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KEYWORDS Methyler)e blue (MB) detect_ion vi_a SERS employing Platin_um
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Platinum nanoparticles method. PtNPs exhibited spherical morphology, averaging 4-5 nm in size,
SERS with an absorption spectrum showing a singular peak at ~292 nm,

intensifying with higher H,PtCls concentrations. X-ray diffraction (XRD)
. confirmed well - crystallized, impurity-free PtNP samples, with a crystal
UV-Vis size of 4.8 nm. Notably, MB detection at low concentrations and a linear
XRD SERS intensity-MB concentration relationship (Isers = 44.819*Cyg +
483.14; R* = 0.996) were observed, with a minimum detection limit of
0.5 ppm, indicating Pt nanoparticles’ potential as effective SERS sensors
for detecting MB in the environment.
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TU KHOA mot cach dinh lugng Methylen blue (MB) béng SERS dua trén cac nano

Platinum (PtNPs). Cac PtNPs duoc ché tao bang phuong phép hoa khir
Nano platinum mot budc. Két qua cho thiy cac PINPs ¢ dang tua cau kich thudc ~ 4+5
SERS nm, phd hap thu c6 mot cuc dai duy nhit ~292 nm va c6 d6 hap thu ting

khi tang luong tién chat H,PtClg. Gian d6 nhiéu xa tia X (XRD) cho thay
. mau sau khi ché tao c6 chat lugng két tinh tét va don pha, khong c6 tap
UV-Vis chdt, kich thudc tinh thé cua PtNPs bing 4,8 nm. Dac biét tha vi voi két
Nhiéu xa tia X qua ng dung phat hién MB & ndng do thap va tim ra sy phu thudc cua
cuong do SERS va néng do MB 1la tuyén tinh (lggrs = 44,819XCpyg +
483,14) véi hé sb trong quan R? = 0,996. Gigi han phat hién nho nhit dén
0,5 ppm. Tir day cho thiy cac nano Pt ¢6 thé dugc s dung nhu nhiing
cam bién SERS dé phat hién MB trong mét trudng.
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1. Gi6i thiéu

Methylene blue (MB) 1 mot hop chat thom di vong chira vong thiazine va c6 nhiéu img dung
trong linh vyc vi sinh, y hoc va chan doan [1]. Tuy nhién, viée tiép xtc voi MB co thé gay ra nhimng
anh huong xau dén strc khoe con ngudi nhu nén mira, séc va hoai tir mod [2], [3]. Hién nay, viéc
phiét trién cac phuong phap phat hién nhanh MB dé kiém soat 6 nhlern ngudn nudc, thuce phiam va
cac san pharn tiéu ding dam bao an toan cho con nguoi 1a rat can thiét. Quang phd raman ting
cuong bé mit (SERS) la mét cong nghé moéi cho phép phat hién nhanh, don gian voi do nhay cao
dé phat hién luong vét cac chét hiru co doc hai dua trén co ché ting cuong truong dién tir (EM) va
tang cuong trudng hoa hoc (CM). Ddi voi cac nano kim loai thi co ché EM déng vai trd cha yéu tir
sw dong gop dao dong cua dién tir trén bé mat dé kim loai do cong hudng plasmon bé mat dinh xir
(LSPR) va tao ra nhiéu diém nong “hot spots”. Viéc tang cuong truong EM ¢ thé duogc thuc hién
thong qua kich thich plasmon bé mit cua cac hat nano kim loai dudi su birc xa cta anh sang kha
kién. Hién nay, cac nha khoa hoc di va dang tap trung nghién ctru nhiéu vé kha ning ting cuong tin
hiéu Raman cta cac phan tir hitu co trén cac dé nano plasmonic nhu Ag, Au hay ludng kim Ag- -Au
nham phat hién MB nhu nhitng cam bién (cam bién SERS) [4], [5]. Tuy nhién, cac nghién ctru vé
kha nang tang cuong SERS cua nano platinum (PtNPs) d6i véi MB con chua duge quan tAm
nghlen ciu day du [6]. Nano platinum c6 d6 on dinh hoa hoc cao va kha nang chong oxy hoéa tot,
gitp giam thiéu sy suy thodi clia cam bién SERS theo thoi gian. Nho kha ning khuéch dai tin hidu
Raman cao va d6 6n dinh hoa hoc tdt, nano platinum gitip mo réng pham vi g dung ciia cam bién
SERS nhu d6 nhay cao va d phan giai cao. Tir d6 ¢ nhiéu loi thé ing dung trong viéc phat hién
som cac chat doc hai ton du trong thuc pham va méi truong [7].

Trong nghién ctru nay, chung t6i tong hop vat liéu nano platinum (PtNPs) bing phuong phap
hoa hoc don gian mdt budc va hiéu qua dé thu dugc cac nano PtNPs dang cau. Day 1a mét trong
céc phuong phap ché tao nhanh véi chi phi thip. San pham sau khi tong hop duoc khao sat cac
tinh chat quang thong qua phd hép thu UV-Vis, hinh thai, kich thudc béng kinh hién vi dién tr
truyen qua (TEM), cau triic tinh thé bang nhidu xa tia X (XRD), thanh phan hoa hoc bang pho tan
sac nang lugng (EDX) va thir nghiém phat hién methylene blue bang phwong phap SERS.

2. Thuc nghiém va phuwong phap nghién ciu

Céc hoa chat dd dwoc sir dung trong qué trinh téng hop nano platinum gém co6: Hydrogen
hexachloroplatinate hexahydrate (H,PtCls.6H,O, ACS reagent, >37,50% Pt basis), sodium
borohydride (NaBH,, 99,96%), polyvinyl pyrrolidone (PVP, MW=29.000 g/mol), methylene blue
(MB C16H18C|N38) tat ca cac hoa chét déu dwoc mua cia hing Merck (Puc). Str dung nuéc cat 2
lan dé pha ché cac dung dich cho cac thi nghiém. Cac hat nano platinum (PtNPs) duoc ché tao bang
phuong phap hod hoc, st dung chat khir NaBH, dé khir Pt(IV) thanh Pt(0) véi su c6 mat cua chat
hoat dong bé mat polyvinyl pyrrolidone (PVP) dé tranh hién tuong két dam céac hat nano.

Quy trinh ché tao cic nano PtNPs dwgc tom tit nhu sau: 14y 10 mL nudc cit cho vao binh
phan tmg va mot thé tich chinh xac cua dung dich H,PtCls 20 mM, sau d6 thém 200 pl dung dich
PVP 1 mM, khuiy lién tuc hdn hop trong thoi gian 15 phit vai tdc do 600 vong/phit. Tiép theo
thém tir tir dung dich NaBH, 0,02 M gip 2 lan thé tich dung dich H,PtClg da dwoc lam lanh va
khudy hdn hop trong 60 phit véi tdc do 600 vong/phit, dung dich chuyén tir trong sudt sang mau
nau. 5 binh phan tng dugc thuc hién déng thoi trong cung diéu kién vai thé tich H,PtClg 20 mM
lan luot 14 50 pl, 100 pl, 150 wl, 200 pl, 250 ul, cac dung dich nano PtNPs tao thanh duoc ky
hiéu: H2PtC|6_50, HthCIG_J.OO, HthCIe_lSO, H2PtC|5_200 va HthC|6_250 Tinh Ché,t cua nano
PtNPs dugc khao sat thong qua cac phép do UV-Vis, TEM, EDX, XRD, sau d6 dugc s dung dé
danh gia kha nang phat hi¢n MB.
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3. Két qua va ban luin
3.1. Anh hwéng ciia lwong H,PtClg dén phé hip thu ciia nano PtNPs

Phd hép thu cta cdc nano PtNPs thu duoc khi thay ddi lugng H,PtCls dwoc mé ta trong Hinh
1(a). T ket qua cho thdy pho hap thu chi co duy nhét 01 dinh cuc dai tai vi tri 292 nm thudc vung
tir ngoai gan, két qua nay chung t6 cac hat nano PtNPs ché tao duoc c6 dang hinh cau va kich thudc
rat nho [[8], va khi ting dan lwong H,PtCls thi cudng do hap thy tai vi tri 292 nm ting dan diéu nay
1a do ndng do cac hat PtNPs tang dan va hinh anh dung dich nano PtNPs thu dugc trong Hinh 1(b)
ciing cho thay khi luong tién chét tang dan thi mau dung dich ciing ddm dan. Hinh thai va kich
thudc caa nano PtNPs dugc khao sat thong qua phép do kinh hién vi dién tir truyén qua (TEM) cua
mot mau dai dién 1a H,PtCls_200 duoc thé hién trong Hinh 1(c,d) véi d6 phong dai khac nhau, anh
TEM cho thay su hién dién ciia cac hat nano PtNPs dang cau ¢ trong mau, két qua nay hoan toan
phu hop véi két qua do phé hap thu chi voi 1 dinh cyc dai hp thy. Cac hat nano quan sat dugc ¢6
dudng kinh nam trong khoang 4 — 5 nm. Mic du trong qué trinh ché tao, cac PtNPs da duoc boc
Polyvinyl pyrrolidinone lam chit 6n dinh, nhung van c6 hién tugng két dam nhe. Diéu nay 1a do ¢
thé qua trinh chuén bi mau do TEM chua thyc sy t6t va hat qua nho.
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Hinh 1. (a) Phé hdp thy ciia nano PINPs thay doi theo luong HoPtCls, (b) Anh chup mau sdc dung dich
PtNPs tuong ung, () Anh TEM cua nano PtNPs (H,PtCls_200)
va (d) Anh TEM cuia PtNPs cé d¢ phong dai lon hon

3.2. Cau triic tinh thé cia nano PtNPs

Pé xac dinh ciu trac tinh thé cua vat lidu nano PtNPs tong hop duoc, ching toi tién hanh do
gian db nhiéu xa tia X (XRD) véi goc quét tir 30 — 80° dbi véi miu nano PtNPs co ky hiéu
H,PtCls_200. Két qua do XRD dugc mé ta trong Hinh 2(a) cho thiy cac dinh nhidu xa dic trung
& goc 20 tai cac vi tri 39,4°% 46,6° va 67,88°, twong tng véi cac mat phang (111), (200) va (220)
ctia Cau trac 1ap phuong tam mat (fcc) caa Pt theo thé chuan PDF (No. 01-071-3752) va ching to
vat liéu nano PtNPs ché tao duoc 1a tinh khiét, khong c6 13n tap chat khac [9]. Kich thuéc tinh
thé trung binh theo mat (111) cta nano PtNPs ¢ thé xac dinh théng qua do ban rong cua dinh

phd theo phuong trinh Debye — Scherrer [10] vao khoang 4,8 nm.
kA

= )
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Trong dé B 1a do nira ban rong cuc dai (FWHM) cua dinh, 6 1a goc nhiéu xa va A (A = 1,5406
A) 1a budc song cua buc xa tia X. Két qua nay phu hop voi két qua do TEM ciia cac hat nano
PtNPs. Hinh 2 (b) biéu dién anh kinh hién vi dién tur truyén qua d6 phan giai cao (HRTEM).
Khoang cach gitta 2 mat phang (111) gan nhau nhit bang 0,23 nm. Két qua nay phu hop véi cong
bé trude [11].

Pé minh chang thém sy hinh thanh vat liéu nano PtNPs véi d6 tinh khiét cao, chung toi tién
hanh do phé tan sic ning luong (EDX) ciia mau nano PtNPs - H,PtClg_200. Két qua duoc thé
hién trong Hinh 2(c). Su hién thi cua Pt tai cac nang lugng 0,2 KeV, 2,1 KeV, 8,0 KeV, 9,0 KeV,
9,5 KeV va 11 KeV cho thay vat liéu thu duoc c6 thanh phan Pt chiém 100%. Biéu nay mét lan
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nira ching minh vt liéu nano PtNPs thu duoc ¢6 d6 sach cao va phu hop voi két qua do XRD da
trinh bay ¢ trén.
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Hinh 2. (a) Phé nhiéu xq tia X (XRD), (b) Anh kinh hién vi dién tir truyén qua phdn gidi cao (HRTEM),
() Phé tdn sdc nang lwong (EDX) cua cia nano PtNPs (H,PtCls_200)

3.3. Ung dung phdt hién Methylen Blue (MB)
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Hinh 3. (@) Phé Raman ciia MB trén dé thuy tinh, (b) Cdu hinh phan tir cia MB,
(c) Pho Raman cua MB 70 ppm trén cac dé nano PtNPs

Dé danh gia kha nang tang cuong tin hi¢u Raman cua nano PtNPs dbi voi MB thi phd Raman
cia MB ciing duoc tién hanh do trong cung diéu kién nhung trén dé kinh. Pho Raman cua
Methylen blue (MB) dang bét trén dé kinh duoc thé hién trong Hinh 3(a) va 3(b) (dwoc thém
vao) biéu dién cu trac phﬁn tir cia MB. Tir d6 thi cho théy cac dinh dic trung cua MB bao
gom tai céc vi tri: 448 crn' 501 cm™; 772 cm™; 1037 cm™; 1070 cm' 1154 cm' 1302 cm™;
1395 cm™ va 1625 cm™. Cac dinh Raman chinh cua MB tai 448 cm™ va 501 cm™ dugc quy ChO
ché do bién dang xwong C-N-C. Ché do udn trong mit phing cua C-H duoc quan sat thdy &
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dinh 772 cm™ va 1154 cm™, trong khi ché do bién dang vong trong mat phang cua C-H 1a &
1302 cm™. Hai dinh ndi bat ¢ khoang 1395 cm™ va 1625 cm™ lan lugt dugc gan cho d6 gidn
ddi xung C-N va d¢ gian vong C-C [12].

Pho Raman cia MB ¢ nong do 70 ppm trén cac dé nano PtNPs thu dugc thé hién trong Hinh
3(c). Két qua cho thiy cac dinh Raman dic trung ciia MB ¢6 cudng do cao so véi trudng hop chi
¢6 bot MB thuan trén dé thuy tinh, diéu nay ching té c6 su ting cudng dang ké khi co MB tuong
tac hidu qua voi bé mat cac nano PENPs. Cuong do vach phd dic trung manh nhat tai vi tri 1621
cm™ dat dén 2776 trong khi tin hi¢u MB trén dé thuy tinh dat xap xi 500, nhu vay cuong do ting
khoang 5,5 lan. So sanh vé cuong do Raman ctua MB trén cac loai dé nano PtNPs khac nhau thi
dé H,PtCls_200 cho tin hiéu SERS t6t nhat, do d6 chung t6i chon mau nay dé danh gia kha ning
phat hién cua MB.
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Hinh 4. (a) Phd SERS ciia MB trén dé nano H,PtClg_200 véi dai tir 400 cm™ dén 1800 cm™, (b) Phé SERS
Ciia MB trén dé nano H,PtClg_200 véi dai tir 1500 cm™ dén 1700 cm™, (c) Phé SERS ciia MB trén d@é nano
H,PtCls_200 ¢ nong dé MB 0,5 ppm

Su phu thudc ciia cuong do SERS cia MB trén dé nano PtNPs (mau H,PtCls_200) theo nong
d6 duoc thé hién trong Hinh 4 (a), (b), (¢). 6] day mot day cac dung dich MB ¢6 néng d6 0,5 ppm
dén 70 ppm duogc chuan bj va tién hanh do ph6 Raman trén dé H,PtCls_200. Két qua cho thay tin
hiéu Raman giam dan khi ndng d6 caa MB giam. Hinh 4(c) cho thay vach dic trung cia MB c6
nong d6 0,5 ppm & 1621 cm™ vén cho tin hiéu rat rd, tuy nhién cac dinh tai vi tri 593 cm™; 1072
cm™; 1155 cm™; 1303 cm™ bi mét, néu chap nhan mot cach gan ding thi c6 thé coi 0,5 ppm la
nong d6 nho nhat dé co thé con phat hién duoc MB bing dé SERS chaa nano PtNPs, hay gigi han
phat hién MB 14 0,5 ppm. Khoang xac dinh va phuong trinh hoi quy tuyén tinh cia MB dugc xay
dung dua trén vach dic trung c6 cudng d6 16n nhét tai vi tri s6 song 1a 1621 cm™, két qua duoc
thé hién trong Hinh 5. Hinh 5(a) cho thiy khi ndng d6 MB Ién hon 50 ppm thi mbi quan hé giira
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cuong do cua tin hiéu SERS tai dinh 1621 cm™ va nong d6 MB khong con tuyén tinh hay gioi
han tuyén tinh 1a 50 ppm. Hinh 5(b) cho thay médi twong quan tuyén tinh gira cuong do SERS va
nong d6 MB rat tt vai gia tri R? = 0,9962. Phuong trinh hoi quy tuyén tinh biéu dién méi quan
hé gitta cuong do SERS (lsrs) cua peak tai 1621 cm™ va nong d6 MB 12 Ies = 44,819XCys +
483,14 véi hé sb tuong quan R? = 0,996. Két qua da chi ra ring cac nano PtNPs hoan toan c6 thé
dung 1am cam bién hoa hoc dé phan tich luong vét MB trong mdi trudng.
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Hinh 5. (a) Tin hiéu Raman tai vi tri 1621 em™ ciia MB tir 1‘1(5‘ng do 1 ppm dén 70 ppm;
(b) Puong tuyén tinh phy thuge giita cuong d¢ Raman véi nong dé MB tai vi tri 1621 em™

4. Két luan

Cac nano Platinum c6 dang hinh cu da duogc ché tao thanh cong voi duong kinh tir 4 -5 nm
kha ddng déu véi do sach cao thé hién qua phd hap thu c6 mot cuc dai duy nhat ~292 nm va phd
tan sic nang luong (EDX). Két qua khao sat cling da chi ra luong tién chit ban dau H,PtCl hau
nhu khéng anh hudéng dén hinh dang va kich thuéc hat khi téng hop bang phuong phap oxi hoa
khtr. Cac nano PtNPs dugc sir dung lam dé SERS nhu nhitng cam bién Raman co kha nang phat
hién MB mot cach dinh luong trong khoang nong do tir 0,5 dén 50 ppm véi phuong trinh hoi quy
tuyén tinh tai dinh 1621 cm™ 13 lgs = 44,819xCys + 483,14; hé sb twong quan R? = 0,996 va giGi
han phat hién dén 0,5 ppm. Nhu vy cic nano Pt c6 thé dap tng 1am cac d¢é SERS phat hién MB
trong moi truong. Trong nhitng nghién ctu tiép theo, chiing toi sé& tiép tuc nghién ctru sau hon vé
tang cuong SERS, Vé tuong tac dién tir gitra chit mau vai dé SERS va c6 thé tiép tuc thir nghiém
phat hién cac chat hitu co doc hai khac trén hé vat liéu nano Pt nay.
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