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1 Ú ó

kÅ��Ná�ÏÙ´?n!$¤�!¤.
�{(¹!zÆÜ¤ó²õ��`³, ±9�Aì
�NÈ�!­þ�!R5��(��A:, 
kF
"��DÚ�ÃÅ��Ná�. ,
, 8c®k�
kÅ��Ná�¥>Ö�[£Ç�ÃÅá�Ek
é��å, 
�éÙ¥-u�âf�=£Úl)�
1ÔnL§��U�¡!��/n), cÙéÙ¥
16f��)ÚüC�Ä�L§�@£E,�~
k�. ù
¯K´��kÅ1>fEâ?�ÚuÐ
Ú�Aì���z?§�­�Ï�. Ïd, 'uk
Å��Ná�¥>Ö��)ÚüCÅn�ß�n
)éuÏ¦Jp>Ö[£Ç�k�å»äk4Ù
­��¿Â. æ^kÅ��NÉ�((�´Jp>
Ö��)9l)�Ç�k�Ãã, 
|^kÅ��
N�·ÜÚ�,q´¢yÉ�((��k�å».

-uEÜN [1−6] Ò´3·ÜÔ½É�((�.¡
?�)��«>Ö=£-u�. éu-uEÜN/

¤Ån���n), ±9éÙ/¤L§ÚüC5Æ
�k�N�, �±��UõkÅ��NÉ�((�
¥>Ö��)Ú=£Ån, l
¦Ù3u1Ú1Ï
ì�¥u�ØÓ��^, �mu�p�Ç�kÅ1
>fì���z.

' u p © f á � · Ü Ô ¥ / ¤ � � a É
� ( ( � ¥ - u E Ü N 1 Ô n Æ A 5 ® k �
X Ú � ¢ � ï Ä. A O ´ 3 é Poly(9,9’-dioctyl-

fluorene-co-ben-zo-thiadiazole) (F8BT) Ú Poly (9,9’-

dioctylfluorene-co-bis-N,N ’-(4-butylphenyl)-bis-N ,

N ’-phenyl-l,4-phenylenediamine)(PFB) ü«p©f
��Ná��·NX¥É�((��ïÄ [7−10] L
§¥�)
ékÅ��NÉ�((�Nõ#�@
£, l
¼�
é#.kÅ��Ná�Úì���
OÚA^�#g´. 1�aÉ�((�´�ü«÷
v�½U?^��kÅ��Ná�3·ÜÔ��
¥ÏL�©l/¤�.¡�, Ï~31ÔnÆïÄ
¥L��-uEÜN [7].
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^-uEÜN�F1u�A5Úé>Ö��)9
=£A5�N��^ [11], ï�äk�p=��Ç
Ú�`ÉnÜ5U�kÅ1>fì�. ¢�ïÄL
²kÅÉ�(�ÉNþÝ��K�-uEÜNu
�3kÅu1+¥��^ [12], 
�ÏLN�-f
Ú-uEÜN�F1u�A5, �±¢ykÅu1
ì�¥>�u1ôÚ��N� [13], éu#.>�
u1ì��ï�äk4Ù­��¿Â. �?�Ú,

¿©|^-uEÜNu1�ù£A5, ò·Üá�
Cb	Ú�7Úu1�ù£�-uEÜNu1�
�Ü, �±¢yx1u��kÅ>�u1ì� [14].

w,, -uEÜNé>Ö�©lÚEÜ�N��^
Ø=Ny3kÅ>�u1ì�¥, �Ó�¬K�1
Ïì�Ú��U>³ì��1ÔnÆÚ1>fÆ
5U.

�XkÅ��Ná�NX�Øä´L, AO´
�XzÆÜ¤ó²�ØäuÐ, äk�p>ÖDÑ
�Ç�p©fÚ�©fá��ØäÑy, ±9ék
Å��Ná�¥1ÔnÆÚ1>fÆÅn@£�
Øä?Ú, ��`5U�kÅÉ�((���EJ
ø��õ�Ð�å». Ïd, éÉ�((�?.¡
�½>Ö=£-u��n)I�Øä�\!�¡,

½ö­#@£. }ÁØÓá��#|Ü�´�)#
�á�NX�­�
{$�å». Ïd, ïÄØÓ
�,�¤�#��·NXÉ�((�¥-uEÜ
�1ÔnÆ5Uäk­��y¢¿Â.

ã 1 � ¤ k Å � � N · Ü Ô � � � ü « © f � ( � ã
(a) EPPTC;(b) F8BT

�©£ã�ó�¥, ò>fDÑ��©fá
�f (EPPTC) �,?�ÇDÑ�à��àÔá
� F8BT, 8�3u: 1) ¿©|^�©fá�ûÐ�
>ÖDÑ5UÚp©fá�ûÐ�¤�5U5�
Ep�þ�É�((�. 2)F8BT Ú EPPTC �áÂ

1ÌäkéÐ�pÖ5U, �±±�°��°CX
�Ü©��1Ì, ùéukÅ��U>³ì��m
u�~k|.3) |^�©f�,p©fá�, �±�
�´LkÅ��Ná�NX, AO´kÅÉ�((
���Eå», l
�kÅ1Ïì�½��U>³
ì��muJø�´L��Og�Úá�]
.

¢�ïÄ(JL², ò EPPTC �,? F8BT �
±¼�5UwÍ�É�((�, Ù1ÌÆ5UïÄ
w«
1Ìù£!F1Æ·wÍò��-uEÜ
NA�, ùé�?�ÚïÄÙ1>fÆ5UÚmu
1Ïì�Jø
­��1ÔnÆÄ:. �­��,

ù�ïÄ(J¿©Ð«
�©f�,p©fá�
´�E#.kÅ1>fì��k�å».

2 ¢��{

¢ � ¥ ¤ æ ^ � k Å � � N á � ´ © O
l ADS úi	��p©fá� Poly (9,9’-dioctyl-

fluorene-co- benzo-thiadiazole)(F8BT) Úl Sensient

	 � � � © f á � N , N ’-bis(1-ethylpropy)-

3,4,9,10- perylenebis(dicarboximide)(EPPTC), � ö
�©f(�Xã 1 ¤«. ±nÅ`��MJ©
Oòü«á���¤ßÝ� 15 mg/ml �M�, ,
�, òÙ± 1:1 (F8BT:EPPTC) �NÈ'·Ü. ò�
�Ð�·ÜM�± 2000 r/min ��Ý^æ3�=
ÀæÄ¡þ, ¼�·ÜÔ���(�.

æ^­�Ú]�1ÌÆïÄ�·NX��
(��F1u�A5. ¤^¤ì� Edinburgh In-

struments úi)���m�'ü1fOêXÚ.

-u1
� 80ps óÀ��N-1ì, Ùu�Å�
� 405 nm, óÀ­EªÇ�l 0.02 MHz � 20 MHz

N!, �A�F1Æ·ÿÁ���l 50 ns � 50 ms

�N�. ·ÜÔ��(�¥�L¡/mæ^ Veeco

Multimode �fåw�º?1L�.

3 ¢�(J�©Û

3.1 ÉÉÉ���((((((���999ÙÙÙwww���(((���LLL���

ã 2 �Ñ
 F8BT, EPPTC Ú PFB n«kÅ�
�Ná�� HOMO � LUMO U?©Ùã [9]. �â
®kïÄ [7,9], PFB Ú F8BT |¤�·NX¥/¤
1�aÉ�((�. -uEÜN´3 F8BT �-u
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� (LUMO) Ú PFB �Ä� (HOMO) m/¤, Xã¥
ý��¤«. �âã 2 ¤«, F8BT Ú EPPTC 3·
Ü��¥�Ó��±/¤1�aÉ�((�. -u
EÜN´3 F8BT(LUMO) �-u�Ú EPPTC �Ä
� (HOMO) m/¤. ù� F8BT Ú EPPTC �·N
X¥-uEÜN�u�A3 1.79 eV (692 nm)NC.

ã 2 F8BT,EPPTC Ú PFB n«á�� HOMO Ú LUMO U?ã

ã 3(a),(b),(c) ©O�Ñ
 EPPTC, F8BT ±9
·ÜÔ����fåw�ã� (AFM). lã 3(a)

¥�±wÑ, üXæ^ EPPTC �©fá�^æ�
��L¡�~Øþ!, L¡åÏ� 200 nm. ùÌ
�´Ï� EPPTC �©fäk²¡©f(�, 
4
´ìà½(¬, /¤ “¬�” (�. ã 3(b) L², æ
^ F8BT p©fá��±���~²����(
�, L²
p©fá�ûÐ�¤�5U. XJòü
«©f�·ÜÔM�^æ, ·��±��¤��þ
�~p�kÅ��N·ÜÔ��(�, Xã 3(c) ¤
«. ùÒ´|^
p©fá�ûÐ�¤�5U, �

E�©f�,�É�(��(�.

3.2 ­­­���111ÌÌÌÆÆÆïïïÄÄÄ

ã 4(a) �Ñ F8BT,EPPTC Úü«©f·ÜÔ
���áÂ1Ì. lã¥�±w�, 3��1Ì
« F8BT �áÂ1Ì¸�3 483 nm, Ùk�áÂ1
Ìl 400 nm ò�� 550 nm �m. 
 EPPTC �áÂ
1Ì¸� u 506 nm, Ùk�áÂl 420 nm ò�
� 650 nm. Ïdü¥©f·Ü��áÂ1ÌA�C
X
��1Ì��Ü©«�, l 400 nm � 650 nm,

ùéu1Ïì�Ú��U>³ì��A^�~­
�. Ó�, �±w�,EPPTC ���áÂ1Ì�éu
ÙDM��áÂ1Ì (ã 4(b)) k
wÍ�ù£Ú
Ð°, ù´du EPPTC ©f8à½ π æë�\r

©fm�ÍÜ�^ [15].EPPTC ù«²¡©f¡
é¡�ìàáu H .ìà, ¬��-u�U?�
©�, Ó�¬��éÙáÂÚu�1Ì�¤©�C
z [16,17]. AO´,EPPTC ©f3ìàL§¥, ©f
¡�éu¬¶é�Uu)��, ù¬�� H .ìà
©��U?¥B��Ë��[U
u), l
�)
�A�F1u�. Ï
��ù£�F1u�1Ì¤
©�Ñy. ù
Ñ¬Ly3F1u�1Ì�Ð°Ú
��u�1Ì�ù£L§¥.

Ï d ­ � á Â 1 Ì Æ � ~ � Ù / � «

 EPPTC ©f±ÏL π æë�^/¤�8à�
�/ª�,½�i3 F8BT ©f��(�¥. ù�
É�((�¢Sþ´3 EPPTC ¬N(�Ú F8BT

©fm/¤�.

ã 3 (a) EPPTC �fåw�ã�; (b) F8BT �fåw�ã�; (c) ·ÜÔ����fåw�ã�

ã 5 é ' 
 F8BT, EPPTC ± 9 · Ü � �
3 450 nm -u1-ue�F1u�1Ì. lã

�¥�±wÑ,F8BT Ú EPPTC �F11Ì�u�
¸�©O3 536 nm Ú 630 nm �m, 
·ÜM��
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��F11Ì�u�¸�ù£�
 660 nm �m,

¿�F1u�1Ì��° (FWHM) �éu EPPTC

d 90 nm Ð°� 100 nm. dd, ·�ÐÚä½�,
k EPPTC � F8BT ��¥�)
>Ö=£-u�,

ÙA�Ly�u�1Ìù£ÚÐ°, �>Ö=£-
u�u�1Ì�Å�A�u 660 nm.

l ã 4 � ± w Ñ,F8BT � á Â 1 Ì � �
3 300 nm � 550 nm �m,EPPTC �áÂ1Ì�
� 3 420 nm � 650 nm � m. · � � â F8BT

Ú EPPTC �áÂ1Ì��ÀJ
ØÓÅ��-
u1-u·ÜÔ��, -uÅ��g� 400 nm,

450 nm,490 nm,540 nm, ÿ��F1u�1ÌXã 6

¤«.

ã 4 (a) F8BT,EPPTC 9 · Ü Ô � � á � � á Â 1 Ì é
';(b)EPPTC M�Ú��áÂ1Ì�é'

lã 6 ¥�±wÑ, þã-uÅ��A�u�
1ÌÄ��Ó. =3·Ü���F1u�L§¥,

ÃØ F8BT Ú EPPTC �áÂ'XÛUC, Ù·Ü�
��F1u�1ÌÄ���. ùL², >Ö=£-
u�´3 EPPTC �-u�Ú F8BT �Ä�/¤�,

Ï� 540 nm �-u1�-u EPPTC, 
 F8BT �
�)4�f�-u. �-uÅ�áu 500 nm �, ü

«©fòÓ��-u, ù�òdõ«Ï�|±>Ö
=£-u��/¤. 
ù
Ï��)�F1u�1
ÌÄ��Ó, �Ó�L²>Ö=£-u��u��
éu EPPTC ���u�ù£���·ÜÔ��¥
��©lºÝ�éu>Ö=£ål��. ù�±d
ã 3(c) ¥� AFM ã¥·ÜÔ��²w�w�(�
�±<y.

ã 5 F8BT,EPPTC Ú·Ü��3 450 nm -u1-ue�F1
1Ì

ã 6 ·ÜÔ��3ØÓ-uÅ�-u1-ue�F1u�1Ì

3.3 ]]]���111ÌÌÌïïïÄÄÄ

ã 7 �Ñ
 F8BT Ú EPPTC ��3 405 nm -
1-ue©O3 530 nm Ú 620 nm ?F1u��
Ä�L§. |^�êP~¼êéã 7 ¥­�?1[
Ü�±¼�ü«á��F1u�Æ·. [Ü(J
L²,F8BT 3 530 nm ?�F1u�Æ·� 1.69 ns,


 EPPTC Ly�ü«ØÓÆ·�F1u�L§,

Ù[ÜÆ·©O� τ1=0.82 ns,τ2=3.43 ns, ù�'
u EPPTC ®k�ïÄ(J [18] Ä��Î. Ù¥ τ1
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�LX EPPTC ���u�, 
 τ2 �LX©f8à
��F1u�Æ·.

3dÄ:þ, ·�?�ÚïÄ
�,k EPPTC

� F8BT ·Üá���3 630 nm, 660 nm, 690 nm,

720 nm Ú 750 nm ?�F1u�Ä�L§, Xã 8

¤«.

ã 7 F8BT Ú EPPTC ��3 405 nm -1-ue�F1u�Ä
�L§

lã 8 ¥�±w�·ÜÔ��F1u�Æ
·wÍ�u EPPTC ���F1u�Æ·. �

üØ F8BT F1u��Z6, ·�À�
 630 nm

� 750 nm 1Ì��ÿÁ
ÙF1u�Æ·. ù
�·��±éã 8 ¥�F1u�Ä�üC­�
æ^ 3 «Æ·?1[Ü, �) EPPTC ���u
�!EPPTC ©f8à��u�±9-uEÜN�
u�. Ù¥ EPPTC ���u�Ú EPPTC ©f8à
�u��F1Æ·®dã 7 �ÿÁ(J�O(L
�. ù�·��±ÏL���êP~¼ê[ÜÑ
>Ö=£-u�½.¡��F1u�Æ·. [Ü
(JL², >Ö=£-u��F1u�Æ· τ3 �
� 17 ns. Ïd, ÙF1u�Æ·wÍ�uü«á�
�g���Ë�Æ·.

�âã 2 ¥¤«� F8BT Ú EPPTC � LUMO

Ú HOMO �U?(�, >Ö=£-u� (-uE
ÜN) A3 F8BT � LUMO Ú EPPTC � HOMO m
/¤. �âc¡�?Ø, ÙF1u��Å�A?
u 1.79 eV (692 nm) NC. ù�þ¡é­�1ÌÆ
éF1u�1Ìù£A5Ú]�1ÌÆé EPPTC

F 1 u � Æ · � L � Ä � � �. l 
 ¿ © < y

 EPPTC �,3 F8BT ��¥�¤
1�aÉ
�((�¿�)>Ö=£-u�ù�ÔnL§, �
?�ÚïÄÙ1>fÆA5C½
Ä:.

ã 8 ·Ü��3 405 nm -1-ueF1u��Ä�L§

4 ( Ø

¢�ïÄ
�©f�,�p©f��á�¥
/¤�É�((��1ÌÆA5. ­�Ú]�1Ì
ÆïÄL²ù«1�aÉ�((�¥/¤
#�
F1u�Æ·wÍò��>Ö=£-u�, ¿(½

Ù3U?(�¥� �. ùéun)kÅ��N
á�É�((�¥>Ö=£-u��¤Ï!1Ì
ÆÚ1>fÆ1�, l
mukÅu1Ú��U>
³ì�äk­�¿Â.
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Heterojunction structure forming in the polymer film
doped with small-molecule organic semiconductors∗
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Abstract

Blends and doping of organic semiconductors are generally employed to improve effectively the charge transfer and dissociation

performance. The absorption spectrum may be optimized making use of the different energy states of the components in the blends,

which may favor the development of the photovoltaic or solar cell devices. Excellent type-II heterojunction structures can be produced

by mixing the small-molecule perylene (EPPTC) and a copolymer of polyfluorene (F8BT). Actually, F8BT and EPPTC exhibit absorp-

tions in the blue region and in the green region, respectively. Thus, the blend will have a much broadened absorption spectrum. In

the experiment, the blend solution of these two materials in chloroform is spin-coated onto a piece of glass substrate, so that EPPTC

is doped into the polymer of F8BT and the heterojunction structure forms in the final solid film. Then, steady-state absorption and

fluorescence spectroscopy, as well as the transient photoluminesence spectroscopy (time-correlated single-photon counting), is used

to investigate the formation and the photoluminescence properties of exciplex in the heterojunction film of F8BT doped with EPPTC.

The photoluminscence (PL) spectrum and the life-time are measured to characterize the exciplex in the blend film, where the longer

life-time of the red-shifted PL spectrum confirms the formation of the exciplex. This provides various experimental data for under-

standing the formation and the photophysical properties of the heterojunction structures in organic semiconductor blends. Futhermore,

the absorption of the blend film covers a large range of the visible spectrum. Therefore, this kind of doping of organic semiconductor

is important for the development of photovoltaic and solar cell devices.

Keywords: organic semiconductor blend film, heterojunction,charge-transfer state, exciplex
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