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Nghién ciru tong hop nano bac va danh gia dnh huéng ciia kich thudéc hat
téi pho tan xa Raman tang cuwdng bé mat cia xanh methylene
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Tom tat

Phé tan xa Raman tdng cudng bé mét (Surface-Enhanced Raman Scattering -SERS) la mét ky thuat hién
dai cho phép tdng cuong manh mé tin hiéu phd tan xa Raman cta chét phén tich. Hién twong SERS duoc
gidi thich Ia lién quan téi hién twong plasmon bé mét cla chét nén duwoc st dung trong phép do Raman.
Trong bao céo nay, nano bac véi tinh chét cong hudng plasmon bé mét duwoc st dung lam chét nén cé kha
nédng tang cuong tin hiéu phé Raman cida thuéc nhuém xanh methylene 1én t6i 108 lén. Pac biét, céc hat
nano bac cé buwéc séng cuc dai hdp thu plasmon ndm gén véi buéc séng kich thich cia phép do Raman
cho phép tdng cuong manh hon tin hiéu phé Raman cta chét phén tich. Qué thuc, phé SERS trén co s&
nano bac cho phép phat hién siéu nhdy céc chat phan tich ma khéng phé hiy méu nén rét thich hop cho
viéc phén tich tai hién trirong va céc déi tuong trong linh vure y sinh.

T khoéa: SERS, hat nano bac, hiéu (rng kich thwédc hat
Abstract

Surface-Enhanced Raman Scattering (SERS) is a modern technique that strongly enhances the Raman
scattering signal of the analysts. The SERS phenomenon was explained by the localized surface plasmon
resonance (LSPR) of the Raman substrate. In this report, silver nanoparticles one of the plasmonic
structures were used to enhance the Raman signal of the methylene blue dye up to 108 times. Especially,
the highest Raman signal enhancement was observed when the plasmon resonance wavelength was close
to the laser excitation wavelength. Thus, the silver nanoparticles-based SERS technique allows for the ultra-
sensitive detection without destroying the sample which is sustable for point of care testing and biomedical

analysis.
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1. Mé déu

Ké tir khi duoc phat hién cach day bdn thap ky,
phd tan xa Raman ting cuong bé mit (Surface-
Enhanced Raman scattering, SERS) duoc danh gia la
mot trong nhitng céng cy manh nhit co kha nang phat
hién siéu nhdy cac phén tr ma khong can diéu kién
chuin bi mau dic biét [1-3]. K§ thuat nay cho phép
tang cuong manh mé tin hiéu phd Raman cua cac
phan tr bi héip thu trén cac bé mat cac kim loai dic
biét nhu vang, bac, déng... nho hiéu tmg truong dién
tir bén trong cac kim loai d6 [4, 5]. Déc biét, cac kim
loai nhur vang, bac, dong & cau tric nano va khi kich
thudc cua chung nhé hon budc séng cua bic xa tdi sé
xuét hién hién tuong cong hudng plasmon bé mit
(Surface Plasmon Resonance, SPR) [6, 7]. Plasmon
bé mit 1a su dao dong cua cac electron tu do & bé mat
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cua cac hat nano kim loai nhu vang, bac, déng, duoc
goi chung 1a nanoplasmonics, v6i sy kich thich cia
anh sang téi. Hi€u tng plasmon bé mat dan t6i su hép
thu 4nh sang manh mé& cta cac hat nano kim loai. Céac
dai bude song hip thu phu thude rat nhidu vao ban
chét cua kim loai cling nhu hinh dang va kich thudc
cua chung.

Hién tugng SERS dugc phat hién lan dau tién
bdi Fleishman (Pai hoc Southampton, Anh) vao nam
1974 khi tién hanh do phd Raman cia phan tir
pyridine hdp phu trén dién cuc bac co bé mat xu xi
[2]. Khi nguyén t& bac & kich thudc nano thi kha
ning ting cuong tin hiéu phd Raman cé thé manh
hon rét nhiéu. Do d6, hat nano bac (AgNPs) duoc coi
la vat liéu co tiém niang Gmg dung nhit trong phat
trién cac ky thuat phéan tich dua trén hiéu tmg SERS.
Hon nita, dé téng hop dwoc nano bac doi hoi chi phi
khong cao va quy trinh tong hop don gian. Kich
thude va hinh dang cua cac hat nano bac cé thé dé
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dang kiém soat thong qua viéc thay ddi cac thong sb
trong quy trinh tong hop. Do d6, dy 1a noi dung thu
hat duge sy quan tdm nghién ciru cia dong dao cac
nha khoa hoc va phat trién cong nghé [8, 9]. Nhidu
nghién ciru trén thé gidi hién nay tap trung vao hudng
ché tao nano bac véi hinh dang khac nhau (hinh que,
dang rang cua...) va danh gia hoat tinh SERS cua
chang [10, 11]. Mot s cong bd gan day cua cac nha
khoa hoc trong nudc ¢ thé ké dén nhu nghién ciru
hoat tinh SERS cuia hat nano bac dugc ché tao béng
cach an mon laser tim kim loai bac [12], nghién ciru
ché tao nano bac trén dy nano Si hodc phién Si trong
ung dung phé SERS dé xac dinh thudc bao vé thuc
vat [13-15]. Ngoai ra, cac loai vét liéu composite trén
co s& nano bac nhu Ag—MnFe;Oy4 [16] hay Ag/dng
nano cacbon [17] ciing da dugc phat trién.

Viéc nghién cuu anh hudng cua hinh dang va
kich thudc hat nano téi kha nang tang cuong tin hi¢u
phd tin xa Raman ciing c6 vai trd vo cing quan
trong. Két qua cua cic nghién ctru nay giup dinh
hudng lya chon va ché tao ciu trac vat liéu phu hop
véi diéu kién do dac nham thu duoc chét nén c6 kha
nang tang cuong tin hi¢u phd Raman manh nhét, nho
vy do nhay cua cac phép phan tich duoc t6i uu hoa.
Trong nghién clru nay, nano bac véi cac kich thudc
khac nhau dugc tong hop va dic trung cdu triic bang
gian dd nhidu xa tia X (XRD), quang phd hip thu
UV-vis va kinh hién vi dién tir truyén qua (TEM).
Céac két qua nghién ciru danh gia kha nang ting
cuong tin hiéu phé Raman cia cac mau nano bac véi
céc kich thuéc khac nhau sir dung chit phan tich xanh
methylene ciing dugc trinh bay dudi day.

2. Thye nghiém
2.1. Héa chit va thiét bi

Mubi AgNOs, NaBHa, polyvinyl pyrrolidone
(PVP), xanh methylene (MB) déu & dang tinh khiét
phén tich dugc mua tir Sigma Aldrich.

Nano bac sau khi tong hop dugc dic trung bang
gian d6 nhiéu xa tia X (XRD) trén may D8 Advance-
Bruker va quang phd hap phu (UV-Vis) trén may
quang phd SHIMADZU UV-1280 véi khoang budc
song tir 200 nm dén 900 nm. Hinh anh kinh hién vi
dién tir truyén qua (TEM) dugc ghi tir may JEOL
100-CX II microscope & 100 kV. Phd tan xa Raman
duoc do trén may LabRam HR Evolution st dung
ngudn laser c6 bude song 1a 514 nm; cuong do 1,25
mW va chit phan tich 1 xanh methylene.

2.2. Téng hop nano bac (AgNPs)

Nhé giot tir tr 10 ml dung dich AgNO3 (khong
¢6 hodc c6 thém 0,1 g PVP) vao binh nén chira 30 ml
NaBH4 (2 mM hodc 4 mM) da duoc lam lanh. Dung
khudy ngay khi vira nho giot xong. Sau 5 phat dé yén
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binh phan ung s€ thu dugc dung dich nano bac cé
mau vang sang.

3. Két qua va thio luin

H¢ keo nano bac duoc hinh thanh tir qua trinh
khir Ag" vé Ag® nho viée st dung chit khir NaBH,
theo phuong trinh (1). Qua trinh khir nay c¢6 thé dé
dang quan sat thong qua sy d6i mau cua dung dich tir
trong su6t khong mau (Ag") sang mau vang sang
(Ag").
2AgNO;+ 2NaBH, = 2Ag + H, + BoHg +2NaNOs (1)

Su hinh thanh cia Ag duoc dic trung bang gian
dd nhidu xa tia X (hinh 1) véi dai quét goc 20 tir 20
dén 80°. Két qua cho thdy sy xuét hién 4 dinh rd nét &
cac gia tri 20 1a 38,1; 44,3; 64,4 va 77,4° dac trung
cho cac mat phan xa tuong ung la 111, 200, 220 va
311 cua Ag.
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Hinh 1. Gian d6 nhiéu xa tia X cua hé nano bac médi
tong hop

Hé keo nano bac c6 thé duoc dic trung cAu tric
boi phd quang hap thu UV-Vis. Vi tri, cuong do ciing
nhu d6 rong ban song (The peak width at half the
absorption maximum - PWHM) cia phd hap thy
quang cua nano bac phu thudc chat ché vao kich
thudc hat ciing nhu d6 ddng déu cua hé. Khi st dung
chat khir NaBH4, phan tng khir tir Ag™ vé Ag® xay ra
rat nhanh. Do d6, néu khong c¢6 chit bao vé thi kich
thudc ctia nano bac c6 thé tang 1én nhanh chéng va dé
dang xay ra hién tuong keo tu. Vi vy, dé on dinh
kich thuéc hat nano cling nhu lam bén hé keo, PVP
thuong dugc thém vao trong quéa trinh tong hop
AgNPs. Bé danh gia vai tro ctia PVP, chiing t6i tién
hanh tong hop hai mau AgNPs voi quy trinh giéng
nhau (ndng d6 AgNO; = 1 mM, nong d¢ NaBH, = 2
mM) nhung khéac nhau 1a m¢t mau c6 PVP (goi tat 1a
AgNPs@PVP) va mot mau khong c6 PVP (goi tit 1a
AgNPs). Hinh 2a mé ta phd UV-vis ctia hai mau
AgNPs va AgNPs@PVP tong hop dugc. Tir phd hip
thu quang hinh 2a, d& dang nhan thdy trong truong
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hop c6 mit PVP thi phd hap thu UV-vis cho dinh can
dbi hon so véi trudng hop khong c6 PVP. Diéu nay
chimg to cac hat AgNPs duoc tong hop tir quy trinh
¢6 PVP c6 kich thudc dong déu hon so véi truong
hop khong c6 PVP. Bén canh d6, pho UV-vis cua
méu AgNPs@PVP c¢6 dinh cuc dai hép thu nam &
phia budc song dai hon so véi truong hop khong co
PVP. Biéu nay c6 thé duogc giai thich 1a do chiét suat
mdi truong bao quanh hat nano bac trong trudng hop
c6 PVP 16n hon so vai truong hop khong cdé PVP. Su
khac nhau vé& phd hdp phu UV-vis ciia hai mau
AgNPs va AgNPs@PVP ciing c6 the dé dang quan
sat thong qua sy khac nhau vé mau sdc clia hai mau
sau khi tong hop ¢ hinh 2b.
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Hinh 2. Phé UV-Vis cua 2 miu AgNPs va
AgNPs@PVP sau khi tong hop (a); hinh anh 2 mau
AgNPs va AgNPs@PVP moi tong hop (b); hinh énh
hé nano bac sau 60 ngay dbi véi miu AgNPs@PVP
(c) va AgNPs (d).

Dé danh gia d6 bén cua hé nano bac trong hai
truong hop c6 va khong c6 PVP, ching toi tién hanh
quan sat mau sic clia cac mau theo thoi gian (hinh 2b,
2¢ va 2d). Két qua cho thdy, sau 60 ngdy mau AgNPs

76

khéng co 16p bao vé PVP bét dau c6 cac 16p mang
mau den bam quanh thanh cdc va phia trén bé mit
dung dich (hinh 2d). Mau cua hé keo dadm hon so véi
ban dau. Piéu nay c6 thé dugc giai thich 1a do hién
tugng cac hat nano bac bi keo tu thanh céac hat 16n
hon. Trong khi d6, miu AgNPs@PVP van giit
nguyén mau sic nhu khi vira méi duoc tong hop
(hinh 2c¢). Piéu nay chimg to vai trd bao vé cua 16p
PVP dbi véi hé keo nano bac. Muc dich chinh cua
viéc cho thém PVP vao hé nano bac 1a han ché sy
phat trién ctia nano bac nhiam can ch¢ sy ting kich
thudc cua ching va giam nguy co keo tu. Co ché bao
vé cua PVP duogc giai thich 1a do tuong tac cua
nguyén tir N trong PVP véi nguyén tir Ag va nho do
mdt 16p mang phu s€ dugc tao ra trén bé mit cua céac
hat nano bac. Lép mang nay giup trc ché sy phat trién
va keo tu ctia cac hat nano bac [18].

V6i muyc tiéu danh gia sy anh huong cua kich
thude hat t6i hoat tinh ctia hé nano bac, hai mau nano
bac véi kich thudc khac nhau da duge tong hop bang
cach thay ddi nong do6 NaBH. trong qué trinh khir,
cac diéu kién khac duoc giit khong dbi (ndng do
AgNO; 1 mM, c6 sir dung PVP). Hinh 3a mé ta phd
hap thu quang UV-vis ciia hai mau nano bac AgNPsl
va AgNPs2 téng hop duoc tir diéu kién ndng do
NaBHj; tuong ung 1a 2 mM va 4 mM.
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Hinh 3. (a) Phd UV-Vis ciia hai mau AgNPsl va
AgNPs2 sau khi tong hop va rira ly tim 2 lan dé loat
bo PVP va anh TEM tuong tmg: (b) AgNPsl va (c)
AgNPs2.

Két qua cho thay phé hap thu quang ciia mau
AgNPsl c6 cyc dai hép thy nam ¢ phia bude séng dai
hon so v&i mau AgNPs2. Diéu nay chung té hé nano
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bac AgNPsl c6 kich thudc hat 16n hon AgNPs2. Bén
canh d6, gia tri d6 rong ban séng (PWHM) cuia mau
AgNPS2 duogc xac dinh khoang 93,7; trong khi do6,
PWHM cta mau AgNPs1 13 95,2. Diéu nay ching to
mau AgNPs2 c6 kich thudc hat dong déu hon mau
AgNPsl. Hinh anh TEM ctia hai mau AgNPsl va
AgNPs2 trén hinh 3b, 3¢ cling chi ra sy khac biét vé
kich thuéc ciia cac hat nano bac trong hai mau. Mau
AgNPs1 cho kich thudc hat nano bac khoang 22 nm
v6i do dong déu khong cao. Trong khi d6, anh TEM
cia mdu AgNPs2 lai cho thdy kich thudc hat nano
bac khoang 14 nm va d¢ dong déu cao hon.

Dé danh gia kha ning ting cuong tin hiéu phod
tan xa Raman cta cac hat nano bac, ching t6i da lya
chon chit phan tich 1a thudc nhuém xanh methylene
(MB). Pé do dugc phd Raman chuén ciia xanh
methylene, ching t6i nhé giot 40 pulL dung dich xanh
methylene ndng d6 1,56 M 1én phién silic va doi kho,
sau d6 tién hanh do phd tan xa Raman véi ngudn
chiéu laser c6 budc song 514 nm va cudng do 1,25
mW. Két qua phd chuan ctia xanh methylen duoc thé
hién trén hinh 3 (duong a-mau den). Véi truong hop
c¢6 mat cac hat nano bac, 40 pL dung dich xanh
methylene ndéng d6 5.10° M duoc pha tron Voi 160
uL mau AgNPsl hoac AgNPs2 dé dat dwoc ndng do
cudi cung cua xanh methylene 1a 10 M. Tuong tu,
hé chira xanh methylene va nano bac dugc nho giot
1én phién silic, doi kho va do phé tan xa Raman voi
cung diéu kién ctia phép do phd chudn ciia MB & trén.
Chu y, truée khi duge st dung cho phép do Raman
céc hé keo nano bac sau khi tong hop s& dugc rira ly
tam 2 1an voi diéu kién tbe do quay 10.000 vong/phut
trong 15 phiit/lan dé loai bo PVP. Két qua phd Raman
ciia xanh methylene néng d6 10 M khi c6 mat
AgNPsl1 va AgNPs2 duoc thé hién trén hinh 4 (duong
b-mau dé va dudng c-mau xanh, tuong tng).

Céc dai phd tan xa Raman trén hinh 4 déu xuét
hién cac dinh dac trung ciia xanh methylene: cac dinh
& dai song 431 va 480 cm! ddc trung cho dao dong
bién dang cua lién két C-N-C; dinh ¢ sb song 666 cm-
! ddc trung cho dao dong bién dang ngoai mit phang
ctia lién két C-H; dinh ¢ s6 song 751, 866 va 964 cm’!
dic trung cho dao dong bién dang cua lién két C-H;
dinh & dai song khoang 1187 cm™ dic trung cho dao
dong hoa tri cta lién két C-N, dinh ¢ dai song khoang
1309 cm™! dic trung cho dao dong bién dang ciia lién
két C-H vong thom, dinh & s6 song 1447 cm™ dic
trung cho dao dong hoa tri bat di xung cua lién két
C-N va dinh & s song 1570 em™ déc trung cho dao
dong bién dang cua lién két C-C vong thom [19]. Pic
biét, dinh ¢ s6 song 229 cm xuét hién 15 nét véi
cuong do rt cao trong trudng hop c¢6 mit nano bac
ma khong xuat hién trong phd Raman thong thudng
cua MB. bay la dinh dac trung cho dao dong hoa tri
ctia lién két Ag-N trong phirc chét giita Ag va xanh
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methylene. Sy xuat hién ciia dinh nay chung to su
hinh thanh phtrc chat gitta Ag va MB. bay cing la
mot trong nhitng yéu t6 quan trong quyét dinh téi
hoat tinh SERS ctia nano bac.
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Hinh 4. Phd tan xa Raman cua xanh methylene
1,56M (duong den-a); pho SERS cua xanh methylene
10 M trén chat nén 1a AgNPs2 (duong do-b) va
AgNPsl (duong xanh-c).

Khi so sanh cac phd Raman trén hinh 4, ta thdy
tin hiéu pho ciia MB (10° M) khi ¢c6 mat AgNPs1 va
AgNPs2 cao hon rat nhidu so véi tin hiéu phd cua
MB (1,56 M) mac du MB khi trén vdi nano bac cé
nong do thap hon rit nhidu. Piéu nay chimg to cac
hat nano bac ma chiing t6i tong hop dugc co kha ning
tang cuong manh mé& tin hiéu phé Raman ciia MB.
No6i cach khic, tin hiéu phé thu duoc cua xanh
methylene khi dugc trén véi nano bac chinh la phé
tan xa Raman tang cuong bé mit (SERS). Nho hién
tuong nay ma nano bac c¢6 kha ning lam chat nén
gitip phat hién thuéc nhuém MB vé6i nong do rat nho
trong phan tich. Pé danh gia dinh luong kha nang
ting cuong tin hiéu phd Raman cua cac chat nén,
ngudi ta dwa ra thong sb “chi sb ting cuong”
(enhancement factor — EF) dugc tinh toan theo cong
thirc sau [20-21]:

1

SERS

XM,
x M

EF =
1

Raman ads

trong d6 My 1a s6 phan th chét phan tich khi khong
dugc tang cudng, M 1a 56 phan ti chat phan tich
khi duoc hap phu lén/tron véi chit nén co hoat tinh
SERS, Iszes 1a cuong do dinh cua phd SERS va Iraman
1a cuong do dinh ¢ cung sO song cua ph6 Raman. Chi
sO tang cuong cua hai chat nén AgNPsl va AgNPs2
dbi v6i mot s dinh chinh cuia MB dugc thé hién
trong bang 1.

Két qua cho thay mau AgNPs] c6 kha ning ting

cuong tin hiéu phf) Raman cua MB manh hon so véi
mau AgNPs2. DPiéu nay c6 theé dugc giai thich 1a do
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bude song cuc dai hép thu cia mau AgNPs1 ndm gin
hon véi bude song cua ngudn sang kich thich (514
nm) so voi mau AgNPs2. Qua day ta thay mudn thu
dugc chi s EF cao can st dung cdc mau nano bac co
budc song cuc dai hip thu gan nhat voi bude song
ctia ngudn sang kich thich.

Bang 1. Chi sd taing cuong (EF) cua chit nén
AgNPsl1 va AgNPs2 d6i v6i mét so dinh chinh trong
pho tan xa Raman cia MB

Sb song EF ctia AgNPsl1 EF ctia AgNPs2
(em™)
754 1,1.108 1,01.108
866 6,2 .108 5,3.10°
964 5,9.10° 5,8.10°
1309 3,2.10° 2,8.10°
1570 4,3.10° 3,5.10°

4. Két luan

Trong nghién ctu nay, ching t6i da téng hop
thanh cong hai mau nano bac véi kich thude hat khac
nhau. Cac hat nano bac dugc dénh gia cé kha néng
tang cuong manh mé tin hiéu tin hi¢u phé tan xa
Raman (SERS) cuia thuéc nhuém xanh methylen 1én
t6i 108 1an. Két qua so sanh tin hiéu SERS trén chit
nén 1a cac hat nano bac ¢6 kich thuéc khac nhau cho
thdy cac hat nano bac v6i kich thude 16n hon ¢6 buge
song cuc dai hap thy gan véi budc song cua nguon
sang kich thich hon thi kha ning ting cudng phd tan
xa Raman manh hon. Hién tuong cdng hudng
plasmon bé mit véi bude séng cuc dai hip thu tuong
mg v6i ngudn sang kich thich cua phép do Raman
chinh 13 diém mau chdt khuéch dai tin hiéu trong hiéu
ung SERS.
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