
Journal of the Korean Chemical Society
2005, Vol. 49, No. 1
Printed in the Republic of  Korea

�72�

PPV� ���� �� � ���� ��

�������*
����†

����†

����� ������ ���
†����� ���� �������

(2004. 10. 29 ��)

Synthesis of PPV-Based Copolymers

Hyun Ho Lee, Eun Ok Kim*, Jang Hoon Won†, and Young Ho Kim†

Department of Chemistry, The University of Suwon, Kyunggi 445-742, Korea
†Department of Electronic Materials, The University of Suwon, Kyunggi 445-742, Korea

(Received October 29, 2004)

� �. Wittig ��� �� Triphenylamine(TPA) group1� phenylene unit(p-, o-, bi-), �� �� ��� ��

���� ����� �� ��� ���� ������� ��� �	���. 
� ����(TPA-PPV, TPA-

POPV, TPA-ROPPV, TPA-PBPV)� UV-Vis., PL �� ��� �� 378 nm~440 nm, 447 nm~503 nm�� ���

�, Eg� 2.53 eV~2.81 eV ���� �	���.

���: PPV, TPA-PPV, TPA-POPV, TPA-ROPPV, TPA-PBPV, PL, Band gap

ABSTRACT. The PPV related copolymers, TPA-PPV, TPA-POPV, TPA-ROPPV, and TPA-PBPV were synthesized

by the Wittig polycondensation reaction to tune the emission wavelength from green to blue region. They showed UV-

Vis. absorbance and PL in the ranges of 378 nm~440 nm and 447 nm~503 nm, respectively. The band gap energy of

these copolymers were in the ranges of 2.53 eV~2.81 eV.
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 � �����

� ���.

������ �� ��(multiple bond)� �� �

� ���
 ��� � π-����� ��(overlap)�

� ��� ��(energy band)� ���� 
� ���

����� �� �� ��� �� ��� ����

��
 � �� π-��� ��� ��.2 �� ���

��
 ��� ��
�, � ��(photo excitation) �

� �� ��
 ����� ��� ��� �, � �

� ��� π-��� ����� 
���. ��� �

����� ���� �� ��� ��� ��� �

���, �� �� ��� ��� ��� �� ��

���� �� ��� �
� ��� ��� �� �

� ��� ���(coplanarity)� ������ ��

�� ��	 � ��.3-6

������ ����(electroluminescence: EL)


poly(p-phenylenevinylene) PPV�� �� �	� 
�

���� ��� ��� �
����, ��� ��

� �� �� � �� ����� PPV ���� �

��� �����,7,8 ���� ���� ���
�

���� ��9,10�
 �	�� 
�.

� ��� �� ��� ���� ��(HTL)11� �

��� ��� � ��	 ��� �� PL ����

� �� Triphenylamine(TPA) group� phenylene unit
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(para-, ortho-, bi-), �� �� ��� �� ����

����� ���� ���� ������ ���

� � ��	��� �	�� 	
�.

� ���� ����� �		 ������ ��

� ��� �� �����. � �� ��� ��	

�� �	�	 �	�� ���� Fig. 1��� 
�

���� ���� 	
�, � �� ��� � ��

���� ��� ���� ylide� Wittig ���� �

��� Fig. 2� 
� �	� ����� ���� �

�
�.

� �

�� � ��

Aldrich� TCI� GR� �
� �
�� �� �	

��� 	�� �� �
� 
�� ���� ���

��. Thin layer chromatography� Silica Gel 60 F254

(Merck), Column chromatography� Silica Gel(230~400 mesh)

(Aldrich)� �����. ��� � ��� �� ��

� �� FT-IR ���(Bomen B-100), 1H-NMR ��

�(Bruker 500 MHz)� �����. ��� �� ��

��� UV-vis. ���(Hewlett-Packard 8453), ��(PL)

����� Luminescence spectrofluorometer(Perkin-

Elmer LB-50B)� �����. �� ���� ���

� �� ��� ��(TGA) (NETZSCH STA 409C)�

�����, ��� �� ��� Spin coater(Laurell

MS-200-4NPP)� �����.

Monomer ��

4,4'-diformyltriphenylamine ��. 0 oC�� POCl3

38.8 g(0.2 mol)� DMF 14.87 g(0.2 mol)� �� 1�

� �����. ��	� �� 1�� ���� �, 1,2-

dichloroethane� �� triphenylamine 10 g(40 mmol)

� ���� 90 oC�� 15�� �� ���. ���

� ��� ��	� �� dichloromethane	� ��

� �, ���� ��� ���� ����� ���

� � �������(n-Hexane: Ethylacetate=4:1)�

�����.

Dihexoxyxylylenebis(triphenylphosphoniumbromide)

��. Hydroquinone 11 g(0.1 mol)� DMF 200 ml� ��

�, K2CO3 27.6 g(0.2 mol)� ����, 1-bromohexane

36.3 g(0.22 mol)� ��� � 85 oC�� 24�� ��

Fig. 1. Synthetic methods of monomer.



74 ���������������

Journal of the Korean Chemical Society

���. ���� ��� ��	� �� methylene

chloride(M.C.) � ��� � n-hexane	� 
����

�� ����� ���. ���� 6.6 g� toluene�

�� � triphenylphosphine 9.19 g� ���� 8��

�� �� �� � ��	� �� EtOH� 
���

� �� ��� ���.

4,4'-Xylylenebis(triphenylphosphonium Chloride) ��.

4,4'-bis(chloromethyl)-1,1'-biphenyl 6.78 g(0.027 mol)�

toluene� �� �, triphenylphosphine 21.25 g(0.081

mol)� ����, 8�� �� ���. ��	� ��

�, n-hexane	� 
���� �� ��� ���.

Polymer ��

TPA-PPV ��. 4,4'-diformyltriphenylamine 0.5 g

(1.66mmol)� 1,4-Xylylenebis(triphenylphosphonium bromide)

1.31 g(1.66 mmol)� EtOH 30 ml� CH3Cl 10 ml �

���� �� �, t-BuOK 0.935 g(8.33 mmol)� �

�� ���, N2 �� ��� 5�� �����. ��

HCl 5 ml� ���� MeOH 200 ml� ���� �

�� ����, ��� ���� ��� �, M.C.�

���� ���� ��� ���� toluene� ��

�, iodine� �� ���� 4�� �� ���. ��

���� ��� ��� �, EtOH� 
���� 3�

� Soxhlet extracter� MeOH ��� ���� ��

� ��� ���.

TPA-POPV ��. 4,4'-diformyltriphenylamine 0.5 g

(1.66 mmol)� o-Xylylenebis(triphenylphosphonium bromide)

1.31 g(1.66 mmol)� EtOH 26 ml� CH3Cl 15 ml �

���� �� �, t-BuOK 0.935 g(8.33 mmol)� �

�� ���, N2 �� ��� 5�� �����. ��

HCl 5 ml� ���� MeOH 200 ml� ���� �

�� ���� ��� ���� ��� �, M.C.�

���� ���� ��� ����, toluene� ��

�, iodine� �� ���� 4�� �� ���. ��

���� ��� ��� �, EtOH� 
���� 3�

� Soxhlet extracter� MeOH ��� ���� ��

� ��� ���.

TPA-ROPP ��. 4,4'-diformyltriphenylamine 0.25 g

(0.83 mmol)� 2,5-dihexyloxy-1,4-Xylylenebis(triphenylp-

hosphonium bromide) 0.821 g(0.83 mmol)� EtOH 25

ml� CHCl3 8 ml� �� �, t-BuOK 0.5 g(4.15 mmol)

� ��� ���, N2 �� ��� 5�� �����.

�� HCl 5 ml� ���� MeOH 200 ml� ���

� ��� �����. ��� ���� ��� �,

M.C.� ���� ���� ��� ����, toluene

� �� �, iodine� �� ���� 4�� �� ��

�. �� ���� ��� ��� �, EtOH� 
��

�� 3�� Soxhlet extracter� MeOH ��� ���

� ��� ��� ���.

TPA-PBPV ��. 4,4'-diformyltriphenylamine 0.5 g

(1.66 mmol)� 4,4'-Xylylenebis(triphenylphosphonium

chloride) 1.288 g(1.66 mmol)� EtOH 45 ml� CH3Cl

Fig. 2. Structures of various triphenylamine unit contained PPVs.
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15 ml ����� �� �, t-BuOK 0.935 g(8.33 mmol)

� ��� ���, N2 �� ��� 5�� �����.

�� HCl 5 ml� ���� MeOH 200 ml� ���

� ��� �����, ��� ���� ��� �,

M.C.� ���� ���� ��� ����, toluene

� �� �, iodine� �� ���� 4�� �� ��

�. �� ���� ��� ��� �, EtOH� 
��

�� 3� �� Soxhlet extracter� MeOH ��� �

��� ��� ��� ���.

�� � ��

FT-IR� ��� dialdehyde monomer� copolymer��

�����. Fig. 3�� dialdehyde monomer� aldehyde

� �� C=O stretch� �� ����� 1694 cm−1,

C-H stretch� �� �� ��� 2732 cm−1�� ��

����. Wittig reaction� �� ��� �����

��� aldehyde� �� ��� �� ����	�,

950 cm−1~960 cm−1�� ��	 transvinylene ���

����. ���� �� ����� ��� ���

�� ��	� ���� ��� �����.

��� dialdehyde monomer� TPA-PPV� 1H-NMR

� Fig. 4� �����. ���� 9.90 ppm�� 2	

� aldehyde�, 7.81 ppm�� 7.19 ppm��� phenyl

�� �
�� proton peak 13	� �����. ��

�� �� ��� ���� ���� ���� ��

�� ���. 9.90 ppm� �
�� dialdehyde monomer

� peak� �� ���	�, ��� ��� vinylic

proton peak� � 6.50 ppm�� ���	�� �� �

����� Wittig ��� �	�
� 
 � ���.

Fig. 5� TPA-PPV� TGA ����� �����.

TPA-PPV� 376 oC�� �� ��� ���	 430 oC

�� 5%��� ��� ���. TPA-POPV� 391 oC

�� �� ��� �	� �, 427 oC�� 5%���Fig. 3. FT-IR spectra of polymer and monomer.

Fig. 4. (a) 1H-NMR spectra of Dialdehyde monomer (b) 1H-
NMR spectra of TPA-PPV.

Fig. 5. TGA thermograms of TPA-PPV.
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�� ��� ����, TPA-ROPPV� 374 oC�� �

� ��� ����	� 415 oC�� 5%��� ��

� ���. TPA-PBPV� 273 oC�� �� ��� �

���	� 416 oC�� 5%��� ��� ����.

���� ��� ���� 5% �� ��(Td5%)� �

� 400 oC ���� ���� �����. 

Chloroform� ��� ��	� UV-Vis.� PL ��

� �� TPA� ������ ���� �� �� �

�� ���. 

Fig. 6� Fig. 7� ������� UV-Vis. �� �

���(λmax)� PL �� ����(λmax)� �����.

Fig. 6�� dialdehyde monomer� UV-Vis. �� ��

��(λmax)� 383 nm� 334 nm(Sh)�� ����. TPA-

PPV� �� ����(λmax)� 407 nm, �� ����

(λmax)� 483 nm�� ���	�� dialdehyde monomer

�� ������� ��� ��(red-shifted)���.

�� ������� ��	 transvinylene� ���

	� �� 
� ��� π-π* ���� ��� ���

����. TPA-PPV �� 
� 2.65 eV(λonset)��. TPA-

POPV� �� ����(λmax)� 378 nm, �� ���

�(λmax)� 447 nm�� ���	�� TPA-PPV� �

��� ����(λmax)� ��� ��(blue-shifted)�

��. �� ����� �
 ���� �� ����

� ���� ��	� �� �� 
� ��� �	

���	� ��� ���. TPA-POPV �� 
� 2.81

eV(λonset)��. TPA-ROPPV �� ����(λmax)� 440

nm, �� ����(λmax)� 503 nm��. ���� �

��� �� �� ��(electron-donating effect)� �

� 
�� �	� ���	� ��� ��� π-��

� ��
�� ���	 TPA-PPV� ���� ��

� ��� ���. TPA-PPV� TPA-ROPPV ���

�� 
� 2.65 eV, 2.53 eV(λonset)�� �����.

TPA-PBPV� �� ����(λmax)� 394 nm, �� �

���(λmax)� 466 nm�� ����. TPA-PPV��

�� ����(λmax)� ���	� ��� �� ��

� ���(coplanarity)� ���� ��� ��
�

�	� ����� ���� �� ����. �, ��

� ��� �� ��
	� ��� �
�(localization)

� ���	 π-π* 
� ��� ��� �	� ���

��. TPA-PBPV ��
� 2.78 eV(λonset)���.

� �

Triphenylamine(TPA) �	� (para-, ortho-, bi-)phenylene

unit, �� �� ��� �� ���� ������

����, �� � �� ��� ���� �
� 


� �
� ���.

TPA-PPV, TPA-POPV �� ����(λmax)� ��

407 nm, 378 nm, �� ����(λmax)� 483 nm, 447 nm

�� ���	�. 429 oC~430 oC(Td5%)�� �� ��

�� ���. TPA-POPV� TPA-PPV� ���� �

�� ��(blue-shifted)����, �� ����� �


 ���� �� ���� � ���� ��	� �

� �� 
� ��� ����. TPA-ROPPV �� �

���(λmax)� 440 nm, �� ����(λmax)� 503 nm

�� ����. ���� phenylene� �� �� ��

� �� 
�� �	� ���	� ��� ���

π-��� ��
�� �� ��	�� TPA-PPV� �

Fig. 6. UV-Vis. spectra of polymers.

Fig. 7. PL spectra of polymers.
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��� ��� �� ���. TPA-PPV� TPA-ROPPV

��� ��
� 2.65 eV, 2.53 eV(λonset)��	�, 415 oC

(Td5%)�� �� ���� ���. TPA-PBPV �� �

���(λmax)� 394 nm, �� ����(λmax)� 466 nm

�� ���,�, 416 oC(Td5%)�� �� ���� ��

���. TPA-PPV� ���� ��� ��� �� �

��� ���(coplanarity)� ���� ��� ��


� �	� ����� ���� �� �����. �

� ��� TPA� ����� PPV� ������

��, ���� LED
���� ���� �����. 
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