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The photophysical properties such as singlet absorption, molar absorptivity, ﬂuorescence spectra, dipole
moment, ﬂuorescence quantum yields, ﬂuorescence lifetimes and laser activity of 1,4-bis (β-Pyridyl-2Vinyl) Benzene (P2VB), 2,5-distyryl-pyrazine (DSP) and 1,4-bis(2-methylstyryl)benzene(MSB) dioleﬁneic
laser dyes have been measured in different restricted hosts. (P2VB), (DSP) and (MSB) are embedded in
transparent sol–gel glass and a copolymer of methyl methacrylate (MMA) and 2-hydroxyethyl
methacrylate (HEMA) media. The absorption and ﬂuorescence properties of these laser dyes in sol–gel
glass matrices are compared with their respective properties in copolymer host. The photostability of
these laser dyes in sol–gel glass and (MMA/HEMA) copolymer samples are measured in terms of half-life
method (using nitrogen laser 337.1 nm in pumping), as the number of pulses necessary to reduce the dye
laser intensity to 50% of its original value. The gel laser materials show improved photostability upon
pumping by nitrogen laser compared with those in organic polymeric host matrix.
& 2015 Elsevier Ltd. All rights reserved.
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1. Introduction
Liquid solutions of organic laser dye molecules have been widely
used as good laser gain media from the near UV to the near IR
regions of the spectrum [1]. There are several disadvantages in
using liquid dye lasers like poor thermal stability of dye solutions,
requirement of large volume of solutions and need of signiﬁcant
maintenance, etc [2–5]. These difﬁculties can be overcome by
doping stable laser dye molecules into restricted host matrices like
polymers, silica gels, xerogels and sol–gel glasses [4–8]. Solid-state
dye laser presents some advantages, e.g. they do not contain volatile
solvents, they are non-ﬂammable, nontoxic, compact in size and
mechanically and thermally more stable [2,3]. The possibility and
applications of incorporating a dye in a gel was ﬁrst illustrated by
Avnir and coworkers in 1984 [2]. The effect of drying control
chemical additives (DCCA) on the optical and lasing properties of
pyrromethene (PM) dye-doped sol–gel and organically-modiﬁed
silicates (ormosils) has been reported [9]. Moreover, DCCA can
control the hydrolysis and the condensation rate that strongly
inﬂuences the dye molecule in sol–gel matrix [10]. In this sense,
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silica xerogel matrix would be a good host for these dyes due to its
transparency, chemical inertness and the possibility to disperse the
dye at molecular level [2,11,12]. However, polymeric host materials
have been shown to be inherently lacking in mechanical and
thermal properties and photostability [13,14].
The sol–gel method is a method for incorporation of organic
dye molecules into an inorganic silica host [15]. Incorporation of
the laser dyes into sol–gel matrices by doping method was reported by several authors [2,4,5]. A simple classiﬁcation, based on
the nature of the links and interactions that the organic and
inorganic components exchange, has been proposed for hybrid
materials. Two main classes have been deﬁned. Class I corresponds
to all the systems where there are no covalent or iono-covalent
bonds between the organic and the inorganic components. In such
materials, the various components only exchange interactions
such as van der Waals forces, hydrogen bonding or electrostatic
forces. On the contrary, in class II materials, at least parts of the
organic and inorganic components are linked through strong
chemical bonds (covalent or iono-covalent) [16]. In dope method,
dyes are mixed at the sol stage and drying is carried out afterward.
Sol–gel shows some advantages, e.g. its reaction can be controlled
easily by chemical methods. It allows introducing permanent
organic groups to form inorganic–organic hybrid materials [17]
and the process takes place at low temperature [18]. High porous
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material was prepared in which the matrix is chemically inert and
possesses low poisoning [19]. It has exultant optical low intrinsic ﬂuorescence. The higher thermal conductivity of silica in
comparison with that of polymer materials allows heat dissipation
and minimizes both photo degradation and thermal lensing effect
which causes laser beam divergence [20]. The process provides
good ﬂexibility during polymerization steps [21] with ability to be
functionalized before or after polymerization. Hence sol–gel host
provides a more suitable surrounding for the dye molecules
compared to polymeric hosts.
In the past, we reported a number of studies on 1,4-Bis (β-Pyridyl2-Vinyl) Benzene (P2VB) [22–27], 2,5-distyryl-pyrazine (DSP) [22–27]
and 1,4-bis(2-methylstyryl)benzene (MSB) [28–30], as new laser dyes
having the advantage of laser emission in the UV- blue spectral region.
In the present paper, we report the behavior of these dioleﬁnic laser
dyes in silica sol–gel solid as well as in a copolymer of methyl methacrylate (MMA) and 2-hydroxyethyl methacrylate (HEMA) media in a
trial to improve the quality of laser action. The plasticity of the material was internally increased by copolymerization of methyl methacrylate (MMA) with 2-hydroxyethyl methacrylate (HEMA). The
presence of HEMA increases the plasticity of the material while
maintaining its transparency. It also ensures a good solubility of dyes
such as Rh6G due to the polar character of HEMA [31].
It is necessary to know and understand the effect of various host
matrices on the various properties including photostability, photophysical properties as well as laser efﬁciency. Photophysical properties
provide basic information about the lasing behavior of the material
[1]. With this objective, sol–gel host samples were prepared by HCl
acid catalyzed hydrolysis of tetraethylorthosilicate (TEOS). The absorption and emission properties of these laser dyes in sol–gel glass
matrices are compared with their respective properties in copolymer
host matrices. The data are also compared with those in free solutions.
Laser dye life-time is a key performance parameter which limits a
laser dye application. Intensive research efforts have been made to

photostability of the dye molecules doped in the solid host is improved
as compared with the dye molecules in a liquid solvent [32].
The improved photostability of the dye within solid hosts has
been attributed to caging and immobilizing the dye molecules,
thereby minimizing excited-state interaction with other species
including molecular oxygen. So in a solid host, the photodegradation of the laser dye depends on the nature of dye molecule, the
composition and structure of the host, and the impurities present
in the host. In order to further improve the photostability and
decrease photodegradation of the laser dye, control of the
surroundings of the dye molecules becomes the most critical issue
for the solid-state dye laser.
Sol–gel derived glasses have many advantages e. g. thermally
stability much beyond the range of temperatures which are of
relevance for polymeric matrices, they do not photodegrade and, in
the case of SiO2 matrices, are not involved in light induced reactions
with the matrix. Sol–gel matrices are transparent well into the UV
region down to  250 nm for SiO2 and are thus highly suitable for
optical applications. These are major advantages of silicate matrices
compared with organic polymeric ones.
Another possible factor that may explain the reduced rate of
degradation in the more rigid matrices may be that the dye
molecules are more tightly conﬁned within the pores of the matrix,
limiting rotational and translational freedom. A mobile molecule, as
in solution, will be more likely to encounter an oxygen molecule and
undergo degradation. Less freedom, as deﬁned by the restrictive
pores of the matrix, may make the dye molecule less likely to interact
with molecular oxygen leading to photodegradation or ﬂuorescence
quenching. Molecular oxygen is a well-known ﬂuorescence quencher
due to its paramagnetic nature [32].
In the present communication we report lasing, photostability, and
a number of photophysical characteristics of three UV-blue dioleﬁnic
laser dyes in sol–gel and polymeric matrices. A number of advantages
of sol–gel matrix over the copolymer are highlighted.

explore the mechanism of photodegradation of laser dyes. It has been
demonstrated that the mechanism of photodegradation occurs by the
interaction of the dye molecules in the excited state with other species
such as impurities, other dye molecules and singlet oxygen. Through the process of doping laser dyes into a solid medium, the
photochemical pathways including bimolecular reactions can be suppressed by caging or trapping the dyes within a solid host, and the

2. Experimental
Sol–gel materials were prepared by the hydrolysis of silicon
alkoxide followed by polycondensation. Dye is incorporated into
the matrix by doping method. The sol–gel matrix was prepared
using HCl as a catalyst and glycerol as DCCA to reduce the cracking
of monoliths during drying [33]. This method involves the
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additions of (TEOS) (Aldrich, 98%) 11.2 mL, methanol (MeOH)
(Aldrich) 6 mL, distilled water (H2O) 9 mL, HCl (Merck, about
35% pure, sp. gr. 1.18 g mL  1) 1 mL (0.1 N) and 8 mL glycerol
(Merck, IP for analysis) as DCCA. The sol thus prepared was
subjected to ultrasonic stirring for 14.5 h. Approximately 1 mL of
laser dye methanol solution and 2.5 mL sol were poured into
rectangular polystyrene cuvettes and then sealed with Teﬂon tape.
Drying and aging were carried out in controlled clean oven at
60 1C. After 3 weeks from the date of preparation, the samples get
dried so that it can be handled and can be subjected to various
measurements [33].

2.1. Preparation of laser dyes-doped copolymer (MMA/HEMA)
MMA/HEMA copolymer was prepared as follows: [34–40] 3 g/L of
azobisisobutyronitrile (AIBN) as initiator was dissolved in freshly
puriﬁed MMA and HEMA (volume ratio 1.5:1) monomers. The
solution was placed in an ultrasonic bath for a period of about
15 min until the initiator was completely dissolved. Then the laser
dye was added to obtain the desired concentration and allowed to
dissolve in the ultrasonic bath for up to 20 min. Drying and aging were
carried out in controlled clean oven at a proper temperature of 60 1C,
above which the specimen possesses low quality physical appearance
and transparency. After one week from the date of preparation, the
samples got dried so they could be handled and subjected to various
measurements.
Absorption and transmission spectra of the prepared samples were
recorded on a UV–vis spectrophotometer (Perkin Elmer, Lambda 35).
The absorption spectra of the dye-embedded solids were recorded
with the undoped host as the reference. The ﬂuorescence spectra
were recorded on assembled ﬂuorometer (PF-6300 Spectroﬂuorophotometer) in front surface excitation-emission geometry. The
excitation wavelengths were adjusted at maximum absorption
wavelengths for each ﬂuorescence measurement of each dye. The
oscillator strengths (f ) show the effective number of electrons whose
transition from ground to excited state gives the absorption area in the
electronic spectrum [41]. The values of oscillator strength were
calculated from [42,43]:
Z
f ¼ 4:32  10  9 εðυ~ Þdυ~
ð1Þ
where υ~ is the wavenumber and ε is the molar extinction coefﬁcient.
The value of (f ) is dependent on the molecular structure. The attenuation length ΛðλÞ (the distance at which the original light intensity
I0 is reduced to I¼ I0/e, is given by [44]:

ΛðλÞ ¼

1

εðλÞc lnð10Þ

ð2Þ

where εðλÞ is the molar extinction coefﬁcient at a speciﬁed wavelength and c is the molar concentration. The Λ values are markedly
dependent on the wavelength. The transition dipole moment μ12 from
ground to excited state was calculated by using [45]:

μ212 ¼

f
4:72  10  7 Emax

ð3Þ

where Emaxis the maximum energy absorption.
The radiative decay rate constant (kr) (or ﬂuorescence rate
constant) of a ﬂuorophore can be theoretically predicted from the
Strickler–Berg equation, which has its foundations on Einstein's
spontaneous emission rate and Planck's black body radiation law as
given by [46,47]:
R
Z
Fðν~ Þdν
1
εðν~ Þ ~
kr ¼ ¼ 2:88  10  9 n2 R
dν
ð4Þ

3
τ0
ν~
Fðν~ Þν~ dν

where Fðν~ Þ is the ﬂuorescence intensity, ν~ is the wavenumber and
εðν~ Þ is the molar extinction coefﬁcient at a particular wavenumber ðν~ Þ,
n is the refractive index of the solid host. The absorption cross-section
σa is given by [48–50]:

σ a ¼ 0:385  10  20 εðλÞ:

ð5Þ

Rhodamine-6G (R6G)/MeOH solution in quartz cuvette (1  1 
4.5 cm3) with a quantum yield (ϕf) of 0.96 [51] was used as a
reference to determine the ﬂuorescence quantum yield (ϕf) of the
dye-containing solids. The emission spectra were corrected for the
monochromator and photomultiplier responses at different wavelengths. The ﬂuorescence intensity of the dye-embedded solid was
normalized. To determine the quantum yield of a compound relative
to a standard material, the following relationship was applied [52,53]:

ϕu ¼ ϕs 

I u As n2u

 :
I s Au n2s

ð6Þ

where ϕ, I and A are the ﬂuorescence quantum yields, the areas under
emission curves and absorbances respectively. The subscripts u and s
denote unknown and standard respectively. ns and ni are the refractive
indices of solvents used.
Fluorescence lifetimes (τf) were calculated by using :

τ f ¼ τ 0 ϕf

ð7Þ

where (τ0) is the natural lifetime (τ0 ¼ 1/kr). The intersystem
crossing rate constant (kisc) is related to the quantum ﬂuorescence
yield ϕf for (ϕf E1) by the approximate relationship [54,55]:
kisc ¼ ð1  ϕf Þ=t f :

ð8Þ

The energy yield of ﬂuorescence (Ef) was calculated by [56]:
Ef ¼ ϕf

λA
λf

ð9Þ

where ϕf is the ﬂuorescence quantum yield, λA and λf are the
maximum absorption and ﬂuorescence wavelengths respectively.
The emission cross-section σe was calculated according to [47–49]:

σe ¼

λ4 FðλÞϕf
8π cn2 τf

ð10Þ

where λ is the emission wavelength, n the refractive index of the host,
ε is the extinction coefﬁcient, c the velocity
of light, F(λ) is the
R
normalized ﬂuorescence spectrum where F(λ)dλ ¼1 and ϕf is the
ﬂuorescence quantum yield.
The laser dyes/sol–gel glass and laser dyes/copolymer samples were
pumped by nitrogen pulsed laser (λex ¼ 337.1 nm) of 800 ps duration
and 1.48 mJ pulse energy. The output energy of laser dyes was measured as a function of wavelength to determine the lasing range in
different solid hosts. The maximum gain coefﬁcient (α) was calculated
at the maximum laser emission by measuring the intensity IL of laser
emission from the entire cell length L and the intensity IL/2 from the cell
half-length. The laser gain was then evaluated from [54,57]:


2
I
αðλÞ ¼ ln L  1 :
ð11Þ
L
I L=2
The normalized photostability is deﬁned as the accumulated
pump energy absorbed by the system per mole of dye molecules
before the output energy falls to one-half of its initial value using
relation [58–62]:
Normalized photostability ðMJ=molÞ ¼

Epulse N 1=2

π  r 2  l  c  106

ð12Þ

where Epulse is the pulse energy (in Joules), N1/2 is the number of
pulses to get half the initial emission intensity, r is the radius of
the laser beam on the surface of the sample and l is the sample
thickness (in centimeters) and c is the dye concentration (mol/L).
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3. Results and discussion
In the synthesis of laser dye-doped silica matrix host, TEOS was
used because it gets easily hydrolyzed and becomes condensed in the
presence of an acid catalyst giving rise to transparent and homogeneous alcogel within 3 weeks. The transparency and monolithicity
of the silica xerogels were not affected much by doping laser dye
molecules but a color change was observed [63].
The undoped sol–gel glass showed a good transmission in the
spectral range from 300 to 800 nm compared with copolymer host
matrix due to the presence of absorbing carbonyl chromophores in
the copolymer. This condensation process is also associated with the
loss of water/alcohol from the pores of the solids prepared by sol–gel
technique as the time of condensation proceeds. The UV–vis. spectra
of undoped sol–gel glass and copolymer host matrices are shown in
Fig. 1. The sol–gel glass shows higher optical transparency in the UV
region compared with copolymer matrix.
Figs. 2–4 show the UV–vis absorption and ﬂuorescence spectra
of P2VB, DSP and MSB laser dyes respectively both in sol–gel and in
copolymer matrices. The strong absorption of the copolymer in the
spectral range 300–400 nm strongly modiﬁes the absorption
maxima of the three dyes. This is not the case upon using
sol–gel matrix that is nearly transparent in this spectral region.
Accordingly, there is no overlap between absorption and emission
spectra of the three laser dyes in sol–gel matrix. This is critically
important as far as reabsorption of emitted photons is concerned.
There is a minimum reabsorption of laser dyes emitted photons in
sol–gel matrices compared with copolymer ones.
Comparison between spectral data of P2VB, DSP and MSB laser
dyes in sol–gel and in copolymer matrices is shown in Tables 1 and 2.
Sol–gel media are characterized by higher ﬂuorescence quantum
yields (ϕf) values compared with copolymer matrices.
Inspection of Table 2 shows that the ﬂuorescence emission
wavelengths are red shifted in copolymer matrix compared with
sol–gel glass, indicating a more relaxed excited state due to dyecopolymer interaction within excited state lifetime. Fluorescence
quantum yield (ϕf ) values are generally lower in copolymer matrix
compared with those in sol–gel, indicating more interaction
between dye molecules and copolymer matrices. The carbonyl
chromophore in copolymer matrices possesses (n,π*) electronic
states that are characterized by low singlet – triplet splitting
energies (ΔES,T) leading to triplet state population, with subsequent ﬂuorescence quenching [64]. It is known that the (T1-Tn)
transition is a spin-allowed one that can quench ﬂuorescence by

Fig. 2. Normalized absorption (short wavelengths) and emission (long wavelengths) spectra of 4  10  5mol dm  3 P2VB in sol–gel and 1  10  5 mol dm  3in
copolymer.

Fig. 3. Normalized absorption and emission spectra of 4  10  5 mol dm  3 of DSP
in sol–gel and 1  10  5 mol dm  3in copolymer.

Fig. 4. Normalized absorption and emission spectra of 4  10  5 mol dm  3 of MSB
in sol–gel and 1  10  5 mol dm  3in copolymer.

Fig. 1. Normalized UV–vis absorption spectra of un-doped sol–gel and copolymer
matrices.

photon reabsorption. The lower energy level of (n,π*) states also
allows for exciton trapping [64] adding to factors causing ﬂuorescence quenching. These factors give a privilege of sol–gel glasses
over copolymer matrices. Further conﬁrmation of the role of
copolymer matrices in ﬂuorescence quenching comes from the
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Table 1
Absorbance properties of P2VB, DSP and MSB in different restricted hosts.
Dyes

λabs (nm)

ε  104 M–1cm–1

f

Λ(cm)

kr  108 s–1

σa  10(  16)cm2

m(D)

Sol–gel glass

P2VB
DSP
MSB

247
280
247

2.8
2.2
1.5

0.75
0.87
0.04

0.38
0.49
0.72

3.0
3.9
2.9

1.08
0.84
0.58

6.27
7.20
1.48

Copolymer

P2VB
DSP
MSB

378
388
364

6.5
3.9
4.9

0.64
0.42
0.36

0.66
1.11
0.88

5.7
3.5
36.7

2.50
1.50
1.88

7.17
5.87
5.28

dyes

λf (nm) ϕf

τf (ns) σe  10  16 cm2 Ef

kisc  108 s–1

Sol–gel glass P2VB 418
DSP 433
MSB 400

0.75 2.5
0.78 1.9
0.75 2.5

1.08
1.06
4.60

0.44
0.69
0.46

Copolymer

0.36 0.6
0.42 1.2
0.53 0.14

1.20
7.80
1.11

0.31 10.15
0.29 4.83
0.46 32.60

P2VB 428
DSP 434
MSB 420

1.00
1.15
1.00

higher intersystem crossing rate constants (kisc) values in copolymer matrices compared with sol–gel glass.
Another factor leading to higher ﬂuorescence efﬁciencies in sol–gel
compared with copolymer matrix is the replenishment of dye
molecules in lasing regions in a sol–gel matrix. The sol–gel glass
samples contain glycerol that may help in the mobility of the
embedded dye molecules available for lasing action [21]. This happens
very efﬁciently in liquid state as the self-repair in liquid is natural
because of Brownian motion. In solid state as well, the resultant
intensity depends on the number of dye molecules getting excited by
pump radiation in the front surface. When degraded molecules are
replaced by fresh molecules quickly, high ﬂuorescence efﬁciencies are
observed. This is not the case in copolymer matrix where the place of
degraded molecules may not be taken by other fresh molecules. This is
because in copolymer samples, the laser dye molecules are surrounded by only (PMMA, HEMA) matrix with negligibly small solvent
around it.
Excited state lifetime (τf) values in copolymer matrices are lower
than those in sol–gel glass. This indicates a dynamic quenching
process in which the copolymer matrix interacts with the excited
state dye molecules. This leads to shortening of τf values in copolymer
matrices compared with sol–gel glass.
Fluorescence energy yields for P2VB and DSP in sol–gel are higher
than in copolymer, but ﬂuorescence energy yields for MSB in sol–gel
and in copolymer are the same.
Both absorption and emission cross-sections were calculated for
the three laser dyes in sol–gel and copolymer host matrices
(Tables 1 and 2). The values of absorption and emission cross sections
are in agreement with values reported for other efﬁcient laser dyes [65].
The photostability of laser dyes in solid host samples can be expressed in terms of the half-life of lasing materials deﬁned as the number of pulses needed to reduce the laser output intensity to half of its
initial value [33]. Fig. 5 shows the photostability of DSP, MSB and P2VB
dioleﬁnic laser dyes in sol–gel glass and in copolymer matrices. This
was studied by monitoring the output laser intensity as a function of
the number of nitrogen laser pump pulses. Fig. 5 shows a two-step
decline, which appears to be somewhat linear. However the difference
between the two decrease rates is not huge.
The oscillator strength values of electronic transitions were
calculated for laser dyes in sol–gel and in copolymer hosts. For
both P2VB and DSP laser dyes, the oscillator strength values in
sol–gel matrix are higher than those in copolymer matrix. Hence,

DSP in sol-gel
DSP in copolymer

1.0

0.8

0.6

0.4

0.2

0.0
0

3000

6000

9000

12000

15000

18000

21000

Number of pulses

Normalized output energy

Solid host

MSB sol-gel
MSB copolymer

1.0

0.8

0.6

0.4

0.2

0.0
0

3000

6000

9000

12000

15000

18000

21000

24000

Number of pulses

Normalized output energy

Table 2
Fluorescence properties of P2VB, DSP and MSB in different restricted media.

Normalized output energy

Solid host

P2VB sol-gel

1.0

P2VB copolymer

0.8

0.6

0.4

0.2

0.0
0

5000

10000 15000 20000 25000 30000 35000 40000 45000

Number of pulses
Fig. 5. The output energy as a function of the number of pump pulses for P2VB, DSP
and MSB in different restricted hosts using nitrogen pulsed laser (λ ¼337.1 nm).

the effective number of electrons transferred from the ground to
excited states in sol–gel is higher than in copolymer. The attenuation lengths for P2VB, DSP and MSB dyes embedded sol–gel are
lower than in copolymer.
For P2VB and MSB dyes, the radiative decay rate constants (kr)
for dyes embedded in sol–gel are lower than those in copolymer
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Table 3
Laser parameters of P2VB, DSP and MSB in different restricted media.
Host

Dyes

Lasing range (nm)

λmax (nm)

α (cm  1)

Normalized photostability (J/mol)

No. of pulses for 50% reduction

Sol–gel glass

P2VB
DSP
MSB
P2VB
DSP
MSB

394–410
417–456
394–409
412–430
424–453
410–430

418
434
400
428
434
420

0.20
4.85
0.43
2.03
2.35
2.04

0.00521
0.00649
0.00486
0.00693
0.00268
0.00289

5670
7056
5285
7532
2922
3142

Copolymer

matrices. For DSP laser dye, the radiative decay rate constant in
sol–gel and in copolymer is nearly the same.
Table 3 lists the lasing range, the maximum wavelength of laser
spectrum, the normalized photostability (in J/mol) and the number of
pumping pulses giving a 50% reduction in the intensity of the material
for laser dyes in different solid hosts. The half-life of P2VB, DSP and
MSB laser dyes/sol–gel glass samples are 5670, 7056 and 5285 pulses
respectively compared to 7532, 2922 and 3142 pulses in copolymer
respectively. So the half-lives of DSP and MSB in sol–gel are higher
than in copolymer. However, the half-life of P2VB in sol–gel is lower
than in copolymer.
The laser emission and gain coefﬁcient (α) as well as half-life
energy of photostability (E1/2 in Jmol  1) are also determined for
different dyes in solid hosts and are given in (Table 3).
The gain coefﬁcient (α) values for both P2VB and MSB dyes are
higher in copolymer compared with sol–gel matrices. This is not
the case in DSP where (α) values in sol–gel is higher than polymer
matrices. The gain coefﬁcient (α) is given by the relation [64]:
hv
c

α ¼ Bmn ðρm  ρn Þ
Where ρm and ρn are the population densities of the two states
involved in the transition and represent the populations (Nm, Nn)
per unit volume, h is Planck's constant, c is the velocity of light, ν is
the frequency of light and Bmn is constant. The population densities of dyes differ from one matrix to another and this is reﬂected
on (α) value.
Laser gain maxima show that the three studied dyes lase in the
important UV-violet-blue spectral regions. Both DSP and MSB laser
dyes show increased photostability in sol–gel compared with copolymer matrices but P2VB shows an opposite behavior showing more
photostability in copolymer matrix. This is explained in terms of
differences in ground and excited state electron charge distributions
in different dyes with subsequent differences in interactions with
matrix and molecular oxygen. The photostability of the copolymer
matrix can also further improved by co-doping with singlet oxygen
quenchers including Tinuvin770 and coumarin 500, or small molecules e.g. methanol and ethanol [66].

role in copolymer host characteristics due to its low singlet – triplet
splitting energies (ΔES,T) which leads to triplet state population.
Improved photostability of laser dyes within sol–gel derived hosts
has been the focus of this study. Photo degradation rates in sol–gel are
generally lower than in copolymer under N2 laser pumping with
sol–gel presenting a more inert matrix compared with copolymer.
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