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Toém tat - Polymer dan dién polypyrole (PPy) la mét trong nhirng
polymer dan dwoc nghién ctru nhiéu. Mang PPy dwoc tong hop trén
dién cwe Au (99,99%) trong cac dung dich chira MnQO,?, TiFe?. Tinh
chét oxi hoa khir clia mang dwoc xac dinh qua phd tong tré dién hoa.
Qua trinh khtr mang, cac anion rét linh dong. Anion cé thé di chuyén
vao ra mang trong qué trinh khtr kha dé dang. Thé nghi (OCP) clia
mang PPy sau khi tong hop thay dbi theo pH ctia mdi trwéng dwoc
&ng dung lam cam bién pH clia méi trwong. Mang PPy dwgc pha
tap bai anion TiFe? va MoO4? thé hién gia tri thé kha 6n dinh tai cac
gia tri pH cb dinh. Gia tri thé dién cwc twong tw nhau véi cac anion
pha tap khéc nhau. Trong dai pH tir 2 dén 8, thé dién cuc tuyén tinh
v&i pH. Mang c6 hién twong bong tréc khi pH 1én hon 8.

Tir khéa - polypyrrole; polymer hoa dién hoa; tdng tr& dién hoa;
oxi hoéa khir; cam bién pH.

1. Giéi thi¢u

Polymer dan dién duoc xem 12 loai vat liéu méi, co nhiéu
kha néng tmg dung tir khi bai bao cua 3 nha khoa hoc dugc
cong bd nam 1997 vé polyacetylene. Giai thuong Nobel Hoa
hoc nam 2000 da duoc trao cho ba nha khoa hoc Hideki
Shirakawa, Alan MacDiarmid and Alan Heeger, danh diu
mdt su ra doi, budc nhay vot vé vat li¢u polymer dan dién [1].

Kha nang trng dung cua loai polymer nay ngay cang duoc
phat trién, mé rong. Chiing c6 thé mg dung lam vat liéu mang
trao déi, chéng an mon kim loai, vat liéu dién cuc cho nguén
dién hoa hoc.... Sy phat trién ctia cong nghé vat liu nano da
thuc sy mo rong dang ké cac (mg dung ctia ching.

Polyaniline (PANi), polypyrrole (PPy), polythiophene
(PTP) dugc xem 1a ba polymer dan phd bién va dugc tap
trung nghién ctru nhidu nhit. Trong d6, PPy do ¢6 nhiéu tinh
chit dic biét, ndi bat nhur d6 din cao, bén méi trudng, thé oxi
hoa thap, d& ché tao bang phuong phéap hoa hoc va dién hoa...
nén duoc quan tim nhidu hon ca. Vé6i hé lién két pi lién hop,
cac dién tir dugc di chuyen doc trén mach C tao nén tinh chat
dan dic biét cia PPy. Bang qua trinh oxi hoa khur dién hoa
PPy c6 thé chuyén trang thai tir dan dén ban dan. Qua trinh
oxi hoa khir mang PPy dién ra thuan nghich [2, 3, 4].

pH 1a mot théng sé quan trong trong cac qua trinh
nghién clru, img dung trong thyc tidn. Kiém tra, khéng ché
on dinh pH luén dugc dat ra. Dién cyc pH thuy tinh dugc
st dung kha phé bién hién nay, nhung loai dién cyc nay co
nhuoc diém dé v, d& bi nhidm ban bé mat mang thiy tinh,
gia thanh dit... Viéc nghién curu, thay thé mot loai vat liéu
khac nhim khéc phuc cac nhuoc diém trén duge dat ra.
Polymer dan PPy do c6 kha ning tu pha tap/khir pha tap
hodc proton hoéa/khtr proton hoa khi pH moi truong thay
dbi. Pay 1a mot su lya chon dé nghién ciru thay thé dién
cuc pH thuy tinh [3].

Thé nghi (OCP) ctia mang PPy s& khac nhau khi ¢6 qua
trinh dich chuyén qua lai giita proton hoa/khir proton hoa.

Abstract - Polypyrrole (PPy) is one of polymers that have been
much studied.. PPy film is synthesised on Au electrode (purity
99.99%) in the solution that contains anion MoO,* and TiFe?.
Oxidation and reduction of PPy is characterised with
Electrochemical Impedance Spectroscopy (EIS). These anions are
mobile enough to release from the PPy film in redox process. Open
circuit potential (OCP) of PPy changes with pH of solution, so that
PPy can be used as pH sensor. PPy doped with MoO,%, TiFs*can
produce the stable potentials at the difference pH values. In the
range of pH 2 — 8, OCP has been directly propotional with pH.The
OCPs are nearly the same with different dopant anions.There is
evidence that film is delaminated when pH solution is larger than 8.
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Su thay d6i OCP s& twong tng véi gia tri pH ctia dung dich.
bay la nguyén tic co ban dé nhan biét pH cta mdi truong
biéu dién qua thé nghi (OCP) ciia mang PPy.

Trong bai bao ndy, mang PPy duoc két tua trén dién cuc
Au (d6 tinh khiét 99,99%) dé lam cam bién pH bing
phuong phap dién hoa (dong khong ddi). Su thay dbi cac
loai anion pha tap khac nhau dugc khao sat va so sanh. Méi
quan hé thé nghi va pH cta dung dich duoc thiét lap trong
pham vi pH tir 2 dén 8. Pay la nhiing két qua ban dau, lam
co s dé phat trién hé do vé6i vat liéu hitu co.

2. Thwe nghiém

Monomer pyrrole dugc cung cap boi cong ty Aldrich-
Sigma (tinh khiét 98%). Cac hoa chit NaMoOs, HoTiFs
dang dung dich duoc mua trén thi trudng, san pham cua
Aldrich-Sigma. Dung dich véi cac gia tri pH khac nhau
duoc chuén bj tir dung dich HCI va NaOH.

Mang PPy dugc két toa trén dién cuc Au (99,99%) véi
kich thuédc 3cm x 1mm x 0,5mm. Mau duogc téy sach trong
acide HNOs loang trudc khi tao mang. Binh dién phan 3
dién cuc (dién cuc lam viéc la Au, di€n cuc so sanh la
Ag/AgCl, dién cyuc dbi 1a thép khong gi). May do dién hoa
da nang PGS-HH10 duoc sir dung dé diéu khién cac qua
trinh két tia, oxi hoa khir vong.

Phd téng tré dién hoa dugc do trén thiét bi IM6
Impedance cua Zahner Elektrik (CHLB D). Dai tan sb tir
100 kHz dén 0,1 Hz. Mang PPy duoc khir tir dién thé +0,1
V dén -1V trong dung dich KCI 3%, thoi gian chd & mdi
gia tri dién thé khir 1a 10 phut. Cac gia tri tong trd va pha
thu duoc thé hién trén gian d6 Bode — gdm céc tryc tung 1a
tong tré va do léch pha, truc hoanh 1a dai tan s6. Vi so do
mach dién tuong duong thé hién ¢ Hinh 1, bing qué trinh
mo phong lap ghép s6 lidu (fitting process) cac gia tri dién
tré ciia mang polymer Rpy, dién dung ciia mang Cpvm dugc
tinh toan. Trong qua trinh khr, tinh chét dién hoa cua mang
thay di, thé hién qua sy thay ddi cac gia tri nay.
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Hinh 1. So a6 mach dién twong dwong voi hé mang PPy trén
nén kim logi Au. Re: dién tro cua dung dich; Rpu: dién tré mang
polymer; Cry: dién dung cua mang polymer; Ca: dién dung Iop

dién tich kép; Rer: dién tré chuyén dién tich
Mang PPy dugc ché tao trén dién cuc Au voi hai loai
anion pha tap 1a MoO4* va TiF¢*, thanh phan dung dich
dugc the hién & Bang 1.
Bing 1. Thanh phan dung dich va
ché dg dién phan ché tao mang PPy

x . A . Mat d6 dong
Mau Thanh phan dung dich dién phin
M1/PPy(MoOs) | NaMoOs 0,IM, pH=4,5 | 0,5 A/dm?
M2/PPy(TiFs) HoTiFs 0,1 M, pH=4 0,5 A/dm?

Chuén bi nén: Pién cuc Au (tinh khiét 99.99%) c6 dién
tich 3em x lem duoc xtr ly tay sach diu m& trong dung
dich acetone, tdy nhe trong HNOs lodng, rira sach va siy
kho trong dong khong khi.

3. Két qua va thao luan
3.1. Tao mang PPy trén dién cuc Au
Puong cong thé - thoi gian dwoc thé hién trén Hinh 2.

Dién thé V (so véi Ag/AgCl)
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Hinh 2. Duong cong thé - thoi gian trong qud trinh tong hop
mang PPy bang phuwong phdp dong khéng doi

Hinh 3. Mang PPy trén nén Au
Pudng cong tao mang trén Hinh 2 1a dién hinh cho qua
trinh polymer hoéa PPy trén dién cuc tro nhu Pt, Au. Ngay
khi 4p dong, thé dién cyc ting nhanh va én dinh tai gia tri
thé 0,705V (so vdi dién cuc Ag/AgCl). Pay la thé phong
dién cua monomer pyrrole [2]. Do dién cuc Au khong bi

hoa tan trong qué trinh phan cuc, nén qua trinh tao mang
nhanh chéng, khong c6 dau vét bong troc (Hinh 3).
3.2. Phé tong tré di¢n héa

Viéc proton hoa/khir proton hoa hay oxi hoa/khtr cua
mang c6 thé danh gia qua su thay d6i dién tré cia mang
trong qua trinh oxi hda dién hda. Qua trinh khir ludén kém
theo su di chuyén anion pha tap ra khoi mang dan dén dién
tro cua mang tang 1én, nguoc lai khi mang bi oxi hoa, dién
tré mang giam, 6 dan ciia mang ting. Po tong tré dién hoa
cho ta biét dugc kha ning oxi hoa khir cia mang qua su
thay dbi dién trd mang PPy [2, 3, 4, 5].

Ming PPy dugc do pho tong try dién hoa trong dung
dich KC13%. Su thay d6i tong trd clia mang dugc thay trén
Hinh 4, 5.
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Hinh 4. Pho tong tré dién hda ciia mang PPy(MoO.)
trong dung dich KCI 3%, khir tir 0,1V den -1V
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Hinh 5. Phé tong tré ciia mdng PPy(TiFs)
trong qua trinh khir tir 0,1 dén -1V
Cac gia tri cua dién tré Rpym, dién dung Cpm ciia mang
thu dugc sau khi mo6 phong so li¢u theo mé hinh thé hién &
Hinh 1 dugc bi€u dién trén Hinh 6, 7.
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Hinh 6. Su thay déi dién tré (@) va dién dung(L)
cua mang PPy(MoQy) theo dién thé khir

Bing cach phan cuc, mang bi khir d& dang, linh dong
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cua anion molybdate du lon dé di chuyén ra bén ngoai nén
dién tro ting dan (Hinh 6). Do vay d6 dan clia mang giam.
Anion pha tap di chuyén ra ngoai da lam thay dbi tinh chat
dién ctia mang. Tuong tng véi su giam do din dién nay 1a
sy tang dan dién dung ciia mang [6]. Dién tré mang giam
& dién thé am hon -0,8V 1a do dong di chuyén vao ra dong
thoi ctia cation K™ trong dung dich [2].
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Hinh 7. Sy thay doi dién tré (o) va dién dung(L)
cua mang PPy(TiF) theo dién thé khir

Véi anion pha tap TiFe>, tinh chat oxi hoa khtr cling
duogc thé hién rd qua sy thay dbi cua téng tré mang (Hinh
7). Tuy nhién, & dién thé kha am, dién tré cia mang dao
dong nho. Dién tré mang kha cao (gan 10 KOhm), mang
gﬁn nhu khong dan dién. Tai dién thé -0,4V dién tro mang
rat it thay doi, cation trong dung dich khong pha tap vao
mang. Sy di chuyén cua anion TiF¢> di ra khoi mang 1a vu
tién hon so véi dong cation di vao mang [2,6].

Nhu vay, kha ning proton héa/khir proton hoa cé thé
quan sat duoc bang qua trinh oxi hoa/khir qua su thay d6i
tong trd. Tong tro cia PPy dugc pha tap boi hai loai anion
nay déu tang khi mang chuyén sang trang thai khir, ching
t6 anion pha tap c6 thé di chuyén ra khoi mang [2,6].

3.3. Quan h¢ thé dién cwe — pH dung dich
3.3.1. Mang PPy(MoOy,)

Mau dugc chuén bi trong diéu kién duoc trinh bay & trén
(M1). Cac mau duoc nhing trong cac dung dich dém c6 pH
khac nhau va ghi lai thé nghi theo thoi gian trén may dién
hoéa da nang PGS-HH10. Két qua dugc thé hién trén Hinh 8.
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Hinh 8. Gid tri thé dién cuc PPy(MoOy) trén dién cuc Au
trong cac dung dich cé pH khdc nhau
Trén Hinh 8, gia tri dién thé dién cuc c6 xu hudng
chuyén vé phia am hon khi moéi truong c6 pH 16n. Trong

mdi trudng acid c6 pH thip thé dién cuc kha 6n dinh trong
mdt thoi gian dai (gan 1 gio).
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Hinh 9. Thay déi thé dién cuc mang PPy
theo gia tri pH cua dung dich

Quan hé cua pH - dién thé mang (V) duoc tl}é hién trén
Hinh 9. Bang phuong phap binh phuong bé nhat xay dung
duong thang tuyen tinh quan hé nay, két qua thu dugc nhu
sau:

V=-0,0536 x pH + 0,5148

Sai s6 binh phuong R?= 0,995. Quan h¢ tuyén tinh nay
c6 thé chap nhan dugc.
3.3.2. Mang PPy(TiFs)

Ming PPy dugc pha tap trong ché do dién phan nhu
trén (M2). Mang duoc ngdm trong cac dung dich dém c6
pH khac nhau, the dién cuc cuia mang dugc ghi lai va duge
thé hién trén Hinh 10.
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Hinh 10. Sy thay d6i thé dién cwc mang PPy(TiFs)
theo gia tri pH cua dung dich

Quan hé cua thé dién cyc cia mang va gia tri pH cua

dung dich duogc biéu dién bang phuong trinh:
V =-0,052 x pH + 0,48 véi sai s6 R>=0,987

Nhu vay, voi cac anion pha tap khac nhau vao polymer,
thé dién cuc ctia mang PPy gan nhu gidng nhau. O pH 16n
hon 8,3, trong ca hai truong hop véi anion pha tap khac
nhau déu quan sat dugc mang bi bong sau 60 phut ngdm.
Trong moi truong kiém, mang bi khir manh, thé tich mang
tang, cdc cation trong dung dich cung vdi cac phan tir H,O
di vao mang. Ngoai ra, phuong phap Can vi lugng thach
anh dién hoéa (Electrochemical ~Quartz  Crystal
Microbalance - EQCM) da cho thiy cac dong di chuyén
cation linh dong (nhuw K*, Na*) trong dung dich vao mang
chiém wru thé hon dong anion di ra & trang thai khur. Phwong
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phap quét thé Kelvin (Scanning Kelvin Probe -SKP) cho
thdy mang bi boc tach (delamination) kha 16n khi bi khu
[7, 8, 9]. Cac nguyén nhan trén c6 thé di 1am cho do bam
dinh cua mang PPy 1én di¢n cuc Au gidm 10 rét. Pay duoc
cho 1a giéi han tng dung cta ciia mang PPy khi lam cam
bién pH.

4. Két luan

Céc két qua ban dau cho thdy mang PPy trén nén Au
kim loai c¢6 kha ning thay doi thé dién cuc theo pH ciia moi
truong. Mi quan hé nay kha tuyén tinh trong ving pH nho
hon 8. Anion MoO4> va TiFs> khong anh huong 16n dén
dién thé dién cuc cia mang va chung c6 kha nang di chuyén
ra khéi mang trong qua trinh khu.

Hé nghién ciru s& dugce tiép tuc phat trién dé 6n dinh
hon thé dién cyc cia mang khi & pH cao hon, phtt hop véi
cac diéu kién thuc té.
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