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ABSTRACT

The photophysical properties such as singlet absorption, molar absorptiv-
ity, excitation and fluorescence spectra as well as fluorescence quantum
yield of HPyPBD have been measured in different solvents. Both electronic
absorption and fluorescence spectra are not sensitive to medium polarity,
while the fluorescence quantum yield (¢,) is solvent dependent. HPyPBD
dye displays molecular aggregation in water. The photochemical quantum
yield (¢,) of contact ion pair formation has been determined in carbon
tetrachloride upon irradiation with 525 nm lights. Dye solution in DMF
gives weak laser emission around 560 nm upon pumping with 337.1 nm
nitrogen laser pulses. The excitation energy transfer from 9, 10-
diphenylanthracene (DPA) to HPyPBD has been studied to improve the
laser emission of HPyPBD. The values of energy transfer rate constant k
and critical transfer distance (R ) indicate a Forster type energy transfer
mechanism. The geometrical and electronic structures of HPyPBD mol-
ecule, in both the ground and excited states, have been elucidated using
AMI and ZINO/S semiemperical quantum calculations.
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INTRODUCTION

Thedyesderivedfrom 3, 4, 9, 10- perylenetetra
carboxylic dianhydride have high molar absorptivity in
vighblespectrum (104 - 10° M-t cmh), high fluorescence
qguantumyield (0.5 - 1.0)*% and excellent stability to
heat and light®. These derivativeshave been used as
building blocksfor molecular switches, wiresandlogic
gates” aswell as organic light emitting diodes %1
and laser dyed?>% light harvesting arrayd'¢%8, photo
reactive thin filmg'*® and in solar, cell§?%4. Also
perylenederivativeswerefound to include some prom-
ising microcrystaline photoconductorsfor e ectro-pho-

tography and have been incorporated in prototype pho-
tovoltaic cellg?. In this paper, we report the photo
physical properties, laser activity and energy transfer of
anew perylenederivative namely, N, N-bis (3-hydro
xypyrimidenyl) - 3,4, 9, 10-perylenebis(dicarboximide).

EXPERIMENTAL

N, N-bis(3-hydroxypyrimidenyl)-3,4,9,10-
perylenebis (dicarboximide) (HPyPBD) was prepared
and purified according to procedure described in detail
in23, TLC and spectroscopic techniquesaswell asd-
emental analysisconfirmed the purity of thedye. The
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solventsused inthiswork were of spectroscopic grade.
Sodium dodecyl sulfate (SDS) was used to prepare
anionic micelle. Steady state emission spectrawere
measured with a Shimadzu RF 510 spectrofluoro
photometer connected to an ultrathermostate (Julabo
F 10) of temperature precision 0.1°C using arectangu-
lar quartz cell of dimension 0.2 x 1 cmtominimizethe
resbsorption. Theemissonwasmonitored & right angle.
The el ectronic absorption spectrawere measured us-
ing aShimadzu UV 2100S spectrophotometer. Light
intensity was measured by using ferrioxa ate actinom-
etry®?4. Fluorescence quantum yiel dswere measured
relativeto rhodamine 6G as areference standard for
which¢, =0.96 (A, =420 nm) in ethylene glycol .
Thefollowingrelation has gpplied to ca culatethefluo-
rescence quantumyieldg®!

Fsfl— exp(-A, In10)jn2

F {1- exp(-AIn10)}n? (1)

or (5)=o: (1)

where F denotestheintegral of the corrected fluores-
cence spectrum, A isthe absorbanceat the excitation
waved ength, and nistherefractiveindex of themedium.
Thesubscriptssandr refer to sample and reference,
respectively. Thelasing action of the dye was moni-
toredinadyelaser (GL-302 DyeLaser, PTI) pumped
by a nitrogen laser (GL3300) Nitrogen Laser, PTI),
the pump laser (A _ = 337.1 nm) was operated at
repetation of 3 Hz with apulseenergy of 1.48mJand
pulse duration of 800 ps. The narrow band output of
the dyelaser was measured with apyroel ectric Joule
meter (ED 100, Gen-Tec).

Thegeometrical, el ectronic structuresand dipole
moment of both the ground and excited states of
HPyPBD have been performed with thehel p of Argus
Lab 4.0 softward?1. AMI Hamiltonian obtained the pre-
cise geometry optimization, whilethe e ectronic struc-
ture and dipole momentswere ca culated by AMI and
ZINDO/smethods. All theca culationswere performed
using thedefault parameters.
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RESULTSAND DISCUSSION

Electronic and emission spectra of HPyPBD in
different solvents

The dectronic absorption, emission and excitation
spectraof dilute solutions of HPyPBD were measured
indifferent solventsat room temperature. Figures1, 2
show the absorption, emission and excitation spectra
of HPyPBD in chloroform and methanol. The absorp-
tion and excitation gpectrahavethreedigtinctivemaxima
at 525 nm, 490 nm and 460 nm. They areattributed to
the vibronic peaks of the first electronic transition
(S,~S)). The Stokes shiftisabout 180 cm™. The ap-
proximate mirror-image rel ation between absorption

1D 4

@
o ] |
. A
E L]
: |
=
2 Jr-‘n | \/'II |
nz - If_‘\f \
L] T ._/_‘_/| T 3
- - ‘;;Wehi;ﬂl (n:l) - -
£l
2
7]
5
E
@
=
3
B
E
('S

£1i 441." 43;2! -Elil m'n 5&.[! 54!] !ﬁIIJ ﬁ&::I El'l" Bili"-

Wavelength (nm)
Figurel: (a) Electronicabsorption spectrum of 1.3 x 10°
mol dm® of HPyPBD in methanal; (b) Emisson (....... ) and
excitation (- -) spectraof 1.3x 10°mol dm*of HPyPBD in
methanol and emission spectrum (- - -) of HPyPBD in eth-
yleneglycol. The same excitation spectr um was obtained
in ethyleneglycol
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and fluorescencebandsis caused by relatively small
differences between the geometry and the sol vation of
theground and excited singlet sates, whichistypica of
rigid polycyclic aromatic molecules®!,

Theabsorption and emission featuresof HPyPBD
arenot solvatochromoic which, coupled with high mo-
lar absorptivity and relatively high fluorescence quan-
tumyields, suggest that thelowest excited singlet state
(S)) possesseslittle or no chargetransfer and the di-
polemoment of HPyPBD isessentidly thesameinboth
ground (S,) and excited (S)) states. Thelossof vibra-
tiona structureinemission of HPyPBD in polar protic
solvents (Figurel-b) was attributed to the formation of
hydrogen bond between the heteroatoms of fluorophors
and thea cohol, which occurred during thelifetime of
excited snglet sate. A greater lossof vibrationa struc-
tureintheemission of HPyPBD wasobservedin ethyl-
eneglycol thanin methanol. Theseresultswereattrib-
uted to a higher probability of specific solvent-
fluorophorsinteractionin ethyleneglycol, wherethe
average concentration of hydroxyl groupsishigher.

Theenergy of thelowest excited singlet state (Es)
was estimated by averaging the energy of the absorp-
tion and emi ssion maxima, respectively asEs=2.3¢eV.
TABLE 1 summarizesthe photophysical propertiesof
HPyPBD indifferent solvents. Asshownin TABLE 1,
fluorescence quantumyield (¢ f) decreaseswithincreas-
ing solvent polarity. Thiscould beattributed toincrease
the non-radiative processes caused by increase of the
vibronic coupling between thelowest Y(r-n*) and }(n-
n*) aswell as, in case polar protic solvents, thehydro-

TABLE 1: Photophysical propertiesof HPyPBD in different
solvents

Aan(NM) Aem(nM) Sma?L( T
SVeNtS 530051052 00 10 Mo ¥ (ng
Toluene 527 491 460 510 550 70000 0.82 3.9
ccl, 527 489 455 525 566 76000 0.78 3.8
CHCl; 527 491 457 530 570 85000 0.64 3.1
Acetone 522 483 454 525 563 72000 0.77 3.5
14-Dioxan 523 485 454 525 575 71000 0.74 33
CH:CN 522 484 454 525 563 73000 0.58 2.5
EtAc 523 486 456 526 564 76000 0.44 2.3
DMF 526 490 458 530 570 72000 0.58 33
nBUOH 527 491 457 530 568 74000 054 2.8
nPrOH 525 487 457 526 570 71000 048 2.7
MeOH 524 486 455 526 570 71000 0.29 2.4
EG 525 486 456 526 - 018 -

Et.Ac = Ethyl acetate ; EG = Ethylene glycol

gen bond formation between sol vent and dyemol ecules
which enhancestheradiationlessinternal conversion
which competeswith fluorescence emission®2,

Inhighly concentrated sulfuric acid (Andar 96 %)
the dyegives absorption spectruminvisibleregionin
therange400-700 nm with absorption maximum at 552
nm and emission maximum a 660 nm (A =550 nm)
asshowninfigure3. Thered shiftin both absorption and
emission spectrawoul d be dueto S mpleprotonation at
the basic centers (carbonyl centers and pyrimidenyl
moiety).

Thetransitiondipolemoment (u,,) fromgroundto
excited state was calculated in chloroform and

dimethylformamideusing therdation*
f

_— 2
4.72x107 " X Epyax @

Hfz =

WhereE__ istheenergy of maximum absorptionincm™ and f

is the oscillator strength which is given by the relation!

f =4.32x 10*9j g(v)do ©)
Theintegrd isthe experimental molar absorbtivity,

thevaluesof ., for HPyPBD werefound to be 9.80
and 10.20 Debyein chloroformand dimethylformamide,
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Figure 2 : (a) Electronic absor ption spectrum of 1.05x
10 mol dm®of HPyPBD in chlor oform; (b) Emission and
excitation spectra of 1.05x 10° mol dm=of HPyPBD in
chloroform
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Figure 3: (a) Electronic absorption spectrum of 2x10°
mol dm®of HPyPBD in H,SO, (Analar 96%); (b) Emis-
sion spectrum of 2x 10°mol dm®inH_SO,

respectively.

Theradiativelifetimet_(ns) wascalculated from
the modified Strickler-Berg equationi3Y.
L _3x10n%2 [EQS @)
Tf

Wherenistherefractiveindex isthe energy of the absorption

maximum (cm'), the v2 integration is the area under the ab-

sorption curve. By knowing the values of fluorescence quan-
tum yield (¢ f) in different solvents, the fluorescence lifetime
() in ns was calculated from the relation T,=T,% 0, The

valuesof ¢ for HPyPBD arealsolisted in TABLE 1.
Molecular aggregation of HPyPBD in water

Thedectronic absorption, excitationand emisson
spectraof 2.8 x 10°mol dnmr® inwater containing 5 %
by volume ethanol or DMF have been measured at
room temperature. As shown in figure4, the absorp-
tion spectrum isbroad with maximum at 476 nm and
the molar absorptivity was reduced (¢ = 21000 M1
cnrt) compared to that in organic solvents. Theemis-

mol dm of HPyPBD in water containing 5% by volume
ethanal; (b) Emission(...... ) and excitation (-) spectra of
2.8x 10°mol dm2of HPyPBD inwater containing5 % by
volumeethanol

sion band wasred shifted (A, max =570nm) andis
broadened. The excitation spectrum compareswith the
absorption spectrum obtained at room temperaturein-
dicating that thered shiftin emission spectrumisdueto
theexcitation of the ground state molecul ar aggregates
with fluorescence quantumyield of 0.035.

Thedrastic changesintheabsorption and fluores-
cence propertiesof HPyPBD dyein water that areas-
sociated with dimerization can beinterpreted in terms
of molecular exciton theory for plane-pardld dimersin
thestrong (r-r*) interaction limit. Accordingly, inter-
action betweenthetrangtion dipolemomentsof thetwo
unitsin thedimer causesasplitting of the S, excited
state of themonomer in two states, oneat ahigher en-
ergy (trangtion dipolesin phase) and theother a alower
energy (out of phase) relativeto that of monomer.

The blue shift in the absorption spectrum of the
dimer (Figure4- @) indicatesthat thetransition dipoles
of thetwo dye moleculesin thedimer were oriented
strictly paralle to each other and perpendicular toin-
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Figure 5 : Emission spectra of 2.8x10° mol dm= of
HPyPBD in SDSmicellesolution (A, =480 nm). Thecon-
centrationsof surfactant at increasing emission intensity
are: 0.0, 2x107%, 4 x 103, 6 x 10 and 8 x 10°* mol dm
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Figure6: Effect of irradiation on the electr onic absor p-
tion spectrum of 1x 10° mol dmof HPyPBD in CCI (A,

irr

=525nm). Theirradiation timesat decr easing absor bance
are0.0, 5, 10, 20, 30, 40, 60, 80, 90, and 120 min

termolecular axis. The mechanism by which thefluo-
rescence of HPyPBD dyeis quenched upon dimeriza-
tionmost likely involveseither enhancement intherate
of intersystem crossing (isc) owingto ashifting of rela
tiveenergiesof theexcited singlet and triplet statesor
enhancement intherate of internal conversiontothe
ground state owing to theexciton (dipole-dipole) inter-
action®>34 aswell as hydrogen bonding with water
molecules.

Thedissociating effect of organic solventssuch as
EtOH, DMF and CH,CN on dimer of HPyPBD dye
was observed. By increasing theratio of organic sol-
vent inwater content, the absorption and emission are

Physical CHEMISTRY o

shifted tothemonomer festures. Themechanismof dis-
sociation by organic solventsisnot well understood but
it probably involves specific dye-solvent interaction
rather than being abulk solvent effect!®. It seemsthat
thehigh didectric congtant of water molecul esdecreases
the dectrostati ¢ repul sion between dye moleculesand
then enhancesthe mol ecular aggregation. Thedissoci-
ating effect of EtOH and DMF onthedimer of HPyPBD
dye was generally observed in other dye systems as
Wel | [36-41].

The emission spectrum of 2.8x10° mol dm3
HPyPBD has a so been measured in anionic (SDS)
miceller mediaasshowninfigure5. Theemissionin-
tensity increases asthe concentration of surfactant in-
creases. An abrupt increasein thefluorescenceinten-
sity isobserved at surfactant concentration of 8x10*
mol dmthat isthecritical micdleconcentration (CMC)
of SDS*. Thereisalso ablue shift in the emission
maximum of HPyPBD inSDSat CMC, A (max) =
532 nm compared with that in water 2, = 560 nm.
Thisisduetotheroleof anionic SDS micelleaggre-
gatesin causing physica separation between HPyPBD
moleculesand prohibiting molecul ar aggregation during
thelifetimeof Snglet excited Sate.

Sudy of contact ion pairs

A compound formed when apositivecation and a
negativeioninteract with each other by Coulomb at-
traction and get closetogether, but with both charges
still separated, iscalled acontact ion pair. Sincethe
charge separationiscomplete, alargedipole moment
can be expected. Theformation of acontaction pair
usualy occurshby electron transfer from excited donor
mol eculeto theacceptor. In order for such acompound
to beformed, alow ionization potential of the donor
and high e ectron affinity of theacceptor are necessary.
A direct observation of acontact ion pair HPyPBD*
Cl-in CCl,, solvent was studied by UV/VISabsorption
technique. Photo irradiation of 1x10° mol dm= of
HPyPBD by 525 nmlight (I_=4x10° Ein/min)inCCl,
(E,=2.12eV) causesadecreasein absorbanceand a
new absorption peak gppearsat 570 nmwith isosbestic
point at 541 nm (Figure6).

The photochemica quantumyield () of ion pair
formationwascd culated us ngamethod described e se-
where¥ and wasfound to be ¢, = 0.018. Theforma-
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tion of theion pair isaone-photon process as repre-
sented by thefollowing SCHEME:

HPYPBD —Y(HPyPBD)* absor ption of light D
YHPyPBD)* ->HPyPBD + hv fluorescence 2
HPyPBD)* + CCl,— [HPYPBD".....CCL]* exciplex (3)
[HPYPBD*$ ... 8CCl,] 5[HPyPBD™*..."Cl ...CC1] (4)
[HPyPBD'*..."Cl...CCL] = photopr oduct for med

in solvent cage 5)

We proposethat the e ectron transfer fromthe ex-
cited singlet state of HPyPBD to CCl, inthetransient
excited chargetransfer complex isthemain primary pho-
tochemica process, whichinitiatesachemicd reaction.
It leads to the radical cation, a chloride ion and a
trichloromethyl radical in solvent cage. The photoion-
ization of somearomatic and aiphatic aminesin chlo-
romethane sol vents has been reported earliert449l,

L aser activity and excitation ener gy transfer

A 2x10* mol dm solution of HPyPBD in DM F
givesweak laser emissioninthelasing range (540-580
nm) with emission maximum at 560 nm. Thewesk la-
ser emission of HPyPBD dye can beattributed to strong
overlap betweenitsemission and e ectronic absorption
gpectra, low molar absorptivity a pumping wave ength
(337.1nm) aswell aslow solubilityin DMFE. Themaxi-
mum gain coefficient (o) wasca culated as0.87 ct at
maximum |aser emission by measuring theintensity |, of
laser emissionfromtheentirecell length L and thein-
tensity | /, fromthecell haf-length. Onecan calculate
thelaser gain (o) from thefollowing rel ationt.

2 11

a=—Inf—-1 (5)
- l't/z ]
The crosssection of stimulated laser dyeemission

o, wascal culated at | aser emission maximum (560 nm)
according to the equationi”!

ALEW

8rcn zrf

(6)

Ce

where 1 is the emission wavelength, nis the refractive index
of the dye solution, c isthe velocity of light, t, isthe fluores-
cence lifetime, and E()) is the normalized fluorescence line-
shape function at certain wavelength where:

I E(L)dh. = ¢ (7)

(A) was obtained from the fluorescence spectra of
dilute sol utionsto minimi ze regbsorption. For HPyPBD

= Pyl Paper

dyevalueof 6_=7.62 x 10" cm? wasobtained at 560
nm. The photochemical stability of laser dyewasde-
termined asthehaf-lifeenergy (E, ) that istheamount
of total absorbed pump energy until thedyelaser en-
ergy hasdropped to 50% of itsinitid value; thevaueof
E,,wascalculated as 2970 JL 1.

HPyPBD dye acts as energy acceptor from laser
dyes that have agood molar absorptivity at 337 nm
such as 9,10- diphenylanthracene (DPA). An equi-
molar mixture (2x10* mol dm3) of HPyPBD and DPA
inDMF giveslaser emissoninthesamespectrd region
of HPyPBD (energy acceptor) with maximumgain co-
efficient a= 1.4 cn upon pumping with nitrogenlaser,
indicating an energy transfer from excited donor DPA*
to ground state acceptor (HPyPBD). Energy transfer is
expected to occur because of theremarkable overlap
between DPA emissionand HPyPBD absorption spec-
tra, thusmost of excitation energy absorbed by donor
(DPA) moleculesistransferred to acceptor (HPyPBD)
asauseful pump power making excitation transfer ffi-
cent.

Theoutput energy of maximumIaser emisson (A
=560 nm) of HPyPBD in DMF assolvent inthe pres-
ence of different concentrationsof DPA isshownin
figure7. For increasein the concentration of thedonor,
sdlf-absorptionisresponsblefor screening thetunable
laser action. Thusthemaximum output energy decreases
with increasing the concentration of DPA in dye mix-
ture. In addition to the above energy transfer dye laser
(ETDL) study, fluorescence quenching characteristics
have al so been studied to determinethe rate constant
of energy transfer and assert the nature of energy trans-
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Figure7: Plot of laser output ener gy at A= 560 nm of 2 x

10“*mol dmof HPyPBD in DM F ver susthe concentra-
tionsof DPA
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Figure8: Fluorescencequenching of 1 x 10°mol dmof
DPA by HPyPBD in DMF (A =337 nm). The concentr a-
tionsof HPyPBD at decreasing emission intensity are0.0,
4x 10%and 1.2 x 10* mol dm®
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Figure9: Sern-volmer plot of fluorescence quenching of
1%10° mol dmr2 of DPA by HPyPBD in DM F
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Figure 10: Dependenceof In(l /I) on quencher concentra-

tion accor ding to Perrin model for 1 x 10° mol dm=DPA

with quencher HPyPBDin DM F
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fer involved in the DPA/HPyPBD system. Figure 8
showsthedecreasein fluorescenceintensity of 1x10°
mol dm of DPA in DMF as the concentration of
HPyPBD increases. Therate constant of energy trans-
fer (k. in M"* s*) can be calculated by applying the
Sern-Volmer relation* (Figure 9)

||_o =1+ker [Q] ®

where | and | are the fluorescence intensities in the absence
and presence of the acceptor with concentration[Q], 7, is the
fluorescence lifetime of donor in the absence of the acceptor.
Taking t, of DPA as 6.8 ng*® in DMF, the rate constant of
energy transfer has been calculated as 1.8x102 M-1s'. This
value is much higher than the diffusion rate constant in DMF
(1.5x10% M-1s?) at room temperature, indicating adiffusionless
energy transfer mechanism.

From the overlap between the emission spectrum
of donor and absorption spectrum of acceptor, thecriti-
cal transfer distance of DPA/HPyPBD pair can becal-

culated by

4

RE_ 125 r10—2%f I Fo(0)ea (0)do ©

34
whereR istheForster critical transfer distance at which
50 % of the excitation energy istransferred to the ac-
ceptor. R, then definesthe spatial relationship of the
donor and acceptor at which the probability of donor
de-excitation by energy transfer equal sthe probability
of de-excitation by other processes that occur inthe
absence of acceptor, (¢ f) isthefluorescence quantum
yield of donor, nistherefractiveindex of themedium
andtheintegra istheoverlapintegra for fluorescence
spectrum of donor normalized to unity (F,) and ab-
sorption spectrum (g, ). Thecritical transfer distance
R,wascaculatedasR =32 A. This value is higher
thanthat for calligon energy transfer mechanisminwhich
R, islessthan 10 A®™. Thehigh value of thecritical
transfer distance and energy transfer rate constant indi-
cate that the underlying mechanism of energy transfer
within DPA/HPyPBD system is aresonance energy
transfer dueto thelong range (dipole-dipol €) interac-
tion between excited donor and ground state acceptor.
The fluorescence quenching of DPA (donor) by
HPyPBD (acceptor) at various concentrationsfulfill the
Perrin’s relationship®-*¥ whichisgiveninthefollowing
equation

In[1 /11 =VN[Q] (10)
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Figure11: Theoptimized molecular structureof HPyPBD
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Figure12: HOM O-L UOM O molecular orbital represen-
tation

where V is the volume of active sphere of quenching in cubic
centimetersand N isAvogadro’s number. From the plot shown
inFig. 10, thevalueof V wasfoundto be 9.6 x 10* A3, Theradius
of active sphere can be calculated assuming its spherica shape

inasimpleway R= (3V/4r) ¥* and was calcul ated as 60A.
Theoretical calculations

Semiempirica quantum chemicd calculationsus-
ingAM1 method were performed to sudy the mol ecu-
lar and el ectronic structures of the (HPyPBD) dyeun-
der investigation. Optimization of bond lengths, bond
anglesand dihedral anglesintheground state produces
astablestructurewith aminimum energy (heat of for-
mationis30.95k cal mol?), asshowninfigure 11.

The calculations show that the hydroxyl pyrimi-
dinerings are out of plane with respect to perylene
moiety. Thedistortion from planarity takes place by
rotation of both pyrimidineringsaround C,-N, and
C,-N,, bondsby 82°. Also, both the attached pyrimi-
dineringsaretwisted from each other’s due to rotation
around theplanecontainingthebondsC,-N, andC,.-

4 by 17°.

" The calculated bond| engthsof C -N,, and C,-
N, arequitelonger (1.448 A) compared to the bond
lengthswithin therings (1.339 A for C-N and 1.38-

—= Pyl Peper

1.42 A for C-C bonds) indicating a single bond char-
acter, whichisin agreement with the expected ones.
Thisisprobably dueto theba anced e ectronicinterac-
tion of thepyrimidinegroups. Thisisconfirmed by ca-
culating both the HOMO level (at -4.96 eV) and
LUMOlevd (at-2.41eV), Figure 12, whichindicates
alittlemodificationin the electronic density over the
whole skel eton of the perylenebis (dicarboximide) moi-
ety. Thecd culaionswereal so extended using INDOL/
Stoinvestigatethe nature of thiselectronic transition
and calculateitsenergy. The calculationsshow that the
lowest energy corresponding to the HOMO-LUMO
transition equalsto 2.55¢eV.

Inaddition, the oscillator strength of thistransition
wascalculated as 1.38 indicating (m—n*) transition.
Theenergy of thelast electronictransition corresponds
to awavelength of 486 nm, whichisinacloseagree-
ment with the experimental observationsof 0—1 tran-
sition at (about 490 nm). Furthermore, the dipole mo-
ment of both ground and excited stateswas ca cul ated
as0.58 and 0.63 Debye, respectively. Thesmdl change
in dipole moment upon excitation indicatesagain the
little changeinthed ectronic distribution upon exdtation.

CONCLUSION

In conclusion, it wasfound that HPyPBD dyeis
highly photostablein polar solventswith solvent de-
pendent fluorescence quantum yield. HPyPBD dye
giveslaser emissionin therange 540-580 nm and acts
asagood energy acceptor from DPA laser dye. Also,
thedyedisplaysground state molecul ar aggregationin
water, and forms contact ion pair in carbon tetrachl o-
rideuponirradiation at 525 nm lights. The dipole mo-
ment isessentially the samein both ground (S and
excited (S) state.
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