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# h������ `.,  B��� O.,  X������� B., a������ `., 2010 

&5EFGHICB5 KC>5H 5>;@K8BBO ]<B-JG5B8FSB@T LGH;5]GFSB@T B8B5-?8E>@B5- 
]>8F5JG8BGB5N5L5 +GLKCB>< L5K5LCBB5* B<-FC8JG�* GQ ;5Q?@BGN < H2SO4 Q8 <?8E>* 
+5NC;TBCN5-8->@NB@T 5FGL5KC;GN O- >CK+F8>GN. D5-8Q8B5 K5IF@NGE>S ]5;K<-N8BBO 
B8B5;5QKG;B@T ?8E>@B5- +GLKCB>< Q ;C8-JGMB5* ]<B-JG5B8FSB5* 5R5F5B-5*, �5 
Q8RCQ+C?<� N@E5-< ECH@KCB>8JGMB< E>8RGFSBGE>S PTBGT N5HB@T E<E+CBQGM.   

'F*?5NG EF5N8 – 5;L8BG?BG +GLKCB>@, L5K5LCBB8 B<-FC8JGO, K5H@]G-8JGO +5NC;TBG, 
+5NC;TBCN5-8->@NBG 5FGL5+C;5-E@H@. 
 

The study of technique of the obtaining functional hydrophilic phthalocyanine 
nanoparticles via homogeneous nucleation from their solution in H2SO4 with the participation 
of surface – active oligomers as templates is presented in the article. There was shown the 
possibility of the formation of nanoscale pigment nanoparticles with reactive functional shell 
providing their water suspension high sedimentation stability.   

Keywords – organic pigment, homogeneous nucleation, surface modification, 
oligoperoxide surfactants. 

 
�E><+. 	#�(!��"(!� "'$���h��+ *�$j&�!�� !� �"���+ (%(*&�m�e �� i+��e "(�"�� – ��!&�(����(!� 

)"#�"'%, *")'���� m��!��(!�, '&"#"$�l, (&��j&�!���e�� � �$'&$���e�� (!�o�#���(!� !� ��x� 
+�'�)!&'�(!�)�, l)� ��m��h�u!� j"k#���(!� i+ ��)"'�(!���l � (!'%j����+ *'��!&'�+, – m�#&k�!� 
�& #�x& ��� i+��"i +�j�h�"i (!'%)!%'�, � !�)"k ��� '"mj�'%, g"'j�, g%�)��"��#��"(!� � 
$��'"g�#��"(!� *"�&'+�� h�(!��"). 	�(")� g�m�)"-+�j�h�� *")�m��)� (+�j�h�� (!�e)�(!�, (!�e)�(!� �" 
�����!���l) g!�#"������"�"$" *�$j&�!% (CuPc) '"o�!� �&e *�$j&�! *'���o#���j  �#l ��)"'�(!���l 
e"$" % �'%��. �#& $��'"g"o�� *'�'"�� e"$" h�(!��") "oj&k%n j"k#���(!� (!�"'&��l (!�o�#���+ 
)"#"i���+ (�(!&j m ��+ % �"���+ (&'&�"����+. �*&���#��� j&!"�� "o'"o)� *"�&'+�� "'$���h��+ 
*�$j&�!��, �" ¨'%�!%u!�(l �� j"��g�)���i h�(!��") �o�n!��"�"u )�(#"!"u !� ii *"+����j� [1], 
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"'$���h��j� �j���j� [2,3], � !�)"k *"�&'+�&�"-�)!����j� '&h"����j� !� (��!&!�h��j� 
*"#�j&'�j� [4], �(!"!�" *")'��%u!� +�'�)!&'�(!�)� *�$j&�!�� !� i+��+ �"���+ (%(*&�m�e. 
("o#��" 
*&'(*&)!����j n j&!"� "o'"o)� *"�&'+�� *�$j&�!�� (��!&!�h��j� *"#�j&'�j� [5–7]. �&'&��k�" 
�#l ��"$" ��)"'�(!"�%u!� *"#�&!�#&�$#�)"#� !� ��x� $��'"g�#��� *"#�j&'�.  

 
�C>8 ;5R5>@ – �"(#���!�l $"j"$&��% �%)#&���u g%�)��"��#���+ *�$j&�!��+ ���"h�(!��") �m 

'"mh���� � *'�(%!�"(!� �"�"'"mh����+ *"�&'+�&�"-�)!����+ "#�$"*&'")(���� l) !&j*#�!�� !� 
'���)�#���+ '&�)��e, �����e"����+ m i+ *"�&'+�� % �"���+ (%(*&�m�l+.  

 
	RL5N5;CBBO ;CQ<FS>8>GN. �"'j%����l g%�)��"��#���+ '&�)��e�" m��!��+ ���"h�(!��") 

*�$j&�!% (CuPc) m��e(�u��#� !�) m����j !&j*#�!��j (��!&m"j m� !�)"u j&!"��)"u. 
�"mh�� CuPc % (%#�g�!��e )�(#"!� �"����#� *" )'�*#���+ m )"�!'"#�"���"u x���)�(!u �" 

�"��"-#%k�"$" '"mh��% *"�&'+�&�"-�)!����+ g%�)��"��#���+ "#�$"*&'")(����, "+"#"�k&�"$" �" 
!&j*&'�!%'� 0 – 5 º�. ª) g%�)��"��#��� j"��g�)�!"'� ��)"'�(!"�%��#� "#�$"*&'")(��� (!'%)!%'�, 
*"���"i ��kh&, !� �!&�'")(-6 (*"#�&!�#&�$#�)"#&��e &(!&' (!&�'��"�"i )�(#"!�) m ���=0,001$/j#, 
6=27 j�/j. 
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 !�o#. 1 ���&�&�" g%�)��"��#���e ()#�� !� j"#&)%#l'�� j�(� ��)"'�(!���+ *"�&'+�&�"-

�)!����+ "#�$"j&'��. 
 

F�G��H
 1 

�8;8->C;@E>@-8 ]<B-JG5B8FSB@T 5FGL5KC;B@T K5H@]G-8>5;GN 

�)#�� )"*"#�j&'% % �"#"i��"-+�j�h�� 
�#�(!��"(!� ��m�� 

"#�$"j&'% 	� 
k 

N	� 
l 

	�� 
m 

t�� 
n 

����� 
p 

�� 
q 

���� 
r 

�n, 
$/j"#� ���  

$/j# 
6  

j�/j 

��-1 25,0 - 40,0 - - - 35,0 2000 0,025;  34,5 

��-2 15,5 - 38,0 14,0 - - 32,5 5200 0,018 32,5 

��-3 - 60,0 10,0 - 30,0 - - 2500 0,028   35,0 

�-4 12,0 - - 16,0  42,0 30,0 7500 0,10 38,8 
 

!'�j��� � '&m%#�!�!� $"j"$&��"i �%)#&���i ���"h�(!��)� *�$j&�!% %!�"'u��#� % �"�� 

(%(*&�m�u, (!�o�#�m"���% *'�(%!��j� !�j g%�)��"��#���j� *"�&'+�&�"-�)!����j� "#�$"j&'�j�. 
���"h�(!��)� �����#l#� ��� �"��"i g�m� �&�!'�g%$%����lj, o�$�!"'�m"�" *'"j���#� �"�"u � 
��&!"�"j, � *"!�j (%x�#� *�� ��)%%j"j �" *"(!�e�"i ��$�. 

�¸-(*&)!'� ���"h�(!��") m��j�#� � ���*�m"�� 1000 – 4000 (j-1 �� �¸- �%'’n-(*&)!'"g"!"j&!'� 
«Tensor 27» g�'j� «Bruker». �&�!$&�"(!'%)!%'��e ���#�m *'"�"��#� �� ��g'�)!"j&!'� ��
�-30 
(CuKÙ ��*'"j��u����l). ��� m"o'�k&��l m�*�(%��#� �� &#&)!'"��"j% j�)'"()"*� JEM-200� 
g�'j� “JEOL”. �!�o�#���(!� �"���+ (%(*&�m�e h�(!��") *�$j&�!�� �"(#��k%��#� j&!"�"j 
(��!#"*'"*%()���l m� mj��"u � h�(� "*!�h�"i $%(!��� �� (*&)!'"g"!"j&!'� ���-72�. 

� ���-m"o'�k&�� ('�(. 1) m'"m%j�#", �" '"mj�' ���"h�(!��") *�$j&�!��, "!'�j���+ j&!"�"j 
$"j"$&��"i �%)#&���i m� %h�(!u *"�&'+�&�"-�)!����+ *&'")(��"�j�(��+ "#�$"&#&)!'"#�!�� ���"�-
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�"$" (
��-1) !� )�!�"��"$" !�*�� (
��-3) l) !&j*#�!�� � *"�&'+�&��+ j"��g�)�!"'�� *"�&'+��, 
j&�x�e m� '"mj�' ��+����+ h�(!��") *'"j�(#"�"$" g!�#"������"�"$" *�$j&�!%, � i+��e '"m*"��# m� 
'"mj�'"j n �(!"!�" �%kh�j. 

 

 
\�	. 1. TEM ��G��L���
 ������� ��	����� �J����� (F0)  

� 	�	����� � 	���� �� ������	����� �J�����, ��������� J���J����> ������H�>  
� ���	����	� ������J� ��J������	����J� 	���������� `IB-1 (F 2),  

�������J� ��J������	����J� 	���������� `IB-3 (F 5)  �����	����J�  
	���������� C������	 (F 6) � 	�	����� � 1% NH4OH. aG������
 30000 

 
t�h�j", �" ��(")"��(*&'(�� h�(!��)� j&�x"$" '"mj�'% g"'j%u!�(l � '&m%#�!�!� $"j"$&��"i 

�%)#&���i m� %h�(!u �(�+ �"(#��k&��+ l) !&j*#�!�� *"�&'+�&�"-�)!����+ '&h"��� *"'���l�" �m 
��+����j *�$j&�!"j, "!'�j���j !'�����e��j j&!"�"j [8]. ��$j&�!, "!'�j���e j&!"�"j $"j"$&��"i 
�%)#&���i � *'�(%!�"(!� �!&�'")(%-6 (F-6) l) !&j*#�!% ('�(. 1), +"h� � j�n j&�x�e '"mj�' 
���"h�(!��"), ��k % ��+���"$" *�$j&�!%, !� %!�"'un �"��� (%(*&�m�i, �#& � ��"j% *'�(%!�l *&��� 
)�#�)�(!� �$#"j&'�!�� *"'���l�" m ���"h�(!��)�j� *�$j&�!%, "!'�j���j� m� ���#"$�h�"u 
j&!"��)"u % *'�(%!�"(!� g%�)��"��#���+ "#�$"*&'")(���� (F-2 � F-5). �&, �� ��x% �%j)%, 
*"l(�un!�(l g"'j%����lj �� *"�&'+�� ���"h�(!��") ��#��"i ��("'o��e�"i "o"#"�)� m *"�&'+�&�"-
�)!����+ m�'l�k&��+ j"#&)%# "#�$"*&'")(����, l)� m�o&m*&h%n �& #�x& �&m�$'&$���u ���"h�(!��"), 
�#& � i+�u &#&)!'"(!&'�h�% (!�o�#�m���u % �"���+ '"mh���+ &#&)!'"#�!�� �� ���j��% m "o"#"�)"u m 
j"#&)%# �&�"��"i ���. �� '&m%#�!�!� �"o'& %m$"�k%u!�(l m *"'���l#���j ���#�m"j '&m%#�!�!�� 
���-j�)'"()"*�i !� '&�!$&�"(!'%)!%'�"$" ���#�m% (!�o#. 2) � �"(#��k&��lj� (!�o�#��"(!� �"���+ 
(%(*&�m�e *�$j&�!�� ('�(. 2). t�h�j", �" ��eo�#�x% (&��j&�!���e�% (!�o�#���(!� j�u!� (%(*&�m�i 
*�$j&�!��, "!'�j���+ � *'�(%!�"(!� *"�&'+�&�"-�)!����+ *&'")(��"�j�(��+ "#�$"&#&)!'"#�!��, �" 
(���h�!� �� )"'�(!� ��(#"�#&�"$" ���& *"l(�&��l *'" &#&)!'"(!&'�h�% (!�o�#�m���u.  

 

F�G��H
 2  
�CQ<FS>8>@ H5EFGHICBBO H@];8-JGP ;CB>LCBGNES-@T +;5KCBGN B8B5?8E>@B-8K@  

+GLKCB>< (C>8F5B- b=0.33 L;8H<E8; D- EC;CHBGM ;5QKG; -;@E>8FGN) 
�'�m") �%!, $'��%(� B, $'��%(� D, �j 

F-0 *"'"x") *'"j�(#"�"$" *�$j&�!% 10.18 0.401 25.0 
F-2 *�$j&�!, "!'�j���e � *'�(%!�"(!� 

���"�"�)!���"$" 
��-1 
7.18 0.888 12.0 

F-5 *�$j&�!, "!'�j���e � *'�(%!�"(!� 
)�!�"�"�)!���"$" 
��-3 7.15 1.152 8.0 

F-6 *�$j&�!, "!'�j���e � *'�(%!�"(!� �!&"'")(%-6 6.74 1.361 6.5 
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\�	. 2. a���L�	�� �������� J�	���� ������ 	�	�����  

�����H������� �J����� ������J� (1) �� ��������� ������� J���J����� ������H� (2–4)  
�� ��	�; 2 –`IB-1 (�Q-�bI-BQOT); 3 –`IB-3 (N�I-�bI-cBQbB); 4 –C������	-6 

 

�&!"�� �¸-(*&)!'"()"*�i !� +'"j�!"$'�g�i *��!�&'�k%u!� %!�"'&��l g%�)��"��#��"i 
"o"#"�)� �� *"�&'+�� ���"h�(!��") *�$j&�!% � '&m%#�!�!� �&m�"'"!�"i ("'o��i "#�$"j&'��+ j"#&)%# 
*�� h�( $"j"$&��"i �%)#&���i ���"h�(!��"). 

�m �¸-(*&)!'�� *�$j&�!�� ('�(. 3), "!'�j���+ % *'�(%!�"(!� '�m��+ *"�&'+�&�"-�)!����+ 
g%�)��"��#���+ j"��g�)�!"'�� l) !&j*#�!��: )"*"#�j&'% 	�-	��-���� (F 2), )"*"#�j&'% N	�-
	��-����� (F 5) � �!&�'")(%-6 (F 6), m'"m%j�#", �" "(�"��� (j%$� +�'�)!&'�� �#l 
g!�#"������"�"$" *�$j&�!%, *'�(%!�� � (*&)!'�+ *�$j&�!��, "!'�j���+ j&!"�"j $"j"$&��"i 
�%)#&���i. � (j%$� *"$#�����l *'� 1740 (j-1 +�'�)!&'�� �#l �=
 $'%* #��"), �" �+"�l!� % (!'%)-
!%'% "#�$"j&'��+ j"��g�)�!"'��, *��!�&'�k%n i+ ��l���(!� � "o"#"��� ���"h�(!��").  

� *'" ��l���(!� �� *"�&'+�� ���"h�(!��") *�$j&�!% �jj"o�#�m"����+ j"#&)%# g%�)��"-
��#��"$" "#�$"*&'")(��% (���h�!� '&m%#�!�!� ���#�m% '&m%#�!�!�� $�m"'�����"i +'"j�!"$'�g�i 
*'"�%)!�� '"m)#��% ���"h�(!��"), j"��g�)"����+ "#�$"*&'")(��"j � '&m%#�!�!� i+ "!'�j���l 
j&!"�"j $"j"$&��"i �%)#&���i � *'�(%!�"(!� "#�$"*&'")(����+ (%'g�)!��!�� (!�o#. 3). 

 

 
 

\�	. 3. @W-	������ ������J� �J����� (F 0)  �J�����,  
��������� ������� J���J����� ������H� � ���	����	� ����������-�������� ����������� `IB-1 (�Q-

�bI-BQOT)(F 2), `IB-3 (N�I-�bI-cBQ®B) (F 5) �� C������	�-6 (F 6) 
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F�G��H
 3 

�CQ<FS>8>@ -GFS-GEB5L5 N@QB8?CBBO ;8H@-8F5<>N5;*N8FSB@T  
+C;5-E@HB@T L;<+ B8 +5NC;TBG B8B5?8E>@B5- +GLKCB>< 


#�$"j&'��e 
(%'g�)!��! 

	j�(! 	�� -#��") % 
(%'g�)!��!�, % 

�"��&�!'���l 
"#�$"*&'")(��% % 

'"mh���, 
% 

	j�(! "#�$"*&'")(��% �� 
*"�&'+�� h�(!��") *�$j&�!%, % 

40,0 0,5% % NH4OH 
1,3 

40,0 1% % NH4OH 2,2 
40,0 2.5% % NH4OH 2,5 

O��-1 
	A-	��-MA� 

40.0 5% % NH4OH 2,6 
10,0 0,5% % NH4OH 3,30 
10,0 1% % NH4OH 5,50 
10,0 2.5% % NH4OH 6,80 

O��-3 
N	�-	��-�MAEM 

10.0 5% % NH4OH 7,20 
38,0 0,5% % NH4OH 4,10 
38,0 1% % NH4OH 7,20 
38,0 2.5% % NH4OH 10,00 

O��-2 
	�-	��-tA-MA� 

38.0 5% % NH4OH 10,00 
 
	j�(! ��("'o"����+ �� *"�&'+�� ���"h�(!��") *�$j&�!% j"#&)%# g%�)��"��#��"$" "#�$"-

*&'")(��% m�#&k�!� ��� e"$" *'�'"�� � j"#&)%#l'�"i j�(�. 	���e �j�(! ��("'o"����+ j"#&)%# 
)�!�"��"$" "#�$"*&'")(��% m%j"�#&��e, "h&����", e"$" *�����&�"u *"�&'+�&�"u �)!����(!u. 
t�h�j", �" g"'j%����l ���"h�(!��") $"j"$&��"u �%)#&���nu m�o&m*&h%n )"�!'"#�"����e �j�(! 
��("'o"���"$" "#�$"*&'")(��% �� *"�&'+�� h�(!��"). �'�h"j% m '�(. 4 m'"m%j�#", �" 
(*"(!&'�$�n!�(l )"'&#l��l m�#&k�"(!&e '"mj�'% g%�)��"��#���+ ���"h�(!��") !� �&#�h��� ("'o��i 
"#�$"*&'")(���"$" j"��g�)�!"'�, l)�e ��)"'�(!"�%��#� l) !&j*#�! *�� h�( i+��"$" "!'�j���l ��� 
)"��&�!'���i "(!����"$" � '"mh���. 
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\�	. 4. a���L�	�� �������� ���	�������� 	��GH� ��J������	��� (1)  
�� ������ ������	�����, 	����������� J���J����> ������H�> (2),  

�� ��	�� ��J������	��� � ������ (������ �J����� � H2SO4 : ������ ��J������	���  
� ��� = 1:2.5; [�J����] = 3 %) 

 
��l���(!� '���)�#"%!�"'u��#���+ *&'")(��"�j�(��+ g'�$j&�!�� % g%�)��"��#���e "o"#"��� 

�� *"�&'+�� ���"h�(!��"), "!'�j���+ � '&m%#�!�!� $"j"$&��"i �%)#&���i � *'�(%!�"(!� "#�$"-
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*&'")(����, m�o&m*&h%n �& !�#�)� �"��!)"�% j"k#���(!� )"�!'"#u '"mj�'% !� '"m*"��#% m� '"mj�'"j 
���"h�(!��"), �#& � i+ *"��#�x% ��#�"�% g%�)��"��#�m���u x#l+"j '���)�#��"$" *'��&*#&��l 
*"#�j&'��+ #���u$�� �����u����lj m *"�&'+��. 

 
�@EB5N-@. 
!k&, �"(#��k&��l j&!"�% $"j"$&��"i �%)#&���i ���"'"mj�'��+ h�(!��") "'$�-

��h��+ *�$j&�!�� m i+��+ '"mh���� % *'�(%!�"(!� g%�)��"��#���+ *"�&'+�&�"-�)!����+ 
"#�$"*&'")(���� l) !&j*#�!�� *")�m�#� j"k#���(!� )"�!'"#u i+ '"mj�'% !� g%�)��"��#��"(!�, � 
!�)"k *"��#�x"i ��#�"�"i j"��g�)���i m� %h�(!u �jj"o�#�m"����+ *&'")(��"�j�(��+ g'�$j&�!�� �#l 
"!'�j���l (!�o�#���+ �"���+ (%(*&�m�e.  
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�@N?CB5 Q8 >CK+C;8><; 313, 323 G 333 ' ;C8-JG* KGI JG8B<;5N5* C+5-E@HB5* 
EK5F5* G LGH;5+C;5-E@H5K >;C>-R<>@F< < +;@E<>B5E>G -8>8FG>@?B5P E@E>CK@, �5 
E-F8H8�>SEO Q 18--;8<B-6 >8 TF5;@H< J@B-<. �>;<-><;< E@B>CQ5N8B5P +C;5-E@HB5P 
+5TGHB5P C+5-E@HB5P EK5F@ +GH>NC;HICB5 O- TGKG?B@K@, >8- G �-E+C->;5E-5+G?BB@K 
KC>5H8K@ 8B8FGQGN. D5-8Q8B5 K5IF@NGE>S N@-5;@E>8BBO E@B>CQ5N8B5L5 +;5H<->< < 
+;5JCE8T E>;<-><;<N8BBO +5FGKC;B@T E<KGACM B8 5EB5NG HG8B5N5P C+5-E@HB5P EK5F@. 

The reaction between cianuric epoxy resin and tert-butyl hydroperoxide in the presence 
of catalytic system consisting of 18-Crown-6 and zinc chloride has been examined at 313, 323 
and 333 K. The structure of synthesized peroxy derivatives of epoxy resin was confirmed by 
chemical analyses as well as IR-spectroscopy. The synthesized product may be used in 
structurization processes of polymeric mixtures based on ED-20 dianic epoxy resin. 
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$�#%ml+ ��'"��"$" $"(*"��'(!��, � !�)"k *�����&��l ��j"$, l)� (!��#l!�(l �" &)(*#%�!���e��+ 
+�'�)!&'�(!�) ��'"o�� �� i+ "(�"��, ��j�$�n (!�"'&��l �"��+ *"#�j&'��, � !�)"k *")'�����l 
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