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Tém tit

Tang cuong tin hiéu phd tan xa Raman (SERS) dang duoc nghién ctru dé xac dinh cac du lugng hoa chat co
ndng do6 rat nho (< 10°M) c6 trong thuc phim va cac san pham y-dugc. Mang SERS dugc ché tao tir cac hat
nano vang (AuNPS), co kich thudc 3-5 nm va xép chdng trén bé mat dé thay tinh. Tin hiéu phé tan xa Raman
dugc tang 1én gap nhiéu lan khi chiéu vao bé mat SERS. Piéu nay duoc chirg minh bang céch phii bé mat SERS
bing chit mau phat quang Rhodamine 6G (Rh6G) ¢ ndng do rat nho 10°M. Két qua do phé tan xa Raman cho
thdy Rh6G ¢ ndng d6 10° M vAn xuit hién cac dinh dic trung cia Rh6G. Piéu d6 cho phép dung mang SERS dé
do du lwong cé&c chét héa hoc c6 ndng do rét thap, du dé (ng trong thuc phim va y-duoc.

Keywords: Hat nano vang (AuNPs), tang cudng tin hiéu phé tan xa Raman trén co s& hiéu ting bé mit (SERS), Rhodamine

6G (Rh6G).

1. Pat vén dé

Nhitng nim gan day viéc sir dung cac hoa
chat kich thich sinh truéng cho dong, thuc vat,
thudc bao vé thyc vat, héa chat trir shu qua mirc
an toan cho phép gay anh huwdng khéng nhé cho
sac khoe nguoi tiéu dung. Mot vi du c6 thé
nhan thay Salbutamol (C13H205N) la mot chét
B2-adrenergic sir dung dé lam giam co thit phe
quan & ngudi bénh nhu hen suyén va bénh phoi
tac nghén méan tinh. Ngoai ra Salbutamol ciing
dugc ching minh cai thién trong luong co bap
& chudt va bao céo gia thuyét ring nd co thé
thay thé cho clenbuterol cho muc dich d6t chay
m& va lam ting co bip. Viéc thudc cé thé duoc
x&c nhan bang céach phéat hién sy hién dién cua
no trong huyét twong hodc nudc tiéu, thuong
vuot qua 1000 pg/L. Tai Viét Nam viéc lam
dung Salbutamol & nhiéu co s& chin nudi gia
stic bang cach tron thuc nay vao thic an gia
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suc dé lam ting luong nac ¢ thit. Khi tron vao
thirc an gia suc, gia cAm, cac chat nay cd tac
dung thuc cho lgn 16n nhanh hon, mong, vai nd
hon, ti 1& nac cao hon, mau séc thit d6 hon. Do
do tang dugc gia ban cua san pham.

Tuy nhién tac dung cua Salbutamol Ién
dong vat nuoi va nguoi str dung Salbutamol tich
lity trong thuc phdm thit s& lam anh huong dén
suc khoe nguoi tiéu dung, gy ra cac triéu
chang réi loan nhip tim, tim dép nhanh, ting
huyét &p, co that phé quan, phu né, run co, liét
co, choang vang...[1-2]. Vi vay tur lau
Salbutamol d4 la chat bi cdm su dung trong
chin nudi theo quyét dinh cua T6 chic Y té thé
giéi va T6 chie Luong thuc va ndng nghiép cua
Lién hop qudc. Tuy nhién vi loi nhuan trude
mét, mot s6 don vi chan nudi van lén st dung
Salbutamol trong thirc @n cho gia suc, gay nén
nhitng mdi nguy hai khon luong dbi véi stc
khoe cong dong va xa hoi.

Cho &n nay, ¢ nhiéu phuong phap xac dinh
du Iuwgng héa chat co do chinh xac cho phép
nhu sac khi ghép khéi phé (GC-MS) [2]... Tuy
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nhién doi hoi thiét bi chi c6 & cac trung tam thi
nghiém 16n, tinh cow dong trong danh gia du
luong héa chét & cac dia diém vang néng thon,
bién gioi... gap khdé khian. Raman Ia thiét bi
khéi pho ciing dugc ding dé xac dinh du luong
hoa chét, c¢6 tinh co dong cao, thiét bi gon nhe,
nhung do chinh xac cua két qua do c6 phan han
ché, nhat 1a du lugng hda chat c6 nong do qua
nho. Surface Enhanced Raman Spectroscopy
(SERS) la mét trong céac giai phap tang cuong
tin hiéu pho Raman dwa trén hiéu tng
plasmonic bé mat hat kim loai nano nhu vang
(Au), Bac (AQ)... [3-8], hoac tang cuong tin
hiéu phd hong ngoai (FTIR-ATR) trén bé mat
SERS [9]. C4 nghién ctru trén da ching minh
raing SERS c6 thé ting cuong tin hiéu pho
Raman 1én nhiéu lan va ndng d6 du luong hoa
chét cang nho c6 thé da tgi 107 M - 108 M.

Xu hudng nghién cttu SERS 14 tiép tuc do duoc
tin hiéu phd Raman ¢ ndng d6 thap hon 10-9
M, dd 6n dinh cua SERS dap tng yéu ciu ...Vi
vay trong bai béo nay, nghién cau ché tao hat
nano vang c6 kich thugc 3-5 nm, tao mang
SERS tir cac hat vang tong hop dugc va khao
sat tinh ting cuong phé Raman trén bé mat
AuNPs/SERS bang chat chi thi mau phat quang
Rohdamin Rh6G & ndng d¢ thap hon hoic bang
10° M. Két qua dat dugc c6 thé ung dung cac
du lugng hoéa chét trong thuc pham, san pham
thudc y duoc...dat yéu ciu qui chuan cua Bo Y
té \VViét nam.

2. Phuwong phap nghién ciu

Hoa chat va dung méi dung dé tao hat nano
vang tao thanh dé SERS mua tir hang Merck va
Sigma-Aldrich. Cac héa chit bao gom:
Aminopropyltriethoxysilane (APTES) (C,Hs0)3
-Si-C3He-NH,, do tinh khiét >98%, Chloro-
auric acid (HauCl,)do tinh khiét 99% va
Tetrakis(hydroxymethyl) phosphonium chloride
[(CH,OH),P]CI. Ngoai ra, cac loai dung méi
hoa tan dung cho phan ng tong hop hat nano
vang nhu: Formaldehyde (HCHO) 37-38% cua
Merck, Trisodium citrate( citrate) : Na;Ce¢HsO-,
d6 tinh khiét 99% , Ethanol C,HsOH, 99.9%,
Potasium carbonate (K,COy), Sodium
hydroxide (NaOH), Potasium hydroxide (KOH)
& Nudce cat 2 1an va nude khir ion.

2.1 Tong hep hat nano vang trong dung dich

Hat nano vang duoc tong hop biang phuong
phéap hoa hoc, theo phuong trinh phan ung hoa
hoc sau:

* Tao dung dich dung dich vang hydroxyde
K,CO; + H,O0 — HCO;3 + 2K* + OH’

HauCl, + (4-x)OH — [AUCI(OH)4y] , X=0-4

[P(CH,OH),]CI + NaOH — P(CH,OH); + H,0
+ HCHO +NaCl

* Tao hat Au kich thudc nano:
HauCl, + 2HCHO + 2H,0 — Au® + 2HCOOH
+ 4HCIl + Y2 H,

2.2. Chirc ning héa bé mit dé thay tinh véi
nhom chirc primary amine (-NH)

Cho cac dé thuy tinh di dwoc cit nho thanh
ting miéng dai 1cm ngam trong 10ml dung
dich KOH 1M sau d6 rung siéu am 2 1an, ngam
dé khoang 30 phut, sau d6 ngam lai bang con dé
qua dém dé tao dwoc l6p OH trén bé mat dé
thiy tinh. Do AuNPs c6 dién tich &m trén bé
mit, dé ching c6 thé bam hit trén bé mat dé
thuy tinh dé tao ra mang vang thi viéc tao nén
trén bé mat dé thay tinh mot 16p dién tich
duong duoc lya chon la cac nhdm chac primary
amin (-NH,). Do dé dé thiy tinh duoc tiép tuc
chie ning héa bé mat bang cac nhém chuc
primary amine; Bé thuy tinh dwoc ngam trong
dung dich APTES, khi d6 s€ xay ra phan ung
thuy phan ngung tu véi nhom —OH, phan ung
s& héa hoc tao dugc nhém chiic amine trén bé
mit dé thay tinh:

=Si -OH + (C2H5'O)'Si‘(CH2)3'NH2—) =Si-O-
Si-(CH,)3-NH,

2.3 Gin AuNPs Ién bé mit dé thity tinh

Céc hat nano vang duogc téng hop trong dung
dich s& tao lién két vai nhdm chirc —NH, trén bé
mat dé thay tinh; Do i luc lién két NH,-Au du
manh dé giit cho hat vang khéng bi béc tach
trong qua trinh chiu tic déng co hoc. Quan sat
mau thi nghiém c6 dién tich 1 x 2.54cm? dugc
pht toan bo bé mat mot 16p vang. Céc hat nano
vang da lién két véi cac nhom —NH, trén bé mat
dé thuy tinh va bao phu toan bd bé mat miu
thuy tinh sau 15min. AuNPs s& dugc trai dong
déu trén dé thuy tinh thong qua tuong tac tinh
dién vai cac nhém chac -NH,. Lép nano Au sé
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lam mam tiép tuc tao 16p mang vang khac bang
phuong phap xép chdng (stacking up). Po gd
ghé caa mang Au sé phu thudc vao kich thudc
hat Au duoc sir dung lam mam. Chi tiét qué
trinh tdng hop hat nano vang da duoc trinh bay
trong [9-11].

Cac dac tinh quang cia AuNPs/SERS dugc xac
dinh bang cac phuong phap do nhu: dic trung
hinh thai hoc cia mang AuNPs/ SERS duoc
danh gia biang phwong phap scanning electron
microscopy (SEM), atomic force microscopy
(AFM) and phd hép thu dic trung caa AuNPs
(UV-vis).

2.4. Khao sat tang cudng tin higu Raman cia
AUNPs/SERS bang chat thie Rhodamine 6G

Chat Rh6G (Rh6G) CusH3N,O5Cl ¢6 tinh chat
phat quang manh ¢ budc song trong vung nhin
thiy nén duoc sir dung lam chét thir (chemical
indicator) dé khao sat kha niang ting cudng tin
hiéu tan xa Raman cta SERS véi budc song
laze kich thich la 532nm. Dung dich Rh6G
dugc pha lodng & cac nong d6 khéac nhau tir 10
dén 10° M.

Hinh 2.1: Cong thuc phén ti cua Rh6G
3. Két qua va thao luan
3.1 Pac trung hinh thai hoc mang SERS

Hinh anh SEM cia AuNPs/SERS duoc phat
trién tir mam kich thudc 5nm véi cac thang do
khac nhau tir 200nm dén 2um duoc chi ra trong
hinh 2.1. Két qua nay cho thiy cac mang vang
ché tao duoc l1a tap hop céc hat AuNPs xép déu
dan trén mat phang thay tinh. Cac hat c6 kich
thudc ¢d 20- 50nm. Kich thudc trung binh cua
hat tang khi tang d6 day mang. Khoang céch
gitta cac hat nam trong khoang 10-30nm. Vi
mau mang day 25nm cac hat co lai thanh tirng
dam, gilra cac dam hinh thanh khoang céch lon
hon hay goi la cac vét nit bé mat. Cac hat ¢6

kich thudc va do phan tan kha déng déu, cac vét
nat trén bé mat sé tao ra cac diém nong “hot
spot” dé c6 cong huong plasmon gitp ting
cuong tin hiéu tan xa Raman (SERS).

Hinh 3.1: 4nh SEM cua cac mang vang phat
trien tee mam kich thuoc 5Snm véi cdc thang do
500nm.

Su két dam cua AuNPs, trong giai doan dau cua
qua trinh tao mang, do cac nguyén tir duoc tao
ra trong phan tng khtr vang bat dau bam dan
dan vao cac hat mam. Cac hat mam ting dan vé
kich thuéc. Do khoang cach ban dau giita cac
hat mam 1a khac nhau nén cac hat mam & gan
nhau dé& két dinh, tao cac dam. Cac dam dao nay
khong phing va do gb ghé phu thudc vao duong
kinh cua cac hat mam két dinh.

Thém vao d6 1a do nhap nhd bé mat ciia mang
Au vao khoang tir 20 dén 60 nm dwoc quan sét
ré qua hinh anh AFM (Fig. 3.2.). B nhap nho
nay phu thugc vao sy xep chong ciia AuNPs,
két qua SEM cho thiy kich thuéc trung binh
ciia AuNPs [a 5nm. Vé6i d6 nhap nho trén ¢ thé
nhan thiy rang c6 khoang tir 4 dén 12 16p do
cac AUNPs xép chong 1én nhau. Hinh anh AFM
cling cho thy do nhip nhd cua mang khéng
déu, cao hon & phia ngoai ria va thip hon &
giita bé mat dé.

Thyc nghiém cho thay, ¢6 thé diéu khién kich
thudc két dam va khoang cach gilta ching de
tao mang mong c6 do go ghé nhu mong mudn.
Mang vang cang go ghé thi sé tao ra nhiéu cac
“hot spot” s€ xay ra hién tugng cong huong
plasmon bé mit, lam cudng do truong plasmon
birc Xa ting 1én rat manh, lam ting cuong d9 tin
hiéu tan xa Raman.
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Hinh 3 2. Anh AFM cuia bé mgt mang vang

Thuc nghiém ciing chi ra rang cuong do tinh
hiéu tdn xa Raman phu thudc vao d6 day lop
AuNPs/SERS. Do day mang vang dugc do
bang SEM tai mat cit ngang cua mang
AuNPs/SERS. Do day khoang 28 - 30nm tai
cac vi tri khac nhau (Fig. 3.3).

3.2. Tinh chit quang cia mang AuNPs/SERS
Phé hap thu cua cac mang AuNPS/SERS cé
chiéu day khac nhau thay ddi tir 15nm dén
35nm. Hai dinh hip thu tai khoang 500 nm va
700nm dic trung cho dinh hap thu plasmon cua
hat vang (Fig. 3.4).

Khi d6 day cia mang ting 1én dinh phd hip thu
dich c6 xu huéng dich chuyén dan vé budéc
song dai (red-shift) cho thiy su tang 1én vé kich
thudac hat trong qua trinh tao mang.

Do téc do ting truong vé kich thudc cua
AuUNPs la khac nhau, phu thudc vao tuong tac
v6i cac hat 1an can, phd hap thu cho thay
AuNPs tang ti 18 voi sy khong dong déu vé mit
Kich thudc cua cac hat trong giai doan nay. Khi
thé tich lugng dung dich vang hydroxide ting
dan, cac hat c6 xu huéng két dinh dé hinh thanh
cac dam va tao cac vét nut bé mat. Khi ting
lwrong mudi vang nhiéu hon, cic tinh chat hat
giam dan, cac ranh va khe gb ghé bi lap day boi
cac nguyén tar vang.

IMS-NKL 5.0k 3.9mm x100k SE{M) 500nm

IMS-NKL 5.0kV 3.8mm x100k SE(M)

Hinh 3.3. Mdt cdt ngang ciia AUNPS/SERS thé
hi¢n do day mang SERS trén de thity tinh do
dwoc bang anh SEM.

3.3. Tinh chit tiing cuong tin higu tan xa
Raman cia mang AuNPs/SERS bang Rh6G

Do phé tan xa Raman mang AuNPs/SERS va
Rh6G trén thiét bi Raman Labram HR
Evolucion do hdng HORIBA ché tao. Khi thuc
hién khao sét tin hiéu Raman cia Rh6G trén dé
thily tinh ¢ dang bot (Rh6G & nong do nong do
cao), ta do dugc cac dinh phd dic trung cua
Rh6G (Fig 3.5), Tuy nhién, khi pha lodng Rh6G
& ndng d6 10°M &10™ M va nho 1én dé thuy
tinh, thi ta lai khong do dwoc do cac dinh phd
Raman dic trung cia Rh6G do hoan toan bi dap
tat. Piéu do c6 thé ndi rang khdng c6 kha ning
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tang cudng tin hiéu Raman véi nong do thap

cta Rh6G.
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Hinh 3.4. Phé hdap thu cua mang vang ¢ cdc do
day mang khac nhau

Tuy khéng do dugc phd Raman cua Rh6G &
nong 6 & 10 M trén dé thay tinh, nhung ta lai
do dugc ¢ cing nong d6 cua Rh6G trén dé
AuNPs/SERS. Hinh 3.6 cho ta phé caa Rh6G
v6i cac dinh phd dic trung (phu hop véi phd
tan xa Raman cua bot Rh6G trén dé thuy tinh,
xem Fig. 3.5). Diéu nay chung to rang di co
hiéu mg tang cuong tin hiéu tan xa Raman cua
Rh6G trén ¢é AuNPS/SERS (Fig. 3.6.).
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Hinh 3.5.

Phé tdn xa Raman cta Rh6G dang bét trén dé

thay tinh sach

Tang cudng tdn Xa Raman trén dé AuNPs/
SERS lai dugc minh ching ré hon khi nong do
cia Rh6G nho dén gia tri 10°M. Hinh 3.7 cho
ta phd Raman ting cudong cia Rh6G trén dé
AUNPS/SERS. C6 thé thay duoc cac dinh phd
dac trung ctia Rh6G, tuy cuong do tinh hiéu
giam nhiéu va nhidu nén ting 1én cao hon so
v6i phd Ramancia Rh6G & nong do thap 10*M.
Két qua cho thay phé SERS cua Rh6G trén dé
AUNPS/SERS xuat hién day dii cac dinh phé:
613 cm®, 774 cm™, 1189 cm™, 1308 cm™, 1360
cm?, 1509 cm™, 1572 cm™, 1647 cm™. Céac
dinh phd nay hoan toan phu hop voi cac dinh
dac trung cia Rh6G bot do trén dé thuy tinh
khéng c6 hiéu tng ting cudong phd SERS
Raman[12].
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Hinh 3.6 Phé tan xg Raman cuia Rh6G tgi nong
dé 10™ M trén mang AuNPs/SERS

Ngay ca khi ndong d6 cia Rh6G giam dén ndng
d6 rat nho 10° M; cac dinh phé tan xa Raman
dic trung cua Rh6G & nong do thap van hién
cac dinh phd dic trung chu yéu. Tuy nhién két
qua cho thiy cudng do cac dinh tan xa Raman
giam di, mot sé dinh bi mat hoic bi chdng chap
v6i mot sé dinh khac nhung cac dinh dic trung
chinh caa Rh6G van kha rd rang.

4. Két luan

Mang AuNPs/SERS dugc ché tao tir cac hat nano
vang c6 kich thudc khoang 5 nm va xép I6p trén
dé thuy ting thong qua cac lién két trong tac Au-
NH,. Su xép chong ciia cac hat AUNP tao ra do
nham bé mat; diéu do tao ra hiéu ung ting cuong



6 Kien-Cuong NGUYEN, Technical Report — University of Engineering & Technology, June 2018

tin hiéu pho tan xa Raman. Hiéu ung tang cudng
tin hiéu pho tan xa Raman cua Rh6G trén bé mat
AuNPs/SERS ¢ budc song laze kich thich 532nm
cho cho phép do dugc ndng do rat thip c& 10° M
cua Rh6G. Két qua nay cho phép tng dung
AuNPs/SERS dé dinh tinh du Iugng hda chat c6
nong do rat thap trong thuc pham va cac san
pham y-duoc trong twong lai véi do chinh xéc tin
cay cho phép.
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Hinh 3.7. Pho tan xa Raman ciia Rh6G tgi
nong d@é 10°M trén mang AuNPs/SERS

Loi cam on

Téc gia xin cam on sy hd trg thi nghiém tong
hop hat nano vang (AuNPs) va mang SERS tir
cac AuNPs caa Ts. Nghiém Thi Ha Lién, Vién
Vit ly, Vién Han Lam Khoa hoc Viét Nam va
sinh vién Nguyén Thi Mo, Khoa Vit ly Ky
thuat & Cong nghé Nano, Truong PH Cong
nghé, Pai hoc Quéc gia Ha Noi.
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