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ABSTRACT

The present paper discusses the effect of CdS QDs on photo physical and photochemical parameters of
BMPP laser dye in different media including methanol, sol-gel matrix, poly methyl methacrylate (PMMA)
and a copolymer of MMA and 2-hydroxyethyl methacrylate (HEMA) media. CdS QDs have been applied as
energy donors to BMPP laser dye in a trial to improve its lasing efficiencies and the sensitized emission of
BMPP laser dye using CdS QDs as donors was also achieved in methanol.

The amplified spontaneous emission (ASE) efficiencies of BMPP laser dye in the different hosts under study
were measured as the ratio between the output energy of the dye over a range of input pumping energy with
a highest ASE slope efficiency being in methanol compared with PMMA and HEMA/MMA polymeric
matrices.

The photo-stability of the samples was examined in terms of the ASE intensity change as a function of the
exposure time to blue diode laser and in terms of the time needed to reduce the energy output intensity to
half of its value. The highest photo stability was observed in methanol. The least stability is observed in
PMMA and HEMA/MMA polymeric matrices. Despite the role of CdS QDs in sensitized emission, they
enhance BMPP laser dye.

Some spectroscopic and photo physical criteria of BMPP dye have been measured in presence and absence
of CdS QDs by applying spectroscopic data and relevant calculations. These include the oscillator strength,
attenuation lengths, radiative decay rate constant, absorption and emission cross-sections, dipole moments,
intersystem crossing rate constants and the tuning domain gain coefficients (o).
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INTRODUCTION

The connection of nanoparticles (NPs) with
fluorophores has been an active area of
discussion during the last two periods with an
enforcement ranging from material to
biomedical science [1]. The fluorescence of a
dye molecule is quenched or enhanced in the
close nearness of NPs and can be utilized to test
the microenvironment of the fluorophore.

The emission of a dye can be adjusted utilizing
NPs and quenching or enhancement of
photoluminescence of a dye by NPs dependent
on the separation between dye molecule and
NPs and mechanism of energy transfer [2].
There are of three kids of quenching tasks:

static, dynamic and by electron / energy transfer.
In static quenching, the dropping in emission
intensity is a result of adsorption of the probe on
the surface of QDs, activity a non-fluorescent
complex among the fluorophore and quencher
QDs, however, in dynamic quenching, the
lowering of emission intensity is brought about
by collision of the excited fluorophore with a
guencher over the excited state lifetime. The
third kind of quenching is because of radiative
and non-radiative energy transfer among the dye
molecule and QDs [3]. The fluorescence
guenching is improved at shorter separations
and it is relegated to proficient non-radiative
energy transfer between a dye and the NPs [3].
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The contradictions among radiative and non-
radiative decay energy impacts the fluorescence
of fluorophore molecules arranged close to the
NPs because of Joule heating and surface
Plasmon absorption in condition of metallic
NPs. They have been utilized as gigantic and
multilateral  biological imaging specialists
because of their high photo stability, high
fluorescence quantum yields, large absorption
coefficients, continual absorption bands for
multi-color ability, narrow and symmetric
emissions, and numerous bio- functionalization
strategies which makes them perfect hopefuls as
Forster resonance energy transfer (FRET)
pairs[4,5].

In organic molecules, the high delocalized =-
electron systems over their backbone have
pulled in huge consideration due to potential
applications related with strong emission
attitude and gigantic nonlinear optical properties
[6]. In Pyrazine [7] compound, the nitrogen
atoms at the 1, 4 locations of a six membered
aromatic ring. Because of the high electron
withdrawing properties, pyrazines are brilliant
choose for combination as electron-withdrawing
groups in push-pull scaffolds supporting intra
molecular charge transfer (ICT). Some distyryl
pyrazines had been readied [8] and checked for
optoelectronic gadgets, as emitting materials for
lasing point [9]. In this article the spectral
behavior of (E, E)-2, 5-bis [2-(1-methyl-1H-
pyrrole-2-yl] pyrazine (BMPP) is examined in
solution and in polymer network presence of
CdS QDs.

Liquid dye lasers are high efficient, of low laser
threshold, have wide tuning range from the
near-UV to the near-IR regions of the spectrum
and have long lifetime. None of other lasers can
yet replace the dye laser for its power, gain, low
price and broad range of tenability.

However, these lasers could not reach the
commercial marketplace because of their
inherent defects such as bulky volume,
flammable and toxic solvents, dye degradation,
heating and triplet-state formation.

Dye laser solutions have to be flowed through
the laser cavity to maintain constant gain and
beam quality. This requires bulky dye-flow
systems and reservoirs, with large quantities of
dye dissolved in often flammable and toxic
solvents [10]. These hindrances can be
conquering by doping stable laser dye molecules

into limited host network, for example,
polymers, silica gels, xerogels and sol-gel
glasses.

Inorganic glasses are excellent photonic media
(in the spectral region of interest) because of
their low optical losses, good mechanical
properties (high strength, stiffness, hardness and
introduction to  hybrid organic-inorganic
materials and abrasion resistance) and long-term
environmental stability. In solid state dye lasers,
dye-matrix interactions  (hydrogen  bonds
between the dye and hydroxyls) allow the
adsorption of the dye on the mesopores surface
preventing the dye bimolecular reactions and
enhance the dye thermal and environmental
stability.

EXPERIMENTAL

MMA as homopolymer was prepared as
follows: 3g/L of azobisisobutyronitrile (AIBN)
as initiator was dissolved in purified MMA. The
solution was placed in an ultrasonic bath for a
period of about 15 min till the initiator was
completely dissolved. Then BMPP dye was
dissolved in MMA by using the ultrasonic bath
for up to 20 min to obtain the desired
concentration. Drying and aging were carried
out in controlled clean oven at 60°C. After one
week of preparation, the samples were dried and
handled for various measurements [11].

MMA/ HEMA copolymer was prepared as
follows [12]: 3g/L of azobisisobutyronitrile
(AIBN) as initiator was dissolved in freshly
purified MMA and HEMA (151 ml)
monomers. The solution was stirred in an
ultrasonic bath for about 15 minute until the
initiator was completely dissolved.

Then the BMPP dye was added to obtain the
desired concentration and allowed to dissolve in
the ultrasonic bath for extra 20 min. drying and
aging were carried out in controlled clean oven
at 60°C, since physical appearance and
transparency were affected by increasing
temperature over 60°C. After one week from the
date of preparation, the samples got dried so
they could be handled and subjected to various
measurements.
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Sol-gel materials were prepared by the
hydrolysis of silicon alkoxide followed by poly
condensation. fluorophore probe was doped into
the matrix by doping method. Hydrochloric acid
as a catalyst and glycerol as drying control
chemical additives (DCCA) were added to get
monoliths [10]. This method includes the
additions of tetraethoxy silane (TEOS) 22.4 mL,
methanol (MeOH) 12mL, distilled water (H,O)
18mL, HCI 2mL (0.1N) and 16mL glycerol
(Merck) as DCCA. The sol thus prepared was
stirred in ultrasonic bath forl4.5 hours.
Approximately one mL of laser dye methanolic
solution and 2.5mL sol were poured into
rectangular polystyrene cuvette and then sealed
with Teflon tape. Drying and aging were
completed in controlled clean oven at 60°C.
After three weeks, the samples got dried so that
it can be handled and can be subjected to
various spectroscopic measurements [10].

Two methods for QDs preparation methods in
both organic and aqueous media have been
followed [13]. The QDs prepared in organic media
gave frosty silicate samples upon doping whereas
QDs prepared in aqueous medium gave clear
appearance upon doping silicate hosts with QDs.

A typical procedure for the preparation of CdS
QDs in organic medium was described as
follows: 20.0mg cadmium acetate dihydrate
[Cd(Ac),-2H,0, 0.075 mmol] and 12.0mg sulfur
powder (0.375 mmol) and 4mL oleic acid OLA
were added into a 25mL three-neck flask [13].
Under nitrogen flow, the resulting solution was
heated up to 250 -C and kept at this temperature
for 4 h. The solution was then cooled to room
temperature, and excess methanol was added to
yield a yellow precipitate, which was then
separated by centrifuging. After five times
centrifugation and purification, CdS QDs were
obtained and dissolved in toluene. All the
solvents used were anhydrous and
measurements were done at room temperature.
Synthesized QDs were characterized by UV-Vis
spectro photometer (PerkinElmer, Lambda 35)
and fluorescence  spectroscopy (PF-6300
Spectro fluorophotometer).

A typical procedure for the preparation of CdS
QDs in aqueous medium was described as

follows [13]:250 ml three-necked flask. 100 ml
of 0.02M CdCl,. 2.5 H,O was initially added in
to the flask, then 1.0 ml thioglycolic acid was
introduced under stirring, and the pH was
adjusted to 12.00 using 1.0 M NaOH. After the
solution was agitated for 10 min, 0.3ml of 30%
H,O, was added drop wisely into the flask. The
reaction mixture was refluxed at 100°C under
open air condition; an aliquot of sample was
taken out at different times during the reflux.
Absorption and transmission spectra of the
prepared samples were recorded on a UV-Vis
spectrophotometer (PerkinElmer, Lambda 35).
The absorption spectral data of the dye-
embedded with CdS QDs and undoped with
CdS QDs were measured. The fluorescence
spectra were recorded on assembled fluorometer
(PF-6300 Spectro fluorophotometer) in front
surface excitation-emission geometry. The
excitation wavelengths were fixed at maximum
absorption  wavelengths (nm) for each
fluorescence measurement.

2, 5-dimethylpyrazine (0.00462 mol, 0.5 g) and
1-methylpyrrole-2-carboxaldehyde (0.0138 mol,
1.513 g) were dissolved in DMF and the mixture
was cooled to 0°C. To this mixture, potassium-
tert-but anolate (0.013 mol, 1.55 g) was added in
small portions and the mixture was brought to
ambient temperature and stirring was continued
until all starting material had been consumed.
After the completion of the response, water was
included, and the product was isolated by
extraction utilizing chloroform. The organic
layer was concentrated in vacuum and the
contained solid material acquired was
recrystallized to give the product (1.2 g, 42%) as
an orange solid. The structure of the compound
was confirmed by IR and 'H and *C NMR
spectroscopic techniques.
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CHEMICAL STRUCTURE OF BMPP PROBE

Portrayal of some photo physical properties of
probe was performed hypothetically. The
oscillator strength (f) values were determined

from equation (1) [12, 13].
f =4.32x10° [£(5)dD, @
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Where 0 is the wave number and ¢ is the molar
extinction  coefficient.  Scientifically, The
estimation of (f) is subject to the sub-atomic

structure. The attenuation length A(1) (the

separation at which the original light intensity Iy is
diminished to I= ly/e, is given by equation (2) [14].

AL v
£(A4)cIn(10)

Where & (4) is the molar extinction coefficient

and c is the molar concentration. The A values
are essentially reliant on the wavelength. The
change dipole moment p;, from ground to
excited state was determined by utilizing
equation (3) [15].

2 _ f 3
M= 70107E ®

Where E is the maximum

max

absorption in cm™.

energy of

The radiative decay rate constant (k,) of a
fluorophore can be hypothetically anticipated
from the notable Strickler-Berg equation, which
has its establishments on Einstein's spontaneous
emission rate and Planck's black body radiation
law equation (4) [16, 17].

k,:£:2.88x10’9n2 IF(V)dV

é0)g; 4
7, [ F(v~)v~-3o|vI v @
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Where F (%) is the fluorescence intensity, V is
the wave number and &(V)is the molar
extinction coefficient at a particular wave
number (V), n is the refractive index of the

solid host. The absorption cross-section o, is
given by equation (5) [18].

o, =0.385X10 ® £(A). (5)
The fluorescence intensity of the dye- embedded
solid was normalized. To determine the
guantum yield of a compound relative to a
standard probe, the following relationship (6)
was applied [19].
2
¢u =¢s X:_UXA_SXn_UZ'
n
s u s (6)
Where¢u and ¢, are the fluorescence quantum
yields of the unknown and the standard
respectively. |, Andl, are the areas under

emission curves for the unknown and the
standard respectively.

A, And A, are the absorbance of the unknown,

and the standard respectively. Ns and n, are the
refractive indices of solvents used.

Fluorescence lifetimes (t7) were calculated by
using equation (7).

T =70t (7

Where (1o) is the natural lifetime (to=1/k;). The
intersystem crossing rate constant (Kis.) is
identified with the quantum fluorescence yield
o for (¢¢=~1) the rough relationship (8) [20]:

kisc=(1-¢f)/f, (8)
Where ¢f is the fluorescence quantum yield.

The emission cross-section ce was determined
according to equation (10) [16].

4
o, =—/; F(ﬂ;m , (10)

7ICN °7;
Where X is the emission wavelength, n the
refractive index of the host, € is the extinction
coefficient, ¢ the velocity of light, F (1) is the
normalized fluorescence spectrum where JF (1)

di= 1 and ¢, is the fluorescence quantum
yield.

BMPP probe in various media were pumped by
Diode continuous laser (A,=450 nm) of
160mWenergy. The greatest gain coefficient (o)
was determined at the most extreme laser
emission by estimating the intensity I_ of laser
emission from the whole cell length L and the
intensity IL/2 from the cell half-length. The
beam gain was then assessed from equation (11)
[21].

a(l) = %In[IL —1}.

L/2

(11)

In light quantum mechanical bother hypothesis,
the absorption and fluorescence band shift of a
spherical is described by equations [22].

v, —v; =m, f(&,n)+const. (12)
v, +v, =—m,[f(&,n)+2g(n)]+const. (13)

Where v, and
fluorescence frequencies peaks, and

2
_n +1 (14)
£+2 n*+2

v, are the absorption and

2
f(g,n)zzn +1{g 1

n+2
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Is the solvent polarity parameter [23] and,

With
_ 2w~ ) (16)
hca®
And

2
o = 2t ay)

17
2 hca® s

Where h is Plank’s constant, c is the velocity of
light in vacuum and a is Onsager cavity radius
of the probe molecule where as py and L are the
ground and excited state dipole moments
respectively. The parameters m; and mycan be
determined from equation (12) and (13). Upon
rearrangement of equations (16) and (17), the
values of Py and pe can be determined from
equations (18) and (19) assuming that the
symmetry of the probe molecule remains
unchanged upon electronic transition, and the
ground and excited state dipole moments are
parallel [24],

1
_|m, —m| [ heat 12
M | om,

(18)
1
R w
2 2m,
& _ |m2 + m1| (20)
Hy |m2 - m1|

Parameters m; and m, are linear functions of the
solvent  polarity parameters f (g, n)
and f (g, n) + 2g (n) and can be determined from
the slopes of straight lines. Also, the Onsager
cavity radius a can be determined by
computational calculations.

The change in dipole moment (Ap) between the
excited singlet and ground state has been
researched utilizing the solvate chromic shift by
Reichardt [25]. In this method, change in dipole
moment is calculated by correlating the stokes
N
shift of the fluorophore to Er
equation (21) [26, 27]

2 3
v, v, =11307.6HA”J (aij 15“ +const.
oY/ a

according to

(21)

where Ap is the difference between the excited
and ground state dipole moments of the probe

molecule and A (taken as 9 Debye) is the
change in the dipole moment of the betaine dye;
a and agare the Onsager cavity radius of the
probe molecule and betaine molecule,
respectively. The values of a and a; are known
(4.34A and 6.2 A respectively).

Water and tetra methyl silane (TMS) as
reference solvents are used to determine the

solvent polarity E' according to the following
equation
EN_ E; (solvent) - E; (TMS) _ E; (solvent)-30.7

T E,(water)—E, (TMS) 324
ET=28591/\ max (NM) (22)

Where A max COrresponds to the peak wave
length in the red region of the intra molecular
charge transfer absorption of the probe. Then
the change in dipole moment is

mx81 (23)

8l
(Ej «11307.6
a

Ap=p,— py =

Here m is the slope of linear plot of E against

Stokes shift. The sizes of CdS QDs were
controlled by equation [10] (24):

D= (L6122x10°%)* - (26575x10°%)° + (16242x10°)22 - (04277) 2+ (4157) (24)
& =5857(D)*® (25)

D (nm) is the size of a given QDs sample =
2nm, A (nm) is the wavelength and ¢ is the
molar absorptive of the first excitonic
absorption peak of the corresponding sample.

RESULTS AND DISCUSSION

Upon using equation (25), the molar
concentration of CdS QDs was calculated as
6.6x10°mol/L [10]. The size of CdS QDs has
been determined hypothetically as 3-5nm. The
canary yellow CdS QDs were described by UV-
Vis absorption spectro photometry and
transmission electron microscope (TEM). CdS
QDs display maximum absorption at 411nm and
a maximum emission at 450nm. BMPP laser
dye methanolic solutions show a maximum
absorption at 449 nm and a maximum emission
at 549 nm. Figure 1 demonstrates the overlap
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between BMPP dye UV-Vis absorption and CdS
QDs fluorescence spectra. The absorption and
fluorescence spectra of (1x10°M) BMPP dye
were recorded in solvents of different polarities
and in various confined hosts (MMA homo-
polymer, (HEMA/MMA) copolymer and silica
matrix) with and without CdS QDs. Sol-gel
network demonstrates the benefit of being
transparent in the UV region down to 250 nm
where as PMMA and HEMA/MMA are most
certainly not.
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Figurel. The spectral overlap of 1x10°M BMPP dye
absorption and 6.6x10°mol/L CdS QDs emission
(4 ex- = Nm) spectra in methanol.

Because sol-gel silicate matrix was prepared by
acid catalysis, it was necessary to study the acid-
base behavior of BMPP laser dye that possesses
lone pair electrons on four nitrogen atoms.
Referring to BMPP structure, the two pyrrole
ring nitrogens are expected to be more basic
(being of sp® hybridization) than the two
pyrazine nitrogens (being of sp® hybridization).
Figure 2-shows the electronic absorption spectra
of 1x10°M BMPP dye in neutral and acidified
methanolic solutions. Two distinct behaviors are
observed, one at pH values higher than 4 in
which the pyrrole nitrogens are protonated
giving a short wavelength peak appears at a 322
nm at the expense of the long wavelength band
at 449 nm.

At pH values lower than pH 4, protonation of
less basic pyrazine nitrogens occurs giving
highly ionic species that become sparingly
soluble in methanol organic solvent and the
absorption bands virtually disappear. In agueous
buffers, the short wavelength peak are observed
down to pH =1 value.
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Figure2a. Electronic absorption spectra of 1x10°M
BMPP dye in methanol at different pH values. The
inset shows the plot of absorbance versus pH.
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30 400 450 500 550 €00 €50 700
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Figure2b. Electronic absorption spectra of BMPP

(1x107° mol LY at different pH values. The inset
shows the plot of absorbance versus pH.

40
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6(110 ' 700
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Figure2c. Emission spectra of BMPP (1x10° mol
L) at different pH values. The inset shows the plot

of emission intensity versus pH

The impact of medium acidity on the electronic
absorption and emission spectra of BMPP have
been examined in aqueous buffers covering the
pH range from 1.5 to 11 as shown in Figures (2-
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b and 2-c). The absorption maximum is moved
from 395 to 337 nm (blue-shift) as shown in
Fig.2-b because of protonation of pyrrole ring
nitrogen atom in BMPP dye [28]. The
fluorescence intensity decreased sharply upon
decreasing the acidity of medium without any
shift in the wavelength of the emission band,
due to the formation of the non-emissive
protonated form [28] (Fig.2-c). The ground-state
protonation constant (pKa) was determined from
the absorbance changes at 395 and 337 nm, in
addition to from the variation of Amax with pH.
The protonation constant of the excited state
(pKa*) was determined using spectro photometric
titration and Forster's cycle using the following
relation pK, — pK,- = 2.1 x 1073 (v, + —v,),
[28] where (o, + — vy ) represents the difference
between the wave number (cm-1) of electronic
transition of pure acidic and conjugate base,
respectively. The estimations of pKa were
resolved as 5.16 and 5.96 from absorption and
emission spectra, respectively, with an average
pKa as 5.56.

The pKa* value calculated from the absorption
spectral shift is calculated as -3.58, indicating
that the singlet excited state of BMPP is more
acidic than the ground state [28]. Sensitized
emission of BMPP dye utilizing CdS QDs as
donor is shown in Figure 3 in methanol
demonstrating energy transfer from CdS QDs
(donors) to this probe dye (acceptor).

90 4

60 4

Relative intensity

30 4

L} Ll Ll
500 550 800 850 700 750
Wavelength

Figure3. Sensitized emission of 1x10-5M of BMPP
laser dye in methanol (top; iex. = 411 nm) using
different concentrations of CdS QDs as donor. The
inset shows emission intensity of BMPP probe at
different concentration CdS QDs.

The ASE efficiencies of BMPP laser dye in the
different hosts under investigation were
estimation as the ratio between the output
energy of the dye over a range of input pumping
energy. It has been examined and represented in
Fig.4. The samples were transversely pumped
and were allowed to emit in the highest peak
intensity of the mirror less ASE (a.u.). The
pump energy was controlled and varied between
160 to 300 mW. In general, the output energy
increased with increasing the pumping energy
for all samples with a highest ASE slope
efficiency in methanol compared with PMMA
and HEMA/MMA polymeric matrices.
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Figure4. ASE output intensity of1x10-3 M BMPP
(withoutandwith1.6x10-6M CdS QDs) as a function
of input energy in methanol (top) and in copolymer
medium (bottom).

The photo-stability of the samples was
examined in terms of the ASE intensity change
as a function of the exposure time to blue diode
laser of 450 MW as shown in Fig.5. The highest
photo stability is observed both in methanol.
The least stability is observed in PMMA and
HEMA/MMA polymeric matrices. This may be
attributed to the presence of carbonyl group in
PMMA and HEMA/MMA polymeric matrices
the enhances intersystem crossing (K i) leading
to triplet state population.
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Figure5. ASE output energy as a function of
exposure time for BMPP laser dye in different hosts
using diode continuous laser (A=450 nm) (top) and
in methanol (bottom).

The photo-stability of the samples was also
examined in terms of the time needed to reduce
the energy output intensity to half of its value
for BMPP laser dye concentration 1x 10°M
without and with CdS QDs. Table.4 lists the
lasing range, the maximum wavelength of
mirror less amplified spontaneous spectra
(ASE), and the half life time at which a 50%
reduction in the intensity of the material occurs.
The half-life time of BMPP laser dye in
methanol, and copolymer is 50 min and 2.23
min in absence CdS QDs respectively. So, the
half-life time of BMPP probe dye is higher in
methanol compared with polymeric matrices.
Fig. 6 shows the ASE output energy of

fluorescein as a function of exposure time under
the same conditions for comparison.
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Figure6. ASE output energy as a function of
exposure time for1x10° M BMPP laser dye in
methanol in presence of 1.6x10°M CdS QDs using
diode continuous laser (A=450 nm).

Some photo-physical criteria of BMPP dye have
been measured in presence and absence of CdS
QDs by applying spectroscopic data and
equations 1-10.Upon adding CdS QDs, the
oscillator strength values of electronic transitions
of BMPP laser dye increase in organic solvents
but decrease in solid hosts. Because the dynamic
interaction between QDs and dye molecules in
solvents is higher than in solid hosts. Also, the
oscillator strength values of BMPP dye in sol-
gel matrix are higher than those in copolymer
and homo polymer matrix. This is because the
mobility of dye molecules in sol-gel is higher
than in copolymer. Hence, the effective number
of electrons transferred from the ground to
excited states in sol-gel is higher than in
copolymer and homo polymer matrices. For
BMPP laser, the attenuation length values of the
probe in free solvents are higher than those in
restricted hosts. Addition of CdS QDs affects
the attenuation lengths values as shown in Table 1.

Spectral and photo physical data of BMPP in different solvents and restricted hosts (with and without

CdS QDs).
A abs (nm) eMem? f Aem) kex10%? | 6,x1020cm? H12(D)

Hosts Without|With|Without| With |Without|With|Without |With|Without|With |Without|With |Without| With

QDs |QDs| QDs | QDs| QDs |QDs| QDs [QDs| QDs [QDs| QDs |QDs| QDs |QDs
Methanol 449 448 | 50000 (58000f 093 |094| 086 |0.74| 224 |266| 193 [223| 9.41 |9.45
2-propanol 451 449 | 17300 (17300 0.69 |0.83| 251 |251| 443 |165| 0.66 |[0.66| 8.12 (8.906
Hexane 442 441 | 25300 (25300 095 |096| 1.71 |1.71| 7.89 |[3.23| 0.99 [0.97| 10.87 (10.89
Dioxane 446 448 | 29200 (29200| 0.77 |1.06| 148 |1.48| 3.72 |4.07| 1.12 |1.12| 8.568 [10.05
chloroform 445 451 | 30200 (30200] 0.97 |098| 143 |143| 534 |535| 1.16 |[1.16| 9.649 [9.699
Acetonitrile| 440 440 | 25800 (25800 0.89 |090| 168 |168| 262 [3.32| 1.68 [0.99| 9.129 |9.18
PMMA 368 368 | 76000 |56700| 0.80 |[0.51| 057 [098| 4.80 |1.31| 292 |1.69| 9.125 |7.455
Copolymer | 337 | 337 | 67000 |67000] 0.95 |0.80| 0.64 |0.64| 1.17 |0.75| 2.57 |257| 10.13 [9.30
Sol-gel 300 | 300 | 82000 |77000| 0.96 |0.85| 052 |056| 447 |0.41| 223 |[3.15| 7.81 |7.35
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Radiative decay rate constant (k) values have
also been calculated for BMPP and [BMPP /
CdS QDs] in free solvents and contrasted to
values in restricted media. The calculated values
are given in Table 1. In presence of CdS QDs, k;
values of BMPP emission are lower in restricted
matrices compared with methanol, dioxane,
chloroform and acetonitrile. This implies longer
natural lifetime (to) values in restricted matrices
as a result of imposed cage effect. Both
absorption and emission cross-sections were
calculated for the BMPP dye in restricted media
and different solvents (Tables 1 and 2). Upon
adding CdS QDs, the absorption cross sections
(ca) of BMPP in hexane, acetonitrile and
PMMA decrease. However, the values of o, are

not influenced in 2-propanol, hexane, chloroform
and copolymer. But the values of o, increase in
methanol and in sol-gel matrix as shown in Table
1. The values of absorption and emission cross
sections agree with values reported for other
efficient laser dyes [18]. In different solvents, the
k isc values of [BMPP/CdS QDs] increase. But in
restricted media, the wvalues of k ;. of
[BMPP/CdS QDs] are lower than those of
BMPP dye alone. This is an important criterion
since it implies less triplet population in the
[BMPP/CdS QDs] system in restricted media
making it better lasing system. Singlet- triplet
splitting energies (AEs t) are decreased in
solvents but it is increased in restricted media.

Spectral and photo physical data of BMPP in different solvents and restricted hosts (with and without

CdS QDs).

Hosts A(nm) 7 (Ns) 6.x10™"cm? = K icx10° 5
Withou| With | Without | With | Without | With | Without | With |Without| With
t QDs QDs QDs QDs QDs QDs QDs QDs QDs QDs
Methanol 549 548 0.17 0.07 1.90 1.97 0.16 0.16 3.50 10.60
2-propanol | 546 545 0.06 0.06 1.15 1.08 0.08 0.05 1150 | 12.30
Hexane 540 539 0.24 0.24 2.68 2.07 0.41 0.05 2.07 2.58
Dioxane 546 546 0.07 0.07 4.05 2.51 0.08 0.06 10.3 12.00
Chlorofom | 533 545 0.05 0.06 2.94 2.95 0.17 0.05 8.51 11.80
Acetonitrie | 530 533 0.06 0.19 2.25 2.06 0.05 0.07 11.8 3.93
PMMA 489 512 0.19 0.28 1.82 0.55 | 0.0065 | 0.0069 | 3.92 2.82
Copolymer | 508 508 0.10 0.10 0.48 0.28 | 0.0013 | 0.0092 | 7.13 7.12
Sol-gel 357 357 0.05 0.53 1.67 1.20 0.04 0.18 125 1.47

Table 1 shows the calculated transition dipole
moments (L) that possess higher values in
methanol, chloroform, 2-propanol and hexane
and dioxane but lower values in both PMMA
and copolymer matrices in presence of CdS
QDs. This indicates that CdS QDs increase intra
molecular charge transfer in free solvents
compared to solid matrices. The molecular
polarity depends on its electron distribution. The
absorption of an additional energy will cause the
transition of an electron from HOMO to LUMO
orbitals. This will cause variation in dipole
moment with respect to the ground state dipole
moment [29]. The emission spectra have been
recorded by exciting the sample at its absorption

maximum. The shift in the absorption and
emission maxima has been plotted as a function
of solvent polarity. In order to estimate the
ground and excited state dipole moments of the
BMPP dye molecule, the solvent polarity
parameters f (g, n) and f (g, n) +2g (n) were
calculated. The respective spectral shifts va-vs
and vg+vs for the BMPP dye with and without
CdS QDs were plotted versus the polarity
function f (g, n) and f (e, n) +2g(n) respectively.
The plots show a linear correlation. The slopes
m; and m, of the paired plots were used to
estimate the ground and excited state dipole
moments listed in Table 3.

Dipole moments, slope (m) of BMPP laser dye by Biolt method.

Compound my(cm™) my(cm™) g Helt 4(D)u o(D)u
With CdS QDs 633 1738 221 1.89 405
BMPP  |Without CdSQDs| 25 538 0.43 441 484

Table 3 shows that the excited state dipole
moment is larger than ground state one
indicating that a large intra molecular charge
transfer is taking place in the excited state in

comparison to the ground state, confirming the
presence of s-1* transition in BMPP dye. Table
3 also shows that the ground and excited state
dipole moments decreased in present of CdS
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QDs as the lone pair electrons of sp* hybridized
ring nitrogen atoms cannot make coordination
bond with CdS QDs presumably due to steric
hindrance. Solvato chromic shift method was
acquainted by Reichardt [30] with research the
change in dipole moment (Ap) between excited
singlet and ground states relying up on

microscopic solvent polarity parameter E

given by the Eq. (22). The principle preferred
stand point of this method over the Lippert-
Mataga method is the incorporation of hydrogen
bonding in addition to the solvent polarity into
the solvent parameters. In this method, change

in dipole moment is calculated by correlating
the Stokes shift of the fluorophore probe to E

according to Eq. (21) in which “a” was taken as
4.34 for the dye. The dipole moment change
was calculated according to eq. (23) where the

slopes of linear plots of E vs stokes shift (m)

equal 7199.65cm™ and 7306cm™ in presence
and absence of CdS QDs respectively. The
estimations of Au were observed to be 4.20 and
4.23D in the presence and absence of CdS QDs
respectively. The high value of Ap proposes that
the singlet excited state of BMPP is of strong
intermolecular charge transfer (ICT) character.

Mirror less laser parameters of BMPP in methanol and copolymer medium

Host Lasing range A max(om) o (cm™)
Methanol Without QDs With QDs Without QDs| With QDs | Without QDs | With QDs
538-556 529-571 549 548 0.29 0.41
Copolymer 471-538 471-538 510 501 3.35 2.27

The steady state absorption and emission data in
a range of various solvents are given to quantify
solvent polarities. The empirical w* scales
propounded by Kamlet et al [31] were utilized.
The empirical parameters n*, o and B which,
respectively, measure the solvent dipolarity/
polarizability, hydrogen-bond donor acidity, and
hydrogen-bond acceptor basicity. The Taft and
Kamlet equation relates these parameters to the
absorption or emission data, expressed in wave

number (v). It tends to be composed as [32] (v =
v + sn* + aa + bP) where; s, a and b are the
coefficients for the n*, o and P parameters
respectively. Information about the different
solute/solvent interactions can be obtained by
monitoring the solvent-induced spectral shifts,
the effect of solvents (with and without CdS
QDs) on the absorption and emission wave
numbers (v, and v in cm™, respectively). The
following multiple regressions were applied:

Without CdS QDs

v,=18288+39111*-3010-687p, v.=22458-1911*-3810-489

With CdS QDs

v,=18442-2411*-2330-283p, v.=22586-31811*-2600-183f

Incorporation of the n* parameter was necessary
to improve the correlation coefficient especially
in the case of v.. Accordingly, the shift of the
absorption band was monitored mainly by the
dipolar and hydrogen bond donating interactions
with the solvent molecules while the solvent
basicity contributes to the shift of the
fluorescence maximum. Upon adding CdS QDs,
the coefficients of a and B in ground and excited
states decreased. In the ground state, the
coefficients of n* decrease. The larger value of
the coefficient representing contribution of the
dipolar interaction in the excited state (relative
to the ground state) indicates enhanced charge
separation upon excitation.

CONCLUSION

Photo-physical parameters and ASE optical
performance of BMPP dye in liquid and solid
hosts were studied. As shown from ASE spectra,
CdS QDs increase the photo degradation of

BMPP dye in methanol and copolymer. Highest
ASE slope efficiency being in methanol
compared with PMMA and HEMA/MMA
polymeric matrices. The highest photo stability
was observed both in methanol compared with
PMMA and HEMA/MMA polymeric matrices.
The photo physical properties were investigated
in organic solvents. It is inferred from the
absorption and emission spectra that emissive
state of BMPP has intermolecular charge
transfer characteristics.

The incorporation of BMPP laser dye in
copolymer was prepared successfully. The
fluorescence quantum vyield depends on the
polarity of solvent as well as specific solute/
solvent interaction such as hydrogen bond CdS
QDs is decreased coefficients of a and B in
ground and excited state, but coefficient of 7* is
decreased in ground state and increased in
excited state.
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