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Tom tat

Bai béo nay moé ta quy trinh téng hop va dac trung vat liéu lai trén co sé nano vang duoc bién tinh béng
polyme nhay nhiét poly(N-Isopropylacrylamit) (pNIPAM) tng dung trong phé tan xa Raman tang cuong bé
maét (SERS). Nano vang véi tinh chét cong hudéng plasmon bé mat c6 hoat tinh SERS r4t manh. L6p
pNIPAM nhay nhiét duoc coi la mét dau thu véi khd ndng bay céc chét can phén tich cé tinh ki nuwéc hodc
wa nuéc va kéo chiing lai gén bé mat nano vang tiy thudce vao viéc diéu khién nhiét d6 lam viéc cta méu.
Két qua cua qué trinh nay lam khuéch dai manh cuong do phé Raman cta chét cén phan tich. Mat khéc,
nh¢ vao tinh chéat nhay nhiét cia pNIPAM, hoat tinh SERS cta vét liéu lai c6 thé duoc kiém soét déng thoi
cho phép bét - nha chét phan tich bang céach thay déi nhiét do méi trrong. Hiéu g SERS trén co sé vat
liéu plasmonic céu tric nano va poly(N-Isopropylacrylamit) 1a huéng nghién ctru tiém nédng trong phét trién
céc vi linh kién phan tich thé hé méi c6 do nhay siéu cao.

Tr khoa: SERS, plasmonic, hat nano vang, pNIPAM, nhay nhiét
Abstract

In the study, we developed an attractive hybrid plasmonic platform based on thermosensitive poly(N-
Isopropylacrylamide) (pNIPAM) coated lithographic gold nanoparticles for Surface Enhanced Raman
Scattering (SERS). Gold nanopatrticles with remarkable surface plasmon resonance properties demonstrate
a very high SERS active. The pNIPAM brushes are able to trap efficiently hydrophobic or hydrophilic
analytes close to the gold nanoparticles surface by changing the external temperature leading to strongly
increasing their Raman scattering signal. The hybrid nanostructure thus can be used as an ultrasensitive
SERS sensing platform. Interestingly, the thermosensitive property of the pNIPAM allows tuning the activity
of SERS of the hybrid nanoplasmonic structures. This work demonstrates a possibility of using hybrid
plasmonic substrates as ultrasensitive SERS platform for pollutants monitoring.

Keywords: SERS, plasmonic, gold nanoparticles, pNIPAM, thermosensitive

1. Mé dau

Ké tir khi dugc phat hién cach day bon thap ky,
phd tan xa Raman ting cuong bé mit (Surface-
Enhanced Raman scattering, SERS) dugc danh gia 1a
mdt trong nhitng cong cu manh nhét c6 kha ning phat
hién siéu nhay cic phéan tir ma khong can diéu kién
chudn bi mau dic biét [1-3].. K§ thuat nay cho phép
tang cuong manh mé tin hiéu phd Raman cua cic
phén tir bi hép thu trén cdc bé mit cac kim loai dic
biét nhu vang, bac, déng... nho hiéu Gng truong dién
tir bén trong cac kim loai do [4, 5]. Pac biét, cac kim
loai nhu vang, bac, déng & cau trac nano va khi kich
thudc cua chung nhé hon bude song cia bic xa toi s&
xuit hién hién tuong cong huong plasmon bé mit
(surface plasmon resonance, SPR) [6, 7]. Hi¢n tugng
cong huong plasmon bé mit voi bude séng tuong
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mg cta pho Raman kich thich 1a diém miu chot
khuéch dai tin hi€u trong hiéu ung SERS.

Trong cac nghién ctru trudc day, khi st dung hé
nano phan tan trong dung dich thuong khoé tranh khai
hién tuong keo tu khién bé mat vat liéu khong con
ddng déu va kho kiém soat dwoc su ting cudng tin
hiéu Raman cho vung khao sat. Dé giai quyét van dé
nay, chung t6i da ché tao cac hat nano vang (AuNPs)
v6i kich thude xac dinh va dwoc sip xép dong déu
trén bé mat phién oxit thiéc indi (Indium Tin Oxide,
ITO) bang ky thudt quang khic chum dién tir
(Electron-Beam Lythography, EBL). Va dé co dugc
tin hieu SERS véi cuong d6 manh lién quan t6i phan
tr can phan tich, dong nghia v6i vi€e ching phai c6 i
luc manh dbi véi bé mit AuNPs. AuNPs can duoc
chirc ning hoéa bé mit nham biy va/hodc lam giau
chat can phan tich gan sat voi bé mat AuNPs [8-11].

Trong nghién ctiru nay, poly(N-
isopropylacrylamit) (pNIPAM) dugc sir dung nhu vat
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liéu chirc ning c6 kha ning biy cac chit cAn phan
tich, 1am cho chit phan tich gan vi bé mat nano kim
loai hon va nh¢ vay tin hiéu tan xa Raman dugc
khuéch dai manh hon [12-14]. Pic biét hon nita,
pNIPAM la polyme nhay nhiét c6 kha ning thay doi
tinh chat Iy-héa khi nhiét do thay ddi. Cu thé, khi
nhiét do thép hon 32°C, nhiét do chuyén pha cua
pNIPAM, cac chudi polyme & trang thai dudi va dugc
hydrat héa. Trong khi d6, & nhiét d§ trén 32°C, cac
chudi polyme co lai va ¢6 tinh ky nudc. Sy thay doi
tich chét thi vi nay ctia pNIPAM c6 thé cho phép bit
- nha chét phan tich thong qua viéc thay dbi nhiét do
moi truong.

Trong bao cao dudi day, qua trinh ché tao vat
lidu lai gittra AuNPs va polyme nhay nhié¢t pNIPAM
s& duoc trinh bay cu thé. Cac két qua bude dau danh
gia kha ning phat hién siéu vét thudc nhuém Nile
blue A trén co so hi¢u tng SERS ciing s€ dugc trinh
bay.

2. Thue nghiém
2.1. Héa chit va Thiét bi

Cac hoa chit va dung moéi chinh yéu s dung
trong nghién ctru nhu 2-bromoisobutyryl bromide,

triethylamine (TEA), CuBr, N,\N,N' N”"N"-
pentamethyldiethyltriamine (PMDETA), N-
Isopropylacrylamide (NIPAM), 2-(4-

Aminophenyl)ethanol, tert-butyl nitrite, Nile blue A
(NBA) déu & dang tinh khiét phén tich dugc mua tir
Sigma Aldrich, Acros va Alfa Aesar. 4-(2-
hydroxyethyl)-benzene diazoniumtetrafluoroborate,
viét tit HEBDT (+N—Ce¢Hs~CH,—CH,—OH) duoc
téng hop theo quy trinh da dugc trinh bay chi tiét tai
cac cong trinh di dugc cong b trude day cua ching
to1 [6, 15].

Vat liéu sau khi téng hop duoc tién hanh dic
trung qua phd UV-vis MS 260i c6 gin kinh hién vi
quang hoc (OLYMPUS BX 51). Kinh hién vi luc
nguyén tir (AFM) duoc tién hanh trén may SPM
Nanoscope III, Veeco, Bruker. Phuong phép phd tan
xa Raman ting cudng bé mat (SERS) dugc tién hanh
trén pho ké Raman phan gidi cao (Jobin-Yvon
LABRAM HR 800) str dung ngudn sang 1a laser He—
Ne (budc song 632,8 nm), c6 gan kinh hién vi quang
hoc dé dinh vi viing do.

2.2. Tong hop vit liéu lai pNIPAM boc nano vang
(AuNPs@pNIPAM)

Phién nano vang duoc bién tinh bang pNIPAM
theo quy trinh da dugc cong bd trong cac nghién ctru
truge ddy cta chung toi [6] bao gdbm 3 budc: (i) phan
ing gilta bé mat phién nano vang v6i 4-
hydroxyethylbenzene diazonium tetra-fluorborate
(HEBDT) nham tao ra nhém —OH dugc gin trén bé
mit vang. Trong budc nay, phién nano vang dugc
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nhung trong dung dich HEBDT 0,003 M tai nhiét do
phong trong 5 gio, sau do dugc rira bang nudc cat va
say kho. (ii) Phan ung este hoa gitra nhom —OH gén
trén bé mat vang voi 2-bromoisobutyryl bromide (0,1
M trong toluen), c6 mit TEA (0,12 M) trong 5 phut
nham tao ra nhoém —Br trén bé mit hat vang. Luc nay
¢6 thé ky hiéu mau la Au-Br. (iii) Phan (ng tring
hop gdc chuyén nguyén tir (Atomic Transfer Radical
Polymerization, ATRP) giita cac nhoém —Br tai bé mit
AuNPs va monome N-Isopropylacrylamide (NIPAM)
nham gan cac chudi polyme 1én bé mit vang. Cach
tién hanh phan tng ATRP: Chuén bi bén binh kho va
kin: binh A chtta 30 mg CuBr (0,2 mmol); binh B
chua 200 uL PMDETA trong 5 ml MeOH; binh C
chira monome NIPAM (2 g, 18 mmol) trong 9 mL
nuéce cat; binh D chtra phién nano vang da dwoc gin
cac nhom —Br trén bé mat (Au—Br). Sau khi ca bon
binh duoc dudi oxy bang dong khi Ar trong khodng
15 phut, dung xi lanh hat nhanh dung dich trong binh
B bom vao binh A, sau dé tiép tuc dudi khi va khudy
binh A. Tiép theo, 3 ml dung dich trong binh A duoc
hat va bom nhanh vao binh C trong khi van khudy
déu va thoi Ar cho binh C. Tiép tuc hut nhanh dung
dich tir binh C va bom va binh D chira miu Au-Br
can polyme héa. Phan tmg polymer héa dién ra tai
nhi¢t do phong, dudi dong khi Ar trong 20 phut. Sau
khi polyme hoa, miu s& dugc rira bang nudc va
ethanol, sau d6 sdy kho san pham trong dong khi Ar.

3. Két qua va thio luan
3.1. Ddc trung vit liéu lai AuNPs@pNIPAM

Phién nano vang sau khi ché tao dwoc dic trung
bang phuong phap kinh hién vi Iyc nguyén tir (AFM).
Két qua trén hinh 1a cho thay hat nano vang diéu che
dugc co duong kinh khoang 150 nm. Do duoc tong
hop bang phuong phap EBL nén cac hat nano vang
¢6 kich thudc dong déu va duge sip xép déu dan trén
bé mat kinh. Nho véy, ta c6 thé d& dang diéu khién va
kiém soat duoc cac dic tinh ciia mau. Két qua quang
phd UV-vis clia phién nano vang cho thay budc song
cuc dai hap phu ¢ 600 nm (hinh 1c-duong mau den).

Sau khi tién hanh boc phién nano vang bang
pNIPAM théng qua quy trinh 3 budc nhu mod ta &
trén, két qua dugc danh gia bang cach so sanh hinh
anh AFM do trong moi truong khong khi ¢ nhiét do
phong cua phién nano vang trudc va sau khi dugc
bién tinh boi pNIPAM (hinh la va 1b, tuong Umg).
Két qua chi ra ring, sau khi dugc bién tinh bing
pNIPAM, d6 day cua AuNPs ting 1én ~10£2 nm.
Trong khong khi, pNIPAM & trang thai co cum c6 do
day hco ~10£2 nm. Trong moi truong nudc & 20°C
(dudi nhiét do chuyén pha), pNIPAM & trang thai
dudi con khi & 40°C (trén nhiét do chuyén pha),
pNIPAM tr¢ lai trang thai co cum nhu khi & trong
moi trudng khong khi. Hé sé gidn no do qua trinh
truong diang hudéng duoc dinh nghia 1a ty 1¢ giira
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chidu day cua polyme ¢ trang thai dudi va trang thai
co (a = haysi/heo) dugce suy ra tir cac bao cao trude day
1a a ~2. Do d6, chiéu day pNIPAM & trang thai dudi
¢6 thé dugc suy ra 13 hgs ~20+2 nm.

Két qua do phd UV-vis cua vat lidu lai
AuNPs@pNIPAM (hinh 1c) cho thiy AuNPs trudc
(hinh lc, dudong mau den) va sau khi dwoc boc bing
pNIPAM (hinh lc, dudng mau vang) co su chuyén
dich manh (35 nm) vé phia bu6c song do khi c6 mit
pNIPAM trén bé mit. Didu nay c6 thé dugc giai thich
1a do sy tang chiét suat ciia mdi truong xung quanh
AuNPs khi dugc gan cac chudi pNIPAM.

Khi AuNPs dugc boc bdi polyme nhay nhiét
pNIPAM, nhiing thay ddi cu tric cta polyme do
nhiét gy ra co thé thay d6i dang ké chiét suat cua
mdi truong xung quanh AuNPs, dan dén thay d6i vé
cac tinh chat quang hoc ctia AuNPs. Do do, dé dac
trung tinh chit nhay nhiét cia AuNPs@pNIPAM,
ching toi da theo doi sw bién doi tinh chét quang hoc
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Hinh 1. Anh AFM ctia mau AuNPs (a); AuNPs@pNIPAM (b) va phd UV-vis tuong tmg (c).
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Hinh 2. Pho UV-vis ciia miu AuNPs@pNIPAM
trong nudc & 20°C (dudong mau xanh) va 40°C (dudng
mau d6). Hinh chén: sy thay ddi bude song cuc dai
hap thu theo nhiéu vong lap ting-giam nhiét do.

3.2. Khi ning ting cwong tin hiéu phé tin xa
Raman ciia vt liéu lai AuNPs@pNIPAM
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clia mau vat lidu lai nay theo nhiét d6. Phd hap phu
cia mau AuNPs@pNIPAM trong nudc & 20°C va
40°C trén hinh 2 chi ra rang c6 su chuyén dich budc
song vé phia budc song dai hon (redshift - chuyén
dich d6) ~ 8 nm khi ting nhiét do tir 20°C dén 40°C.
Su chuyén dich d6 nay co thé dugc giai thich 1a do su
tang chiét suat ciia moi truong bao quanh AuNPs khi
cac chudi pNIPAM co lai ¢ nhiét d6 cao trén nhiét do
chuyén pha (40°C). Nguoc lai, khi giam nhiét do moi
truong vé 20°C, cac chudi pNIPAM dudi ra dong thoi
lam giam chiét suit cua moi truong bao quanh AuNP
dan t6i viée bude song cuc dai hip phu chuyén dich
lai vé& vi tri ban dau. Dac biét, khi tién hanh nhiéu
vong lap ting-giam nhiét do, ta thdy su chuyén dich
nay la thuan nghich (hinh chén trong hinh 2). Piéu
nay chimg to cac chudi polyme dwoc gin 1én bé mat
vang bang lién két bén, nhd véy, tinh chat ciia hé vat
liéu lai rat 6n dinh va dong nhat voi do lap lai cao,
thuan loi cho viéc nghién ciru sy ting cudng phd tan
xa Raman.
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Céc thi nghiém danh gia kha nang tang cuong
tin  hiéu phé tin xa Raman ctia mau
AuNPs@pNIPAM duoc tién hanh thong qua viéc sir
dung Nile Blue A (NBA) nhu mdt chat phan tich.
Miu AuNPs@pNIPAM dugc nhung trong dung dich
NBA (1.107° M) trong 5 phit, sau d6 dugc rua sach
bang nudc, trang bang ethanol va say kho. Hinh 3 mb
ta phd tan xa Raman ting cuong bé mit (SERS) do
trong khong khi & 20°C cua NBA trén chét nén 1a
phién AuNPs (phé mau den, duong a) va phién
AuNPs@pNIPAM (ph6é mau do, duong b). Cac dai
Raman thé hién dao dong hoa tri trong vong thom
(1643, 1542, 1493, 1435, 1419, va 1357 cm™); dao
dong ubn CH (1256 va 1186 cm™); cac dao dong bién
dang trong mit phing CCC va NCC (665 cm™), CCC
va CNC (591 em™) va CCC (498 cm™), twong ung
v6i dai phd Raman dic trung cia Nile Blue A dugc
bo cao trong tai liéu [14]. Két qua Raman cho thay
kha ning ting cudng manh mé tin hiéu phd cia cac
phan tir NBA khi ching duoc bam trén cac chat nen
AuNPs va AuNsP@pNIPAM. Pic biét, chit nén
AuNPs@pNIPAM cho phép phat hién NBA & nong
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d6 cuc thap (1.107° M) véi tin hiéu phd c6 cudong do
cao va ro nét.

500
b

(b) AUNPs@pNIPAM-NBA10-°M

Cuong do

] (a) AUNPs-NBA10M
I 860 10b0 12b0 14b0 16b0 1800

400 600
$6 séng (cm)
Hinh 3. Phé SERS do trong khong khi & 20°C cia
NBA (1.10°M) trén phién AuNPs (dudng a) va NBA
(1.107°M) trén phién AuNPs@pNIPAM (dudng b).
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Hinh 4. Phé SERS cia NBA (10°M) trén phién

AuNPs@pNIPAM dugce do trong nude ¢ 20°C (hinh
trén) va 40°C (hinh dudi)
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Dic biét, tin hiéu phé Raman cia NBA 1.10°M
trén chét nén 1a phién AuNPs@pNIPAM cé cudng do
tuong dwong vé6i tin hiéu phd Raman cia NBA
1.10°M trén chét nén 1a phién AuNPs. C6 thé néi
rang, khi ¢6 mit pNIPAM, phd Raman cia NBA
dugc ting cudng tin hiéu 1én t6i 10° 1an so véi khi
khong c¢6 mit pNIPAM. Diéu nay c6 thé duoc giai
thich 1a do pNIPAM c6 kha ning bét va giit cac phan
tor NBA. Do d6, cac phan tir NBA dugc tiép xuc tot
hon véi vé mit AuNPs va nho vay ma tin hi¢u phé
Raman duogc ting cuong manh hon.

Dé danh gia anh huong cia tinh chat nhay nhiét
ctia chit nén AuNPs@pNIPAM lén tin hiéu SERS
cia NBA, chung t6i di tién hanh do phd SERS cua
NBA trén chit nén AuNPs@pNIPAM trong nudc
theo cac nhiét do khac nhau. Dé thyc hién thi nghiém
nay, phién AuNPs@pNIPAM duoc nhiing trong dung
dich NBA (1.10~° M) trong 5 phut, sau d6 dugc rira
sach bang nudc, trang bang ethanol va sdy kho. Sau
d6 miu duoc nhung trong nude va dwoc didu khién
nhiét d¢ trong khi tién hanh do phé SERS.

Hinh 4 thé hién pho SERS cia NBA (1.10 M)
dugc do trén nén AuNPs@pNIPAM trong nudc ¢
nhiét do dudi va trén nhiét do chuyén pha cua
pNIPAM (20 va 40°C). Két qua chi ra sy khuéch dai
(~3 14n) cua tin hidu SERS ciia NBA khi ting nhiét
d6 1én trén nhiét 46 chuyén pha cua pNIPAM (40°C)
so v6i khi ¢ diéu kién dudi nhiét d6 chuyén pha
(20°C). Piéu nay co thé dwoc giai thich 1a do khoang
cach giita AuNPs va NBA gidm di khi cac chudi
pNIPAM co lai & 40°C, nho vay tin hiéu SERS cua
NBA cang dugc tang cuong manh hon nira.

4. Két luan

Vat liéu lai thé hé mdi trén co so phién nano
vang va pNIPAM cho phép ting cuong tin hiéu phd
SERS cua chit phan tich nhu Nile blue A 1én rét
nhiéu 1an nho sy c6 mit cia AuNPs voi tinh chat
cong huong plasmon bé mit va kha ning bét giir cac
chat phén tich cua pNIPAM. Két qua nghién ctru cho
thdy vat liéu lai AuNPs@pNIPAM cho phép phat
hién NBA 6 ndng dé cuc thip (1.10° M) véi tin hiéu
phd 15 nét va do phan giai cao. Pic biét, khi c6 mit
pNIPAM, céc phéan tir NBA duoc kéo vé gan hon véi
bé mit nano vang lam ting cuong hon nita tin hiéu
phé SERS 1én t6i 10° 1an so v&i truong hop khong co
pNIPAM. Bén canh d6, vdi tinh chét nhay nhiét cia
pNIPAM, vit licu lai AuNPs@pNIPAM tré thanh
cong cu thong minh, cho phép tang/giam cuong do tin
hiéu SERS bang cach thay doi nhiét d6 moi trudng.
Hon nita, sy thay doi trang thai cia pNIPAM theo
nhiét d6 co thé gitip bat-nha chit cin phan tich, nhim
tai str dung vat li€u, day la dac tinh hiru ich trong ché
tao cam bién xac dinh theo thoi gian thyuc tai hién
truong.
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