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Abstract

5,8-Dibromo-13,13-bis(alkyl)dibenzofluorene derivatives functionalized with different alkyl molecules [M2a-M2f] and
2-tert butyl-9,10-di (p-hydroxyphenyl) anthracene [M1b], were designed to research the impact of molecular structure
on the optical properties of polymer. Polymers were synthesized by aromatic nucleophilic substitution in moderate to
strong yields (60-65%). After structural characterization through several techniques (e.g. FTIR, 'H, and "*C-NMR), special
emphasis was put on the study of their optical properties through UV-Vis and photoluminescence spectroscopy. The
polymers demonstrated strong thermal stability up to 350 °C and high glass transition temperature (108-133 °C). All of the
polymers showed blue emission within a range of 416-433 nm and had a band gap of 2.87-2.99 eV. The electrochemical
study reveals that, HOMO levels for polymers were estimated in the range of — 5.22 to — 5.26 eV and LUMO of — 2.23 to
— 2.38 eV. The polymers demonstrated strong thermal stability and blue emission within a range of 416-433 nm. These
polymeric materials have demonstrated high photoluminescence which may be useful for future display applications
as a good source.
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1 Introduction

Blue-light-emitting materials are favoured among the
groups of different optoelectronic materials due to their
high thermal stability, high photoluminescence (PL) quan-
tum yield and use as a host in white light emission [1-4].
Conjugated polymers were the basis for comprehensive
research in strongly conjugated organic polymers. Many
conjugated polymers with various optical, electrical,
and magnetic properties have been synthesized for dis-
play applications [5-7]. Poly(phenylenevinylene) (PPV),
poly(2,7-(9,9-dialkyl)fluorene)s (PFs) and their derivatives
have gained considerable attention in recent decades as
a promising substrate for full-color flat panel display [8].
Recent OLEDs (Organic Light Emitting Diodes) have made
tremendous progress, allowing for the development of
thin and light weight display at low applied voltage and
high speed response with high brightness. However, under
the present conditions the OLED needs to attain a light
output with higher brightness or higher conversion effi-
ciency. In fact, the OLED has a lot of reliability problems
too. For example, the system undergoes changes associ-
ated with its long-term usage over time, or is degraded
by oxygen-containing ambient gas, humidity and the like.
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Moreover, when the device is connected to a full color dis-
play, the OLED will emit blue, green, and red lights with
high color purity.

Good applications of OLEDs can be found in displays
and solid-state lighting [9-12] due to their dominance
such as high power output, eye-friendly emission, light
weight, mechanical efficiency, environmental reasons, etc.
Polyfluorene derivatives have been of particular interest in
recent years due to their excellent thermal stability, large
band gap and high levels of solid-state quantum yields.
But instability in blue emissions and high potential for
ionization limited the use of fluorene derivatives as orga-
noeletronics. During the manufacture and operation of
the system, polyfluorene undergo aggregation and/or
interchain excimers, resulting in red-shifted emissions and
lower performance resulting in thermo- or electro-oxida-
tive degradation of the polyfluorene backbone. The quest
for new m-conjugated organic compounds with improved
properties remains one of the promising directions in
modern materials science chemistry for the production of
high-efficiency OLEDs. In addition, a method is proposed
for the use of dibenzofluorenes (DBFs) as display material
to solve the above problem [13]. Harvey et al. first reported
a synthesis of dibenzofluorene [14] with high melting
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points, glass transition temperatures relative to fluorene
moiety. Organic materials based on dibenzofluorenes are
demonstrated to have excellent properties for use in lumi-
nescent devices, including high stability and efficiency,
and low excimer formation. In addition to emissive prop-
erties, the products may be advantageously designed to
have the capability to transport hole or electron.

Even DBFs have a comparatively shallower HOMO stage.
As a consequence, by using the DBFs as a host for the
light-emitting layer, the driving voltage can be decreased
by reducing the hole injection barrier from the injection/
transport hole layer to the light-emitting layer. The carrier
balance, which is one of the causes of OLED degradation,
is improved by the use of DBFs to prolong the OLED’s life.
The DBFs can shallow their HOMO level, while retaining
the band gap dimension. Hence, the efficiency of mov-
ing energy from the host to the guest is also important.
DBFs have a broad steric obstruction (with a non-planner
structure) due to the distortion of the skeleton itself, thus
inhibiting guest quenching concentration and may be
doped at a high concentration which also inhibits excimer
light emission. The DBFs also have large amorphism due
to distortion of the skeleton itself and can thus form light
emitting layers with adequate film characteristics [15-23].

Furthermore, due to its high quantum photolumi-
nescent performance due to the orthogonal structure
arrangement between phenyl substitutes and anthracene
rings, diphenylanthracene is another commonly used
moiety in LEPs [24]. Synthesis and sequence analysis of
non-symmetric diphenylanthracenes were conducted [25].
Consequently, light-emitting diodes containing polyacene
are required to have higher quantity of photolumines-
cence, blue emission and good system properties [26, 27].

In the present work, we report the synthesis of a series
of polyDBF alkyl and allyl substitutes containing dipheny-
lanthracene moiety. In addition, previous studies stated
that the problem of low EL and color stability due to PF-
associated aggregation was solved with the use of substi-
tuted dibenzofluorene monomer instead of fluorene. The
crystallinity of synthesized polymers decreases due to the
large steric group substitution which can make them ideal
for display applications. This work explores the chemical
structure, spectroscopic, thermal, photophysical, and elec-
trochemical properties of these polymers.

2 Experimental section
2.1 Materials and methods
All chemicals and reagents were purchased from s. d. fine,

Mumbai and Sigma Alderich and were used without any
further purification. All of the solvents were used after

purification according to conventional method. Moisture
sensitive reactions were carried out in a dry reaction vessel
under nitrogen atmosphere.

2.2 Synthesis of monomers

2.2.1 Synthesis of 2-t-butyl-9,10-di (p-hydroxyphenyl)
anthracene monomer

2.2.1.1 Preparation of 2-tert butyl-9,10-di (p-methoxyphe-
nyl) anthracene [M1a] To synthesize the Grignard reagent,
the solution of p-bromo anisole (32 mmol) in THF has
been applied to nitrogen purged magnesium solution
(32 mmol) in THF at room temperature. Suspension of
2-tert butyl anthraquinone (3.2 mmol) in THF was added
drop wise after stirring the reaction mixture for half an
hour, holding temperature between 0 and 5 °C. When
addition had been completed, the mixture temperature
was raised to 60 °C and kept stirring for 2 h. This was fol-
lowed by cooling the mixture in ice, to which 30 mL of
20% HCl and 3 g of SnCl,-2H,0 were added. The mixture
was heated to 60 °C for additional one hour. The collected
substance has been refined, washed with water and die-
thyl ether respectively.

The synthesized compound was well characterized
by various techniques (Data included in supporting
information).

2.2.1.2 Preparation of 2-tert butyl-9,10-di (p-hydroxyphe-
nyl) anthracene [M1b] A 2-tert butyl-9,10-di (p-meth-
oxyphenyl) anthracene was de-methylated by refluxing
it with HBr (48%) in glacial acetic acid for 24 h at 120 °C
in an inert nitrogen atmosphere. The crude product was
filtered, washed with water to remove acetic acid and
recrystallization carried out in ethanol to get crystalline
light yellow solid [8, 22-25, 28-33]. The yield of the prod-
uct was 86%.

NMR Signals and FTIR signals of 2-tert butyl-9,10-di
(p-hydroxyphenyl) anthracene: Solid, "H NMR (300 MHz,
CDCl;, & ppm): 6.94-7.7 (m, 13H, Ar-H); 3.98 (s, 2H, —-OH);
1.3 (s, 9H, 3-CH,); '*C NMR: (75 MHz, CDCl;, 6 in ppm)
116.8-157.2 (aromatic carbon); 41.4 (tert carbon); 31.7
(-=CH5); IR (cm™"): 3422 (-OH stretch); 3057 (C-H stretch);
1608-1401 (C=C stretch); 811-895 (phenyl group); Mass
spectrum: m/z 418 (M*); Anal.Calcd for C3yH,0,: C 86.16%;
H 6.18%; O 7.66%; Found: C 86.29%; H 6.12%; O 7.59%;
M.P-197 °C.

2.2.2 Synthesis of 5,8-dibromo-13,13-bis(alkyl)
dibenzofluorene monomer [2]

2.2.2.1 Preparation of 13,13-dialkyl-dibenzoflu-
orene Under nitrogen atmosphere, dibenzofluorene (1 g,
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0.004 mmol), 50% ag. NaOH and a catalytic amount of ter-
tiary butyl ammonium iodide (TBAI) (0.14 g, 0.004 mmol)
were added to a flask. Alkyl bromide (3.5 ml, 0.02 mmol)
was added slowly to the flask and then heated for 5 h
at 100-110 °C. The reaction mixture was cooled and
extracted chloroform then organic layer was washed
twice with water and dried over anhydrous Na,SO,. Purifi-
cation of product was done by silica gel column chroma-
tography using PET ether as a solvent [27, 34].

2.2.2.2 Preparation of 5,8-dibromo-13,13-dialkyl-diben-
zofluorene A mixture of 13,13-dialkyl-dibenzofluorene
(1 g9,0.003 mmol) and NBS (1.3 g, 0.007 mmol) in DMF was
stirred at room temperature for 12 h and then extracted
with chloroform. The separated organic layer was washed
with brine and dried over anhydrous Na,SO,. The crude
product obtained was purified using column chromatog-
raphy (eluent: petroleum ether: chloroform 9:1) [18].

The similar reactions were carried out with different
alkyl bromide derivatives like ethyl bromide [M2a], pro-
pyl bromide [M2b], butyl bromide [M2c], pentyl bromide
[M2d], hexyl bromide [M2e], allyl bromide [M2f].

2.2.2.3 NMR signals, FTIR signals and elemental analy-
sis of monomers 5,8-Dibromo-13,13-Bis(ethyl)-
dibenzofluorene[M2a]: Solid, "H NMR (300 MHz, & ppm,
CDCl5) 1.09 (t, 6H, -CH,); 2.867 (q, 4H, -CH,); 7.42-8.8 (m,
10H, Ar-ring); '*C NMR (75 MHz, § ppm, CDCl;)-8.47; 32.67;
61.49; 119.28; 124.75; 127.01; 127.85; 128.48; 129.49;
130.44; 134.95; 139.80; 144.82; IR (KBr cm™): 3048 (S);
2963 (S); 2928 (W); 1584 (S); 1453 (m); 816 (m); 754 (S); MS
(m/z) 480; Anal. Calcd for Cy5H50Bry: C, 62.5%; H, 4.167%
Found: C, 62.34%; H, 4.05%; M.P-210-212 °C.

5,8-Dibromo-13,13-Bis(propyl)-dibenzofluorene
[M2b]: Solid, '"HNMR (300 MHz, 6 ppm, CDCl,) 0.24 (t,
6H, —CH,); 0.46 (m, 2H, —CH,); 2.67 (m, 2H, —-CH,); 7.2-8.5
(10H, Ar-ring); '*C NMR (75 MHz, & ppm, CDCl;) 14.19;
17.08; 42.43; 60.40; 119.29; 127.74; 124.78; 128.083;
129.183; 129.520; 129.942; 134.921; 139.235; 145.78; IR
(KBr cm™): 3047 (S); 2952 (S); 2926 (W); 1583 (S); 1459
(m); 908 (S); 816 (m); 754 (S); MS (m/z) 508; Anal. Calcd for
Cy;H,4Bry: C, 63.77%; H, 4.72% Found: C, 63.64%; H, 4.55%;
M.P-215-218 °C.

5,8-Dibromo-13,13-Bis(butyl)-
dibenzofluorene[M2c]: Solid, "HNMR (300 MHz, & ppm,
CDCl;) 0.41 (t, 6H, -CH3); 0.2 (m, 4H, —CH,); 0.89 (m, 4H,
~CH,); 2.76 (m, 4H, -CH,); 7.08-8.40 (m, 10H, Ar-H); '3C
NMR (75 MHz, 6 ppm, CDCl;) 13.52; 22.69; 5.75; 39.90;
60.17; 119.35; 124.38; 127.72; 128.06; 129.10; 129.46;
129.72; 134.92; 139.68; 145.68; IR (KBr cm™'): 3050 (W);
2950 (S); 2927 (W); 1583 (S); 1457 (m); 807 (m); 744 (S); MS
(m/z) 536; Anal. Calcd for C,gH5gBr,: C, 64.92%; H, 5.22%
Found: C, 64.78%; H, 5.05%; M.P-255-257 °C.
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5,8-Dibromo-13,13-Bis(pentyl)-
dibenzofluorene[M2d]: Solid, "H NMR (300 MHz, & ppm,
CDCly)-0.5 (t, 6H, -CH3); 0.2 (m, 4H, -CH,); 0.83 (m, 8H,
~CH,); 2.74 (m, 4H, -CH,); 7.2-8.2 (m, 10H, Ar-H); '*C NMR
(75 MHz, 6 ppm, CDCl;)-13.88; 22.39; 23.26; 31.85; 40.07;
60.44; 119.317; 124.745; 127.73; 128.09; 129.16; 129.45;
129.70; 134.93; 139.30; 145.71; IR (KBr cm™"): 3052 (W);
2947 (S); 2925 (W); 1582 (S); 1465 (m); 1072 (W); 817 (m);
755 (S); MS (m/z) 564; Anal. Calcd for C3,H3,Br,: C, 65.95%;
H, 5.67% Found: C, 65.34%; H, 5.35%; M.P-231-234 °C,

5,8-Dibromo-13,13-Bis(hexyl)-
dibenzofluorene[M2e]: Solid, "H NMR (300 MHz, & ppm,
CDCl;) 0.58 (t, 6H, —~CH5); 0.25 (m, 4H, -CH,); 0.85 (m, 12H,
~CH,); 2.69 (m, 4H, —-CH,); 7.2-8.35 (m, 10H, Ar-H); '3C
NMR (75 MHz, 6 ppm, CDCl;)-14.10; 22.34; 23.7; 29.7; 31.5;
40.3;60.25; 124.53; 125.25; 125.65; 125.97; 126.51; 128.40;
129.55; 129.88; 133.62; 138.32; IR (KBr cm™'): 3052 (W);
2951 (S); 2923 (W); 1588 (S); 1466 (m); 1086 (W); 805 (m);
736 (S); MS (m/z) 592; Anal. Calcd for C33H;¢Br,: C, 66.89%;
H, 6.08% Found: C, 66.69%; H, 6.05%; M.P-225-226 °C.

5,8-Dibromo-13,13-Bis(allyl)-dibenzofluorene[M2f]:
Solid, "H NMR (300 MHz, & ppm, CDCls) 3.6 (d, 4H, -CH,);
4.9 (m, 2H, trans 2 proton); 4.2 (d, 2H, cis 2 proton); 4.5 (d,
2H, trans 2 proton); 7.1-8.4 (10H, Ar-H); '*C NMR (75 MHz,
6 ppm, CDCl5)-39.32;43.50; 116.14; 118.18; 123.19; 124.69;
127.17; 128.46; 129.28; 130.41; 133.10; 133.33; 138.86;
144.05; IR (KBr cm™"): 3051 (W); 2925 (W); 1591 (S); 1459
(m); 1057 (W); 812 (m); 742 (S); MS (m/z) 502; Anal. Calcd
for C,;H,4Br,: C, 64.54%; H, 3.58% Found: C, 64.43%; H,
3.60%; M.P-205-206 °C.

2.3 General polymerization

A mixture of 5,8-dibromo-13,13-dialkyldibenzofluorene
monomer (0.231 g, 0.001 mol) and 2-tert butyl-9,10-di(p-
hydroxyphenyl)anthracene monomer (0.362 g, 0.001 mol)
was taken in a three-necked, round bottom flask. Co-sol-
vent of toluene and dioxane (1:2) and potassium carbon-
ate was used as a base in this mixture and 12 h of reaction
mixture was refluxed. Upon completion of polymerization,
excess 5,8-dibromo-13,13-dialkyldibenzofluorene was
added for end capping of the hydroxyl group. The tem-
perature of the reaction was then lowered to room tem-
perature and applied to water. The polymer was extracted
using dichloromethane and precipitated in methanol. The
obtained polymer was dried in an oven [27, 28]. The brown
colored polymers were obtained with a yield of 60-65%.

DBF-diphenylacene polymer series have been synthe-
sized using the same reaction scheme;
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2.3.1 NMRsignals, FTIR signals, elemental analysis,
molecular weight of polymers

Poly[2-t-butyl-9,10-diphenylanthracene-co-13,13-bis
(ethyl)dibenzofluorene] Poly[TBDPA-EDBF] [P1]: Solid,
"H NMR (300 MHz, & ppm, CDCl5): 1.192 (s, 9H, ~C(CH;),);
0.9-2.77 (m, alkyl proton); 7.45-8.8 (m, ArH); '*C NMR
(75 MHz, 6 ppm, CDCly): 8.77; 31.2; 32.57; 42.92; 61.79;
120.28; 125.75; 126.01; 126.85; 127.48; 129.19; 131.44;
135.05; 139.99; 145.82; IR (KBr cm™'): 3055 (s) [C-H, aro-
matic]; 1606.70 (s) [C=C, aromatic]; 2929.87 (s) [aliphatic
C-H]; 1504.48 (b) [C-C, aromatic]; 1041.56 (s) [C-O-C,
ether linkage]; M,,/M,: (15,220/10,080)=1.51, Anal calcd
for: C;50Hg16014: C, 91.67; H6.11; 0 2.22%. Found: C 91.57,
H6.17; 0 2.26%.
Poly[2-t-butyl-9,10-diphenylanthracene-co-
13,13-bis(propyl)dibenzofluorene] Poly[TBDPA-PrDBF]
[P2]: Solid, "H NMR (300 MHz, & ppm, CDCl5): 1.86 (s, 9H,
~C(CHs,)3); 0.24-2.9 (m, alkyl proton); 6.5-8.12 (m, ArH);'*C
NMR (75 MHz, 6 ppm, CDCl;):12.19; 15.08; 31.33; 40.43;
41.11;61.40; 118.29; 127.74;124.78; 128.18; 129.98; 130.52;
132.94; 133.92; 141.23; 147.78; IR (KBr cm™'): 3058.94 (s)
[C-H, aromatic]; 1602.39; (s) [C=C, aromatic]; 2931.80 (s)
[aliphatic C-H]; 1507.66 (b) [C-C, aromatic]; 1033.85 (s)
[C-0-C, ether linkage]; M,,/M,;: (14,473/11,220)=1.29,
Anal calcd for: CggsH,500:5: C, 91.44; H 6.42; O 2.14%.
Found: C91.50,H 6.39; 0 2.11%.
Poly[2-t-butyl-9,10-diphenylanthracene-co-
13,13-bis(butyl)dibenzofluorene]Poly[TBDPA-BuDBF]
[P3]: Solid, "H NMR (300 MHz, & ppm, CDCl5): 1.45 (s, 9H,
—-C(CH,)3); 0.2-2.47 (m, alkyl proton); 7.08-8.40 (m, ArH);
3C NMR (75 MHz, § ppm, CDCl,):12.52; 21.69; 24.75; 31.29;
39.99;40.18;61.27; 118.35; 123.88; 128.02; 129.16; 130.10;
130.46; 131.72; 135.32; 139.88; 146.68; IR (KBr cm™'): 3049
(s) [C-H, aromatic]; 1589.34 (s) [C=C, aromatic]; 2956.23
(s) [aliphatic C-H]; 1492.90 (b) [C-C, aromatic]; 1034.71
(s) [C-O-C, ether linkage]; M,,/M,,: (14,425/10,088)=1.43,
Anal calcd for: Cy;Hg76043: C, 91.24; H 6.70; O 2.06%.
Found: C91.12,H6.79; O 2.09%.
Poly[2-t-butyl-9,10-diphenylanthracene-co-
13,13-bis(pentyl)dibenzofluorene] Poly[TBDPA-PeDBF]
[P4]: Solid, "H NMR (300 MHz, § ppm, CDCl,): 1.286 (s, 9H,
~C(CH5)5); 0.96-3.1 (m, alkyl proton); 7.2-8.9 (m, ArH);'3C
NMR (75 MHz, 6 ppm, CDCl;):13.98; 23.49; 25.26; 32.01;
33.95; 41.01; 42.07; 61.14; 118.817; 125.845; 128.13;
129.21; 128.96; 130.45; 130.17; 136.03; 141.2; 144.91; IR
(KBr cm™"): 3038.82 (s) [C-H, aromatic]; 1604.26 (s) [C=C,
aromatic]; 2933.73 (s) [aliphatic C-H]; 1510.70 (b) [C-C,
aromatic]; 1041.56 (s) [C-O-C, ether linkage]; M,,/M,;:
(20,019/12,060) = 1.66, Anal calcd for: Cgy5HgsqO45: C, 91.04;
H 6.97; 0 1.99%. Found: C 91.20, H 6.87; O 1.93%.
Poly[2-t-butyl-9,10-diphenylanthracene-co-
13,13-bis(hexyl)dibenzofluorene] Poly[TBDPA-HxDBF]

[P5]: Solid, "H NMR (300 MHz, § ppm, CDCl,): 1.321 (s, 9H,
—-C(CH5;);); 0.25-2.69 (m, alkyl proton); 7.2-8.35 (m, ArH);
3CNMR (75 MHz, § ppm, CDCl,):12.10; 21.34; 25.17; 28.97;
30.98; 32.05; 40.88; 41.03; 60.25; 124.53; 126.15; 127.15;
128.07; 126.51; 128.40; 128.85; 129.88; 132.92; 140.22;IR
(KBr cm™): 3049.22 (s) [C-H, aromatic]; 1614.66 (s) [C=C,
aromatic]; 2914.08 (s) [aliphatic C-H]; 1510.70 (b) [C-C,
aromatic]; 1042.91 (s) [C-O-C, ether linkage]; M,/M,;:
(14,296/10,816) =1.38, Anal calcd for: Cg;9H,5,045: C, 90.87;
H7.21; 0 1.92%. Found: C90.75, H 7.23; O 2.02%.

Poly[2-t-butyl-9,10-diphenylanthracene-co-
13,13-bis(allyl)dibenzofluorene] Poly[TBDPA-ADBF]
[P6]: Solid, "H NMR (300 MHz, § ppm, CDCl,): 1.386 (s, 9H,
—-C(CH;)3); 3.732(d, 4H, -CH,); 5.323(m, 2H, trans 2 pro-
ton); 3.994(d, 2H, cis 2 proton); 4.921(d, 2H, trans 2 pro-
ton); 6.974-8.368 (m, 25H, ArH); '*C NMR (75 MHz, & ppm,
CDCl;5):32.07; 39.32; 39.99; 44.80; 117.64; 116.88; 122.10;
124.69; 126.67; 128.46; 129.98; 129.91; 134.20; 134.33;
138.89; 147.01;IR (KBr cm™'): 3051.41 (s) [C-H, aromatic];
1606.13 (s) [C=C, aromatic]; 2957.83 (s) [aliphatic C-H];
1502.15 (b) [C-C, aromatic]; 1038.25 (s) [C-O-C, ether
linkage]; M,,/M,;: (17,298/11,160) =1.55, Anal calcd for:
Cas5Hg60015: €, 91.94; H 5.91; O 2.15%. Found: C 91.78, H
6.05; 0 2.17%.

3 Results and discussion
3.1 Characterization

FTIR spectra of all Poly[DBFIs were recorded in KBr discs on
a spectrophotometer of the Perkin-Elemer 1600 series. 'H
and "3C NMR spectra were recorded on a Bruker AMX-300
spectrometer in CDCl; and chemical shift reported in ppm
values with TMS (tetramethylsilane) as an internal stand-
ard. The elemental analysis of C, H and N was performed
by a microanalytical technique on the Euro Vector EA 3000
instrument. Thin Layer Chromatography analysis was con-
ducted to confirm the purity of the compound on silica gel
G (merck) coated plates. Melting points were determined
by model Thermo cal, Analab scientific instrument Pvt Ltd.
Molecular weights of the synthesized monomers were
determined by GC-MS shimadzu GCMS/QP 2010 and for
polymers by Perkin EImer series 200 GPC equipped with
an isocratic pump, a solvent degasser, a column oven, a
refractive index (RI) detector, and Chromatographic Col-
umn PLgel 10 m Mixed-B, 300u 7.5 mm [tetrahydrofuran
(THF) 40 °C, flow rate of 1 mL min~" and polystyrene was
used for calibration. X-ray diffraction technique has stud-
ied the compound’s crystalline behaviours. The experi-
ments were carried out using shimadzu XRD-7000 X-ray
diffractrometer. The XRD pattern was obtained using Cu
(Ka) (A\=1.542 A) radiation that was monochromatised
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with a curved Graphite crystal monochromator and nickel
filter. Shimadzu UV-2100 spectrophotometer and Perkin-
Elmer Instruments LS55 Luminescence Spectrometer used
to study absorption and emission spectra of synthesized
compound with wavelength range 200-800 nm. Using
Hitachi S-4800 field emission scanning electron micro-
scope (Japan), SEM was investigating the surface morpho-
logical properties of polymers (Figs. 1, 2).

3.2 Structural characterization

The structural characterization of the monomers and
the polymers was done by 'H, "*C NMR, and FTIR spec-
troscopy. The first important feature of the polymer
infrared spectra was the absence of absorption peaks at
3200-3500 cm™' suggesting completion of polymeriza-
tion and termination of the TBDPA (2-tert butyl-9,10-di
(p-hydroxyphenyl) anthracene) terminal hydroxy group
monomers. Another important feature of the spectra
was the absence of a band at 696.96 cm™, indicating
the removal during polymerization of Br atoms of alkyl
substituted dibenzofluorene monomer suggesting the
removal of HBr molecule during polymerization. Due to
C-0O-C sstretching vibrations of ether binding on the main
polymer backbone, the high absorption peakin the range
1033.85-1042.81 cm™' was observed in the spectra. For-
mation of polymers via removal of HBr molecule was con-
firmed by this observation. Due to the frequency of C=C
vibration of conjugated aromatic rings the broad band
in the range 1589.34-1614.66 cm™' was observed in the
infrared spectra (Fig. 3).

Fig. 1 Synthesis of 2-t-butyl-
9,10-di (p-hydroxyphenyl)
anthracene monomer (1)

3.3 Optical properties

In dilute THF solution the solution-phase UV-Vis absorp-
tion and emission spectra were performed. Until calcula-
tion, the solvent THF was purged with nitrogen to prevent
the risk of concentration quenching, and the concentra-
tion was around 10 ppm. Optical analysis on the basis of
their absorption and emission spectra was carried out
for the polymers. Figure 4a, b reflect normalized UV-Vis-
ible and PL spectra of synthesized polymers and sum-
marize their data in Table 1. The peaks in the region of
264-270 nm were observed in the UV absorption range,
which were characteristic peaks for diphenylanthracene
[35] and another peak in the region of 370-396 nm due to
the transition from dibenzofluorene in the backbone of
the main polymer [36].

Analysis of photoluminescence showed that high inten-
sity peaks were obtained for synthesized polymers in the
wavelength range of 416-433 nm that is characteristic of
blue emission [17]. The polymers’ emission strength indi-
cated the polymers would be extremely luminescent. P1,
P2, P3 and P4, P5 emissions were found to be 432 nm,
431 nm, 433 nm, 429 nm, 433 nm respectively, while P6
emissions were found to be 416 nm (Fig. 4b). The solution
of polymers showed a strong luminescence on UV excita-
tion as shown in (Table 1).

It was also noted that wide emission spectrum was
exhibited for the group of synthesized polymers dibenzo-
fluorene which enhances the displacement of the geom-
etry of equilibrium from its ground state at the excited
states [37, 38].

P-bromo anisole \
-

Tert-butyl Anthraquinne

HBr, CH;COOH

i) Mg, Dry THF, 0°C
i) SnC1,/HCI 60°C

DaGada
{ )

Reflux, 24hrs
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3

)

HxDBF (M2e)

peivy

ii) NBS, FeCI3,
10h Stirr in dark

ii) NBS, FeCl,,
18h Stirr in dark

EDBF (M2a)

PrDBF (M2b)

BuDBF (M2c)

PeDBF (M2d)

Fig.2 Synthesis of 5,8-dibromo-13,13-bis(alkyl)dibenzofluorene monomer (2)

Thin films for all polymers were prepared at room tem-
perature by spin-casting (1500 rpm) on quartz plates in
THF solutions (10 ppm). In solid states, both polymers dis-
played blue light under UV excitation. Table 1 listed repre-
sentative data for the UV-visible and PL polymer spectra
(P1-P6) as films. Such polymers’ absorption spectra and
emission spectra (thin film) were slightly red-shifted in
solution with respect to their respective spectra, which
was an indication of no apparent molecular conforma-
tional transition from solution to solid state.

The PL quantum yield of the synthesized polymers
was determined by using 9,10-diphenylanthracene in
cyclohexane as reference standard. The data regarding
quantum yield is listed in Table 1. The polymer solutions
display PL quantum yield within 0.29-0.67 range. The opti-
cal band gap was in the 2.94-2.97 eV range.

Alkyl substituted dibenzofluorene monomer emis-
sion was observed at approximately 385-397 nm, while
di(p-hydroxyphenyl)acene monomers at a range of
441-450 nm were obtained. The Amax emission for poly-
mers was comparable to that for monomers that showed

more resemblance to the Amax emission of di (p-hydroxy-
phenyl)acene monomers.

3.4 Gel permeation chromatography (GPC)

GPC technique was used to calculate average molar mass
(Mn) of the copolymers. Table 2 shows the molecular
weight data for the synthesized polymers M, and M,,. The
number-average molecular weights (Mn) determined by
the use of THF as eluent is around 10,080 with a polymer
dispersion (PD) of 1.51 for P1; 11,220 with a PD of 1.29 for
P2; 10,088 with a PD of 1.43 for P3; 12,060 with a PD of
1.66 for P4; 10,816 with a PD of 1.38 for P5 and 11,160 with
a PD of 1.55 for P6 as against polystyrene as a standard.
Number average molecular weight (Mn) was used for the
further analyses of certain parameters. Molar mass was
used to measure the degree of polymerization (DP). The
average molecular weight (M) and weight average molec-
ular weight (M,,) were used to calculate the polydispersity
index (PDI) which was about one indicating uniform and

SN Applied Sciences

A SPRINGERNATURE journal



Research Article

SN Applied Sciences (2020) 2:1186 | https://doi.org/10.1007/542452-020-2940-8

K,CO3
Toluen: Dioxane
Co-solvent

24hrs, Reflux

Toluen: Dioxane
Co-solvent
24hrs, Reflux

M2e

K,CO3
Toluen: Dioxane
Co-solvent

K;C04 24hrs, Reflux

Toluen: Dioxane
Co-solvent
24hrs, Reflux

Fig. 3 Synthesis of polymers (P1-P6)

one polymer length [39]. This observation suggested that
the PolyDBFs synthesized were non-branching form.

3.5 Thermal studies

Thermogravimetric analysis in N, atmosphere has stud-
ied the thermal properties of polymers (P1-P6), and
the results are tabulated in Table 2. The thermal analysis
showed that polymers were up to a varying degree rela-
tively stable. The thermograms showed the incremental
weight loss due to degradation by fragmentation, with ris-
ing temperatures. Below 100 °C there was no substantial
weight loss for the polymers suggesting lack of moisture
(free moisture or bond moisture) in the polymer chain.
Polymers P1-P5 undergoes a single-step degradation
process observed in the 30-1000 °C range and followed
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K,CO,
Toluen: Dioxane
Co-solvent
24hrs, Reflux

Toluen: Dioxane
Co-solvent
24hrs, Reflux

by a weight loss of 94-99%. The two-step process of deg-
radation was observed for P6, the first step was observed
in the 30-320 °C range due to a weight loss of 44.60%.
The second step was observed in the range of 320-1000 °C
owing to the weight loss of 54%. During repeated heating/
cooling DSC cycles for P1-P6, which presumably resulted
from the rigidity of the polymer chains, there was no
detection of any melting point signals. In the DSC curve,
distinct glass transition temperatures (Tg) were observed
in the 108-133 °C range, which were higher than those
recorded in the literature for polyfluorenes (Tg is 80 °C)
and PPV (Tg is 100 °C) [40, 41]. The existence of the rigid
dibenzofluorene unit can be derived from the value of
Tg, which improves the polymer’s molecular rigidity and
restricts its segmental mobility. It is necessary to estab-
lish polymer light emitting diodes PLEDs from materials
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Fig.4 a Normalised overlay absorption spectra of polymers in THF.
b Normalised overlay emission spectra of polymers in THF

that have a relatively high Tg value to avoid the problems
associated with the formation of aggregates and excimers
upon heat exposure [30]. Hence the introduction of alkyl

dibenzofluorene unit into the polymeric backbone results
in improved thermal stability and contributes to higher
Tg which was ideal for polymer acting as an active layer in
display applications.

3.6 X-ray diffraction studies

XRD can be used to determine strains, desired orienta-
tions, crystallographic structures and crystalline material
grain size. Figure S, (supporting information) shows the
XRD patterns of the polymers. One of the polymer’s impor-
tant properties was the crystallinity of polymer. Polymer
occurs in both amorphous and crystalline form. The poly-
mer’s crystallite size is used to define the polymer char-
acter and degree of crystallinity present in the polymer
sample [31-33, 42]. The polymers’ crystallite sizes were
determined using the Deby-Scherrer relationship and
found within 0.2251-3.6155 range as shown in Table S,
(supporting information). The polymer X-ray diffractogram
exhibited well-resolved peaks of varying intensity. Peaks
were slightly higher in intensity in some of the diffracto-
grams but the measured crystallite size was less than 4 A.
Also, some expanding region was found under the peaks
and this indicated that in nature the polymers were semi-
crystalline (Fig. 5).

3.7 Electrochemical studies

Cyclic voltammetry (CV) was used to analyze the electro-
chemical behaviour of the resulting polymers. The polymer
CV curve (P1-P6) shown in Fig. 6 and the corresponding
CV data are listed in Table 3. The oxidation potential (E,,) of
the polymers was calibrated to the ferrocene/ferrocenium
redox couple (Fc/Fc*), which was determined to be 0.38V
under the same experimental conditions. The redox poten-
tial of Fc/Fc™ was supposed to have an absolute energy
level of 4.8 eV relative to a vacuum. Based on the onset

Table 1 Photo-physical data of

polymers Polymer Aaps (NM)a Aerm (nmM)b Eq (eV)c Quantumyield A, (nm)a Aem (nmM)b
In solution (@PL)de In thin film
P1 264 432 2.87 0.35 268 436
P2 266 431 2.88 0.38 269 438
P3 265 433 2.87 0.29 272 441
P4 266 429 2.90 0.67 268 435
P5 270 433 2.87 0.29 275 437
P6 267 416 2.99 0.58 271 426
#Absorption wavelength in THF solution or in thin film
bEmission wavelength in THF solution or in thin film
Coptical band gap calculated from the emission and excitation band
9Measured in THF
€Measured using 9,10-DPA as standard
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Table2 Molecular Yveights Polymer M, M Mm,/M,, PDI No. of dissocia- DTA peak temp (°C)
and thermal analysis data of ti
ion steps
polymers
P1 10,080 15,220 1.51 1 375
P2 11,220 14,473 1.29 1 348
P3 10,088 14,425 1.43 1 365
P4 12,060 20,019 1.66 1 364
P5 10,816 14,926 1.38 1 358
P6 11,160 17,298 1.55 2 297,354
P1 Table 3 Electrochemical properties of polymers
100 0.000
50 N -0.005
0 : : : b Aramissirsssnenssssesessasessesssasesss E 0.010 Po|ymer Opt|ca| band on HOMO (ev) LUMO (ev)
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Fig.5 Overlay thermograms of polymers
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Fig.6 Cyclic voltammograms of polymers (P1-P6) in DCM using
Ag/Ag* electrode calibrated with fc/fct and TBAPF6 [tertiary butyl
ammonium hexafluorophospate (0.1 m)] as an electrolyte. The scan
rate used was 50 mv S~

potential of oxidation and reductions, the energy levels of
HOMO and LUMO were calculated in relation to ferrocene
energy level. The Ej o\ Values were calculated from oxida-
tion potential peak and were in the range of 5.22-5.26 eV
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and LUMO energy level were estimated on the basis of the
relationship E, o =Enomo — Egopt. The LUMO values were
in the range of 2.23-2.38 eV.

Unlike other conjugated polymers, polymers displayed
reversible partial oxidation (p-doping) and partial reduction
(n-doping) processes [43-45]. The high E, o\ values indi-
cated that, in future high voltage display applications, the
synthesized polymers used to be a suitable material [43].

3.8 Surface morphology

For SEM analysis, samples were dispersed in a suitable solvent
using bath sonication and drop cat on Si wafers to view under
the microscope. The polymers SEM microphotographs are
shown in Figure S; (Supporting Information). The images con-
sisted of a large, irregular crystal with trace particles. Further-
more, the microcrystal SEM photomicrographs showed platy
rough structure, amorphous globular structure and rock shaped
structure. In SEM micrographs the microscopic and macroscopic
separation of the phase was not observed. SEM analysis found
that in nature polymer P1 was more crystalline while in nature
remaining polymers P2-P6 were partially crystalline.

4 Conclusion
In summary, by aromatic nucleophilic substitution reac-

tion we have synthesized and characterized blue light
emitting alkyl and allyl substituted polydibenzofluorenes
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containing moiety of diphenylanthracene. All of these
polymers are in fact non-hygroscopic and solids of sta-
ble brown color are soluble in common organic solvents
such as CH,Cl,, CHCl;, THF and tolueneFor synthesized
polymers, UV-Visible intense absorption peaks were
observed between 264 and 396 nm and PL maximum at
416-433 nm with shoulder peak at 360-380 nm (P1-P5).
Due to existence of H-bonding in allyl unit even the expan-
sion of M-conjugation in polymer P6 exist single band in
emission spectrum. The polymer solutions display a PL
quantum yield within 0.29-0.67 range. The optical band
gap was in the 2.94-2.97 eV range. Due to the dibenzo-
fluorene unit’s large steric hindrance, aggregation of
polymers was reduced, resulting in nearly equal PL emis-
sions in both the solution and solid states. The polymers
displayed excellent color stability and showed very high
quantum yield in blue emission. Because of its combina-
tions of strong quantum yield, thermal stability and excel-
lent color stability, the resulting polymers display strong
PL properties with blue emission. From the electrochemi-
cal study of polymers P1-P6, The HOMO levels were esti-
mated in the range of —5.22 to —5.26 eV and LUMO of
—2.23to —2.38 eV. Additionally, for synthesized polymers,
the gel permeation chromatography analysis showed rea-
sonable poly-dispersity index in (PDI) values ranging from
1.29 to 1.66. This polymer displayed good temperature
stability up to 350 °C and high glass transition tempera-
ture (108-133 °C) compared to existing polyfluorene. We
suggest these polymers have the potential to achieve the
target of sustainable light emitting device technology for
solid state lightening and displays.
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