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Tong hop copolymer cau tric phan nhanh trén co s0'don vi dithienopyrrole
va triphenylamine bang phwong phdp ghép doi truc tiép trong diéu kién aerobic

Tran Pirc Chau', Tran Lé Hai?, Nguyén Quéc Viét’, Luu Hoang TAm', Nguyén Hiru TAm?, Nguyén Tran Ha" 3"
Khoa Céng nghé Vit liéu, Truwong Pai hoc Bach khoa, Pai hoc Quéc gia TP Hé Chi Minh, 268 Ly Thuong Kiét, phiong Dién Hong, TP Ho Chi Minh, Viét Nam
Khoa K5 thudt Hoéa hoc, Trwong Pai hoc Béch khoa, Pai hoc Quoc gia TP Ho Chi Minh, 268 Ly Thiwong Kiét, phwong Dién Hong, TP Ho Chi Minh, Viét Nam

SPhong Thi nghiém Trong diém Qudc gia Vit liéu Polymer va Composite, Trwong Pai hoc Bach khoa, Pai hoc Quéc gia TP Ho Chi Minh,
g g g & 2z P g &
268 Ly Thweong Kiét, phuong Dién Hong, TP Ho Chi Minh, Viét Nam

Ngay nhan bai 28/2/2024; ngay chuyén phan bién 1/3/2024; ngay nhan phan bién 20/3/2024; ngay chip nhan dang 25/3/2024

Tom tit:

Copolymer lién hop cAu tric phin nhanh duwa trén cic don vi monome dithienopyrrole va triphenylamine da dwoc
tong hop thanh cong véi trong lwgng phan tir khoang 6.242 g/mol va d9 da phan tan 1a 2,12 biang phwong phap triung
ngung ghép doi aryl truc tiép & diéu kién aerobic trong d6 sir dung dung méi dimethylformamide (DMF) tai 165°C
va sir dung hé xuc tac Pd(OAc), va axit pivalic trong moi trowong khong khi binh thwong. Copolymer phan nhanh
tong hop dwge phan tich cau tric héa hoc bang cac phwong phap phan tich pho bao gom: quang pho hong ngoai
bién d6i Fourier (FTIR), cong huwéng tir hat nhan proton ‘"HN MR). Khoi lwong phén tir ciia copolymer phian nhanh
dwoe xac dinh bang phwong phap do sac ky gel (GPC). Tinh chét quang hoc ciia copolymer phan nhanh dugc danh
gia qua phuong phap phéan tich pho tir ngoai - kha kién (UV-Vis) va pho phat huynh quang nham xac dinh gia trij
vung cam cuia copolymer. Ngoai ra, tinh toan ly thuyet ham méat d¢ (DFT) ciing dwoc ap dung nham nghién ciru mirc
nang lwong orbital va sy twong tac giira cac phan tir trong copolymer phan nhanh.

Tir khéa: cam bién huynh quang, copolymer, polymer din dién.
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Synthesis of branched copolymer based on dithienopyrrole and triphenylamine units

by direct coupling method under aerobic conditions
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Abstract:

The hyperbranched conjugated copolymer based on dithienopyrrole (DTP) and triphenylamine (TPA) moieties
was successfully synthesised with an average molecular weight of 6242 g/mol and a polydispersity index of 2.12
via an aerobic direct arylation cross-coupling polycondensation using DMF as the solvent at 165°C and using the
Pd(OAc), and pivalic acid (PivOH) as a catalyst system in air. The obtained hyperbranched conjugated copolymer
has been characterised by its chemical structure via Fourier-transform infrared spectroscopy (FTIR) and proton
nuclear magnetic resonance ("H NMR). The average molecular weight of the hyperbranched conjugated copolymer
was estimated by the gel permeation chromatography method (GPC). The optical properties of the hyperbranched
conjugated copolymer have been evaluated via ultraviolet-visible spectroscopy (UV-Vis) and fluorescence spectroscopy
to identify the optical bandgap of the copolymers. In addition, the density functional theory (DFT) calculations were
also applied to study the orbital energy levels, molecular structure of the hyperbranched conjugated copolymer, as
well as the interaction between units in the copolymer.
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1. Gidi thiéu

Hién nay, van con hang tri¢u bai min rai rac khap noi
tai hon 60 quoc gia va ving lanh thd trén toan thé gioi
[1]. Cac chit nd chira cac hop chat ho nitroaromatic nhu
2,4, 6-trinitrotoluene (TNT), nitrobenzene (NB), axit picric
(PA)... Trong do, ¢6 PA - mdt loai axit hitu co manh, dugc
st dung dé lam thudc nd nhu cac hop chat nitroaromatic
khac (NACs - nitroaromatic compounds). N6 tham chi con
d& gay n6 hon ca TNT - loai chat n6 duoc dung nhiéu nhit
trong Thé chlen 1. Ngoai ra, v6i kha nang tan tot trong nudc,
PA gy ra mbi lo ngai v& 6 nhiém nudc ngam. N6 dugc
tmg dung rong rii trong nganh cong nghiép nhudém, ché
tao nhién liéu cho tén Itra cling nhu nganh duoc pham. Bén
canh nguy co gy nd, PA ciing dem lai mdi de doa 16n dbi
vé6i stic khoe cong dong, bao gdbm thiéu mau, gdy ung thu,
suy giam chirc ning gan thong qua qua trinh tiép xtc ngin
han cling nhu dai han [2].

Céc phuong phap phan tich khac nhau di dugc phat trién
dé phat hién cac hop chét nitroaromatic dua trén sac ky [3],
ampe ké [4], quang phd Raman ting cuong bé mait [5]...
Maéc du cac phuong phap nay c6 do nhay cao va gidi han
phat hién thip nhung lai yéu cau thiét bi dit tién, van hanh
phurc tap, thoi gian phan tich dai va tinh di dong kém. Cam
bién dua trén hién tuong dép tat huynh quang don gian hon
nhiéu. Do d6, thiét ké va tong hop cac vat liéu huynh quang
hitu co mé&i nham phat hién chét nd ho nitroaromatic nhan
duogc nhiéu sy quan tim [6]. Mot sé chat huynh quang hitu
co dd duge nghién ctru dé phat hién NACs bang phuong
phap dap tit huynh quang. Cac phan tir giau electron khac
nhau nhu benzo[k]fluoranthene [7], tris-imidazolium salt
[8] v61 nhom chirc anthracene da dugc bao cao la co kha
nang nhan biét PA mét cach chon loc. Ngoai ra, kha nang
phat hién pha hoi cia PA di thu duoc két qua véi PFMI-
NP, mgt dang polymer lién hop cAu tric nano [9]. Gén day,
cac phtrc hop boron dya trén imidazole c6 nhom chirc bac
ba da duoc bao cao co thé phat hién co chon loc PA [10].
Cam bién _huynh quang ¢ dang polymer rén ciing mang lai
két qua diy hitra hen trong diéu kién str dung hoi cua hop
chat nitrobenzen tuong tac voi vat liéu polymer ban dan
huynh quang dan dén giam kha nang dap tit huynh quang
cua polymer [11].

Céc polymer lién hop véi dic tinh tao mang tdt, dé ché
tao thong qua 16p phu quay cung déc tinh phat quang c6
thé t6i wu hoa cling dugce coi la vat liéu tién tién quan trong
trong nhimg ndm gan day vi tiém ning tng dung cua chung
trong linh vic cam bién, man hinh phat sang, té bao quang
dién... Polymer siéu phan nhanh, véi cau trac bat d6i xing,
c¢6 thé duoc coi 1a cau tric chuyén tiép cua dendrimer (cac
phan tir cdu trac dudi gai) va polymer mach thing. Chung
dat dugc cac wu diém nhu: d& téng hop, do hoa tan tdt, do
nhét thap, ciu trac ba chidu [12]. Do do, cac polymer siéu
phan nhanh duogc coi 1a san phdm phu hop cho ung dung
quy mé 16n. Nhu vay, polymer lién hop céu trac siéu phan
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nhanh, két hop dic tinh ban dan linh hoat véi cac dic tinh
doc dao cua cau tric siéu phan nhanh, c6 dugc kha nang
cho electron manh liét nho trang thai kich thich tai t6 hop,
tir d6 tao nén hiéu ing chudi phan tir, ting sy twong tac giira
polymer va chit phan tich, tr& thanh tng cir vién niang ky
cho mot loat img dyng cong ngh¢ cao nhur: didt phat quang
polymer (PLED), té bao quang dién polymer va dac biét la
cam bién huynh quang, phat hién chat nd ho nitroaromatic
[13].

Triphenylamine (TPA), do lién két don C—C c6 thé xoay
va cau tric khong gian ba chiéu lién hop giau electron
khong phing, cung xu hudng dinh vi dién tich cation tdt,
nén duoc coi 1a chit van chuyen electron hoan hao [14].
Dithieno[3,2-b:2",3'-d]pyrrole, véi cac don vi thiophene
giau electron dé cung cip cho chit phan tich. Ngoai ra, cdc
phan tu thiophene hoat dong nhu mot nhém lién két thuan
loi, lam gidm tré ngai khong gian gitta cac don vi cho va
nhéan dién tu, giup ting cuong sy dinh vi ctua cac dién tu
doc theo toan bo mach polymer lién hop. Do do, cac tac gia
tién hanh nghién ctru va phat trién copolymer lién hop cu
tric siéu phan nhanh mai dya trén DTP va TPA. Copolymer
tao thanh, véi tinh cht giau electron, s€ tao duoc tuong tac
manh mé v6i chat nhan ngheo electron, dat nén tang cho céac
cam bién phat hién NACs n6i chung va PA noi riéng.

2. Nguyén vat liéu va phuong phap nghién ciiu
2.1. Nguyén vit liéu

4-(2-ethylhexyl)-4H-dithieno[3,2-b:2°,3’-d]pyrrole (EH-
DTP) duoc tong hop sén, 1,3,5-Tris(4-bromophenyl)benzene
(TPA, 98%) c6 xuit xtr Fisher (M¥). Dimethylformamide
(DMF, 99%), tetrahydrofuran (THF; 99,5%), ethyl acetate
(EtOAc; 99%), toluene (99,5%), n-hexane (99,5%),
chloroform (CHCI3; 99,5%), methanol (99,8%), acetone
(99%) c6 xuét xir Fisher (My). Pd(OAc), (98%), P(2-
MeOCH,), (98%) co xuat xir AKSci (My); K,CO, (99%)
co xuét xu Acros (Bi).

2.2. Phwong phap nghién ciru

Phuong phap sic ky ban mong duoc dung dé dinh tinh,
xéc dinh s6 luong ciu tir trong mau phén tich. Sic ky thim
gel (GPC - Gel permeation chromatography) dugc dung
dé xac dinh khéi luong phan tir cta polymer. Trong lugng
phan tir ciia polymer dugc do bang may Polymer PL-GPC
50 cua Hang Polymerlab, may Polymer PL-GPC 50 c6 mot
dau do RI (Refractive index), su dung dung moi CHCI, véi
tbc d6 bom 1 ml/phut do & 25°C. Trong luong phan tu cua
polymer phan tich dugc so sanh vé6i chat chuan polystyrene.
NMR la mét phuong phap phén tich quang pho nhan biét
dugce ciu trac hod hoc cua _polymer. Pho cong huong tir hat
nhan 'H NMR duoc do bang may Bruker Avance AM500
NMR (burc) tai Phong Cong hudng tir hat nhan (NMR),
Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét
Nam, mau dugc hoa tan hoan toan trong dung méi can do
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(CDCL,) vei chat chuan tetramethylsilane (TMS) duoc do &
25°C, tan s6 500 MHz. Phé hong ngoai duoc do bang may
FT-IR Bruker Tensor 27 (Dtrc) tai Phong Thi nghi¢ém Trong
diém qudc gia Vat liéu Polymer va Composite. Mau dang
bot duoc tron véi KBr do véi tan sb quét 1a 256 scans voi
phén giai 4 cm™!, ving budc song khao sat 1a 400-4000 cm’!
& nhiét d6 phong. Pho tir ngoai kha kién dugc do bing may
Agilent 8453 UV-Vis, ph6 ctia mau polymer duogc ghi nhan
& dang dung dich c6 ndng d6 10° mol/I va dang mang phim.
Viéc phan tich dwoc tién hanh ¢ nhiét d6 phong (25°C), dai
song quét tir 190 dén 1100 nm. Quang phd huynh quang
(Photoluminescence) dugc do bang thiét bi do Cary Eclipse
(M%), phd clia miu polymer dugc ghi nhén ¢ dang dung
dich ¢6 ndong d6 10-° mol/l va dang phim ¢ nhiét do phong
(25°C), dai song quét tir 400 dén 900 nm.

2.3. Phdn urng to:ng hop polymer bdn din phin nhdnh
trén co so dithienopyrrole va triphenylamine (HCP(DTP-
TPA))

Diéu kién tong hop HCP(DTP-TPA) dugc tham khao va
t6i wu hoa dya trén nghién ciru vé tong hop polymer dua
trén N-perylene phenoxazine voi hiéu sudt phan ting 62%
trong thoi gian 24 gid [15-17]. Téng hop HCP(DTP-TPA)
theo con duong DATP & diéu kién aerobic. 2 monomer dugc
st dung véi ty 1€ EH-DTP : TPA = 2:1, phan ung duoc thuc
hién trong hé xuc tac Pd(OAc), (0,05 duong luong), P(2-
MeOCH,)3 (0,1 duong lugng) két hop v6i PivOH (1 duong
luorng) va sir dung base K,CO, v6i 20 duong luong dé tang
téc do phan tng, dung moi DMF 0 165°C, diéu kién aerobic
trong 3 gio. Chuan bi binh cdu 100 ml gin véi hé hoan luu,
thuc hién qua trinh hit chan khéng - kho binh - bom khi
N,. Cho lan luot cac chat sau vao: TPA (96,402 mg, 0,2
mmol), DTP (116,588 mg, 0,4 mmol), K,CO, (552,84 mg, 4
mmol), PivOH (20,43 mg, 0,2 mmol), Pd(OAc), (2,24 mg,
0,01 mmol), P(2-MeOCH,), (7,05 mg, 0,02 mmol) va 5 ml
dung mdi DMF. Hén hop du’oc dun hdi luu trong bé diu
6 165°C trong 3 gio. Khi da du thoi gian phdn ung, dung
gia nhiét va dé ngudi dén nhiét do phong. Hoa tan hdn hop
voi chloroform, sau do dem di tua trong methanol lanh, loc
chan khong va rtra phan rin qua cac dung mdi: methanol,
acetone, hexane. Cudi cung, sdy chan khong san pham trong
3 ngay, thu dugc chit rin mau nau.

3. Két qua va ban luan

Dudi didu kién aerobic va hé phan umg DATrP tir 2
monomer ban dau la dithienopyrrole va triphenylamine,
phan ng ghi nhan hién tuong d6i mau dung dich, qua trinh
d6i mau dién ra nhanh, chi sau mot khoang thoi gian ngan
khoang 10 phuat ké tir lc bat ddu phan ng, hé phan tmg tir
mau nau vang luc dau dan chuyén sang ndu dam. Sau céac
budce 1am sach va tinh ché, thu duoc 96,7 mg san phém mau
nau dat v6i higu suat dat 58,66%. So db tong hop copolymer
HCP(DTP-TPA) duoc trinh bay ¢ so do 1.
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So’ d6 1. Phan (rng tébng hop copolymer HCP(DTP-TPA).

Trong lugng phan tir ctia polymer duge danh gia bing
phuong phéap sic ky gel sir dung thiét bi PL-GPC 50. Mau
duoc chuan bi ¢ ndng do 1 g/l véi dung méi giai ly 1a THE,
tbc d6 bom 1 ml/phut ¢ 25°C, trong lugng phéan tir ciia
polymer phén tich dugc so sanh véi chat chuan polystyrene.
Két qua do sic ky gel dugc trinh bay ¢ hinh 1. Polymer
céu trac lién hop phan nhanh (HCP(DTP-TPA)) thu dugc
¢6 trong lugng phan tr 1a 6242 g/mol véi d§ da phan tan
(PDI) 1a 2,12.

M, = 2948 g.mol’!
M,, = 6242 g.mol’!
PDI=2.12

Cudng do thé (mV)

T T
400 500

Theoi gian lvu

T
300 600

Hinh 1. Gian dé phwong phap do sac ky gel ctia polymer HCP(DTP-
TPA).

Cac nhom chuce dac trung cia HCP(DTP-TPA) dugc xac
dinh qua phd FT-IR, mau dugc do & dang bot tron véi KBr, do
vé6i tan sd quét 1a 256 scans, do phan giai 4 cm™', vung budc
song khao sat tir 400-4000 cm™ & nhiét d phong (hinh 2).
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Ph FTIR ciia polymer HCP(DTP-TPA) ¢6 cac miii phd tai
vi tri 2856-2956 cm! dic trung cho dao dong mach nhanh
alkyl. Cac mili ph tai 1496-1595 cm! dic trung cho dao
dong lién két C=C trong vong aromatic. Cac miii pho tir
1264-1320 cm™ ddc trung cho dao dong C-N cia vong
pyrrole. Ngoai ra, cac miii phd tai 728 va 798 cm bicu
hién cho lién két C-S-C. Két qua do phd FT-IR cho thay, co
sy hién dién cua nhom chirc vong benzene, vong pyrrole,
vong thiophene va mach alkyl phu hop véi cac nhom chie
dic trung c6 trong phan tir. Tir két qua nay, nghién ctru tiép
tuc phan tich va xac dinh cau trac phan tir HCP(DTP-TPA)
thong qua phd 'H NMR.
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Hinh 2. Phd hdng ngoai bién dbi Fourier ctia polymer HCP(DTP-
TPA).

Ph6 'H NMR ciia polymer dugc phan tich phu hop véi
ciu trac héa hoc cua polymer HCP(DTP-TPA). Do dich
chuyén cac miii phd ciing gia tri tich phan cta timg mii phd
pht hop véi s6 proton trong cong thirc cdu tao ciia polymer
HCP(DTP-TPA). Trong ph6 'H NMR ctia HCP(DTP-TPA),
mili phd “a” dic trung cho proton nam trén C thudc vong
benzene lién két tryuc tiép v6i C thude vong thiophene. Miii
phé “b” dic trung cho proton nam trén C & vi tri p thudce
vong th1ophene Miii phé “c” (6 =4,07 ppm) dac trung cho
proton nam trén C béc 2 (lién két truc tiép V0’1 N). Mili phé
“d” (8=1,98 ppm) dic trung cho proton nim trén C béc 3
cua mach nhanh alkyl. Miii phd “e” dic trung cho proton
nam trén C & vi tri ortho thudc vong benzene. Miii pho “f?
(6=7,55 ppm) dic trung cho proton nam trén C & vi tri meta
thudc vong benzene. Con lai 1a ving miii phé mach nhénh
alkyl group, trong d6 vung c6 gia tri tich phan 16,05 tuong
ing voi 8 nhom CH, ciia mach nhanh, ving c6 gia tri tich
phén 12,05 twong tng v6i 4 nhom CH, cu6i mach ctia mach
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nhanh. Ty 1¢ dong gép cua cac monomer trong HCP(DTP-
TPA) 1a 2:1, twong tmg voi ty 1¢ tich phén cua mii phA “c”
(8=4,07 ppm) va “f* (6=7,55 ppm). Két qua nay cho thay, ty
1¢ gitra 2 monomer la chinh xac so v6i thiét ké, , chimng to ca
2 monomer d lién két ding ¢ vi tri mong mudn, cling nhu
qué trinh polymer ghép d6i dugc thuc hién thanh cong trong
diéu kién aerobic. Phd 'H NMR ctia polymer HCP(DTP-
TPA) dugc trinh bay trong hinh 3.

CH, CH,
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Hinh 3. Phd cong hwéng tir hat nhan cua proton ctia polymer
HCP(DTP-TPA).

Tinh chit quang hoc cua polymer HCP(DTP-TPA)
dugc danh gia bang phuong phap UV-Vis trong cic dung
moéi khac nhau (ndng d6 khoang 10° M trong dung moi
CHCL,, hexane, toluene, THF va DMF). Ngoai ra, polymer
HCP(DTP TPA) duoc khao sat tinh hap thu UV-Vis dudi
dang mang phim (pha dung dich c6 nong do polymer la
3 gl trong dung méi CHCL,). Két qua phé UV-Vis cua
polymer HCP(DTP-TPA) dugc trinh bay trong hinh 4. Tu
phd UV-Vis, ¢6 thé thdy xuat hién ving hip thu rong tir 300
dén 600 nm, dugc cho 1a tir su chuyén dich ©-n* cua mach
lién hop. Hién tugng red-shift & dang dung dich la khong
16 rang khi thay ddi d6 phan cuc cua cac dung moi. Cuong
d6 hap thu I4n va ving hap thy cta copolymer & dang mang
phim cao hon cuong d6 va ving hip thu ciia copolymer
trong dung dich, nguyén nhan la khi 6 dang mang phim céac
phan tir polymer sip xép chat khit voi nhau hon va hiéu tmg
n-m stacking trong mach copolymer. Gia tri d rong vung
cdm (Eg) cua polymer HCP(DTP-TPA) duoc xac dinh 1a
2,38 eV.
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Hinh 4. Phé hép thu tir ngoai kha kién ctia polymer HCP(DTP-TPA).

Tinh chét huynh quang cua polymer dwoc phan tich bing
pho quang phat xa (PL - Photoluminescence spectroscopy) &
dang dung dich (ndng d6 10°M trong cac dung mdi CHCI,,
hexane, toluene, THF va DMF), dudi budc soéng quét
300-900 nm, budc song kich thich 1a 365 nm. Phd quang
phat xa cua polymer HCP(DTP-TPA) dugc trinh bay trén
hinh 5. Polymer phéat quang manh (xanh da quang) trong
dung moi THF > Toluene > DMF, dat dinh tai khoang budc
song 489 nm, ngoai ra con xuit hién ving dinh vai tai
khoang budc soéng 521 nm, dugc cho 1a anh huong cua ICT
va kha twong dong véi nhau trong cac dung dich. Nguoc
lai, kha nang phat quang trong dung m6i CHCI, va hexane
khong hi¢u qua.
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Hinh 5. Phd quang phat xa cia polymer HCP(DTP-TPA) & dang
dung dich.
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Dé hiéu rd sy anh hudng ciia cau triac polymer dén tinh
chat quang cuia ching, tinh toan t6i wu hoa cu tric phan
tor HCP(DTP-TPA) duoc tién hanh thong qua phan mém
Gaussian, thyc hién tinh toan trén co s 1y thuyét ham mat
dd (density functional theory - DFT) véi ham B3LYP va
6-31G(d,p). Tdi uu hoa ciu triic phéan tir sir dung DFT gitip
udc tinh trudec mirc HOMO va LUMO cua céc copolymer,
du doan trudc cac goc lién dién gitta DTP va TPA, tor do
¢6 co so dé giai thich va so sanh véi cac két qua phan tich
thuce té.

N S,
@A) o

Hinh 6. Két qua tinh toan ly thuyét ham mat dd. (A) M6 hinh orbital
phan t&r & HOMO; (B) M8 hinh orbital phan t&r & LUMO; (C) Mé hinh
chuan hoa cau trac; (D) M6 hinh phan bo dién thé tinh dién bé mat.

Két qua hinh 6 cho thy, & trang thai HOMO, mat do
electron phan bd déu trén cac don vi DTP va TPA, sau khi
duoc kich thich 1én mic LUMO, céc electron dan chuyén
sang tap trung chu yéu trén cac don vi DTP. Bén canh do,
hinh 6D cho thdy dién thé tai cic don vi vong thiophene
(dac trung cho DTP) 1a cao hon, tir d6, c6 thé thiy rang ca
2 don vi DTP va TPA déu déng vai tro donor, trong d6 DTP
s& chiém uu thé hon trong vai trd truyén tai dién tir trong
mach polymer.

Goc lién dién gitta DTP va TPA 1a 24,48°, nhin vao hinh
6C co thé théy duoc su xodn nhe cia DTP, 1éch ra khoi
mat phfmg cua TPA. Tur @6, ta du doan dugc copolymer tao
thanh c6 céu trac khong phing, hiéu ng n-r stacking thap,
lam cho kha ning truyén tai dién tir lién phan tir khong duoc
t6t, nhung nguoc lai qua trinh phat trién mach s& it bi han
che.
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4. Két luan

Téng hop thanh cong polymer HCP(DTP-TPA) lién hop
phan nhanh cAu tric méi v6i hiéu suat dat duge gﬁn 60%
bang phuong phap DArP don gian va thoi gian phan tmg
nhanh trong 3 gid. Két qua do sic ky gel cho thy, qua trinh
téng hop ghép doi tao polymer thanh cong véi trong lugng
phan tir polymer dat 6200 g/mol. Két qua FT-IR, 'H-NMR
cho thiy, rang polymer téng hop cé cdu trac tir cac don vi
monomer va dd sach trén 99%. Ngoai ra, phan tich tinh chét
quang nho UV-Vis va PL, tinh chat dién héa CV cling cho
thiy tiém ning tmg dung ciia n6 trong OLED ciing nhu cam
bién ion va pin ning lwong mit trdi hiru co.

LO1 CAM ON

Nghién ctru ndy duoc tai trg boi Quy Phat trién Khoa hoc
va Cong nghé Qudc gia Viét Nam (NAFOSTED) theo dé
tai s6 104.02-2023.102. Céc tac gia xin chan thanh cam on.

TAI LIEU THAM KHAO

[1] M.E. Germain, M.J. Knapp (2009), “Optical explosives
detection: From color changes to fluorescence turn-on”, Chemical
Society Reviews, 38(9), pp.2543-2555, DOI: 10.1039/B809631G.

[2] W. Lu, J. Zhang, Y. Huang, et al. (2017), “Self-diffusion driven
ultrafast detection of ppm-level nitroaromatic pollutants in aqueous
media using a hydrophilic fluorescent paper sensor”, ACS Applied
Materials & Interfaces, 9(28), pp.23884-23893, DOI: 10.1021/
acsami.7b08826.

[3] C.G. Bailey, C. Yan (1998), “Separation of explosives using
capillary electrochromatography”, Analytical Chemistry, T0(15),
pp-3275-3279, DOI: 10.1021/ac980042u.

[4] A. Hilmi, J.H. Luong (2000), “Electrochemical detectors
prepared by electroless deposition for microfabricated electrophoresis
chips”, Analytical Chemistry, 72(19), pp.4677-4682, DOI: 10.1021/
ac000524h.

[5] JM. Sylvia, J.A. Janni, J.D. Klein, et al. (2000), “Surface-
enhanced Raman detection of 2, 4-dinitrotoluene impurity vapor as a
marker to locate landmines”, Analytical Chemistry, 72(23), pp.5834-
5840, DOT: 10.1021/ac0006573.

[6] B. Roy, A.K. Bar, B. Gole, et al. (2013), “Fluorescent tris-
imidazolium sensors for picric acid explosive”, The Journal of
Organic Chemistry, 78(3), pp.1306-1310, DOI: 10.1021/j0302585a.

HOAHOC ISR

[7] S. Shanmugaraju, P.S. Mukherjee (2015), “Self-assembled
discrete molecules for sensing nitroaromatics”, Chemistry-A European
Journal, 21(18), pp.6656-6666, DOI: 10.1002/chem.201406092.

[8] D. Patra, A.K. Mishra (2001), “Fluorescence quenching of
benzo[k]fluoranthene in poly (vinyl alcohol) film: A possible optical
sensor for nitro aromatic compounds”, Sensors and Actuators B:
Chemical, 80(3), pp.278-282, DOI: 10.1016/50925-4005(01)00919-
4.

[9] A.H. Malik, S. Hussain, A. Kalita, et al. (2015), “Conjugated
polymer nanoparticles for the amplified detection of nitro-explosive
picric acid on multiple platforms”, ACS Applied Materials &
Interfaces, 7(48), pp.26968-26976, DOI: 10.1021/acsami.5b08068.

[10] K. Dhanunjayarao, V. Mukundam, K. Venkatasubbaiah
(2016), “Tetracoordinate imidazole-based boron complexes for the
selective detection of picric acid”, Inorganic Chemistry, 55(21),
pp-11153-11159, DOI: 10.1021/acs.inorgchem.6b01767.

[11TA.L Costa, H.D. Pinto, L.F. Ferreira, et al. (2012), “Solid-state
sensory properties of CALIX-poly(phenylene ethynylene)s toward
nitroaromatic explosives”, Sensors and Actuators B: Chemical,
161(1), pp.702-713, DOI: 10.1016/j.snb.2011.11.017.

[12] D. Yan, C. Gao, H. Frey (2011), Hyperbranched Polymers:
Synthesis, Properties, and Applications, John Wiley & Sons, 480pp.

[13] A.S. Tanwar, R. Parui, R. Garai, et al. (2021), “Dual 'static
and dynamic' fluorescence quenching mechanisms based detection of
TNT via a cationic conjugated polymer”, ACS Measurement Science
Au, 2(1), pp.23-30, DOI: 10.1021/acsmeasuresciau.1c00023.

[14] P.B. Pati, S.S. Zade (2014), “Highly emissive triphenylamine
based fluorophores for detection of picric acid”, Tetrahedron Letters,
55(38), pp.5290-5293, DOI: 10.1016/j.tetlet.2014.07.098.

[15] L. Ye, B.C. Thompson (2022), “Improving the efficiency
and sustainability of catalysts for direct arylation polymerization
(DArP)”, Journal of Polymer Science, 60(3), pp.393-428, DOI:
10.1002/p01.20210524.

[16] C.H. Nguyen, T.H. Nguyen, T.P. Nguyen, et al. (2023),
“Aerobic direct arylation polycondensation of N-perylene
phenoxazine-based fluorescent conjugated polymers for highly
sensitive and selective TNT explosives detection”, Dyes and
Pigments, 219, DOI: 10.1016/j.dyepig.2023.111613.

[17] A. Mishra, R. Dheepika, P.A. Parvathy, et al. (2021),
“Fluorescence quenching based detection of nitroaromatics using
luminescent triphenylamine carboxylic acids”, Scientific Reports,
11(1), DOI: 10.1038/541598-021-97832-0.



