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Tom tat. Trong bao cao nay, chiing toi trinh bay cac ket qua ngMen ctru ch6 tao cac he 
day nan6 silic xep thang hang (ASiNW) co phu cac hat nano bac (AgNPs) va sii dung 
chung nhu la cac de de phat hien lugng vk ciia cac chdt huu co doc hai bSng ky thuat tan 
xa Raman tang cucmg b8 mat (SERS). Cac he ASiNW dugfc chg tao tten tim Si bdng 
phucmg phap an mon hoa hoc vai su tra giup cua kim loai, voi hai losii dinh huong: vuong 
goc vcri be mat (VASiNW) va xien vai b£ mat Si (OASiNW). AgNPs sau do dugrc ISng 
dgng len tten cac h6 ASiNW nay bang phuong phap Idng dgng h6a hgc ttong dung dich 
c6 chiia HF va AgN03. Cac he ASiNW co ^hii AgNPs nay sau do dugc su dung de lam 
cac de SERS de phat hien lugng vet cua chat tao mau hiiu ca malachite green (MG) vk 
thuoc diet co paraquat (PQ). Cac ket qua thu dugc cho thay, neu su dung cac d6 SERS la 
cdc he VASiNW co phii AgNPs (AgNPs@VASiNW) thi co th6 phat hi?n dugc cac phan 
tir MG ttong nuac vai nong do thap den 10-13 M va he s6 tang cuong Raman dat dugc la 
khoang 1012. Con neu sii dung cac dS SERS la cac he OASiNW co phii AgNPs 
(AgNPs@OASiNW) thi co thi ha thdp n6ng do phat hien MG xuong toi 10-15 M vai he 
so tang cucmg Raman dat tai 1014. Ngoai ra, neu six dung cac de SERS 
AgNPs@OASiNW de phat hien lugng vet ciia PQ ttong nuoc thi c6 th6 phat hien dugc 
cac phan tii PQ vdi ndng dp thap nhSt la 5 ppm. 

G l 6 l THIEU 

Tan xa Raman la mot cong cu rat hiru ich doi vai vice xac dinh cac mau hoa hoc va 
sinh hpc, ciing nhu doi vai sir giai thich can tnic phan tir, cac qua tnnh be mat va cac 
phan ling giao dien. Dieu nay xuat phat tir nguon goc xuat hien ciia loai tan xa nay. 
Trong hieu iing tan xa Raman, anh sang toi dugc tan xa khong dan hoi bai vat lieu va 
tan so ciia no bi dich di mot khoang bang nang lugng dao dpng cua phan tu cua vat 
li?u do. Vi vay, pho tan xa Raman cung cap thong tin ve cac dao dong phan hi va do 
moi loai phan hi deu co m6t so loai dao dpng dac trung nen no cho ta biet thanh phan 
phan hi ciia chdt dugc phan tich. Mac du co Igi the nhu vay nhung tan xa Raman lai hi 
h£m che rat nhieu do xac suat xay ra rat thap cua no. Nguoi ta da tinh ra rang, trung 
binh chi co mpt photon bi tan xa Raman ttong so 106-108 photon roi vao vat lieu [1]. 
Chinh vi vay ma cuang dp cua tin hieu Raman do dugc thuong rat yeu. 

Mpt huge ngoat Ion da xay ra vao nam 1974, khi nhom nghien ciiu cua Fleischmann 
da phat hien ra rang su co mat ciia mpt dien cue bac nham se lam cho cuong dp tin hieu 
Raman cua pyridin hap thu tten be mat dien cue do tang len nhieu lan [2]. Tu day bat 
dau ky nguyen cua 'Tan xa Raman tang cuong bd mat (SERS)' nhu mpt ky thuat phan 
tich phat hien lugng vet ciia cac phan tii huu co va sinh hpc. 
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Trong hieu img SERS, cucmg do cua cac vach ph6 tan xa Raman cua cac phaii hi 
nam tren hoac njm gin cac b6 mat 'kim loai g6 gha a cip dp nano se duoc tang ™ong J 
len rit nhiSu lin. Phuong phap nay da va dang duoc phat trien de phat hien mot luong 
rit nho cua cac phan ni hoa hoc hiru ca hoac smh hoc va trong mpt vai truong hpp, 
SERS tham chi c6 thj phat hien tcri dcm phan rtr [3, 4]. 

Cac CO ch6 gay ra SERS cho dSn nay vin con nhi^u diem chua ro. Tuŷ  v^y, sau 
nhiSu thap ki tranh cai, dSn nay cac nha nghien cim noi chung da tiiong nhat rang c6 
hai CO ch6 chu yiu gop phin vao su tang cuong tin hi?u Raman ttong hieu iing SERS 
la CO chi dien tir (EM) va co chi hoa hpc, trong do su tang cuong EM co dong gop 
chu yiu [3-8]. Cu thi, trong mpt so trudng hpp, su tang cuong SERS co the dat den 
1014 [6] thi su tang cuong EM se dong gop it nhat 108 - 1010, trong khi su tang 
cuong hoa hpc chi dong gop co 101-102 [7, 8]. 

Co chi EM giai fliich ring viec tang cuong tin hieu Raman ttong SERS chu yeu la 
do cpng hucmg plasmon bi mat dinh xil (localized surface plasmon resonances -
LSPR). Trong cac kim loai, cac tmh chit quang hpc chu yiu la do cac dien tu dan cua 
kim loai gay ra. Duoi su kich thich cua anh sang tcri, cac dien tii ttt do tten be mat kim 
loai hi kich fliich va dao dpng tap flii so voi cac loi ion kim loai. Tap hop ciia cac dao 
dpng tap thi nay dupe gpi la plasmon be mat. Khi cac plasmon bi mat cpng huong vcri 
tin si ciia anh sang toi, LSPR se niy ra [9, 10]. LSPR se gay ra su tang cucmg ttuong 
EM cue bp d bi m t̂ ciia cac hat kim loai va truong^ nay phan tan nhanh chong ra khoi 
bi mat kim loai. D6i voi cac phan tii phan tich hap thu tten be mat cua cac be mat 
nano kim loai hoac nam gan cac be mat nay, truong toi se dupe tang cuong do no cpng 
hucmg vol plasmon bi mat. Tuong tu, tnrong tan xa Raman ciing se dupe tang cudng 
niu n6 cpng huong voi plasmon be mat ciia be mat kim loai v^ do do tin hieu Raman 
ciia cac phan tir chat phan tich se duoc tang cuong [11, 12]. 

Nhu ten gpi "tan xa Raman tang cuong be mat" da chi ra, str khuech dai cua tm hi?u 
Raman ttong SERS phu thupc manh vao tinh chat va dac diem ciia be mat kim loai ma 
cac phan tu chat phan tich duac hap thu tten do. Mpt sp kim loai nhu Ag, Au, Cu c6 
the cung cap su tang cuong SERS lorn va do d6 ciing la nhiing kim loai duac su dung 
nhieu nhat ttong cac nghien ciiu ve SERS. Trong so do Ag da dupe chiing minh la vat 
lieu thich hpp nhit va chp su tang cuong tin hieu ttong SERS tot nhit. Sir tang cuong 
SERS Cling phu thupc rit nhiiu vao dp go ghe ciia cac ciu tnic kim loai. Ngoai ra, thay 
vi mpt be mat go ghe, nguoi ta ciing co thi sir dung mpt he cac hat nano kim loai [3, 
4]. Bang each kiem soat hinh dang (hinh thai hpc be mat), kich thudc va khoang each 
giua cac hat nano, ta co the co dupe su tang cuong tm hieu SERS tii uu tii cac cau tnic 
nano kim loai tai mot budc sdng mong mudn [13, 14]. Trong s6 nhiing yiu td nay, 
hinh thai be mat va khoang each giira cac hat la hai yiu td d^c biet quan ttpng. Cac 
nghien cira da chi ra rang khoang each giiia cac hat nand cang nho (khoang mpt vai 
nanomet) cd the tang cudng rit manh tin hieu Raman cua cac phan tu chit phan tich 
hap fliu tten cac hat nand nay [15]. Cac khu vuc ma trudng EM cue bp dupe tang 
cudng manh thudng duac gpi la cac "diim ndng" SERS, nhu v$y cac viing giira cac 
hat nand kim loai thudng la cac diem ndng chinh. Mat dp cua cac diim nong cang 
nhieu thi sy tang cudng tin hieu SERS se cang manh. 

Be mat kim loai hpac he hat nand kim loai duac dimg de khuech dai tin hieu tan xa 
Raman eua cac phan hi chat phan tich hap thu tten nd duoc gpi la de SERS. Ki tir khi 
phat hien ra SERS, van de quan trpng nhat ddi vdi cac nghien ciiu img dung cua SERS 
la phai che tao dupe cac de SERS vdi kha nang tang cucmg tin hieu Raman manh nhit 
va cd dp dn dinh, dp lap lai tit nhat. Cac di SERS vdi hinh thai hpc thich hpp se giiip 
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cho cucmg dp tm hieu Raman cua phan hi can phan tich dugc tang len dSn 1014 l§n. 
Do do viec lira chpn loai dS SERS cung nhu cac phuang phap chd tao di SERS tta 
thanh mpt vin de ttpng tam cua cac nghien ciiu ve SERS ttong thai gian gdn day. 

He cac hat kim loai nano ttong dung dich huyIn phu la 6i SERS dugc sir dung 
nhidu nhat ttong cac nghien cihi ve SERS [3,4,16,17]. Cac diem thu hiit chinh ciia loai 
dd nay la co thd che tao chiing de dang voi chi phi thap nhung ttong khi d6 chiing v§n 
CO su tang cuang SERS Ion. Tuy vay, loai de SERS nay co mpt nhugc didm la co dp 
6n dinh va dp lap lai khong tot do cac hat kim loai nano ttong huyen phu lien tuc 
chuyen dpng dSn den khoang each giiia chung cung lien tuc thay doi. Sir tu dam cua 
cac hat nano ttong dung dich huyen phu ciing la mpt nguyen nhan lam cho kha nang 
tai san xuat ciia de loai nay kho khan ban [18]. Mpt each tidp can de khac phuc dugc 
ban chd ve dp on dinh va su lap lai ciia cac dd hat nano kim loai huydn phu la gSn c6 
dinh cac hat nano kim loai len ttdn mpt mat phang. Loai de nay cung cho thay hieu qua 
tang cuong tin hieu Raman kha tot vai dp on dinh tot hon so vai cac dd SERS huyen 
phu nano kim loai [19]. 

Vi su tang cuong SERS ph\i thupc rat manh vao cac "didm nong", mat dp "didm 
n6ng" cang nhieu thi su tang cuong SERS se cang manh. Dua vao diem nay, mpt s6 
cac cong trinh nghien ciiu da dugc tridn khai vai muc dich tang cuang mat dp "diem 
nong" bang each sii dung cac dd eo dien rich be mat lan nhu cac dd nano xop [20] hay 
SiNW [21] thay cho cac dd phang. Voi vide sir dung cac mang SiNW, dien tich bd mat 
hieu dung ciia Si dugc tang len nhieu, nha do so lugng cac AgNP lang dpng ttdn bd 
mat de Si ciing dugc tang len rat nhieu. Hon niia, khi cac phan tir cua chat phan tich 
dugc lang dgng len tten de SERS AgNPs@SiNW, chiing se dugc bao quanh boi cac 
AgNP theo nhidu huong giong nhu ttong mpt dt huyen phii kim loai. Vi vay chiing ta 
c6 thd mong dgi rang su tang cuong SERS se tang Idn dang ke so voi truong hgp cua 
dd SERS la cac AgNPs tten de phang. Hgn niia sy chd tao cac mang SiNW co trat tu 
dong nhat da tto ndn kha dd tidp can va kidm soat t6t. Do do, hidu suat SERS c6 the 
dugc cai thi?n han niia bang each thay doi hinh thai cau tnic ciia cac SiNW mgt each 
thich hgp dong thoi van co the dam bao dp lap lai cua de SERS. 

Trong bao cao nay, chiing toi trinh bay cac ket qua ve nghien ciiu chd tao cac de 
SERS sii dung cac he ASiNW co bao phii cac AgNPs va diing cac dd nay dd phan tich, 
phat hi$n lugng vdt cua cac chat hiiu co dpc hai dya tten hieu img SERS. Cac he 
ASLNW se dugc che tao ttdn cac dd Si co dinh huong (100) va (111) bang phuang 
phap MACE dt co thd thu dugc cac he ASiNW thang diing va xidn so voi vd mat dd 
Si. Cac AgNPs dugc bao phu len ttdn cac he ASiNW bang each lang dpng h6a hpc 
ttong dung dich co chiia axit HF va AgN03. Cac de AgNPs@ASiNW sau khi dugc 
che tao se dugc sii dimg lam cac dd SERS dd phan tich phat hidn cac phan tir MG va 
PQ ttong nugc. Cac ket qua thu dugc ciing nhu cac thao luan vd cdc ket qua nay se 
dugc trinh bay cu the ttong bao cao nay. 

THirc NGHIEM 

I. Che tao cfic hf AsiNW 
Cac he ASiNW dugc che tao bang each an mon MACE dd Si co bao phii Ag ttong 

dung dich an mon co chiia axit HF va HiOj. Truac khi tien hanh chd tao, de Si dugc 
ma de lam sach be mat ttong cac dung dich Ethanol, Acetone, HNO3/H2O = 1/1, HF 
5% (% tinh theo thd rich) va rua vai lan trong nuac khii ion. 
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Di chi tao cac he VASiNW, cac di Si vcti dinh hudng tinh tiii (100) dupe s 
dung lam di ban diu. Trade tien, di Si se dupe ling dpng Ag len tten be mat bang 
each nhiing vap dung dich co chiia 4,6 M HF va 15 mM AgNOj ttong thdi gian 1 philt 
Sau budc ISng dpng nay, toan bp bi mat di Si se dupe bao phii mpt ldp h»t nano Ag. 
Cac di Si cd bao phu Ag nay sau dd se dupe tien hanh an mdn hoa hoc ttong dung 
dich 4,8 M HF va 0,4 M H2O2 ttong thdi gian 90 phut di hinh tiianh cac he VASiNW 
vdi cac NW tiling diing vuong gdc vdi di Si. Trong viec che tac) cac he VASiNW, 
budc ttang bac (ling dpng cac hat nano bac) len bi mat tim Si ddng mpt vai ttd het 
siic quan trpng. Cac nghien ciiu vi anh hudng ciia budc nay den cac tinh chat eua he 
VASiNW thu dupe da dupe chiing toi trinh bay ttong [21]. 

Di tao duoc cac he OASiNW vdi cac NW xien so vdi bi mat de, cac de Si voi 
dinh hudng tinh flii (111) da dupe lua chpn su dtmg. Di Si dupe ling dpng Ag len tten 
be mat bing each nhiing vao dung dich cd chira 4,6 M HF va 10 mM AgNOs ttong 
thdi gian 1 phiit. Sau do, cac di Si cd bao phu Ag nay se dupe tien hanh an mdn hoa 
hpc ttong dung dich 4,8 M HF va 0,4 M H2O2 ttong thdi gian 60 phiit. 

Cac he ASiNW sau khi dupe chi tap xpng se dupe nhimg vao dung dicli 
HNO3/H2O = 1/1 di loai bd hit Ag cdn du fliira, sau dd nia sach bing nude khu ion va 
de khd tu nhien ttong khdng khi. 

2. Che tao cac he AgNPs/ASiNW di dung lam di SERS 

Sau khi da chi tao xong cac he ASiNW, bing phuang phdp ling dpng hda hpc cdc 
AgNP da duac phii len bi mat ciia chimg. Cac he AgNPs@ASiNW nay sau do da 
dupe sii dung lam cac de SERS. 

Trudc khi tiin hanh budc lang dpng AgNP, cac di ASiNW da dupe nhiing vao 
dung dich HF 5% de tao ra cac de ASiNW vdi kit thiic bS mat -H (H-terminated 
SiNW). Sau dd cac de ASiNW nay se dupe ling dpng AgNP trong dung dich c6 chira 
axit HF va 0,3 mM AgNOs de tao thanh cac di SERS. Cac de SERS sau khi dupe chS 
tap xong se duoc riia sach bang nude khir ion va de khd ttong khdng khi. 

3. Khao sat cau true, hinh thai v^ do SERS 

Cau tnic va hinh thai cua cac de SERS se duac khao sat bang hiin vi dien tir quet 
(SEM) sir dung he do FESEM S-4800 cua hang Hitachi, Nh^t Ban va hiin vi dien tii 
ttuyin qua (TEM) vdi fliiit bi do TEM la JEM 1010 ciia hang JEOL, Nhat ban. 

Cac chat hiru ca ddc hai dupe lua chpn di phSn tich ttpng cac phep do SERS la MG 
va PQ. MG (C23H25CIN2)Ja mpt hda chit hiru ca thudng d dang bpt min, cd mau xanh 
la cay, hay dimg de nhupm cac nguyen vat lieu nhu da, soi va giiy ttong cdng nghi?p.. 
Trong linh vuc thiiy san, trudc day MG da dupe sit d\mg di xii ly nude, phdng tr) cfc 
benh nam cho cac loai thiiy san. Tuy nhien, theo cac chuyen gia vi y hpc, MG la mot 
hda chat cd the gay benh ung thu, anh hudng den siic khoe con ngudi nen da bi cim sir 
dung va duoc kiem h^ nghiem ngat vi du lupng cd ttpng thuc phim d nhiiu nude tten 
flii gidi [22]. Tuy flie gin day tai Viet Nam nhiiu dii tupng xiu vin sii dung MG dS 
nhupm cdm va dem ban tten thi trudng, lam anh hudng nghiem ttpng din siic khoe 
cua ngudi tieu dung. Thudc diet cd PQ la ten thuong mai cua hpp chit hihi co methyl 
viologen dichloride hydrate vdd cdng thirc C12H14CI2N2. PQ la hoat chit trir cd chay 
nhanh, cue ddc, tac dpng ludn len be mat cd lam cd chay khd va hien dang dupe sii 
dung rdng rai tai Viet Nam va nhieu quic gia khac de kiem soat cd dai [23]. PQ dupe 
canh bao la rat dpc hai ddi vdi con ngudi, dac biet la nd cd tac dpng dpc hai din tim 
gan. phdi va mo nao. Ngudi bi nhiim ddc PQ cd ty le hi vong cao do thiiu phucmg 
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phap dieu tn hidu qua [24, 25]. Thdm nira, viec PQ co thd de dang hoa tan hoan toan 
frong nuac (ttong khi phan lan cac loai thuoc tni sau va thuoc diet co khac chi co the 
hoa tan ttong dung moi huu ca nhu methanol, acetone...) lam cho miic dp nghiem 
ttpng cua ngp dpc PQ tta ndn cao hon [26]. Vdi nhiing anh huong tidu cue tten, vide 
xay dyng cac phuong phap phat hidn du lugng MG va PQ la mot didu ri t c5n thiet, can 
dugc quan tam nghidn cira va phat tridn. 

Dd tien hanh mpt phep do SERS, cac phan tii MG va PQ se dugc ling dpng len cac 
dd SERS bing each nho gipt 50 ^1 dung dich MG hoac PQ pha loang ttong nuoc Idn 
trdn cac de SERS. Didn tich ciia cac de SERS la —1x1 cm^. Sau do, mau SERS se 
dugc dd kho ttr nhidn ttong khong khi va se dugc do Raman. Ph6 Raman cua cac miu 
da dugc ghi boi h? do micro-Raman Jobin-Yvon LabRam vai laser kich thich He-Ne 
CO buac song 632,8 nm. 

M O T SO K E T QUA CHINH 

Hinh 1 (a) va (b) tuong iing la anh SEM bd mat va mat ci t cua he VASiNW dugc 
chd tgo ttdn dd Si (100). Tir cac anh tten ta co thd thiy r ing cac SiNW phan b6 ddng 
nhat tten toan b ^ be mat ciia dd Si va vuong goc be mat cua de vai chidu dai cua cac 
NW la khoang 12 ^in. Anh TEM ciia mpt vai SiNW dai didn cho he VASiNW ttdn dd 
Si truac va sau khi lang dpng AgNP dugc trinh bay tuong iing ttong cac hinh 1 (c) va 
(d). Tu cac anh nay co the thay ro rang sau buoc lang dpng Ag, cac VASiNW se dugc 
bao phu boi cac AgNP (cac cham den nho). Mat dp ciia cac AgNP rat day tten cac 
dmh cita cac NW v^ giam dan dpc theo chieu dai ciia NW. 

Hinh 1. Anh SEM be mat (a) vd mat cdt (b) cua cdc hi VASiNW dugc sir dung ldm cdc de 
SERS; Anh TEM cua mgt so VASiNW truac (c) vd sau khi dugc lang dgng cdc AgNP (dj. 

Duong cong (a) ttong hinh 2 cho thay pho Raman cua 50pl dung dich MG nong dp 
10-8 M ttong nuoc tten 1 cm2 de AgNP@VASiNW ma chiing toi da chd tao dugc. 
Truac tien, so sanh vai pho Raman chuan cua MG [21], co thd thay rang t i t ca cac 
dinh dugc phan tach ro rang va co cuong dp manh tten hinh 2 chinh la cac dinh Raman 
dac trung cua phan tu MG. 
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mnh 2. Phd Raman cua dung dich MG nong do W^ M dugc nho gigt lin tren cdc 

loai de khdc nhau: (a) AgNPs® VASiNW; (b) AgNP@PSi; (c) AgNP@Si vd (d) 
VASiNW khong trdng AgNP. 

Tidp ±eo, dd khing dinh vai tto quan ttpng ciia cac AgNP ttong hieu iing SERS, 
chung toi da tidn hanh nho gipt dung dich co chica cac phan hi MG Idn miu VASiNW 
khong dugc phu AgNPs va sau do thuc hien cac phep do Raman. Kdt qua thu dugc 
(duong cong (d) ciia hinh 2) cho thiy r ing ndu khong co cac AgNP, hidu img SERS se 
khong xay ra va chiing ta se Ichong tiiu dugc pho Raman ciia cac phan tu MG. Kdt qua 
nay mpt lin nira khing dinh vai tto quydt dinh cua cac hat nano kim loai ttong vi$c 
tang cuong tin hidu Raman cua chit hiiu co can phan tich ttong hidu iing SERS. 

Dd so sanh tin hidu SERS thu dugc cua cac dd AgNPs@VASiNW so voi tm hieu 
thu dugc ciia mot s6 loai dd SERS khac, cac phep do Raman ciing da dugc thi;c hien 
d6i vai cac dd Si x6p va dd Si phing co phu cac AgNP (tuong ling la AgNPs@PSi va 
AgNPs@Si) CO nho gipt dung dich MG c6 ndng dp 10"^ M Idn ttdn bd mat. Cac kdt qua 
thu dugc cung dugc chi ra ttdn Hinh 2 (cac ducmg cong (b) va (c)). CJ day, chiing ta co 
thd thiy r ing tin hidu SERS cua MG ttdn dd AgNPs@VASiNW manh ban r i t nhidu so 
voi nhirng tin hidu thu dugc cua MG ttdn cac dd AgNPs@PSi (duong cong (b) va 
AgNPs@Si (duong cong (c)). Kdt qua nay co thd dugc giai thich nhu sau: Do c^c de 
SiNW CO dien tich be mat hieu dung lan hon so vai dd Si xop hoac dd Si phang cho 
nen ndu tinh ttdn mpt dan vi dien tich be mat,mat dp cac AgNP ttdn dd ASiNW se nieu 
hon han so voi mat dp cac AgNP tten hai dd con lai. Nhu da trinh bay truoc do, mat dp 
cua cac AgNP hay mat dp cac "diem nong" se anh huong rat manh den kha nang tan§ 
cuong tin hieu Raman cua dd SERS, din den kha nang tang tang cuong SERS cua de 
AgNPs@VASiNW se manh hon nhidu so voi hai loai dd kia. 

Kdt qua tidp theo ma chiing toi quan sat dugc la cucmg do ciia dinh Raman giam khi 
giam nong dp MG ttong cac dung dich nho gipt len be mat dd SERS. Kdt qua nay 
dugc minh hga bang hinh 3, ttong do cac duong cong (a), (b), (c) va (d) tirong iing la 
pho Raman ciia cac dung dich chira 10"^, 10"^, 10"" va 10"'^ M MG ttong nuac. Tu 
hinh ve nay co thd thay rang khi nong dp MG ttong dung dich giam, cuang dp cac 
dinh Raman se giam di. Khi nong dp MG ttong dung djch giam den khoang 10"'' M. 
cucmg dp tin hieu Raman cua MG thu dugc la kha yeu. mpt so dinh Raman da bi bien 
mat hoac hi chong chap vao nhau. Tuv vav co the thay rang mpt vai dinh chinh dac 
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tnmg cho MG vin dugc phan tach ro rang. Do do v in co tiie su dung ph6 Raman nay 
lam du lieu de phat hien MG. Khi nong dp MG ttong dung dich tidp tuc dugc giam 
xudng den lO"'"̂  M thi cac dmh pho Raman dac trung ciia MG bidn mit. Nhu vay co 
thd kdt luan ring gioi han phat hidn d6i voi cac phan tu MG ciia dB AgNPs@VASiNW 
ma chiing tdi chd tao dugc la 10"'^ M. 

1000 1200 1400 1600 1800 

Dich diuyen Raman (cm' ) 

Hinh 3. Pho Raman cua dung dich co chua MG vai nong do khdc nhau: (a) 10', 
(b) Iff^, (c) ICr" vd (d) W'^Mdugc nho gigt lin tren cdc de AgNPs@VASiNW 

giong hit nhau. 

Dd chiing minh hidu suat SERS ciia cac de AgNPs@VASiNW, chiing toi tinh he sd 
tang cuong tan xa Raman cua cac dd nay doi voi phan tii MG theo cong thiic [27]: 

T N 
REF _ ^SERS^ Nonnal 

IM, .,N„ Noimal-^^SERS 

trong do IsERs va iNoimai tuong img la cuong do cua dinh Raman thu duoc ttong mot 
phep do SERS va phep do Raman thong thudng (khong SERS). NNonnai = CNommiV la 
so trung binh cua cac phan tir ttong the tich tan xa (V) cua phep do khong SERS, va 
NsERs la s6 trung binh cua cac phan tir hap thu ttong thd tich tan xa doi vai cac thi 
nghiem SERS. Dinh Raman cua MG tai 1617 cm'' dugc su dung de xac dinh cuong dp 
ŝERs va iNormai- ChuDg toi da chon dinh nay vi do la dinh Raman co cuong dp manh 

nhat ttong pho, han niia khi giam nong dp MG ttong dung dich thi dinh nay van dugc 
phan tach kha ro chii khong bi chong chap bcri cac dinh khac. 

Dd xac dinh dugc iNonnai, chiing toi da tidn hanh nho gipt 50)j.l dung dich MG nong 
dp 1 M len ttdn de VASiNW co didn tich 1 cm^ sau do tidn hanh do pho Raman cua 
mau nay. Nhu da chi ra truoc d6, khi khong co cac AgNP thi khong c6 hieu ung SERS 
xay ra nghia la cac phep do Raman thuc hidn ttdn cac dd VASiNW khong co AgNP c6 
the dugc coi la mot phep do khong SERS. Kdt qua Raman thu dugc dugc trinh bay 
L'-en hinh 4 (dudng cong (b)). Tir day, co the uac tinh dugc gia tri ciia iNoimai tai dinh 
1617 cm"' la -1178. Gia tri ISERS tuong iing cua cac mau SERS tai dinh 1617 cm"' ciia 
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cd thi xac dinh tit dudng cong (a) tren hmh 4 la -400. Do lupng dung djch • * " S'?' 
len cac di va dien tich cac di chiing tdi sil dung la nhu nhau do dd ti sd NNonui /NSERS 
cd thi udc tinh bing ti si ciia cac ndng dp dung dich hiong ling. Tir day cd the udc 
tmh dupe he sd tang cudng tan xa Raman cua cac di AgNPs^VASiNW ma chirng toi 
chi tao dugc ddi vdi cac phan hi MG la khoang 2x 10''. Cac ket qua nghien cuu ve che 
tao di AgNP@VASiNW lam cac di di phat hien cac phan hi MG da dupe chimg toi 
cdng bd trong [22]. 

2500-

— 2000-

• ^ 1500-

^ 1000-

500-

^ 
< 

1 1 
^^iMli 

' 

• S ^ y ^ 

Dich chuyen Raman (cm" ) 

Hinh 4. Pho Raman cua dung dich MG nong do 10"" M dirge nho len tren de 
AgNPs@VASiNW (a) vd phd Raman cua dung dich MG 1 Mduigcnho len trin de 

VASiNW (b). 

HinhS. Anh SEMbi mat (a) va mat cat (b) cua cdc hi OASiNW dugc su dung ldm cdc 
de SERS; Anh TEM cua SiNW tru&c (c) vd sau khi thuc hien buac lang dgng Ag (d). 

Dira ttdn cac ket qua bao cao vd su tang cuong manh hieu iing SERS dfii vol cac 
phan hi R6G ttdn cac he ong cacbon nano thang hang nam ngang co bao phii hat vang 
ciia He va cac cpng su [28], vai muc dich nang cao cucmg dp SERS cua cac de 
AgNPs@ASiNW. chiing tdi da tidn haiih chd tao cac de SERS vai su cai tidn la sii 
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dung cac he ASiNW xidn (OASiNW) tiiay cho cac he ASiNW tiling diing (VASiNW). 
Hinh 5 (a) va (b) tucmg iing la anh SEM bd mat va mat cit cua he OASiNW tten de Si 
(111) ma chung toi da chd tao dugc. Tir cac anh ttdn ta co tiie thiy ring cac day nano 
Si phan b6 ddng nhat tten toan bp bd mat cua dd Si va tao voi dd Si mpt goc 60o vai 
chidu dai ciia cac day nano la khoang 7 ^m. Cac dd nay sau do dugc tidn hanh phu cac 
hat AgNP voi cac didu kidn ling dpng gidng hdt nhu da thuc hidn ddi voi cac he 
VASiNW. Anh TEM cua OASiNW truac va sau khi dugc phii cac AgNP dugc chi ra 
ttong hinh 5 (c) va (d). Tir cac anh nay ta thiy ring duong kinh ciia cac NW l̂  khoang 
100 - 200 run va c6 thd tiiiy ro dugc cac hat Ag bam ttdn cac NW. Mat do cua cac 
AgNP 1̂  kha day va phan bo dong ddu ttdn toan bg be mat ciia sgi OASiNW. 

Dd kidm tta vd hieu ling SERS ttdn cac de AgNPs/OASiNW, chiing tdi da tidn hanh 
nhd gipt phan tir MG Idn trdn cac dd nay roi sau do tien hanh do pho Raman cua cac 
miu ttdn. Cac kdt qua thu dugc nhu sau: 

Dudng cong (a) ttdn hinh 6 la pho Raman cua dung dich MG ttong nude vdi ndng 
dp 10"'" M. Cd thd thay rang cac dinh dac trung ciia MG hidn len rat ro rang ttong phd 
nay. Chung toi cung da tidn hanh giam ndng dp cua MG dd tim ra gidi ban phat hidn 
ciia cdc dd SERS cua chimg tdi doi vdi cac phan tir MG va thu dugc cac ket qua nhu 
tten cac dudng cong (b), (c), (d) va (e) tten Hinh 6. Tir cac ket qua ttdn, chiing toi thay 
ring doi vdi cac dd SERS sii dung cac he OASiNW tiii vdi nong dp MG nhd tdi 10" ^ 
M van cd thd ghi dugc pho Raman vdi mpt so dinh dac tnmg ciia MG. Khi ndng dp 
MG giam xudng 10"' M thi cac dinh Raman cua MG gan nhu bidn mat, do do chimg 
toi xac dinh dugc gidi ban phat hien doi vdi phan tir MG ttdn dd AgNPs/OASiNW ciia 
chiing tdi la 10"'̂  M. 

5000 j ^ 

^^^^^i^^^^!^:^^::^^=A=^ 

Djch chuyen Raman (cm') 

Hinh 6. Phd Raman cua dung dich chia: (a) lO", (b) Iff", (c) 10'", (d) Iff" va 
(e) ICr" MMG duac nho len tren cdc di AgNPs@OASiNW. 

Tit cac ket qua thu dupe nhu tren, chung tdi da tien hanh xac dinh he sd tang cudng 
Raman ddi vdi cac de AgNPs@OASLNW theo each xac dinh da trmh bay trong phan 
tnrdc dii vdi di AgNPs@VASiNW. Kit qua thu dupe la he sd tang cudng tan xa 
Raman cua cac de SERS - AgNPs(fl O.̂ SiNW ma chiing tdi che tao dupe ddi vdi cac 
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phan ni MG la khoang lO'". Nhu vay vdi viec sit dung cac he OASiNW thay cho cac 
he VASiNW, he si tang cudng Raman cua cac di SERS ma chiing tdi che tao dupe co 
the dupe tang len hon mot bac. . , ^ , 

Su tang cudng ve hieu suit SERS cila cac di sir dung hf OASiNW so vdi cac de su 
dung VASiNW cd thi dupe lam ro thdng qua viec so sanh aiih TEM cua cac NW tren 
hai he nay sau khi dupe iing dpng AgNP cung mdt thdi diem, trong cung mpt dieu 
kien dupe trinh bay trpng hmh 7. Nhin vap hmh \ e ta cd die fliay rang trong khi 
OASiNW dupe cac AgNP bap phu diu d-en toan bp spi day thi mat dp cac AgNP IrSn 
VASiNW lai giam din hi tten dinh xudng dudi. Nhu ta da biit, su tang cudng cae tin 
hieu SERS phu diudc vao mat dp, kich fliudc, hmh fliai va dp day cua cac h?t nano 
kim loai. Trong trudng hpp dang dupe nghien cuu a day, ngoai tni in^t dp hat kun 
loai, cac yiu td khac diu nhu nhau ddi vdi cac AgNP tren cac de OASiNW va 
VASiNW, do dd rd rang ring mat dp ciia cac hat kim loai nay se ddng mpt vai tro 
quyit dinh. Cu thi hon, su giam din ty le bap phu cua cac AgNP dpc thep cac NW ciia 
di VASLNW se lam giam sd lupng cac "diim ndng" ciia hifu img SERS va mpt each 
tuong img, diiu nay dan din su sut giam ciia hieu ling SERS tren cac de nay so vdi cac 
di OASiNW. Cac kit qua vi su tan^ cudng hieu suit SERS ciia di AgNPs@OASiNW 
so vdi di AgNPs@VASiNW vdi dii Wpng phan tich la MG da dupe chiing tdi hinh 
bay trpng [29]. 

Hinh 7. Anh TEM cua OA-SiNW (a) va VA-SiNW (b) sau khi du^c lang dong cdc 
AgNP ciing mot luc trong cimg dieu kien nhu nhau. 

Dicli ctaoyen Raman (cm'') 

Hinh 8, Pho Raman ctia dung dich paraquat vai cdc nong dg khdc nhau: (a) 50 
th) JO, vd fc) 5ppm duac nho len tren cdc de AgNPst^OASINW. 
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Vdi kdt qua kha quan thu dugc ddi vdi MG, chiing tdi ciing da sir dung cac de 
SERS ma chiing tdi chd t^o dugc de phat hidn cac phan hi thudc diet cd paraquat (PQ) 
trong nude. Hmh 8 la phd Raman thu dugc ciia dung dich PQ vdi ndng dp 50, 10 va 5 
ppm ttong nude dugc nhd gipt Idn cac dd SERS AgNPs@OASiNW. Trudc hdt dya 
tren cac sd lieu dugc trinh bay ttong [30], tat ca cac dinh Raman tach bidt ttong hinh 8 
nay la cac dinh Raman dac tnmg cua cac phan tir PQ. 

Ndng dp PQ ttong dung dich cam giam thi cudng dp dinh phd Raman se cang giam 
di va khi ndng dd PQ ttong dung dich giam xudng co 5 ppm thi cac dinh phd Raman 
cua PQ gan nhu bi bidn mat (dudng cong c), tuy vay co thd thay rang mpt so dinh dac 
ttung cua PQ van cdn xuat hidn tten phd, do do van cd the su dung phd nay dd phat 
hidn 'vdt' cua PQ. Nhu vay cd thd kdt luan rang, gidi han phat hidn cac phan hi 
paraquat cua cac dd SERS cua chiing tdi la co 5 ppm. Mac du nguong phat hidn ttdn 
cdn kha cao so vdi du lupng cho phep cua paraquat tten cac loai rau, cii, qua ( - 0,05 -
0,1 ppm theo khuyen cao cita Bp Y td), tuy nhidn cac ket qua nay ciing md ra hi vpng 
cho viec sir dung cac he SiNW de lam de SERS phat hidn cac phan tii PQ. Cac kdt qua 
ve che tao de AgNPs@OASiNW de phat hidn PQ dya ttdn hi |u iing SERS da dugc 
chiing tdi trinh bay ttong [6]. 

Chiing tdi da chd tao cac he ASiNW cd phu cac AgNP va sir dung chiing lam cac dd 
SERS dd phan tich phat hien lugng vdt cua cac chat him ca ddc hat MG \a PQ dua 
tren hi?u iing SERS. Cac kdt qua thu dugc cho thay khi sii dung de AgNPs(S VASiNW 
lam cac dd SERS dd phat hidn MG, gidi han phat hidn MG ttong nude cd the dat dugc 
la 10"'̂  M va he sd tang cudng Raman la khoang lO'^. Dang chu y la so vdi mdt sd loai 
dd SERS khac, di AgNPs@VASiNW cho hidu qua tang cudng SERS tdt hon hin nhd 
sy tang cudng mat do "didm ndng" ttdn mpt don vi didn tich be mat. 

Vdi vide cai tidn cac dd SERS bang each thay cac he VASiNW bang cac he 
OASiNW chimg tdi da ha thap gidi ban phat hien cac phan tu MG xudng tdi 10"'^ M 
vdi he sd tang cudng Raman dat den lO''^ lan. Nguydn nhan ga); ra su gia tang cua he 
sd tang cudng Raman ndi ttdn la do da dat dugc su phan bd ddu ciia cac AgNP ttdn 
toan bp chidu dai cac NW sau qua trinh lang dpng. 

Chimg tdi da sir dung cac dd AgNPs@OASiNW lam cac dd SERS dd phat hidn 
thudc diet cd PQ pha loang ttong nude \ a thay rang cac de SERS nay cd thd phat hidn 
PQ vdi ndng dp thap ddn 5 ppm. 
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