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Photochemistry of some polymerizable fluorescent brighteners
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Abstract

The study presents investigations on the basic photophysical characteristics of seven polymerizable triazine–stilbene fluorescent bright-
eners in aqueous and ethanol solutions and their photochemicaltrans–cisisomerisation. It was established that the type of substituents in
triazine ring does not affect significantly the absorption–fluorescence assignments. The concentration oftrans- andcis-isomers depends on
the nature of the substituents. It was found that the nature of the solvents influences the quantum yield of fluorescence. The absorption and
fluorescence properties of the copolymers with styrene in solid film have been discussed. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

The fluorescent brighteners (FBs) are essentially colour-
less, fluorescent dyes used for whitening textiles [1], paper
[2] and synthetic polymer materials [3]. Materials treated
with FBs obtain a high degree of whiteness which cannot
be achieved by the common bleaching methods. Fluo-
rescent brighteners absorb light in the near ultraviolet
region of the spectrum (about 340–380 nm) and re-emit
the light as violet-blue fluorescence in the visible region.
An important class of fluorescent brighteners are based on
triazine–stilbene, containing different amino and alkoxy
derivatives in the triazine ring [4]. In solution these FBs
have low photo resistance determined of their being able to
isomerize and exist in two isomeric forms [5]. It is due to
the fact than the double ethylene bond in stilbene molecule
favourstrans–cisisomerization of FBs. The active compo-
nent of this FBs is thetrans isomer (the (E)-stilben), which
is fluorescent, whereas thecis isomers (the (Z)-stilben), are
not.

Bleaching of polymeric materials is achieved by blending
the fluorescent brighteners with the polymer or surface treat-
ment of the materials. In both cases the FBs migrate with
time, and the degree of whiteness decreases. The introduc-
tion of unsaturated polymerizable groups into their structure
makes them applicable in the copolymerization process with
vinyl monomers, resulting in the formation of covalent bonds
in the polymer molecule, obtaining structural bleached and
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fluorescent polymers with resistance to wet treatment and
solvents. We have previously reported on the synthesis of
some triazine–stilbene FBs, containing different polymeriz-
able groups [6–8] and on the investigation of their copoly-
mers with acrylonitrile or styrene [9–11].

In this article, we present basic photophysical character-
istics and photochemicaltrans–cis photoisomerization of
triazine–stilbene fluorescent brighteners with unsaturated
polymerizable allyloxy groups in the triazine ring and their
copolymers with styrene.

2. Experimental

2.1. Materials and methods

Derivatives of triazine–stilbene fluorescent brighteners
with the structure presented in Scheme 1 were studied.

The substituentsA1 andA2 are as shown.

1 –OCH2CH=CH2 –NHC6H5
2 –OCH2CH=CH2 –NHC6H4SO3H(4′)
3 –OCH2CH=CH2 –NHC6H4SO3H(3′)
4 –OCH2CH=CH2 –Morpholino
5 –OCH2CH=CH2 –N(CH3)2
6 –OCH2CH=CH2 –N(CH2CH3)2
7 –OCH2CH=CH2 –OCH2CH=CH2

The details from their synthesis are described in [8,12].
The details from the synthesis of poly(St-co-FB) are de-
scribed elsewhere [10].
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Scheme 1.

2.2. Electronic absorption measurements

UV spectra were recorded using aqueous and ethanol solu-
tions at a 5×10−5 mol l−1 concentration and in solid copoly-
mer films on a Hewlett-Packard 8452A spectrophotometer.
The concentration of FBs in the copolymer was 1 wt.%. The
thickness of 45–50mm was optimised to give films with
absorption in the range 0.8–1.0.

2.3. Emission measurements

Fluorescence measurements of FBs in aqueous and
ethanol solutions at a concentration of 10−6 mol l−1 and
a thin polymer film of poly(St-co-FB) were recorded on
a Perkin-Elmer MPF 44 spectrophotometer at room tem-
perature. Fluorescence quantum yields were calculated by
comparing corrected fluorescence spectra of the FBs with
the spectrum of the sodium salicilate (80=0.55) [13]. Phos-
phorescence measurements of FBs were recorded in ethanol
solution in 77 K.

2.4. Investigations of trans–cis isomerization

Photochemicaltrans–cisisomerization was studied in so-
lution at 2.10−3 wt.% concentration of the FBs and exposi-
tion of the solution to monochromatic light at 366 nm. The
irradiation was carried out in an inert atmosphere to avoid
photochemical breakdown. The course of isomerization was
followed spectrometrically and by thin layer chromatogra-
phy (TLC).

The rate of reaction of photoisomerization and final
products in the equilibrium was monitored by TLC us-
ing n-butanol:pyridin:25 vol.% NH3 (1:1:1) on silicagel

Table 1
Absorption of cis and trans isomers and basic photophysical characteristics of the fluorescent brighteners in aqueous solution (see text)

FBs Cis Trans Isobestic point (nm) λF (nm) 1n (cm−1) 8F EF

lA (nm) lA (nm) log ε

1 258 344 4.69 301 434 6028 0.34 0.27
2 277 346 4.52 306 444 6379 0.27 0.21
3 275 346 4.48 307 439 6122 0.24 0.19
4 274 351 4.66 305 434 5448 0.30 0.24
5 275 348 4.59 305 432 5587 0.32 0.26
6 273 351 4.72 306 441 5814 0.31 0.24
7 269 351 4.61 304 436 5554 0.32 0.26

Table 2
Absorption of cis andtrans isomers and basic photophysical characteristics
of the fluorescent brighteners 1–7 in ethanol solution (see text)

FBs Cis Trans Isobestic λF 1n 8F EF

point (nm) (nm) (cm−3)
λA λA log ε

(nm) (nm)

1 260 347 4.71 304 439 6039 0.51 0.40
2 279 349 4.48 309 448 6332 0.43 0.33
3 279 348 4.37 310 443 6162 0.39 0.30
4 280 354 4.64 306 439 5469 0.42 0.34
5 277 351 4.59 308 435 5501 0.50 0.41
6 276 354 4.72 310 440 5521 0.48 0.38
7 271 355 4.53 307 438 5338 0.49 0.40

plates. The chromatograms were developed by irradiation
at 366 nm.

3. Results and discussion

3.1. Spectral characteristics of monomeric FBs

Tables 1 and 2 show the basic photophysical characteris-
tics of FBs 1–7, obtained from the measurement of the FBs
dissolved in aqueous solution and ethanol. In this tables the
values of the ground state position of the absorption max-
ima (λA) for trans forms and the extinction coefficient (ε)
of the FBs are presented. The values of fluorescent maxima
(λF), Stokes shift (1ν), quantum yield of fluorescence (8F)
and the energy yield (EF) are also presented.

The absorption and fluorescence spectra for the FB1 in
aqueuos solution are shown in Fig. 1 as an example. The ab-
sorption and fluorescence spectra of all the compounds have
similar curve profiles. Only their intensity changes with re-
spect to those of FB1. In aqueous solution all the FBs ab-
sorbed in the UV region (λA=344–351 nm). On light ab-
sorption FBs pass from the graund singled state S0 to the
first excited state S1. Fluorescence emission was observed
in the region 375–510 nm with a well pronounced max-
ima at 432–444 nm. In ethanol the absorption maxima are
at 347–355 nm and respective fluorescent maxima are at
438–448 nm. As seen from the data listed in Tables 1 and 2
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Fig. 1. Absorption (A) and fluorescence (F) spectra of FB1 in aqueous
solution.

the changes in the solvents have only a small effect upon the
positions of the absorption and fluorescence maxima of the
FBs 1–7. An important parameter characterising the FBs is
the energy of the excited stateES1. The energy of the excited
stateES1 and the correspondingλS1 were determined by the
interaction of the fluorescence and absorption spectra. The
energy of the excited stateES1 in water is 298–311 kJ mol−1

and 300–314 kJ mol−1 in ethanol. The FBs studied do not
phosphoresce in ethanol solution either at room temperature
nor at 77 K. This indicates that being in the excited state the
FBs are in the singled state S1. The FBs molecules are de-
activated on fluorescence light emission and pass from the
S1 to the ground S0 state.

The Stokes shift is a parameter which indicates the dif-
ferences in properties and structure of the FBs between the
ground state So and the first excited state S1. The Stokes
shift was found by Eq. (1):

1ν =
(

1

λA
− 1

λF

)
× 107 (cm−1) (1)

The calculated values of Stokes shift in aqueous solution are
between 5448–6379 cm−1 and 5338–6332 cm−1 in ethanol.
The significant Stokes shift is due to the energy losses dur-
ing the transition into excited state. This is an evidence of
notable steric changes which the molecules undergo during
the transition from basic to excited state. The Stokes shift
for FBs 1–3 having aromatic substituents in the triazine ring
is greater. The effect is enhanced with the introduction of
sulpho groups into these substituents.

The ability of the molecules to emit the absorbed light
energy is characterised quantitatively by the quantum flu-
orescent yield FF. It was determined on the basis of the
absorption and fluorescence spectra of the FBs dissolved
in water and in ethanol. The results for8F are in the re-
gion 0.24–0.34 (aqueous solution) and 0.39–0.51 (ethanol).
It shows that the fluorescence involves non-emission
deactivation of the S1 state in aqueous solution.

Besides8F the energy yield of fluorescenceEF can also
be used [14] (Eq. (2)):

EF = 8FλA

λF
(2)

Table 3
Retention factorRf on trans- andcis- forms of the fluorescent brighteners
and their concentrations (CT, CC) in aqueous and ethanol solutions

FBs Rf In water In ethanol

Cis Trans CT CC CT/CC CT CC CT/CC

1 0.24 0.61 47.5 52.5 0.91 43.5 56.5 0.77
2 0.38 0.50 40.5 59.5 0.67 38.5 61.5 0.63
3 0.38 0.50 34.8 65.2 0.53 32.5 67.5 0.48
4 0.17 0.44 66.4 33.6 1.97 61.9 38.1 1.62
5 0.48 0.69 65.3 34.7 1.88 64.5 35.5 1.81
6 0.52 0.77 68.1 31.9 2.13 67.3 32.7 2.06
7 0.43 0.61 61.9 38.1 1.62 59.3 40.7 1.45

The data from1ν, 8F and EF reveal the domination
of non-radiate deactivation processes during the tran-
sition S1→S0 which are parted by isomerization in
non-fluorescencecis-form.

3.2. Spectral characteristics of polymeric FBs

The spectral characteristics of the structurally modified
polystyrene are also interesting to study. Table 3 presents
data estimated from the absorption and fluorescence spec-
tra of poly(St-co-FBs) in the isotropic state. An absorption
maxima was observed at 338–344 nm as well as a well pro-
nounced fluorescence maximum at 418–422 nm. It is re-
markable that absorption and fluorescent spectra of the solid
polymer films differ significantly from those in aqueous so-
lution. There is a slight hypsochromic shift of about 4–9 nm
of the absorption maxima and a more significant one of the
fluorescence maxima of 14–20 nm. The phenomena might
be explained by the fact that the chromophore system is
better fixed in the polymer chain hence there are less pos-
sibilities for changes. The Stokes shift values are between
5430–5715 cm−1. The energy of the excited stateES1 was
determined and it was 309–310 kJ mol−1.

3.3. Trans–cis isomerization in solutions

It is well known that traizine–stilbene fluorescent bright-
eners are light sensitive products. They have very poor pho-
tostability in aqueous solution and one of the major pho-
toreactions causing loss of fluoresence istrans(E)→cis(Z)
isomerisation, a reaction which involves rotation of the stil-
bene molecule around the central ethylene bond [15–17].
The photochemical processes oftrans–cisisomerization is
illustrated in Scheme 2.

The mechanism of the emissionless deactivation of the
singled state FBs is in fact a conformation transition of a
singlet excited state of thetransisomer being in thecis form
accompanied by a well pronounced non-radiative emission
S1→S0.

Table 4 collects the data of retention factorRf for trans-
andcis-isomers. As seen the two isomers for the FBs studied
have different retention factorRf values which is an indica-
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Scheme 2.

Table 4
Photophysical characteristics of poly(St-co-FB) in solid polymer films

Copolymers λA (nm) λF (nm) 1n (cm−1) ES1 (kJ mol−1)

poly(St-co-FB1) 340 422 5715 310.2
poly(St-co-FB4) 338 420 5430 308.6
poly(St-co-FB5) 342 420 5602 308.9
poly(St-co-FB6) 344 418 5662 309.6

tion of the different absorbencies. Thecis form is due to a
disturbed co-planarity of the molecule hence it has a weaker
substantiality and lowerRf values.

In Fig. 2 shows the absorption spectra of FB1 before and
after irradiation in aqueous solution. It is seen that the ab-
sorption spectrum after irradiation showed two bands char-
acteristic fortrans- andcis-isomers. In the initial mixtures
trans-isomer is predominantly excited and its concentration
decreases with irradiation time while this ofcis-isomer in-
creases till its photo equilibrium is reached. The two iso-
meric forms have different absorption maxima in the UV
region. Thetrans-isomers absorb at 344–351 nm in aqueous
solution and 347–355 nm in ethanol while thecis-isomers
are hypsochromically shifted to 258–279 nm region for both
solvents (Tables 1 and 2). In daylight, the photo equilib-
rium state favours thecis-isomer. This leads to disintegra-
tion of the molecular compactness. Thuscis-isomers lose
their fluorescence properties and affinity to the brightened
material and the FBs become less effective.

Fig. 2. Absorption spectra of FB1 in aqueous solution before (—) and
after (---) irradiation.

The obtained percent content of the isomers of FBs stud-
ied in solution after explosion to light was estimated accord-
ing to Eqs. (3) and (4) [18]:

CT = AT(A′
C − AC)

A′
CAT − ACA′

T
100% (3)

CC = (100− CT)% (4)

where AT and AC are the absorption of thetrans- and
cis-isomers before exposing the solution.A′

T and A′
C are

the respective absorption after exposure.CT andCC are the
percen concentrations of thetrans- and cis-isomers in the
solution.

Table 4 presents the results forCT and CC of the two
isomers for the FBs 1–7. In equilibrium in aqueous so-
lution the concentration oftrans- isomers prevails (CT is
62–68%) for FBs 4–7 containing aliphatic residues as sub-
stituents whereas the aromatic residues (FBs 1–3) increase
thecis-isomers (CC is 52–65%). In ethanol solution the de-
pendence is similar to this in aqueous solution.

In the isosbestic points the FBs concentration does not
depend on the composition oftrans- andcis-isomers in the
solution, and can be used for quantitative measurements.
The wavelength at isobestic points in aqueous solutionλA
is 301–307 nm (Table 1), while in ethanol solution it is in
the region 304–310 nm (Table 2).
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