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Abstract

The paper presents a process of synthesizing conductive polymers from an aromatic amine as aniline. The process
provides simple synthesizing steps for the polyaniline salt by polymerizing aniline in the presence of different protonic
acids as dopants such as hydrochloric, maleic, and 5-sulfosalicylic acids. The synthesized polyaniline salts have electrical
conductivity as high as 4 S.cm™ and the yield of polyaniline was higher than 61 percent in all cases and up to 90 percent.
A process for preparing of PANI, which dissolves in organic solvent of chloroform is also presented.

1. GIOI THIEU

Polyme dan dién 1a mot vat liéu moi duge phat
hién va nghién ctru trong vai thap ki gan day. Voi
dic diém khac véi nhitng polyme truyén thong —
nhimg polyme cach dién, polyme dan da thu hut sy
quan tdm cua rat nhiéu nha khoa hoc trén thé gioi.
Chu trac ddc trung cua polyme dan dién bao gom
nhitng ndi doi lién hop trong mach chinh va sy co
mit cta dopant. Do dan dién clia polyme dan phu
thudc nhidu yéu td, trong d6 dang quan tim 1a d6 dai
mach polyme, ban chat ctia dopant, ham lugng
dopant tham gia vao qua trinh polyme hoa.

PANI la mgt trong nhirng polyme dan dién duoc
nghién ctru nhiéu nhat cing nhu c6 nhing ung dung
kha da dang boi uu diém vé d6 dan dién cao, 40 bén
moi trudng, bén nhiét, bén co hoc va nhe. O Viét
Nam, dd c6 mot sb nghién ciru sir dung PANI trong
quan sy nhu ché tao vat lidu héip thuy song rada
(RAM) dung trong nguy trang, nghi trang [1, 2].

Trong bai bio nay chung toi trinh bay két qua
tong hop PANI ¢ dang bot, dua ra quy trinh tong
hop t6i wru ddi véi timg dopant duoc st dung dé dat
d6 dan dién cling nhu hiéu suét cao nhit. Ngoai ra
cling dwa ra quy trinh co ban dé tong hop PANI tan
trong cloroform, san pham PANI tan trong dung moi
hitu co khong dugc khao sat trong bai bao nay.

2. THUC NGHIEM
2.1. Thiét bi va hoa chit

Pé tong hop PANI va ép thanh tim, di str dung
cac dung cu thuy tinh thong thudng trong phong thi
nghiém, may khudy tir, thiét bj 6n nhiét, khuén va
may ép thuy luc. Dé do do dan dién, dd s dung
phuong phap do bon cyc [8] vai sai s6 £7,5%. Ngoai
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ra, con sit dung kinh hién vi dién tor quét (SEM), do
phong dai sir dung tir 200 + 10000 lan (Jeol JMS
5300 — Japan) va may phan tich phd hp thy hong
ngoai dé phan tich cu trac PANI thu duoc.

Cac hoa chit st dung la: Anilin (PA); axit
clohydric, axit maleic, axit 5-sulfoxalixylic; amoni
pesulfat; benzoylpeoxit; natri laurylsunfat.

2.2. Phwong phap nghién ciru

PANI dang bét dugc diéu ché theo quy trinh sau:
nho giot dung dich amoni pesunfat vao khéi dung
dich mudi cua anilin va dopant theo ty 1€ khao sat,
duy tri tdc d6 nho giot dé nhiét do phan ung thay doi
trong khoang +0,5°C; khudy trong 2 tiéng dong ho.
Két thuc khudy, dé yén hdn hop phan umg trong 2
gio thu duogc két tia mau xanh den, c6 anh kim bam
trén thanh binh. Tién hanh loc hut chin khong va rira
v6i nude cit dén pH = 5 = 7, sau d6 ria lai véi
axeton thu dugc PANI am. Sdy trong 2 tiéng dong
hd ¢ nhiét do thich hop (tuy timg dopant) thu duogc
bot PANI kho, nghién thanh dang bot min sau do
dem ¢ép thanh dang tAm kich thudc 27 x 19 mm bing
may ép thuy luc, ap suat 50 kG/cm®. Mau thu duoc
c6 d6 day xap xi 2,7 mm.

Ché d6 khao sat:

- Theo nhiét do: tai cac nhiét 3o 5, 15, 25, 35°C.

- Theo ty I¢ mol dopant/anilin 1a 0; 1/2; 1/1; 3/2;
2/1. Céc dopant st dung la axit clohydric, maleic, 5-
sulfoxalixylic.

- Nhiét do sdy (°C): axit clohydric 110 = 120,
maleic 100 + 105, 5-sulfoxalixylic 110 + 120.

PANI dang tan trong dung méi hitu co dugc diéu
ché theo quy trinh sau: Hoa tan natri laurylsunfat
trong nudc cit; hoa tron vao dung dich cua
benzoylpeoxit trong cloroform tao thanh nhii tuong
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mau trang sita, hdn hop duge khudy bang may khuay
tr. Dung dich mudi cuia anilin véi axit
5-sulfoxalixylic trong 100 ml nuéc cat duge dua vao
binh nho giot. Nho giot dung dich mudi cua anilin
vao khdi phan tmg, tién hanh & nhiét 46 phong. Duy
tri téc d6 nho giot sao cho nhiét d6 thay ddi trong
pham vi +0,5°C. Két thac nho giot, tiép tuc khua"iy,
dé phan tmg dién ra trong 24 gio. Chiét liy 16p dung
dich mau xanh den nam phia duédi. Rira nhiéu lan
bang nudc cat, lugng nudc cit can dung 1a khoang 3
lit. Lop hitu co chira PANI dugc tach nudc bang
Na,SO, khan sau d6 duoc loc qua gidy loc. San
phim cudi cing thu dugc 1a PANI hoa tan trong
cloroform.

Dé khao sat d6 dan dién, cac miu duogc ép thanh
dang tdm c6 kich thudc 27x19x2,7 mm; su dung
ngudn 9V DC, ghi lai cac gia tri do trén Von ké va
Ampe ké. Do dan dién ciia mau duogc tinh theo cong
thire [8]:

I
~ U.d.CF,CF,

[S.cm™]

Trong do:

114 cuong 36 dong dién do dugc [mA];

U 14 hiéu dién thé do dugce [mV] ;

d 14 6 day ctia mau [cm];

CF,, CF, 13 hé s6 hiéu chinh theo chiéu day va
kich thudc méat (rong va dai). Cac gia tri nay phu
thudoc vao kich thudc miu ¢ trén, tra theo bang
trong [8].

3. KET QUA VA THAO LUAN
3.1. Két qua tong hop PANI

bay la phan Ung toa nhiét, tuy nhién qua trinh
toa nhiét chi dién ra mot cach dot bién trong mot giai

doan kéo dai vai phut. D6 1a giai doan polyme hod,
trudc d6 1a giai doan oxi hoa tao cac gdc tu do. Doi
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Pham Manh Thao va cong sy

voi cac dopant khao sat, mau hdén hop ludn cod su
chuyen bién tir mau vang dén ndu, xanh la cy 10i
cudi cung 1a xanh den. Ludn can giir ty 1¢ chat oxi
hoa nhoé hon 1 so véi chat nén [5] va nén tién hanh
phan tmg biang cach nho giot chét oxi hod vao khdi
phan g nham khéng ché nhiét do tot va khong dé
sinh ra san phdm dang penigranilin 1a PANI & muc
oxi hoa cao c6 mau tim, khong dan dién.

Dbi v6i dang tan trong dung mdi hitu co, san
pham PANI sinh ra dugc tan trong cloroform, nim
phia dud¢i. Tuy nhién viéc rira lam sach PANI trong
dung méi hitu co kha kho khan do thoi gian cho tach
16p dé chiét kha 1au, lwong nuéc can dung dé ria
cling twong d6i nhiéu. PANI dang nay thim rat tdt
vao bong va gidy, diéu ndy mo rong kha ning dua
PANI vao cac dang vat liéu x6p. Pay 1a huéng méi
dé khao sat.

3.2. Hiéu suit phan irng

Nhin chung phan tng téng hop PANI 1a phan
g c6 hiéu suat cao (hinh 1), dic biét khi sir dung
dopant HCI cho hiéu suat 1én dén khoang 90%. Tuy
nhién cin phai dwa dopant vao tir dau, tic 13 tao
mudi anilin-dopant thi phan tng méi thu duoc hiéu
suat cao do mudi anilin-dopant tan trong nuéc t6t
hon anilin khién kha ning khuéch tan cia chit oxi
hoa t6t hon. Do phan tng toa nhiét nén tién hanh &
nhiét do thap s& tot hon. Khi pha tap véi HCI cho két
qué tuan theo quy ludt ndy, tuy nhién khi tong hop
PANI véi dopant la axit maleic va 5-sulfoxalixylic
lai dat hiéu suit cao khi ting nhiét d6. Déu nay dugc
gidi thich 12 do mudi cua anilin va HCI tan trong
nudc nén dé twong tac véi dung dich oxi hoa la
amoni pesulfat. Trong khi do6 cac axit
S-sulfoxalixylic va axit maleic la cac axit hitu co,
nén khi ting nhiét d9, kha nang phan tng cua pha vo
co (dung dich chét oxi hoa) vao pha hitu co ting 1én,
vi vady qua trinh oxi hod tao mach ciling nhu khau
mach dién ra tot hon & nhiét do cao.
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Hinh I: Hiéu suét phan tng phu thudc nhiét @6 va ty 1€ mol dopant/anilin

312



TCHH, T. 49(3), 2011

Dbi v6i su phu thudc cia hiéu sudt vao ty 18
dopant/anilin, khi khong s dung dopant, phan tng
cho hiéu suat thap, hiéu sut phan ung ddi voi cac
dopant HCI, axit maleic, axit 5-sulfoxalixylic 16n
nhat 1an luot ¢ cac ty 16 mol dopant/anilin twong g
1a 1/1; 1/1 va 3/2. C6 thé thay ban chit cua dopant
anh hudng 16n dén hiéu suat phan tng. Dopant vo co
khién mach PANI d& dang tao ra hon. Trong khi
dopant hitu co vira kho phan tan, vira c6 cdu triic
céng kénh nén viéc tham gia vao mach ciing bi han
ché, vi vay muc do bdo hoa cua dopant hitu co trong
mach PANI s& thap hon so véi dopant vo co.

3.3. P9 din dién

Khi s dung dopant la axit 5-sulfoxalixylic,
PANI thu duogc c6 do dan dién vuot troi. Theo quy
luat chung la ting ty 1¢ dopant s€ ting kha nang dan

dién do nong do axit cao, su proton hoa PANI nhiéu

3

Nghién ciru tong hop polyme...

hon, lam tang lugng polaron va bipolaron trong
mach PANI dan dén tang do dan dién. Quy luat nay
dang voi HCI, tuy vy do dan dién ciia mau co ti 1&
dopant/anilin bang 2 so voi ti 1& 3/2 chi ting 1én
0,6%, c6 thé do da dat do bdo hoa dopant trong
mach PANI, xét vé tinh kinh té thi thyc hién & ty 1&
3/2 1a tbi wu. Truong hop pha tap voi axit
5-sulfoxalixylic cho do dan dién tét nhit & ty 1 mol
dopant/anilin 1a 3/2; axit 5-sulfoxalixylic bi oxi hoa
tao hop chit mau tim, do d6 khi ting lwong
5-sulfoxalixylic qua nhiéu cé thé xay ra sy oxi hoa
chinh axit nay lam giam luong chit oxi hoa dong
thoi mat dopant. Khi pha tap bang axit maleic lai dat
d6 dan dién cao nhat ¢ ty 1& 1/1 (hinh 2). C6 thé giai
thich 1a cac axit hitu co c6 kich thudc 16n nén mirc
dd pha tap cua chiing vao mach PANI gdp can tré,
chi pha tap dén mot giéi han phy thudc vao ban chat
dopant. Chinh diéu nay cling anh huéng truc tiép
dén kha ning dan dién cta timg loai PANI.
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Hinh 2: P9 dan dién phu thudc nhiét do phan tmg va ty 1¢ mol dopant/anilin

V6i miu khong dua dopant vao va van tién hanh
quy trinh polyme héa nhu trén. Phan Gng xay ra rét
chim do anilin khong tan trong nuéce, qua trinh tlep
xuc gitra chu tir vo co va hitu co bi han ché, luc dau
van c6 mau vang xuat hién va chuyén dan thanh mau
nau, phai can thoi gian kha 1au sau d6 méi xuét hién
mau xanh. V& 1y thuyét mau nay phai co d6 din dién
rat thap (khoang 10® S.cm™), tuy nhién miu thu
duogc van dat do dan dién 5.10* S.cm™. P6 1a do san
phém cua qua trinh oxi hoa c6 sinh ra axit H,SOy,

3.4. Phan tich ciu tric phd hip thu hong ngoai

ban than axit ndy ciing 1a mot dopant lam san pham
thu dugc ting d6 dan dién. Muén tao PANI bazo
hoan toan khéng ¢ dopant can phai trung hoa PANI
- mudi trong dung dich amoniac dé loai bo axit.

Anh chyp SEM (hinh 3) cho thay kich thudc bot
PANI diéu ché dugc khac nhau dbi véi cac dopant
khéac nhau. Do kich thudc hat 16n lam ting d6 linh
dong cua polaron va bipolaron trong mach PANI
nén d6 dan dién cang cao khi kich thudc hat
cang lon.

Bdng 1: Mot s6 vach phd IR quan trong cta cac mau PANI

, Céac mau PANI va ti 1é pha tap Mau PANI chuén theo [1,5]
Cau trac 5-sulfoxalixylic ti Maleic HCl
15 3 /2y Ti 16 4/1 Tils 11 PANI doped PANI bazo
Quinoit 1567 1556 1571 1561 1587
Benzenoit 1474 1473 1487 1488 1494
N-H 3475 - 3450 3440 3360
C-N (benzenoit) 1297 1113 1296 1280 1299
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Pham Manh Thdo va cong sy

Hinh 3: Anh SEM cé4c mau PANI dién hinh

(a) Mau 5-sulfoxalixylic;
ti 1€ mol dopant/anilin: 3/2
Nhiét 6 35°C
D¢ dan dién 4,051

bic tm’ng Vé chu trac cua PANI 1a gém céc pic
hong ngoai ¢ s song trong khoang 1556 + 1570
cm™ va 1474 + 1487 cm™ tng véi cAu tric clia vong
quinoit va benzenoit tuong tmg. Cac gid tri nay kha
tring v6i cic mau chudn trong tai liéu [4]. Theo [1],
PANI bazo do it bi proton hoa hon nén dai phé cia
n6 dich chuyén vé phia s6 séng cao hon so v6i PANI
da duogc proton hoa.

b) Mau maleic;
ti 1€ mol dopant/anilin: 1/1
Nhiét 6 35°C
D¢ dan dién 0,353

(¢) MAu kich tap bang HCI;
ti 1€ mol dopant/anilin: 3/2
Nhiét d6 5°C
Do dan dién 0,345

4. KET LUAN

Di tién hanh téng hop PANI vdi cac 3 loai dopant
trong cac diéu kién khac nhau. Két qua khao sat su
phu thudc ctia hiéu sudt phan tmg va d6 dan dién cua
PANI vao nhiét d§ phan (ng, ty 1¢ dopant/anilin cho
thiy cac PANI c6 do dan dién cao duoc téng hop
trong cac diéu kién duoc dua ra trong bang 2.

Bdng 2: Diéu kién phan tng cho do dan dién t6t nhat ddi véi ting dopant

Nhiét do phan tmg, | Ty 1¢ mol Hi¢u suat, | Do dan dién (S.cm’
Dopant o - 1
C dopant/anilin % )
Axit 5-sulfoxalixylic 35 3/2 61,0 4,051
Axit Maleic 35 171 73,0 0,353
HCl 5 3/2 89,9 0,345

Khi oxi héa anilin bang benzoylpeoxit trong
cloroform v6i chét pha tap la axit S-sulfoxalixylic ¢6
the thu dugc PANI tan trong dung méi hitu co.
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