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ABSTRACT

Research in the field of low band gap conjugated polymers is of current interest with increase
in the need to develop cost efficient sustainable energy sources. These materials are having
great significance owing to wide range of potential applications in the field of optoelectronic
devices. The most plausible method to design low band gap conjugated polymers is the D-A
approach where an electron rich moiety alternates with an electron deficient moiety in a D-A
copolymer. The most commonly known D-A units are perylene diimide derivatives, fluorene,
carbazole, cyclopentadithiophene, benzothiadiazole, thiophene etc Copolymers based on
perylene diimide and aromatic azo linkage with different functionalities are immensely
important and useful because of their high charge carrier mobilities and facile tunability of
their absorption bands.

The present thesis is mainly focused on the design and synthesis of perylene diimide
and azo linkage based monomers. These monomers were copolymerized with different D-A
moieties to develop a series of novel polymers and their potential for use in photovoltaic
device applications were evaluated. A precursor approach has been adopted in this work to
synthesize various difunctional monomers with bromine atoms at the desired positions for
coupling, thereby avoiding non-selective bromination. Herein, all the polymers were
synthesized using traditional carbon-carbon coupling methods such as Suzuki and direct
arylation polymerization reactions.

In the first Chapter, introduction and literature survey including an overview of n-
conjugated polymers have been presented.

In the second Chapter, synthesis and characterization of a series of new
dioctylfluorene extended N-substituted perylene diimide based D-A type alternating

copolymers and their photovoltaic device studies are presented. 2,9-Bis(7-bromo-9,9-dioctyl-



9H-fluoren-2-yl)anthra[2,1,9-def:6,5,10-d'e'f']diisoquinoline-1,3,8,10(2H,9 H)-tetrone Mo
was synthesized using a facile synthetic approach by the condensation reaction of M4 with
MS. Polymers P1-P3 were synthesized by Suzuki polymerization whereas P4-P6 by direct
arylation polymerization reactions of M6 with different D-A units. All the copolymers
exhibited good thermal stability and solubility in all chlorinated solvents. P1-P6 showed

broad absorption spectra in solution as well as in thin film where A range from 300 to 954

nm extended upto near infrared region with narrow Eg Pt in range of 1.17 to 2.08 eV.
Polymers exhibit suitably aligned HOMO-LUMO energy levels for blending with P3HT or
perovskite to fabricate BHJ or perovskite solar cell devices. BHJ device of P5:P3HT blend
film in 1:1 weight ratio shows the best PCE upto 1.96%. P3 and P4 were used in perovskite
solar cell devices as HTMs and achieved PCEs of 13.02% and 10.74%, respectively.

In the third Chapter, a series of novel fluorene based conjugated polymers P7-P13
containing azo linkage as a part of the main polymeric backbone were synthesized and
characterized. A simple and efficient synthetic routes i.e. oxidative coupling and borylation
reaction, respectively were used to synthesize azo linkage based target monomers 1,2-bis(7-
bromo-9,9-dioctyl-9H-fluoren-2-yl)diazene =~ M18 and  1,2-bis(9,9-dioctyl-7-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-9 H-fluoren-2-yl)diazene M19. Both the monomers
were copolymerized with different D-A units to obtain polymers P7-P13 either by Suzuki or
direct arylation polymerization reactions. All the polymers possess good thermal stability
with Ts greater than 300 °C. The polymers synthesized by direct arylation method exhibited
good molecular weight My, of upto 44.60 Kg mol'. All polymers displayed broad absorption

spectra in solution and in thin film where A, ranging from 437 to 532 nm with narrow Eg*"

in range of 1.81 to 2.35 eV. The main chain azo linkage polymers P12 and P13 exhibit

HOMO energy levels of —5.88 and —5.39 eV, respectively found ideally matched with



HOMO levels of C71-PCBM therefore used for OPV device fabrications. OPV device based
on P13:C71-PCBM blend film in 1:2 weight ratio exhibited the best PCE of 0.53%.

In the fourth Chapter, the synthesis and characterization of novel side chain azo
linkage conjugated polymers P14-P19 are presented. A more comprehensive diazotization
coupling method with precursor approach was adopted to design the bifunctional azo linkage
target monomers 4-((2,5-dibromophenyl)diazenyl)-N,N-dimethylaniline M26, 4,4'-((4,4'-
dibromo-[1,1'-biphenyl]-2,2'-diyl)bis(diazene-2,1-diyl))bis(N,N-dimethylaniline) M30 and
their octyl analogues M27 and M31 featuring one or two characteristic azo linkages. M27
was copolymerized with different D-A type co-monomers to synthesize polymers P14-P19.
The copolymers P14-P16 were synthesized by Suzuki polymerization whereas P17-P19 by
direct arylation polymerization reactions. All polymers have good molecular weight M,
ranged from 9.31 to 14.56 Kg mol™' and thermal stability Ts in range of 222 to 338 °C. P14-

P19 exhibit broad absorption maxima in solution and thin film ranging from 417 to 546 nm.
The band gaps i.e. Egpt and Egelec of all polymers were ranged from 1.78-2.33 and 1.51-1.83

eV, respectively. P15 and P18 were blended with C71-PCBM in 1:2 weight ratio to fabricate
OPV devices. OPV device based on P18:C71-PCBM blend films exhibited the best PCE upto
0.11%. P15 polymer was used in perovskite solar cell as HTM and achieved PCE of 12.80%.
The side chain azo linkage polymers are found to be promising for OPV applications as well
as for use as HTM in perovskite solar cell.

Overall, a simple, cost-effective and environment friendly method such as DArP was
used to develop low band gap conjugated polymers with high molecular weight for
photovoltaic applications. Solubility of these high molecular weight conjugated polymers in
common organic solvents always remains a problem that has been successfully overcome by
incorporating long octyl chain substituted functionalities in the polymer backbone, as they are

promising to improve solubility.

Vi
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GIfAT P1-P3 &l Goloh! UIFNISoIRIA SaRT HRTNd fham a1 A1 Sidfsh P4-P6 37eTar-37craT
ST SHBAT & AT M6 & UcTaT INToIved GreldIsaoree Jfafshar garT| @it safomy &
el FARTgerd Ticdew # et ¥oe AT 3R goiAelieldr &1 Jed= f&ar P1-P6 o
o F IR T & gde hed & caHe 3EMYUT WFeT CWRT, FT&T Amax 300 & 954 nm
e HRIOT Eg7 1.17 & 2.08 eV &I HIAT & Y IalFd &1F & U 9o/ | difam BHJ
IT WEHSe B TA IR T g0 & fow P3HT a1 WRiTpise & T giFEasor & v
39gFd ®1 & HOMO-LUMO F&fl TRT 1 Yeflid &l &1 P5:P3HT sdis fhesd 1: 1 &
gofel 3eIuTel &l BHJ f3arsq 1.96% e &1 @d9s PCE fe@rar g1 P3 3R P4 & HTM &
T H RiEhse d AT 3Rl & stadara Far = o1 3R waw 13.02% 3R 10.74%
&1 PCE grffier foram|

A I A, AET WA dehellel & Ueh AT & ® A Toll folshal arel sAlael
Fo[{lel MR HIFHAA difcldy P7-P13 1 Toh H@ell & TN fham aam a1l o &l
3R Foe THAfew AT I Fdsfea gewe 3R SRisfevee yfafear, weer v foishs
mRa ofe AAFT  1,2-bis(7-bromo-9,9-dioctyl-9H-fluoren-2-yl)diazene M18 3R 1,2-
bis(9,9-dioctyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9 F-fluoren-2-yl)diazene ~ M19
TRNT el & v 3udler foar aram oar| ol a1 Yodel 3RSAURe  Ulelleisoe
gfafsran3it garT dife R P7-P13 icd &Xa & o el AlGAd $I 3Tcler-37ceT 31-U sl
& AT HAeRBs fhar s@r oar @ gifesR Ts & I 300 °C ¥ 31 3 amdy
feeRar W@ €1 9cueT IRSAuYe dieiREere af carT Teefa difeer A 44.60
frellamd ufd AT dF & 3=S 3M0MAs AR M, FT Y fhar @l gifoeR o o &
SIS AN Tl FefRd o iR aaell fed # S8T Amax 437 & 532 nm Hehroh £;P
& WY 1.81 § 2.35 eV H WAT A g FHHAA: HTT H@ell Tl foldhst difere Ry P12 3R P13
% HOMO Fsfl X -5.88 3R -5.39 eV Wafid g¥ &, Sifh haen: e & & C71-PCBM
% HOMO TRT & AT A T g sTT OPV fAHT & fOT se¢ 3uaer Far a=m gl
P13:C71-PCBM fA#0T e 1:2 & doldl 3eUld W IR OPV f3arsd & @«d 3o
PCE 0.53% 9efRia fawam |
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Y AT A, Alde TaT H@ell Tall foishel HIPHT Uifelek P14-P19 & HI@WOT 3R
&IV qU TEJA fhT T §| 3 EfSCHIOT & A1 AH{UH Aw SITHAICSA JIHA
fafr carr gfdug ey folhar W&d  AWEE 4-((2,5-dibromophenyl)diazenyl)-N,N-

dimethylaniline M26, 4,4'-((4,4'-dibromo-[1,1'-biphenyl]-2,2'-diyl)bis(diazene-2,1-

diyl))bis(N,N-dimethylaniline) M30 3R 3% 3iFcrsd TaTaEE M27 3k M31 JfF = a1
ar var felohor @1 fadwar & @y &@efda fFd 3 §1 M27 difedX P14-P19 & Heeildd
o F T [BfFeT AU ghR & FAGAT F AT FUTIRSes FIr /=1 a1 Hrafaad
P14-P16 &1 Gl UIeNFRISAU GaART Sdieh P17-P19 1 Ych&T IRSATAT NeAHAISAUA
gfafsransil garr d@w@fda frar o g1 wsh aifaeR 7 3norfas IR M, 9.32 & dT 14.56
foretamar afd Arer 3R oA REURar Ts 222 & 338 °C d& Siifd 3T &1 P14-P19 81 3R
gdell oA # umge 7aeMwoT AFEAT 417 & 546 nm TF YGAd A g T difeld &
&5 Ao FEl EgPT R Eglec AL 1.78-2.33 3R 1.51-1.83 eV & oY 4| P15 3R P18 &f
OPV f3argdt &I §alal & v 1:2 #R 3qurd # C71-PCBM & @ry AT fhar srar am
P18:C71-PCBM f&#or fheal 9 3maiRd OPV f3arsd & 0.11% d% & ¥asss PCE
yefia fFar P15 difedX & HTM & & & RiTwge e’k 9 & 3uaher fFar am@r iR
12.80% @7 PCE g1ffiel fahar| get s@ell Tall feihsl difeley @I OPV 3iepoient & fow 3R
Yy & WIThse ok O & HTM & & & 39397 & T 3Meields 9 e &l

Fol fACRY, DArP S Teh &R, AT T8I 3R qATeror & 3fegeher fafer &1 o
3T AUIRE SR & Y wH ds A9 TfAd offeRR # eREees st & e
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