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Tém tit:

Vit liéu nanocomp0s1te gom 3 thanh phan polyamlme (PANi), 0 ong carbon nanotubes (MWCNTSs) va MnO da dugc
tong hop true tlep trén vi dién cuc Pt dwge ché tao bang phlr()’ng phap dién hoa. Két qua phan tich ciu truc bé mat
bang kinh hién vi dién tir quet phat xa trwong (FE-SEM) cho thay da co sw lap day cia MnO,. Céu tric thanh phan
hoéa hoc, ciac dac trlrng lién két ciia vat liéu nanocompos1te duge nghlen ciru bang pho hap thu hong ngoai truyen
qua (FT-IR), pho hap thu tir ngoai (UV-Vis). Cac két qua thu dugc cho thay, vat li€éu nanocomposite PANi/MWCNTs/
MnO, c¢6 df din cao hon khi khong cé MnO,, phu hgp cho trng dung trong cam bién sinh hoc.

Tir khéa: cam bién sinh hoc, dién héa, nanocompostite, polyaniline.
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Pat van de

Céc vat liéu chic nang dugc cAu tao boi cac thanh phén
cAu tric nano c6 dic tinh nhay rat cao dbi voi tac nhan muc
tiéu. Bac bi¢t dua trén su twong hop an khop gitia tac nhan
tham do va tc nhan muc tiéu, hau hét cac cam bién sinh hoc
biéu 16 tinh chon loc rit cao. D6 chinh 1a didu ma cac nha
nghién ciru mong mudn khi ché tao cam bién. Sy ton tai ciia
cac dang mang dién khac nhau, va sé luong tuong quan gitra
chung, ciing nhu cua cac nhom chirc da tao thanh tuong tac
cua chung vai cac tdm hoat dong ctia chit nén. Sau hon, su
thay d6i s6 lwong tuong ddi gitra cac dang mang dién da boc
16 su chuyén dich ctia mot s6 dang mang dién nay sang dang
khac. Diu nay ciing cho thiy rd diéu kién c6 thé khong ché
dang mang dién mong mudn. Tuy nhién, dé nang cao dugc
hiéu sut ctia cam bién sinh hoc thi cac nhom churc nang
hodc cac tac nhan s€ duogc gén trén bé mat 1am viéc hodc cai
vao trong mang cAu tric cua vat liéu [1]. Céc tac nhan co
thé khuéch tan vao, ra tuy theo diéu kién hoat dong. Cach
tao nhom chic nhu vy luon dugc thuc hién ddi v6i cam
bién sinh hoc. Nhung cac tac nhan s€ hoat dong nhu la ciu
ndi gitta dién cuc nén ciu trac nano véi tc nhan sinh hoc
tham do. Sy twong tac gilra tac nhan sinh hoc tham do voi
tac nhan sinh hoc muyc ti€u (tdc nhan hudng dich) sé tao ra
tin hiéu x4c nhan su tOn tai cia tac nhan hudng dich trong
moi truong nghién cuu [2].

Gan day, viéc két hop giita polyme dan va cac 6 xit
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kim loai ban dan (MOS) hira hen s& céi thién kha ning tmg
dung cua chung do Kkét hop duoc cac dac tinh wu viét ctua
polyme dan va MOS. Dé lam ting d6 dan dién ciia polyme
dan thong thuong, mot cach don gian va hiéu qua nhét hién
nay la phuong phéap dua cac phan tir ¢6 kich thuéc nanomet
ctia kim loai hay 6 xit kim loai vao mang polyme dan dé tao
ra vat liéu méi c6 do dan dién vuot troi. Cac hat nano duogc
dua vao trong mang polyme thuong 1a kim loai chuyén tiép
hoic 6 xit kim loai chuyén tiép, né ¢6 chirc ning nhu nhiing
cau nbi dé dan dién tr tir chudi polyme nay sang chudi
polyme khac. Trong thyc té, nguoi ta di bién tinh rit nhiéu
hat nano vao mang polyme nhu nanocluster cua Niken vao
mang polyaniline, hodc tao ra vat liéu composite PANi/
Au, composite PANi/WO,, composite PANi/MpOz, PANi/
Mn, O, [3]. Trong bai bao nay, chung t6i mo ta tong hop vat
li¢u nanocomposite PANi/ MWCNTs/MnO, dugc tong hop
truc tiép trén vi dién cuc Pt dugc ché tao bang phuong phap
dién hoa véi myc dich 1a ung dung cho céac loai cam bién
sinh hoc phat hién nhanh vi rat gay bénh.

Vat liéu va phuong phap nghién ciiu

Trudc mdi qua trinh dién héa, vi dién cuc duoc xir 1y
bé mat trong K, Cr,0./H,SO, (bdo hoa), sau d6 dugc hoat
hoa di¢n hoa trong dung dich H,SO, 0,5M ¢ dié¢n ap tur -1,5
dén +2,2 V, téc d6 quét 1a 25 mV/s. Dé tong hop duge vat
li€u nanocomposite PANI/MWCNTs/MnO,, trudc hét téng
hop MWCNTs /MnO, bang cach cho mdt luong xac dinh
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Abstract:

The paper provides the research results of in-situ
synthesis of PANi/MWCNTs/MnO, nanocomposites
on platinum microelectrodes by the electrochemical
polymerization method. The polyaniline nanocomposite
samples were tested by field-emission scanning electron
microscopy (FE-SEM), Fourier-transform infrared
(FT-IR), Ultraviolet-visible (UV-Vis) spectroscopy for
identifying the composition of modified multi-walled
carbon nanotubes and manganese dioxide (MWCNTSs/
MnQ,) available on the surface of polyaniline composites.
This work shows the potential use of PANi/MWCNTSs/
MnO, nanocomposites is very suitable for applications
in biosensors.
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polyaniline.
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MWCNTS Vf}o dung dich MnSO,, siéu f'?lm cho MWCNTs
khuéch tan déu trong dung dich, loc bo hét nudc, sau d6 nho
tir tir KMnO, tong hop & nhiét do 60°C trong diéu kién siéu
am trong thoi gian 2 gio rdi rira két tua loai sach SO Jva sdy
kho ' 110°C dé dugc hdn hop MWCNTs/MnO,. Sau d6 tién
hanh tong hop vat liéu nanocomposite PANI/MWCNTs/
MnO, bé’lng cach di¢n hoa trong dung dich LiCIO, 0,1M;
pH=3; aniline 0,1M; toc dd quét 0,1 mV/s; khoang quét
0,00+0,65 V; s6 vong quét: 02 vong. Sau qua trinh dién hoa,
vi dién cuc dugce lam sach béng nudce khtr ion va duogc séy
kho & nhiét d6 80°C. Pé xac dinh dugc thanh phan céu trac,
dic trung lién két, hinh thai bé mat vat liéu tong hop duoc,
chung t6i st dung cac phuong phép phan tich sau: phuong
phap kinh hién vi dién tir quét phat xa truong (FE-SEM),
phd hong ngoai FT-IR, phd tir ngoai UV-Vis.

Keét qua va thao luan

Hinh 1 1a két qua phan tich bang kinh hién vi dién tir quét
va su phan bd cua 6ng MWCNTs, cac s¢i PANI, soi PAN1/
MWCNTS va PANi/MWCNTs/MnO2 sau khi dugc phu trén
bé mat dién cuc Pt. Cac ong MWCNTSs thu dugc (hinh 1A)
¢6 hinh dang rat dong déu, v6i dudng kinh tir 5 ¢én 50 nm.
Hinh 1B la két qué phan tich mang vat liéu PANi nhan duoc
bang phuong phap quét thé vong. Mang 1a tap hop cac soi
PANi ¢6 ciu trac mot chiéu véi duong kinh sgi tr 50 dén
100 nm. Cac sogi MWCNTs (hinh 1C) thu dugc kha dong
déu phan tan trong cac khdi PANi. Hinh 1D la két qua phan
tich vat li¢u nanocomposite PAN/MWCNTs/MnO, nhéan
duoc bang phuong phéap quét thé vong. Két qua cho thay 1o
céf: dam 1\{[n02 két tia mau tréng,, c@ng cho thay dugc tin,h
th€ hinh cau ciia MnO, v6i cac dot cau khac nhau duge noi
v6i nhau phu 1én trén mang PANi/MWCNTs. Cau truc kicu
nay cho mot bé mit riéng rat lon. Voi cdu tric vo dinh hinh,

PANi, (C) PANI/MWCNTs, (D) PANi/MWCNTs/MnO,.



su sdp xép va lién két giira cac phan tir va mach dai phén tir
khong chit ché. Piéu nay lam ting kha nang hap phu/giai
hap phu véi tac nhan sinh hoc thim do & nhiing diéu kién
dang nhiét nhét dinh. Kha nang hip phu/giai hip phy, tinh
nhay voi thanh phﬁn sinh hoc ciing phu thudc vao thanh
phan chit pha tap, yéu t6 lam thay ddi cdu tric bé mit cia
vat liéu. Trong bai bdo nay, chiing t61 dung PANi pha tap
thém MWCNTs/MnO, vao thanh phan ciia PANi khi tong
hop. Két qua phan tich kinh hién vi dién tir quét cho thy,
dng MWCNTS ¢6 kich thuéc nho hon phan tan xen k& trong
khéi PANi bam 1én vi dién cuc, cac khdi cdu MnO, dugc
bao phu 1én khdi PANi. Ban than polyme khong tan nhung
cac ion CI trong dung dich mudi LiClO , tao ra cac cau lién
ket voi PANI lam tang kha ndng phan cuc khién qué trinh
phan tin MWCNTSs vao mang cac ddy PANi duoc t6t hon.
Mang nhan dugc khi MWCNTs bam trén thanh day PANi
6 cAu trac xép dic biét, déu dan, co chiéu sau. CAu tric nay
dang duoc quan tim nghién ctru va rat thich hop trong ting
dung phat trién cac cam bién sinh hoc.

Dé khing dinh c6 sy ton tai cia PANi, PANi/ MWCNTs
va PANI/MWCNTs/MnO,, phd tir ngoai UV-Vis duoc quan
sat trong vung tur 200+800 nm (hinh 2). Quan hé cuong do
hép thu trong phé thu dwoc khac nhau thé hién & d6 manh
yéu cua pic dugc hap thu. Dai hip thu quang hoc tai 200-
360 nm 1a dic tinh cia sy chuyén tiép n-n" trong ciu trac
vong benzoid/quinoid phu hop véi dang mubi emeraldine
ctia PANi da thu dugc trong [4, 5]. O PANi xuit hién hai pic
t 1 rét tai 269 nm va 319 nm, & PANi/MWCNTSs xuét hién
ba pic tu trung binh tai 319 nm, 345 nm, 256 nm va pic hap
thu dang bipolaron cé do dich chuyén budc song tang dan,
& PANI/MWCNTs/MnO, xuat hién ba pic ti yéu tai 285,
685, 765 nm. Dac biét, ta théy duoc pic ha"ip thu trang thai
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Hinh 2. Phé UV-Vis ciia (A) PANi, (B) PANi/MWCNTs,
(C) PANi/MWCNTs/MnO,.
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bipolaron dich chuyén vé phia c6 budc song dai hon theo
chiéu tir PANi — PANi/MWCNTs — PANi/MWCNTSs/
MnO,, do d6 nang lugng giam dan theo tht ty d6, d6 linh
dong bipolaron tang dan va do d6 do din dién cua chat thu
dugc ciing tang dan theo thir ty do.

Sau khi téng hop dugc vat lidu nanocomposite PANi/
MWCNTs/MnO, Ién vi dién cuc Pt, chiing t6i mang do phan
tich phd hong ngoai FT-IR (hinh 3). Trén hinh 3A dic trung
phd FT-IR ctia PANI, két qua chi ra dai hap thu tap trung &
khoang 3448,49 cm™ va 3167,81 cm™ dac trung cho dang
NH," trong PANi, chung t6 da c6 sy oxy hoa mét luong 16n
mudi emeraldin da duoc tao ra trén vi dién cuc. Pinh hép
thu d6i xtmg nhau tai 1632,57 cm™ va 1497,65 cm™ dic
trung cho su dong ton tai cua cac dang benzen va quinoid
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Hinh 3. Phd FT-IR clia vat liéu nanocomposite (A) PANi, (B)
PANiI/MWCNTs, (C) PANi/MWCNTS/MnO2.
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trong mang polyaniline. Nghia 13, dic trung cho cac kiéu
dao dong co dan khong déi xing cia ciu trac lyc gidc vong
benzen twong tng v6i 6 nguyén tir cacbon. Pinh hip thu cia
nhom R-SO; tai 1300,44 cm' va lién két C-N tai 1118,02
cm!. Pinh xuat hién tai 631,03 cm™! dac trung cho qua trinh
cdp doi meta va ortho ctia nhan benzen, dac trung cho céac
dao dong bé cong lién két C-H theo hudng vao trong va ra
ngoai mat phing ciia benzen va quinoid [6]. Ty 1é cuong do
dang benzoid/quinoid ddi v6i PANi 1a 7,0 (hinh 3A), tuy
nhién khi thém MWCNTs thi ty 1€ cuong d¢ tang la 7,3
(hinh 3B), diéu d6 cho thdy khi thém MWCNTSs thi luong
vong benzoid tang, dan dén d6 dan dién cuia mang ting Ién.

Hinh 3C tuong tu nhu cac truong hop PANi va PANi/
MWCNTSs thi dai hap thy trong khoang 1600+1500 cm™ dic
trung cho dao dong kéo din vong khong dbi xung C, cua
dang quinoid va benzoid cua PANi. Ty 1€ cuong d6 dang
(benzoid/quinoid) 1a 12, chimg to v&i viée thém céc tap chét
vao thi mot phan ciia vong quinoid da chuyén thanh vong
benzoid lam lugng vong benzoid tang va quinoid giam, lam
tang kha nang din dién cia mang. Sy thay doi mat do nay
bao gdbm su chuyén dang emeraldine va permegraniline
thanh céc dang mudi emeraldine dugc cap doi voi qua trinh
proton héa. Qué trinh nay dugc thuc day boi su co mit cia
MnO,, thic déy qua trinh proton hoa dov su cho proton cua
Mn®". Qua trinh proton hda dugc thuc day boi sy tang ham
luong H* trong dung dich. Tuy nhién, lugng H* qué 16n
ciing s& lam giam dang mudi emeraldine do H* két hop lai
v6i ion X- ctia mudi emeraldine 1am tai tao lai dang vong
quinoid. Sy tang dai hip thu tap trung tai 3133,71 cm™ (dic
trung cho lién két kéo dan N-H trong mang PANi), dai hap
thuy tap trung tai 2363,86 cm! (hinh 3C) dac trung cho dang
NH," trong —C6H4—NI:I2*—QGH4— [7], chung to ,ml'rc dé qua
trinh oxy hoa 16n va dan dén mot luong 16n mudi emeraldine
duoc tao ra. Hon nira, do sy hinh thanh 91]1a nhém NH," 1am
gy cadp m-electron cia nguyén tir N, két qua tao thanh cac
vi trf tich dién duong. Diéu nay co6 thé lam ting sy chuyén
dong cua electron don 1€ gitta cac vi tri polaronic tao thanh
mang polaronic. Cac dai dao dong co dan C-N cuia cac dang
amine benzoid thir sinh cling dugc quan sat trong vung
1200-1350 ¢cm™ (hinh 3C). Pic dao dong tai 1300,06 va
1117,91 cm 1an luot dwoc quy cho la cia C-N* kéo dan
dang amine thur sinh [8] va C-N* ® kéo dan [9], chung duoc
tao thanh trong sudt qua trinh proton hoa chudi PANi. Nhu
vay, khi th§m MWCNTs/MnO, vao mang PANi da khong
lam thay d6i hinh dang ciia mang PANi nhung thtuc day qua
trinh proton hoa lam chuyén déi dang quinoid trong mang
thanh dang benzoid, dan dén lam ting tinh dan dién cia
mang vat liéu nanocomposite.

D3 tong hop dwoc vét liéu nanocomposite PANi/
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MWCNTS/M,nO2 c6 chu trac nano bé“m\g phuong phép
dién hoa. Tién hanh phan tich cau tric bé mat cia PANi/
MWCNTs/MnO,, véi céu tric c6 do dong déu, do xbp thi
kha nang tuong thich sinh hoc cao. Cac phan tich pho tu
ngoai UV-Vis, phd hong ngoai FT-IR cho thay kha ning
dan dién cia PAN/MWCNTs/MnO, la tuong dbi cao.
Vo6i nhiing phan tich trén vat liéu nanocomposite PANi/
MWCNTs/MnO,, nhém nghién ctru da tong hop thanh cong
loai vat li€u nanocomposite rat phu hop cho viéc ché tao
cam bién sinh hoc, nhdm phat hién nhanh vi rat gay bénh.

Nhém tac gia xin chan thanh cam on sy hd trg ciia Bo
KH&CN thong qua dé tai nghién ctiru khoa hoc co ban
Nafosted, ma s6 103.02-2017.305 va dé tai ma s6 B2017-

SKH-03.
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