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Tom tat: Bao cao nay trinh bay két qua nghién ciru tong hop polymer dan dién poly(3,4-
ethylenedioxythiophene) (PEDOT) bang phuong phap chiéu xa trong dung dich nuéc bao
hoa N, chira 5 mM monomer EDOT va 0.2 M isopropanol. Birc xa gamma voéi lidu xa
thay di tir 12 kGy dén 58 kGy tir ngudn dong vi Co-60 da dugc sir dung. Dé danh gia
cac thanh phﬁn héa hoc dic trung ctia dung dich trudc va sau chiéu xa, phé hz"ip thy UV-
Vis va FTIR di dugc khao sat. Két qua tir phé UV-Vis cho thiy sy hién dién huyén phu
mau vang trong cic dung dich sau chiéu xa va su hinh thanh cuia cac dimer, oligomer va
polymer PEDOT. Céac mau bot kho thu duoc tir dung dich chiéu xa da ching minh qua
trinh téng hop buc xa thanh cong PEDOT voi su xuét hién cac dic trung vé cau tric hoa
hoc bang phé FTIR. Nhimg diéu nay cho thiy kha nang ché tao thanh cong polymer dan
dién PEDOT bang phuong phap chiéu xa gamma.

Tur kKhéa: Tong hop bire xa, polymer dan dién, PEDOT, chiéu xa gamma

Abstract: This report presents the results of a study on the synthesis of the conducting
polymer poly(3,4-ethylenedioxythiophene) (PEDOT) using gamma Co-60 radiation in an
aqueous solution saturated with N, gas containing 5 mM EDOT monomer and 0.2 M
isopropanol. Gamma radiation with a dose range from 12 kGy to 58 kGy from the gamma
Co-60 source was used. To evaluate the characteristic chemical components of the
solution before and after irradiation, UV-Vis and FTIR absorption spectra were
investigated. The results showed the occurrence of yellow suspensions in the solution
after irradiation and the formation of dimers, oligomers, and polymers PEDOT from UV-
Vis spectra. The dried powders gained from irradiated solutions demonstrated the
successful synthesis of PEDOT with the appearance of chemical structural characteristics
by FTIR spectra. The obtained results indicated the successful radiosynthesis of the
conducting PEDOT polymer using gamma Co-60 irradiation.

Keywords: Radiosynthesis, conducting polymer, PEDOT, gamma irradiation.

1. MO PAU

Polymer dan dién véi ciu trac lién hop n doc ddo nhan duge su quan tam dac biét boi
cac ung dung trong cong ngh¢ vt liéu dién tur hitu co dé ché tao cac thiét bj dién tir nhur diode
phat quang, cam bién sinh hoc, t& bao quang dién [1]. Trong s céc loai polymer din dién,
polymer poly(3,4-ethylenedioxythiophene), goi tat 1a PEDOT, la mot trong nhimg polymer
dan dién duoc biét dén nhiéu nht vi tinh d& tong hop, 6n dinh méi truong tét va d6 dan dién
cao [2].

Hién nay, viéc nghién ctru tong hop PEDOT véi do tinh khiét cao, gia thanh ré, va kha
ning san xuat hang loat dang duoc tién hanh tai nhiéu phong thi nghiém trén thé gi¢i. Hai
phuong phap chinh hién dang duoc sir dung phd bién 1a tring hop oxy hoa hoa hoc va triing
hop dién héa [3, 4].

O phuong phap dau tién, PEDOT dugc tong hop bang qua trinh trung hop oxy hoa cac
monomer 3,4-ethylenedioxythiophene (EDOT) va cac phan tmg ghép ndi tiép theo & cac vi tri
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a, o’ (hinh 1). Do hiéu tng cho dién t&r manh cta cdc nhom chuc ete ¢ vi tri B, B’ cua vong
thiophene tao ra kha nang phan irmg cao 1an luot véi cac vi tri o, of tw do va ngan chan sy hinh
thanh céc lién két o-p’ trong qué trinh tring hop [5]. Trang hop oxy hoa hoéa hoc ¢6 nhimg wu
diém rd rang, dic biét trong viéc san xuat PEDOT. Tuy nhién, cac chat oxy hoa nhu natri
hoic kali persulfate va mubi sat (I1I) nhu FeCls, Fez(SOu)s [4, 6-8] thudng duge su dung trong
qua trinh ndy lam giam d¢ tinh khiét ctia san pham PEDOT.
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Hinh 1 — C4u trac héa hoc ciia monomer 3,4-ethylenedioxythiophene (EDOT) va polymer
poly(3,4-ethylenedioxythiophene) (PEDOT)

Phuong phéap thtr hai sir dung qué trinh dién hoé véi ba dién cuc: dién cuc ddi, dién cuc
so sanh va dién cyc lam viéc. Phan tng trung hop ¢ dién cyc lam viéc 1a mot nira phan rng
cua phan ung oxi hda khur, ntra phan Gng con lai 1a sy khir proton thanh khi hydro & dién cuc
d6i [9]. Co ché trung hop dién hoa cac mononer duge trinh bay nhu sau: cdc monomer bi oxy
hoa thanh cac goc cation tuong d6i 6n dinh. Hai goc cation nay két _hop v6i nhau hoac mot
gbc cation két hop mot gdc monomer di kém véi viéc loai bo lién tiép hai proton s& dan dén
viéc hinh thanh dimer. Cac dimer tiép tuc bi oxy hoda va lién két lai v6i nhau tao nén cac
oligomer. Sy tiép dién tuong ty qua trinh nay véi oligomer s& cho ra san pham cudi cung 12
PEDOT. Nhin chung, tring hop dién hoa dugc st dung dé ché tao mang mong hoic mang tur
do trén chat nén dan dién [10]. Tuy nhién, yéu cau vé chat nén cho phan tng tring hop dién
hoa han ché cac ng dung cta no.

Mic du co ché hai phuong phap trung hop dién hoa va oxy hoa hoéa hoc da dugce hiéu r&
va ching dugc st dung tuong d6i pho bién, nhung van con ton tai mot sd van dé nhu 6 nhiém
hoa chat, str dung nhiéu loai chét xuc tac dan dén giam do tinh khiét,... Do d6, phuong phap
trung hop PEDOT bang buc xa ion hoa boi tia y hodc chum electron gia téc duge xem nhu
mot hudng tiép can moi, mot phuwong phap tong hop dé dang va xanh [1 1] nho vi€e it sir dung
hoa chét, kha nang kiém soat qué trinh tring hop, do tinh khiét san phdm cao va viéc c6 thé
tao ra PEDOT tan trong dung mo1 nude gitp tang tinh linh dong trong trng dung [12].

Hién nay dd co cac nghién ctru bao céo vé qua trinh tring hop bang birc xa ion hoa
PEDOT trong cac diéu kién khac nhau nhu tong hop PEDOT bang birc xa gamma thong qua
phan Ung oxy hoda trung hop boi céc tdc nhan oxy hoéa khac nhau nhu: <OH, *Nj,
dichloromethyl (CHCI,*) va chloromethyl (CH2Cle) hoac thong qua phan ung khir véi tac
nhan khr (ey); trung hop PEDOT bang tia gamma trong moi truong trung tinh va méi trudng
v cung axit (pH = 0) hodc trong dung méi nude va dung méi hiru co (CHCI) [5, 11-13].

O Viét Nam, trude day déa c6 mot vai cong trinh st dung PEDOT cho cac muyc dich tmg
dung, nhu: nghién ctru ché tao va tinh chit cta pin mat troi st dung cau tréc lai poly(3.,4-
ethylene dioxythiophene):poly(styrene sulfonate)/graphene quantum dots/ vat liéu Si cau triic
nan6/16p plasmonic bat sang gdm céc hat vang kich thudc nand [14], nghién ctru so sanh cac
mang t6 hop PEDOT:PSS/GO/CNT v6i cac mang t6 hop khac tmg dung 1am sensor khi NH;
[15], hay mot s6 hudng nghién ciru tmg dung PEDOT trong ché tao OLED.

2. NOI DUNG
2.1. Poi twgng va Phwong phap nghién ciru
2.1.1. Héa chit va chuén bi dung dich chiéu xa



3,4-ethylenedioxythiophene (EDOT) (d6 tinh khiét > 98% cua hing ThermoFisher
Scientific) dugc sir dung lam cac monomer va nudc cat duge s dung lam dung méi. Khi
N2 dugc st dung dé suc va loai bo khi oxy trong dung dich. Isopropanol dugc st dung dé
hép thu cac gbc hydroxyl (HO»), goc dugc tao ra trong qua trinh phan giai phong xa cua
nudc nham ngin chin qua trinh téng hop PEDOT thong qua phan Gmg oxy hoa tring hop
do chinh gbc nay gay ra.

Dung dich nuéc chira 5 mM monomer EDOT duogc chuén bi & nhiét do phong. Thém
0,2 M isopropanol vao dung dich trén, sau d6 dem di suc khi N> trong vong 20 phut. Dung
dich sau suc khi duoc bao quan trong toi d€ tranh cac tac QOng cua anh sang va dugc dem
di chiéu xa nguén Co-60 tai Trung tdm Nghién ciru va Trién khai Céng ngh¢ Burc xa - Co
so PBa Nang, vdi dai licu tir 12 kGy dén 58 kGy (suat liéu 5.8 kGy/h).
2.1.2. Qua trinh phan giii phéng xa nuwéc

Khi chi’éu xa gamma dung dich nudc da khu khi oxy (nho khi N2) ¢ pH trung tinh s&
cho ra mdt s0 san pham phan giai phong xa nudce [16, 17]:

Hy0 — HOe® + He + ¢4 + H30" + H,O, + Hy (1)

Trong d6, suat phan giai phong xa (G) cua gbc hydroxyl HOe, He va e,y dugc xac
dinh o [17, 18]:

GHO- =2.8 x 1077 mOl]_l

Gy. = 0.6 X 1077 molJ 1

Ge;(} =2.8 x 1077 molJ?!

~ Voi gia tri suat phan giai phong xa thap co thé bo qua sy hién dién cua gbc He trong

chiéu xa & moi truong trung tinh. Goc HO+ dugc biet dén la chat oxy hda manh véi the
oxy hoéa khir Edg;(HO ¢/H,0) = 2.3 Vggy tai pH=7, trong khi d0, e, 1a goc khu manh (-
2.8 Vesp) [18]. Tuy nhién vo6i sy hién dién cua isopropanol trong dung dich, gbc HO- bi
chuyén hoéa thanh gbc isopropanol, (CH3),C*OH [19, 20]. Gdc isopropanol (CH3),C+OH

khdng thé oxy hoa hoic khtr monomer EDOT [5] nén chi electron solvat hoa eaq” phan tng
vo1 cac monomer EDOT bang phan tng khu.

2.1.3. Phuong phap nghién ctru

Cac yét }iéu monomer EDQT va IfEDOT trung hop burc xa duogc tién he‘mhﬂ khglo sat cac
ddc tinh vé cau truc hda hoc bang pho hap thu UV-Vis (Jasco V-730) va phd hong ngoai
Fourier transform infrared (Jasco FTIR-6800).

2.2. Két qua
2.2.1. Phd hap thu UV-Vis

-
y-irradiation
AWM

| | k i
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Hinh 2 — Dung dich nuéc béo hoa N, chira S mM monomer EDOT va 0.2 M isopropanol trude chiéu
xa va sau chiéu xa ¢ cac licu 12 kGy, 23 kGy, 34 kGy va 58 kGy
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Dudi su tdn xa anh sadng quan sat dugc su thay ddi mau sic cta dung dich trudc va sau
chiéu xa. Cac mau EDOT sau chiéu ¢0 su hién dién cta huyén phu mau vang va c6 d6 duc
tang dan theo liéu xa tir 12 kGy dén 34 kGy va nhat hon ¢ 58 kGy (hinh 2).

Két qua do phd UV-Vis duogc thé hién trén hinh 3 cho thiy véi dung dich monomer
EDOT chua chiéu xa, xut hién hai dinh hip thy cuc dai tai 239 nm va 256 nm. Phan tir
thiophene tinh khiét hap thu anh sang trong ving UV-Vis tir 225 nm dén 246 nm, su hap thu
nay dugc gan cho qua trinh chuyén dbi n—n* [21]. Chinh vi vdy, hai dinh hip thu cuc dai
quan sat thay duoc gan cho qua trinh chuyén n—m* trong vong thiophene ciia monomer
EDOT.

O cac phd hap thu UV-Vis cua cac dung dich EDOT sau chiéu xa, quan sat thiy su bién
mat caa dinh hap thu cuc dai 239 nm & cac liéu xa 16n hon 12 kGy va sy dich chuyén nhe caa
dinh hip thy cuc dai 256 nm theo liéu xa, cu thé: 256 nm (12 kGy), 257 nm (23 kGy), 258 nm
(34 kGy) va 267 nm (58 kGy). Viéc xuit hién cac dinh hap thu nay co the chting minh sy t6n
tai cua cdc monomer EDOT trong dung dich sau chiéu xa. Dong thoi, O tat ca cac pho UV-Vis
dung dich sau chiéu xa déu xuét hién cac dinh hip thu ¢ khoang 355 nm. Céac dinh hap thu
nay chung minh sy hinh thanh ctia cac dimer EDOT trong dung dich [12]. Ngoai ra, quang
phd duoc dic trung boi sy tan xa lién tuc trong pham vi 400-600 nm twong ung véi cac
oligomer va polymer dai hon caa PEDOT [22-24], diéu nay khong duoc quan sat thiy & phd
UV-Vis cua cac monomer EDOT trude chiéu xa.

——12kGy

—— 23kGy
- —— 34kGy
—— 58kGy
——EDOT

Absorbance (a.u.)

PR NP, N U [P NPUN RPN SR T
200 250 300 350 400 450 500 550 600

Wavenumber (nm)
Hinh 3 — Phé hép thu UV-Vis dung dich 5 mM EDOT véi sy hién dién ctia 0.2 M isopropanol truge
chiéu xa va sau chi€u xa tai cac licu xa tang dan tr 12 KGy dén 58 kGy
2.2.2. Phd hap thu FTIR
Céc mau dung dich sau chiéu xa duoc séy kho & diéu kién thuong dé thu bot cho khao

sat phod FTIR. Két qua do phd hap thu FTIR monomer EDOT va cdc mau bot kho sau chiéu xa
duoc the hién trén hinh 4 va 5.
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Hinh 4 — Phé hap thu FTIR ctiia monomer EDOT trude khi chiéu xa
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Hinh 5 — Pho hép thu FTIR ctia cic mdu PEDOT khé duoc chiéu xa tong hop tai liéu xa 12 kGy,
23 kGy, 34 kGy va 58 kGy.

Trong khoang 1500-500 cm™, c4c phd hip thu FTIR ciia monomer EDOT va cic miu
bot PEDOT déu phu hop véi cac bao cao trude do [12, 25, 26]. Déi voi monomer EDOT,
nhitng diy hép thy tai 890, 1054 va 1182 cm™ tuong Gmg vdi dao dong kéo din cua nhom
ethylenedioxy (C—O-R—-O—C). Cac dao dong kéo gian cua lién két C—C va C=C trong vong
thiophene ciing dugc ghi nhan tai dinh 1365 va 1481 cm™ [25].

Dbi véi cac miu bot PEDOT, cac dao dong & khoang 1360, 1430 va 1490 cm™ diac
trung cho cac ché do kéo gian C—C va C=C trong vong thiophene [26] co thé dugc thiy trén
phd FTIR, trong khi cac dao dong quan sat & khoang 1275, 1245, 1170 va 1084 cm™ duoc gan
cho cac ché do kéo dai cua nhom ethylenedioxy (C—C va C—-O-R—O-C). Cac dao dong cua
lién két C-S c6 trong vong thiophene ¢ thé duoc quan sat thdy & khoang 945 va 906 cm™
[12].

Dinh hap thu 754 cmy ! duoc quy cho rung dong udn cong ngoai mat phang cua lién két
C—H tai vi tri 0, o xuét hién & phé EDOT nhung hoan toan khong xuat hién & trén phd FTIR
cua cac moi bot kho PEDOT.

2.3. Ban luian

Viéc chiéu xa cac mau EDOT 5 mM duoc suc khi N, v&i sy hién dién cua isopropanol
0,2 M & cac liéu xa khac nhau thong qua phd UV-Vis d ching dugc su hinh thanh cia cac
oligomer va polymer PEDOT bai sy tan xa lién tuc trong pham vi 400-600 nm. Tuy nhién,
khao sat nay van chua 1am rd duoc liéu xa toi wu, ung voi viéc toan bd monomer EDOT bi
khir tring hop hoan toan bdi €, du rang, cac dung dich sau chiéu xa c6 mau vang ¢am dan
dén lidu xa 34 kGy va sau d6 nhat hon ¢ lidu 58 kGy.Viéc khao sat cac mau EDOT nén
duogc tién hanh ¢ nong do 1 mM dé danh gia lidu xa toi da [1].

Ph6 FTIR da chimg minh cidc mau bot thu duge sau chiéu xa chinh 1a polymer PEDOT.
Cac dai hap thu PEDOT dugc khtr trung hop trong nghién ctru nay c6 su tuong ddng voi cac
mau PEDOT dugc oxy hoa trung hop bang birc xa trong cac nghién ciru trude do [1, 12]. Sy
bién mat cta dai hép thu 754 cm™ cang cung cé sy hinh thanh PEDOT théng qua phan tng
ghép ndi tai cac vi tri o, o’

Dbi véi PEDOT dugc oxy héa tring hop boi gbe hydroxyl HOe, phd FTIR cho thiy su

xuét hién cua dai hip thu dic trung lién két O—H doc chudi polymer & khoang 3600-3200cm”
', Piéu nay giup cho PEDOT dugc tdng hop c6 kha ning hoa tan trong nudce [12]. Dbi chiéu
v6i phd FTIR thu dugc bang khtr trang hop boi €aq trong nghién ctru nay, khong thdy su t6n
tai dai hap thu dic trung lién két O—H. Chinh vi vay, can tlen hanh nghién ctru kha nang hoa
tan trong nudc cta cac miu nay, tir d6 lwa chon tdi wu cho téng hop PEDOT bang co ché khir
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hodc oxy hoa trung hop. Diéu nay 1a can thlet boi mubn oxy hoa trung hop birc xa, can loai
trir €5 bang khi N,O, tuy nhién cac yéu cu vé an toan dbi voi chit khi nay dang giy can
tré cho viéc nghién ctru trong diéu kién hién tai & Viét Nam.

3. KET LUAN

Théng qua phd UV-Vis va FTIR da chimg minh su tong hop birc xa thanh cong PEDOT
tir monomer EDOT thong qua phan tmg khtr tring hop bang birc xa gamma Co-60. Liéu xa
t6i wu va kha ning hoa tan cia PEDOT duoc khir tring hop buc xa ciing nhu hudng tong hop
birc xa t6i vu v&i PEDOT can duge tiép tuc nghién ctru.
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