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Graphical Abstract

An Investigation of the effect of conjugation omdtene based chromophores; Optoelectronic
and electrochemical behavior

Jamaluddin Mah&F, Aamer Saeéd Kevin. D. Belfield, Anila Igbaf® Madiha Irfait®
Ghulam Shabbfy Fayaz Ali Larik, Pervaiz Ali Channdr

The band gap energy values for newly synthesizadrifie derivatives suggest that these
molecules can be employed in the design of bluegaeein OLEDS.
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Abstract

The requisition of small light emitting organic moules is on the rise in the field of organic
electronics. This study is aimed at synthesis obritne based chromophores which possess
promising optoelectronic properties. The charaz&tion of synthesized derivatives was carried
out by spectroscopyH-NMR and**C-NMR) and spectrometry (EI-MS). The optical prajesr
evaluated by using UV-Vis spectroscopy, were frd@d-320 nm, Fluorescence ranged 48 nm-
113 nm, HOMO energy levels are -6.75 eV to -7.19. €W O -4.08 to -4.52eV with a band gap
energy values 2.63 to 2.67 eV. The band gap eneafjyes suggest that these synthesized

molecules can be manipulated in the designingwé Bhd green OLEDS.

Keywords: fluorene based chromophores; Stoke’s shift; aptjroperties; electrochemical

behavior; band gap;



1. Introduction

The wide band gap for blue OLEDS (organic light témg diodes) is the major cause behind
their low commercial success rate [1-3]. The qtestevelop and explore efficient small organic
molecules for the display devices such as OLEDI& the continuous process of development
since last two decades. To achieve high externahtgun efficiencies (EQE) is considered as a
daunting task in case of deep-blue OLEDS [4-6].eévlats with strong push-pull aptitude along

with efficient hole transporting ability can ceribi balance the charges in emitting layers and
consequently can improve the performance of OLBE@vever, to achieve materials with high

band energy value and blue emission is still a vimgrogress.

Fluorene is blessed with enriched organic electrgmioperties such as high thermal and
photophysical stabilities along with high emissigmantum yields [7]. Fluorene represents the
class of polycyclic aromatic hydrocarbon (PAH) a®ive as an essential structural unit in the
field of organic electronics [8-10]. Fluorene apiidm extended utility in organic electronics
also exhibits applications in the synthesis of pkg®, pharmaceuticals and dyes. Fluorene
generally possess three reactive positions 2, 7%iffitil,12]. The derivatization at 2 and 7
positions allows adjusting electronic groups. FHaunar serve ag spacer who paves the way for
fine tuning of electronic groups at 2 and 7 posiid13]. Herein, we explore the structure-
property relationship (SPR) of electron deficient &lectron rich groups attached at 2 and 7
position of fluorine. We have synthesized threes& molecules and one A#D compound to
evaluate their photophysical properties and elebgmical behavior. In the course of current

study, fluorine moiety was locked with electroneuttng motif of benza]Jthiazole (Figure 1).
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Figure 1. Design of AfrA and A- 1eD fluorene based molecules for applicability irudol

OLEDS

1,3-diketone linked with electron withdrawing groQj (6) served as a platform to carry out
synthetic transformations to obtain various groepring fluorine derivative®(10 and11). The
SPR revealed that incorporating the 1,3-diketoagga the role of accepting electrons. While in
case of compoun® which possessed extended conjugation having plakbdimethylstyryl
moiety as an electron donating group. Compaldend11 bear electron deficient moiety which
also enhanced the extended conjugation in theraydiee structure-property relationship played
pivotal role in determining the photo physical agldctrochemical behavior. The results of

fluorescence, UV-Vis and cyclic voltammetry showediation in nature of photo physical and



electrochemical properties. The band gap energyegalvere found to lie in the region of blue-

green OLEDS.
2. Experimental

2.1. Materials

Fluorene, ethyl bromide, iodine, tetrabutyl ammamibromide (TBAB) were purchased from
Fluka. Aluminum chloride, acetyl chloride, 2-(triglstannyl)benzafjthiazole were obtained
from Sigma-Aldrich. Tetrakis(triphenylphosphine)pdium(0), potassium tertiary butoxide, 4-
(dimethylamino)benzaldehyde, hydrazine hydrate, epgrl-carbaldehyde, piperidine,
Acetonitrile (AcCN), dichloromethane (DCM), ethyl222-trifluoroacetate (GEOOGHs) were
purchased from Sigma-Aldrich. Purification of tleagents was carried wherever necessary.
2.2. Methods

All the chemicals used for analysis were of 99-10p@tity. ‘H-NMR spectra of all the
compounds were conducted on a 300 MHz Bruker NMRBctspmeter in DMSO solvent.
Splitting patterns were as follows: s (singlet)(dibublet), dd, (double doublet), t (triplet), m
(multiplet) and br (broad). Chemical shifts werpresented in d (ppm). The FTIR spectra were
taken in the single beam Nicolet FT-IR 100. Ultdet-visible (UV-vis) spectra were recorded
on a double beam Perkin-Elmer Lambda 900 UV-vis-Npectrophotometer. The data were
used to calculate the molar extinction coefficigioisthe compounds. TLC plate Silica Gel 60
Fs4 was utilized to test the progress of fluorene otophore. Mobile phase for TLC was n-
hexane: ethyl acetate 5:2 ratio. Electrocheminalysis was made by Electrochemical Analyzer
CH1830C. Fluorescence quantum yields were detednusing reference fluorescein having

guantum yield 94% in DCM.



Preparation of monoiodofluorene (1)
Fluoreng5.0g., 0.30 mole) was treated with iodic acid. The tomig was

| poured into water, and the product was filtered wHshed with water, and
dried (8.1 g.). A portion (1.02 g.) was chromatqgirad on silica gel in cyclohexane, giving
almost colourless 2-iodofluorene (0.73 g., 65%).r27-128 [14].

1-(6-(benzo[d]thiazol-2-yl)-9,9-diethyl-H-fluoren-2-yl)-4,4,4-trifluorobutane-1,3-dione (06)

Synthesis of 1-(6-(benzdjthiazol-2-yl)-9,9-diethyl-
N (< . |

go 9H-fluoren-2-yl)-4,4,4-trifluorobutane-1,3-dione  was
S c CoHs CF3 achieved by condensation of 1-(6-(bemftfiazol-2-
y1)-9,9-diethyl-H-fluoren-2-yl)ethanone (3.97 g, 10 mmol), with dtt®2,2-trifluoroacetate
(CRCOOGHS:)(2.84 g, 0.02 mol) and potassium tertiary butox{t&,H,OK )(1.46 g, 12
mmol) for 6 h in toluene. The mixture was neutrediby diluted hydrochloric acid and extracted
with toluene. The solvent was evaporated under wacand pure product was obtained by
recrystallization from ethanol.
Dark red solid; Yield: 73%; R 0.49; m.p.165-16C; FTIR (Neat, cil) #imac 3102(C=C-H),
2956(C-Hy), 2837 (C-Hy), 1727 (CE-C=0) 1698 (Ar-C=0), 1615, 1573, 1501 (Aromatic,
C=Cst), 1452 (CHpend, 1372 (CH), 1628 (C=N),941 (C-S), 1246 (C-F).
'H-NMR (300 MHz, CDC}) § 8.24-8.03 (m, 4H), 7.92 (dd,= 7.5, 6.9 Hz, 1H), 7.59-7.40 (m,
5H), 3.71 (s, 2H), 1.89 (d,= 6.7 Hz, 4H), 1.00 (] = 6.7 Hz, 6H)*C-NMR (75 MHz, CDC})
4 194.8, 182.0, 162.6, 153.9, 152.5, 150.4, 14239,7, 139.2, 138.2, 136.3, 126.9, 126.0, 125.6,
125.5, 125.3, 123.7, 123.7, 122.7, 122.4, 121.8,055.0, ,32.2, 7.9; MS (m/z, APCI): calcd

493.13(M), found 494.13[M+H].



General procedure for the Knoevenagel condensationf 1-(6-(benzofl]thiazol-2-yl)-9,9-
diethyl-9H-fluoren-2-yl)-4,4,4-trifluorobutane-1,3-dione with aromatic aldehydes
Knoevenagel condensation [15] were achieved bygusguivalent ratio of 1-(6-(benatjhiazol
-2-y1)-9,9-diethyl-H-fluoren-2-yl)-4,4,4-trifluorobutane-1,3-dione aratomatic aldehydes in
EtOH (25 mL). Piperidine (0.5 mL) was added sloviyough a syringe with stirring, the
reaction mixture was refluxed for 72 h. Purificatiof the products was obtained through a silica
gel column using hexanes/ethyl acetate (5/2) anelu
(2)-1-(7-(benzof]thiazol-2-yl)-9,9-diethyl-9H-fluoren-2-yl)-2-(4-(dimethylamino)
benzylidene)-4,4,4-trifluorobutane-1,3-dione (09)

Reddish solid; Yield: 73%; R0.45; m.p.171-17Z;
FTIR (Neat, cril) fimac 3095(C=C-H), 2930(C-H),
2851(C-Hy), 1714(CE-C=0), 1687(Ar-C=0), 1600,

1567, (Aromatic, C=), 1448(CHbend), 1378(Ch),

1624(C=N), 1325(C-N), 939(C-S), 1237(C-F}H
NMR (300 MHz, CDC}) & 8.87 (s, 1H), 8.79-7.74 (m, 8H), 7.81 (ddds 7.5, 3.8, 1.4 Hz, 2H),
7.81 (dddJ = 7.5, 3.8, 1.4z, 2H), 7.58-7.33 (m, 3H), 7.33 (s, 1H), 6.72 Jck 7.5Hz, 2H),
2.91 (s, 6H), 1.89 (q) = 6.7Hz 4H), 1.01 (t,J = 6.7 Hz, 6H). *C NMR (75 MHz, CDC5
192.2, 175.8, 175.6, 162.6, 153.9, 152.5, 151.0,415142.7, 139.2, 138.9, 138.5, 136.3, 131.4,
128.5, 126.9, 126.5, 126.0, 125.5, 125.3, 123.3,312122.7, 121.8, 121.1, 120.9, 118.0, 112.3,

54.4,41.9, 32.2, 7.9; MS (m/z, APCI): calcd 624(mt), found 626.21 [M+2H].



(2)-1-(7-(benzof]thiazol-2-yl)-9,9-diethyl-9H-fluoren-2-yl)-4,4,4-trifluoro-2-(pyren-1-
methylene)butane-1,3-dione (10)

Reddish solid; Yield: 73%; {R 0.49; m.p.194-19€;
FTIR (Neat, crif) fimax 3090 (C=C-H), 2938 (C-&),
2856 (C-Hy), 1717 (CE-C=0) 1689 (Ar-C=0), 1601,

1565, (Aromatic, C=¢), 1453 (CHbend), 1375 (Ch),

1624 (C=N), 943 (C-S), 1237 (C-FJH-NMR (300
MHz, CDCk): 6 9.26 (s, 1H), 8.34 (dd] = 7.5, 1.4Hz, 1H), 8.19-8.07 (m, 3H), 8.05-7.74 (m,
13H), 7.63-7.43 (m, 2H), 1.89 (4,= 6.7Hz, 4H), 0.98 (tJ = 6.7Hz, 6H); 1*C NMR (75 MHz,
CDCl): 6 192.2, 175.6, 162.6, 161.7, 153.9, 152.5, 15042,7, 139.2, 138.9, 138.5, 136.3,
131.8, 130.9, 130.3, 129.5, 129.0, 128.3, 128.2,712127.2, 126.9, 126.5, 126.0, 125.7, 125.5,
125.3, 124.7, 123.8, 123.7, 123.3, 122.7, 121.8,99.2118.0, 54.4, 32.2, 7.9; MS (m/z, APCI):
calcd 705.19 (M), found 706.30[M+H].
2-(9,9-diethyl-7-(5-(trifluoromethyl)-1H-pyrazol-3-yl)-9H-fluoren-2-yl)benzo[d]thiazole (11)

NNH 1-(6-(benzaofllthiazol-2-yl)-9,9-diethyl-#H-fluoren-2-
@S = yl)-4,4,4-trifluorobutane-1,3-dione (0.31g, 0.62 oin

CoHs™ “C,H;g CF4
dropwise added into a flask containing hydrazine

hydrate (0.62 mmol) in EtOH (5 mL) catalytic amouwftpiperidine was added. The reaction
proceeded at room temperature with continuousrgdifior 6h, the solvent was diluted with 100
mL of ice cold distilled water and neutralized withute HCI at neutral pH crude product was
precipitated. After recrystallization with the etloh purified product was obtained. Light red
solid; Yield: 84%:; R 0.65; m.p.141-14Z; FTIR (Neat, crl) dmax 3095(C=C-H), 2942(C-

Hsy), 2851 (C-Hy), 1670(C=N), 1620, 1570, (Aromatic, C5E 1465 (CHpend, 1378 (CH),



942 (C-S), 1245 (C-F), 1112 (N-N¥1 NMR (300 MHz, CDCY); § 14.14 (s, 1H), 8.19 — 8.04
(m, 6H), 7.89 (dJ = 7.8Hz, 1H), 7.59-7.36 (m, 3H), 2.15 (3= 7.2Hz, 4H), 0.28 (t] = 7.2Hz,
6H); °C NMR (75 MHz, CDCY); § 168.1, 154.1, 151.6, 151.0, 144.8, 144.0, 142430,
134.9, 132.5, 128.2, 127.6, 127.2, 126.0, 125.2,012123.2, 122.8, 121.8, 121.6, 121.6, 120.7,
120.5, 116.5, 101.8, 56.6, 32.2, 8.9; MS (m/z, APCilcd 489.15 (M), found 490.01 [M-+HI.

3. Results and Discussions

3.1 Synthesis

Synthesis of the compoun@6 (Figure 2) started with commercially availabledftane and
iodine. Selective iodination of fluorene yields dibfluorene [14], alkylation of this 2-
iodofluorene was carried out with bromoethane bpgi&OH as base, TBAB as phase transfer
catalyst in DMSO at room temperature to give 2-l8¢@-diethylfluorene This compound was
subjected to Friedel-Crafts acylation reaction vattetyl chloride, which yields the ketone, 1-
(9,9-diethyl-7-iodo-#®i-fluoren-2-yl)ethanone after a simple recrystati@a. 1-(9,9-diethyl-7-
iodo-H-fluoren-2-yl)ethanone and 2-(tributylstannyl)bejdithiazole were subjected for C-C
coupling by using renowned Stille coupling reacttonfurnish 1-(6-(benzafthiazol-2-yl)-9,9-
diethyl-9H- fluoren-2-yl)ethanone [15].

The 1-(6-(benzdajthiazol-2-yl)-9,9-diethyl-#-fluoren-2-yl)ethanone was treated with ethyl
2,2,2-trifluoroacetate by Claisen condensation wettto yield 1-(6-(benzalthiazol-2-yl)-9,9-
diethyl-9H-fluoren-2-yl)-4,4,4-trifluorobutane-1,3-dior@6 [16]. Knoevenagel Condensation of
06 with 4-(dimethylamino)benzaldehyde using piperedas base in acetonitrile afford excellent
yield of (&£)-1-(7-(benzofljthiazol-2-yl)-9,9-diethyl-#H-fluoren-2-yl)-2-(4-(dimethylamino)
benzylidene)-4,4,4-trifluoro butane-1,3-dion® (17,18]. By following same method when

compound 6 was treated with pyrene-1-carbaldehyde offei@d1{(7-(benzofljthiazol-2-yl)-

10



9,9-diethyl-H-fluoren-2-yl)-4,4,4-trifluoro-2-(pyren-1-methylejmitane-1,3-dionel0 in good
yield. When hydrazine hydrate was treated with commgl6 the cyclization of diketone occurred
and product 2-(9,9-diethyl-7-(5-(trifluoromethylHipyrazol-3-yl)-H-fluoren-2-yl)benzafl]

thiazolel1 was obtained in good yield. (Scheme 1)

O | CoHsBr, KOH O | AICl, CHyCOCI
Bu,NBr, DMSO . “DCM,20n

2H5 Csz
Q 2 Qg W,
ar
©:\>_Sn3u3 Pd(PPh,),, Toluene _ IS O O
C,Hs CZH5 Ar, 72 h, reflux 5
TertBUOK, GFoCO,Catls _
Toluene CoHs™ “C,Hs
O
Y\N\)"L Piperidine,

W @o\’\ CHsCN X0
>N
Piperidine, \ | 7
H

2 5

Figure 2. Synthesis of Fluorene based variatecceptor dyes06, 09-11)

3.2UV-Visible, FTIR and NMR studies of fluorene-#-dyes (06, 09-11)
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The characterization of newly synthesized Fluordaegvatives was achieved by UV-Visible,
FTIR and NMR spectroscopy. The UV-visible absonptépectra of these dyes were recorded in
dichloromethane at room temperature using (I%¥1@) solution (Figure 3). The selected

spectral data are tabulated belowlable 1.

Absorbance (a.u.)

0.0

T T
400 600

Wavelength (nm)

Figure 3. UV-Visible spectra of fluorene A-A chromophoreg6, 9-11)

Table 1. Wavelength of maximum absorpti@p.x of Fluorene Az-A dyes in dichloromethane

(6, 9-11)
Dye Amax (NM)
06 362, 394
09 393, 420
10 391, 420

12



11 361, 395

The absorption studies of fluorene accept@cceptor (Ar-A) dyes were investigated in
dichloromethane solution. The solution displayed twand pattern absorption maximandy),
first at 361-393 nm and the other at 394-420 nrspeetively. The high absorptidn. for all

the compounds at 397-420 nm are attributegt4d transition of the compounds. This transition
is the characteristic of the C=C, of fluorene cgajied architecture. Absorption spectroscopic
results of these derivatives showed that Knoevdmrragetion at the active methylene effect the
absorption maxima and also the wavelength. Thasatedn of 1,3-diketone did not affect in a
pronounced manner on the absorption.

The FTIR spectra of fluorene A dyes afforded absorption bands due to C=C-H,,CGHH,
Aromatic C=C, a,p-unsaturated C=0, C=N, (Cs)), CH,, C-S, C-F, Ar-H. Compoundl1
showed the characteristic IR absorption banghat1497-1501 cii is due to C=N moiety. This
compound was synthesized by the reaction of congphO@6rwith hydrazine hydrate, cyclisation
with hydrazine was confirmed by the disappeararfceoth carbonyl peak# 1701-1738 cr
from the synthesized compound. Along this appe@&ah€=N band in range, frof1497-1501
cm™. The peak obtained @1246, 1237, 1052 and 1050 ¢rehowed the existence of C-F
stretching. The FTIR data of stretching and bendibgprption bands recognize the Fluorene A-
n-A dyes(06, 09-11) The 'H-NMR spectrum of compountil exhibited a high field triplet peak
due to CH group at 0.28 ppm, a triplet due to methylene @raat 2.15. The protons of the
aromatic region of are observed from 8.13-7.36 pang singlet at 14.0 ppm due to N-H of
pyrazole ring.**C-NMR spectra of compounill there are signals for twenty eight different

carbon peak at 56.6 is due to the alkylation abSiton of fluorene, methylene carbon absorbed

13



at 32.2 and methyl carbon at 8.9 ppm. The disappearof carbonyl group peaks from 194.8
and 182.0 and the appearance of the peaks at 1®Bl11, are confirming the cyclization of the
compound and evidence for the confirmation of dge While the peaks at 56.6 ppm is for
methine carbon of fluorene and other two peaks8 82.2 ppm and 8.9 ppm, confirmed the
alkylation at 9,9’-position of fluorene. The ott®mthesized compounds of fluorenetA& dyes

have been characterized by using the same tectlmique

3.3 Optical properties

3.3.1 Maximum extinction coefficients,4y)

It is an essential property which depends upon ghth length () absorbance (A) and
concentration (c), of the species (Beer-Lamber) iaav, A=emax Cl. Molar extinction coefficient
of fluorene Asni-A dyes are presented Trable 2

Table 2Molar extinction coefficients of fluorene A-A dyes(06, 09-11)

Dyes Amax(nm) | A €max(L mol™ cmh)
06 394 0.68400 136800.0
09 420 0.616240 123248.0
10 420 1.490332 | 298066.4
11 395 0.868987 173797.4

Absorption spectra of these dyes showed that conp@®@9 and 11 showed almost same
absorption pattern and absorption maxima but th&ran increase in the molar extinction
coefficient of 11 which indicated that after socialization therditide difference in conjugation

but a huge increase in stability. Whereas the camg®9 showed bathochromic shift and

hyperchromic shift in UV-visible absorption of thempound, it revealed that the introduction of

14



4-(dimethylamino)benzaldehyde at the active metig/lef compoun®6 had effected the band |
and increases the molar extinction coefficient, doethis enhancement it would be more
beneficial than parent compour@ib. Following the same procedure the compo@&dwas
coupled with pyrene-1-carboxaldehyude this composhdwed same bathochromic shift as
shown by09 but a drastic enhancement in molar extinction ¢oefit observed this indicated
that coupling at the active methylene of compoQfids more beneficial for the optoelectronic
properties of the compound and therefore compd@édnd10 had shown a high effect in this

regard.

3.3 Fluorescence examination

Fluorescence Spectra of fluorenenAd dyes (06, 09-11)in dichloromethane solution were
recorded. These dye36, 09, 10 and 11 emit maximum at\nax 422, 527, 533 and 443 nm
respectively. Compound® and10 showed higher emission value due to coupling ofugated
aldehyde at active methylene and in casg0af also showed a broad range which indicated that
the pyrene group at the active methylene had gnéaence in electronic transition and bear the
more importance in organic electronics. While coommb06 and 11 showed almost similar
behavior which indicated that the cyclization aB-dicarbonyl carbons did not affect the
electronic transformation in good extent, fluoresxe and Stoke’s shift are compared to
literature value which reveals that these compowndghe best candidates for the blue OLEDS

[19] Figure 4 andTable 3.

15
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Figure 4 Fluorescence spectra of fluorenetsd dyes in dichloromethan@®6, 09-11)

Table 3Fluorescence values of fluorener®A dyes in dichloromethan@®6, 09-11)

Excitation Emission Emission | Stoke Shift
oe wavelength (nm) | wavelength (nm) | Height (nm)
06 394 422 25391.3 049
09 420 527 14755.9 107
10 420 533 17393.8 113
11 395 443 27239.2 048

Singlet Energies (k)
Singlet energies were calculated by using the sprmoeedure reported above. The data is

represented ifable 4

16



Table 4 Singlet energies of fluorene A dyes in dichloromethan@®6, 09-11)

Dye AmaA) | Es (kcal/mol)
06 3940 72.58
09 4200 68.09
10 4200 68.09
11 3950 72.40

The calculated singlet energy of these compoundsiredd from the calculations showed that
there is no change in between compoQ6&ndl11 for compound9 and10 both displayed the
same maximum absorption therefore there singletggns same. From these results it was
noticed that the change occur in the absorptioneleamgth when the coupling occurs at active
methylene center of the precursor and cyclizatidn’tishowed this effect, but it was also noted
that as the compound have two bands pattern éctefl that after the coupling at active center it
increase the absorption wavelength in some exte@9iand 10. But there was a promising
change in molar absorptivity, as singlet energyelated to maximum absorption, so therefore
compound9 and10 had same singlet energy. From these resultolisserved that the enhanced
delocalization couldn’t effect in large extent.

3.4 Oscillator strengths of fluorene/AA dyes in dichloromethane (06, 09-11)

Already documented method was used for the caloulaif oscillator strengths. The obtained
results of oscillator strength of these dyes apaltded below irtable 5.The range is in between
0.304 to 1.174, compourf@b which contain two carbonyl moieties in the struetshowed the
minimum oscillator strength substitution at actimethylene, it increased the oscillator strength

of the molecule with increase in conjugation ativ@cimethylene center and an increased in

17



oscillator strength, were observed. The increagsailator strength was also observed when the
cyclisation was carried out with hydrazine at cafdanoieties. From this it can be suggested
that the increase in conjugation by coupling atvachuclei or cyclization will increase the
oscillator strength. Compourid showed the highest value of oscillator strengthictv could be

due to strong-n* transition, Table 5.

Table 5Oscillator strengths of fluorene A dyes in dichloromethan@®6, 09-11)

Dye AV1p (em?) | €max(L mol™ cm?) | Oscillator strengths f
06 515.40 136800.0 0.304
09 683.65 123248.0 0.364
10 911.70 298066.4 1.174
11 515.40 173797.4 0.387

3.5 Theoretical Radiative Lifetimesy)

The theoretical radiative life time of these dyessvirom 2.75 to 7.13 (ns). Compouhd has
higheremax Value and smaller values of the radiative lifeti(iig). Results of spectroscopic data
showed that those compounds having larger absaspiioUV-visible region exhibited radiative
lifetime (T,) value lower. Calculated theoretical radiativetiiines are listed itable 6.

Table 6 Theoretical radiative lifet,., of fluorene Ar-A dyes(06, 09-11)

Dyes | AVip(em™) | €max(L mol™ cm™®) | vy, (cm™) To(nS)

06 515.4 136800.0 25380.71 7.71
09 683.65 123248.0 23890.52 7.28
10 911.70 298066.4 23890.52 2.26
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11 515.4 173797.4 25319.46 6.09

3.6 Fluorescence Rate constan} éad theoretical fluorescence lifetimg)(

The fluorescence rate constants of these dyes waange from varied from 1.30 x4@8™ to
4.42 x1G s* and theoretical fluorescence lifetime obtained W52 to 4.872. Compourtd
displayed highest fluorescence rate constant valuis.compound was obtained by the coupling
of pyrene-1-carboxaldehyde with compow&iat the active methylene whereas the radiative life
time of the same compound is very low. High flueerxce rate constant &0 is due to large size

of pyrene ring and extended conjugation due to wimcrease in the fluorescence rate constant
and decrease in radiative lifetime is observed. ddmapoundll also showed the same effect,
but in little extent because here conjugation iaseel due to cyclization, but this conjugation is
not prominent therefore small effect observed a®uthented iMable 7.

Table 7 Fluorescence rate constant and theoretical flueresclifetime of fluorene A-A dyes

(06, 09-11)
Dye To(ns) k (10%s) o Ti(ns)
06 7.71 1.30 0.63 4.857
09 7.28 1.37 0.60 4.368
10 2.26 4.42 0.43 0.972
11 6.09 1.64 0.80 4.872

3.7By conventional method the florescence life timeéha&f dyes also confirmed by time domain
using,

Steady-state and Time-resolved Photoluminescence
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Steady-state and time-resolved photoluminescericecfRhe samples were carried out by
using standard instrument, Flau Time 300 (FT-3G@apdy state and life-time spectrometer,
PicoQuant GmbH, Germany. The PL was measured folgpvwpulsed LED laser excitation
source, PLS-300, centered at 305 nm with full wid#hf maximum (FWHM) of ~416 ps and
pulse energy 0.077 pFifure 5)
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0.2 1

00—t A—————=

Time(ns)

Figure 5 Steady-State florescence life time of fluorena-A-dyes
3.8 Thermal properties fluorene A dyes

These derivatives possess good thermal stabilitly thiermal decomposition temperature
around>220°C, determined by TGA under nitrogen measurech f60-750°C at a heating rate of
20 °C/min. . Figure 6). The results indicate that compoutf@glhas a highest thermal degradation
temperature 282 while compoundd has second highest value 267 while compounds
degraded at 222 and compound1 at 233C. These results revealed that the substitutidheat
active methylene enhanced the stability of the amumgs this is due to increase in conjugation

of molecule and rigidity due to substitution withllky group.
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Compound)6 Compound9

Compound 10 Compound 11

. (Figure 6) Thermal analysis of fluorene A-A dyes

3.7 Electrochemical Properties
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3.7.1 Electrochemical studies fluorener# dyes (06, 09-11)

The electrochemical study of all compounds wasi@arby using cyclic voltammetry in
dichloromethane solution in the presence of 0.1 BAPF; as a supporting electrolyte. From
their cyclic volatmogram band gap energy, HOMO dddMO energies were obtained.

Combined cyclic voltamogram of these dyes are diggl inFigure 7, table 2.16.
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Figure 7 Cyclic Voltammogram of fluorene A-A dyes(06, 09-11)n dichloromethane

Table 8 Half wave potential () and LUMO energy levels of fluorene AA dyes(06, 09-11)

Compounds | (V) LUMO (eV) HOMO (eV) Eq(V)
06 -0.712 -4.08 -6.75 2.67
09 -0.426 -4.37 -7.01 2.64
10 -0.277 -4.52 -7.15 2.63

22



11 -0.642 -4.15 -6.81 2.66

3.8 Band Gap Energy Values (Eg)

The span of energies between valence and condumdias for semiconductors and insulators is
known as band gap energy. Every material has dsackeristic band gap energy. The formation
of various materials is the results of this vaoatin band energy. For these dyes band gap
energies were calculated by using the standardedwse [20]. The band gap energy of
compounds is given in table 8ompoundll showed little difference in the band gap energy
value compared to the compou@f, which indicating that cyclization at 1,3-diketopesition
affect the band gap value but this effect was nghicant. Compound09 has exhibited
comparatively higher value thahl and slightly lower tharlO. These results infer that the
coupling in active methylene center of compo@advith extended conjugation either by bulky

conjugated group or small group containing electtonating auxochrome will reduce the band

gap energy.

3.9 Highest occupied molecular orbitals (HOMO)

Table8 shows the highest occupied molecular orbital ggnéevels, varies from -4.08 to -4.52
eV for these dyes. The value varies with the caatjog with an increase in conjugation as
results showed that compourdd® has greater conjugation compared to all other camgs
therefore it displayed highest value of HOMO enelgyels. It was concluded that HOMO
energy levels can be altered only by increasing dieéocalization of electrons through
conjugation. It is due to the fact that as conjioyaincreases the energy difference will decrease

and vice versa.
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4. Conclusions

In summary, we have synthesized fluorene basedmpbores (06, 09-11) by using a simple
synthetic protocol. The synthesized compounds sebgected to photo physical studies such as;
fluorescence, UV-visible spectroscopy and cyclitarametry. Compound 10 showed maximum
absorption at 420nm with higher stoke shift vald8rim. Conducting behavior of the compound
10 was observed with highest occupied moleculaitairtvalue with -7.15eV and lowest
unoccupied molecular orbital value with -4.52eV ingvband gap energy value of 2.63eV. From
the results of photo-electrochemical behavior wierithat compound 10 serve as a structural

template for the designing of blue and green OLEDS.
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Highlights

«» Synthesis of some novel fluorene based chromophores with promising optoelectronic
properties was carried

« The UV-Vis absorption and fluorescence were in the range 394-420nm and 48nm-
113nm, respectively.

¢+ The band gap energy values 2.63 to 2.67 eV suggest the use of these compounds in blue

and green OLEDS.



