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TOM TAT

Polyaniline (PANi) dwoc tdng hop bang phwong phap hoa hoc, st dung monome Aniline (ANi) va chét 6xi
hod la ammonium persulphate (APS) v&i ty I&€ 1:1. PANi dwoc tao thanh c6 dang soi v&i dwong kinh khodng
25nm, khoang cach trung binh gira cac vong thom trong chudi 4,36A, cac soi PANi két dam tao thanh mang va
dam. Khi tdng hop PANiI vé&i birc xa ttr ngoai (UV) chiéu lién tuc vao hén hop thi thdy co6 su thay déi hinh dang,
dang lién két gitra cac chudi va mirc d6 trat tw ctia cac soi PANI trong mang. Do nhay khi khir NHs ctia PANi 1a
23%, khi téng hop chiéu birc xa UV 365nm ting 1&n dén 32%, khi tbng hop chiéu birc xa UV 254nm giam di con
13% v&i nbéng d6 khi 28ppm. Khao sat do nhay khi NH3 ndng d6 40ppm ctia mang PANi chiéu tia UV 365nm cho
thay thoi gian dap (rng, thoi gian hdi phuc, d6 13p lai cao.

Ttr khéa: Polyaniline; t6ng hop hoa hoc; nhiéu xa tia X; SEM; TEM; dd nhay khi NHs.

ABSTRACT

Polyaniline (PANi) is synthesized by the chemical oxidative polymerization technique with monomer aniline
(ANi) and ammonium persulphate (APS) as an oxidant at a ratio of 1:1. PANi is formed in threads with the
diameter of about 25mm and the average ring of chain separation to be 4.36A. PANi threads are building up
groups and layers. During the PANi synthesis when the compound is continuously being exposed to UV, there
appears the alteration in shape, bonding types among the chains and the order level of the PANi threads in the
films. The NHs sensitivity of PANi, which is usually 23%, increases to 32% when being synthesized with UV
365nm and decreases to 13% with gas concentration of 28ppm when being synthesized with UV 254nm.The
study on NHs sensitivity of PANi with 40ppm concentration under 365nm UV rays has shown that the response
time, the recovery time and the repetition rate are high.

Key words: Polyaniline; chemical polymerization; X-raydiffraction; SEM; TEM,; sensitivity NHs.

chat cia PANi mot phan ciing bi anh hudng boi
diéu kién tong hop nhu nhiét do, d6 pH ciing
nhu céc loai chat pha tap. Gan ddy, mot so két
qua nghién ctru cho thay tinh chat PANi thay doi
khi c6 buac xa y [14] hodc tir ngoai (UV) tac
dong vao trong qua trinh tong hop [15]. Su thay
d6i nay bao gdm hinh dang chudi phan tir, dang
lién két gitta cac chudi, miac do trat tu,...
Bertino va cong su [14] cho thiy, duéi tac dung
cua tia y chudi PANi dugc hinh thanh c6 dang
soi. Huang va dong nghiép [15] cho biét cu trac
PANi-ABSA thé hién dong phan quang hoc
trans-cis twong tu phan nira azobenzene dudi tac
dung cua birc xa UV (A=365nm). Bardavid va
dong nghiép [16] cho biét PANi-SP sau khi

1. Giéi thiéu

Polyme lién hop c¢6 mach thiang véi cac
lién két don va doi xen k& nhau, khi bién tinh c6
kha nang dan dién da thu hat nhidu nghién ctru
cua cac nha khoa hoc. Trong cac polyme lién
hop, polyaniline (PANi) cung v6i mdt vai
polyme khac nhu PPY, PTh,... ¢6 vi tri dac biét
do ¢6 dd on dinh cao, than thién v&i moi truong,
dé tong hop va c6 d6 dan dién cao. PANi c6 thé
duoc str dung nhu cam bién sinh hoc [1, 2], cam
bién khi [4, 5], soi dan dién [6], dai truyén dong
[7], phu tinh dién [8], dién phan ran [9, 10], ctra
sO va man hinh dién hod, bao bi, pin polyme,
thiét bi dién tir va bd nhd,... [11-13]. PANiI
dugc tong hop do qué trinh oxy hoa Aniline

dudi tac dong cuia tac nhan hdéa hoc hay dién
hoéa.Ngoai tac dong cuia tac nhan oxy hoa, tinh

dugc chiéu UV thi hinh thdi hoc va sy hinh
thanh ludng cuc phan tir ting manh.
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Trong bai b4o nay chung t6i chi ra sy anh
huong cua buc xa UV (véi A=365nm va
A=254nm) trong qua trinh tong hop PANi lén
hinh thai hoc, 1én cdu hinh dién tir va 1én kha
ning nhay khi ciia mang PANi dugc ché tao.

2. Thyc nghiém

PANi dugc tong hgp bang phuong phép
hoa hoc bang cach sir dung monome aniline
(ANi, Ce¢HsN), chit 6xy hoa la ammonium
persulphate  (APS, (NH4)2S:0g). Quéa trinh
polyme hoa ANi dugc thyc hién béng cach nhé
timg giot APS 0,1M HCI 1M vao trong cbc chira
ANi 0,1M HCI IM theo ty 1& thé tich 1:1. Toan
bd qua trinh polyme hoa d6 dugc thyc hién trong
bé siéu 4m, ¢ nhiét do khoang 0-5°C, véi thoi
gian 3 gio. Buc xa UV c¢o6 budc song 365nm va
254nm dugc su dung dé tac dong vao qua trinh
polyme hoa. Mau PANi khong chiéu birc xa UV
dugc ky hiéu 1a CAO1, céd buc xaUV A=365nm
la CAC1, c6 btric xa UV A=254nm la CABL.

Hon hop tao thanh c6 chira PANi duoc rira
béng nude cét va dung dich HCI 0,1M, sau d¢ loc
két tiia bang may ly tim. San phén thu duoc ciing
duoc sdy kho, duoc xac dinh tinh chat dan dién
gian tiép qua kha ning nhay khi va phén tich cac
tinh chat vat 1y khac. Do nhay khi ciia cac vét liéu
duoc khao sat béng cach phu 1én dién cyc Pt va
duoc siy kho ¢ nhiét do phong, khi khao sat do
nhayla NHa. Né)ng do khi NH; dwoc chuin do
bang may BM GasAlert NHz— USA. Nhidu xa tia
X (XRD) v6i may D8 ADVANCE, géc 20 tir 10%-
50° budc quét 0,03° va thoi gian quét 1s, st dung
btrc xa CuKOO\,:L5406A. Phé hong ngoai (FT-IR)
voi may GX Perkin Elmer-USA, véi s6 song quét
tir 600cm™ dén 4000cm™, do phan giai 4cm™. Phd
Raman véi budce song kich thich 632,8nm, quét tir
500cm™® dén 2000cm™. Hinh thai hoc dwoc phéan
tich bang kinh hién vi dién tir quét (FESEM) voi
may Hitachi S4800 va bang kinh hién vi dién tir
truyén qua (TEM) v6i may Jeol 1010.

3. Két qua va théo luin

3.1. Phén tich phé UV-VIS

Ph6 UV-VIS ciia cac mdu CAOI, CACI,
CABI cho biét dinh hap thu cuc dai twong tng &
cac budc song 438nm, 450nm, 440nm. Cac dinh
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nay khang dinh mot phan rang PANi ¢ trang thai
protonation. Pong thdi né cho biét qua trinh dich
chuyén cuia trang thai polaron tir 7- 7. Ngoai ra,
ta thdy c6 su dich dinh phd dang ké vé phia budc
song dai ciia miu CACI. Diéu nay thé hién rd
PANi miu CAC] ton tai & dang mudi PANi.

Absorbance [a.u]
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b) CAC1
c) CAB1

T T T T
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Hinh 1. Phé UV-VIS ciia PANi: a) mau CAOI, b)
mau CACI, ¢) mau CABI

3.2. Phan tich phé hong ngogi (FT-IR)

Phd hong ngoai cac mau PANi cho biét
cic dao dong dic trung. Pinh phd 3441cm’
dugc gin cho dao dong kéo cing N-H cua
PANi. Dao dong kéo cing cua lién két doi C=N
va C=C trong vong Quinoid va Benzenoid tuong
tmg véi cac dinh 1571cm™ va 1479cm? trong
mau CAOI. Tuong tig véi hai dinh nay trong
mau CAC1 1a 1567cm™ va 1475cm™, con trong
méu CABI 1a 1555cm™ va 1473cm™.

10) 2928 795
3441 1473
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Hinh 2. Phé FT-IR ciia PANi: a) mau CAOI
b) mau CACI, ¢) mau CABI.

Nhu vy, ta thdy di c6 sy dich dinh phd
vé phia c6 budc song dai hon. Nhin vao phd FT-
IR, ta con thay cuong d¢ dinh ciia vong Quinoid
véi vong Benzenoid (Io/lg) trong mau CACI va
CAB1 giam xudng so véi mau CAO 1, véi miu
CAC1 1a nhé hon mau CABI. Diéu nay, chimg
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t6 rang trong qué trinh tong hgp PANi c6 chiéu
buc xa UV di lam ting ndng d6 Benzennoid
trong mudi polyaniline, tirc 1a thay d6i mic do
6xi hoa ANi. Tir pho FT-IR cho thdy rang mau
CAC1 ¢ lo/lg nho nhit s& c6 kha ning cho do
dan dién 16n nhét trong ba miu khao sat. Khi
nang lugng UV tang tu 3,4eV (365nm) Ién
4,88¢V (254nm) da lam giam mac do
protonation trong PANI.

Pinh pho khoang 1297cm™ va 1243cm™
clia cac mau duge gin cho dao dong kéo cing
C-N cua vong Benzenoid. Pinh c6 cuong do 16n
& sb song 1143cm™ cua CAOI duoc gin cho
dao dong bién dang trén mit phing cia C-H
(ché @6 N=Q=N, Q=N*H-B va B-N*H-B), day
la mét dang cia protonation. Pinh nhon nay la
moét dinh dac trung ctia PANi va la thudc do
murc do linh dong cua electron trong PANi [17].
Trong mau CACI va CABI, dinh nay di dich
chuyén dén 1141cm™ va 1126cm™. Nhu vay,
UV di c6 tac dung lam dich dinh phd nay trong
PANi. Dinh ¢ khoang 800cm™ duoc cho 1a dao
dong bién dang ngoai mat phang C-H. Viéc gin
céc dao dong cuia cac lién két ciing duge cho boi
cac tac gia khac [17, 18, 19].

3.3. Phdn tich phé Raman

a) CAO1
b) CAC1
<) CAB1

Raman Intensity [a.u]
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Hinh 3. Ph6 Raman ciia PANi: a) mau CAOI, b)
mdu CACI, ¢) mdu CABI.

Dinh phd 524cm™ tuong tmg voi vi tri
bién dang amine trong mét don vi ciia PANi voéi
budc song kich thich 632,8nm. Pinh phd &
khoang 775cm™ dic trung cho vong Quinoid
trong PANi. Dinh phd 1475cm™ tuong tmg voi
dao dong kéo cing cua lién két déi C=N va
CH=CH trong vong Quinoid trong mau CAOI.
Dinh phd nay duoc dich chuyén dén vi tri
1474cm™ va 1470cm? 1an luot twong tmg véi

mau CACI va CABI. Nhin vao phd Raman ta
con thay dinh nay nhon hon khi budc song ctia
tia UV gidm.

Pinh phd 1591cm® tuong tng véi dao
dong C=C trong vong Quinoid trong PANi cua
mau CAOIl. Véi mau CAC1, CABI thi twong
mg v&i hai dinh pho 1a 1593cm™® va 1598cm™.
Piéu nay ching tobiic xa UV da anh huong t6i
cuong do dao dong cua lién két C=C trong vong
Quinoid ctia PANI.

Pinh phd 1216cm® tuong tng véi dao
dong C-N** trong chudi PANi cua mau CAOI,
dinh nay dich chuyén dén 1217cm™ véi mau
CACI, dén 1218cm™ véi mau CABI. Tuy nhién
su dich dinh nay rit nho. Pinh 1162cm™ twong
tmg voi dao dong C-H trong chudi PANi cia
c4c mau khao sat. Nhin vao phd Raman, cho
thdy trong dai s6 song 1400cm™ dén 1700cm™
su dich dinh phé 1a dang ké dudi tac dung cua
burc xa UV trong qua trinh tong hop PANi.

3.4. Phén tich pho nhiéu xa tia X

a) CAO1
b) CAC1
c) CAB1

Intensity [a.u]

1IO 1I5 2IO 2I5 3IO 3I5 4IO 4IS 5I0
Two Theta (degree)
Hinh 4. Giam do6 XRD ciia PANi: a) mau CAOI,
b) mau CACI, ¢) mau CABI.

Gian d6 XRD ctia mdu CAO 1 cho thiy
céac dinh cuc dai c6 goc 20 ¢ 25,5°, 20,69, 15,2°.
Su dung cong thirc S=51/8sinB[20].Tinh khoang
cach trung binh gifta cic vong thom trong chudi
polyme tuong tng cho dinhcé cuong d6 cuc dai
véi goc 20=255° thi ta c6 S=4,36A. Déi véi
mau CACI, gian dd XRD cho th?iy cac dinh cuc
dai c6 goc 20 ¢ 139, 25° va 27°. G mau CAC1
nay, ta tinh S twong tng véi ca ba dinh cuc dai
la S;=8,51A, S;=4,45A, Ss=4,12A. Tuong tu,
gian d6 XRD ciia madu CABI hinh 3.c cho thay
cac dinh cuc dai c6 goc 20 ¢ 14,5° 26°, 27,5°.
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Tinh S véi ca ba dinh cuc dai tuong ung 1a Ss=
7,63A, Ss=4,28A, S¢=4,05A. Nhu vay, bic xa
UV di lam thay d6i khoang cach trung binh giira
cac vong thom trong chudi PANi duoc tdng
hop. Diéu d6 ciing c6 nghia rang khi nang luong
tia UV ting Ién tir 3,4eV dén 4,88eV thi sb
lwong chudi PANi c6 chiéu dai ting 1én. Chimg
t6 birc xa UV di c6 tac dung lam ting chiéu dai

-~

Hinh 5. Anh SEM ciia PANi mau
CAOQ1.

Nhin vao anh SEM ctia mau CAO1 & hinh
5 cho biét PANi dugc két ty thanh dam, mang,
bé mat mang khong xdp, khoang trong giita cac
dam, mang it. Anh SEM mau CAC1 hinh 6 cho
biét PANi duoc két tu thanh ¢am, mang, khoang
tréng giira cac dam, mang duoc ting 1én so véi
méu CAOI1. Con dnh SEM cua mau CABI hinh
7 cho biét PANi dugc két thanh soi 16n nho khac
nhau, sy tao thanh ddm mang 14 it, khoang tréng
giita sgi thay 16 cho thdy mang PANi c6 d¢ xop
16n. Piéu nay sé& anh huéng dang ké dén kha
nang hap thy khi ctia cac mang.

Anh TEM ctia cac mau PANi duogc tong
hop nhu hinh 8, 9, 10. Chiing t6i con thiy ring,
bé mat soi PANi dbi v6i miu CACI va CABI
thi nhan hon so v&i mau CAOI. Vé dudng kinh
cac sgi PANi trong mau CAO]1 thi nhé hon hai

CAO - 1.002
Print Mag: 80400x @ 51 mm
4:00:55 0 02/01/13

CAC - 1.001
Print Mag: 80400x @ 51
4:08:33 p 02/01/13

100 nm
HV=80.0kV

Hinh 8. Anh TEM ciia PANi mdu
CAOL.

Hinh 9. Anh
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Hinh 6. Anh SEM ciia PANi méu
CACL1.

chudi PANi. Véy trong qué trinh tong hop PANi
bang phuong phap hoa hoc co chiéu bic xa UV
thi birc xa UV duoc coi nhu mot chit xuc tac
lam ting chidu dai hodc 1a chat gin két cac
chudi PANi d¢ thanh chudi dai hon.

3.5. Phén tich anh SEM, TEM

S480Q-NHEM 0 kY & &

Hinh 7. Anh SEM ciia PANi mau
CABL.

mau con lai. Puong kinh sgi PANi lan luot voi
cac mau CAO1, CACI, CABI khoang 25nm,
29nmva 31nm. Nhu vay, buc xa UV trong qua
trinh polyme hod ANi da c6 tic dung lam tang
kich thudc cua sgi PANi. Nhin vao anh TEM
con thdy rang cac sgi PANi con xoan vao nhau
dé tao thanh soi 16n hon.

Nhu vay, dua vao phéan tich anh SEM,
TEM cua cac mau CAO1, CAC1, CABI cho
biét ring birc xa UV da 6 tac dung lam tach roi
cac sgi PANi. Khi nang lugng birc xa UV tang,
kha ning tach rdi cac sgi PANi cang 16n. Diéu
nay c6 thé giai thich rang, bic xa UV da lam
tang mic do hoat hoa cua sgi PANi, do d6 cac
soi PANi khong bi co cum lai thanh mang nira
ma chung da tach roi nhau tao do xép 16n hon
trong mang PANi nhu hinh 6 va hinh 7.

CAB 1.006

100 nm
HV=80.0kV

TEM ciia PANi mau
CACL1.

mm —
100 nm

HV=80.0kV

Print Mag: 80400x @ 51 mm
2:42:07 p 05/25/13

Hinh 10. Anh TEM ciia PANi méu
CABL.
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3.6. Dy nhay khi NH;
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Hinh 11. B¢ nhay khi NHs & nhiét dé phong ciia PANi

mdu CAOI.
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Hinh 13. D¢ nhay khi NH3 ¢ nhiét dé phong cua PANi

mau CABI.

Hinh 11, 12, 13 cho biét d6 nhay khi NHs
(loai khi c6 tinh khir) cuia mang PANi trén dién
cuc Pt twong ung véi cac mau CAOI1, CAC1 va
CABI1 ¢ nhiét d6 phong. P nhay khi dugc tinh
theo cong thic: dd nhay (sensitivity) =(Rgas-
Ro)x100/Ry, trong d6 Rgs va Ro 1a dién trog cua
mang khi ¢6 khi thir va khi chua c6 khi thir. Nhin
vao cac dd thi thdy rang, cac miu PANi déu co
kha ning dap ung voi ndng d6 khi NHz nho. Khi
né)ng dd khi NHs tang 1én, thi d6 nhay tang Ién
gin nhu tuyén tinh trong khoang ndng d6 khao sat
tir 7ppm dén 49ppm. Do nhay khi cia PANi mau
CACI la cao nhat trong ba miu khao sat. O nong
dd khi NHs 1a 28ppm thi do dap tng ctia mau
CAOI 14 khoang 23%, ctia mau CAC]1 la khoang
32%, cia mau CABI 1a khoang 13%. Su ting d6
nhay khi ndy mét phan 1a do su ting do xdp ciia
mang PANi khi c6 birc xa UV chiéu vao khi tong
hop PANi nhu phan tich &anh SEM va TEM trén.
V6i mau CABI thi c6 d6 x0p cao, nhung d6 nhay
khi NH3 lai giam, chimg t0 voi ndng lugng cao
clia birc xa UV da lam gidm kha ning dan dién
ctia vat liéu PANi.Pong thoi qua phén tich phd

49pp]

50 a2pom
454
35]
- 40 ppm
X
S
2. 35
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; 304
=254
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$ 20
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Hinh 12. D nhay khi NH3 & nhiét dé phong ciia PANi

mdu CACI.
180
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160 [==chct K, 4oppr]
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Hinh 14. g nhay khi NHz ¢ nong do 40ppm ciia PANi

mau CACI & nhiét @6 phong.
FT-IR con cho théy khi PANi ton tai & trang thai
gitra murc 6xi hoa va trang thai khir s€ cho sy thay
d6i do dan 16n.Viéc CACI c6 do nhay khi 1on
cuing pht hgp véi phan tich trong phd FT-IR va
phd Raman. Phan tich anh SEM, TEM va nhiéu
xa tia X cho thdy su bién ddi chiéu dai chudi,
duong kinh ciia chudi PANi trong cac mau khi
téng hop c6 chiéu tia UV khéng ddng nhit voi
viéc ting do dan cta chudi PANi. Phan tich phd
FT-IR cho biét PANi miu CAC]1 célo/ls nhé, co
nghia 13 PANi duoc tong hop gin véi trang thai
Emeraldine. Diéu nay cho két luan rﬁng, su thay
dbi d6 dan cua PANi phu thude rt nhiéu vao murc
d6 6xi hoa cia PANI, ¥ kién nay ciing tring voi
tac gia [21, 22]. Su khac biét cia PANi mau
CACI duoc khao sat k§ hon v6i nong do 40ppm
khi NH3 ¢ nhiét do phong nhu hinh 14. C6 thé
nhan thay cam bién trén co s6 PANi miu CAC1
rat nhay voi khi NHz ¢ nhiét d6 phong. Cac chu
ky bom khi NHs va m& chudng cho thay do lap
lai ¢ su 6n dinh cia miu CACL. Db thi con cho
thdy khi m& chudng thi d§ hdi phuc lac dau ciia
mang la rat nhanh, sau dé thi tc do hodi phuc cia
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mang giam rat chim va trd vé trang thai dau.
Diéu nay ciing cho thiy qua trinh hap phu khi
NHs 14 hap phu vat Iy.Mot anh huong dang ké cua
buc xa UV chiéu vao trong qua trinh tong hop
PANi 13 téc do bién thién do nhay cia mang
PANi dugc cai thién rd rét. Mau CAOL, toc do
bién thién d6 nhay nho hon nhiéu so véi hai mau
CAC1 va CABL.

4. KET LUAN

Tong hop polyaniline ¢ nhiét do tir 0-5°C
véi chat xuc tac la HCI, chat 6xi hod 1a
ammonium persulphate tir monome aniline dugc
thuc hién bang phuong phap hoa hoc cho thiy
PANi c6 dang sgi. S¢gi PANi c¢6 duong kinh
khoang 25nm, khoang céach trung binh gitta cac
vong thom trong chudi khoang 4,3 6A. Khi chiéu
buc xa UV trong qua trinh téng hop PANi da
cho théy birc xa UV duoc coi la chat xtc tac, nd
da lam tang kich thudc, lam tang muc d9 hoat

hoa ciia soi PANi dan dén ting do x6p mang
PANi. Vai buc xa UV ¢6 budc song 365nm,
PANi dugc tong hop & gin trang théi
Emeraldine hon, trang thai c6 kha nang dan dién
tét nhat. P nhay khi NH;z cia mang PANi ¢
nong do thap tot va do nhay tiang lén gin nhu
tuyén tinh trong khoang khao sat tir 7ppm dén
49ppm.

Chiéu birc xa UV trong qua trinh tong hop
PANi cho thdy buc xa nay di anh huong dén do
hoat hoé cua sg¢i, do nhay khi cua mang PANI.
Tuy nhién, vo6i hai blic xa 365nm va 254nm thi
chi birc xa 365nm c6 tac dung lam ting kha ning
nhay khi cia mang PANi tur 23% [én 32% voi
ndng do 28ppm ciia NHz & nhiét d6 phong. Diéu
nay da mo ra mot hudng nghién ciru vé sy anh
huong cua buc xa tir ngoai 365nm 1én cac vit
liéu composite trén nén PANi.
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