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UV �� moiety� �� ��� 	
��� 
�� �, ����� �� poly(vinyl alcohol), PVA-dye ����� �
�

��. UV �� ��� � ! �
� PVA �"� UV-Visible #$%&' 556 nm�( �� )�*� �+,� �� peak�

-./0�. 1 23�( �
� ����' 99.5%� 4' ��567 40.5%� 879� -./0�. :; UV-B <=� >

� UV ?* 57� @AB�. PVA-UV �� ��C ����� D7 E9� >� /3�' FGHIJ KL,� PVA-I2 �

���� M� N����.

Abstract − A novel dichroic azo dye having UV absorbing moiety was synthesized and then poly(vinyl alcohol), PVA-dye

polarizing film was prepared by dyeing process. The UV-Visible spectrum of PVA complex prepared with a UV absorbing dye

showed absorption band corresponding to dye chromophore at 556 nm. The prepared polarizing film exhibited a high polar-

ization efficiency of 99.5% and a good transmittance of 40.5%. Especially, UV shielding effect for UV-B range was excellent.

The heat and humidity resistance of PVA-UV absorbing dye polarizing film was higher than that of a conventional PVA-I2

polarizing film.
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1. � �

21�� ��� ��� 	
�� ��
���� ���� �� ��

���� ��� �� �����  !" PC #$ %&' (&) *

+,-./, �012 AV �34 5 6 278 9:;<=� >? @

AB (�� �9. 
� CD LCD @E FG * �HI JK LM


NOP=� 6 �NJ QR STP� �9. QR LCDI 8U �NR

VWX�� YZP/<� �G[ \]^_I V�
 ^���� �`

P/a b c�� def9[1].

�gI \]^_? poly(vinyl alcohol)(PVA) ̂ _B hi � Q� j

� Nkl �mnB op�q r2P/ s<$ 
t u? vw�� x

Tf \]^_? (y 8�]W z{(370-700 nm)�� |�R }]7

� ~��/ �/� ��7t \]�JB 8��7 �O�� Nkl �

�I �? ��J ��� ���� U�� v�b �� \]�J� \

]^_ ��I �OJ
 �/<� �xXB 8<� �9. 
�R �XB

���� �; \]^_I :=� ��^_B r2�� vw
 ��P�

<$ \]^_ ��I �OJ LM
 
�/<< ��� �X� xT�

�I �� * n�� �JI  � 5 ¡�¢ �xX
 ��£ ¤% �9

[2-6]. Nkl� r2�� xT�� \]^_I ¥� ¦7� �R ¥§R

�XB VW�� ��� Nkl �i 
¨J ©ªo«� r2�� \]

^_B xT�� vw
 ¬­ ®� r2P� �9[7, 8]. 
¨J o«� r

2�� xTR \]^_I �� ¯� �°��� Nkl� r2R ��

$± \]�J
 �/~< �²<$ ¬­�� \]�J QR LMP�9

� hO³�´
 ��P� �9[9]. QR \]^_I µ2� �/� �?

\]¶·� �OJ #$ %&' ]�¸ ̀ µ� �R �OJ * �¹W 1

�� u? �KJ LM� �R NO QR �%<� �9[10-13].

C'� º hO��� 
¨J»8 �? benzothiazole° 
¨J %T

o«I ¼�� UV 1� moiety� 7½R ¡�¢ o«� mJR j o

p��� I; \]^_B xT�� \]�J, �OJ * UV 1� ¶

�� @�� ¾¿�À9.
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2. � �

2-1. �� � ��

º hO�� r2R PVA� Polyscience Inc.��F) O½R ��Á

��Â 78,000� 133,000(saponification: 99.7%)I ���� r2�À

9. 
¨J o«I mJ� r2R 2-(p-aminophenyl)-6-methylbenzothia-

zole, 2-methoxy-5-methylaniline(p-cresidine), 2,4-dihydroxybenzophenone,

1,3-dihydroxybenzophenone(resorcinol)? Aldrichr��, 1-amino-8-naph-

thol-3,6-disulfonic acid monosodium salt(H-acid), NaNO2, sulfamic acid

� TCI�� O½�� �x�� Ã
 r2�À9. \]^_ xT� r

2R Na2SO4t boric acid� Aldrichr�� O½�� 6�� r2�À9.

2-(p-aminophenyl)-6-methylbenzothiazole-7-sulfonic acid� 2-(p-amino-

phenyl)-6-methyl-benzothiazole� H2SO4� 180oC�� 24�� 0Ä

sulfonation ̀ µ�� mJ�� r2�À9.

2-2. UV �� moiety� 	
 ��
 ����� �


UV }� moiety8 7½f 
¨J %To«I mJ? Scheme 1� ~

�Å Æt u? Ç �°I .%T� `µ�� xT�À�, ��R �2

? 9È� u9. 2-(p-aminophenyl)-6-methylbenzothiazole-7-sulfonic acid

3.2 g(10 mmol)B NaOH �2�(50 ml, 0.21 N)� É? j 1�� 0Ä

Ê`�Ë9. 
 2�� 35 wt% HCl �2� 4 ml� Ì8�� `µ�7

� 0-5oC� Í<�=� NaNO2 �2�(11 ml, 1 mol/l)B ���Ë j

2�� 0Ä .%T� `µB ÎR9. `µ� Ï��< Ð? �ÂI

sodium nitrite� xÑ�� ��� �ÂI sulfamic acid� Ì8R9. 


.%TÒo 2�B p-cresidine 1.37 g(10 mmol)B ÓÔ HCl �2�(50

ml, 0.2 N)� ���Õ=� 0|R �7�� 2�� 0Ä `µ�Ë9. ̀

µÖ« j ̀ µ�B ���Õ� o× �2��� �1Ø �ÙR j 70oC

�� 24�� Ú�ÛT�q ��� o« (2)� Ü�9(�·: 75%, 20 g).


 ��� o« 9.36 g(20 mmol)B NaOH �2�(200 ml, 0.1 N)� É

� M��� 1�� 0Ä Ê`�Ë9. 
 2�� NaNO2(1.5 g, 22 mmol)

� Ì8�� �7� 0-5oC� ÝÞ j 17.5 wt% HCl �2� 16 ml� ̀

µ�B É� 3�� 0Ä .%T� `µB �Ë9. �ÂI sodium nitrite

� xÑ�� ��� �ÂI sulfamic acid� Ì8R9. 
 .%TÒo 2

�B H-acid 6.88 g(20 mmol)� Na2CO3 1 g(10 mmol)
 ßÍf NaOH �

2�(200 ml, 0.12 N)� ���Õ=� 12�� 0Ä `µ�Ë9. 
 `µ


 Ö«à �á< 10 wt% NaOH �2�B r2�� `µ2�I pH�

8-9� Í<�Ë9. ̀ µÖ« j 80oC�� NaClB r2�� oâ(salting

out)�Ë j 70oC�� âãf o«� ���Ë9. NaCl ä� �2��

� �1Ø �Ù�Ë j 70oC�� 24�� Ú�ÛT�q SBMMAH o

«� Ü�9(�· 85%, 11.66g). ��� mJR SBMMAH 8.2 gB É

? j DI water 100 ml� 10 wt% NaOH �2�B |�: Ì8�=�

��£ 2;�q M��� 1�� 0Ä åm�Ë9. 
 2�� NaNO2

0.8 gB É� `µ�7� 0-10oC� Í<�Ë j 35 wt% HCl 10 ml�

���q 2�� 0Ä .%T� `µB ÎR9. `µÖ« j �ÂI %

[×oB xÑ�� ��� sulfamic acid� �Â Ì8R9. 2,4-dihy-

droxybenzophenone 2.2 g� NaOH 5 gB DI water 100 ml� Ó
� 


2�� æ�� xTR diazo 2�B ���Ë j `µ2�B pH 8.0-

9.0�� Í<�=� 0-10oC�� 2�� 0Ä coupling ̀ µB ÎR9. 


`µ2�� NaClB É� oâ�Ë j âãf n[B ���Ë9. 10

wt% NaCl �2��� �ÙR j 24�� 0Ä Ú�ÛT�q çè¨I

UV }� moiety� é� SBMMAH 
¨J %To«� Ü�9(�· 67

%, 6.91 g). mJR ��� o« * ¬Ö 
¨J %To«I �Âê�

J�â? 1H, 13C-NMR, FT-IR� HPLC �]¸ U�� r2�� Î�

À9.

2-3. PVA-dye ���� ��

PVA ��� ^_? ë3ì� I; xT�À�, ^_ Çí� 50µm

�7� Tî�À9. PVA ̂ _ ÇíI ï�? α-step profiler(TENKO P-

10)� ï��À9. oðI �7 40oC�� UV }� moiety� é�

SBMMAH o«(0.3 wt%)t Na2SO4(1 wt%)� 2;�Ë 9È PVA ^

_B É� `µ��B ñ��=� op�q \]^_B xT�À9.

PVA ^_I hi? º hOò�� xóR hi�� r2�� 3 wt%

boric acid �2��� 1ô vL�� Î�À9. 
t u
 xTR PVA-

dye \]^_? n� �1Ø �Ù�Ë 9È 40oC�� 5�� 0Ä Ú�

ÛT�õ9.

2-4. ���� � UV �� �


PVA \]^_I \]�J? |`��� host n[Ô ���I hi

� Q� j� guest n[Ô Nkl Q� o« ��8 R vL�� p�

P=� |�R vL�� Ú0�� ���ç� }��ö P/ ~��9

[14]. º hO�� xTR PVA-dye \]^_I \]¶· * ��7�

UV-Visible 3÷!øB ï��� O�À9. \]¶·? %ùI úB r

2�� °×�À9.


 ú�� PE� \]¶·B ~���, T||, T�? ee Ç UI ^_B

�Î Q� �©�ö ûüB �I ��7 ýB I-R9. 
� r2f �

�7 ý? 8�] z{(400-800 nm)�� ¬� }�çUI ��7� r

2�À9.

�£ UV }� moiety� é� SBMMAH 
¨J o«� p�f PVA

\]^_� UV }� �KB é�  �� resorcinol �mn� SBMMAH

o«tI åmn� p�f PVA \]^_I UV 1�¶�� UV-Visible

PE %( ) T|| T⊥ –

T|| T ⊥  +
------------------- 100×=

Scheme 1.
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3÷!ø�� �â�À9. PVA ^_I hi·? %ùI ú� I; O

�À9[15, 16].


 ú�� l0, l? ee hi � j PVA ^_I þ
� ~�Å9.

2-5. ��
 � 

\]^_I ¥ÿ�t ¦7� �R �OJ ï�B ��� ��ê�¦

�� r2�� �7 90oC, M�¦7 85%�� |���(100�� 
M)

0Ä v�R j \]^_I �� ��7t \]¶·I ��� Tr�

À9. �£ UV }� moiety� é� SBMMAH 
¨J %To«� p

�f PVA \]^_� UV }� �KB é�  �� resorcinolB �m

R \]^_�� �t u? ò�B ÎR j ¥ÿ�� CD UV 1��

JI �OJ� @��7 ¾¿�À9.

2-6. !!"#
1H, 13C-NMR ï�? TMS(tetramethyl siliane)
 äßf DMSO(dime-

thyl sulfoxide)-d6t CDCl3� 2�� r2�� FT-NMR �]�(Varian

Gemini 500 MHz)� Î�À�, FT-IR 3÷!ø? IR �]�(MIDAC

Prospect)� r2�� �o �� * KBr pellet ��� ï��� Ü�9.

UV-Visible ï�? UV/VIS/NIR �]�(JASCO UV-570)� r2�À9.

ISCO ODS 	ø� V4 UV ¾ã�� éÞ HPLC U�(JASCO 807-IT)

� �Â�I �Â * �J �âB Î�À9.

3. �� 	 
�

3-1. UV �� moiety� 	
 SBMMAH ����� ��

º hO�� mJR UV }� moiety� é� SBMMAH o«I OT

� FT-IR * UV-Visible �]¸ U�� Tr�À9. UV }� moiety�

é� SBMMAH çè¨ o«I FT-IR 3÷!øB Fig. 1� ~���9.

o« ��I T¨��� 7½f Ar-OH, Ar-NH2, 
�� Q� 
��,


��t ���� ;�P� peak8 3,450 cm−1, 2,900 cm−1, 1,600 cm−1t

1,206 cm−1� ~�~� c�� �% SBMMAH o«8 mJf cB �

Ôb � ��9. Fig. 2� UV }� moiety� é� SBMMAH o«I

UV-Visible 3÷!ø
9. ����I π�π* �
� ;�P� peakt

%T�I �� 
�³m� ;�P� ��8 285 nmt 590 nm� ee

~��9. Í� o« ��� �¨I �Ô
 P� �¨�� ¨I A¨¶

�t opJB F��� T¨��� OJP/ ��� �£ �� 
�

³mI þ
t �=J
 �8b�� }�çU
 UçU�� 
0f9

[17, 18]. º hO�� mJR SBMMAH o«� »Ê� �� 
�³m

I þ
8 þ� ��Yö J[B é� 
��� Q� 
��I zL�

� UV-VisibleI λmax ý
 600 nmI UçU z{�� ~�~� ³�

��� çè¨� ;�P� ¨B ~���9.

3-2. PVA-dye ����� ���� � UV �� �


SBMMAH, UV }� moiety� é� SBMMAH o«t  �� UV

1�xÔ resorcinol� SBMMAH� �mR o«� ee PVA ����

p�`µB ��� \]^_B xTR j UV-Visible 3÷!ø ï���

UV 1��JB �8�À9. Fig. 3� 
 ³�� 7��À9. SBMMAH

o« �� ���� p�f PVA \]^_? 300 nm �j�� 32%I

�? ��·B ~��� `=, UV }� moiety� é� SBMMAH Q

�  �� UV 1�x resorcinolB r2�� opf PVA \]^_? 5%

I �� Ý? ��·B ~���9. �£ SBMMAHI ¼�� UV }

� moiety8 7½f o« ��� I; p�f PVA \]^_? 300-350

ε
l l 0–

l0

---------- 100×=

Fig. 1. FT-IR spectrum of SBMMAH dye with UV absorbing moiety.

Fig. 2.UV-Visible spectrum of SBMMAH dye with UV absorbing moi-
ety.

Fig. 3. UV shielding effects of PVA-dye polarizing films.
HWAHAK KONGHAK Vol. 39, No. 4, August, 2001
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nm z{�� �/� UV 1� �JB �À��,  �� UV 1�x�

p�f c� »�� �¸��� SBMMAH o« ��I ¼��� ³m

P/ �� ��� ¥ÿ�� CD UV 1� �JI �OJ
 �/� c

�� ��f9.

Fig. 4� UV }� moiety� é� SBMMAH o«� PVA ����

op �� jI UV-Visible 3÷!øB ~���9. o« ��� I;

op`µ
 ÚÎP� � PVA ���� 8�] z{�� }� peak8

gH�< Ð98 op`µ j�� }� peak8 ~�~ö f9. 
t u

? ³��F) o« ��8 PVA ��� �! 3 �� p�f cB !

� ��� C'� 8�] z{�� |�R vLI ���ç }�� I

; \]�JB 8<ö f9.

LCD� r2P� \]^_? hiô vL
 \]^_I }�ô
 P

�, 8U �NR �J? ��·� \]¶·
9. ]��� ~k� "?

F� \]f "�� \]^_I ��ô vL� C' ��·
 9#$

� ©Ê * �Î ��·B ï��� �Áý�� �8f9[19]. Fig. 5�

o«I %7 0.3 wt%, o&� 1 wt%I Na2SO4� r2�� 500%� h

iR PVA ^_� op�Ë \]^_I \]¶· * ��7� ~��

�9. op��� C' \]^_I \]¶·? �8�À� ��7� '

��À9. UV }� moiety� é� SBMMAH� op�Ë \]^_I

¶·? SBMMAH ���� op�Ë \]^_� »; Ýü<$ 300

¯ dipping j \]¶· 98%t ��7 40% �jI �/� �JB ~

��/ LCD \]^_��I (28KJB �À9. R\ SBMMAH o

«t  �� UV 1�xÔ resorcinolB �m�� op�Ë \]^_I

�� UV 1��J? »Ê� �/�<$ \]¶·
 �� Ý% µ2 8

KJ
 �/)9.

3-3. ��


�g� |`��� r2P/� PVA-I2° \]^_? NklI �?

��J ��� ¥ÿ�� C' \]¶·
 �ö '�R9[20-24]. º h

O�� xTR PVA-dye° \]^_I �OJB ¾¿R ³�� Fig. 6�

~���9. PVA-I2° \]^_I �� 100oC�� 100�� v�R j

\]¶·
 40% '��À<$ o« ��� I; p�f PVA-SBMMAH

° \]^_I �� \]¶·I ��8 ÑI Ã�9. �£ UV }�

moiety� é� SBMMAH� I; p�f \]^_I �OJ? �� �

/�9. PVA-I2° \]^_? ��� �� I3
−
Q� I5

−
'� ��� *�

Nkl8 p�P/ �� 
 *� Nkl� �? �7�� +ö ,�P

/ \]¶·
 �ö '��ö f9. PVA-SBMMAH° \]^_? Ñ

� ��Ô o«��8 PVA ��� �� ��³m Q� van der Waals

³m�� p�P/ ��� ³���� ����8 - o« ��8 �

Fig. 4. UV-Visible spectrum of PVA-UV absorbing dye polarizing film. 

Fig. 5. The effects of dipping time on the transmittance and polariza-
tion efficiency of PVA-dye polarizing films.

Fig. 6. Heat resistance of PVA-dye polarizing films at 100oC for 100 hr.

Fig. 7. Heat and humidity resistance of PVA-dye polarizing films at
90 oC and RH 85% for 100 hr. 
���� �39� �4� 2001� 8�
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98

t

is,

.

c-

83).

a-

a

and

-

ti-
��t S�ö M�ó2B �� ��� ¥ÿ�� CD �OJ
 LM

f c�� def9[25-29]. �£ UV }� moiety� é� SBMMAH

� I; p�f \]^_I �� SBMMAH o«� »; ��Â
 �

8ß� C' ¥ÿ�� �R �OJ
 ./ 0%Ú c�� r«f9.

Fig. 7? 90oC �7t M�¦7 85% ��� e� xTR \]^_B

100�� 0Ä v��=� \]^_I \]¶·� ��7I ��� 7

�R c
9. PVA-I2° \]^_I �� �? ¦7�� PVA ���I

Ý?  �J ��� Nkl ��I ��8 &ÚP/ 50�� 0Ä v�

�� \]¶·I '�·
 50%� 1ö f9. UV }� moiety� é�

SBMMAH o« ��8 p�f \]^_I \]¶·? ¥ÿ�� CD

'�2�9 '��<$ 6 '�2
 2 % -$�� �� Ä�R ³��

~���9. SBMMAH o« ��t  �� 1�xÔ resorcinolB �

m�q xTf \]^_I ��7� �ö �/<� ³�� ~���9.

Fig. 8? UV }� moiety� é� SBMMAH o«� I; p�f \

]^_I UV 1� �J� �R �OJB ¾¿R ³�
9. UV }�

moiety� é� SBMMAH� I; p�f \]^_? 130oCI ¥ÿ�

j�7 300 nm �jI z{�� ��7I ��� ÑI Ã�9. �<$

 �� resorcinol� SBMMAH o«� �m�q p�f \]^_? ¥

ÿ� j ��78 �ö �8�� cB ! � ��9. 
t u? ³��

UV 1� �KB é�  �� moiety8 SBMMAH o« ��� �¸�

�� ³mP/ ¥ÿ�� CD �OJ
 LMP�� ��
'� r«f9. 

4. � �

UV }� moiety� é� 
¨J %To«� r2�� xTR \]^

_I \]�J, �OJ * UV 1� ¶�� ¾¿R ³� 9È� u? ³

3B Ü�9.

(1) çè¨ 
¨J %To«Ô SBMMAH ��I ¼�� UV }� J

[B é� benzophenoneB .%T`µ� I; coupling�q UV }�

moiety� é� 
¨J %To«� mJ�À9. 

(2) UV }� moiety� é� SBMMAH %To«� r2�� ��O

J, �\]�JB é� PVA-dye° \]^_B xT�À9.

(3) UV }� moiety� é� 
¨J o«� I; p�f \]^_I

��7 * \]¶·? o«I %7 0.3 wt%t o&� Na2SO4I %7

1 wt% | � ee 40.5%t 99.5%I �? ýB ~���9.

(4) PVA-UV }� moiety� é� dye° \]^_? 280-320 nmI UV

B z{�� 3% -$I Ý? ��7� ~��/ �/� UV 1��J

B �À9.

(5) UV }� moiety� é� o«� I; xTR \]^_? 90oC M

�¦7 85% ��� 100�� v�R j�7 96%I \]¶·B ~��

��, �£ ¥ÿ�� CD UV 1� �JI �OJ QR �/�9.
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