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Tém tit

Trong nghién ctru ndy ching t6i d sir dung phuong phép phiém ham mat d DFT dé khao sat co ché hip phu va tang
cuong tan xa Raman (SERS) cta hop chat pyridine (Py). Cluster 6 nguyén ttr Ag(s-n)-Cun (n=0-6) da dugc sur dung dé mo
phong bé mit vat liéu nano cho sy hap phu ciia Py. Két qua cho thay, su tao phirc thuan loi nhét théng qua tuong tac gitta
nguyén tir N va nguyén tir kim loai ¢ dinh cluster, dac biét voi Cu ¢ dinh dbi trong cac cluster ludng kim. Phd SERS cho
thiy, cac cluster chira Cu gitip tang cuong tan xa Raman t6t hon cluster Age. Déc biét, tin hiéu Raman cira phirc Ags Cus-
Py thé hién sy ting cuong t6t nht.

Twr khéa: SERS, pyridine, DFT, cluster Ag-Cu

Abstract

In this study, we used Density Functional Theory (DFT) to examine the adsorption and Surface-Enhanced Raman
Spectroscopy (SERS) mechanisms of pyridine (Py). Clusters with six atoms, Ags-n)-Cun (n=0-6), were used to model the
nanomaterial surface for Py adsorption. The results showed that the most stable complex formation occurred through the
interaction between the N atom and the metal atom at the top of clusters, especially with Cu at the top for bimetallic
clusters. SERS spectra indicated that Cu-containing clusters enhanced Raman scattering more effectively than the pure
Ags cluster. Notably, the Raman signal of the AgsCu;-Py complex exhibited the greatest enhancement.

Keywords: SERS, pyridine, DFT, Ag-Cu cluster

1. Giéi thi¢u ting cuong tan xa bé mit (surface-enhanced

Pyridine (Py) 1a mot trong nhimg hop chat di ~ Raman spectroscopy-SERS) da dwoc st dung
vong chira Nito. Hop chit nay dugc sir dung lam  trong nhiéu nghién ctru trude day dé phat hién
hoa chit trong nong nghiép, duoc pham, ciing  cac hop chét hitu co, trong d6 ¢ Py, & ndng do
nhu 1am dung méi hitu co. Phuong phap Raman  thip. Vi du, nghién ctru SERS cua Py va cac dan

“Tdc gia lién hé: Ngo Thi Chinh
Email: ngothichinh@duytan.edu.vn


mailto:ngothichinh@duytan.edu.vn

Ng6 Thi Chinh | Tgp chi Khoa hoc va Cong nghé Dai hoc Duy Tan 04(77) (2026) 26-33 27

xuét ciia n6 khi tuong tac voi cac hat nano bac da
duogc danh gia [1]. Halis va cong su [2] da nghién
ctru sy hap phu va ting cudng tin xa bé mat SERS
cua pyridine trén cluster Auzo, Agzo, va hop kim
AgsAui, bang phuong phap tinh toan phiém ham
mat d6 (Density functional theory-DFT). Sau do,
nhém nghién ctru nay di tiép tuc nghién ctru vé
ph6 SERS cua pyridine trén cluster MioN1o (M,
N=Cu, Ag) dé chimg minh cau trac nano ludng
kim Ag—-Cu 1a Iya chon ddy trién vong lam chét
nén SERS, nho hé s6 ting cudng cao hon so véi
bac don kim loai [3]. Nghién ctru gin day cua
Truong va cong su da su dung cluster Agg pha tap
Cu dé danh gia tin hiéu ting cudng tan xa Raman
cho hop chit Py [4]. Két qua cho thy cac nguyén
tir Cu dugc thay thé trén cluster Ag da tré' thanh
nhiing vi tri hép phu thuan lgi cho Py. Hon nira,
viéc thay thé 5 nguyén tir Cu vao cluster Ags gilp
tang cudng toi da tin hiéu Raman cua chit hap
phu. Nhu vay, cluster hon hop AgsCus duoc cho
1a ¢6 tiém nang trong ché tao cam bién duya trén
phan tich SERS.

Trong nghién ctru nay chung to1 s€ danh gia
co ché ting cudng SERS cua Py trén cdu trac
cluster chira 6 nguyén tor Age-n-Cun (n=0-6).
Trén co s& cluster Ags, cac nguyén tdr Ag s€
dugc 1an luot thay thé bang cac nguyén tir Cu.
Céc kiéu twong tac giira Py va cluster kim loai,
cling nhu phd SERS cuia chung sé& duoc tinh toan
bang phwong phap phiém ham mat ¢ DFT.

(b)

A ..
o
NN L / %
(C)

(e) (f)

T
v

2. Phwong phap

Céc tinh toan DFT duoc thyuc hién bang phan
mém Gaussian 16, phién ban C.01 [5]. Phuong
phép LC-BLYP [6] két hop bd ham co s& cc-
pVDZ-PP [7] cho nguyén tr Ag va Cu, con cc-
pVDZ [8] cho cac nguyén tir ctia hop chit hiru co
duoc ap dung dé t6i wu hoa cau tric, tinh toan tan
s6 dao dong va tin hi¢u Raman. Gian dd bé mat
thé ning tinh dién (electrostatic potential-ESP),
orbital phan tir bi chiém chd cao nhat (Highest
occupied molecular orbital-HOMO) va orbital
phéan tir khong bi chiém chd thdp nhat (Lowest
unoccupied molecular orbital- LUMO) dugc
phan tich cho cac phirc chat gitra chit nghién ctru
va cluster kim loai. Pi¢n tich nguyén tir Mulliken
cling duoc tinh toan dé giai thich co ché chuyén
dién tir va tang cuong cia cac phtrc khac nhau.

Ning luong trong tac cua tat ca cac phirc chit
(Eb, binding energy) giita Py va cluster dugc tinh
toan theo cong thirc sau:

Eb= Ephac - (Ecluster + Epy)

3. Két qua va thao luin
3.1. Céu triic t6i wu ciia phirc

Céu trac toi wu cia cac cluster khac nhau
dugc biéu dién ¢ Hinh 1. Hinh 1a biéu dién ciu
tric Ages. Cac Hinh 1b t&i 1f biéu dién sy thay
thé cua cac nguyén tir Cu tir 1 toi 5 trén cluster
ban ddu. Hinh 1h biéu dién cluster Cus. Py
chinh 14 cac cdu trac dugc st dung dé mo phong
vét liéu nano cho su hap phu cta pyridine (Py).

(d)

J Ag

Hinh 1. Céu tric tdi uu cua cluster sir dung trong nghién ciru Age.n) Cun (n=0-6) (a-h).
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Tuong tac gitra Py va cluster dugc moé phong
thong qua sy tuong tac cia nguyén tir N cia Py
v6i cac nguyén to kim loai ¢ canh va dinh cta
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cluster. Céc kiéu twong tac khac nhau va ning
luong twong d6i giita ching duoc biéu dién &
Hinh 2 va 3.
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Hinh 2. Céu tric t6i wu ctia céc phirc Ags Cui-Py va Aga Cu,-Py. D9 dai lién két c6 don vi A.
Nang lugng tuong doi cta cac phirc cd don vi 1a kcal/mol dugce biéu dién & dudi cau truc twong ing.

Do dai lién két giira N va Cu thay doi tir 1,96
t6i 2,00 A. Trong khi d6 do dai lién két cua N
va Ag 16n hon, thay d6i tir 2,25 t6i 2,31 A. Ning
lugng twong ddi cua tat ca cac phirc AgsCui-Py,
AgaCuz-Py, AQgsCus-Py, AQCus-Py, va
Ag1Cus-Py déu cho thiy cac ciu triic bén nhat
cho tuong tac gitra pyridine va cluster hop kim
déu tao boi twong tac giira nguyén tt N va Cu &
dinh cluster (Hinh 2 va 3). Cac tuong tac voi
dinh Ag cua AgsCu1-Py va AgsCuz-Py c6 nang
luong cao hon 7,53 va 7,47 kcal/mol, con tuong
tac vdi nguyén tir Ag ¢ canh cta cac phuc nay
cang kém bén hon vé6i ning lugng twong dbi

duong tur 13,78 t&i 14,61 kcal/mol. Tuong tac
vOi Ag tai canh cluster ctia phirc AgaCuz-Py co
nang lugng cao hon 13,58 kcal/mol. Trong
truong hop cta phire AgoCus-Py va AgiCus-Py,
cac tuong tac voi Cu ¢ canh c6 nang lugng cao
hon tuong ung 1a 9,51 va 9,45 kcal/mol, con
tuong tac voi Ag ¢ canh cho nang luong tuong
dbi cao 1a 13,84 va 14,08 kcal/mol. Nhu vay
tuong tac gitta N va Cu thuan loi hon cho viéc
tao phtrc. Piéu nay phu hop voi két qua da duoc
chiing minh trong nghién ctu truéc day cua
Truong va cong su vé su hip phu cia Py trén
cluster Ag(s-n)Cun [4].
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Hinh 3. C4u tric t6i wu clia céc phirc Ags Cus-Py, Agz Cus-Py va AgiCus-Py. Do dai lién két co don vi A
Nang lugng tuong doi cta cac phirc cd don vi 1a kcal/mol dugc biéu dién & dudi cau truc twong tng.

Két qua trinh bay ¢ Bang 1 cho thdy niang
lwong twong tac (Ep) cua tat ca cac phirc déu am
va thay ddi tir -17.61 t6i -3.26 kcal/mol. Nhu vay

tat ca cac tuong tac déu thuan loi tao thanh phirc
va cac phuc tao boi tuong tac gitta N véi nguyén
tir kim loai & dinh cluster thudn loi hon & canh.
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bac biét cac phuc tao bdi trong tac vai nguyén
tir Cu & dinh 1a thun loi nhét, véi nang luong
tuong tic déu & khoang -17 kcal/mol. Diéu nay

tich dién tich Mulliken cho nguyén tu tai vi tri
tuong tac (Bang 1). Nhu vay, N c6 dién tich
Mulliken am s€ tuong tadc manh véi Cu tai dinh

c¢6 thé dugc giai thich thong qua két qua phan  mang dién tich twong di duong.

Bang 1. Ning lugng tuong tac ciia tat ca cac phirc chat (Ep, kcal/mol) gitra Py va cluster.
Dién tich Mulliken (don vi a.u) ciia nguyén tir N va kim loai (Cu hoac Ag) tai vi tri tuong tac
trong cac phuc khac nhau.

Phac =) Mulliken, N Mulliken, kim loai

Ags-Py -9.76 -0.192 -0.018
AgsCui-Py-Cu-dinh -17.54 -0.160 0.275
AgsCusi-Py-Ag-dinh -10.01 -0.192 -0.051
AgsCui-Py-Ag-canh -3.26 -0.171 0.006
AgsCu,-Py-Cu-dinh -17.34 -0.160 0.265
AgsCu,-Py-Ag-dinh -9.86 -0.192 -0.096
AgsCuz-Py-Ag-canh -3.56 -0.168 -0.057
Ag3Cusz-Py-Cu-dinh -17.80 -0.159 0.242
Ag3Cus-Py-Ag-canh -4.22 -0.168 -0.070
Ag2Cus-Py-Cu-dinh -16.81 -0.160 0.239
Ag2Cus-Py-Cu-canh -1.73 -0.153 0.194
Ag.Cus-Py-Ag-canh -3.41 -0.169 -0.149
Ag:Cus-Py-Cu-dinh -17.33 -0.157 0.048
Ag1Cus-Py-Cu-canh -8.16 -0.152 0.155
Agi1Cus-Py-Ag-canh -3.53 -0.170 -0.210

nhét (Highest occupied molecular orbital-HOMO)
va orbital phan tir khong bi chiém chd thap nhat
(Lowest unoccupied molecular orbital-LUMO)
cta phirc bén nhét dugc trinh bay trong Hinh 4.

3.2. Céu tritc dién tir ciia phirc

Cau trac t6i wu, gian d6 bé mat thé ning tinh
dién (Electron surface potential-ESP) md ta su
phén b dién tich, orbital phan tir bi chiém chd cao
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Agcho]_Py Ag4CUZ-Py

Ags-Py

Ag,;Cu;-Py

Ag,Cu,-Py  Ag,Cus-Py

Hinh 4. Ciu tric t6i wu (A), ESP (B), HOMO (C), va LUMO (D) cua céc phirc giita pyridine (Py)
va cluster Ag-n) Cun (n=0-6).

Céc két qua cho thay nhitng ving mang dién
tich 4m cao, thé hién bang mau do trén gian dd
ESP, tap trung quanh cluster kim loai (Hinh 4B).
Nguoc lai, cac vung mau xanh quanh pyridine
biéu thi ving mang dién tich duong hon.

Ngoai ra, HOMO chii yéu phan b & cluster
kim loai va mot phan & nguyén tr N tai vi tri
tuong tac (Hinh 4C). Sy phan bd nay cho thiy
dién tir tp trung chu yéu & cluster sau khi tao
phtrc. Thém vao d6, LUMO biéu dién ¢ Hinh 4D
dic trung cho ving c¢6 ning luong thap nhat

khong chtra dién tir. Két qua cho thay LUMO cta
phirc Ags-Py va AgsCui-Py xuét hién quanh cac
nguyén tir kim loai, con LUMO cua céc phtrc con
lai chu yéu & quanh phan tir pyridine va nguyén
tor kim loai ¢ vi tri tuong tac. Nhu vay, su tao
phtrc thé hién cho viéc chuyén dién tir tir pyridine
sang cluster thong qua tuong tac gilta nguyén tir
N va nguyén tir ¢ dinh cua cluster kim loai.

3.3. Pho Raman va SERS

Phé Raman va SERS cua Py va Py hap phu
trén cluster Ags dugc trinh bay ¢ Hinh 5.



32 Ng6 Thi Chinh | Tgp chi Khoa hoc va Cong nghé Dai hoc Duy Tan 04(77) (2026) 26-33
28 X 3275
26 < -—15.1 i
24 u\* T g 2
22 | ¢ I
[N P o @
—~ 204 F %3 ™ I e
=] | |
© 18 1091 -J,)' _',,,',6 S
2 161 =53
@ 1744
8 7 AgPy -16 J
p=SRT I o f\ -
=l 3265
3 o
4
6 -
4 1088
2 . 1731
5 e B Y
T v T T T T Y 1
500 1000 1500 2000 2500 3000 3500

Frequency (cm™)

Hinh 5. Phé Raman cua pyridine (Py) va SERS cua phirc Ags-Py

Hinh 5 cho thiy céc pic Raman dic trung cho
Py & tan s6 1088, 1731, va 3265 cm™ cho céc
dao dong thd cua vong (ring breathing), su kéo
gian vong (ring stretching), va dao dong kéo gian
ctia nhom C-H. Khi hip phu 1én cluster Age, CAC
pic dic trung nay dich chuyén vé tan s6 16n hon
va duoc ting cuong dang ké. Nhu biéu dién trén
phd SERS ctia Age-Py, pic tai 1091 cm™ tuong
g v6i pic 1088 cm™ trén phd Raman cia Py,
c6 cudng do tang gap hon 2 lan, tir 2,5 a.u 1én
5,3 a.u. Tuong ty, pic 1731 cm™ dich chuyén 1én
1744 cm™ v6i cuong dd Raman ting tir 0,8 1én

1,6 a.u. Pic 3265 cm* dich chuyén 1én 3275 cm™
vo1 cuong Ao Raman tang tir 10 [én 15,1 a.u. Nhu
vy, cluster Ags dong vai trd nhu bé mit vat lidu
nano cho su hip phu Py, qua dé gitip ting cuong
tin hi¢u Raman va thuén 19i cho viéc phat hién
hop chét nay & nong do thap.

Pé danh gia hiéu qua cua kim loai Cu trong
viéc tang cuong tan xa Raman, nguyén tir Cu da
dugc thay thé lan luot vao cluster Ags. Phd
SERS cua Py hip phu trén cluster Agen) Cun
(n=0-6) dugc trinh bay ¢ Hinh 6.
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Hinh 6. SERS ctia cac phirc gitta Pyridine (Py) va cluster Aggs.n) Cun (n=0-6)
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Pho SERS trinh bay ¢ Hinh 6 cho thay cac pic
ddc trung & tan s6 1091 va 1744 cm™ c6 cuong
dd cao hon khi thay nguyén tr Cu vao cluster
Age. Phitc Ags Cus-Py thé hién su ting cuong do
16n nhét, cuong do pic ¢ tan s61091 cm™ tang tir
5,3 1én 6,4 a.u, con pic tai 1744 cm™ ting rd rét
hon tir 1,6 1én 5,8 a.u. Didu nay co thé giai thich
b6i su chuyén dién tir tir Py sang cluster tot hon
khi N tuong tac véi Cu. Nhu trinh bay ¢ Bang 1,
thi dién tich Mulliken cta N trong phiuc Ages-Py
14 -0.192 a.u, con trong cac phirc trong tac véi
Cu ¢ dinh c6 gia tri duong hon -0.160 a.u. Khi
tang s6 luong nguyén tir Cu thi sy ting cudng
cac pic thay d6i khong dang ké. Tuy nhién,
nguyén tir Cu dé bi oxy hoéa hon Ag nén viéc thay
thé 1 nguyén tir Ag tai dinh cluster vira gitp ting
cuong tin hi¢u Raman, vira dam bao do bén cua
bé mat vat liéu hap phu.

4. Két luan

Trong nghién ctru nay, ching t61 da nghién
ctru phd SERS cua pyridine (Py) trén bé mit
cluster 6 nguyén tir Age-n) Cun (N=0-6). Két qua
cho théy tat ca céc tuong tac déu thuan loi tao
thanh phurc vadi gia tri nang lugng tuong tac Ep
am. Céac phirc kim loai bén nhit duoc tao thanh
tor tuong tac gitra nguyén to N va nguyén tu o
dinh cua cluster kim loai. D6i v6i cac cluster
ludng kim, tuong tac cua N voi Cu ¢ dinh tao
phttc bén hon Ag & dinh. Két qua SERS cho thiy
su tdng cudng cua cac tin hi¢u Raman déc trung
cho hop chét Py khi hip phu trén bé mit cluster
Ags. Hon nira, viéc thay thé nguyén tir Cu trong
cluster Age giup tang cuong tan xa Raman rd rét
cho céc pic dac trung cua Py. Pac biét, viéc thay
thé mot nguyén tir Ag tai dinh bang Cu gitp ting
cuong tot nhat.
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