nay cao hon tin hi¢u twong ting
ghi nhan cho ca hai dang nguyén chat Age (45.0
AY/AMU) va Aus (63.9 A*AMU). Piéu nay c6
thé duoc giai thich thong qua su thay doi cua
dién tich nguyén tu Mulliken cho formaldehyde
ban dau va khi hap phu 1én cac cluster khac nhau
duogc trinh bay ¢ Bang 1.

Bang 1. bién tich nguyén tir Mulliken (don vi a.u) cua tat ca cac nguyén tir caa formaldehyde
ban dau va khi hap phu 18n cac cluster khac nhau.

Atom C H1 H2
Fo 0.103 -0.151 0.024 0.024
AgsFo 0.154 -0.128 0.085 0.073
AgsAuiFo 0.149 -0.117 0.083 0.069
AgsAu,Fo 0.151 -0.118 0.085 0.071
AgsAusFo 0.153 -0.121 0.087 0.075
AgoAusFo 0.152 -0.120 0.086 0.074
AgiAugFo 0.162 -0.128 0.096 0.081
AueFo 0.162 -0.128 0.096 0.081




40 Ngé Thi Chinh | Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 02(69) (2025) 36-40

Khi xem xét sy thay dbi dién tich ctia nguyén
tr oxy tai vi tri tuong tac cua formaldehyde voi
cac cluster, két qua & Bang 1 cho thiy dién tich
clia oxy ting manh nhit ¢ phirc AgsAuiFo
(-0.117 a.u) va AgsAuzFo (-0.118 a.u) so vai gia
tri ban dau -0.151 a.u. Diéu nay thé hién sy
chuyén dién tir tir phéan tir formaldehyde sang hai
cluster AgsAus va AgsAu; 14 nhidu nhét, dan dén
su tang cuong tan xa Raman manh nhét & hai
phuc nay. Hién tuong twong tu di dugc cong bd
gan day cho cluster hop kim Ag-Cu [7]. Nhu vy,
viéc thay thé mot hodc hai nguyén tir Au vao
cluster Ags lam tiang cudng dang ké tin hiéu
Raman. Ngoai ra, viéc st dung hop kim Ag-Au
khong chi tao hiéu img SERS tot, ma con han ché
su oxy hoa so véi Ag nguyén chét va giup giam
thiéu chi phi so véi viée sir dung Au nguyén chat.

4. Két ludn

Trong nghién clru nay, ching t61 da lam sang
t6 co ché hép phu va gidi thich dugc hién tuong
tan xa Raman ting cuong bé mat (SERS) cho
formaldehyde hép phu 1én céc vat liéu nano bac
va vang khac nhau bang phuwong phap tinh toan
DFT. Két qua cho thdy sy hdp phu thé hién &
tuong tac gilta nguyén tir oxy giau dién tur cua
formaldehyde va nguyén tr kim loai ¢ dinh
cluster. Co ché tdng cuong hoa hoc cia SERS
duoc dac trung boi su chuyén dién tr tr phan to
sang cluster. Ngoai ra, vi¢c su dung hgp kim
AgsAui va AgsAu; 1am chit nén SERS cho hién
tugng ting cuong manh nhat nho vao kha ning
nhan dién tir tbt nhat ctia chiing khi twong tac véi
nguyén tir oxy cua formaldehyde.
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