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Abstract

Modified rhodamine 6G molecules (Rh-Al or Rh-Aln) with polymerizable double bonds had been copolymerized

with 1,8-naphthalimide derivatives. In copolymers PRNAM, naphthalimide moieties are connected to rhodamine

moieties at nitrogen atom of rhodamine moiety, and in copolymers PRNM naphthalimide moieties are connected to

rhodamine moieties at ester group of rhodamine moiety. We report on their photostability in liquid solution and in

solid film. The photodegradation kinetics of novel copolymers functionalized with laser dyes based on modified

rhodamine 6G and 1,8-naphthalimide has been studied by UV–VIS absorption spectroscopy. The results show that the

rates of the photofading reactions of these novel copolymers follow quasi-first-order. The photostability of the co-

polymers functionalized with laser dyes in solid films is better than that in solutions. The different type of the copolymer

shows the different photostability. � 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Although until recently liquid-solution dye lasers

were the main system used to achieve coherent tunable

radiation in the visible region, solid-state dye lasers are

attracting attention as alternatives to liquid-phase dye

lasers with obvious technical advantages such as com-

pactness, manageability, non-toxicity, no solvent evap-

oration, non-flammability, suppression or minimization

of flow fluctuation, etc. The development of a tunable

solid-state laser has been the subject of extensive re-

search during the past decade. More and more work has

been done using sol–gel materials [1–12] or polymers

[13–23] as solid matrices for laser dyes. Work with

polymers has indicated that polymer materials offer a

number of advantages compared with the available sol–

gel matrices, which include higher optical homogenates

[24], better chemical compatibility with organic dyes and

inexpensive fabrication techniques, although they suffer

from relatively low laser-damage threshold. Recently

modified polymer matrices have resulted in significant

improvements in the resistance of these materials to

damage caused by laser radiation [14,19,25]. However,

up to now these polymer-based lasers have suffered from

several disadvantages, mainly low laser-damage resis-

tance of the plastic host and thermal and photobleach-

ing of the dye. The lack of photostability has been the

major factor that has limited their commercial use.

Rhodamine 6G, as one of the most frequently em-

ployed dye laser materials, has attracted a great deal

of attention. We have reported significant increases in

photostability in solid-state dye lasers based on modified

rhodamine 6G dyes with two covalently boned identical

1,8-naphthalimide groups dissolved in a copolymer of 2-

hydroxyethyl methacrylate (HEMA) and MMA in a 1:1

(v/v) ratio [22]. It was suggested that the presence of the
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1,8-naphthalimide molecules as acceptors of the excess

energy is effective in stabilizing the rhodamine 6G laser

dye. The fluorescence lifetimes of these new compounds

had been investigated by single-photon counting tech-

nique [27]. The fluorescence spectra of these dyes showed

that an efficient intramolecular singlet energy transfer

from the naphthalimide moiety (NA) to the rhodamine

moiety (Rh) exists [28], which has been confirmed by

means of fluorescence lifetime data. It can be considered

that the intramolecular charge transfer or/and energy

transfer between NA and Rh in these trichromophoric

rhodamines was the main reason for good photostability

of these compounds. NA moieties act as a triplet ac-

ceptor relative to Rh moieties.

Since the naphthalimide moiety can act as a good

energy pumping antenna and an internal photostabilizer

for rhodamine molecules, we synthesized novel modi-

fied rhodamine copolymer materials with naphthalimide

antenna [27]. These new modified rhodamine 6G mole-

cules were copolymerized with 1,8-naphthalimide de-

rivatives and/or MMA resulting in several copolymer

products shown in Fig. 1. Previous work on the modified

rhodamine copolymers made by Costela et al. [17,21]

demonstrated that the polymeric chain would provide

additional channels for the elimination of the absorbed

energy along the polymer backbone. It can be expected

that the photostability of the copolymer products syn-

thesized in this work would be significantly improved

due to the elimination of excess energy through the

polymer backbone but also the presence of naphthali-

mide antenna acting as internal photostabilizer. In this

paper the stability of rhodamine 6G derivatives cova-

lently bound to polymeric chains both in solution and in

film are determined. Magnificent increases in photosta-

bility have been obtained for some of these materials,

possible mechanism and processes responsible for the

behavior of these materials are discussed.

2. Experimental

Rhodamine 6G [26] (chloride salt, SIGMA Co.) was

used as received. Novel copolymers functionalized with

laser dyes PRNM, PRM and PRNAM based on modi-

fied rhodamine 6G and 1,8-naphthalimide were syn-

thesized and characterized as described in Ref. [27].

Fig. 1. Molecular structures of copolymer products PRNM, PRM and PRNAM.
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For comparison, based on the composition of PRNM-5

we prepared the mixture model systems mPRhNA,

which comprised rhodamine 6G and N-(2-hydroxy-

ethyl)-naphthalimide and PMMA, and mPRh which

comprised rhodamine 6G and PMMA. Then we studied

the photostability of their solution in chloroform and

their thin films. We also studied the photostability of

rhodamine 6G and the mixture of rhodamine 6G and

N-(2-hydroxyethyl)-naphthalimide (molar ratio 2.05:1,

denoted by RhNA) in chloroform solution. The dye

concentration was chosen so that the absorption (A)

of all samples (including chloroform solution in 1 cm

quartz cell and solid film) at about 530 nm was �1.

All photochemical reaction experiments were carried

out at room temperature. The dye degradation experi-

ments were carried out using a photochemical reaction

apparatus (British Applied Photophys. Limited) with a

high-pressure mercury lamp (200 W) as the light source.

The distance between the lamp and the sample was 200

mm. Absorption spectra were recorded on an UV–VIS

spectrophotometer (Shimadzu UV-260), unless other-

wise noted, in chloroform solutions.

Liquid solutions, in chloroform, of rhodamine 6G

and the novel copolymers PRNM, PRM and PRNAM

were also prepared. The photophysical properties in the

liquid solvents were determined for a dilute dye con-

centration. Spectral measurements were performed in

the same sealed 1-cm-pathway quartz cell. The solid

samples were studied in thin film, which was obtained by

dissolving the novel copolymer in chloroform to obtain

a homogeneous solution, and then casting the solution

on the surface of a quartz plant at an appropriate ad-

justed speed. The films were allowed to dry slowly at

room temperature in the dark for 24 h. The films thus

obtained were optically transparent in the visible region.

The photochemical reaction of these novel copoly-

mers functionalized with laser dyes based on modified

rhodamine 6G and 1,8-naphthalimide in solution or in

film was examined through measuring the absorption

spectra for various irradiation times. In general, the

concentration of dye solutions in this study were ap-

proximately 4 � 10�5 M, on the basis of Beer’s law, for

the dilute solution with the concentration shown above,

there is a linear relationship between the concentration

of dye ([Dye]) and the absorbency (A). Most dye de-

gradation processes result in the alteration or the de-

struction of the p-electron system, which results in loss

or the shifting of the absorption of the dye. The absor-

bance of the sample is linearly related to the concen-

tration. The photostability measurements of the laser

dyes incorporated within films were typically carried out

by measuring only the maximum absorbance of the dye

[12,29]. Therefore, photostability data can be taken by

simply monitoring the drop in the maximum absorbance

of the dye, greatly simplifying the experimental proce-

dure.

3. Results and discussion

3.1. The photostability of the copolymers in solution

Rhodamine 6G has a strong absorption in about

500 nm wavelength range, its maximum absorption

wavelength (kmax) is 529 nm in chloroform and the

corresponding emax is 7:061 � 104 M�1 cm�1. But pho-

todegradation products of rhodamine 6G have no ab-

sorption in around 500 nm due to the smaller conjugate

systems of the products. So, the dependence of concen-

tration of rhodamine 6G and the novel copolymers

functionalized with laser dyes based on modified rhod-

amine 6G and 1,8-naphthalimide studied on the irradi-

ation time can be figured out through measuring the

absorption for various irradiation times, and then the

rate constant of photodegradation can be found out.

According to mechanism of photochemical oxida-

tion reaction of dye, its rate of photochemical oxidation

degradation reaction is

�d½Dye�=dt ¼ k1½Dye�½O2� ð1Þ

As concentration of O2 in the air-saturated solution

is about 3 � 10�4 M [30], the concentration of oxygen

can be considered as a constant relative to the concen-

tration of the dyes. Therefore, it can be obtained:

ln½Dye�0=½Dye�t ¼ kt ð2Þ

A plot of ln½Dye�0=½Dye�t vs. irradiation time (t) is a

straight line, its slope is the rate constant of photo-

chemical oxidation reaction of dye. In the study, there is

a linear relationship between the concentration of dye

[Dye] and the absorbency (A) at the maximum wave-

length. Therefore, the absorbency values (A) were used

directly as the function with the changes of irradiation

times (t).

The experimental results of the corresponding model

systems rhodamine 6G, mPRh, mPRhNA and RhNA in

chloroform solution are shown in Fig. 2. There is a

linear relationship between lnA0=At and the irradiation

time, which means that the photochemical reaction of

rhodamine 6G, mPRh, mPRhNA and RhNA is of quasi-

first-order kinetics decay. For the same solvent, the

photostability of rhodamine 6G solution was greatly

improved by adding PMMA but slightly improved by

adding N-(2-hydroxyethyl)-naphthalimide, as shown in

Fig. 2 and Table 2.

The experimental results of the novel copolymers

PRM in chloroform solution are shown in Fig. 3. There

is a linear relationship between lnA0=At and the irradi-

ation time, which means that the photochemical reaction

of PRM is of quasi-first-order kinetics decay. The rate

constant of photochemical reaction of PRM-2 is the

smallest among the copolymers PRM, whereas the rate

constants of photochemical reaction of PRM-1, PRM-3
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and PRM-4 are similar, as shown in Table 2. The

photostability of the copolymers PRM in solution is

better than that of rhodamine 6G in the same solvent,

and nearly equivalent to that of mPRh except for PRM-

2. Our experimental results shown in Table 2 suggest

that only for some chromophore content, the covalent

linkage of the dye to the polymeric chain would provide

additional channels for the elimination of the absorbed

energy along the polymer backbone. This indicates that

from the point of view of the dye photostability there is

an optimum chromophore content.

For the novel copolymers PRNM-3–PRNM-7 in

chloroform, there is a linear relationship between

lnA0=At and the irradiation time. That is to say, the

photochemical reaction of PRNM-3–PRNM-7 is of

quasi-first-order kinetics decay also. The rate constants

of photochemical reaction of the copolymers in chloro-

form are shown in Table 3. For the novel copolymers

PRNM-1 and PRNM-2, the absorbency (A) initially

grew rapidly until to the maximum (the ratio Amax=A0

was 2.23 and 1.53 respectively) and then dropped with

irradiation time (t) increased, as shown in Fig. 4. This is

a strange and interesting phenomenon and difficultly to

be explained. To compare the photostability of PRNM-1

and PRNM-2 with the others, we took their maximum

as the start of photodegradation, and then plotting

ln½Dye�0=½Dye�t vs. irradiation time (t � tmax), we also

could obtain a straight line (shown in Table 3). In the

chloroform solution, the rate constant of photochemical

reaction of the copolymers PRNM ranged from 0.0361

to 0.0957 h�1 and the difference between them was small.

From Table 1, it is observed that the rhodamine chro-

mophore contents and the ratio of N-AE/Rh-Al are

quite different in PRNM series. So our experimental

result suggest the rhodamine chromophore contents in

PRNM series have little effect on their photochemical

reaction.

The absorbency (A) of copolymers PRNAM-1–

PRNAM-5 initially grew rapidly until to the maxi-

mum but then dropped with irradiation time (t)

increased (see Fig. 5) and their ratio Amax=A0 were listed

in Table 4. The plot of ln½Dye�0=½Dye�t vs. irradiation

time (t � tmax) is a straight line for the copolymers

PRNAM, their rate constants of photochemical reaction

are tabulated in Table 4. For the same solvent, the

photostability of PRNAM-4 is the highest among the

copolymers PRNAM, and the others are similar, as

shown in Table 4.

3.2. The photostability of novel copolymers functionalized

with laser dyes in thin films

There is a linear relationship between lnA0=At and the

irradiation time for the copolymers PRM and PRNM

and for the mixture system: mPRh, and mPRhNA in

film. So, the photochemical reaction of copolymers

PRM and PRNM in film is of quasi-first-order kinetics

Fig. 2. The rate of photodegradation of rhodamine 6G ( ),

mPRh ( ), mPRhNA ( ) and RhNA ( ) at kmax in chloro-

form.

Fig. 3. The rate of photodegradation of copolymers PRM-1

( ), PRM-2 ( ), PRM-3 ( ) and PRM-4 ( ) at kmax in

chloroform.

Fig. 4. The photostability of copolymers PRNM-1 ( ) at 525.0

nm and PRNM-2 ( ) at 533.6 nm.
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decay. Their experimental results are listed in Tables 5

and 6 respectively. The rate constants of photochemical

reaction of PRM-1–PRM-4 in film, which are almost

identical, are smaller than that of mPRh and mPRhNA,

as shown in Table 5. Our investigation provides evi-

dence that the covalent linkage of the dye to the poly-

meric chain would provide several new dissipative

channels not available in the PMMA solution for the

elimination of the absorbed energy along the polymer

backbone to increase the photostability of the copoly-

mers [17,23,31].

The rate constants of photochemical reaction of

novel copolymers PRNM-1–PRNM-7 are tabulated in

Table 6. For the thin films, there is nearly no difference

among the photostability of PRNM-1–PRNM-7. The

experimental results of copolymers PRNAM-1–

PRNAM-5 in film were shown in Figs. 6 and 7. Like the

absorbency of the copolymers PRNAM in solution,

their absorbency in film first went up, and then declined

with irradiation time (t) increased as shown in Fig. 6.

Similarly, there is a linear relationship between lnA0=At

and the irradiation time (t � tmax), which means that the

photochemical reaction of PRNAM-1–PRNAM-5 in

film is of quasi-first-order kinetics decay also. The rate

constants of photochemical reaction of PRNAM-1–

PRNAM-5 in film are tabulated in Table 7.

It is well known that the covalent binding of a

chromophore to a polymer chain restricts its mobility.

Fig. 5. The photostability of copolymers of PRNAM-1 ( ),

PRNAM-2 ( ), PRNAM-3 ( ), PRNAM-4 ( ) and

PRNAM-5 ( ) at kmax in chloroform.

Table 1

The average chromophore contents, the weight-average molecular weight (Mw), the glass transition temperatures (Tg=�C) and the

relative fluorescence integration ratio of the copolymers PRNM, PRM and PRNAM

Copolymers Rh-Al group

(%w/w)

N-AE group

(%w/w)

N-AE/Rh-Al

(mol/mol)

Mw Tg (�C) Relative fluorescence

integration ratio /	

PRNM-1 0.02 1.35 100.17:1 32056 0.690

PRNM-2 0.045 2.51 88.47:1 26546 0.583

PRNM-3 0.19 5.45 46.67:1 40995 1.136

PRNM-4 0.15 2.65 28.24:1 92676 122.68 1.092

PRNM-5 0.41 4.96 19.2:1 16779 2.762

PRNM-6 1.21 26.5 35:1 19166 2.683

PRNM-7 0.69 4.32 10:1 19860 114.42 3.163

PRM-1 0.24 16195 82.66 0.863

PRM-2 0.342 12968 0.594

PRM-3 0.494 31488 0.532

PRM-4 0.909 16085 105.28 0.981

PRNAM-1 0.47 2.20 7.49:1 68287 1.371

PRNAM-2 0.62 2.67 6.89:1 92676 1.177

PRNAM-3 0.81 2.21 4.37:1 51194 90.95 1.160

PRNAM-4 2.68 6.13 3.66:1 41052 1.696

PRNAM-5 4.24 5.43 2.05:1 38450 97.90 1.484

The fluorescence emission integration / of Rh-Al moiety in PRNM or PRM or PRNAM relative to that of Rh-Al monomer

(integrated from 450 to 630 nm) excited at 335 nm. All experiments were performed in CHCl3 at room temperature.

Fig. 6. The photostability of copolymers of PRNAM-1 ( ),

PRNAM-2 ( ), PRNAM-3 ( ),PRNAM-4 ( ) and PRNAM-

5 ( ) at kmax in film.

S. Yang et al. / European Polymer Journal 38 (2002) 911–919 915



Therefore, in the copolymers there should be a decrease

in the rates of bimolecular reactions leading to photo-

chemical degradation. This, together with the amelio-

rated dissipation of the excess energy, facilitated by the

additional channels provided by the covalent linkage of

the dye to the polymeric chains, helps to explain the

photostability of PRM is better than that of mPRh and

mPRhNA.

The difference of the photostability between PRM

and PRNM (or PRNAM) is due to NA groups pre-

sented in PRNM (or PRNAM) which could lead to an

electronic transfer process from rhodamine to naph-

thalimide chromophores, followed by the emission of

transferred energy from the NA molecules, avoiding the

appearance of heat in the medium [22].

In general, the photostability of laser dyes in solid

films is inferior to that in solution, because of poor

thermal dissipation of solid films. As seen in Tables 2–7,

the photostability of the novel copolymers functional-

ized with laser dyes based on modified rhodamine 6G

and 1,8-naphthalimide in solid films is far superior to

that in chloroform solutions. Since oxygen is a good

electron acceptor and abundant in nature, the reaction

of dyes in the excited state with dissolved oxygen is

usually involved in the primary process of chemical re-

action of dyes. Singlet oxygen (1O2) [32] and superoxide

anion (O�
2 ) [33], which are all formed in photosensi-

tization of dyes, are known to be the main factors

causing the photofading of dyes in solutions. For the

equilibrium oxygen concentration in polymers which is

about 10�3 mol/l [14] is similar to, and even slightly less

than, the concentration of O2 in the air-saturated solu-

Fig. 7. The rate of photodegradation of PRNAM-1 ( ),

PRNAM-2 ( ), PRNAM-3 ( ), PRNAM-4 ( ) and

PRNAM-5 ( ) at kmax in film.

Table 2

The rate constants k of photochemical reaction of compounds at kmax

Compounds Rh 6G mPRh mPRhNA RhNA PRM-1 PRM-2 PRM-3 PRM-4

kmax (nm) 534.2 533.8 534.0 533.8 519.2 524.0 528.8 532.0

k (h�1) 0.2311 0.1194 0.112 0.151 0.1023 0.0331 0.1196 0.1701

Table 3

The rate constants k of photochemical reaction of copolymers PRNM at kmax

Dye PRNM-1 PRNM-2 PRNM-3 PRNM-4 PRNM-5 PRNM-6 PRNM-7

kmax (nm) 525.0 533.6 526.3 525.4 532.2 529.0 528.0

k (h�1) 0.0361 0.0439 0.0573 0.0465 0.0957 0.0541 0.0681

Table 4

The rate constants k of photochemical reaction and Amax=A0 of copolymers PRNAM at kmax

Dye PRNAM-1 PRNAM-2 PRNAM-3 PRNAM-4 PRNAM-5

kmax (nm) 516.4 515.4 526.0 518.8 527.2

k (h�1) 0.0201 0.0201 0.0313 0.00098 0.0209

Amax=A0 1.54 1.52 1.48 1.20 3.57

Table 5

The rate constants k of photochemical reaction of copolymers PRM at kmax

Dye mPRh PRM-1 PRM-2 PRM-3 PRM-4

kmax (nm) 532.2 522.6 527.2 531.8 534.4

k (h�1) 0.075 0.0452 0.0343 0.0354 0.0575
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tion [30], so singlet oxygen (1O2) and superoxide anion

(O�
2 ) were not the fatal factors causing the photode-

gradation of the novel copolymers in film. In the solid

film, the polymeric main chains arrange themselves

parallel, regularly and tightly. In that way, two relatively

isolated chromophores on the different molecule may

approach so close that triplet excitation energy can be

transferred from rhodamine moieties to naphthalimide

moieties. This process would result in the increasing of

the photostability of the novel copolymers in the film.

The micro-Brownian motion of molecule is reduced in

films, so the probability of reaction between chromo-

phores and singlet oxygen or superoxide anion in films is

lowered, which also promote their stability. In addition,

the covalent linkage of the dye to the polymeric chain

would provide new dissipative channels for the elimina-

tion of the absorbed energy, and the naphthalimide moiety

can act as acceptors of excess energy. All these can sig-

nificantly increase the photostability of the copolymers

in films. It is very encouraging from the point of view

of developing a practical, tunable, solid-state dye laser.

Several workers have revealed intramolecular sin-

glet energy transfer from antennas to rhodamine [22,

27,28,34–36]. As seen in Table 1, the ratio of fluores-

cence emission integration between rhodamine moiety

in PRNM-5–PRNM-7 and corresponding rhodamine

monomer has increased greatly compared with that in

PRNAM series. N-AE/Rh-Al (mol/mol) in PRNM is far

higher than N-AE/Rh-Aln (mol/mol) in PRNAM (as

seen in Table 1), and these antennas in PRNM can ab-

sorb more UV pump energy. Consequently, the quantity

of energy transferred from the antennas to rhodamine

in PRNM is much more than that in PRNAM series,

which may result in advancing in the ratio of fluores-

cence emission integration between rhodamine moiety

in PRNM and corresponding rhodamine monomer.

The intramolecular singlet–singlet energy transfer

(SSET) process in these copolymers was confirmed by

the phenomenon that the fluorescence emission of NA

was obviously quenched [27,28]. And the fluorescence

quenching of the Rh moiety by the heavy-atom effect

of NA moiety in NA–Rhodamine dyads provides evi-

dence for the intramolecular charge transfer from Rh

to the antennas [27,34–36]. As shown in Tables 2–7,

the photostability of PRNAM is far superior to that of

PRNM. The results may mean that there is an effective

intramolecular charge transfer from the Rh-Aln moiety

to the N-AE moiety in PRNAM copolymers. The

naphthalimide moiety can act as acceptors of excess

energy to significantly increase the photostability of the

copolymer PRNAM.

We have studied such intramolecular interactions in

related dyes, in which naphthalimide was connected with

rhodamine system (Fig. 8). For bichromophoric rhod-

amine dye TR-1 (Fig. 8), there is an effective intramo-

lecular singlet energy transfer from the naphthalimide

moiety to the rhodamine moiety, so its ratio of fluores-

cence emission integration of rhodamine moiety is 1.24

[28]. We also found the ratio of fluorescence emission

integration of rhodamine moiety for trichromophoric

dye TCR-2 (Fig. 8) is 1.165 [37]. In TCR-2, two naph-

thalimide moieties are connected to a rhodamine at ni-

trogen atom of rhodamine moiety respectively separated

by methylene groups. When a naphthalimide moiety

connected to a rhodamine at ester group of rhodamine

moiety separated by methylene groups, such as TR-1,

can enhance the fluorescence quantum yield of the dye

by a factor of 1.24. It can thus be considered that the

more effective channel for intramolecular singlet energy

transfer from the antenna to the lasing chromophore

is that antenna chromophores are linked to the rhod-

amine chromophore at ester group of rhodamine. In

copolymers PRNM (Fig. 1), naphthalimide moieties

are connected to rhodamine moieties at ester group

of rhodamine moiety, whereas naphthalimide moieties

are connected to rhodamine moieties at nitrogen atom

of rhodamine moiety in copolymers PRNAM. So the

ratio of fluorescence emission integration of rhodamine

moiety for PRNM series is higher than that for

PRNAM.

Table 6

The rate constants k of photochemical reaction of copolymers PRNM at kmax

Dye mPRhNA PRNM-1 PRNM-2 PRNM-3 PRNM-4 PRNM-5 PRNM-6 PRNM-7

kmax (nm) 532.0 524.6 534.4 527.4 527.8 533.2 532.0 530.8

k (h�1) 0.084 0.0291 0.0283 0.0258 0.0236 0.0378 0.0315 0.046

Table 7

The rate constants k of photochemical reaction Amax=A0 of copolymers PRNAM at kmax

Dye PRNAM-1 PRNAM-2 PRNAM-3 PRNAM-4 PRNAM-5

kmax (nm) 521.4 520.0 529.0 521.2 531.0

k (h�1) 0.0072 0.008 0.0123 0.0016 0.0066

Amax=A0 1.28 1.23 1.15 1.06 1.21
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When the antenna is connected to a rhodamine at

nitrogen atom of rhodamine moiety separated by

methylene groups, the intramolecular CT transfer or

triplet energy transfer from rhodamine moiety to the

antenna moiety is more effective [22,34]. Therefore,

much higher photostability of PRNAM series could be

expected due that the naphthalimide moiety acts as an

more effective excess energy acceptor in this structure.

As seen in Table 1, the data of average molecular

weights indicate that the mechanical properties of these

copolymers are available. The glass transition tempera-

tures of the copolymers are far higher than that of

Rh6G/PMMA (Tg ¼ 70 �C) [29] which means that the

thermal stability of the copolymer products in this work

are raised when compared with that of Rh6G/PMMA

solid solution, whereas the photostability of PRNAM

when the ratio of N-AE/Rh-Al (mol/Mol) is between

2.05:1 and 7.49:1 is far superior to that of PRNM when

the ratio is between 10:1 and 100:1. So we can conclude

that the structure and ratio in PRNAM are favorable for

laser dyes with high photostability and high thermal

stability.

As the above results show, in the search for more

stable and efficient solid-state laser dyes, a mechanism of

energy transfer follows by fluorescence emission in a

suitable combination of dyes can be an efficient way of

internal stabilization, by radiative dissipation of the

absorbed pump energy which is not converted into laser

emission. The purpose of this research was to gain a

deeper insight into the mechanism of photodegradation

of chromophores in the polymers. The results presented

here show that there is a significant improvement in the

photostability of the organic chromophores in novel

modified rhodamine copolymers with naphthalimide

moieties. Although further research is needed, the ex-

periments reported here show a possible way towards

developing a practical solid-polymer laser dye.

4. Conclusion

We have synthesized novel copolymers functionalized

with laser dyes based on modified rhodamine 6G and 1,8-

naphthalimide. The rate of the photofading reactions of

the novel copolymers follow quasi-first-order. Intramo-

lecular energy transfer from antenna to rhodamine is

very efficient, and energy transfer in the copolymer

PRNAM series is the most efficient among these novel

copolymers. The photostability of the copolymers in

solid films is better than that in solutions. In solid film,

there may be intermolecular energy transfer, which lead

to higher photostability of the copolymers in film. Fur-

thermore the photostability of PRNAM is far superior to

that of PRNM and PRM, so PRNAM are favorable for

laser dyes with high photostability and thermal stability.
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