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VOI TAC NHAN TANG CUONG DECYLPHOSPHONIC ACID

ThS. Phan Thé Anh, PGS. TS. Nguyén Dinh Lam
Trudng Bai hoc Bdch khoa - Bai hoc Ba Ndng

Toém tat

Polyaniline (PANI) dugc téng hop theo phuong phdp triing hop bé mdt & nhiét dé6 phong, sir dung toluene
lam pha hitu co dé€ hoa tan aniline, chdt oxy héa ammonium persulfate (APS) va tdc nhdn tdng cudng (doping) la
decylphosphonic acid (DcPA) tan trong pha nuéc. Qud trinh nay duoc thuc hién tai Phong Thi nghiém Céng nghé Héa
dau, Trudng Pai hoc Bdch khoa - Pai hoc Da Ndng. Nhém tdc gia dé sir dung phé héng ngoai bién déi Fourier (FT-IR)
va phé hdp thu (UV-vis) dé ddnh gid ddc trung cdu tric phdn tir caa polyaniline thu duogc tir qud trinh nay (PANI-inter-
DcPA). San phdm c6 cdu tric nano sgi déng nhadt véi dudng kinh trung binh khodng 50nm khi quan sdt du'éi kinh hién

vi dién tir quét (SEM).

1. Giéi thiéu

Polymer dan dién thuan (ICP) dugc (ng dung nhiéu
trong mét s6 linh vuc: cdm bién sinh hoc, bdo vé an mon,
cac linh vuc vé dién, dién tir hay hoa hoc [1 - 3]. Polymer
dan dién thuan c6 kha nang dan dién dugc do hé théng
lién két  lién hgp trong cdu tric hda hoc. Khi bé sung tac
nhan tang cudng thich hop, cac polymer nay c6 thé dat
d6 dan dién gan bang kim loai [4, 5]. M6t s6 polymer dan
dién thuan da dugc téng hgp: polyacetylene (PA), poly(p-
phenylenevinylene) (PPV), poly(p-phenylene) (PPP),
polyaniline (PANI), polythiophene (PT) va polypyrrole
(PPy). Trong d0, polyaniline (PANI) dugc biét dén nhu mét
polymer c6 trién vong nhat béi qua trinh téng hop dé
dang, c6 d6 dan dién cao, bén nhiét, bén moi trudng so
vGi cac loai polymer dan dién khac. Dac biét, tinh chat cla
san phdm c6 thé diéu chinh dugc bang viéc st dung tac
nhan tang cudng va dé dang diéu chinh muc dé doping
véi acid, khir doping véi base.

Mac du c6 nhiéu trang thai oxy héa [6], nhung trang
thai phd bién nhat cda polyaniline la bi oxy héa mét phan
(emeraldine), khi dugc doping véi acid sé thanh “PANI salt”
c6 mau xanh 13 cay va c6 d6 dan dién khoang 10°S.cm™
(gan bang vat liéu ban dan). D6 dan dién cuta polyaniline
cao hon nhiéu so véi cac vat liéu polymer thong thudng
(< 10°S.cm™) nhung lai thap hon so véi cac kim loai thong
dung (> 10*S.cm™). Polyaniline bj kh doping béi base
(@ammonium hydroxyde) sé thanh “PANI base” c6 mau xanh
datr&i va khong cé tac dung dan dién [7]. Qua trinh chuyén
tir dang dan dién (emeraldine salt) sang dang khéng dan
dién (emeraldine base) dugc mo ta trong Hinh 1.
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Hinh 1. Polyaniline emeraldine salt dan dién dugc khir doping
trong méi truding base dé tré thanh polyaniline emeraldine base
khéng dan dién

Trudc day, polyaniline dugc téng hop bang nhiéu
phuong phap nhu: trung hgp nhi tuong, trung hgp
dién héa, trung hop oxy héa thong thudng [8, 9]. T nam
2004, phuong phap trung hgp bé mat méi dugc nghién
cru ap dung dé téng hgp polyaniline c6 cau tric nano
sgi. Day la phuong phap hiéu qua bai khong can sirdung
cac hda chat dac biét (chat nhi hoéa, tac nhan tao cau
trdc - template) cling nhu cac phuong phap xt ly phuc
tap dé loai bd cac tdc nhan tao cdu truc sau khi téng
hgp. Nhém nghién ctu cia Kaner da tao ra polyaniline
cdu truc nano sgi c6 duong kinh khoang 50nm sau khi
téng hop theo phuong phap trung hop bé mat, vai viéc
st dung céac tac nhan tang cudng khac nhau nhu céac
acid v6 ca (hydrochloric, sulfuric, phosphoric, nitric)
hoac cac acid hitu ca (camphorsulfonic, methylsulfonic)
[10]. Zhang va cac cong su da st dung camphorsulfonic
acid va acid 2-acrylamido-2-methyl-1-propanesulfonic
lam tac nhan tang cudng déng thai két hop véi cac chat
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hoat dong bé mat khac dé téng hgp polyaniline cdu tric
nano sgi véi duong kinh khoang 20 - 80nm [11]. Nh&
phuong phép trung hop bé mat, nhom nghién ctu cua
Chen da thu dugc polyniline cé hinh dang khac nhau
khi thay d6i ty 1& néng d6 tac nhan ting cudng trén
aniline [12].

Trong nghién cu nay, nhém tac gia da két hop gilra
polymer dan dién (polyaniline) va tac nhan tic ché an mon
(decylphosphonic acid) dé ché tao ra polyaniline dugc
tang cudng bdi anion decylphosphonic theo phuong
phép trung hagp bé mat (PANI-inter-DcPA) nham tao ra san
pham c6 kha nang chéng &n mon cao. Pay la nghién clu
dau tién sir dung chat tc ché dn mon decylphosphonic
acid lam tac nhan tdng cudng trong téng hgp polyaniline.
VG&i nhém chiic phosphonic trong cdu tric héa hoc,
anion decylphosphonic cé kha nang hinh thanh mot I16p
phosphonate trén bé mat ctia kim loai [13, 14], thu dong
héa bé mat kim loai, tir d6 gép phan han ché qua trinh an
mon tai cac vi tri khuyét tat ctia I6p pht bao vé xuat hién
trong qua trinh san xudt hodc st dung cac thiét bi, cong
trinh. S&n phdm PANI-inter-DcPA thu dugc da dugc danh
gia dac trung bang phuong phap phé héng ngoai bién
déi Fourier (FT-IR), phd hdp thu (UV-vis) va quan sat dudi
kinh hién vi dién tr quét (SEM).

2. Thuc nghiém
2.1. Héa chdt

Aniline (d6 tinh khiét > 99,5%) va ammonium
persulfate (APS) cla hang Sigm-Aldrich dugc st dung truc
ti€p khéng qua céng doan xur ly nao. Decylphosphonic
acid (DcPA) dugc téng hgp tai Phong Thi nghiém
Matériaux Polymeres Interfaces Environnement Marin
(MAPIEM) thudc Vién Khoa hoc Ky su Toulon - Var (ISITV),
Cong hoa Phap [11]. Dung mai Toluene (A.R.) ctia Trung
Quéc dugc st dung truc tiép.

2.2. Téng hop polyaniline “chudn”

Polyaniline“chuan’, PANI-HCI s&r dung d€ so sanh dugc
téng hagp theo cac diéu kién dugc cong bé cla tac gia
J.Stejskal [12], sau d6 duoc khit doping bdang dung dich
NH,OH 0,1M chuyén thanh polyaniline emeraldine base
(PANI-EB) dang khéng dan dién dung lam mau déi ching
dé danh gia sdn pham nghién ctu cla nhém tac gia.

2.3. Téng hop polyaniline theo phuong phdp tring hop
bé mat

Qua trinh trung hop bé mat dugc thuc hién trong mét
binh thuy tinh cé dung tich khodng 30ml (Hinh 2). Hoa

tan 0,1399g (0,625mmol) decylphosphonic acid trong 8ml
nudc cat dugc dun nong va khudy nhe, sau dé lam nguoi
dén nhiét dé phong. Tiép theo hoa tan 1,78g (7,81Tmmol)
ammonium persulfate trong 2ml nudc cat roi tron chung
vGidungdich acid vira hoatan Gtrén. Dong thai, monomer
dugc chudn bi bang cach hoa 6,25mmol aniline (0,57ml)
trong 10ml toluene réi cho tir tir vao hén hgp chat oxy héa
va acid da chuan bi. Phan tng trung hap thuc hién & nhiét
do phong trong 24 gid va khéng cé bat ky mot su khuay
tron nao. Polyaniline dugc thu héi bang cach loc, sau dé
rlfa véi nudc dé loai boé acid DcPA thifa va sdn pham phu
clia phan ung (nhu ammonium sulfate, sulfuric acid). Rtra
polyaniline véi acetone dé loai bd oligomer va thu dugc
bot khong bi vén cuc, sdy khd & nhiét d6 60°C trong moi
trudng chan khéng. San pham thu dugc & dang bét (ky
hiéu la PANI-inter-DcPA) c6 mau den anh xanh (0,52g).

2.4. Chudn bj méu do dé ddnh gid ddc trung san phdm

Phé hap thu (UV-vis) thu dugc bang cach st dung
may danh siéu am dé hoa tan PANI-inter-DcPA trong
dung moi phan cuc tetrahydrofurane (THF) - (CH)),0, dé
6n dinh réi 1dy phan dung dich phia trén dem do dudi
mady Shimadzu UV-250. PANI-inter-DcPA da say khé tron
vGi mudi KBr ép thanh tdm dé do phé héng ngoai bién
dé&i trén may Nexus (Nicolet, My). Cau truc va hinh dang
hat ctia san phdm dugc quan sat dudi kinh hién vi dién
tlr quét (SEM).

3. Két qua va thao luan
3.1. Coché'tring hop

Trung hop bé mat dugc thuc hién tai bé mat phan
chia pha clia mét hé théng gém 2 pha long khéng hoa tan
vao nhau, trong dé monomer aniline dugc hoa tan trong
pha hitu co va chat oxy héa ammonium persulfate dugc
hoa tan trong pha nudc & méi trudng acid. Vi nudc ¢ khéi
lugng riéng I6n hon toluene nén pha nudc dugc cho vao
binh phan ting trudc sau d6 mdi cho tur ti pha hitu co dé
hén hgp khéng bi xao trén. Sau khodng 1 pht ké tu khi
dua monomer vao, aniline trong pha hiru co khuéch tan
vao pha nudc va tham gia phan Ung véi chat oxy hoa cé
trong pha nudc. Phan Ung két thuc véi viéc hinh thanh
polyaniline phan tan hoan toan trong pha nudc nam & 16p
dudi, [6p trén cé chia oligomer hoa tan trong pha hitu co
(c6 thé dugc tach ra trudc khi dem loc thu san pham). Co
ché trung hap bé mat va dién bién cia phan tng dugc thé
hién trong Hinh 2.
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Hinh 3. Phé hdp thu cta PANI-inter-DcPA (a), PANI-HCI (b)
va PANI-EB (c)

3.2. Nghién citu PANI-inter-DcPA, PANI-EB va so sdanh vdi
PANI-HCI bédng phé hdp thu UV-vis

Hinh 3 trinh bay phé hap thu (UV-vis) ctia PANI-inter-
DcPA, PANI-EB va PANI-HCI trong dung méi THF. PANI-EB
trong dung méi THF c6 mau xanh da trdi, phé hap thu
(UV-vis) thé hién rd 2 dinh (peak) c6 budc song 325nm va
600nm. Dinh & vi tri 325nm thé hién su chuyén dich nang
lugng dién ti lién két 7 - ° clla nguyén td nita lién két voi
vong benzene; dinh & vi tri 600nm thé hién su tuong tac
cho nhan trong vong quinoid. Bay la 2 dinh dac trung cla
polyaniline & dang base. Két qua nay ciing phu hgp véi
nhlng nghién ctu trudc d6 [17 - 19].

38  DAUKHi-sO 7/2013

Hai dinh & vi tri 425nm va 800nm thé
hién sy tén tai ctia band polaron, diéu
nay ching t6 PANI salt dang c6 ciu
tric dan dién hay noi cach khac PANI-
inter-DcPA da dugc doping béi acid
DcPA.Trong Hinh 3, dinh & vi tri 375nm
va 425nm co6 xu huéng chéng l1én nhau
dé tao nén mét dinh rong. Ngoai ra,
¢6 su dich chuyén hap thu cac dinh
nay cta PANI-HCI (3b) va PANI-inter-
= DcPA (3a). Hién tugng nay do cé su
(e) khac nhau vé: tdc nhan doping trong
polyaniline, phuang phap téng hop
hodc trong mét s6 trudng hop co thé
do su khéac nhau vé dung méi st dung
dé do phé hap thu UV-vis [20, 21].

3.3. Ddnh gid ddc trung cia PANI-inter-DcPA va PANI-
HCl béing phé héng ngoai bién déi Fourier (FT-IR)

Phé héng ngoai clia polyaniline da dugc nhiéu tac
gia nghién cutu ky [22 - 24]. Hinh 4 thé hién phd héng
ngoai bién déi clia polyaniline téng hop theo phuaong
phap trung hgp bé méat (PANI-inter-DcPA) va polyaniline
téng hop theo phuong phap théng thudng (PANI-HCI)
cla tac gia J.Stejskal. Vi tri dinh cGia cdc nhém trong cdu
tric polyaniline dugc téng hgp trong Bang 1.

Trong polyaniline, bang hap phu dac trung & vi tri
1.556cm™ la do dao dong kéo cdng clia C=N va C=C
trong vong quinoid, trong khi d6 bang hap phu & vi tri
1.466cm™" dugc cho la dao dong kéo cang cua lién két
C-C trong vong benzenoid. Bang hap phu & 1.297cm
tuong ung véi dao dong kéo cang clia C-N trong amine
vong bac 2 va tuong tng vdi su dich chuyén n-electron
trong polymer do qua trinh proton hoa [22]. Bang dac
trung clia dang polyaniline dan dién dugc quan sat & vi
tri 1.240cm™ 1a su hdp thu buc xa do dao dong kéo cang
clia C-N*trong cdu trac polaron [24]. o] vi tri 1.129cm’
la dao dong clia -NH*= dugc hinh thanh trong qua trinh
proton héa. Trong ving 1.038 - 1.158cm™ la dao déng
bién dang ctia C-H ndm trong mat phéng cta vong; 800
- 880cm™ la dao ddng clia vong benzene cé 2 nhém thé
Gvitri1,4.
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Bdng 1. Vi tri dinh ctia cdc nhém trong cdu triic
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Hinh 4. Phé héng ngoai bién déi Fourier cia PANI-inter-DcPA (a), PANI-HCI (b)

(a)
Hinh 5. Anh hién vi dién tir quét cia PANI-inter-DcAP (a) va PANI-EB (b)

Dao dong & vj tri 2.917 va 2.848cm™ tuong Ung la
dao déng héa tri khéng déi xiing va déi xiing cia nhom
CH, trong mach alkyl cta decylphosphonic acid dugc
thé hién trén Hinh 4a. Dao déng kéo cang clia nhém
P=0 trong decylphosphonic acid xuat hién trong viing
1.250 — 1.150cm™' [25] va trung vdi vi tri dao ddng cla
nhém C-N*. Diéu nay ching té polyaniline téng hgop
theo phuang phép trung hgp bé mat dugc doping boi
DcPA.

S8 séng (cm™) Kiéu dao déng

1.240 vC-N"*,vP =0
1.129 v-NH* =
1.038-1.158 8C-H trong mat phang vong
800 - 880 Nhémthé Gvitri 1,4
1122 3.4. Quan sdt PANI-inter-

DcPA va PANI-EB dudi
kinh hién vi dién tir quét

Kich thuéc va hinh
dang hat cGia sdn phdm
PANI-inter-DcPA va PANI-
EB dugc quan sat dudi
kinh hién vi dién t0 quét
(Hinh 5). Cac hat PANI-
EB trén Hinh 5 (b) co
cdu tric dang tam, cdu
tric thudng gap doi voi
polyaniline téng hap
theo phuong phap théng
thuong. Trong Hinh 5 (a),
PANI-inter-DcPA duoc
téng hop theo phuong
phép trung hgp bé mat co
cau truc dang sgi vdi kich
thudc nano tuong doi
déng nhat khi quan sat &
d6 phong dai 20.000 lan,
& do6 phdéng dai 100.000
lan duong kinh cua sai
do dugc khodng 50nm.
Pudng kinh cia nano sgi
phu thudc vao ban chat
(b) cia acid st dung lam tac

71,000

nhan tang cudng trong
téng hgp polyaniline theo
phuang phép trung hop bé mét [26, 27]. Trong qua trinh
trung hop bé mat, hién tuong thi€u hut aniline bao
quanh cac oligomer dang phat trién sé tao diéu kién
thuan Igi cho cac mach polyaniline sap xép mot cach
c6 trat tu hinh thanh cau trdc nano soi. Hién tugng nay
khéng xay ra khi téng hgp polyaniline theo phuong
phép trén lan théng thudng, bai ludn cé mot lugng thira
monomer aniline bao quanh céac oligomer mai tao ra va
phat trién moét cach ngau nhién.

DAV KHi - SO 7/2013 39




HOA - CHE BIEN DAU KHi

4. Két luan

Qua trinh triing hop bé mat & nhiét d6 phong, khéng
can tao ra mot hé nhi tuong hay cé thé sir dung nhiéu
loai dung méi htu co khac nhau ngoai toluene da tré
thanh mét phuong phap don gian, hiéu qua dé téng hap
polyaniline cé cau tric nano sgi. Day la co s& dé trién khai
cac nghién ctu mang tinh hé théng vé cac linh vuc lién
quan dén polymer dan dién cé cau truc nano. San phdm
PANI-inter-DcPA thu dugc c6 dudng kinh sgi khodng
50nm, c6 thé dugc st dung trong cac linh vuc nhu: cdm
bién, xuc tac, son chéng an mon hay vat liéu composite.
Két qua phan tich phé héng ngoai bién d6i Fourier (FT-
IR) va phé hap thu (UV-vis) da khdng dinh polyaniline thu
dugc tir qua trinh trung hop bé mat da dugc doping bai
decylphosphonic acid. V&i nhém chiic phosphonic dugc
doping, PANI-inter-DcPA c6 kha nang ch6ng én mon cao
khi dugc st dung dé phdi tron vao thanh phan ctia cac 16p
son phu bdo vé.
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Synthesis of polyaniline doped with decylphosphonic acid
by interfacial polymerisation

Phan The Anh, Nguyen Dinh Lam
Danang University of Technology - University of Danang

Summary

The polyaniline nanofibers were successfully synthesised by interfacial polymerisation at room temperature using
a solution of aniline in toluene as the organic phase, ammonium peroxydisulfate oxidant (APS) and decylphosphonic
acid (DcPA) as the aqueous phase. This PANI synthesis was realised at the Petrochemical Laboratory of Danang
University of Technology - University of Danang. The FT-IR and UV-vis absorption spectra were used to characterise
the molecular structures of the polyaniline obtained from this method. The polyaniline doped with decylphosphonic
acid (PANI-inter-DcPA) has a uniform nanofiber structure with the average diameter of about 50nm as observed by
scanning electron microscopy (SEM).
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