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,-� �� ,]"P  ���# :�r �u��"& ���� ..1�R! 	�"P$-� �"# [�  �9R$-� �.�� I.1/�= :"(�� .���.! �� "�/ �"�

,-��� �$)w* 	��5* ���� �# "�/ �"�  ��/ �� "�/ ,-�= �M� ��� ���� :"�B 
  9R$-� �� 	�"P$-� �0� .��/

I
�D� "�/ ���# s�L� �";R��#9R$-� �� ,-� �$E# ,%1! ����  �� y= 
 .1�& 	�"P$-� �(!"G ���)��] �"�

  ..���.�1# �
� �� I* 9R$-� I./ |!�.# "� �0.��# �!�0 �� 7��� �� ..1u�)# ��"& �� I* 	�"P$-� �"# ��  

9R$-� �� 	�"P$-�  ,1-"%  �"��� V;- ����� �G�# ��  �$-� 
�� 
�� �1! "�/ �?!"�\ .,-� 	./ �$-�= �"�

 :.1$%� ����� ��  

-  ..1�& 	�"P$-� �R1$-H=�1w y�� "# 9R$-� �� 

- 9R$-� �� ����� ���= ..1�& 	�"P$-� ���= �
"  "� ,1-"%  I
.# �R1$-H= 9R$-� ��  � ��� �"�

i�� �� ��10�@� ���#,-� I��&  .,-� �"& 
1  �� "� 

-  ..1�& 	�"P$-� �R1$-H= 9R$-� ��� �8! 9R$-� �� 
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��# ,-� �& .1�& ,3� 9R$-� I��
*�� �  
 �$��0 �� I* 
1�"= �/�0 �.$#� ..�R! ���G�# 	��5* 9R$-� �# I"B

  .1�& ������G I"$)(!�  ,�%3 ��  9R$-� I.1)& I
�1# ��  �.1)R# r"#  ,�- �#  "�/ ,-� �# �0��5*  ����

�� �D$��  .��/  

9R$-� �� �"# "� .1-� "# �"& :"(�� "� .1-� [\�& �"1%# 	�F3 [� ���� ..1�& 	�"P$-� .1-� .U K�L8� �"�

  V1-* �"#�� ���
 "�/ ,-�= �# �.�G ���� "# �"& :"(�� ..�&
1�*) ,-�= �� 	.��&>�P! 
 	.!�� 
 �F2� �"�

Ig
�$1! 7"D$)� 
� �� I"���� �
1�*
�
�$1! "# �"& :"(�� ..1�& 	�"P$-� :�! {��] yRBr 9R$-� �� (... 
 ���

  ��- ���� "# p"�B ���# ..1�& 	�"P$-� �1��
 9R$-� 
 yRBr 9R$-�  �	.!��G 
  s�L� �";R� 9R$-� ��

�)1/ 7r"LB� I��& �$%# 
 �"# :"(�� ..1�& 	�"P$-��\�"= 9R$-� �� ���-"�� 
 ��  ..1�& 	�"P$-� ��  

,-� 
$%/ �9�"��* �� �� y= �("�.1!"1-) ��- ���� .�!"� ����� "# �"& �� y= "�� ,-� .1P� "� �g�5* ���� ��

I��1&)I�����) �$%�� �"2� ���� 
 ("�,-� 
$%/ ("�.1��5�R5* 
 Ig
�$-� �"� .,-� ��";�� "�  

    

) ��
1-4(-  ��"1�1/ ���� "# �($G�- A��!�  
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) ��
1-5(- 9R$-� A��!� S�"�� �"�  

4-1- �!�/ �� �U>�.�  

  ���� 9/"= .�!"� �2�"3
 �	"()�"��* �� ,15"2� :"(�� �� ,�H- I���G �15 
 
1(�- :"%�� ���G�# ���"1�1/  

�� .�.EB �� "�/ �"�"=  �$%#�@� "�$  �$%�"# "�/ 9P& .,-� ��";�� V-"�� 9P& �� 	�"P$-� 
���#"�# ..��&

  "�/ �"�"=  ��  ��"1�1/  ����  9/"=  7��� �� "B  ./"#  "=  ��  "B  �3�.  A"PB��  �����  
  V-"��  y�� �����  


� A���� 	"()�"��* �� ��"k�� 
 �"#
� 9P& �� 	�"P$-� ..�& ,O�"����! 9P& �� A�! 
�� ���� .,-  ����"& .!��B

  �M� "�/ ,-�= ��  �	"()�"��*  �� ����� ��"1�1/ ���� 7��"8# ../"#  �$/�� �� "�/ �"�"= ,O�"�� �� :�r

��
 ��/  �� 9�����  "�/ I���G �15 �"�$ � .#"�  � 	�"P$-� ��"k�� ��  �& ��"(���  �� �� ��G �$�H- ..1�&

  A���� 	"()�"��* �"�� �� .�@# ��/"= 9P& �� 	�"P$-� ..1�R! 9P& �� 	�"P$-� :.� 
 �$ �� �!"#�3 �	"()�"��*

  .,-�  
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                  ) ��
1-6(-  	.�����.)� QuH� I.1/�=�� 9P& W1��  	"()�"��*    

5-1- ��������  Y�/��  

 �� ,O�"�� ���# 	"()�"��* �� f�=
� �� 	�"P$-�;5p" 
 ��10�@� �� 
$8�� 
 ���� 9/"= ��"1�1/ �# I.#   ���

��";��  f�=
� .,-�  	"()�"��*  �$%�"#  �#  	��.!�  ��"&   .�@#   ./"#  :"�B "B  I.#  �� ���  I�� "B ..!"/�k#  
1$-*   f�=
�  

A����  ,-� .  ����  t!"�   ��   ,]"P   ��  ,-��"�  "�/  ����/.    ���3 �!�� ��� "B .�"# "�/ f�=
�#��1( .  ��&�  �"�

  ��"& ,]"P  "B ./"# �$%# .�"# �"�$  f�=
��  :"�!�/ �.  p";5 �!�0�� I.1/�= ��  �� Q��    �
� �# 	�1w 
 
)="&

 .1�& ������G 	"()�"��* W1�� �� f�=
� .    

f�=
�  V-"�$�  "#  �"&  ��G  ��  "#  �(��"��  p"�/�"&  	"()�"��*  �"8$!�  .1�"�! �1EB 
.    	.!��G ���� "# �"& :"(��

  .1�& ���B 7"R! 
�� �# �"# 
 .1-� �
"  s
�] I��& "�#"� "� 
 ��- �&  	.!��G ���� �#��# �� .�"# "�/ f�=
�

 ./"# :
"D� y�� �   ./"# ��%! y�� �� �$%�"# "�/ f�=
� .  91= [�#I�@�"! y�� �� .� �  :�\  �PVC  �@= "� -


�1��  ��1- 
 
B :"�B .�"# 	�1w "� 
 .���@&  "�/ .!"/�k# �� .  �� .1&"B  ���� �� 	�F3 [� �$  �& �B��� �� ��/

 ��/ I��;� �#"3�1w 
 .�./ V1-* �# ���� ,-� 
R�� .�& �.1= p"�B "�/ ,-�= "# i�� .  

��
� ��V�� Z[> \��F� 53 ��(� #�F� ��>� !!!  
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9B* ���� "# �0��� �"& ��  .�"# "�/ f�=
� .1�&y��   ./"# �$/�� �"2$/�.U .  f�=
��$P� �3�.  "�[� ��    �"#

p";5 �D#"� �� �!"0�.� 7��� �#��/ �$%/ ���)-";5 
1/"� �� �! 
 �!"0�.� s�] [� �� 
 "�/ �"� .  

1-6- "�(> �
���4  

  	"()�"��* W1�� 7./ �# ��"��    �!�0 �� 
���#"�# ,-� 	��5*�$15"2�    A���� ��/ I"�� "# ,-� p"�B V;- �&

,-�.  "(1- 
 I.1�"/* 
 I���G �Mw ��1$! ���.1&� 
 H�"& 	"()�"��* �"�� �� I.1)& �  ,-� A����.   7��� ��

�G �# �"1!,-� �$%�"# I.1�"/* "� 
 �Mw I�� .1��)# ��"& 7��� �# �� ��G �"��   ��    �� 
 .��/ X�"G 	"()�"��*

  �� ��G ��Mw 	"()�"��* �� I
�1# �"��.���8#  .1�& ��10�@� ��G I.# �# ��"1�1/ ���� �
�
 �� 
  .  

    

��  � s�] �� �0� �$  .1�.! ���3 ���Mw ���� I���� �1� �# ��"1�1/ ���� �
"  �"?8�  ���� 
 ��"1�1/ ���

H�"& �&���G  ./"# �$%#. :�0 ���# I
* 	"($-� ��! 	�"P$-� ���Mw ���� I��& ,-� 4"!�FG �"1%# �"& 
�� .1�R .  

 "# ���� 
$/���# ���# ��G I"�� �� I���� �1� �# ���� 7��"8# �
�
 V;- �"& 
�� .1�R! 	�"P$-� ,k1= �� 	�"P$-�  

 �� "�/ �/���0 
 �%P�B Q$%1- �#,-� 4"!�FG �"1%# �& ��/.    :�.3� 
��$�E�  
$%/ 	"()�"��* �� �!��1()1=

,-� ��R� ,-� "� .   ,-� 9R$-� �0�"= 7��� ��  .�.� 9R$-� 
 .1��)# t��- 
 ��"& 7��� �# �� ��G �"�

 .1�& 	�"P$-�7��� �� . �# V1-* ��'�� :�& �� �)$%/ �T� �� ,-�= .1�& 	�"P$-� 	.��& .  
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 J�� C��� :  

- 1�1/ ���� 7��"8# "# �)���* ���� ���� ,-� A���� 9���* 
$/�� 7��� �� 	"()�"��* �# �
�
  ����� ��"

�� 9�&�
 	"()�"��* ���� ,-�= V1-* �# ���� 
 .��� .!�/ . 

-  ���  �����  I"�"3*  �-    �"���  .�"#  �"�$  .�@#  ��  ��G .!.�;#    p"�B  ��  "B  "E!*����  "#    x�F-  
  	��5*

 �1! 
 ��/ ������G ���10 ��/ ��10�@� g�1P��$!"- .�!"� 4��$� ��"-
 �� "��� I��& . 

-   I* I��& �10 �"�$ � ���� .1�R! 	�"P$-� ��"\ �� ��-�k�& "� q�= �1O! ��
� ��"-
 "# I��&�"& :"(��

 ��	"($-�  ./ .���G �8/ �# V1-* V;- �& ���� ���
 . 

- 7������ �# V1-* �"�$ � ���� ,-� A���� 7r*���� 
 7������ �� 	�"P$-��    "E!* I��&�10��    
 ��"-


���� ���
 	.��r* ���� �# I./ 	��5* �1! . 

- {1&  .�!"�  ��G  �L8/  ��"-
  I���  ���3  ���   ����  �
"  s
�]  7�
"��  ��  	
��  
  ��"#��  �/�0

 .1�"�! ������G 	"()�"��* 7��1E�B ��"- 
 ��"1�1/ . 

- �� ,/���"� �$�� [� I
�� �� ��G 7"�H'� �0�  .1�&  .1�& �2-  ��#  �� X�"G �# �$�� I* I��
* 
 I��

 V;- ��� 
�� ���� .1�& ������G 	"()�"��* �"���� �!
�1# �"�� �# �0��5* �"D$!� ��/ . 

-  ,%1! �$-�� �"& .1$%� "E�B �& �!"�� �� 	"()�"��* �� I��& �"&.    7��� �# .1$%� ��;�� �0� ����P!�  

  �# �"�$  .1�& ,15"2� 	"()�"��* �� ) ,-��  . �
�!";E(!(    	���!"G "� AH'� ��G   -� "# "B .1��  �� 	�"P$

 .���"# "� 
 ��P@B p"�BI"�� �"� .��& ��"  I"�1�'� "�/ ,�H- 
 ,123�� �� 	./ �.�# . 
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�� 	�"P$-� 	"()�"��* �� ����� 9����� ,E� �& ��"()�"��* 7��1E�B A��!� K�LG �� �L� 
�� ��  .!�/

  61U�B �� 	����� ����� 
�� �@�� �� .��/��%k& ���"1�1/ �"���� �# I��B[�& �;2� 
 "�  
 �15
� �"�

  ����!�G 
  QG�  �
�#  7��� ��  ���G�#  �(!�(\  W1�� 
  	��;�"!  7��1E�B  i�#  Q$%1-  �� ��1��  �1!  


 	"()�"��*  .��& 	�"/�  

2-1- 
�����
 "�!��!  

  ��L�� ��O�� �# �& ,-� ��"�� ����";w
��0 �1@8B 
 I��&  ��5"� �� �1  :�1� 
2  �"& �T� �� 	./ .15�B �"�

�� 	�"P$-� �-
��* 7��> 
 ��"1�1/ ���� "#V;- 
 ��/    ,]"P   ��  �����  ��  �#��#  
��  ����  ��.��/  :"(�� 

�"&  "#  ����  �����   �-  �� .�"# �"�$  ��"1�1/ 
 ��  l��' �� ���� 7��"8# 7��� 
�� �1w �� ��/ 	�"P$-� ��

 I.# �# �.� V1-* V;- 
 	./ I.# ���
 ,-�= 
 �%P�B 	"($-� �� ��/.    

  

) ��
2-1(-  ��"1�1/ ���  

 
1
 Mist 

2
 Fume 
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�"D$!�  �I����   	�1w 
 ,�(� "# I.!"G�\ W-�B ���� I��& N�@8� "� �(�� s�] �# s�] [� ��  7"2�"�

  �(���� .!�/ ��� 7��F3 
 �-
��* 7��> .15�B V;- .!��B.  �-
��*  �� �$�& �F3 "# ��"�5    7��> 
 �$�
�R1�

  �F3 "# t�"� ���5    "B100    �$�
�R1�  �&  .�$%1! ,�
� �#"3  6@%��1w Q)\  
  ���
 ��  �r��2� I"���)!��

�� �& �B��> 
1�\5* .!��B	.��& 	��   .!�/ yP�B "E!* W-�B �"�1D$%� "� 
 .!�/ 	"()�"��* ���#� 
 �"& x�F- �  

 .!��.! ��"0* .   	"()�"��* W1�� �� "E!* :"�!� �� 
 ��/ :"�!� ��� ��� �� �$%�"# �"�$  ��"1�1/ �"� 9�&�


��/ ������G .  :,-� ��
�U ��� ����� ,�"�� ��� "# �"& :"(�� ��  

- ��� ��� ���� I"R�� �& ��"� "B ��1(# ���3 �OP�� �G�� �� �!�* "B �$%�"# "� ,-� ��� "# �"& :"(��  ��

E(!  ��"U�  ��"-
  I
.# 
  VB�� .���..    ��R@�� I./  �$8� V;- ��� ���  �� �"1%# ��"-
  ���
 I*  

�� ��/.    �G�� �# ��
�
 ������� ��7"&�  �T� �� .!��B�  ,��
  �# [���! ����� �"�.�*����    �$%# 
 �"#

	���= 
 "��� I./��/ �$8� �"# �"� .    �@�� �� .�"# 	"()�"��* �� 7��1E�B 
�� ��10���3 ��� 
���#"�#

I"��� �� �
� 
 �$�& .�* 
 ,�� "# ./"# ��� .�./ �"� .  

 J�� 5���:    ��� "# I��& �"& :"(��  �$%�"# ���  	"()�"��*�  	���= :"�B	�� :"�B 
 "�  I
�1# �# ��
�G �"�

��! :"�!�  �#�G �#  ��� 9R� 7��L���  �1w �� ./"# �$%#  
 	./ yR��# ��� ,&�  ,E� �$  
 ��/

  ��"1�1/ ���� 
 7��"8# 	�"#
�  �� 	.!���0�# 	"()�"��* W1�� �#.!�/.    

- �  	��5* 	"()�"��* ���� �& �B��� � ./  	�"� "�,8�� 
1�� �
� �# ���   	���= ,3
 A�-� �� ,-� �$E# "�

 .�.�;# ���  � .1�& 
/
� �� 	"()�"��* ���   .�.�;# �� I* ��� 
 .��/ X�"G 	"()�"��* �"�� ��.    7.� �#

Q1!r* �� ��"� 	"()�"��* ���� "B .1�& �;� ,�"- �/ 	.��� .  

-  ��"& 
1  �� .1�& �"& yk- 
 .1)R# 
1�"= ���� I"R�� �& ��"� "B �� ��� �)1/ . 
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-  .1$%�"# �
� ��G �� I"R��.  "B�   �3�. 15 1$!"-,-� :�r �@�"� �$��& ��"� "B .    ,�%3 �� ���� I"R��

  ��"E$!��  �3�.  
 .1�& �"& ��15    ��.$#� �� �$�1$!"- I*    9R� 7�.3 ,-� 
R�� ���� .��1(# �@�"�

��@� ,�%3 �� ��� �  I* �!"��100% ./";! . 

-   �#��� �# I���� �1�  �� �$8� ��� ,&�  ���� .1�.! �1RB  ���3 	��5* ���� ��2� �� "�/ �- 
 ��/

����10 . 

-  :"(��� �"2$/� �#"3 ���� "# �"& I
�� �R��$R5� ��"-
 I������3 ��.1�& ������G �� . 

-  .1�& �1�B �� I* �"2��- ��� �G�� �� ��"1�1/ 	�"� �!�0 �� 
$8�� 7��� �� . 

- ����  �G�� �� �� �(�.R� "# �"0�"-"!� .1�.! ���3 �� . 

-  �� �& ��"(����� ��! 	�"P$-�.�.�;# �� I* ��� .1�& . 

-   :"(�� ��  .1�& 	�"P$-� 
/
� �@2/ �� .�";! ��� I��# 
/
� ��� I"��� �� �H$G� �"��� �# 	
H� ����

�� ��"1�1/ ���� ���  �� 4"!�FG �"��"0 .15�B V;-��/ . 

- �1/ ���� 7"2�"U �� 
 ��� I
�� [�1- �� �� ��"1  [�1-  �� ���� .����! 	"()�"��*  �HU"� ���
 7"2�"U 


  ��E/�	./  �* t#"�� �#�� �.1= 	�� ��1����� �"�@& 7";1&�B .�!"� ���� 
�� �� �G�# 
 .��&  �# ����

��! �.� �* �� I���� �1�H- �# ��1$! �� .!�/�� ���
 ��"�� ��F5 I"%!� ,�.�& . 
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 �� �� "�"= 
 .1!"#��8# ,)= �# �� :
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 I.�&  ���� ����!�G V;- �"& 
��

 �� �.����/ . 
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�    QG�  
QR��  I* I��&.!"# "#  .��� 
�� �� �?!"�\  �($%R/ "�

���� ���
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 . 
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- ��� ")�� �� �� :
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�� ��� .�&.  �=  �����  4"!�FG �����  .1%&  ,1@#"3  "#  "��=  .15�B��B�  .�!"�  .1%&�  I����
�.1���$B  )THF(�   �*
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�!<1%&� �1-
�.1� �1B�#  .1%&��=  
... �� /"# � ..  1%&
�= V1&�B ���� �!��! .����   �!<1%&� �*)2O2H.,-� (    �*

  �!<1%&���-  �!"R�  ��  .�"#�  [��"B  
  [�G�    �#�"2$/�  �#"3  ����  ��  �
��  �5*  ����  �[�!��3  �"�"1@3  
  "� �

�F-�
|�- 
 7��@� 
 	.��"& �"�	./ ���= �"�  �[�!��/ ���.E(! ��"1@3 �"� .  

 �/"! �0��5* ���";w
��0�   ����B V;- 7��@� "� 4"G �# 	�"� 
��  �"�� �")� "# I<1%&� ��"�� ��.D� .15�B 	����

�� ��/�& �B��� �� ��/ ,3� .    	�"� 
�� �� ���.D�,8�� 
1�� �
��    yk- ��/ l13� "B .����# �* I* �
�

 .1�� AH'� 	"()�"��* p"�/�"& �#.   :"(����� I��&�"#  s�]� �� .1%&
�= .15�B 
 	./ s�] ���
 ��� .�&  �&

"��B� ��  �## 
 ,-� 4"!�FG 7./�  �� �"�P!� ,1@#"3 "E!* .�� .  

 :��� ��
 ��E�� ��$3�(/ p(A O� �� 53 -�� 9�:�F "�(4  

- 	�"� �� |!� �11oB "� 
 �"$%��& ���
  �� �& ,-"�2� 
�� �# �,-� �* .�!"� 
 s"P/ �& �B� .�!"� ��

  .15�B .1%&��= s�] 
�� .���� ���
 .�./ �"�P!� �FG 
 ,-� 	./ 

- "$%��&  �0���  ��"�I")! ���/  	.�")� s�] �!"�� s��'  �FG ��1$!  �� .,-�  .1%&��=  .15�B  	.���

� 
 s�] I��& "�#"� "# ,5"  
�� �� .���� ���
 �"�P!��� �� �"�P!� I* �# �R\�& �#�U "..��  

  &���!  ����3 ����F ���� �4 ��3 ��$3�(/  :���3 ���;� �� (�� �����  

-  .,-� ��";�� ����� [�1� �� 	�"P$-� 

-  "� I�=�~! y�� "# f�=
� [� ��PVC  ..1�& 	�"P$-� 

-  �� .�./ f��- V;- ���� �.1�& ������G ���� 
�� "# ,-� Q1D$%� p"�B ��9R$-� y�� ..!�/ "�

�I�=�~! ����$1! �$%�"# PVC    ../"# 

- 	�1B s
�] �� �$%�"# ���� 
�� ..!�/ ���.E(! |!� 
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-  ��  y= ..1�&  ,/���"�  ��  "E!*  ��� I./ �"#  J��"B  ..1�&  �1EB  "�  ���.��G Q& ���"D�  �� ��  ����  
��

  ,/M02  �5�3   ���"D� �� �� ���� 
�� ,-� �$E# y= .��/ :"�!� "E!* �# .1%&��= .15�B ,%B �$%�"# 	"�

..!�/ :"�B �B�
� "B .1�& �1EB �$�& .����� "��4 ��H #�_ �4 ��� ���3 5��D! (���4 
3��� 

  

3-2-7- �(E��� ����  

�� 
1�"B ��G I
�� �� �� �"1!���� I<1%&� 
 .!��.! ��� ���
 �# ��"1! �"�P!� ���# ���� 
��  ���� 
�� ..��&

) "�.��* �
@1$-� �Q1-"$= 7"�(���= ��"/azide-3N  	
�0 ����� 7";1&�B �Ig
�.1� �() 
�$1! �@�"�2NO  �(

Ig�5"� �4"1!��*"�7��@&�= 
 I<1%&� � :.�$%� 	
�0 �"E\ ��"/ 	��P�� ���� A��!� ..�$%� "�  

١-  �"��B� .�!"� �.1%&��= 7";1&�B1
1-��
�@&  
 
@1B�1
3-��"B�#I� 

٢- 4"!�FG �* I
.# .1-� [��@&�= ..�$%� ��"�P!� ,1�"G ����� �& .1-� [��@&�= 7";1&�B  
 ,-� �B

9B* "� 	.��"&) ���� "# p"�B �� 
 ��G ���G �#�� ��P�� (�10  �* �>"� [� 7��@&�= Q��1�� .��/

�R5�  .�!"�  �5*  ����  �G�#  I��&  [)G ���#�R5�  "#  	�"�  
��  .,-�  ���$1!�$-�  
  "�  �1R5*  .15�B  "�

�� 7��@&�=  .,-� ��3 ��"�P!� V1&�B [� �& .�& 

٣-  7��$1! :�1!��* .�!"� 7��$1! 7"D$)� 

۴- �� �
@1$-� .�!"� 
@1$-� 7"D$)�
�@& (.1@1$-� y� 
 	�D!) "�.1@1$-� 
 
@1$-� �@= �
@1$-� 

 !!!���3 5_�F  

   
��  ..1�.! �)$%/ �R5�  "# �� ,-� 	./ :"�!�  I�1-��$1! 9�&�
 I* �� �& ���] I���� �1� �# �"&

 .��/ �� ��M="! I��;� 
 4"�$) 
 �"�P!� [� V;-  
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 "�$  �	��P�� ���� "# �"& A
�/ �� �;3 MSDS  
 ���.��G Q& ���"D� �� �� ���� 
�� ..1�& �25"F� �� I*

 ..1�� :"�!� ��� ��� �� ���� 
�� 
���B ..1�& ���.E(!  

 :.�$%� ��� x�/ �# .��& �� 	��P�� 	�"� .15�B I./ V1&�B �T� �� �& ����� ��$)1# 7"�H'� ���#  

-  �"#+:��
�@&+
$-� 

- [�! "� 	�1� �	�D! �y�+
$-� I* �"� 

- ��@��+4"1!��* �#* �"�2I �2Cl �2Br 

- .��* Q�.-+.1P5�- �� 
#�& 

-  Q��1�� "� :�1�1��5* ���=+
#�& .��@&��$B "� :��
�@& 

- .��.1!� [1$-� "� .1-� [1$-�+[��$1! .1-� 

-  "� [�!+.1-� [��1= 	�D! �	�1� ���- �v� 
1(�- �@� 

-  
1�*+,��@&�k1� Q�.- 

-  "� 	.��&.1%&�+�"2$/� �#"3 ���� 

-  	�D! 7��$1!+��!"B� 

-  �.15"� �1-* [�+.1%&��P5�- �1$� ��2SOCl  "�3POCl  

-   +.1%&��P5�- �1$� ��3CrO 

- �@&+�B� �1B� �� 

-  ��!"B�+4"1!��*+	�D! .1%&� 

- .1-� [��1= ��@�� I��& [)G 

-  I��& [)G.1%&��= ��$�� �B� 

-  ����@& 
#�&
�.1�+Q�.- 
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- �R5�+�@& 

-  
1�*+,��@&�k1� Q�.- 

-  ��!"B�+,��@&�k1� Q1%@& 

  

 

3-2-8- ����
 �D�(��T/ ����  

�� "����!�� �� �G�#  	���� s�] I./ �$%R/ "� 
 �"�P!� "# .��*�� 
�� r��2� ..!�/ 	��1@= �!* 7��� �# .�!��B

  �1��
 ��"/ ���� 
�� .,-�  ��.D� �# �� "����!�� .�";! �0�� ..�$%� I�1$-� 
 .1%&� 
@1B� �.���@& �1��
 �7"$-�

 ..1�& �"�$�� �"# 
 .1-� 7�
"�� �� ���� 
�� s�] ��� I��& �"# �� ,-� �$E# .��& 	�1G> 
 �1EB �"��    

3-2-9- ����(� ����1  

  �& .�$%� ��"��"0 ���� 
���"�� ��  �� ��.;B .�"� "� t�"� �# 
1�"=�� ���� 
�� �@�� �� .!�/  :�1@� �# I��B

�� ��"��- ���� 7��FG �� ��& 	�"/� [)G J� 
 t�"� I<1%&� 
 t�"� Ig
�$1! t�"� J� �# I��B  ,@� �# ,�"# �0��

"��-�  G �"���P��� �� ����� I<1%&� "# ���� 
�� I./ 
1)!"� ,@� �# �(�    �")� 7"!"-�! �15� �# �"�P!� �"�$ �

 ��& 	�"/� ���.E(! s�] ��.  �0�   .1%&� �#"3 ���� "# t�"� I<1%&�  p"�B I./1=���� ���
 �"�P!� I"R�� .�& �. . 

I"R� �� .�"# ���� 
�� �� 
 [\�& �"�"�� �� ���� 
�� "# I��& �"& �� 
 .!�/ ���.E(! V-"�� ���EB ����� �"�

 ��/ ,2!"�� �$%#.    ��� I��& �"# :"(��  
��  ���� :"�B 
 	./ 	�"P$-� 7��� [-"� �� "E!* �1@8B "� s
�]

���0 ,�"�� ����� .  

  

 
1
 Cryogenic  
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3-2-10- 4�  l��$  

��%! 7r�L�� �� �& ,%#�* 	�"��   - 
 9B* �#��# �� S�"�� p";5{D 91= �"� �� 	�"P$-� �$G"-  ��"# ��/

 ,-� 	./ "1!� �� �0�"& ���� .� m�� .  �� I"%!� �� ��� I"'�- V;- 	�"� 
�� yP�B��/ .   - �� y= ,%#�*  ��

	�1� 
 4"!�FG ,-� ,%�� W1�� 
 I"%!� ,�H- ���# 	�"� 
��B.    

3-2-11- ��������  

�@� �2�"� W-�B �����!"! �$/M0 �"- .�\ �' ���$��0 ���3 �";D$-� ���� �"1%# �.!�.   .�$%� ����� ���� 
��

  �3�.  �& .2# [�    	�
.�� �� "E!*1    �5�100   ,-� 	./ t3�
 I
�R1� ��� .  �� �$  "� 
 �$��!"!  �\ �0�  .


 7"25"F� �� I")! 7"D1D�B ����"! �& .����  .,%1! 	./ �$G"�/ ���� "E!* 7��FG "�� �.�/"# 4"!�FG .�!��B

  ���3 ��2� �� I��1� �� �& �@����  �0.�&��= 	��! �	�"P$-� ���� 	�"� ��.D� ��"/ .!��T�� �����!"! "# ��� 
$��0

"3 [\�& 7��F3 �1R)B "� 
 ("����= .�!"�) ��� �� I*I�1%!"k-�-) ��� I"��� "# ��  �#  "# �"& I"�� �1! 
 ("�

  ������!"! ��"- �# ���B "# .,-� 	�"� I*90-30  �!"! .���	./ ���
 �%P�B Q$%1- �# �& 7��>  Q$%1- �� �.!�

�� �3"# �%P�B "B ..�!"�50 2#� "# �����!"! �� .��� �"100 -10 �%1& �1 "! �� �$��!"! �� 	�1G> ����� �"�  .!�/

  �� �$R\�& 7��>�!"! �& �5"  ��10  "!�� �3"# �- �1 "! �� �$��! ..!"�  

�� �& �@���� ��2� �� �� ��� .�!��B �� �/"! 7��FG��!"!���  :�� .�B�";� .��� ���3  

-  9R$-� .�!"� �L8/ ,]"P  ��"-
 �� 	�"P$-� I
.# t�"� ,5"  �� �����!"! "# �"& 

- � �����!"! 
$8��I"RB 
 f��5 "# I��& N�@8� 
 t�".�./ �"� 

- � ��"0 �"� �� �����!"! .15�B �1w Q$%1- � �$%# 

- "E!* ��k-� 
 I��& N�@8� �
���B .�!"� ����= ���� "# I��&�"& 

- 	"($-� ���.E(! 
 �1�2B�����!"! .15�B �"� 

- 4"= �5"#� t�� 
 �����!"! "# �"& �"�"�� ,�"O! 
 ��"- 
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- ,15"2� :"�!� �
� �R1!"R� �"��� �-
�u* .15�B V;- �& �����!"! .��/ 

��>  
��  .,-�  yP�B  ������!"!  �
�
  ���#  �@��  	��  [� �� 	.1)& ���  �G�� �#  �$ ��  �#  7  ��  
  .!�/  �G��

�%1& > ����� �"��� 	�1G  :"�B 
1# �� ..!�/	./ 	�"P$-� I��&"B �& ������!"! �$G"�/ .�"/ �.!�	./ "E!* 
��B

�5�5�!"! ��#�& �"�1  )CNT�5�5�!"! ../"# (  t�"�� 
 :�@� 
 I"'�- 7"D1D�B ��1�� �� �21-
 ��#�"& ��#�& �"�

  �# ��1G� ���� 
��  �!"P-"$� ..!��� ���Mw�15�  	./ �!��(! ��"# ,%#�* "# ,�";/V1-* ��"# ,%#�* ..!�� �"

 �� ��� ,�"# �� Q1��B �#"3�1w ���� �� 
 ��/   �� ��� ,-�� ��R@�� �� t!"� 7.�  .��/  7��>�!"! �
�
 7";T� �\ �0�

�;L� Q$%1- �# 	./ yP�B  t1-
 7"D1D�B �# �"1! I"%!� ��  7��>�!"! �& ���� ���
 �1U�� 
�� �5
 ���� ��B

�0��5* �� ������� ��� �"� ��"�1# �G�# �
�# �� .�!��B  �$-�= 7��T� 	�"#�� ..�/"# �1G� �;L� Q$%1- �"�

  �� �����!"! �
�
 .,-� 	.)! 	.�")� ��"G V1-* I"0.!�� �
� 	./ :"�!� ��"()�"��* 7"25"F� l;' �7��>�!"!

 .12@# �	��5* �* 
 "��Mw I���G �� �/"! �I"�� l��'  �# 	��5* ,-� �� �"D$!� �1! 
 ��� �� 	.�&��= 7��>�!"! I

 7"25"F� .,-� I"��   �� I")! I"0.!�� �� "B.�� �����l��' �� 7��>�!"! �M� �& .��    t#"B �/���0 Q$%1-

�0<�
 
 ��"-' �# ,-� ���� 
�� ��F- �"�[\�& 7��> �� �& ���  �"# z"�5 �� �v�G �����(#* ,1�"� "# �B

  ..!��� ��Br"# �M� �R��$R5�  

 �$%�"# �����!"! "# �"& :"(���.3� 
 7"R! :���0 ,�"�� ���� x�/ �# ����� QE� 7"�  

- �
* �"& �"�� �� X�"G �# ��"-
 ��"- "� ��� p";5 "# �����!"! �& ./"# ���' .�"# �"& W1�� � ��'  	�

���"= ��  �"v� ���# .��)!$-� 	<�
 �"�	��5* 7"!"R��  
  ��"-
 .��/ 	�"P  I"R��  .�!"� �����  ���#  �����

  .��/ �$��0 �O! �� 	"()�"��* �� X
�G �� �;3 p";5 ���2B 
 I.# ��)$%/ 

 
1Carbon Nano Tube (CNT) 
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-   ��"-  "�  
  ��"1�1/  �"����  ���  ��  "�$  ..1�&  �1��=  W1��  ��  7��>�!"!  I��&  �)$��  
  98=  ��

 - Q$%1  Q$%1- ��
�G ���� �� �� 7��>�!"! �I"R�� 7��� �� ..1�& �"& ���� 
�� "# �V-"�� ���EB �"�

 ..1�& 4"= (X�"G W1�� �# �
�
 �� �;3) ���EB 

- 98= �����!"! ..���.E(! �$%#�� H�"& �"� s�] �G�� �� 	.!�/ 

- �!"! ��"�#"�I"R� 
1# ����  .��/ :"�!� �$%#�� s
�] �� .�"# .... "� 
 	��& ���� .�!"� ��"& {@$8� �"� 

- ��.)� QuH���"1! ���� �L8/ ,]"P  :���5 �7��FG .�!"� 	.���  ��� �� �"1! ���� �$���.� ��$�&  �"�

I"R� ��
�
  	"()�"��* [� �& ,-� 
R�� �����!"! "# �"& �$8� I"R� .��/ VL! .�"# �����!"! "# �"& �"�

 ../"# [\�& �"�� [� "� 
 ��� [� "� 

- ��  7��>�!"!  �
"  s
�]   	�>�!"!  ,1�"�  �#  .1&"B  "#  "�$   Hv�  ..1!�#  V%\�# I* I��#  �� "    7��>�!"!

�
� .1%&�"   �"� �#"�
� .1%&� " 

- FG �� .�"# �#�"&�� �"& I* "# �& �� 	�"��!"! 7��91= �$  
 .�&  ��"  ��"E! 7r�L�� 
 I* �"��"-

  ../"# 	"0* ��"& ��' �# I* "# 9�&�
 �� 

-  ..1!"-�# �3�.  �# �� ���� 
�� "# �$-�= p"�B ��L8/ ,]"P  :���5 I.1/�= "# 

- 9P& �� �����!"! "# �"& :"(�� ��& 	�"P$-� �$%#�@� �"�9/�= �� ./"# :�r ,-� 
R�� ..1�  [� �"�

 ..��;! 	"()�"��* �� X�"G �# 9P& "# �� �����!"! "B .1�& 	�"P$-� 9P& s�L� �"# 

- "()�"��* f�=
�9R$-� �� 
 .1/�k# .�@# 
1$-* 	  .��/ 
~�F� �"& �� �;3 ..1�& 	�"P$-� ���$1! �"�

I* �� 7��>�!"!  �& �2�"� 
 7��>�!"! �#��#  �� 	�"P$-� ���� 9R$-� �&    ../"# :
"D� ,-� 	./ l@2�

9R$-��!"! "# p"�B �"�$ � "B .1�& ���2B ";B�� �� "�9R$-� ..1!"-�# �3�.  �# �� 7��>  �� 	��5* �"�

(! ��� ��� �� 
 �R1$-H= �%1& [� �� �t�� I"�� "B,-� �"& I"�"= �� y= ..1�& ���.E  
�"# "B �� "�

  ..1�� �)$%/ 
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-  �L8/ ,]"P  ��"-
 �� �O! ���� 	�"��!"! A�! V% �#Q)\ �� ,]"P  ���# V-"�� ..1�& 	�"P$-� "� 
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 Refrigerator 
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 Heating Device 
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 Incubator 
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1 Autoclave 
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 Ultrasonic 
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 Centrifuge 
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 Pump 
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1 Compressor 
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1 High Pressure 
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����! JKM;���!�  

•  (=H "��� 

  

Flammability :  (���3 |!�) Q%� �"2$/� ,1@#"3  

 Instability Reactivity/:   �* "# 	�"� V1&�B �O! �� ���.�"= 
 ��"1�1/ �"2P!� 
 �2� ,1@#"3

 (��� |!�)  

Health:  (�#* |!�) �$�H- �
� �# 	�"� �$/�.E# 7��FG  

Specific Hazard : (|!� �#) K"G 7��FG  
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