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ABSTRACT: Absorption and luminescence characteristics of disperse red-19 (DR-19) and TiO2 composite have been investigated with

various poling electric field strengths. Two step synthetic processes were employed to employ the DR-19 to the TiO2 sol-gel. Firstly, 

urethane bond formation between DR-19 (-OH) and 3-isocyanatopropyl triethoxysilane (ICPTES, -N=C=O) performed (ICPDR) prior

incorporation to the TiO2 sol-gel. Secondary, the hydrolysis of the ethoxy group from the ICPTES and condensation reaction between

silanol groups from ICPTES and TiO2 sol-gel were performed. The ICPDR and TiO2 sol-gel (DRTiO2) were mixed and stirred for several

days. The composite was coated to the ITO coated glass substrate. Corona poling were performed before drying the composite with 

various electric field strengths. The absorption intensity decreased with the increase of the poling field strength, which resulted in the 

increase of poling efficiency. The photoluminescence also decreased as the poling field strength increased. There is long luminescence 

tail for the poled DRTiO2 film compared with unpoled DRTiO2 film. The luminescence long tail indicates that the self-trapped excitons 

and polarons were generated when the DRTiO2 film was poled with electric field.
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1. Introduction 

Control the molecular orientation in polymers or inorganic 

matrices has been focused on efforts due to the many interesting 

properties and potential applications in many optical devices
1-4)

. 

The anisotropic molecule orientation in matrix gives to anisotropic 

electrical conductivity and nonlinear optical properties including 

polarized photoluminescence, electroluminescence, and nonlinear 

optics. The oriented anisotropic molecules produce the material 

as noncentrosymmetric system, which can generate various 

second-order nonlinear optical phenomena
5-7)

. One of the methods 

to obtain highly efficient nonlinear optical materials is poling- 

induced acentric ordering of the chromophores. 

Several techniques have been used to align molecules in a 

matrix, such as poling by electric field
8)

 or laser
9)

, rubbing 

method
10)

, stretching method
11)

 and self-assembly technique
12)

. 

Stretching is a widely used method to align the molecules. 

However, the elongation process creates the deformation of the 

matrix at the micron scale, which makes it limit for wide 

industrial application. Rubbing is a simple method to orient the 

molecules near the surface of the matrix. The limitations of the 

rubbing method are the difficulty to control the orientation of 

the molecules and the introduction of the dust and static charge. 

Poling by electric field is the most widely used technique, which 

has two different techniques, such as planar and corona poling 

techniques. Plana poling technique uses plane plate as an 

electrode and applies high electric field due to the difficulty to 

obtain the short distance (submicron) between electrode and the 

sample. The planar electrode is incompatable with the device 

geometry. The corona poling uses a sharp electrode to apply 

high corona field to the sample. In this paper we report the 

poling field effect on the absorption and photoluminescence of 

disperse red-19 (DR-19). The DR-19 is attached to the 3-iso-

cyanatopropyltriethoxysilane (ICPTES). The synthesized product 

(ICPDR) was added to the TiO2 sol-gel. The ICPDR and TiO2 

film was coated to the ITO coated electrodes and poled with 

various electric fields.

2. Experimental

DR-19 (95%), ICPTES (95%), titaniumisopropoxide (TiSO, 

97%), diethanolamine (DEA, 98%), acetic anhydride (98%) 

were purchased from Sigma Aldrich Co. Ltd. and used without 
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Fig. 1. Schematic view of synthetic process

Fig. 2. FTIR spectra of ICPTES, DR-19, and ICPDR

further purification. Schematic view of the synthetic process is 

depicted in Fig. 1. To the 250 ml round bottom flask with a 

magnetic stirring bar, 1.2 ml of pyridine, and 30 mg DR-19 were 

added. Dry nitrogen was purged for 2 h to remove oxygen and 

water from the reaction flask. ICPTES (280 mg) was added to 

the reaction flask with stirring, and the temperature was 

increased to 50°C. The temperature was maintained for 6 h and 

then naturally reduced to room temperature. The reaction 

product was poured into aqueous CaCO3 solution, washed with 

water and then filtered with 200 nm porous nylon filter. The 

obtained product was covalently connected ICPTES and DR-19. 

TiO2 sol-gel was prepared with the following method. 2-Propanol 

(25 ml) and DEA (400 mg) were charged to a 100 ml round 

bottom flask. TiSO (5.69 g) was added to the reaction flask with 

stirring and then 1.2 g of acetic anhydride was added to the 

reaction flask. To a round bottom flask, 30 mg of ICPDR and 5 

ml of TiO2 sol-gel was charged with stirring.

The 30 mg ICPDR was added to the TiO2 sol-gel and aged for 

two days with stirring. The ICPDR-sol-gel (DRTiO2) was knife 

coated to the ITO coated electrode and poled before solidification 

with various electric fields between 3.0 and 4.0 kV. The ICPTES 

was directly dropped to the KBr plate and took the FTIR 

transmission spectrum with Nicolet iS5 FTIR spectrometer. The 

DR-19 and ICPDR were dissolved in methanol. The solution 

was dropped and dried to the KBr plate and took the FTIR 

transmission spectrum. UV-visible spectra were obtained with 

and without poled samples using Thermo Schentific Genesys 

10S UV-visible spectrometer. PL spectra of without and with 

poled samples were obtained with Hitachi F-450 fluorescence 

spectrometer.

3. Results and discussion

The functionalized sol-gel precursor of ICPDR was synthesized 

by a urethane formation reaction between DR-19 and ICPTES. 

In this reaction, pyridine was used both as a catalyst and a 

solvent. The reaction route of ICPDR synthesis is depicted in 

Fig. 1. Since TiO2 is very quickly hydrolyzed with H2O, DEA 

was added to the 2-propanol before addition of TiSO to stabilize 

the TiSO. Finally the acetic anhydride was added to the reaction 

solution. This TiO2 sol-gel was transparent and stable for more 

than one month. 

Fig. 2 shows the transmission FTIR spectra of ICPTES, 

DR-19, and ICPDR. The strong absorption peak at 2270 cm
-1

 

represents the asymmetric stretching vibration of isocyanate for 

the ICPTES. Disappearance of isocyanate absorption peak and 

the appearance of the ester absorption peak at 1707 cm
-1
 indicate 

the formation of urethane bond. Strong and wide absorption 

peak between 1000 and 1100 cm
-1

 for ICPTES and ICPDR 

implies that the both substance have many Si-O bonds. Moreover, 

most of the absorption peaks of ICPTES and DR-19 are included 

in the ICPDR spectrum. These results indicate the ICPTES and 

DR-19 are well-incorporated in the ICPDR.

The poling was performed at room temperature because the 

poling was started at semi-liquid state. The poling voltages were 

3.0 and 4.0 kV. The distance between electrode and sample and 

the poling time were 1 cm and 10 min, respectively. The UV- 

visible spectra for the unpoled and poled DRTiO2 films with 

various electric fields were shown in Fig. 3(a). The film color 

faded with the increase of the poling field strength with the same 

trend as shown in Fig. 3(a). Since this experiment performed at 

room temperature, thermochromic correction was not required. 

Therefore, the color change was due to the purely orientation 
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Fig. 3. UV-visible absorption spectra of (a) TiO2DR19 films 

poled with 0.0, 3.0 and 4.0 kV and (b) normalized with 

the spectra (a)

effect of the poled molecules. When only the dipole orientation 

effect exists, the first nontrivial axial order of the dipoles can be 

described
13)

.





cos   (1)

The induced birefringence is directly proportional to the 

order parameter and is due to interaction between the dipoles 

and the internal electric field. When the transition dipole moment 

of the molecule is parallel to the molecular dipole moment, it 

follows the parallel and perpendicular dichroism for the one- 

dimensional rigid oriented gas model (ROGM)
14)

 in the absence 

of induced dipole moments. It gives,




cos  (2)



⊥




   (3)

where A// is the absorbance of a poled sample measured with 

electric field polarized parallel to the poling direction, ⊥is the 

absorbance of a poled sample measured with electric field 

polarized perpendicular to the poling direction, and A0 is the 

absorbance of an unpoled sample. Absorbance values of AII and 

⊥can be measured at 
max

. Using Eqs (1) and (3), the 

following equation can be obtained.

 


⊥
 (4)

The angle between the transition dipole moment and the 

molecular dipolemoment of DR-19 is so small that the transition 

dipolemoment is effectively parallel to the ground-state dipo-

lemoment. The one-dimensional ROGM can be used to describe 

DRTiO2 films when the doping level is less than 2.74 ×  10
20

 

molecules/cm
3
. The doping density of the ICPDRTiO2 film was 

approximately 1.06×1018 molecules/cm
3
. Based on the assumptions 

and approximations, equation 4 predicts that the DRTiO2 films 

have ɸ = 0.10 and 0.21 for the poling voltage at 3.0 and 4.0 kV, 

respectively. The poling efficiency is greatly increased with the 

increase of the poling field strength. Fig. 3(b) shows the 

normalized UV-visible spectra of Fig. 3(a). The width of the 

absorption spectra for the poled samples became slightly narrow 

compared unpoled absorption spectrum.

TiO2 is a well-known wide bandgap semiconductor and has 

demonstrated a good sensitizer to absorb and emit light
15)

. 

Although the main UV-visible absorption peak of DR-19 was at 

490 nm, PL peak at approximately 350 nm was reported
16,17)

. 

Fig. 4(a) shows normalized PL spectra of DR-19 in methanol 

and DRTiO2 film with excitation wavelength at 300 nm. The 

luminescence bands for DR-19 in methanol and TiO2 film are 

3.75 and 3.36 eV, respectively. The luminescence intensities of 

the DRTiO2 are reduced drastically with the increase of the 

poling field strength as shown in Fig. 4(b). This phenomenon 

can be explained by the comparing with the UV-visible absorption 

spectra. When the poling field strength increased, the UV-visible 

absorption was drastically decreased and then the luminescence 

definitely would decrease. However, the normalized relative 

luminescence intensity of DR-19 peak shows the enhancement 

of the luminescence intensity with the increase of the poling 

field strength, as shown in Fig. 4(c). The PL spectrum for the 

poled film shows long tail compared with unpoled film spectrum. 

The recombination energy of the main luminescent exciton 
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Fig. 4. (a) PL spectra of DR-19 in methanol and TiO2, (b) poling 

field strength dependent PL spectra poled with 0.0, 3.0 

and 4.0 kV and (C) normalized PL spectra of spectra (b)

(3.44 eV) is greatly exceeds the exciton-lattice coupling energy 

(<1 eV). The lower energy luminescence causing a Stokes shift 

is due to the self-trapped exciton. The lowest-energy luminescence 

is associated with the recombination of separated polarons. In 

this case, Stokes shift increases with time. According to our 

result, both self-trapped excitons and localized polarons 

increased when the DRTiO2 film was poled with electric field. 

4. Conclusions

Absorption and PL of DR-19 were investigated with various 

poling electric fields. Poling was performed with semi-liquid 

state to increase the poling efficiency. The DRTiO2 film was 

fabricated with knife coating method, and poling electric field 

was directly applied to the semi-dried film. The absorption 

intensity decreased as the poling electric field strength increased 

with the increase of the poling field strength, which resulted in 

increase of poling efficiency. The PL intensity decreased with 

the increase of the poling field strength. Large amount of 

self-trapped excitons and polarons were generated when the 

DRTiO2 was poled with electric field.Write a conclusion text 

here. 
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