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Abstract

Spectral characteristics of derivatives of thiophene substituted on hetoroaromatic cycle as pyrazine was compared with terthiophene
linked with cyano and hydrazo groups. The absorption, fluorescence and its lifetime were measured in solution (methanol, cyclohex-
ane) and in polymer matrices (polystyrene, PS; polymethyl methacrylate, PMMA; and polyvinyl chloride, PVC). Derivatives with two
thiophene units substitute on pyrazine exhibit the lowest wavenumber band in the region 26,320-25%80dm0gs ~4.0, which
is not influenced by the medium. Derivatives with benzene and pyridine ring annealed to pyrazine (2/3His¥Pquinoxaline
(1, 2,3-bis-(2-thienyl)pyrido[2,3-b]pyrazinel(l)) exhibit fluorescence in polar methanol with maximum at 22,200cand quan-
tum yield of about 0.2 which is blue-shifted in going to non-polar solvent. The maximum fluorescence is slightly blue-shifted in
polymer matrices as compared to methanol. Derivatives with annealed thiophene to pyrazine or substituted with two cyano groups
(2,3-bis-(2-thienyl)thieno[3,4-b]pyrazine (), 2,3-dicyano-5,6-bis(2hienyl)pyrazine (V)) do not yield any emission. Derivatives with
terthiophene structural units ([2,2 ,2"]-terthiophene-[2]-thienylacrylonitrile() [2,2,5',2"]-terthiophene-5-carbaldehydehydrazovig)]
exhibit fluorescence with maximum around 20,000 ¢nT he lifetime of fluorescence of all thiophene was 1 ns or shorter. The polymer ma-
trices increase the intensity of fluorescence to some extent and prolong the lifetime of thiophene derivatives. Dérestitits some ten-
dency to an aggregation at higher concentration above 0.01 mbikgolymer matrices. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction [3,4] found that the spectral properties of unsubstituted olig-
othiophene depend on the number of rings linked together.
Conjugated organic polymers are of great interest becauseThe increase of molar extinction coefficient, quantum yield
of their technical applications in molecular electronics, of emission and lifetime was observed in going from bithio-
non-linear optics, as organic light emitting diodes, field ef- phene to oligomer witlk = 7 due to less effective intersys-
fecttransistors and sensors. In this respect, polythiophenes otem crossing (ISC) process in oligomers with longer chain.
its substituted derivatives are very promising materials [1,2]. The ISC process is determined by three factors: (1) the
Oligomers and polymers of substituted thiophenes have at-spin—orbit coupling factor, (2) the overlap which contains
tracted much attention due to their conducting and spectralthe energy difference of the corresponding singlet and triplet
properties, and their processibility based on their solubility states in the denominator and the Franck—Condon integral,
in common organic solvents. They have been subject of aand (3) the density of original and terminal states. The main
number of photo-physical studies concerning the influence reasons for the effective ISC of oligothiophenes<( 2, 3),
of microstructural changes of oligomers and polymers pre- determined by time resolved femto-second spectroscopy, are
pared in different way on their luminescent spectral proper- the high spin—orbit coupling factor due to sulphur and almost
ties [3-9]. The substitution of thiophene on the ring results isoenergetic positions of;Sand T, states determined by
in the increase in the solubility of oligomers and polymers in photo-detachment photoelectron spectroscopy [9].
organic solvents and induces interesting phenomena such as In this paper, we report the spectral properties namely
solvatochromism and thermochromism [5,6]. Becker et al. absorption, emission and lifetime of emission of two thio-
phene rings linked with the heterocyclic ring as pyrazine
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other two derivatives, terthiophene chromophores are linked 2.2. 2,3-Bis-(2thienyl)thieno[3,4-b]pyrazinel ()

with electron accepting cyand®/} or hydrazo group\(l).

The spectral properties in non-polar and polar solutions are  mp: 183—-185C (70% yield). Anal. Calc. for &4HgN>S3

compared with those in polymer matrices. The aim of the

(300.41): C, 55.97; H, 2.68; S, 32.02. Found: C, 55.54; H,

study is to suggest the structural units based on thiophene2,57; S, 31,78. MassM™ 300, 80%): 267, 255, 217, 191,

with increased yield of radiation decay (quantum vyield of
emission) and prolonged lifetime in polymer matrices for
application as organic light emitting diodes and exhibiting
thermochromism or solvatochromism.

2. Experimental

The derivatives of thiophenelV (Scheme 1) have been
prepared by the condensation of ZRenil (mp 81-82C)
[10] with o-diamines as 1,2-phenylenediamine (Aldrich, mp
103-105C), 3,4-diaminothiophene (Across, mp 962@7,
2,3-diaminopyridine (Aldrich, mp 114-116), diaminoma-
leonitrile (DAMN) (Aldrich, mp 178-179C), and employ-
ing the following general procedure. A 10 mmol solution of
o-diamines in 100 ml of absolute ethanol was treated with
10 mmol of 2,2-thenil and I ml of acetic acid and then heated
under reflux for 4 h. The warm solution was neutralized with
1N NaHCGQ; and the precipitate was collected after cooling.
The crude product was obtained and purified by crystalliza-
tion or separated on silica gel (Merck 60).

2.1. 2,3-Bis-(2thienyl)quinoxaline I()

mp: 143-145C (ethanol) (89% yield) [10-12}H NMR
(DMSO-d6, 300 MHz, ppm ): 8.0 (m, 2H, H<Bls, J =
8.8Hz, J = 1.4Hz), 7.79 (m, 2H, H-gH4, J = 8.8Hz,

J = 6.6Hz),7.75 (dd, 2H, H-5/5 Jsa = 52Hz, Js53 =
1.2 Hz), 7.17 (dd, 2H, H-3/3J3 4 = 3.7Hz, /35 = 1.2 Hz),
7.06 (dd, 2H, H-4,4 J45 = 5.1Hz, J43 = 3.7Hz). 13C
NMR (CDClk, 75.47 MHz): 146.1, 140.8, 139.8, 130.6,
129.8, 129.4, 128.4,127.8.

IR (KBr; vem™1): 3111, 3093, 3068, 3056, 2924, 2850,
1637, 1522, 1423, 1133, 853, 761, 711. UV (methanol):
Amax NM (loge, dn? mol~1ecm=1): 226 (4.34), 255 (4.50),
291 (4.39), 381 (4.26).

150, 128, 111, 82 (100%),71, 69, 64, 57,45,39 NMR
(DMSO-d6, 300 MHz, ppm ): 8.33 (s, 2H, H-2,5), 7.77 (dd,
2H, H-5,5, Js4 = 52Hz, Js3 = 1.2 Hz), 7.09 (dd, 2H,
H-3,3, Ja4 = 3.7Hz, J35 = 1.2 Hz), 7.06 (dd, 2H, H-4/4
Jas = 5.1Hz, J43 = 3.7Hz). 13C NMR (DMSO-ds,
75.47 MHz, ppm ): 145.79, 141.24, 140.06, 129.79, 129.62,
127.67, 118.54.

IR (KBr; vem™1): 3108, 3085, 3071, 2923, 2854, 1638,
1541, 1429,1422, 1278, 1080, 864, 765, 723,707. UV
(methanol): 269 (4.49), 388 (4.24).

2.3. 2,3-Bis-(2thienyl)pyrido[2,3-b]pyrazinel( )

mp: 124-125C (75% yield). Anal. Calc. for gsHgN3S,
(295.02): C, 60.99; H, 3.07; S, 21.71. Found: C, 60.79;
H, 3.01; S, 21.51. MassM* 295, 20%); 221, 185, 186,
111(100%), 83, 71, 57, 45, 3¢H NMR (DMSO-d6,
300 MHz, ppm ): 9.08 (m, 1H), 8.44 (m, 2H), 7.80 (dd, 2H,
H-5,5), 7.29 (dd, 2H, H-4,3, 7.11 (dd, 2H, H-3,3. 13C
NMR (DMSO-d6, 75.47 MHz): 154.6, 148.6, 148.4, 146.9,
140.6, 140.1, 137.3, 135.1, 131.0, 130.3, 130.1, 129.9,
127.9, 127.8, 125.9.

IR (KBr; vem™1): 3095, 3073, 2963, 2926, 1718, 1636,
1442 1418, 1232, 1183, 1044, 786, 715. UV (methanol):
259 (4.50), 308 (4.34), 392 (4.30).

2.4. 2,3-Dicyano-5,6-bis(2hienyl)pyrazine I(V)

mp: 180-182C (ethanol), (87% yield).Anal. Calc. for
C14HsN4S, (294.23): C, 57.12; H, 2.05; S, 21.79. Found:
C, 56.91; H, 1.94; S, 21.51. MasMt{ 294, 90%), 261,
250, 249, 111, 110, 109 (100%), 93, 82, 70, 69, 64, 58,
45.1H NMR (DMSO-d6, 300 MHz, ppm ): 7.63 (dd, 2H,
H-3,3, J3.4 = 3.7Hz, J35 = 0.8 Hz), 7.66 (dd, 2H, H-5/5
Jsq4 = 4.1Hz, Js3 = 0.8Hz), 7.14 (t, 2H, H-44 J45 =
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C, 53.76; H, 3.47; N, 9.65; S, 33.12. Found: C, 53.52; H,
3.38; N, 9.48; S, 32.95H NMR (CDCls, 300 MHz, ppm):

\Y%
CN S 7.84 (s, 1H, CHN), 7.23-6.93 (m, 7H, Cklom), 5.50 (S,
S 2H, NH,). 13C NMR (CDCk, 75.47 MHz) 138.98, 137.49,
S S / 137.28, 136.99, 136.59, 135.99, 127.91, 127.39, 124.69,
124.63, 124.43, 123.83, 123.44.

[2,2,5>,2”’|-terthiophene-[2]-thienylacrylonitrile (V). IR (KBr; vcm™1): 3300, 3050, 1605, 1466, 1448, 1080,
812, 725. UV (methanol): 246 (4.16), 311 (3.74), 387 (4.59).
VI All of the reagents used are commercially available and
were used without further purificatiodH and 13C NMR
/ S spectra were recorded at 80 and 300 MHz, respectively, on
s N _H a Tesla BS 487C and Varian VXR-300 NMR spectrome-
S N H ter, with chemical shifts referenced to TMS and to solvent

residues (DMSO-d6) and coupling constants calculated in
Hertz. Mass spectra (El) were measured with a GC-MS
25 RFA instrument (Kratos Analytical Manchester, UK),
equipped with a direct inlet system at an ionization elec-
tron energy 70eV, trap current of 100mA at temperature
of the ion source 208C. IR spectra were measured on
spectrometer PU 9800 FTIR and Impact 400 (Nicolet)
in KBr pellets. The solvents methanol for UV (Slavus
s.r.o., Bratislava), cyclohexane for UV (Merck, Darm-
stadt, Germany) were used. Anthracene (Lachema, Brno,
CR) used as the standard, was zonally refined. Quencher
1-ox0-2,2,6,8-tetramethyl-4-hydroxypiperidine was the
same as used previously [13].

Polymer films doped with the derivatives of thiophene
were prepared by casting from solution. The following
films were used as matrices: polystyrene (PS, Krasten, Kau-
cuk Kralupy a.s., CR, (SEC (chloroformy/,, = 93,700

A solution of [2,2,5,2"]-terthiophene-5-carbaldehyde Mw/Mn = 2.7)), polymethyl methacrylate (PMMA, Po-
(1g, 3.61mmol) in 500 ml dry ethanol was treated under yazské Chemické Zavody, a.s. Zilina, SR, = 1.01x 10P),
reflux with 2-thiopheneacetonitrile (0.44g, 3.61mmol) and polyvinyl chloride (PVC, Neralit 628, Spolana Neratovice,
2ml 0.1 N sodium ethanolate in ethanol for 5h. After cool- 35 R M, = 1.11x 10°). Films were prepared by casting
ing, the red precipitate was filtered and crystallized from . 02—2 mg of probe in 1 ml chloroform or tetrahydrofuran
ethanol. Yield: 0.999 (72%); mp: 152-137. Anal. Calc.  gojution of polymer (5g/100ml) on a quartz or glass plate
for C1gH11NSs (381.56): C, 59.81; H, 2.91; N, 3.67; S, (28 mmx 35mm).

33.61. Found: C, 59.64; H, 2.87; N, 3.52; S, 3343NMR UV-VIS absorption spectra were recorded on a model
(CDCls, 300 MHz, ppm): 7.43, 7.15 (dd, 2H, C-H, Caldm, M-40 spectrophotometer (C. Zeiss, Jena Germany). Emis-
J =3.9), 7.39-7.02 (m, 10H, C—kbm). 1*C NMR (CDC, sion spectra were recorded on a Perkin-Elmer MPF-4 spec-
75,47 MHz, ppm): 141.74, 138.96, 138.05, 136.18, 135.01, trofluorimeter (Norfolk, CT, USA), which was connected
133.88, 131.76, 128.33, 128.28, 128.05, 126.86, 125.93,through an interface and an ac—dc converter to a microcom-
125.08, 124.66, 124.22, 123.87, 117.12, 102.28. puter for data collection, processing and plotting orXai

IR (KBr; vem1): 3130, 3110, 2210, 1579, 1441, 1068, piotter [14]. The excitation wavelength was at the maximum
796. UV (methanol): 253 (4.19), 267 (4.11), 336 (3.98), 427 of the longest wavelength band in the range 380-420 nm.

[2,2”,5%,2>°]-terthiophene-5-carbaldehydehydrazone (VI).

Scheme 2.

4.1Hz, J43 = 3.7Hz). 3C NMR (CDCk, 75.47 MHz):
147.9, 137.9, 133.1, 131.4, 128.5, 128.1, 113.0.

IR (KBr; vem™1): 3118, 3100, 3086, 2242, 1637,
1509, 1500, 1419, 1370, 1076, 1059, 855, 846, 739, 728.
UV (methanol): 219 (4.07), 254 (3.87), 326 (4.07), 382
(4.01).

The structures of derivatives with terthiophene structural
unitsV andVI are given in Scheme 2.

2.5. [2,2,5,2"]-Terthiophene-[2]-thienylacrylonitrile )

(4.63). Emission of solutions was measured in 1 cm cuvettes using

a right-angle arrangement. The quantum yields for emission
2.6. [2,2,5,2"]-Terthiophene-5- were determined relative to anthracene in methanol. Emis-
carbaldehydehydrazon&/() sion of polymer films was measured in a front-face arrange-

ment using a Perkin-Elmer solid sample holder. The relative
A solution of [2,2,5,2"]-terthiophene-5-carbaldehyde quantum vyield for emission of each probe in each polymer
(1g, 3.61mmol) in dry ethanol (500 ml) was treated un- film, was determined using anthracene as a standard doped
der reflux with hydrazine hydrate (0.15¢g, 4.69 mmol) for in the same polymer. Polymer films were checked for the
10 h. After cooling, the solvent was evaporated and solid background emission, which was at least an order of magni-
product was crystallized from ethanol. Yield: 0.66 g (63%); tude lower in the most unfavorable case (low concentration
mp: 272-274C. Anal. Calc. for G3H1oN2S3 (290.43): of probe and high background emission).
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Table 1

Spectral characteristics of 2,3-bis{Rienyl)quinoxaline k)

Medium vapd (cm™1) logeP vexd (cm™1) vemd (cm1) @e f Gl/29 AV (emY)
MeOH 26250 4.26 25770 21980 0.17 0.12 1.2 4270
Cy 26180 3.87 26320 23310 0.10 0.10 1.0 2870
PS 25910 3.90 25970 22780 0.32 0.36, 0.16 1.9 3130
PMMA 26180 4.01 25770 22990 0.20 0.51, 0.67 1.7 3190

PVvC 26180 3.88 25970 22830 0.18 0.51, 0.68 3.7 3350

aMaximum of the lowest wavenumber absorption band.

b Decadic molar extinction coefficient (drmol~1cm™1).

¢ Excitation wavenumber.

d Maximum of the fluorescence band.

€Quantum vyield of fluorescence relative to anthracene in methane! @.21).

f Lifetime of fluorescence in solution at= 0.0001 moldnT3 andc¢ = 0.01 molkg™? in film evaluated according to [16,17].

9S.E. of measurement according to [16].

N Stoke’s shift.

i Lifetime of fluorescence in film at 0.01 mol k§ measured on LIF 200 connected to a PC, evaluated by program of J. Snyder, 1988 based on [17,18].

The relative quantum yields in film were determined ac- Table 2

cording to the following relation [15]: Absorption spectra of 2,3-bis¢zhienyl)thieno[3,4-b]pyrazinel )

Medium vapd (cm 1) logeP
s abs
sfo Ir()dv (1104
Pr = PP 55 vy Q) MeOH 25770 4.24
Jo Ig(w)dv \ 1—10" Cy 25380 4.01

PS 25770 3.88

Whereq>,§ is the quantum yield of anthracene as a standard PMMA 25970 3.73

which was assumed to be 0.21 for all environments. For PVC 25770 3.98

relative quantum vyield, the value eﬁ,? for anthracene was aMaximum of the lowest wavenumber absorption band.

OO S b Decadic molar extinction coefficient (drmol~1cm™1).
put at 1. Integrald,” Ir(v) dvand [, I2(v) dv are the areas

under the emission curve of the investigated compound and

standard, and\ and AS are the absorbances of the investi-

gated compound and standard, respectively. the decay is monoexponential [17,18]. The S.D. is given by
Fluorescence lifetime measurements were performed on aG1/2 = > (Uexp— Ieal0)?/n)V2, wherelexp andlcqic are the

LIF 200 (Lasertechnik Ltd., Berlin, Germany), which oper- experimental and calculated intensities of emission, respec-

ates as a stroboscope. The excitation source was a nitrogetively. They were was used to judge the quality of fit. It was

laser ¢ = 337nm) and emission was selected by cut-off assumed that decays were monoexponenti@hif <5%.

filters. The output signal was digitized and transferred to a  Static and time-resolved measurements were performed

microcomputer [16]. Since the lifetime is short, deconvolu- on the solution and the polymer films in the presence of air.

tion of instrument function from the measured decay was Relevant spectral data of derivatiie®/| in various media

needed. Simple phase plane method was used, assuming thaire given in Tables 1-6.

Table 3

Spectral characteristics of 2,3-bis(2'-thienyl)pyrido[3,4,-b]pyrazinié) (

Medium vapd (cm 1) logeP vex (cm™1) vemd (cm1) @° f Gl/29 Avh (cm™1)
MeOH 25510 4.30 25320 25320 0.13 4590
Cy 25510 3.52 _

PS 25320 3.95 25320 21790 0.17 0.3 3530
PMMA 25770 4.18 25320 21790 0.14 1.0, D.? 5.3 3990

PVC 25380 4.15 25000 21100 0.17 0.8,'1.6 9.3 4280

aMaximum of the lowest wavenumber absorption band.

b Decadic molar extinction coefficient (dimol~1cm™1).

¢ Excitation wavenumber.

d Maximum of fluorescence band.

€ Quantum vyield of fluorescence relative to anthracene in methanel @.21).

f Lifetime of fluorescence in solution at= 0.0001 moldnT3 andc = 0.01 mol kg in film evaluated according to [16,17].

9 Standard error of measurement according to [16].

h Stoke’s shift.

i Lifetime of fluorescence in film at 0.01 mol k§ measured on LIF 200 connected to PC, evaluated by software of J. Snyder 1988 based on [17,18].
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Table 4 absorption spectra of disubstituted thiophene derivatives on

Absorption spectra of 2,3-dicyano-5,6-bis(@ienyl)pyrazine (V) heterocyclic ring (pyrazine) for all derivatives{I1) are

Medium vapd (cm™) log&® quite similar (Fig. 1). The longest wavelength band in the

MeOH 26180 201 region 26,300—25,600 cm is clearly distinct but it is rat_her

Cy 26180 3.18 broad expressed as FWHM equal 5200¢niThe substitu-

PS 233109 3.20 tion of two cyano groups on the pyrazine ring decreases the

PMMA 23470 3.26 absorption ability of V (Fig. 1). For all the derivative$:-1V,

PVC 23700 3.48 the molar extinction coefficient is lower in the non-polar
aMaximum of the lowest wavenumber absorption band. solvent than in polar methanol. The values of the molar ex-
b Decadic molar extinction coefficient (dimol~*cm=1). tinction coefficients in polymer films are loaded with higher

error than in solution. They lie usually between the values
3. Results and discussion determined in the solvents. In casel ¥f, the values of mo-

lar extinction coefficient are lower in polymer films than in
The absorption and fluorescence spectra were measurednethanol and similar as in cyclohexane (Table 4).

in non-polar and polar solvents (cyclohexane, methanol), The absorption and fluorescence spectra of derivatives
which are solvents still dissolving the derivatives of thio- andlll in different media are shown in Figs. 2 and 3. The
phene. These compounds seem to be well compatible withfluorescence of derivativdsand|ll is rather broad, struc-
polymer matrices at concentrations 0.001 and 0.01 motkg  tureless band and FWHM is 2300 ch The quantum yield
The polarity of the used polymer matrices lies between of emission of both derivatives is around 0.2, which is com-
the limits given by the used solvents. The dynamics of the parable with anthracene (Tables 1 and 3). The fluorescence
solvent envelope in the low molecular solvent is substan- of | is red-shifted in going from cyclohexane to methanol
tially faster than in glassy polymer matrix. The shape of where the largest Stoke’s shift is around 4200¢érbut in

Table 5

Spectral properties of [2,5,2"]-terthiophene-[2]-thienylacrylonitrile\{)

Medium vapd (cm™1) logeP vexE (cm™1) vemd (cm1) @e f (ns) Gl/29 AV (em1)
MeOH 23420 4.63 25000 18830 0.05 1.0 7.5 4590
Cy 23920 4.37 23810 19760 0.04 _ 4160
PS 22880 4.03 23810 18320 0.13 1.3,f 1.2 6.9 4560
PMMA 22880 4.40 21320 18380 0.23 0.7,0.5 2.8 4500

PVC 22320 441 22730 17760 0.12 0.5,'0.4 3.8 4560

@Maximum of the lowest wavenumber absorption band.

b Decadic molar extinction coefficient (drmol~1cm™1).

¢ Excitation wavenumber.

d Maximum of the fluorescence band.

€ Quantum yield of fluorescence relative to anthracene in methanel! Q.21).

f Lifetime of fluorescence in solution at= 0.0001 moldn3 and ¢ = 0.01molkg? in film evaluated according to [16].

9 Standard error of measurement according to [16].

h Stoke’s shift.

i Lifetime of fluorescence in film at 0.01 mol k§ measured on LIF 200 connected to PC, evaluated by software of J. Snyder 1988 based on [17,18].

Table 6

Spectral properties of [2,8,2"]-terthiophene-5—carbaldehydehydrazoké)(

Medium vapd (cm 1) logeP vex (cm™h) vemd (cm1) @° zf (ns) Gl/29 AvM (cm™1)
MeOH 25710 4.82 25000 19500 0.1 11 45 6210
Cy 26180 4.80 26320 21550, 21320 0.03 0.4_ 2.4 4860
PS 25510, 22520s 4.19, 4.04 25000 21140 0.21 0.5, O._9 5.6 4370
PMMA 25380, 23700s 4.62 25060 21230 0.13 ,1'2’ 0.7,0.8 3.3,5.0 4150

PvC 25190, 22220s 4.25 23810 21190 0.10 1.0 4000

aMaximum of the lowest wavenumber absorption band; s mean shoulder.

b Decadic molar extinction coefficient (drmol~1cm~19),

¢ Excitation wavenumber.

d Maximum of the fluorescence band.

€ Quantum vyield of fluorescence relative to anthracene in methgnel @.21).

f Lifetime of fluorescence in solution at= 0.0001 moldn3 andc = 0.01molkg? in film evaluated according to [16,17].

9 Standard error of measurement according to [16].

h Stoke’s shift.

I Lifetime of fluorescence in film at 0.01 mol kg measured on LIF 200 connected to PC, evaluated by program of J. Snyder 1988 based on [17,18].
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04|

0,2 |

0,0
50 000

Fig. 1. Absorption spectra of derivatives of thiophene in methanol af aldm 3 for | (solid line), 1 (dashed line)J1l (dotted line) andV (dash
dotted line).

most other media it is around 3000Th In polymer ma- solution, which is the limit of resolution of the used experi-
trices, maximum of the fluorescence lies between thesemental set-up. In polymer matrices lifetime of fluorescence
limiting values. Derivativelll does not yield measurable of | is rather longer. Although the values of lifetime are
emission in cyclohexane, which might be due to the change charged with large error, some prolongation of lifetime in
of character of the lowest excited state of the fused pyri- polymer matrices is evident. The lifetimeldf, around 1 ns,
dine ring. The lifetime of emission dfis around 0.1ns in  was determined in polymer matrices only. The absence of

03 F A/MeOH (a.u.)

0,2 [

01

0,0 |

Fig. 2. Absorption 4) and fluorescencer] spectra ofl in methanol (MeOH) at 16° moldm23 (A (solid line) and F (dotted line)), in cyclohexane (Cy)
at10-°> moldm3 (A (dashed line), F (dash dotted line)) and in PS at 0.001 motk@ (short dashed line), F (short dotted line)). The fluorescence
bands are normalized to the respective absorption bands.
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03 |
——— A/MeOH (a.u.)
- FIMeOH
At S s APMMA
O F/PMMA
02 - -~ AIPS
rrrrrrrr F/PS
0,1 -
0,0 - ) )
35 000 30 000 25 000 20 000 15 000
B
v, cm

Fig. 3. Absorption &) and fluorescencer] spectra ofl 11 in methanol (MeOH) at 16° mol dm3(A (solid line), F (dotted line)), PMMA at 0.001 mol k¢
(A (dashed line), F (dash dotted line)) and in PS at 0.001 motKe (short dashed line), F (short dotted line)). The fluorescence bands are normalized
to the respective absorption bands.

measurable emission of and |V indicates that radiation- Absorption and fluorescence spectra of derivatveand
less channel is more effective than the radiative one for theseVI are shown in Figs. 4 and 5. The absorption spectra of
derivatives. In derivativel, the sulphur of the fused thio-  derivatives with terthiophene unité andV1 are dominated
phene to pyrazine probably increases the intersystem crossby the intense lowest wavenumber band around 23,256 cm
ing due to higher spin—orbit interaction [3]. In derivativé, with FWHM = 5000cnt! for V. It is hypsochromi-

the two cyano groups could have similar effect. cally shifted to 25,640cmt for VI as for pyrazine type
0,3
At I
(a.u.)
02 |-
0,1 |
0,0 -
35000 30000 25000 20 000 15 000
vV, cm’”

Fig. 4. Absorption ) and fluorescencer spectra ofV in cyclohexane (Cy) at 1@ moldm3(A (solid line), F (dotted line)), PMMA at 0.001 mol kg
(A (dashed line), F (dash dotted line)) and in PS at 0.001 motKé (short dashed line), F (short dotted line)). The fluorescence bands are normalized
to the respective absorption bands.
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Fig. 5. Absorption ) and fluorescenceF} spectra oI in methanol (MeOH) at 16 moldm3 (A (solid line), F (dotted line)), in PS at 0.001 mol&y
(A (dashed line), F (dotted line)) and in PMMA at 0.001 motkg(A (short dashed line), F (short dash dotted line)). The fluorescence bands are
normalized to the respective absorption bands.

derivatives. The electron acceptor acrylonitrile with thio- concentration of all the derivatives under study in polymer
phene ring attached iV interacts more strongly with  matrices (0.01 molkgl) there is slight extension of the
terthiophene chromophore than azine group, although bothedge of the lowest wavenumber band to red in the polymer
substituents extend the electronic system. matrices. This extension is clearly seen as a shoulder in
The main features of absorption spectra of derivatives Fig. 6 for VI in the PS matrix above 25,000 cth Com-
under study in solution and in polymer matrices are nearly parison of the shape of absorption band at lower concen-
the same for all the derivativésV| (Figs. 2-5). At higher tration (0.001 molkg?) with that at higher concentration

35 000 30 000 25 000 20 000 15000

Fig. 6. Comparison of absorption spectrum \of in PS matrix at 0.001 molkgt (dashed line) and at 0.01 molky (solid line). Dotted line is the
absorption at lower concentration adjusted to the height of absorption at higher concentration.
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(0.001 mol kg 1) clearly shows that this extension of the ab- Table 7
sorption band is a concentration effect. The excitation spec-Quenching of thiophene derivativésV1 by 1-oxo-2,2,6,6-tetrametyl-4-
tra of VI in the polymer matrices exhibit the same features MYdroXypiperidinom in methanol

as the absorption spectra at lower and higher concentra-Chromofores Ksv (moldn?) t (ns) kg x 10101 )
tions of dopant in polymer matrix namely shoulder at lower (dmPmol~ts™?)
wavenumber side of the band. Maximum of the excitation Anthracene 268 4 6.7

[ 155 0.1 155

spectrum ofV1 in all polymer matrices is red-shifted about
600cnT! as compared to the absorption band. This might m

110 1.6 71
indicate some aggregation of these derivatives at higher con-y

centration in polymer matrices. Clearly] exhibits a dis- \Y 114 1.0 11.4
tinct aggregation in polymer matrices. Vi 8l 11 7.4

Derivative V, in which terthiophene chromophore is in
conjugation with acrylonitrile group, yields fluorescence
with maximum in the range 20,000-18,900¢hin so- In conclusion, the spectral data of the investigated deriva-
lution and with low quantum yield 0.05 (Table 5). The tives show that linking of thiophene to heterocyclic pyrazine
fluorescence in all polymer matrices is red-shifted as com- ring results in both increase as well as decrease in fluores-
pared with the solution showing some sign of shoulder at cence, depending on the structure of the heterocyclic unit.
high wavenumber edge (Fig. 4). The quantum yield of fluo- The extension of terthiophene electronic system by substitu-
rescence is higher around 0.1. The lifetime of fluorescencetion results in some improvement in the spectral properties
is around 1ns. It was difficult to measure lifetime gf The doping of these derivatives in polymer matrices does not
in cyclohexane due to the weak signal. It is shortened in change the basic spectral features as compared in solution.
polar polymer matrices (Table 5). The Stoke’s shift is large In some cases, higher quantum yield and longer lifetime is

about 4500 cm’ indicating that the geometry of ground observed for the derivatives (mainly doped in polymer
and singlet excited states could be rather different. matrix.

Derivative VI, in which terthiophene chromophore are
linked with azine group, exhibits flourescence with max-
imum in the range 21,300-19,000 c blue-shifted in Acknowledgements
comparison toV (Fig. 5). This fact indicates that singlet
energy is higher and consequently the extent of conjugation The authors thank grant agency, VEGA for the finan-
in ground or excited states is lower thanMn The quantum  cial support through the grants 1/7355/20, 2/7009/20 and
yield of emission is comparable in polar methanol and in 1/8109/01.
polymer matrices with anthracene; but substantially lower
in non-polar cyclohexane. In cyclohexaind, exhibits some
shoulder at the high wavenumber side of the broad band
V_Vhll_e in other media only th? broad ban(_j I_S observed. The [1] D. Fichou (Ed.), Handbook of Oligothiophenes, VCH/Verlag,
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