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a b s t r a c t

Luminescent polymers are commonly employed in light-emitting displays because of their good process-
ability and higher luminance with low power consumption. However, even though they are candidates
for lighting applications, they are susceptible to photoxidation processes which dramatically change
their colour with light exposure. In this work we use the light instability of luminescent polymers in
order to design a blue-light dosimeter which indicates dose accumulation by multicoloured changes of
photodegraded poly(2-methoxy-5(2′-ethylhexyloxy)-p-phenylenevinylene) (MEH-PPV). Photolumines-
cence and absorbance spectra measurements were carried out on MEH-PPV solutions under the effect
of blue-light provided by phototherapy systems. All measurements were done maintaining chief con-
ditions of jaundice treatments. It is observed that changes from orange-red to yellow clearly on colour
solutions, while its peak position emission shifts from orange-red to blue and decreases in intensity with
increasing radiation exposure time. Experiments performed with oxygen enriched solutions were shown

to improve these effects, which is mainly caused by the competition between two possible mechanisms:
a light induced polymerization of MEH-PPV and replacement of C C by C O bonds on the polymer back-
bone. Analyses of the relation between the irradiance produced by phototherapy systems and CIE (1931)
chromatic diagram of MEH-PPV reveal this polymer as an easy to operate blue-light dosimeter, and the
results reported here clearly demonstrated the possibility to produce self-adhesive patch of luminescent

ach s
polymers in order to att
infants.

. Introduction

In the past years, conjugated polymers have been appeared
s very promising materials for use in next generations of dis-
lays, not only because of their good processability in solutions and

ightweight, but also due to their higher luminance with low power
onsumption [1,2]. However, even though they are good candi-
ates for lighting applications, they still have major problems in
erms of stability [3]. Because of their conjugated nature, they are
ighly susceptible to degradation processes [3–5] which dramat-

cally change the emission colour and reduce the efficiency and
urability of their devices. Apart from the degradation processes
ue to electrical and/or thermal effects, there is also a need for
uitable polymers which are inherently resistant to photoxidation

rocess [6]. This result reveals, on the one hand, the low reliability of
olymer devices, and on the other reflects the possibility to design
nd develop dosimeters where the effects of visible radiation on
he optical properties of conjugated polymers are more important
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uch organic dosimeter safety and placed closer to the skin of jaundiced

© 2009 Elsevier B.V. All rights reserved.

than improving the luminance and lifetime of the light-emitting
devices made from them. Moreover visible dosimetry is desired
especially in medical applications where phototherapy is used, for
example, in the treatment of preterm infants with jaundice [7,8],
which is one of the most common reasons for hospital readmis-
sions of newborn infants and where a strong relationship exists
between the rate of decline in serum bilirubin level of infant’s skin
and the intensity, irradiance, irradiated area and spectral qualities
of the light source provided by commercial systems [9–11]. How-
ever, evidence has been gathering from several studies [12–14] that
bilirubin is potentially toxic to the central nervous systems and it
is clear that it needs to be controlled to prevent neurological dam-
ages in newborn infants. A good review of some of the bilirubin
metabolism during phototherapy can be found in Ref. [13]. More
recently, Maisels et al. [13] also have reported that no single stan-
dardized method or radiometers are general used for reporting the
correct phototherapy dosages in the clinical literature. As a con-

sequence, the need for an effective management of the radiation
doses planning before treatment of jaundice is therefore obvious.

In this work we investigated the changes on colour, photo-
luminescence and absorbance behavior of poly(2-methoxy-5(2′-
ethylhexyloxy)-p-phenylenevinylene) (MEH-PPV) solutions under

http://www.sciencedirect.com/science/journal/09254005
http://www.elsevier.com/locate/snb
mailto:bianchi@iceb.ufop.br
dx.doi.org/10.1016/j.snb.2009.09.009
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fusion of excited carries into no degraded polymer chains by Förster
energy transfer consistent with earlier reports [17]. However, these
assumptions should urge further investigations on MEH-PPV dilute
solutions under the effect of blue LED light source.
C.K.B. de Vasconcelos, R.F. Bianchi / S

he effect of blue-light radiation usually used to treat preterm
nfants with jaundice. Emphasis is placed on the irradiance and
n the effects of oxygen enriched solutions and polymer concen-
ration on the optical performance of a blue-light dosimeter which
ndicates the dose accumulation by a multicoloured change of pho-
odegraded polymer. In the design of such device, it has been amply
emonstrated that luminescent polymers are potential candidates
or film-based sensor for easy readout.

. Experimental procedures

The poly(2-methoxy-5(2′-ethylhexyloxy)-p-phenyleneviny-
ene) (MEH-PPV) was purchased from Sigma–Aldrich. 2 ml of
hloroform solutions were prepared and transferred to glass
mpoules which were then flame-sealed. Since oxygen plays an
mportant role on the photoxidation process of MEH-PPV [4,5], the
olutions were also enriched with oxygen or nitrogen gases during
5 min. We assumed here the nitrogen enriched solution as an
lmost free-oxygen system. Photodegradation experiments were
erformed by illuminating the solutions with a commercial pho-
otherapy system (Bilitron® 3006, 460 nm focus). Irradiation was
erformed at room temperature and placed at 30 cm, 32 cm and
6 cm from the samples, yielding an estimated central peak irradi-
nce of 40 �W/(cm2 nm), 37 �W/(cm2 nm) and 34 �W/(cm2 nm),
espectively, in order to investigate the importance of irradiance
nd the sensibility of the MEH-PPV solutions under phototherapy
onditions [11]. The photoemission spectra were recorder using
n USB2000 Ocean Optics spectrophotometer, while a blue LED
�max = 460 nm, 0.15 �W/(cm2 nm)) was used as excitation source.
t is being considered here that the low central peak irradiance
f such blue LED and the short period of PL measurements (<1 s)
o not play a significant role for photoxidation mechanism of
EH-PPV solutions. Finally, absorption spectra were carried out

n the 300–800 nm range using a Shimadzu UV 1650 equipment,
hile the colour coordinates of CIE (1931) diagram chromatics
ere recorded using a Pantone® Colour Cue® 2 and a Pantone
oeGuideTM colours (the international printing, publishing and
ackaging colour language). All measurements were done at room
emperature.

It is important to remark that the radiation exposure time
nstead of radiation dose is used in this work since it is the usual
ontroller parameter applied in phototherapy treatments, and the
esults presented in this paper are divided in two sections: fun-
amental investigations on the effect of blue-light on the optical
roperties of MEH-PPV, and the design and development of an
rganic dosimeter to determine the dose from the polymer colour.

. Results and discussions

Fig. 1 shows the photoemission (PL) spectra obtained from
EH-PPV solutions (50 �g/ml) enriched with N2 (Fig. 1a) and O2

Fig. 1b) and also exposed to the commercial phototherapy system
rom t0 = 0 min to 480 min. The spectra of both non-irradiated solu-
ions (t0 = 0) are characteristic of poly(p-phenylenevinylene)—PPV
erivatives showing a main emission peak (�max) assigned as an
xcitonic emission [15] at about 560 nm with a small shoulder at
90 nm. The maximum PL intensity at about 560 nm is then signif-

cantly increased from 0.9 to 1.0 with t0 = 60 min and 20 min for N2
nd O2 enriched solutions, respectively, while the peak at 560 nm
ecame dominant and the peak at 590 nm disappeared. From t0

igher than 60 min (Fig. 1a) and 20 min (Fig. 1b), it is observed
hat: (i) the polymer solution changes from orange-red to yellow
learly, (ii) �max shifts towards lower wavelength and (iii) PL inten-
ity decays surprisingly. Moreover, the inset in Fig. 1b shows the
max vs. t0 curves of both exposed solutions and it is clear that
Fig. 1. Photoemission spectra obtained from MEH-PPV solutions (50 �g/ml)
enriched with (a) N2 and (b) O2 and also exposed to the commercial photother-
apy system from t0 = 0 min to 480 min. The inset in (b) shows the �max vs. t0 curves
of both exposed solutions. The lines are only guiding the eyes.

role of photoxidation mechanism is less pronounced in N2 enriched
solution. The observed MEH-PPV optical behavior is consistent with
the replacement of vinyl group (C C/970 cm−1) by carbonyl groups
(C O/1670 cm−1) on MEH-PPV backbone due to photoxidation pro-
cess [5,16]. This is confirmed by monitoring the FTIR spectra of cast
films obtained from irradiated N2 enriched solution (Fig. 2) using
the same equipment and procedure as described in Ref. [5]. This
effect reduces the average effective polymer conjugation length
and usually acting as quenching centers for excitonic emission
[16]. It was established here that the basic principle behind the
PL enhancement of MEH-PPV dilute solutions may involve a com-
petition between two possible mechanisms: (i) a light induced
polymerization of MEH-PPV, as pointed out by the increase of vinyl
groups on FTIR measurements and (ii) also an efficient spectral dif-
Fig. 2. Absorption values of C C (970 cm−1) and C O (1670 cm−1) groups obtained
from MEH-PPV solutions exposed to the commercial phototherapy system. The lines
are only guiding the eyes.
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ig. 3. Absorbance spectra obtained from MEH-PPV solutions (50 �g/ml) enriched
ith (a) N2 and (b) O2 and exposed to the commercial phototherapy system from

0 = 0 min to 480 min. The inset in (b) shows the �max vs. t0 curves of both exposed
olutions. The lines are only guiding the eyes.

Fig. 3 shows the absorbance spectra obtained from MEH-PPV
olutions (50 �g/ml) enriched with N2 (Fig. 3a) and O2 (Fig. 3b)
nd also exposed to the commercial phototherapy system from
0 = 0 min to 480 min. Again, the spectra of the non-irradiated solu-
ions (t0 = 0) are characteristic of poly(p-phenylenevinylene)—PPV
erivatives showing a main absorption peak (�max) at 490 nm, with
ecreases in intensity and position with increasing radiation expo-
ure time. The inset in Fig. 3b shows the �max vs. t0 curves of both
olutions where the role of photoxidation mechanism is more pro-
ounced in O2 enriched solution.

Fig. 4 shows the time to reach the maximum PL intensity of
EH-PPV solutions enriched with N2 and O2 gases and with dif-
erent mass concentrations (50 �g/ml, 100 �g/ml, 250 �g/ml and
00 �g/ml). We note on the results shown in Fig. 4 that the higher

s the polymer concentration for N2 enriched solutions, higher is
0. This concentration-dependence seems to obey a linear behav-

ig. 4. Time to reach the maximum PL intensity of MEH-PPV solutions enriched with
2 and O2 gases with different mass concentrations (a) 50 �g/ml, (b) 100 �g/ml, (c)
50 �g/ml and (d) 500 �g/ml. The lines are only guiding the eyes.
and Actuators B 143 (2009) 30–34

ior. On the other hand, a plateau at around 475 min is observed
to occur at about 250 �g/ml for O2 enriched solution, indicating a
saturation value. Within the limits of experimental errors, the only
change in the curves was the change of t0 and thus t0 dependence
on the PL intensity of N2 enriched solutions is an important key
to the fundamental investigations on the effects of blue-light on
the MEH-PPV photoxidation in which for t ≤ t0, the integrated PL
intensity increases slowly with t, while for t ≥ t0, it decreases con-
siderably. In practice, there is no implication of the increase in the
PL spectra for the design of light sensors, but the decrease in the PL
and in the absorbance spectra have been the subject of a great deal
of research in the development of a system to determine the dose
from the polymer colour.

The advantage of MEH-PPV as radiation detector is also man-
ifested from the dramatic colour change of CIE (1931) chromatic
diagram and the PL emission shown in Figs. 5 and 6, respectively.
The chromatic diagrams were obtained from N2 enriched solutions
with different mass concentration (25 �g/ml, 50 �g/ml, 100 �g/ml
and 250 �g/ml), while the PL were obtained from N2 enriched solu-
tions (50 �g/ml). All the solutions were exposed to the commercial
phototherapy system from 0 min to 240 min. From Fig. 5, it is also
observed that the colour changes occur in opposite directions as
function of mass concentration probably associated with the differ-
ent degradation rates of low and high polymer mass concentration
solutions. Moreover, it is applicable in practice using two or more
solutions with different mass concentration to avoid indeterminacy
in reading the radiation dose, in which the same value of PL inten-
sity may correspond to different irradiation times. It is important
to remark here that 120 min is the time-interval between breast-
feeding and thus when the phototherapy may be interrupted.

Finally, from the results shown in Fig. 5 it is made possible
to design a standardized colour chart for blue-light phototherapy
management based on the colour changes of MEH-PPV solu-
tions exposed to radiation in order to represent easily the optical
response of organic solutions and thus the radiation dose pre-
scription usually used in management of neonatal jaundice. Fig. 7
shows a standardized colour chart for blue-light phototherapy
management obtained from colour of MEH-PPV solutions exposed
up to 240 min of radiation. This colour chart was easily obtained
from the colour comparison between the MEH-PPV solution and
a Pantone GoeGuideTM colours. A check against the colour com-
parison standardized colour chart (Fig. 7) easily supplied allows
the dose to be determined. This figure also present the Pantone
GoeGuideTM colours Code hence this organic system is applicable
as a simple and low cost dosimeter (<US$ 0.10) for manages the
radiation doses planning before treatment of jaundice of neonates.
The colour change shown in Fig. 5 are used to design a novel
indicator-dosimeter. Fig. 8 shows the CIE (1931) chromatic dia-
gram obtained from N2 enriched solutions (50 �g/ml) exposed
to 40 �W/(cm2 nm), 37 �W/(cm2 nm) and 34 �W/(cm2 nm) from
0 min to 240 min. Under these conditions, the sensibility of the
device is directly proportional to the radiation dose in agreement
with the importance to control the incident dose in neonates treat
with phototherapy [11]. Our analysis shows that the colour of the
polymer sensor can provide the dose irrespectively of the illumi-
nation power. These results, which to our knowledge are new for
phototherapy of neonatal jaundice, have enable a quantitative anal-
ysis to be made of how the polymer colour is modified by the dose
provided by blue LEDs.
4. Final remarks

The colour and PL behavior of MEH-PPV under the effect of
blue-light source described in this work possesses many attractive
features for novel radiation dosimeter for phototherapy applica-
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Fig. 5. CIE (1931) chromatic diagram showing the influence of blue-light radiation
on the colour coordinates of MEH-PPV chloroform solutions with different mass
concentrations (a) 50 �g/ml, (b) 100 �g/ml, (c) 250 �g/ml and (d) 500 �g/ml.

Fig. 6. PL images of N2 enriched solutions (50 �g/ml) exposed to the commercial

phototherapy system from (a) 0 min, (b) 60 min, (c) 120 min, (d) 180 min and (e)
240 min.

tions in which the needs of control of dose absorption of infant’s
skin is extremely important not only for medical investigations and
prescriptions, but also for medical controller and inspections. As
can also be seen for the results shown in Figs. 1 and 3, the roles
of the oxygen and the polymer concentrations are important keys
to improve the dose–response of the MEH-PPV dosimeter since
these parameters were found to be very useful for investigating
the sensibility response of the sensor [18].

In summary, we are motivated by our goal to provide a novel
indicator-dosimeter to manage the radiation doses to newborn
infants in blue-light phototherapy procedures using the light insta-
bility of colour and luminescent polymers commonly used as active
material for light-emitting displays. Advantages of the use of this
organic solution as the indicator-dosimeter are: low cost, easy to
make, easy to read, easy to operate and accuracy for individual
monitoring which indicates the dose accumulation by a multi-
coloured change of photo-degraded polymer. Moreover, in order to
improve the optical properties and performance of the indicator-
dosimeter in the range relevant for the considered applications,
and thus the efficiency of the overall effects, the influence of light
doses and the possibility to produce self-adhesive patch of MEH-
PPV in order to attach the polymer dosimeter safety and placed

closer to the skin of the infant are still under development and
investigation.

Fig. 7. A standardized colour chart for blue-light phototherapy management based
on the colour changes of MEH-PPV solutions exposed to radiation and the Pantone
GoeGuideTM colours Code.
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Fig. 8. CIE (1931) chromatic diagram obtained from N2 enriched solutions
(50 �g/ml) exposed to 40 �W/(cm2 nm), 37 �W/(cm2 nm) and 34 �W/(cm2 nm)
from 0 min to 240 min.
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