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Spectral Properties of Porphyrin Doped
MEH-PPYV as Films and in Chloroform Solutions
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Abstract; The spectral properties of different mass percentages of the porphyrin(5,10,15,20-tetra-p-tolyl-21H,
23H-porphine, TTP) doped poly [ 2-methoxy-5-( 2'-ethylhexyloxy ) -1, 4-phenylene vinylene ] ( MEH-PPV ) were

studied by UV-Vis absorption and fluorescent emission spectra in this paper. The absorption spectra of the blended

systems as both films and chloroform solutions show the same behaviors. Meanwhile, the aggregation of polymer

chains for MEH-PPV was found under the both cases and the absorption of TTP at 420 nm increase with increasing

TTP in the blends. However, the emission spectra from the films are different from those in chloroform solutions.

Forster energy transfer from MEH-PPV to TTP occurs in the films and chloroform solutions. Moreover, the splits of

emission peak of MEH-PPV induced by energy transfer in chloroform solutions with high TTP doping levels are

observed. The phenomenon is disappeared when the solution is diluted, indicating an enlarged distance between the

energy donor and acceptor at that time. Furthermore, the rate of energy transfer was obtained at 1 x 10° mg + mL™" - s

-1
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1 Introduction

The conjugated polymers have been paid much
attention due to their broad prospects as organic
light-emitting diodes (OLEDs) in display'' "*'. The
full color display requires the emission region at red
green and blue. However, achieving pure-red emis-
sion has proved relatively challenging. Rare earth
complexes with europium (III) have been used as
emitters in OLEDs for red emission>*'. They have
very narrow emission bands and give pure chromi-
nance. On the other hand, porphyrins are very ex-
tensively used dyes which emit lights at the range of
red. Some researches have reported for using por-
phyrins in OLEDs!"'.

mixtures with conjugated polymers and emitted

Most of them are blended as

redlight via the Forster energy transfer process from
the host polymers to porphyrins. Thus, the color of

emission can be changed by combination of a dye
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with a polymer. Although porphyrin involved red-
emission OLEDs have been reported, few papers were
published on the features of Forster energy transfer of
blends as films and in solutions and the spectral
properties of the blends with different concentrations
have not been reported yet. Recently, we reported
OLEDs of TTP doped poly [ 2-methoxy- 5-(2’'-ethyl-
hexyloxy ) -1, 4-phenylenevinylene | ( MEH-PPV )

[8,9]

blended emitter For further understanding the

mechanism of the luminescence, the spectral proper-
ties of TTP in thin MEH-PPV films and chloroform
solutions were studied in this paper and Férster ener-
gy transfer induced spectral changes were discussed.
Although the overlap between the absorption band of
TTP and the emission band of MEH-PPV is small,
the significant energy transfer can be observed. The
results will be helpful to understanding the mecha-
nism of energy transfer and further the luminescent

rules for OLEDs.
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2 Experiments

TTP was purchased from Aldrich Company and
used without further treatment. MEH-PPV was syn-
thesized according to the literature method''*'. The
blends were prepared by mixing the appropriate
amounts of TTP and MEH-PPV in chloroform. The
amount of TTP is in from 0.5% ~8.0% in mass
fraction. Optical absorption and photoluminescence
(PL) of the blends were measured in films deposited
by spin coating and in chloroform solutions. The PL
spectra were measured by a Hitachi F-4500 lumines-
UV-Vis
recorded by a Perkin Elmer Lambda 25 spectro-

cence spectrophotometer. spectra were

photometer.

3 Results and Discussion

3.1 UV-Vis Spectra of Blends as Films

The UV-Vis absorption spectra of TTP dispersed
in PMMA, neat MEH-PPV and TTP doped MEH-
PPV films are shown in Fig. 1. In Fig. 1(a), the
peak of absorption for TTP at 420 nm is the band of
Soret (S,—S,) and ones at 518, 522, 595 and 650
nm are the bands of Q (S,—S,)"""). In Fig. 1(b),
a broad peak around 500 nm is caused by energy ab-
sorption of MEH-PPV. On the other hand, Fig. 1
(c¢) illustrates the absorption spectrum of a film of
3% TTP doped MEH-PPV. From Fig. 1 (¢), we
can see that two significant peaks at 420 nm and 480
nm represent the absorption of TTP and MEH-PPV |
respectively. Meanwhile, we observed during the

experiment that the absorption of TTP at 420 nm

(a) (b) (c)
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Fig.1 UV-Vis absorption spectra of the films for TTP dis-
persed in PMMA (a), MEH-PPV (b) and 3% TTP
doped MEH-PPV (¢).

increaseds with increasing the TTP doping level in
blends. Moreover, the absorption peak of MEH-PPV
has a blue-shifted with the increasing of TTP absorp-
tion at 420 nm. The range for the shifting is between
the wavelength of 500 nm and 470 nm. This result
indicated the aggregation of polymer chains in neat
MEH-PPV film""*.
TTP may reduce the molecular aggregation.
3.2 PL of Blends as Films

PL spectra of MEH-PPV and TTP are shown in
Fig.2. The emission peak from MEH-PPV is at 582

nm and ones from TTP are at 660 nm and 722 nm,

However, the co-existence of

respectively. The small overlap between the emission
spectrum of MEH-PPV and the absorption band of
TTP causes Forster energy transfer. In order to clarify
the details of Forster energy transfer in the blended
systems, the PL spectra of films with varying mass
fraction of TTP doped MEH-PPV were measured.
The excitation wavelength was selected at 420 nm
and 500 nm, respectively. The former is for the ex-
citation of TTP and the later is for MEH-PPV. Fig.3
illustrates the PL spectra of the blended systems in
the case that different excitation wavelengths were
used. The spectra placed in the upper part were re-
corded with A, =420 nm and those in the lower
were recorded with A, =500 nm.

From Fig. 3, it can be seen clearly that the
emission of TTP increases with increasing the TTP
doping level in the both cases. Furthermore, the
emission of TTP is higher by excitation at 420 nm
than that by 500 nm indicating that the emission un-
der the excitation wavelength of 500 nm is mostly

from the energy transfer of MEH-PPV. Meanwhile,

1/a. u.
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Fig.2 Emission spectra of (solid) MEH-PPV (A, =500
nm) and (dash) TTP (A, = 420 nm)
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Fig.3 Emission spectra of varying TTP doped MEH-PPV films with A,, =420 nm (upper part) and 500 nm (lower part)

although TTP does not absorb at 500 nm, the emis-
sion intensity at 660 nm increases and dominates the
spectrum above the doping level of 3.0% , showing
that energy transfer from MEH-PPV to TTP occurs in
the blended systems again. Generally, Forster ener-
gy transfer occurs in the case that the emission band
of donor and the absorption band of acceptor overlap
obviously. In this study, the emission band of MEH-
PPV overlaps with several small absorption peaks of
TTP. A strong red emission from TTP still can be
observed. This result may help to select optimum
materials for OLEDs.

According to Forster theory, the rate for energy
transfer is'"*’

k= (1/7,) (R,/R)®,
where 7, is the fluorescence lifetime of the donor
( MEH-PPV ) ,
(TTP). R, is called the characteristic transfer dis-

in the absence of the acceptor

tance, which is related to the spectral overlap be-
tween emission of donor and the absorption of accep-
tor, and a complex geometric factor. The spectral
overlap between the emission of MEH-PPV in the
region of 550 ~ 700 nm and TTP absorption in the
region of 550 ~ 680 nm is enough for the efficient
energy transfer. According to the literature'’’ | the
transfer distance, R,, for MEH-PPV and porphyrin
is 2. 5 nm. Of course, in the case of films both
molecules are contacted intimately. Therefore, Forster
energy transfer is feasible in the blended films.

3.3 UV-Vis Spectra of Blends in Chloroform

Solutions

In the case of the blends in chloroform, the

spectral behaviors of absorption are the same as
those in films. The absorption of TTP at 420 nm in-
creases with increasing the TTP doping level in the
blended systems. On the other hand, the absorption
peak of MEH-PPV is blue-shifted from 498 nm to
468 nm in pure chloroform solution with increasing
the TTP doping level, indicating the aggregation of
polymer chains in solutions'"*’
3.4 PL of Blends in Chloroform Solutions

The emission spectra of the blended systems in
chloroform solutions are quite different from those in
films. Meanwhile, the profiles of the spectra change
with doping concentration. Fig. 4 shows the emission
spectra with TTP different doping levels at the exci-
tation wavelengths of 420 nm ( left part) and 500 nm
(right part). The concentration of MEH-PPV is
chosen at 2 mg » mL™" in this measurement. It is
clearly to see that the emission of pure MEH-PPV is
about 610 nm. However, several new peaks appear
gradually with the addition of TTP, such as at 580,
620, 660 and 720 nm with the TTP doping level of
8.0% . As we knew that the later two peaks are from
the emission of TTP, but the former two should split
from the emission of MEH-PPV. On the other hand,
at the excitation wavelength of 420 nm at which TTP
has the maximum adsorption, the emission of TTP at
660 nm increases as increasing the TTP level. Com-
paring with the emission at the excitation wavelength
of 500 nm, the TTP part in the spectra is larger. At
the same time, we can see that the emission of

MEH-PPV splits at the TTP doping level over 3. 0%

and reduces with increasing the amount of TTP.
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Regarding the split of the emission for MEH-PPV,
seeing Fig. 5, the spectra of TTP absorption and
emission of 5.0% TTP doped MEH-PPV at the exci-
tation wavelength of 420 nm, shows the reason.
From Fig.5, it is clearly that the Q-band of TTP at
592 and 642 nm absorb the emission from MEH-
PPV. The maximum absorption wavelengths of Q-
band are well matched the valleys of the split region
of MEH-PPV. This phenomenon is getting severely
with the increasing of TTP doping level. It is a
powerful evidence for supporting energy transfer in

chloroform. However, the reason for the spectral split
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Fig.4 Emission spectra of varying TTP doped MEH-PPV in

chloroform with A, =420 nm (left part) and 500 nm

(right part). The concentration of MEH-PPV is 2 mg -

mL ™"
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Fig.5 UV-Vis absorption spectrum of TTP ( solid) and
emission spectrum of 5% TTP doped MEH-PPV

(dash) in chloroform with A, =420 nm

in chloroform solutions rather than in films is that the
emission region of fluorescence from the films and
solutions is different. When the excitation light irra-
diated on the surface of the films, the emission light
is recorded by the detection system directly, whereas
in the case of solutions the excitation light irradiated
into the center of cell and the emission is initiated
from the central part in the solutions. If the concen-
tration of solution is higher ( >1 mg/mL), the mole-
cular distance between MEH-PPV and TTP is short.
The emission of MEH-PPV should pass through the
region which contained TTP before the detection, so
caused the spectral split of MEH-PPV. This is also
called the inner filter effect in solution'"”!. The phe-
nomenon is getting weakly as the dilution process as
shown in Fig. 7.

If energy transfer from MEH-PPV to TTP equals
to a process of fluorescence quenching for MEH-
PPV,

quenching kinetics and can be described as the fol-
[16]

the quenching should obey Stern-Volmer

lowing equation
(1,/1, -1) = kr, [TTP],
where I, and I are defined as the fluorescence inten-
sity of MEH-PPV in solution when [ TTP] =0 and
x; k and 7, are defined above. The fluorescent in-
tensity at 620 nm with different TTP doping levels in
MEH-PPV is measured using the excitation wave-
length of 500 nm when the concentration of MEH-
PPV is 1.0 mg - mL~'. The values of 1,/1, at diffe-
rent concentrations of TTP are calculated and listed
in Table 1. The linear relationship between I,/1 and
[TTP] is plotted as shown in Fig. 6. Therefore, the
energy transfer belongs to a process of fluorescence
quenching. From the line illustrated in Fig. 6 the value
of slope, kr,, is obtained and if the lifetime of MEH-
PPV in chloroform is 360 ps'”, the rate of energy

transfer, k, can be gotten as 1 x10° mg - mL™" + 57",

Table 1 The ratios of fluorescence intensity for neat
MEH-PPYV to that at different doping levels of

TTP

[MEH-PPV] (mg - mL™") 1.0

[TTP] x10>(mg - mL™')0.0 0.5 1.0 3.0 5.0 8.0

I,/1, 1 1.27 2.54 5.48 6.05 11.58
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Fig. 6  The relationship between [,/I, and concentration
of TTP

As we know from the discussion above, the Q-
band of TTP at 592 and 642 nm with higher concen-
tration will cause split of the emission spectrum of
MEH-PPV. In the following research we will explore
the emission of the blended systems at different con-
centrations.

Fig. 7 shows the PL emission of 5% TTP doped
MEH-PPYV in chloroform with dilution at different ex-
citation wavelengths. The original concentrations for
MEH-PPV and TTP are 2 and 0.01 mg - mL™", re-
spectively. Then, the concentration of the solutions
is diluted by chloroform to 15 times at least and each
time the concentration can be reduced to 1/2. We
can learn from Fig. 7 that the emission from TTP is
getting weak with the process of dilution. The emis-
sion peak at 660 nm from TTP is annexed into MEH-
PPV spectrum gradually due to the dilution induced
low concentration. Meanwhile, at the very begin-
ning, the emission of MEH-PPV is divided into two
peaks at 580 and 620 nm, respectively. Then, the
peak at 580 nm increases gradually with the dilution
and finally influence caused by TTP disappears. On
the other hand, if the excitation wavelength is at 500
nm, seeing the spectra in the right side of Fig. 7, we
can not observe the emission from TTP after 4 times
of dilution, showing that Forster energy transfer can
not occur at that time due to the large distance be-
tween the molecules of MEH-PPV and those of TTP.
Meanwhile, if the excitation wavelength is at 420
nm, the emission of TTP at 660 nm is still remained
until the solution is diluted up to 15 times. The con-
centrations of MEH-PPV and TTP at the moment are
6 x10 7 and 3 x10 " mg - mL™", respectively.
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Fig.7 Emission spectra of 5.0% TTP doped MEH-PPV in
chloroform with dilution at different excitation wave-
lengths. The number in each grid shows the diluted
time. Left: A, =420 nm; right:A_ =500 nm.

4 Conclusion

We studied the spectral properties of varying
mass percentage of TTP doped MEH-PPV as films
and in chloroform solutions. The significant Forster
energy transfer occurs from MEH-PPV to TTP, al-
though the absorption of TTP and emission of MEH-
PPV overlapping is very small. However, the emis-
sion spectra of the blends in chloroform are quite dif-
ferent from those of the films. The emission peak of
MEH-PPV splits when the concentration of TTP in a
blend with chloroform is higher and the details are
discussed in the investigation, too. The kinetics of
energy transfer shows that the rate for energy transfer

is 1 x10° mg » mL™" « s

. The research may be
helpful to understanding the mechanism of energy
transfer and select the materials for OLEDs as color-
tunable emitters. It also clues us on what occurs in
the polymer solution. This is one of the particular
examples on the kinetics study concerning photo-
physical processes for composite materials and fur-

ther attention should be paid to the investigation on

transient process of the system.



124 Bt E %31 %

References :

[ 1] Shin H K, Jin J I. Light-emitting characteristics of conjugated polymers [J]. Adv. Polym. Sci. , 2002, 158.193-243.

[2]QuB, ChenZ, Li F, et al. Materials and devices in the field of polyfluorene derivatives organic electroluminescence [ J].
Chin. J. Lumin. (X 65 3), 2007, 28(5) :683-692 (in Chinese).

[ 3] Shen Lin, Xu Hao, Ye Dangin, et al. High efficiency and high color purity red organic electroluminescent devices using
BAlq as host material [J]. Chin. J. Lumin. (£ &%), 2008, 29(1) ;:51-55 (in Chinese).

[ 4] Tang Rong, He Zhiqun, Mu Linping, et al. Electroluminescence from conjuagated polyphenylenebenzobisoxazole [ J].
Chin. J. Lumin. (X %3 3K), 2008, 29(6) :950-956 (in Chinese).

[5] Liu S, Yang L, Zhang H, et al. Organic electroluminescent devices using a new organic complex of rare-earth europium
Eul,L,[J]. Chin. J. Lumin. (£ % %), 2006, 27(4) :553-556 (in Chinese).

[ 6 ] Zhong G, Kim K, Jin J I. Intermolecular energy transfer in photo- and electroluminescence properties of a europium( III )
complex dispersed in poly( vinylcarbazole) [J]. Synth. Met. , 2002, 129(2) :193-198.

[ 7] Jorge Morgado, Franco Cacialli, Rifat Igbal, et al. Foster energy transfer and control of the luminescence in blends of an
orange-emitting poly ( p-phenylenevinylene) and a red-emitting teraphenylporphyin [J]. J. Mater. Chem. , 2001, 11(2):
278-283.

[ 8 ] Wu Jun, Zhong Guolun, Sun Jianzhong, et al. Luminescent properties of prophyrin doped poly[ 2-methoxy-5-(2'-ethylhex-
yloxy)-1,4-phenylenevinylene ] [J]. Chin. J. Lumin. (Z X %#), 2008, 29(2) :259-263 (in Chinese).

[ 9] Zhong G, Wu J, Wang Y, et al. Photo- and electro-luminescent properties of 5,10,15 ,20-tetra-p-tolyl-21H ,23 H-porphine
doped poly[ 2-methoxy-5-(2'-ethylhexyloxy ) -1 ,4-phenylenevinylene | films [J]. Thin Solid Films, 2009, 517 (11) :3340-
3344.

[10] Wudl F, Srdanov G. Conducting polymer formed of poly (2-methoxy,5-(2'-ethyl-hexyloxy ) -p-phenylenevinylene ) : US,
5189136 [P]. 1993-02-23.

[11] Horvath O, Huszank R, Valicsek Z, et al. Photophysics and photochemistry of kinetically labile, water-soluble porphyrin
complexes [J]. Coordin. Chem. Rev. , 2006, 250(13-14) :1792-1803.

[12] Nguyen T, Martini I B, Liu J, et al. Controlling interchain interactions in conjugated polymers; the effects of chain mor-
phology on exciton-exciton annihilation and aggregation in MEH-PPV films [J]. J. Phys. Chem. B, 2000, 104(2) :237-
255.

[13] Lee J, Kang I, Hwang D, et al. Energy transfer in a blend of electroluminescent conjugated polymers [ J]. Chem. Mater. ,
1996, 8(8) :1925-1929.

[14] Nguyen T, Doan V, Schwartz B J. Conjugated polymer aggregates in solution: control of interchain interactions [J]. J. Chem.
Phys. , 1999, 110(8) :4068-4078.

[15] Valeur B. Molecular Fluorescence: Principles and Applications [ M]. New York; Wiley-VCH, 2001, 162.

[16] Kropp J L. Energy transfer in solution between UO;" and Eu’* [J]. J. Chem. Phys. , 1967, 46(3) :843-847.

[17] Nabetani Y, Yamasaki M, Miura A, et al. Fluorescence dynamics and morphology of electroluminescent polymer in small

domains by time-resolved SNOM [ J]. Thin Solid Films, 2001, 393(1-2) :329-333.



511 ZHONG Guo-lun, et al: Spectral Properties of Porphyrin Doped MEH-PPV

125

RS AR MEH-PPV BRI DG i g 1 PR i

ER, Tk, e

(WK T T B A 502 TR Be, WiV T3 315100)

HE : HF50 7 AN IA) BRIk (TTP) $8 2% B9 MEH-PPV {458 SN I R 3% ' 5 631, X FiiB 2 1A 2 8
TR P B O R B A R R AT O, Rl TEIX ARG O0 T & 8 T MEH-PPV BE ) 5 4E, LI &% TTP 7E
420 nm PRI BEIE AR RSN I o AR IR A S 6 5 S5 W A T AR . Y TTP - IR 5
MEH-PPV % 577 1) B B, 7E NN G053 WP 1) R vk BE 8 2% R & P A7 AE L MEH-PPV F]] TTP ) Forster fE it %
B fEIRAE R TTP 525 T I A 05 Wb A e A 320 MEH-PPV i SFIg ft) B 2R, 17 59 10 W I, IX AR BR A
T, FE I RE I 45 (AR SZ AR A BE S B, SR BB IR RS 7% 1 X 10" mg - mL ™" - 571,

xR CRHN-RTILRG RORE; IR EY; R
hE %S 0482.31; 0631.24 PACS: 78.55. Kz PACC: 7855K CHRFRIRED: A
XEH S 1000-7032(2010)01-0119-07

W #s HEA : 2009-05-30; 1&1iT HEA: 2009-07-03

E®WA: TN ARRAIES (2009A610010) 7 B3 H

EERIA: PhEE (1963 - ), 5, WL TN, N FIRE &I F ORI DR
E-mail; NBZHGL@ hotmail. com, Tel; (0574)88130090



