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Abstract

In present study the preparation of water soluble polyaniline (sulphonate polyaniline = SPANi) by chemical
method has been described. A three stage model for the formation of SPANi was carried out: In the first stage the
emeraldine salt (ES) was synthesized by chemical oxidative polymerization with ammonium persulfate as an oxidant. In
the second stage the emeraldine salt deprotoned by ammonium hydroxide solution to give emeraldine base (EB). In
third stage SPANi was synthesized by reaction of emeraldine base with fuming sulfuric acid. The resulting SPANi was
entirely soluble in water, and no precipitation was observed for a prolonged period of time. The obtained derivatives
(ES, EB and SPANI) were characterized by infrared spectrum.

1. MO DAU

Polyanilin da dugc phat hién cach nay khoang
150 nam. Chi trong 20 nim gan day, polyanilin mai
duogc nghién ctru nhiéu, khi cac nha khoa hoc biét n6
1a mot polyme co tinh dan dién cao va khong gay 6
nhiém moi trudng. Nhung tinh khong tan trong nudc
ctia polyanilin d4 han ché dang ké pham vi ing dung
cua no trong cong nghiép.

O bai bao nay, chung t6i dé nghi mot quy trinh
hoa hoc mai, don gian dé tong hop dang polyanilin-
bién thé, hoa tan duoc hoan toan trong nudc va on
dinh lau dai trong mo6i truong: sulphonat polyanilin.

Két qua khao sat kha ning tc ché an mon thép
trong nudc cua sulphonat polyanilin di tong hop, sé
dugc cong bd trong cong trinh sau.

2. THUC NGHIEM

Toéng hop polyanilin hoa tan trong nudc bang
phuong phdp trang ngung héa hoc goém hai budc:
Tdng hop polyanilin dang khong tan [1 - 9]; roi gén
nhém wu nudce Ién mach chinh cua polyme [10 - 12].
Cu thé, ching t6i di tong hop sulphonat polyanilin
tan duoc trong nudc, qua ba giai doan:

(1) Téng hop polyaniline dang protonate: Mudi
emeraldine (Emeraldine salt = ES);

(2) Tong hop polyanilin dang deprotonate: Bazo
emeraldine (Emeraldine base = EB);

(3) Sulphonat hoa EB dé tao thanh sulphonat
polyanilin (SPANi).

2.1. Tong hop mudi emeraldine (ES)

Chuén bi hai dung dich: A = 100 ml dung dich
anilin C¢HsNH, (dung moéi la axit clohydric HCI 1

M); gilt & nhiét d6 lanh trong khoang -5°C + 5°C.

B = 100 ml dung dich amonium persunfat
(NH4),S,05 (dung moi 1a axit clohydric HC1 1 M);
cling gitt ¢ nhiét do lanh trong khoang -5°C + 5°C.

Vira khudy vira nho tir tir dung dich B vao dung
dich A. Hon hop duoc tiép tuc khuéy khoang 5 gio.
Dé hdn hop qua dém. Loc san pham bang may hat
chén khong. Rura san pham nhiéu lan bang nudc cat
cho dén khi loai bo hét luong olygome va chit oxy
hoa amonium persunfat con du. Sau do, cho san
phim vao 300 ml dung dich HCI 1M; loc va ria
bang axeton dé loai hét nudc. Sdy khd san pham
trong ti sdy chan khong ¢ 70°C trong 24 gid. ES thu
dugc ¢ dang bt min, mau xanh 14 cdy dam (dark
green). Can khdi luong ES va tinh hiéu sudt qua
trinh tong hop.

2.2. Toéng hop bazo emeraldine (EB)

Vira khudy vira cho bot ES vao 400 ml dung
dich amoni hydroxyt NH,OH 1 M. Khuay hén hop
bang méay khudy tir ¢ diéu kién nhiét o phong trong
khoang 3 gid. Dé hén hop qua dém; loc bang may
hut chan khéng; rira nhiéu 1an bang nude cat dé loai
bo hét dung dich NH4OH con du, sau do ria bang
axeton dé loai bo hét nude. Sdy kho san pham trong
ta sdy chan khong ¢ 70°C trong 24 gid. San pham
b6t min EB ¢6 mau xanh da trdi dam (dark blue).

2.3. Tong hop sulphonate polyaniline (SPANi)

Cho tur tir 40 ml dung dich oleum (axit sunfuric
bdc khoi) vao 2 gam bot EB. Khudy déu hdn hop &
0°C trong thoi gian 4 gio cho dén khi EB tan hoan
toan. Tlep tuc khudy hon hop trong 30 gio ¢ nhiét d§
phong bang may khudy tir, dé qua trinh sulphonat
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héa x4y ra hoan toan.

Cho hdn hop vao dung dich gdbm metanol va
nude theo ti 18 thé tich 80:20; khqu déu cho dén khi
xudt hién két tia mau xanh. Loc, siy kho bang tu sdy
chan khong ¢ 60°C trong 24 gid.

Cho dung dich natri hydroxyt NaOH 0,1 M vao
san pham; khudy déu cho dén khi xuét hién dung
dich mau xanh da tr¢i (blue solution). Dung dich thu
dugc hoan toan ddng nhét, khong c6 két tia. Co can
gian tiép dung dich & 75°C, dugc chat rin SPANi
chua tinh khiét. Tham tach SPANi bang mang loc
cellophane, dé loai bo hét cac phan tir olygome c6
khdi lugng phan tir nho hon 1000 g/mol va cac ion
(K*, OH", SO,%) [13 - 15], theo trinh ty sau: Cho
chét rin SPANi chua tinh khiét vao tii loc, budc
chat hai dau béng soi chi rdi cho tai loc vao coc cbd
chira nudc cit. Sau 1 gid, thay nudc cat khac. Tién
hanh thay nudc 3 1an, sau d6 dé tai loc qua dém.
Dung dich sau khi thim tach dugc c6 can gian tiép &
75°C, thu duoc tinh thé SPANi tinh khiét mau xanh
tim dam (dark blue — violet).

2.4. Xéc dinh cau tric ES, EB va PANi bing pho
hong ngoai

Mau cic san phim dwoc chup trén may hong
ngoai FTIR BRUKER-IFS48 trong ving budc song
450 - 4000 cm™. Mau ép vién dudi ap luc 8 kg/em®
v6i kali bromua KBr theo ti 1& 1 mg mau/200
mgKBr [16].

Vii Binh Huy va cong sy

3. KET QUA VA THAO LUAN
3.1. Téng hop mudi emeraldine (ES)

bé téng hop ES dat hiéu suét cao, can xac dinh
duoc ti 1€ tdi uu gilra aniline va amonium persulfat
trong moi trudng axit clohydric HC1 1 M.

Phuong trinh téng quat tao thanh ES tir anilin
C¢HsNH, va amoni persulfat (NH4),S,0s, c6 thé viét:

4HC6H5NH2.HC1 + SH(NH4)28208 -

ES + 2nHCI + 5n(NH,4),SO4 + 5nH,SO,  (3.1)
Phuong trinh ion rut gon:
4n C¢gHsNH, +2nClI' — ES + 8nH™ (3.2)

Theo phuong trinh (3.2), khdi lugng ES ¢6 thé
tinh dugc theo cong thirc:

_ - +
Mgs = Mggiline T Mcp - My (3.3)

Trong d6 : mgs - Khdi lugng ES tuwong mg véi hiéu
suat phan tmg 100% (g);

Maniine- Khoi luong anilin tham gia phan ng
theo 1y thuyét (g);

me - Khéi luong ion clorua tham gia phan tng
theo 1y thuyét (g);

my~ - Khoi lugng ion hydro tham gia phan tmg
theo 1y thuyét (g).
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Ti Ié amonipesulphate/aniline

Hinh I: Hiéu suat phan tmg tong hop ES phu thudc vao ti 16 amonium persulfat/anilin

Hinh 1 cho thdy, hiéu suit phan tung tong hop ES
phu thudc chu yéu vao ti 1€ mol “amoni
persulfat/anilin”; hau nhu khéng phy thudc vao nong
d6 riéng cua anilin hodc cua amoni persulfat. Hiéu
sudt téng hop ES dat gia tri cyc dai khoang 95% khi
ti ¢ “amoni persulfat/anilin” = 1,5/1.

Theo 1y thuyét tir phuong trinh (3.1), ti 1& mol
“amonium persulfat/anilin” bang 1,25/1. Nhung
thuc nghiém cho théy ti 16 mol ‘“amoni
persulfat/anilin” bang 1,5/1 cho hiéu suét phan tng
tong hop ES cao nhat. Nghia 13, can cho du mot it
chat oxy hoa amoni persulfat so véi luong can
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thiét theo 1y thuyét, dé phan tng tring ngung xay ra
hoan toan. Ti I¢ mol néi trén khong nén cao hon 1,5;
vi du nhiéu chit oxi hoa amoni persulfat c6 thé lam
mach polyme bi ngit thanh cac olygome khdi luong
phan ttr nhd, tan trong nudc [17].

Sau khi rira, séy, bot ES thu dugc ¢6 mau xanh
14 cay sam (dark green).

3.2. Tong hop bazo emeraldine (EB)
Thyc ra, qua trinh trén la sy loai bd axit

clohydric HCI (con goi la deproton) cua ES bang
dung dich bazo. Vi thé, phan ng xay ra hoan toan

Téng hop polyanilin...

khi dung dich amon hydroxyt NH,OH du. Bot EB
thu dugc c6 mau xanh da troi sam (dark blue),
khong tan trong nudc.

3.3. Tong hop SPANi tan trong nuéc

Dé téng hop SPANI tan trong nudc, ching toi str
dung cach gin nhém wa nudc (-SO;) 1én mach
polyme cua EB. Noéi cach khac, d6 1a qua trinh
sulfonat hoa EB bang axit sunfuric boc khoi. Bang
cach nay c6 thé sulfonat hoa dugc 50% sd vong
benzen trong EB [10, 15].

Phuong trinh ddy da chuyén tir ES sang dang EB nhu sau:

% ii: ii: ii: ii: + NH,0H —
Emeral (ES)- (green)
mino | Ty G o

Emeraldine Base (EB) - ( Blue)

Phuong trinh tong hgp SPANi duoc biéu dién nhu sau [18]:

OO0

Emeraldine Base (EB) - ( Blue) 6

SO,

—2nH,S0, % i:: i:i <:> o (3.5)

+ 2HHQSO4.SO3

sof

Sulphonated polyaniline ( green)

e (Sulphonate polyaniline) + 2nNaOH —

SO3Na

bl O e OO

2nH,O +

SONa

(3.6)

n

Water soluble polyaniline ( SPANi)

Néu hiéu sudt phan ung bang 100% thi tir
phuong trinh (3.5) suy ra:

= mgg t+ Mgp3 (3.7)

m sulphonate polyaniline
Tt phuong trinh (3.6) suy ra:
Mgpani — M sulphonat polyanilin + MNaoH - Mp20 (38)
Trong d6: mgg - Khoi lugng EB (g) tham gia
phan tng (5) theo 1y thuyét;

mgo; - Khdi lugng SO;(g) tham gia phan tmg (5)
theo 1y thuyét;

msulphonat polyanilin ~ Khél luqng POlyanﬂin (g)
sulfonat héa dugc theo phan tng (5);

My.on - Khdi lwong natri hydroxyt (g) tham gia
phan tmg (6) theo 1y thuyét;

Mo - Khéi lwong nude (g) tham gia phan tng
(6) theo 1y thuyét.
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mgpani - Khéi lugng SPANi (g) tong hop duge
theo phan ung (6);

Nhu vay, néu higu suat phan ing bang 100% thi
khi sulfonat héa 2 g mgg s€ thu duoc 3,14 g SPANI.

Sau thi nghiém, chung t6i nhan dugc 1,08 g san
pham SPANi khé, tinh khiét. Nghia 13, hiéu sut cia
qué trinh téng hgp SPANI clia chiing toi dat 34,5%;
cao hon so véi hiéu suat tong hop SPANI ciia céc tac
gia cong trinh [15].

3.2. Phin tich phd hong ngoai (IR)
Hinh 2, 3 va 4 1a phd hdng ngoai cua cac dang

ES, EB va SPANi tong hop dugc. 7
Pho hong ngoai trong hinh 2 da thé hién duogc

Vii Binh Huy va cong sy

ving dao dong dic trung cta cac lién két trong phan
ttr polyme ES. Bao gdm:

3350,3 cm™': Dao dong bién dang N-H.

2914,0 cm™: Dao dong bat d6i xing cia C—H.

1561,4 cm™: Dao dong bién dang C=C.

1477,5 cm™: Bién dang bt d6i xang C=N va
dao dong hoa tri C—H.

1299,5 cm™ Dao dong bat dbi xang C-N va dao
dong hoa tri C—H.

1138,9 cm™: Dao dong C-N—C

800,1 cm™: Dao dong thé hai 1an vi tri para cua
vong benzen.

505,6 cm™: Dao dong xo0&n N-H.

Két qua nay phu hop voi két qua cia cac tac gia
[17 -20].

LS B
|
~ @8 3 §3  E4f B3 2dF ddf

Emeraldine Salt (ES)- (green)

Hinh 2: Phd hong ngoai va ciu truc cia dang ES téng hop duoc
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Emeraldine Base (EB) - ( Blue)

Hinh 3: Phd hong ngoai va ciu tric ciia dang EB téng hop duoc
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Phd hong ngoai trong hinh 3 di thé hién duogc
ving dao dong dic trung cua cac lién két trong phan
tir polyme EB. Bao gdm:

3392.3 cm™: Dao dong bién dang N-H.

1591,4 cm™: Dao dong bién dang C=C.

1501,9 cm™: Dao dong bién dang bat d6i xtmg C=N.

1306,4 cm™: Dao dong bét d6i xtimg C-N va dao
dong hoa tri C-H.

Téng hop polyanilin...

1164,7 cm™: Dao dong bat d6i xing C=N ciia
vong quinoid.

831,7 cm™: Dao dong thé hai 1an vi tri para coa
vong benzen.

528.,8 cm™: Dao dong xodan N-H.

Két qua nay phu hop voi két qua cua céac tac gia
[4, 18].

= »
=l »
I |
™ g g8 B 58 & Edd |
4N TH S 3E W0 FE EW e AW g Ew = Lo = =
SO3Na SO3Na

Water soluble polyaniline ( SPANi)

Hinh 4: Ph6 hong ngoai va cau tric cia dang SPAN tong hop dugc

Ph6 hong ngoai trong hinh 4 da thé hién dugc
ving dao dong dic trung cta cac lién két trong phan
tir SPAN] tan trong nuéc, bao gom:

3432,5 cm™: Dao dong bién dang N-H.

1596,4 cm™: Dao dong bién dang C=C.

1505,7 cm™: Dao dong bién dang bat dbi xing
C=N.

1299,8 cm™: Dao dong bét d6i xtimg C-N va dao
dong hoa tri C-H

1117,4 cm™: Dao dong hoa tri bat ddi ximg cua
SOs.

1023,7 cm™: Dao dong hoa tri ddi xung cua SO;.

821,9 cm™: Dao dong thé hai 1an vi tri para cua
vong benzen.

618,2 cm™: Dao dong hoa tri cua S-O.

535,0 cm™: Dao dong xo0dn N-H.

Két qua nay phu hop véi két qua cua cac tac gia
[18, 21].

Tir nhitng phan tich phd hong ngoai néu trén, cd
thé khang dinh riang, ching t6i thuc sy di tong hop
dugc ba dang polyanilin (ES, EB va SPANi), trong
d6 SPANI tan dugc hoan toan trong nudc.

151

4. KET LUAN

1. Mot quy trinh méi, don gian dé tong hop ba
dang polyaniline theo phuong phap hoa hoc da duoc
dé nghi.

2. Ba dang polyanilin di téng hop duoc theo quy
trinh nay la:

- Polyanilin dang protonat: mubi emeraldine
(ES);

- Polyanilin dang deprotonat: bazo emeraldine
(EB);

- Sulphonat polyanilin (SPANi).

3. Hiéu suit téng hop ES phu thudc chii yéu vao
ti 1¢ mol "amoni persulfat/anilin” va hiu nhu khong
phu thude vao n@)ng dd riéng cua aniline hoac cua
amonium persulphate.

O ti 1&¢ mol t6i wu “amoni persulfat/anilin” =
1,5/1, thi hiéu suit tong hop ES dat 95%.

ES téng hop dugc c¢6 dang bot mau xanh 1a cay
sam, khong tan trong nudc.

4. EB tong hop duogc c6 dang bot mau xanh da
troi sam, khong tan trong nudc.

5. Hiéu suat tong hop SPANi dat 34,5%.
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SPANi tong hop duoc c¢6 dang tinh thé mau
xanh tim dam, tan hoan toan trong nudc tao thanh
dung dich dong nhat va 6n dinh trong thoi gian dai.
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