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Capitolul I. INTRODUCERE  

�$�F�H�V�W�� �F�D�S�L�W�R�O�� �H�V�W�H�� �G�H�G�L�F�D�W�� �X�Q�H�L�� �V�F�X�U�W�H�� �S�U�H�]�H�Q�W���U�L�� �D�� �S�U�L�Q�F�L�S�D�O�H�O�R�U��
�V�X�E�L�H�F�W�H���G�L�V�F�X�W�D�W�H���v�Q���D�F�H�D�V�W�����W�H�]������ 

I.1. Sisteme magnetice nanostructurate 
Un material n�D�Q�R�V�W�U�X�F�W�X�U�D�W���S�R�D�W�H���I�L���G�H�I�L�Q�L�W���F�D���X�Q���P�D�W�H�U�L�D�O���F�H���S�R�V�H�G����

�H�O�H�P�H�Q�W�H���V�W�U�X�F�W�X�U�D�O�H���F�X���F�H�O���S�X� �L�Q���X�Q�D���G�L�Q�W�U�H���G�L�P�H�Q�V�L�X�Q�L���F�X�S�U�L�Q�V�H���v�Q�W�U�H��
�����ú�L�����������Q�P���>���@���� 

I.1.1 Clasificarea sistemelor magnetice nanostructurate 
Materialele magnetice nanostructurate pot fi clasificat�H�� �G�X�S���� �P�D�L��

�P�X�O�W�H�� �F�U�L�W�H�U�L�L���� �ú�L�� �D�Q�X�P�H���� �G�L�P�H�Q�V�L�R�Q�D�O�L�W�D�W�H���� �F�R�P�S�R�]�L� �L�D�� �I�D�]�H�O�R�U�� �ú�L��
�P�R�G�D�O�L�W��� �L�O�H�� �G�H�� �R�E� �L�Q�H�U�H���� �I�R�U�P���� �ú�L�� �F�R�P�S�R�]�L� �L�D�� �F�K�L�P�L�F���� �ú�L�� �S�U�R�S�U�L�H�W��� �L�O�H��
magnetice.  

�,���������� �6�L�V�W�H�P�H�� �P�D�J�Q�H�W�L�F�H�� �Q�D�Q�R�F�R�P�S�R�]�L�W�H�� �ú�L�� �V�L�V�W�H�P�H�� �G�H�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H��
magnetice cu morfologie nucleu-�v�Q�Y�H�O�L�ú�����F�R�U�H-shell) 

�'�D�W�R�U�L�W���� �V�W�D�E�L�O�L�W��� �L�L�� �W�H�U�P�L�F�H�� �U�H�G�X�V�H�� �ú�L�� �W�H�Q�G�L�Q� �H�L�� �Q�D�W�X�U�D�O�H�� �D��
�Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U�� �G�H�� �D�� �I�R�U�P�D�� �D�J�U�H�J�D�W�H�� �P�D�U�L���� �R�E� �L�Q�H�U�H�D�� �ú�L�� �P�H�Q� �L�Q�H�U�H�D��
�S�D�U�W�L�F�X�O�H�O�R�U�� �v�Q�� �I�R�U�P���� �Q�D�Q�R�G�L�P�H�Q�V�L�R�Q�D�O���� �H�V�W�H�� �H�[�W�U�H�P�� �G�H�� �G�L�I�L�F�L�O������ �2��
�V�R�O�X� �L�H���O�D���D�F�H�D�V�W�����S�U�R�E�O�H�P�����H�V�W�H���L�P�R�E�L�O�L�]�D�U�H�D���ú�L���V�W�D�E�L�O�L�]�D�U�H�D���v�Q���P�D�W�U�L�F�L��
solide. Stabilizarea nanoparticulelor magnetice în matrici solide 
permite producerea de sisteme magnetice nanostructurate cu 
�S�U�R�S�U�L�H�W��� �L�� �U�H�S�U�R�G�X�F�W�L�E�L�O�H���� �6�X�S�O�L�P�H�Q�W�D�U���� �L�P�R�E�L�O�L�]�D�U�H�D�� �ú�L�� �V�W�D�E�L�O�L�]�D�U�H�D��
nanoparticulelor magnetice în matrici solide permite exploatarea 
�S�U�R�S�U�L�H�W��� �L�O�R�U�� �X�Q�L�F�H�� �S�H�� �F�D�U�H�� �D�F�H�V�W�H�D�� �O�H�� �S�R�V�H�G������ �S�U�H�F�X�P�� �•�L�� �V�W�X�G�L�X�O��
�L�Q�I�O�X�H�Q�•�H�L�� �G�L�P�H�Q�V�L�X�Q�L�L�� �•�L�� �L�Q�W�H�U�D�F�•�L�X�Q�L�O�R�U�� �G�L�Q�W�U�H�� �S�D�U�W�L�F�X�O�H�� �D�V�X�S�U�D��
�S�U�R�S�U�L�H�W���•�L�O�R�U���P�D�J�Q�H�W�L�F�H���D�O�H���Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U���P�D�J�Q�H�W�L�F�H�� 

�,�P�R�E�L�O�L�]�D�U�H�D�� �ú�L�� �V�W�D�E�L�O�L�]�D�U�H�D�� �Qanoparticulelor magnetice pot fi 
�U�H�D�O�L�]�D�W�H���D�W�k�W���S�U�L�Q���G�L�V�S�H�U�V�L�D���v�Q���P�D�W�U�L�F�L���V�R�O�L�G�H�����F�k�W���ú�L���S�U�L�Q���Dcoperirea cu 
matrici solide.  

Prin dispersia nanoparticulelor magnetice în matrici solide 
�D�Q�R�U�J�D�Q�L�F�H�� �V�D�X�� �R�U�J�D�Q�L�F�H�� �V�H�� �R�E� �L�Q�� �V�L�V�W�H�P�H�� �P�D�J�Q�H�W�L�F�H�� �Q�D�Q�R�V�W�U�X�F�W�X�U�D�W�H��
cuno�V�F�X�W�H�� �ú�L�� �V�X�E�� �G�H�Q�X�P�L�U�H�D�� �G�H�� �V�L�V�W�H�P�H�� �Q�D�Q�R�F�R�P�S�R�]�L�W�H�� �D�O�H�� �F���U�R�U��
�S�U�R�S�U�L�H�W��� �L�� �V�X�Q�W�� �G�H�S�H�Q�G�H�Q�W�H�� �G�H�� �F�R�Q�F�H�Q�W�U�D� �L�D�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U�� �ú�L�� �G�H��
caracterul matricei. Prin acoperirea nanoparticulelor magnetice cu 
matrici solide, sunt generate sisteme de nanoparticule magnetice cu 
morfologie core-shell. 
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�3�H�Q�W�U�X�� �D�� �S�X�W�H�D�� �L�Q�Y�H�V�W�L�J�D�� �S�U�R�S�U�L�H�W��� �L�O�H�� �X�Q�L�F�H�� �D�O�H�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U��
magnetice, matricile solide cel mai frecvent utilizate în vederea 
�L�P�R�E�L�O�L�]���U�L�L�� �ú�L�� �V�W�D�E�L�O�L�]���U�L�L�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U�� �P�D�J�Q�H�W�L�F�H�� �V�X�Q�W��
reprezentate de matricile diamagneti�F�H�� �D�P�R�U�I�H�� �•�L�� �P�D�W�U�L�F�L�O�H��
�G�L�D�P�D�J�Q�H�W�L�F�H�� �P�H�]�R�S�R�U�R�D�V�H���� �3�H�Q�W�U�X�� �D�� �R�E� �L�Q�H�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�� �F�X�� �R��
�G�L�V�W�U�L�E�X� �L�H���v�Q�J�X�V�W�����G�H���G�L�P�H�Q�V�L�X�Q�H�����F�D�Q�G�L�G�D� �L�L���L�G�H�D�O�L���S�H�Q�W�U�X���L�P�R�E�L�O�L�]�D�U�H�D��
�•�L�� �V�W�D�E�L�O�L�]�D�U�H�D�� �D�F�H�V�W�R�U�D�� �S�R�W�� �I�L�� �U�H�S�U�H�]�H�Q�W�D� �L�� �G�H�� �P�D�W�U�L�F�L�O�H�� �G�L�D�P�D�J�Q�H�W�L�F�H��
mezoporoase. 

În 1992, cercet���W�R�U�L�L�� �G�H�� �O�D�� �0�R�E�L�O�� �5�H�V�H�D�U�F�K�� �D�Q�G�� �'�H�Y�H�O�R�S�P�H�Q�W��
Corporation [2] au descoperit familia materialelor mezoporoase 
�Q�D�Q�R�V�W�U�X�F�W�X�U�D�W�H���� �F�X�Q�R�V�F�X�W���� �F�D�� �I�D�P�L�O�L�D�� �0�����6�� M41S este termenul 
general pentru diferitele tipuri de materiale MCM (Mobil 
Composition of Matter) în domeniul mezoporos, 2 nm <pd < 50 nm în 

acord cu clasificarea IUPAC (International Union of Pure Applied 
�&�K�H�P�L�V�W�U�\������ �0�D�W�H�U�L�D�O�H�O�H�� �0�����6�� �S�R�V�H�G���� �S�R�U�L�� �X�Q�L�I�R�U�P�L�� �E�L�Q�H�� �G�H�I�L�Q�L� �L��
�R�U�G�R�Q�D� �L�� �O�D�� �P�D�U�H�� �G�L�V�W�D�Q� ������ �3�H�U�H� �L�L�� �S�R�U�L�O�R�U�� �D�F�H�V�W�R�U�� �P�D�W�H�U�L�D�O�H�� �V�X�Q�W��
�F�R�Q�V�W�L�W�X�L� �L�� �G�L�Q�� �V�L�O�L�F�H�� ���6�L�22���� �D�P�R�U�I������ �&�H�O�H�� �P�D�L�� �L�P�S�R�U�W�D�Q�W�H�� �P�D�W�H�U�L�D�O�H��
�D�S�D�U� �L�Q�k�Q�G�� �I�D�P�L�O�L�H�L�� �0�����6�� �V�X�Q�W�� �0�&�0-41 (Mobil Composition of 
�0�D�W�W�H�U���1�R�������������K�H�[�D�J�R�Q�D�O�����ú�L���0�&�0-48 (Mobil Composition of Matter 
No. 41, cubic) [3] �D�� �F���U�R�U�� �U�H�S�U�H�]�H�Q�W�D�U�H�� �V�F�K�H�P�D�W�L�F���� �H�V�W�H�� �S�U�H�]�H�Q�W�D�W���� �v�Q��
Fig. 1.1. 

 
Fig. 1.1 �5�H�S�U�H�]�H�Q�W�D�U�H�D���V�F�K�H�P�D�W�L�F�����D���0�&�0-�������ú�L���0�&�0-48 [4]. (cu permisiunea 
�G�H���O�D���(�O�V�H�Y�L�H�U�����Q�X�P���U���/�L�F�H�Q�µ�������������������������������� 

MCM-41 este materialul M41S cel mai utilizat în vederea 
�L�P�R�E�L�O�L�]���U�L�L���ú�L���V�W�D�E�L�O�L�]��rii nanoparticulelor magnetice. Acesta �S�U�H�]�L�Q�W����
�R�� �V�W�U�X�F�W�X�U���� �R�U�G�R�Q�D�W���� �E�L�Q�H�� �G�H�I�L�Q�L�W���� �G�H�� �S�R�U�L�� �F�L�O�L�Q�G�U�L�F�L�� �X�Q�L�I�R�U�P�L��
unidimensionali (1-�'���� �D�U�D�Q�M�D� �L�� �v�Q�W�U-�R�� �U�H� �H�D�� �K�H�[�D�J�R�Q�D�O���� �v�Q�� �I�R�U�P���� �G�H��
�I�D�J�X�U�H���� �Ì�Q�W�U�X�F�k�W�� �S�R�U�L�L�� �V�X�Q�W�� �X�Q�L�I�R�U�P�L���� �V�L�O�L�F�H�D�� �P�H�]�R�S�R�U�R�D�V���� �0�&�0-41 
�S�R�V�H�G���� �R�� �G�L�V�W�U�L�E�X� �L�H�� �v�Q�J�X�V�W���� �G�H�� �G�L�P�H�Q�V�L�X�Q�H�� �D�� �S�R�U�L�O�Rr. Suplimentar, 
�G�L�P�H�Q�V�L�X�Q�H���S�R�U�L�O�R�U���S�R�D�W�H���I�L���F�R�Q�W�U�R�O�D�W�����O�D���G�L�D�P�H�W�U�H���F�X�S�U�L�Q�V�H���v�Q�W�U�H�����������ú�L��
20 nm [3]. Aranjamentul hexagonal al porilor silicei mezoporoase 
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MCM-������ �I�D�F�L�O�L�W�H�D�]���� �X�W�L�O�L�]�D�U�H�D�� �D�F�H�V�W�X�L�� �P�D�W�H�U�L�D�O�� �Q�D�Q�R�G�L�P�H�Q�V�L�R�Q�D�O��
�S�H�Q�W�U�X���V�W�D�E�L�O�L�]�D�U�H�D���ú�L���L�P�R�E�L�O�L�]�D�U�H�D���Q�D�Qoparticulelor magnetice.  

Combinând avantajele materialelor mezoporoase silicioase �ú�L�� �D�O�H��
nanoparticulelor magnetice de oxid de fier (de exemplu Fe2O3 �•�L��
Fe3O4), în ultimii ani au fost generate sisteme magnetice 
�Q�D�Q�R�V�W�U�X�F�W�X�U�D�W�H�� �F�X�� �S�U�R�S�U�L�H�W��� �L�� �P�D�J�Q�H�W�L�F�H�� �X�Q�Lce aplicabile în memorii 
�P�D�J�Q�H�W�L�F�H���� �F�D�W�D�O�L�]���� �ú�L�� �P�H�G�L�F�L�Q���� �>5]. Oxizii fierului sunt în principal 
�D�O�H�•�L�� �G�D�W�R�U�L�W���� �S�U�R�S�U�L�H�W���•�L�O�R�U�� �O�R�U�� �P�D�J�Q�H�W�L�F�H�� �•�L�� �P�H�W�R�G�H�O�R�U�� �U�H�O�D�W�L�Y�� �V�L�P�S�O�H��
�G�H���S�U�H�S�D�U�D�U�H�����)�R�U�P�H�O�H���F�R�P�X�Q�H���D�O�H���R�[�L�]�L�O�R�U���G�H���I�L�H�U���D�W�k�W���v�Q���V�W�D�U�H���P�D�V�L�Y����
�F�k�W�� �ú�L�� �Q�D�Q�R�G�L�P�H�Q�V�L�R�Q�D�O������ �F�X�� �H�[�F�H�S� �L�D�� �K�H�P�D�W�L�W�H�L���� �S�U�H�]�L�Q�W���� �V�W�D�E�L�O�L�W�D�W�H��
�W�H�U�P�L�F�����U�H�G�X�V�����ú�L���W�H�Q�G�L�Q� �����Q�D�W�X�U�D�O�����G�H���R�[�L�G�D�U�H���v�Q���D�W�P�R�V�I�H�U�����S�U�H�F�X�P���ú�L��
�W�H�Q�G�L�Q� �����G�H���D�J�U�H�J�D�U�H���D�W�X�Q�F�L���F�k�Q�G���V�X�Q�W���Q�D�Q�R�G�L�P�H�Q�V�L�R�Q�D�O�L�����'�X�S�����F�X�P���V-
�D�� �S�U�H�F�L�]�D�W�� �D�Q�W�H�U�L�R�U���� �V�R�O�X� �L�D�� �O�D�� �D�F�H�D�V�W�H�� �S�U�R�E�O�H�P�H�� �H�V�W�H�� �L�P�R�E�L�O�L�]�D�U�H�D���ú�L��
stabilizarea prin acoperire sau dispersie în matrici mezoporoase 
silicioase. �Ì�Q���J�H�Q�H�U�D�O���S�U�R�S�U�L�H�W���•�L�O�H���P�D�J�Q�H�W�L�F�H���D�O�H���V�L�V�W�H�P�H�O�R�U���P�D�J�Q�H�W�L�F�H��
�Q�D�Q�R�V�W�U�X�F�W�X�U�D�W�H���G�L�I�H�U�����H�V�H�Q� �L�D�O���G�H���F�H�O�H���D�O�H���P�D�W�H�U�L�D�O�H�O�R�U���v�Q���V�W�D�U�H���P�D�V�L�Y����
�•�L�� �V�X�Q�W�� �L�Q�I�O�X�H�Q�•�D�W�H�� �G�H�� �S�U�R�S�U�L�H�W���•�L�O�H�� �V�W�U�X�F�W�X�U�D�O�H�� �•�L�� �Q�D�W�X�U�D�� �V�S�H�F�L�L�O�R�U��
�R�[�L�G�X�O�X�L�� �G�H�� �I�L�H�U���� �G�H�� �G�L�P�H�Q�V�L�X�Q�H�D�� �•�L�� �W���U�L�D�� �L�Q�W�H�U�D�F�•�L�X�Q�L�O�R�U�� �G�L�Q�W�U�H��
�S�D�U�W�L�F�X�O�H�����S�U�H�F�X�P���•�L���G�H���V�W�U�X�F�W�X�U�D���•�L���S�U�R�S�U�L�H�W���•�L�O�H���W�H�[�W�X�U�D�O�H���D�O�H���P�D�W�U�L�F�H�L��
�P�H�]�R�S�R�U�R�D�V�H�����(�I�H�F�W�H�O�H���G�L�P�H�Q�V�L�X�Q�L�L���G�R�P�L�Q�����F�R�P�S�R�U�W�D�P�H�Q�W�X�O���P�D�J�Q�H�W�L�F��
al nanoparticulelor individuale. Cel mai studiat efect de dimensiune în 
sistemele de nanoparticule este superparamagnetismul. 

I.2 Superparamagnetismul  
I.2.1 Particula mono-�G�R�P�H�Q�L�F�� 

�(�V�W�H�� �F�X�Q�R�V�F�X�W�� �I�D�S�W�X�O�� �F���� �R�� �S�D�U�W�L�F�X�O���� �P�D�J�Q�H�W�L�F���� �S�R�V�H�G���� �R�� �V�W�U�X�F�W�X�U����
multi-�G�R�P�H�Q�L�F������ �D�G�L�F���� �H�V�W�H�� �v�P�S���U�•�L�W���� �v�Q�� �U�H�J�L�X�Q�L�� �P�D�J�Q�H�W�L�]�D�W�H�� �X�Q�L�I�R�U�P��
���G�R�P�H�Q�L�L���� �V�H�S�D�U�D�W�H�� �S�U�L�Q�� �S�H�U�H�•�L�� �L�Q�W�H�U�G�R�P�H�Q�L�F�L�� �S�H�Q�W�U�X�� �D�� �P�L�Q�L�P�D�O�L�]�D��
�H�Q�H�U�J�L�D�� �V�D�� �P�D�J�Q�H�W�R�V�W�D�W�L�F�������5�H�G�X�F�H�U�H�D�� �G�L�P�H�Q�V�L�X�Q�L�L�� �S�D�U�W�L�F�X�O�H�L�� �L�P�S�O�L�F����
reducerea dimensiunii domeniilor, modificarea structurii acestora, 
�S�U�H�F�X�P�� �•�L�� �D�� �O���U�J�L�P�L�L�� �•�L �V�W�U�X�F�W�X�U�L�L�� �S�H�U�H�•�L�O�R�U�� �L�Q�W�H�U�G�R�P�H�Q�L�F�L���� �'�D�W�R�U�L�W����
�H�Q�H�U�J�L�H�L���Q�H�F�H�V�D�U�H���I�R�U�P���U�L�L���S�H�U�H�•�L�O�R�U���L�Q�W�H�U�G�R�P�H�Q�L�F�L�����H�F�K�L�O�L�E�U�X�O���H�Q�H�U�J�H�W�L�F��
�O�L�P�L�W�H�D�]�����V�X�E�G�L�Y�L�]�L�X�Q�H�D���S�D�U�W�L�F�X�O�H�L���v�Q���G�R�P�H�Q�L�L���O�D���R���D�Q�X�P�L�W�����G�L�P�H�Q�V�L�X�Q�H��
�R�S�W�L�P���� �D�� �G�R�P�H�Q�L�X�O�X�L���� �$�F�H�V�W�H�L�� �G�L�P�H�Q�V�L�X�Q�L�� �v�L�� �F�R�U�H�V�S�X�Q�G�H�� �R�� �O�L�P�L�W����
infe�U�L�R�D�U���� �D�� �G�L�P�H�Q�V�L�X�Q�L�L�� �S�D�U�W�L�F�X�O�H�L�� �V�X�E�� �F�D�U�H�� �H�[�L�V�W���� �R�� �V�W�U�X�F�W�X�U���� �P�R�Q�R-
�G�R�P�H�Q�L�F������ 
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�7�U�H�F�H�U�H�D�� �G�H�� �O�D�� �R�� �V�W�U�X�F�W�X�U���� �P�X�O�W�L-�G�R�P�H�Q�L�F���� �O�D�� �R�� �V�W�U�X�F�W�X�U���� �P�R�Q�R-
�G�R�P�H�Q�L�F���� �H�V�W�H�� �v�Q�V�R�•�L�W���� �G�H�� �R�� �F�U�H�•�W�H�U�H�� �V�H�P�Q�L�I�L�F�D�W�L�Y���� �D�� �F�k�P�S�X�O�X�L��
coercitiv. 

�3�D�U�W�L�F�X�O�H�O�H�� �I�H�U�R�P�D�J�Q�H�W�L�F�H�� �F�D�U�H�� �S�U�H�]�L�Q�W���� �G�R�D�U��un singur domeniu 
sunt denumite particule Stoner-�:�R�K�O�I�D�U�W�K�� �•�L�� �V�X�Q�W���� �S�U�L�Q�� �X�U�P�D�U�H����
uniform magnetizate în orice câmp magnetic. Descrierea acestora este 
�G�D�W�����v�Q���P�R�G�H�O�X�O���6�W�R�Q�H�U-Wohlfarth [7]. 

I.2.2 Particule superparamagnetice 
�'�X�S�����F�X�P���V-a discutat anterior, o �V�X�I�L�F�L�H�Q�W���G�H���P�L�F�����F�R�Q�V�W�����G�L�Q�W�U-un. 

�'�L�U�H�F�•�L�D�� �P�D�J�Q�H�W�L�]�D�•�L�H�L�� ��M ) unei particule feromagnetice mono-
domenice �H�V�W�H�� �G�H�W�H�U�P�L�Q�D�W���� �G�H�� �F�k�P�S�X�O�� �P�D�J�Q�H�W�L�F�� �D�S�O�L�F�D�W�� �•�L�� �G�H�� �I�R�U�•�H�O�H��
interne. Într-�R�� �S�U�L�P���� �D�S�U�R�[�L�P�D�U�H���� �H�Q�H�U�J�L�D�� �G�H�� �D�Q�L�]�R�W�U�R�S�L�H�� �D�� �X�Q�H�L��
particule Stoner-�:�R�K�O�I�D�U�W�K���H�V�W�H���S�U�R�S�R�U�•�L�R�Q�D�O�����F�X���Y�R�O�X�P�X�O�� 

�'�D�W�R�U�L�W���� �D�Q�L�]�R�W�Uopiei magnetocristaline, energi�D�� �P�D�J�Q�H�W�R�F�U�L�V�W�D�O�L�Q����
( 2sinE KV �T� ) depinde de unghiul �T ���X�Q�J�K�L�X�O�� �G�L�Q�W�U�H�� �D�[�D�� �G�H�� �X�•�R�D�U����
�P�D�J�Q�H�W�L�]�D�U�H�� �]�2�]�•�� �•�L�� �Y�Hctor�X�O�� �P�D�J�Q�H�W�L�]�D�•�L�H���� �•�L�� �F�D�U�D�F�W�H�U�L�]�H�D�]���� �V�L�W�X�D�•�L�D��
�S�H�Q�W�U�X�� �R�� �G�L�U�H�F�•�L�H�� �G�D�W���� �D��M ���� �%�D�U�L�H�U�D�� �H�Q�H�U�J�H�W�L�F����E�'  care trebuie 
�G�H�S���•�L�W�����v�Q�D�L�Q�W�H���F�D���R���S�D�U�W�L�F�X�O�����V�����v�•�L���L�Q�Y�H�U�V�H�]�H���P�D�J�Q�H�W�L�]�D�•�L�D���H�V�W�H��KV . 

Atunci când E�'  �H�V�W�H���P�D�U�H���v�Q���F�R�P�S�D�U�D�•�L�H���F�X���H�Q�H�U�J�L�D���W�H�U�P�L�F������Bk T ) 
�H�V�W�H���S�H�U�P�L�V�����L�J�Q�R�U�D�U�H�D���I�O�X�F�W�X�D�•�L�L�O�R�U���W�H�U�P�L�F�H�����0�L�Q�L�P�L�]�k�Q�G���G�H�Q�V�L�W�D�W�H�D���G�H��
�H�Q�H�U�J�L�H���S�H�Q�W�U�X���R���Y�D�O�R�D�U�H���G�D�W�����D���O�X�L��H , se pot determina curbele statice 
de magnetizare deoarece pentru anumite valori ale câmpului sunt 
�G�R�X���� �V�D�X�� �P�D�L�� �P�X�O�W�H�� �Y�D�O�R�U�L�� �P�L�Q�L�P�H�� �•�L�� �W�U�D�Q�]�L�•�L�L�O�H dintre acestea sunt 
neglijate���� �'�D�F����E�'  �H�V�W�H�� �F�R�P�S�D�U�D�E�L�O���� �V�D�X�� �P�D�L�� �P�L�F���� �G�H�F�k�W��Bk T , 
�H�[�F�L�W�D�•�L�D�� �W�H�U�P�L�F���� �G�H�W�H�U�P�L�Q���� �P�R�G�L�I�L�F���U�L�� �S�H�U�P�D�Q�H�Q�W�H�� �v�Q�� �R�U�L�H�Q�W�D�U�H�D��
�P�D�J�Q�H�W�L�]�D�•�L�H�L���I�L�H�F��rei particule. Astfel, întregul sistem de spini poate 
fi rotit, spinii particulelor mono-�G�R�P�H�Q�L�F�H���U���P�k�Q�k�Q�G���F�X�S�O�D�•�L���P�D�J�Q�H�W�L�F��
(feromagnetic sau antiferomagnetic). Comportamentul magnetic al 
unui astfel de sistem este cunoscut sub denumirea de 
superparamagnetism.  

Comportamentul superparamagnetic este manifestat de particule cu 
�G�L�D�P�H�W�U�H���P�D�L���P�L�F�L���G�H�F�k�W���R���Y�D�O�R�D�U�H���F�U�L�W�L�F����cD .  

În sistemele magnetic�H�� �Q�D�Q�R�V�W�U�X�F�W�X�U�D�W�H�� �v�Q�W�R�W�G�H�D�X�Q�D�� �H�[�L�V�W���� �R��
�G�L�V�W�U�L�E�X�•�L�H�� �G�H�� �G�L�P�H�Q�V�L�X�Q�H�� �D�� �S�D�U�W�L�F�X�O�H�O�R�U���� �Ì�Q�� �S�O�X�V���� �G�L�I�H�U�L�•�L�� �W�H�U�P�H�Q�L��
�S�U�H�F�X�P�� �D�Q�L�]�R�W�U�R�S�L�D�� �P�D�J�Q�H�W�R�F�U�L�V�W�D�O�L�Q������ �P�D�J�Q�H�W�R�V�W�D�W�L�F������ �G�H�� �I�R�U�P������ �G�H��
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�V�W�U�H�V�� �•�L�� �G�H�� �V�X�S�U�D�I�D�•���� �S�R�W�� �F�R�Q�W�U�L�E�X�L�� �O�D�� �H�Q�H�U�J�L�D�� �G�H�� �D�Q�L�]�R�W�U�R�S�L�H�� �W�R�W�D�O���� �D��
unei particule mono-domenice.  

�2�� �F�R�Q�W�U�L�E�X�•�L�H�� �L�P�S�R�U�W�D�Q�W���� �O�D�� �H�Q�H�U�J�L�D�� �W�R�W�D�O���� �D�� �S�D�U�W�L�F�X�O�H�L�� �S�R�D�W�H���I�L�� �G�D�W����
�G�H�� �L�Q�W�H�U�D�F�•�L�X�Q�L�O�H�� �G�L�Q�W�U�H�� �S�D�U�W�L�F�X�O�H���� �'�H�ú�L�� �H�V�W�H�� �F�X�Q�R�V�F�X�W�� �I�D�S�W�X�O�� �F����
�L�Q�W�H�U�D�F� �L�X�Q�L�O�H�� �G�L�Q�W�U�H�� �S�D�U�W�L�F�X�O�H�� �D�I�H�F�W�H�D�]���� �S�U�R�S�U�L�H�W��� �L�O�H�� �P�D�J�Q�H�W�L�F�H�� �D�O�H��
sistemelor magnetice nanostructurate, corelarea efectelor 
�L�Q�W�H�U�D�F� �L�X�Q�L�O�R�U�� �G�L�Q�W�U�H�� �S�D�U�W�L�F�X�O�H�� �F�X�� �S�U�R�S�U�L�H�W��� �L�O�H�� �P�D�J�Q�H�W�L�F�H�� �R�E�V�H�U�Y�D�W�H��
�U���P�k�Q�H���ú�L���v�Q���S�U�H�]�H�Q�W���R���S�U�R�E�O�H�P�����G�H�V�W�X�O���G�H���G�L�V�S�X�W�D�W���� 

�,���������� �,�Q�W�H�U�D�F�µ�L�X�Q�L�O�H�� �G�L�Q�W�U�H�� �S�D�U�W�L�F�X�O�H���� �H�I�H�F�W�X�O�� �L�Q�W�H�U�D�F�µ�L�X�Q�L�O�R�U�� �D�V�X�S�U�D��
�S�U�R�S�U�L�H�W���µ�L�O�R�U���P�D�J�Q�H�W�L�F�H���D�O���V�L�V�W�H�P�H�Oor nanostructurate 

�,�Q�W�H�U�D�F�•�L�X�Q�L�O�H�� �P�D�J�Q�H�W�L�F�H�� �G�L�Q�W�U�H�� �S�D�U�W�L�F�X�O�H�� ���L�Q�W�H�U�D�F�•�L�X�Q�L�� �G�L�S�R�O�D�U�H���� �G�H��
�V�F�K�L�P�E���•�L���G�H���V�X�S�H�U�V�F�K�L�P�E�����V�X�Q�W���S�U�H�]�H�Q�W�H���v�Q���V�L�V�W�H�P�H�O�H���G�H���Q�D�Q�R�S�D�U�W�L�F�X�O�H��
�P�D�J�Q�H�W�L�F�H�� �•�L�� �W���U�L�D�� �D�F�H�V�W�R�U�D�� �Y�D�U�L�D�]���� �F�X�� �F�R�Q�F�H�Q�W�U�D� �L�D�� �Y�R�O�X�P�L�F������ �Ì�Q��
sistemele nanostructurate reprezentate de nanoparticule magnetice 
�V�W�D�E�L�O�L�]�D�W�H�� �v�Q�� �P�D�W�U�L�F�L�� �G�L�D�P�D�J�Q�H�W�L�F�H�� �L�Q�W�H�U�D�F�•�L�X�Q�L�O�H�� �G�H�� �V�X�S�H�U�V�F�K�L�P�E�� �S�R�W��
�H�[�L�V�W�D���v�Q���D�F�R�U�G���F�X���V�W�U�X�F�W�X�U�D���•�L���Q�D�W�X�U�D���P�D�W�U�L�F�H�L�����S�U�H�F�X�P���•�L���F�R�Q�W�D�F�W�X�O���G�H��
�O�D���L�Q�W�H�U�I�D�•�D���P�D�W�U�L�F�H-�S�D�U�W�L�F�X�O�����P�D�J�Q�H�W�L�F�����>6]. 

�(�I�H�F�W�X�O�� �L�Q�W�H�U�D�F� �L�X�Q�L�O�R�U�� �G�L�Q�W�U�H�� �S�D�U�Wicule conduce la modificarea 
barierei energetice E�' �����E�D�U�L�H�U�����F�H���H�V�W�H���G�H�S�H�Q�G�H�Q�W�����G�H���D�Q�L�]�R�W�U�R�S�L�D���X�Q�H�L��
particule. 

I.3 Metode utilizate la producerea sistemelor magnetice 
nanostructurate 
I.3.1 �0�H�W�R�G�H�� �X�W�L�O�L�]�D�W�H�� �S�H�Q�W�U�X�� �L�P�R�E�L�O�L�]�D�U�H�D�� �³�L�� �V�Wabilizarea 
nanoparticulelor magnetice în matrici solide 

�6�W�X�G�L�L�� �U�H�F�H�Q�W�H�� �D�X�� �H�[�S�O�R�D�W�D�W�� �P�H�W�R�G�H�O�H�� �I�L�]�L�F�H�� �•�L�� �F�K�L�P�L�F�H�� �G�H��
�L�P�R�E�L�O�L�]�D�U�H�� �•�L�� �V�W�D�E�L�O�L�]�D�U�H�� �D�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U�� �P�D�J�Q�H�W�L�F�H�� �D�W�k�W�� �S�U�L�Q��
�G�L�V�S�H�U�V�L�D�� �D�F�H�V�W�R�U�D�� �v�Q�� �P�D�W�U�L�F�L�� �P�H�]�R�S�R�U�R�D�V�H�� �V�L�O�L�F�L�R�D�V�H���� �F�k�W�� �•�L�� �S�U�L�Q��
acoperirea �D�F�H�V�W�R�U�D���F�X���X�Q���v�Q�Y�H�O�L�•���L�]�R�O�D�W�R�U���� 

I�L�U�D�G�L�H�U�H�D�� �F�X�� �X�O�W�U�D�V�X�Q�H�W�H�� ���P�H�W�R�G�D�� �V�R�Q�R�F�K�L�P�L�F���� �D�� �I�R�V�W�� �D�S�O�L�F�D�W���� �v�Q��
�Y�H�G�H�U�H�D�� �R�E�•�L�Q�H�U�L�L�� �G�H�� �Q�D�Q�R�F�R�P�S�R�]�L�W�H�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�� �P�D�J�Q�H�W�L�F�H���P�D�W�U�L�F�L��
�V�R�O�L�G�H�� �F�X�� �R�� �G�L�V�W�U�L�E�X�•�L�H�� �F�R�Q�W�U�R�O�D�E�L�O���� �D�� �G�L�P�H�Q�V�L�X�Q�L�L�� �S�D�U�W�L�F�X�O�H�O�R�U���� �$�F�H�V�W��
avantaj este asoc�L�D�W�� �I�H�Q�R�P�H�Q�X�O�X�L�� �F�D�Y�L�W�D�•�L�H�L�� �D�F�X�V�W�L�F�H���� �I�H�Q�R�P�H�Q�� �F�H��
�F�R�Q�V�W���� �v�Q�� �I�R�U�P�D�U�H�D���� �F�U�H�•�W�H�U�H�D�� �•�L�� �F�R�O�D�S�V�D�U�H�D�� �E�X�O�H�O�R�U�� �J�H�Q�H�U�D�W�H�� �v�Q�W�U-un 
mediu lichid [8�@�� �L�U�D�G�L�D�W�� �F�X�� �X�O�W�U�D�V�X�Q�H�W�H���� �&�R�Q�G�L�•�L�L�O�H�� �H�[�W�U�H�P�H�� �G�H��
�W�H�P�S�H�U�D�W�X�U�������!�����������ƒ�&�������S�U�H�V�L�X�Q�H�����!���������0�S�D�����•�L���Y�L�W�H�]�����G�H���U���F�L�U�H���I�R�D�U�W�H��
mare (> 1010 °C/s) �D�W�L�Q�V�H���v�Q���W�L�P�S�X�O���F�R�O�D�S�V���U�L�L���F�D�Y�L�W�D�•�L�R�Q�D�U�H���F�R�Q�G�X�F���O�D��
�S�U�R�S�U�L�H�W���•�L���X�Q�L�F�H���D�O�H���V�R�O�X�•�L�H�L���L�U�D�G�L�D�W�H�� 
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Efectele ultrasunetelor au fost utilizate nu numai pentru depunerea 
�Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U�� �S�H�� �V�X�S�U�D�I�D�•�D�� �X�Q�R�U�� �V�X�S�R�U�W�X�U�L�� �•�L�� �G�L�V�S�H�U�V�L�D��
nanoparticulelor în mat�U�L�F�L�� �V�R�O�L�G�H���� �F�L�� �•�L�� �S�H�Q�W�U�X�� �V�W�D�E�L�O�L�]�D�U�H�D�� �•�L��
�L�P�R�E�L�O�L�]�D�U�H�D�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U�� �P�D�J�Q�H�W�L�F�H�� �S�U�L�Q�� �D�F�R�S�H�U�L�U�H�� �F�X�� �X�Q�� �v�Q�Y�H�O�L�•��
�L�]�R�O�D�W�R�U���� �,�U�D�G�L�H�U�H�D�� �F�X�� �X�O�W�U�D�V�X�Q�H�W�H�� �S�U�R�P�R�Y�H�D�]���� �V�H�P�Q�L�I�L�F�D�W�L�Y��
omogenitatea hidrolizei precursorului de siliciu (tetraetil ortosilicat, 
�7�(�2�6���� �•�L�� �S�U�H�Y�L�Q�H�� �D�J�O�R�P�H�U�D�U�H�D�� �V�R�O�X�•�L�H�L�� �F�R�O�R�L�G�D�O�H�� �G�H�� �V�L�O�L�F�H�� �S�U�L�Q��
�v�P�E�X�Q���W���•�L�U�H�D�� �W�U�D�Q�V�S�R�U�W�X�O�X�L�� �G�H�� �P�D�V���� �D�� �V�R�O�X�•�L�H�L�� �S�H�� �V�X�S�U�D�I�D�•�D��
�Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U�� �G�H�� �P�D�J�Q�H�W�L�W������ �$�F�H�V�W�� �O�X�F�U�X�� �F�R�Q�G�X�F�H�� �O�D�� �R�� �D�F�R�S�H�U�L�U�H�D��
�R�P�R�J�H�Q�������0�H�W�R�G�D���V�R�Q�R�F�K�L�P�L�F�����U�H�G�X�F�H���V�H�P�Q�L�I�L�F�D�W�L�Y���W�L�P�S�X�O���G�H���I�R�U�P�D�U�H��
�D�� �v�Q�Y�H�O�L�•�X�O�X�L �G�H�� �V�L�O�L�F�H�� �D�P�R�U�I���� �F�R�P�S�D�U�D�W�L�Y�� �F�X�� �K�L�G�U�R�O�L�]�D�� �D�O�F�D�O�L�Q���� �D��
�W�H�W�U�D�H�W�L�O�� �R�U�W�R�V�L�O�L�F�D�W�X�O�X�L���� �6�X�S�O�L�P�H�Q�W�D�U���� �J�U�R�V�L�P�H�D�� �v�Q�Y�H�O�L�•�X�O�X�L�� �G�H�� �V�L�O�L�F�H��
�D�P�R�U�I���� �S�R�D�W�H�� �I�L�� �F�R�Q�W�U�R�O�D�W���� �S�U�L�Q�� �W�L�P�S�X�O�� �G�H�� �L�U�D�G�L�H�U�H�� �F�X�� �X�O�W�U�D�V�X�Q�H�W�H�� �D�O��
�D�P�H�V�W�H�F�X�O�X�L���G�H���U�H�D�F�•�L�H�� 

Metodele chimice au fost intensiv explo�D�W�D�W�H���v�Q���Y�H�G�H�U�H�D���R�E�•�L�Q�H�U�L�L���•�L��
�V�W�D�E�L�O�L�]���U�L�L�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U�� �P�D�J�Q�H�W�L�F�H�� �I�R�O�R�V�L�Q�G�� �R�� �P�D�W�U�L�F�H��
�P�H�]�R�S�R�U�R�D�V������ �(�[�H�P�S�O�H�O�H�� �X�Q�H�L�� �D�V�W�I�H�O�� �G�H�� �D�E�R�U�G���U�L�� �L�Q�F�O�X�G�� �F�R-
�S�U�H�F�L�S�L�W�D�U�H�D�����L�P�S�U�H�J�Q�D�U�H�D���X�P�H�G�������G�H�S�X�Q�H�U�H�D-�S�U�H�F�L�S�L�W�D�U�H�D���•�L���G�H�S�X�Q�H�U�H�D��
�F�K�L�P�L�F�����G�H���Y�D�S�R�U�L�� 

Metoda co-�S�U�H�F�L�S�L�W���U�L�L �L�P�S�O�L�F���� �S�U�H�F�L�S�L�W�D�U�H�D�� �V�L�P�X�O�W�D�Q���� �D��
�Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U�� �P�D�J�Q�H�W�L�F�H�� �•�L�� �D�� �P�D�W�U�L�F�H�L�� �V�R�O�L�G�H�� �S�U�L�Q�W�U-un proces sol-
gel pentru a genera nanoparticule de oxizi metalici dispersate în 
�P�D�W�U�L�F�H���P�H�]�R�S�R�U�R�D�V������ �Ì�Q���D�F�H�V�W���P�R�G���� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�H���P�D�J�Q�H�W�L�F�H���S�R�W���I�L��
încorporate în stru�F�W�X�U�D�� �G�L�I�H�U�L�W�H�O�R�U�� �P�D�W�U�L�F�L�� �P�H�]�R�S�R�U�R�D�V�H���� �$�F�H�D�V�W����
�P�H�W�R�G���� �S�U�H�]�L�Q�W���� �X�Q�H�O�H�� �G�H�]�D�Y�D�Q�W�D�M�H�� �S�U�H�F�X�P���� �I�R�U�P�D�U�H�D�� �X�Q�X�L�� �Q�X�P���U��
�P�D�U�H�� �G�H�� �V�S�H�F�L�L�� �R�O�L�J�R�P�H�U�H�� �ú�L�� �G�L�I�L�F�X�O�W�D�W�H�D�� �v�Q�G�H�S���U�W���U�L�L�� �D�Q�L�R�Q�L�O�R�U�� �G�L�Q��
oxidul metalic final. 

�'�H�•�L�� �P�H�W�R�G�H�O�H�� �U�H�O�D�W�L�Y�� �Q�R�L�� ���P�L�F�U�R�H�P�X�O�V�L�D�� �L�Q�Y�H�U�V���� �•�L�� �G�H�S�X�Q�Hrea 
�F�K�L�P�L�F���� �G�H�� �Y�D�S�R�U�L���� �G�H�� �S�U�H�S�D�U�D�U�H�� �D�� �P�D�W�H�U�L�D�O�H�O�R�U�� �P�D�J�Q�H�W�L�F�H��
�Q�D�Q�R�F�R�P�S�R�]�L�W�H�� �S�H�U�P�L�W�� �R�E�•�L�Q�H�U�H�D�� �G�H�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�� �P�D�J�Q�H�W�L�F�H�� �F�X�� �R��
�G�L�V�W�U�L�E�X�•�L�H�� �v�Q�J�X�V�W���� �D�� �G�L�P�H�Q�V�L�X�Q�L�L���� �D�S�O�L�F�D�U�H�D�� �D�F�H�V�W�R�U�� �P�H�W�R�G�H�� �S�H�Q�W�U�X��
producerea de nanoparticule ai oxizilor metalici dispersate în matrici 
�P�H�]�R�S�R�U�R�D�V�H�� �V�L�O�L�F�L�R�D�V�H�� �H�V�W�H�� �U�H�O�D�W�L�Y�� �G�L�I�L�F�L�O������ �$�V�W�I�H�O����metoda 
�L�P�S�U�H�J�Q���U�L�L �D�� �U���P�D�V�� �X�Q�D�� �G�L�Q�W�U�H�� �F�H�O�H�� �P�D�L�� �X�W�L�O�L�]�D�W�H�� �D�E�R�U�G���U�L�� �G�H��
�S�U�H�S�D�U�D�U�H�� �D�� �V�L�V�W�H�P�H�O�R�U�� �P�D�J�Q�H�W�L�F�H�� �Q�D�Q�R�F�R�P�S�R�]�L�W�H���� �$�F�H�D�V�W����
�P�H�W�R�G�R�O�R�J�L�H���S�U�H�V�X�S�X�Q�H���³�X�P�H�]�L�U�H�D�´���P�D�W�U�L�F�H�L���P�H�]�R�S�R�U�R�D�V�H���F�X���R���V�R�O�X�•�L�H��
ce c�R�Q�•�L�Q�H�� �S�U�H�F�X�U�V�R�U�X�O�� �P�H�W�D�O�L�F�� Pentru a preveni formarea 
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�Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U���P�D�J�Q�H�W�L�F�H���S�H���V�X�S�U�D�I�D�•�D���P�D�W�U�L�F�H�L�����X�Q�D���G�L�Q�W�U�H���F�H�O�H���P�D�L��
�X�W�L�O�L�]�D�W�H���F���L���H�V�W�H���I�X�Q�F�•�L�R�Q�D�O�L�]�D�U�H�D���P�D�W�U�L�F�H�L���P�H�]�R�S�R�U�R�D�V�H���V�L�O�L�F�L�R�D�V�H�� 

I.3.2 Metode utilizate pentru sinteza matricilor mezoporoase 
silicioase 

În general, marea majoritate a tehnicilor de preparare a materialelor 
�P�H�]�R�S�R�U�R�D�V�H�� �V�H�� �E�D�]�H�D�]���� �S�H�� �X�W�L�O�L�]�D�U�H�D�� �P�R�O�H�F�X�O�H�O�R�U�� �•�D�E�O�R�Q�� �R�U�J�D�Q�L�F��
(template), molecule care sunt utilizate în diferite procese de 
�D�V�D�P�E�O�D�U�H�� �v�Q�� �M�X�U�X�O�� �F���U�X�L�D�� �S�U�H�F�X�U�V�R�U�X�O�� �D�Q�R�U�J�D�Q�L�F�� ���D�O�F�R�[�L�V�L�O�D�Q�L���� �V�R�O�X�•�L�L��
�G�H���V�L�O�L�F�D�W���G�H���V�R�G�L�X���•�L���V�L�O�L�F�D�W���G�H���W�H�W�U�D�P�H�W�L�O�D�P�R�Q�L�X�����S�R�D�W�H���F�R�Q�G�H�Q�V�D.  

�.�U�H�V�J�H���•�L���F�R�O�D�E�R�U�D�W�R�U�L�L���>9�@���D�X���U�D�S�R�U�W�D�W���S�H�Q�W�U�X���S�U�L�P�D���G�D�W�����S�U�H�S�D�U�D�U�H�D��
�P�D�W�H�U�L�D�O�H�O�R�U�� �0�����6�� �v�Q�� �F�R�Q�G�L�•�L�L�� �E�D�]�L�F�H�� �Y�L�D�� �L�Q�W�H�U�D�F�•�L�X�Q�H�D�� �G�H�� �V�D�U�F�L�Q����
dintre un precursor de siliciu anionic �•�L�� �X�Q�� �V�X�U�I�D�F�W�D�Q�W�� �F�D�W�L�R�Q�L�F��
alchiltrimetilamoniu. 

�3�H�Q�W�U�X�� �I�R�U�P�D�U�H�D�� �P�H�]�R�V�W�U�X�F�W�X�U�L�L�� �K�H�[�D�J�R�Q�D�O�H���� �G�H�Q�X�P�L�W���� �0�&�0-41, a 
�I�R�V�W�� �S�U�R�S�X�V�� �G�H�� �%�H�F�N�� �•�L�� �F�R�O�D�E�R�U�D�W�R�U�L�L�� �>��0] un �P�H�F�D�Q�L�V�P�� �G�H�� �³�D�E�O�R�Q�D�U�H��
cristal-lichid �F�X���G�R�X���� �F���L�� �S�R�V�L�E�L�O�H���� �G�X�S���� �F�X�P�� �H�V�W�H���L�O�X�V�W�U�D�W���v�Q���)�L�J. 1.2. 
�Ì�Q���S�U�L�P�D���F�D�O�H�����R���V�R�O�X�•�L�H���F�R�Q�V�W�L�W�X�L�W�����G�L�Q���P�L�F�H�O�H���G�H���V�X�U�I�D�F�W�D�Q�W�����D�J�U�H�J�D�W�H��
�D�O�H�� �L�R�Q�L�O�R�U�� �•�D�E�O�R�Q���� �H�V�W�H�� �W�U�D�Q�V�I�R�U�P�D�W���� �v�Q�W�U-�R�� �I�D�]���� �F�U�L�V�W�D�O-lichid cu 
�J�H�R�P�H�W�U�L�H���K�H�[�D�J�R�Q�D�O�������)�D�]�D���K�H�[�D�J�R�Q�D�O�����H�V�W�H���L�Q�L�•�L�D�O���I�R�U�P�D�W�����S�U�L�Q���D�X�W�R-
asamblarea moleculelor de surfactant. Pentru �D�� �S�U�R�G�X�F�H�� �D�F�H�D�V�W���� �I�D�]����
cristal-�O�L�F�K�L�G�����H�V�W�H���Q�H�F�H�V�D�U�����R���F�R�Q�F�H�Q�W�U�D�•�L�H���P�L�F�H�O�D�U�����F�U�L�W�L�F�������&�0�&������ 

 
Figura 1.2 �5�H�S�U�H�]�H�Q�W�D�U�H�D�� �V�F�K�H�P�D�W�L�F���� �D�� �P�H�F�D�Q�L�V�P�X�O�X�L�� �G�H�� �³�D�E�O�R�Q�D�U�H�� �F�U�L�V�W�D�O-
lichid propus pentru formarea materialului mezoporos MCM-41. 

�,�����������)�X�Q�F�µ�L�R�Q�D�O�L�]�D�U�H�D���V�X�S�U�D�I�H�µ�H�L���P�D�W�H�U�L�D�O�H�O�R�U���P�H�]�R�S�R�U�R�D�V�H���V�L�O�L�F�L�R�D�V�H 
�Ì�Q�� �J�H�Q�H�U�D�O���� �P�R�G�L�I�L�F�D�U�H�D�� �V�X�S�U�D�I�H�•�H�L�� �S�R�D�W�H�� �I�L�� �U�H�D�O�L�]�D�W���� �S�U�L�Q�� �P�H�W�R�G�D��

�J�U�H�I���U�L�L�� �•�L�� �S�U�L�Q�� �P�H�W�R�G�D�� �F�R-�F�R�Q�G�H�Q�V���U�L�L�� �F�X�� �R�U�J�D�Q�R�D�O�F�R�[�L�V�L�O�D�Q�L���� �&�D�O�H�D��
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�F�R�P�X�Q���� �G�H�� �I�X�Q�F�•�L�R�Q�D�O�L�]�D�U�H�� ���P�R�G�L�I�L�F�D�U�H���� �D�� �V�X�S�U�D�I�H�•�H�L�� �P�D�W�H�U�L�D�O�H�O�R�U��
mezoporoase si�O�L�F�L�R�D�V�H�� �H�V�W�H�� �U�H�S�U�H�]�H�Q�W�D�W���� �G�H���P�H�W�R�G�D�� �J�U�H�I���U�L�L��
���I�X�Q�F�•�L�R�Q�D�O�L�]�D�U�H�D�� �S�R�V�W-�V�L�Q�W�H�]�������� �$�F�H�D�V�W���� �P�H�W�R�G���� �H�V�W�H�� �U�H�D�O�L�]�D�W���� �v�Q�W�U-un 
�V�R�O�Y�H�Q�W�� �D�Q�K�L�G�U�X�� �Q�H�S�R�O�D�U�� �S�H�� �V�L�O�L�F�H�D�� �P�H�]�R�S�R�U�R�D�V���� �O�L�E�H�U���� �G�H�� �V�X�U�I�D�F�W�D�Q�W����
�$�Y�D�Q�W�D�M�X�O�� �D�S�D�U�H�Q�W�� �P�D�M�R�U�� �D�O�� �P�H�W�R�G�H�L�� �J�U�H�I���U�L�L�� �H�V�W�H�� �U�H�S�U�H�]�H�Q�W�D�W�� �G�H�� �E�X�Q�D��
conservare a mezostructurii���� �&�X�� �W�R�D�W�H�� �D�F�H�V�W�H�D���� �P�H�W�R�G�D�� �S�U�H�]�L�Q�W���� �X�Q�H�O�H��
�G�H�]�D�Y�D�Q�W�D�M�H���� �0�D�W�H�U�L�D�O�H�O�H�� �I�X�Q�F�•�L�R�Q�D�O�L�]�D�W�H�� �S�U�L�Q�� �D�F�H�D�V�W���� �P�H�W�R�G���� �S�U�H�]�L�Q�W����
�R�� �V�X�S�U�D�I�D�•���� �Q�H�R�P�R�J�H�Q�� �D�F�R�S�H�U�L�W���� �G�H�� �J�U�X�S���U�L�O�H�� �R�U�J�D�Q�L�F�H�� �I�X�Q�F�•�L�R�Q�D�O�H��
�v�Q�W�U�X�F�k�W�� �J�U�X�S�H�O�H�� �V�L�O�D�Q�R�O�� �O�R�F�D�O�L�]�D�W�H�� �S�H�� �V�X�S�U�D�I�D�•�D�� �H�[�W�H�U�Q���� �•�L�� �O�D�� �F�D�S�H�W�H�O�H��
mezoporilor sunt mult mai accesibile decât grupele silanol localizate 
�S�H���S�H�U�H�•�L�L���L�Q�W�H�U�L�R�U�L���D�L���S�R�U�L�O�R�U���� 

�2���D�O�W�����F�D�O�H���G�H���I�X�Q�F�•�L�R�Q�D�O�L�]�D�U�H���D���P�D�W�H�U�L�D�O�H�O�R�U���P�H�]�R�S�R�U�R�D�V�H���V�L�O�L�F�L�R�D�V�H��
este metoda co-�F�R�Q�G�H�Q�V���U�L�L�� ���I�X�Q�F�•�L�R�Q�D�O�L�]�D�U�H�D�� �L�Q-situ prin chimia sol-
gel) �W�H�W�U�D�D�O�F�R�[�L�V�L�O�D�Q�L�O�R�U�� �•�L�� �R�U�J�D�Q�R�D�O�F�R�[�L�V�L�O�D�Q�L���� �$�F�H�D�V�W���� �P�H�W�R�G���� �G�H��
�I�X�Q�F�•�L�R�Q�D�O�L�]�D�U�H�� �H�V�W�H�� �R�� �F�D�O�H�� �G�L�U�H�F�W���� �G�H�� �V�L�Q�W�H�]���� �v�Q�� �F�D�U�H��
�R�U�J�D�Q�R�D�O�F�R�[�L�V�L�O�D�Q�X�O�� �H�V�W�H�� �D�G���X�J�D�W�� �v�Q�� �W�L�P�S�X�O�� �S�U�R�F�H�V�X�O�X�L�� �G�H�� �F�R�Q�G�H�Q�V�D�U�H��
�O�D�� �V�R�O�X�•�L�D�� �D�S�R�D�V���� �G�H�� �J�H�Q�H�U�D�W�R�D�U�H�� �G�H�� �V�W�U�X�F�W�X�U���� �P�H�]�R�S�R�U�R�D�V������ �0�Htoda 
co-�F�R�Q�G�H�Q�V���U�L�L���H�V�W�H���Q�H�W���V�X�S�H�U�L�R�D�U�����P�H�W�R�G�H�L���J�U�H�I���U�L�L���G�D�W�R�U�L�W�����G�L�V�W�U�L�E�X�•�L�H�L��
�U�H�O�D�W�L�Y���X�Q�L�I�R�U�P�H���D���J�U�X�S���U�L�O�R�U���R�U�J�D�Q�L�F�H���•�L���X�Q�X�L���F�R�Q�W�U�R�O���P�D�L���E�X�Q���D�V�X�S�U�D��
�S�U�R�S�U�L�H�W���•�L�O�R�U���V�X�S�U�D�I�H�•�H�L materialului rezultat. 

I.4 Tehnici generale de caracterizare  
În acest subcapitol sunt prezentate tehnicile utilizate pentru studiul 

sistemelor magnetice nanostructurate. 

�,�����������'�L�I�U�D�F�µ�L�D���F�X���U�D�G�L�D�µ�L�L���;�� 
�7�H�K�Q�L�F�L�O�H�� �G�H�� �G�L�I�U�D�F�•�L�H�� �V�X�Q�W�� �P�H�W�R�G�H�O�H�� �F�H�O�� �P�D�L�� �L�Q�W�H�Q�V�� �X�W�L�O�L�]�D�W�H�� �v�Q��

�F�D�U�D�F�W�H�U�L�]�D�U�H�D�� �S�U�R�S�U�L�H�W���•�L�O�R�U�� �V�W�U�X�F�W�X�U�D�O�H�� �D�O�H�� �V�L�V�W�H�P�H�O�R�U�� �P�D�J�Q�H�W�L�F�H��
nan�R�V�W�U�X�F�W�X�U�D�W�H�����$�F�H�V�W�H�D���V�H���E�D�]�H�D�]�����S�H���G�L�I�U�D�F�•�L�D���X�Q�X�L���I�D�V�F�L�F�X�O���L�Q�F�L�G�H�Q�W��
���U�D�G�L�D�•�L�H��X�����G�H���F���W�U�H���S�O�D�Q�H�O�H���I�D�]�H�O�R�U���F�U�L�V�W�D�O�L�Q�H���G�L�Q�W�U-un material.  

�,�����������0�L�F�U�R�V�F�R�S�L�D���H�O�H�F�W�U�R�Q�L�F���� 
�0�L�F�U�R�V�F�R�S�L�D�� �H�O�H�F�W�U�R�Q�L�F���� �H�V�W�H�� �X�Q�D�� �G�L�Q�W�U�H�� �W�H�K�Q�L�F�L�O�H�� �W�U�D�G�L�•�L�R�Q�D�O�H�� �G�H��

caracterizare care pe�U�P�L�W�� �R�E�V�H�U�Y�D�U�H�D�� �G�L�U�H�F�W���� �D�� �P�R�U�I�R�O�R�J�L�H�L�� �•�L��
�G�L�P�H�Q�V�L�X�Q�L�L�� �V�L�V�W�H�P�H�O�R�U�� �Q�D�Q�R�V�W�U�X�F�W�X�U�D�W�H���� �0�L�F�U�R�V�F�R�S�L�D�� �H�O�H�F�W�U�R�Q�L�F����
�L�P�S�O�L�F���� �P�L�F�U�R�V�F�R�S�L�D�� �H�O�H�F�W�U�R�Q�L�F���� �F�X�� �E�D�O�H�L�D�M�� ���V�F�D�Q�Q�L�Q�J�� �H�O�H�F�W�U�R�Q��
�P�L�F�U�R�V�F�R�S�\���� �6�(�0���� �•�L�� �F�H�D�� �F�X�� �W�U�D�Q�V�P�L�V�L�H�� ���W�U�D�Q�V�P�L�V�V�L�R�Q�� �H�O�H�F�W�U�R�Q��
microscopy, TEM). Aici sunt prezentate aspectele generale privind 
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�W�H�K�Q�L�F�L�O�H�� �P�L�F�U�R�V�F�R�S�L�F�H�� �X�W�L�O�L�]�D�W�H�� �v�Q�� �F�D�U�D�F�W�H�U�L�]�D�U�H�D�� �P�R�U�I�R�O�R�J�L�F���� �D��
sistemelor nanostructurate. 

�,�����������$�G�V�R�U�E�µ�L�D-�G�H�V�R�U�E�µ�L�D���D�]�R�W�X�O�X�L�� 
�&�D�U�D�F�W�H�U�L�]�D�U�H�D�� �S�U�R�S�U�L�H�W���•�L�O�R�U�� �W�H�[�W�X�U�D�O�H�� �D�O�H�� �V�L�V�W�H�P�H�O�R�U��

nanostructurate, constituite din particule dispersate sau acoperite cu 
�P�D�W�U�L�F�L�� �P�H�]�R�S�R�U�R�D�V�H���� �H�V�W�H�� �X�W�L�O���� �Y�H�U�L�I�L�F���U�L�L�� �V�X�F�F�H�V�X�O�X�L�� �S�U�R�F�H�G�X�U�L�L�� �G�H��
�V�L�Q�W�H�]������ �Ì�Q�� �P�R�G�� �R�E�L�•�Q�X�L�W�� �F�D�U�D�F�W�H�U�L�]�D�U�H�D�� �W�H�[�W�X�U�D�O���� �D�� �P�D�W�H�U�L�D�O�H�O�R�U��
�S�R�U�R�D�V�H���H�V�W�H���U�H�D�O�L�]�D�W�����I�R�O�R�V�L�Q�G���D�G�V�R�U�E�•�L�D���X�Q�X�L���J�D�]�����$�U�����12, CO2, etc.). 
Dintre aceste�D���� �F�H�O�� �P�D�L�� �I�U�H�F�Y�H�Q�W�� �X�W�L�O�L�]�D�W���� �H�V�W�H�� �D�G�V�R�U�E�•�L�D�� �D�]�R�W�X�O�X�L�� �O�D��
�W�H�P�S�H�U�D�W�X�U�����M�R�D�V������-196°C).  

�(�[�S�H�U�L�P�H�Q�W�D�O���� �L�]�R�W�H�U�P�H�O�H�� �G�H�� �D�G�V�R�U�E�•�L�H�� �D�� �D�]�R�W�X�O�X�L�� �V�X�Q�W�� �P���V�X�U�D�W�H��
�I�R�O�R�V�L�Q�G���X�Q���D�Q�D�O�L�]�R�U�� �G�H�� �G�L�P�H�Q�V�L�X�Q�H�� �D�� �S�R�U�L�O�R�U�� �•�L�� �D�� �V�X�S�U�D�I�H�•�H�L�� �V�S�H�F�L�I�L�F�H��
(Quantachrome Nova 2200 instrument & pore Size Surface Area 
Analyzer���� �S�U�H�Y���]�X�W�� �F�X�� �R�� �V�W�D�•�L�H�� �G�H�� �G�H�J�D�]�D�U�H�� �•�L�� �R�� �V�W�D�•�L�H�� �v�Q�� �F�D�U�H�� �V�H��
�U�H�D�O�L�]�H�D�]���� �P���V�X�U���W�R�D�U�H�D�� �S�U�R�S�U�L�X-�]�L�V���� �,�]�R�W�H�U�P�H�O�H�� �G�H�� �D�G�V�R�U�E�•�L�H-
�G�H�V�R�U�E�•�L�H���D���D�]�R�W�X�O�X�L���R�I�H�U�����L�Q�I�R�U�P�D�•�L�L���D�V�X�S�U�D���S�U�R�S�U�L�H�W���•�L�O�R�U���W�H�[�W�X�U�D�O�H���D�O�H��
�P�D�W�H�U�L�D�O�H�O�R�U���•�L���S�H�U�P�L�W�H���F�X�Q�R�D�•�W�H�U�H�D���H�[�D�F�W�����D���U�H�•�H�O�H�L���S�R�U�R�D�V�H�� 

�,�����������6�S�H�F�W�U�R�V�F�R�S�L�D���G�H���U�H�I�O�H�[�L�H���G�L�I�X�]�����8�9-vis  
�6�S�H�F�W�U�R�V�F�R�S�L�D�� �G�H�� �U�H�I�O�H�[�L�H�� �G�L�I�X�]���� �8�9-�Y�L�V�� �H�V�W�H�� �R�� �W�H�K�Q�L�F���� �H�I�L�F�L�H�Q�W����

�S�H�Q�W�U�X�� �L�G�H�Q�W�L�I�L�F�D�U�H�D�� �•�L�� �G�H�W�H�U�P�L�Q�D�U�H�D�� �V�W���U�L�L�� �G�H�� �F�R�R�U�G�L�Q�D�U�H�� �D�� �L�R�Q�L�O�R�U��
�P�H�W�D�O�H�O�R�U���W�U�D�Q�]�L�•�L�R�Q�D�O�H���G�L�Q���G�L�I�H�U�L�W�H���P�D�W�H�U�L�Dle nanostructurate. 

I.4.5 Tehnici magnetometrice 
�6�W�X�G�L�X�O�� �S�U�R�S�U�L�H�W���•�L�O�R�U�� �P�D�J�Q�H�W�L�F�H�� �D�O�� �V�L�V�W�H�P�H�O�R�U�� �P�D�J�Q�H�W�L�F�H��

�Q�D�Q�R�V�W�U�X�F�W�X�U�D�W�H���� �F�H�U�L�Q�•���� �G�H�� �E�D�]���� �S�H�Q�W�U�X�� �v�Q�•�H�O�H�J�H�U�H�D���F�R�P�S�R�U�W�D�P�H�Q�W�X�O�X�L��
�P�D�W�H�U�L�H�L�����Q�H�F�H�V�L�W�����P���V�X�U���W�R�U�L���O�D���F�k�P�S�X�U�L���P�D�J�Q�H�W�L�F�H���S�X�W�H�U�Q�L�F�H���� 

�'�R�X���� �W�L�S�X�U�L�� �D�X�� �I�R�V�W�� �I�R�O�R�V�L�W�H�� �S�H�Q�W�U�X�� �F�D�U�D�F�W�H�U�L�]�D�U�H�D�� �P�D�J�Q�H�W�L�F������
�P�D�J�Q�H�W�R�P�H�W�U�X�O�� �F�X�� �S�U�R�E���� �Y�L�E�U�D�Q�W���� ���9�L�E�U�D�W�L�Q�J�� �6�D�P�S�O�H�� �0�D�J�Q�H�W�R�P�H�W�H�U����
�9�6�0���� �•�L�� �P�D�J�Q�H�W�R�P�H�W�U�X�O��Superconducting Quantum Interference 
Devices (SQUID). 

I.5 �0�R�W�L�Y�D�•�L�D���V�W�X�G�L�X�O�X�L���D�F�W�X�D�O 
În acest studiu, s-�D�� �J���V�L�W�� �F���� �P�D�W�U�L�F�L�O�H�� �Pezoporoase silicioase sunt 

�F�D�Q�G�L�G�D�•�L�L�� �L�G�H�D�O�L�� �S�H�Q�W�U�X�� �D�� �S�U�H�S�D�U�D�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�� �P�D�J�Q�H�W�L�F�H�� �F�X�� �R��
�G�L�V�W�U�L�E�X�•�L�H���v�Q�J�X�V�W�����D���G�L�P�H�Q�V�L�X�Q�L�L�����'�D�W�R�U�L�W�����V�L�V�W�H�P�X�O�X�L���G�H���S�R�U�L���X�Q�L�I�R�U�P�L��
�•�L�� �E�L�Q�H�� �G�H�I�L�Q�L�•�L���� �D�F�H�V�W�H�� �P�D�W�U�L�F�L�� �F�R�Q�V�W�L�W�X�L�H�� �X�Q�� �V�S�D�•�L�X�� �G�H�� �F�R�Q�I�L�Q�D�U�H��
adecvat dispersiei controlate a nanoparticulelor magnetice, 
realizându-�V�H�� �F�R�Q�W�U�R�O�X�O�� �G�L�P�H�Q�V�L�X�Q�L�L�� �•�L�� �P�R�U�I�R�O�R�J�L�H�L�� �D�F�H�V�W�R�U�D���� �$�W�k�W��
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�J�U�D�G�X�O���G�H���G�L�V�S�H�U�V�L�H���F�k�W���•�L���G�L�P�H�Q�V�L�X�Q�H�D���Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U���R�[�L�]�L�O�R�U���G�H���I�L�H�U��
�H�V�W�H�� �S�X�W�H�U�Q�L�F�� �L�Q�I�O�X�H�Q�•�D�W���� �G�H�� �J�U�D�G�X�O�� �G�H�� �v�Q�F���U�F�D�U�H���� �V�W�U�X�F�W�X�U�D�� �S�R�U�L�O�R�U����
dimensiunea ac�H�V�W�R�U�D���•�L���L�Q�W�H�U�D�F�•�L�X�Q�H�D���G�L�Q�W�U�H���P�D�W�U�L�F�H���•�L���Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�H��
�P�D�J�Q�H�W�L�F�H�����$�V�W�I�H�O�����V�W�U�X�F�W�X�U�D���P�D�W�U�L�F�H�L���P�H�]�R�S�R�U�R�D�V�H���V�L�O�L�F�L�R�D�V�H���M�R�D�F�����X�Q��
�U�R�O�� �L�P�S�R�U�W�D�Q�W�� �v�Q�� �F�R�Q�W�U�R�O�X�O�� �G�L�P�H�Q�V�L�X�Q�L�L�� �•�L�� �L�P�S�O�L�F�L�W�� �D�� �S�U�R�S�U�L�H�W���•�L�O�R�U��
magnetice al nanoparticulelor oxizilor de fier. Principalele obiective 
ale acestui studiu sunt:  
�¾ �3�U�H�S�D�U�D�U�H�D���V�L�V�W�H�P�H�O�R�U���P�D�J�Q�H�W�L�F�H���Q�D�Q�R�V�W�U�X�F�W�X�U�D�W�H���S�H���E�D�]�����G�H���R�[�L�]�L��
�G�H���I�L�H�U���F�X���R���G�L�V�W�U�L�E�X�•�L�H���v�Q�J�X�V�W�����D���G�L�P�H�Q�V�L�X�Q�L�L�� 
�¾ �3�U�R�S�U�L�H�W���•�L�O�H�� �P�D�J�Q�H�W�L�F�H�� �D�O�H�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U de oxid de fier 
�V�W�D�E�L�O�L�]�D�W�H���•�L��imobilizate în matrici mezoporoase silicioase. 

Capitolul �,�,�����6�L�Q�W�H�]�D���H�•�D�Q�W�L�R�D�Q�H�O�R�U���G�H���Q�D�Q�R�S�D�U�W�L�F�X�O�H���P�D�J�Q�H�W�L�F�H��
stabilizate în matrici mezoporoase silicioase 

�Ì�Q���D�F�H�V�W���F�D�S�L�W�R�O���V�X�Q�W���S�U�H�]�H�Q�W�D�W�H���V�W�U�D�W�H�J�L�L�O�H���G�H���V�L�Q�W�H�]�����X�W�L�O�L�]�D�W�H���S�H�Q�W�U�X��
�S�U�R�G�X�F�H�U�H�D�� �P�D�W�H�U�L�D�O�H�O�R�U�� �P�H�]�R�S�R�U�R�D�V�H�� �V�L�O�L�F�L�R�D�V�H�� �•�L�� �D�� �G�R�X����tipuri de 
sisteme magnetice nanostructurate: nanoparticule de oxid de fier 
�G�L�V�S�H�U�V�D�W�H�� �v�Q�� �P�D�W�U�L�F�L�� �P�H�]�R�S�R�U�R�D�V�H�� �V�L�O�L�F�L�R�D�V�H�� �•�L�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�� �G�H�� �R�[�L�G��
de fier acoperite cu material mezoporos silicios. 

II.1 Sinteza matricilor mezoporoase silicioase pure 
II.1.1 Prepararea silicei mezoporoase MCM-41 

Prepararea matricei mezoporoase silicioase pure s-�D�� �U�H�D�O�L�]�D�W�� �L�Q�L�•�L�D�O 
�S�U�L�Q�� �P�H�W�R�G�D�� �F�R�Q�Y�H�Q�•�L�R�Q�D�O���� �>��]. În acest scop s-�D�X�� �X�W�L�O�L�]�D�W�� �X�U�P���W�R�U�L�L��
reactivi: tetraetil ortosilicat (TEOS���� �F�D�� �V�X�U�V���� �G�H�� �V�L�O�L�F�L�X���� �E�U�R�P�X�U���� �G�H��
cetiltrimet�L�O�D�P�R�Q�L�X�� ���&�7�$�%���� �F�D�� �D�J�H�Q�W�� �G�H�� �G�L�U�H�F�•�L�R�Q�D�U�H�� �D�� �V�W�U�X�F�W�X�U�L�L��
(surfactant cationic), etanol (EtOH���� �•�L�� �V�R�O�X�•�L�H�� �D�P�R�Q�L�D�F�D�O��. În 
experimente s-�D�� �X�W�L�O�L�]�D�W�� �D�S���� �G�H�L�R�Q�L�]�D�W���� �S�U�H�S�D�U�D�W���� �v�Q�� �O�D�E�R�U�D�W�R�U�� �F�X�� �X�Q��
sistem ELGA. �$�P�H�V�W�H�F�X�O�� �G�H�� �U�H�D�F�•�L�H�� �D�� �I�R�V�W�� �V�X�S�X�V�� �D�J�L�W���U�L�L�� �H�Q�H�U�J�L�F�H�� �O�D��
te�P�S�H�U�D�W�X�U�D���F�D�P�H�U�H�L���W�L�P�S���G�H�������K�����3�U�R�G�X�V�X�O���I�L�Q�D�O���H�V�W�H���I�L�O�W�U�D�W�����V�S���O�D�W���S�H��
�I�L�O�W�U�X���G�H���P�D�L���P�X�O�W�H���R�U�L���F�X���F�D�Q�W�L�W���•�L���P�L�F�L���G�H���D�S�����G�H�L�R�Q�L�]�D�W�����•�L���D�S�R�L���X�V�F�D�W��
în aer la temperatura camerei. Pentru a crea porozitate agentului de 
�G�L�U�H�F�•�L�R�Q�D�U�H���D���V�W�U�X�F�W�X�U�L�L���D���I�R�V�W���v�Q�G�H�S���U�W�Dt aplicând calcinarea în trepte.  

�&�X�� �V�F�R�S�X�O�� �G�H�� �D�� �U�H�G�X�F�H�� �W�L�P�S�X�O�� �G�H�� �S�U�H�S�D�U�D�U�H�� �I���U���� �D�I�H�F�W�D�U�H�D�� �F�D�O�L�W���•�L�L��
materialului, s-a realizat sinteza silicei mezoporoase MCM-41 în 
�P�H�G�L�X�� �E�D�]�L�F�� �S�U�L�Q�� �L�U�D�G�L�H�U�H�� �F�X�� �X�O�W�U�D�V�X�Q�H�W�H�� �I�R�O�R�V�L�Q�G�� �F�D�� �V�X�U�V���� �G�H�� �V�L�O�L�F�L�X��
�7�(�2�6�� �•�L�� �F�D�� �V�X�U�I�D�F�W�D�Q�W cationic CTAB. În acest scop amestecul de 
�U�H�D�F�•�L�H�� �D�� �I�R�V�W�� �V�X�S�X�V�� �L�U�D�G�L�H�U�L�L�� �F�X�� �X�O�W�U�D�V�X�Q�H�W�H�� �O�D�� �W�H�P�S�H�U�D�W�X�U�D�� �F�D�P�H�U�H�L��
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�W�L�P�S�� �G�H�� ���K���� �6�L�Q�W�H�]�D�� �V�R�Q�R�F�K�L�P�L�F���� �D�� �V�L�O�L�F�H�L�� �P�H�]�R�S�R�U�R�D�V�H�� �0�&�0-41 a 
�I�R�V�W�� �U�H�D�O�L�]�D�W���� �I�R�O�R�V�L�Q�G�� �X�Q�� �J�H�Q�H�U�D�W�R�U�� �G�H�� �X�O�W�U�D�V�X�Q�H�W�H�� �6�2�1�,�&�6�� �9�,�%�5�$��
Cell Model CV.  

II.1.2 Prepararea silicei mezoporoase KIT-6 
�3�H�Q�W�U�X�� �D�� �S�U�H�S�D�U�D�� �R�� �P�D�W�U�L�F�H�� �P�H�]�R�S�R�U�R�D�V���� �V�L�O�L�F�L�R�D�V���� �F�X�� �R��

�P�H�]�R�V�W�U�X�F�W�X�U���� �W�U�L�G�L�P�H�Q�V�L�R�Q�D�O���� �F�X�� �V�L�P�H�W�U�L�H�� �F�X�E�L�F���� �F�R�Q�V�W�k�Q�G�� �G�L�Q�W�U-o 
�U�H� �H�D�� �G�H�� �F�D�Q�D�O�H�� �F�L�O�L�Q�G�U�L�F�H�� �L�Q�W�H�U�F�R�Q�H�F�W�D�W�H�� �V-a realizat sinteza silicei 
KIT-6 atât prin meto�G�D���F�R�Q�Y�H�Q�•�L�R�Q�D�O�������V�R�O-gel) [11] �F�k�W���•�L���S�U�L�Q���L�U�D�G�L�H�U�H��
cu ultrasunete.  

�,�,�������0�R�G�L�I�L�F�D�U�H�D���V�X�S�U�D�I�H�•�H�L���P�D�W�U�L�F�L�O�R�U���P�H�]�R�S�R�U�R�D�V�H�� 
silicioase  

�6�L�Q�W�H�]�D�� �P�D�W�H�U�L�D�O�H�O�R�U�� �P�H�]�R�S�R�U�R�D�V�H�� �I�X�Q�F�•�L�R�Q�D�O�L�]�D�W�H�� �V-a realizat prin 
�G�R�X�����V�W�U�D�W�H�J�L�L�����•�L���D�Q�X�P�H�����P�R�G�L�I�L�F�D�U�H�D���S�R�V�W-�V�L�Q�W�H�]�������P�H�W�R�G�D���J�U�H�I���U�L�L�����•�L��
modificarea in-situ (metoda co-�F�R�Q�G�H�Q�V���U�L�L���� Pentru a realiza 
�P�R�G�L�I�L�F�D�U�H�D�� �V�X�S�U�D�I�H�•�H�L�� �V�L�O�L�F�H�L�� �P�H�]�R�S�R�U�R�D�V�H�� �0�&�0-������ �F�X�� �J�U�X�S���U�L��
�I�X�Q�F�•�L�R�Q�D�O�H�� �R�U�J�D�Q�L�F�H�� �V-�D�� �D�O�H�V�� �F�D�� �D�J�H�Q�W�� �G�H�� �I�X�Q�F�•�L�R�Q�D�O�L�]�D�U�H�� ��-
�D�P�L�Q�R�S�U�R�S�L�O�W�U�L�H�W�R�[�L�V�L�O�D�Q�� ���$�3�7�(�6���� �F�D�U�H�� �S�R�V�H�G���� �J�U�X�S���U�L�� �I�X�Q�F�•�L�R�Q�D�O�H��
�D�P�L�Q�R���� �$�F�H�V�W�H���J�U�X�S���U�L�� �I�X�Q�F�•�L�R�Q�D�O�H���S�R�W���I�L�� �X�W�L�O�L�]�D�W�H���S�H�Q�W�U�X�� �L�P�R�E�L�O�L�]�D�U�H�D��
�F�R�Q�W�U�R�O�D�W�����D���Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U���P�D�J�Q�H�W�L�F�H���G�H���R�[�L�G���G�H���I�L�H�U���� 

II.2.1 Modificarea post-�V�L�Q�W�H�]���� 
�3�H�Q�W�U�X�� �D�� �S�U�H�S�D�U�D�� �V�L�O�L�F�H�D�� �P�H�]�R�S�R�U�R�D�V���� �0�&�0-41 amino-

�I�X�Q�F�•�L�R�Q�D�O�L�]�D�W�����S�U�L�Q���P�H�W�R�G�D���J�U�H�I���U�Li, 0,5g material mezoporos silicios 
�O�L�E�H�U���G�H���V�X�U�I�D�F�W�D�Q�W�����S�U�H�S�D�U�D�W���D�Q�W�H�U�L�R�U���S�U�L�Q���P�H�W�R�G�D���F�R�Q�Y�H�Q�•�L�R�Q�D�O�����•�L���S�U�L�Q��
�F�H�D�� �V�R�Q�R�F�K�L�P�L�F���� �V�X�Q�W�� �G�L�V�S�H�U�V�D�W�H�� �V�X�E�� �D�J�L�W�D�U�H�� �H�Q�H�U�J�L�F���� �v�Q�W�U-�R�� �V�R�O�X�•�L�H��
etanol-APTES. Modificarea silicei mezoporoase MCM-������ �F�X���J�U�X�S���U�L��
�I�X�Q�F�•�L�R�Q�D�O�H�� �D�P�L�Q�R�� �S�U�L�Q�� �P�H�W�R�G�D�� �J�U�H�I���U�L�L�� �D�� �I�R�V�W�� �U�H�D�O�L�]�D�W���� �I�R�O�R�V�L�Q�G�� �G�R�X����
�Q�L�Y�H�O�H�� �G�H�� �v�Q�F���U�F�D�U�H���� �U�D�S�R�U�W�X�O�� �P�R�O�D�U�� �$�3�7�(�6���7�(�2�6�� �I�L�L�Q�G�� ���������������� �•�L��
respectiv 0,2:0,8. 

II.2.2 Modificarea in-situ  
�'�D�W�R�U�L�W���� �L�Q�W�H�U�F�R�Q�H�F�W���U�L�L�� �S�D�U�•�L�D�O�H�� �D�O�� �J�U�X�S���U�L�O�R�U�� �I�X�Q�F�•�L�R�Q�D�O�H�� �F�X��

�J�U�X�S���U�L�O�H�� �V�L�O�D�Q�R�O�� �G�H�� �S�H�� �V�X�S�U�D�I�D�•�D�� �V�L�O�L�F�H�L���� �P�H�W�R�G�D�� �J�U�H�I���U�L�L este uneori 
�L�Q�H�I�L�F�L�H�Q�W��. �Ì�Q�� �V�F�K�L�P�E�� �V�L�Q�W�H�]�D�� �G�L�U�H�F�W������ �F�D�U�H�� �L�P�S�O�L�F���� �F�R-condensarea 
tetraalcoxisilanilor (TEOS) cu organosilani (�$�3�7�(�6������ �R�I�H�U���� �R��
�V�X�S�U�D�I�D�•���� �P�D�L�� �P�D�U�H�� �•�L�� �P�D�L�� �X�Q�L�I�R�U�P�� �D�F�R�S�H�U�L�W���� �F�X�� �J�U�X�S���U�L�� �I�X�Q�F�•�L�R�Q�D�O�H����
�S�U�H�F�X�P�� �•�L�� �X�Q�� �F�R�Q�W�U�R�O�� �D�G�H�F�Y�D�W�� �D�O�� �S�U�R�S�U�L�H�W���•�L�O�R�U�� �V�X�S�U�D�I�H�•�H�L�� �P�D�W�H�U�L�D�O�X�O�X�L��
rezultat [12].  
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�$�Y�k�Q�G�� �v�Q�� �Y�H�G�H�U�H�� �D�Y�D�Q�W�D�M�H�O�H�� �P�D�M�R�U�H�� �D�O�H�� �P�R�G�L�I�L�F���U�L�L�� �L�Q-�V�L�W�X���� �D�F�H�D�V�W����
�P�H�W�R�G���� �V-�D�� �D�S�O�L�F�D�W�� �S�H�Q�W�U�X�� �I�X�Q�F�•�L�R�Q�D�O�L�]�D�U�H�D�� �V�X�S�U�D�I�H�•�H�L�� �V�L�O�L�F�H�L��
mezoporoase MCM-�������� �$�F�H�D�V�W���� �P�H�W�R�G���� �D�O�W�H�U�Q�D�W�L�Y���� �G�H�� �S�U�R�G�Xcere a 
matricilor mezoporoase silicioase amino-�I�X�Q�F�•�L�R�Q�D�O�L�]�D�W�H�� �S�U�L�Q�� �F�K�L�P�L�D��
sol-�J�H�O�����G�H�•�L���R�I�H�U�����X�Q�H�O�H���D�Y�D�Q�W�D�M�H���F�R�P�S�D�U�D�W�L�Y���F�X���P�H�W�R�G�D���J�U�H�I���U�L�L�����H�V�W�H��
tot consumatoare de timp. Astfel pentru a reduce semnificativ timpul 
�G�H�� �V�L�Q�W�H�]���� �I���U���� �D�� �D�I�H�F�W�D�� �F�D�O�L�W�D�W�H�D�� �P�D�W�H�U�Lalului, s-a realizat co-
condensarea TEOS cu APTES �v�Q�� �S�U�H�]�H�Q�•�D��CTAB �v�Q�� �F�R�Q�G�L�•�L�L�� �E�D�]�L�F�H��
�S�U�L�Q���L�U�D�G�L�H�U�H�D���F�X���X�O�W�U�D�V�X�Q�H�W�H�����P�H�W�R�G�D���V�R�Q�R�F�K�L�P�L�F�������� 

II.3 Sinteza nanoparticulelor de oxizi ai fierului dispersate în 
matrici mezoporoase silicioase  

În acest subcapitol �V�X�Q�W�� �S�U�H�]�H�Q�W�D�W�H�� �D�E�R�U�G���U�L�O�H�� �X�W�L�O�L�]�D�W�H�� �S�H�Q�W�U�X��
sinteza sistemelor magnetice nanostructurate. 

II.3.1 Prepararea sistemelor nanocompozite oxid de fier/matrice 
�P�H�]�R�S�R�U�R�D�V�����V�L�O�L�F�L�R�D�V�� prin metoda co-�S�U�H�F�L�S�L�W���U�L�L  

Metoda co-�S�U�H�F�L�S�L�W���U�L�L�� �X�W�L�O�L�]�D�W���� �L�P�S�O�L�F���� �S�U�H�F�L�S�L�W�D�U�H�D�� �V�L�P�X�O�W�D�Q���� �D��
�Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U���P�D�J�Q�H�W�L�F�H���•�L���D���V�L�O�L�F�H�L���P�H�]�R�S�R�U�R�D�V�H���R�U�G�R�Q�D�W�H�����0�&�0-
41) prin procesul sol-�J�H�O�� �v�Q�� �F�D�W�D�O�L�]���� �E�D�]�L�F���� �S�H�Q�W�U�X�� �D�� �I�R�U�P�D��
�Q�D�Q�R�S�D�U�W�L�F�X�O�H���G�H���R�[�L�G���G�H���I�L�H�U���G�L�V�S�H�U�V�D�W�H���v�Q���P�D�W�U�L�F�H�D���P�H�]�R�S�R�U�R�D�V���� 

�3�U�H�F�X�U�V�R�U�X�O�� �I�L�H�U�X�O�X�L�� �G�L�Q�� �V�R�O�X�•�L�D�� �J�H�Q�H�U�D�W�R�D�U�H�� �G�H���V�L�O�L�F�H�� �P�H�]�R�S�R�U�R�D�V����
�S�R�D�W�H�� �L�Q�W�H�U�I�H�U�D�� �v�Q�� �U�H�D�F�•�L�D�� �G�H�� �S�R�O�L�P�H�U�L�]�D�U�H�� �D�� �P�D�W�H�U�L�D�O�X�O�X�L�� �P�H�]�R�S�R�U�R�V����
Astfel, speciile fierului pot fi încorporate în structura silicei 
mezoporoase MCM-41.  

II.3.2 Prepararea sistemelor nanocompozite oxid de fier/matrice 
�P�H�]�R�S�R�U�R�D�V�����V�L�O�L�F�L�R�D�V�� �S�U�L�Q���P�H�W�R�G�D���L�P�S�U�H�J�Q���U�L�L���X�P�H�G�H�� 

�3�H�Q�W�U�X�� �D�� �S�U�H�Y�H�Q�L�� �I�R�U�P�D�U�H�D�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U�� �P�D�J�Q�H�W�L�F�H�� �S�H�� �V�X�S�U�D�I�D�•�D��
�P�D�W�U�L�F�H�L�����G�L�V�S�H�U�V�L�D���Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U���P�D�J�Q�H�W�L�F�H���D���I�R�V�W���U�H�D�O�L�]�D�W�����v�Q���V�L�O�L�F�H��
�P�H�]�R�S�R�U�R�D�V���� �0�&�0-������ �P�R�G�L�I�L�F�D�W���� �F�X�� �J�U�X�S���U�L�� �I�X�Q�F�•�L�R�Q�D�O�H�� �D�P�L�Q�R����
�J�U�X�S���U�L���F�D�U�H���I�D�Y�R�U�L�]�H�D�]�����L�P�R�E�L�O�L�]�D�U�H�D���L�R�Q�L�O�R�U���G�H���)�H3+. Pentru realizarea 
�G�L�V�S�H�U�V�L�H�L�� �R�[�L�G�X�O�X�L�� �G�H�� �I�L�H�U�� �Q�D�Q�R�G�L�P�H�Q�V�L�R�Q�D�O���v�Q�� �P�D�W�U�L�F�H�D�� �P�H�]�R�S�R�U�R�D�V����
MCM-41 amino-�I�X�Q�F�•�L�R�Q�D�O�L�]�D�W�������D�F�H�D�V�W�D���G�L�Q���X�U�P�D���V-a impregnat cu o 
�V�R�O�X�•�L�H�� �D�S�R�D�V���� �F�H�� �F�R�Q�•�L�Q�H�� �D�]�R�W�D�W�� �G�H�� �I�L�H�U�� �Q�D�Q�R�K�L�G�U�D�W�D�W. Impregnarea 
u�P�H�G���� �V-�D�� �U�H�D�O�L�]�D�W�� �W�L�P�S�� �G�H�� ���K�� �V�X�E�� �D�J�L�W�D�U�H�� �H�Q�H�U�J�L�F���� �O�D�� �W�H�P�S�H�U�D�W�X�U�D��
camerei [12, 13]���� �7�H�K�Q�L�F�D�� �L�P�S�U�H�J�Q���U�L�L�� �X�P�H�G�H�� �D�� �I�R�V�W�� �X�U�P�D�W���� �G�H��
�H�Y�D�S�R�U�D�U�H�D�� �V�R�O�Y�H�Q�W�X�O�X�L�� �S�U�L�Q�� �v�Q�F���O�]�L�U�H�� �X�•�R�D�U������ �L�D�U�� �S�X�O�E�H�U�L�O�H�� �X�V�F�D�W�H��
�R�E�•�L�Q�X�W�H���v�Q���D�F�H�V�W���P�R�G���D�X���I�R�V�W��calcinate la 550°C timp de 6h.  
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I�,������ �$�F�R�S�H�U�L�U�H�D�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U�� �G�H�� �P�D�J�Q�H�W�L�W���� �F�X�� �X�Q�� �v�Q�Y�H�O�L�•�� �G�H��
�V�L�O�L�F�H���P�H�]�R�S�R�U�R�D�V�����0�&�0-41  

Având în vedere avantajele majore ale tehnicii sonochimice s-a 
�U�H�D�O�L�]�D�W�� �D�F�R�S�H�U�L�U�H�D�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U�� �G�H�� �P�D�J�Q�H�W�L�W���� �F�X�� �X�Q�� �v�Q�Y�H�O�L�•�� �G�H��
�V�L�O�L�F�H���P�H�]�R�S�R�U�R�D�V�����0�&�0-41 prin iradiere cu ultrasunete [14].  

�&�D�S�L�W�R�O�X�O���,�,�,���&�$�5�$�&�7�(�5�,�=�$�5�(�$���(�Œ�$�1�7�,�2�$�1�(�/�2�5���'�(��
NANOPARTICULE MAGNETICE STABILIZATE ÎN 

MATRICI MEZOPOROASE SILICIOASE 

�Ì�Q���D�F�H�V�W���F�D�S�L�W�R�O���V�X�Q�W���S�U�H�]�H�Q�W�D�W�H���U�H�]�X�O�W�D�W�H�O�H���H�[�S�H�U�L�P�H�Q�W�D�O�H���R�E�•�L�Q�X�W�H���v�Q��
�X�U�P�D�� �F�D�U�D�F�W�H�U�L�]���U�L�L�� �V�W�U�X�F�W�X�U�D�O�H���� �P�R�U�I�R�O�R�J�L�F�H, texturale, spectroscopice 
�•�L���P�D�J�Q�H�W�L�F�H���D�O���H�•�D�Q�W�L�R�D�Q�H�O�R�U���S�U�H�S�D�U�D�W�H���D�W�k�W���S�U�L�Q���W�H�K�Q�L�F�L���F�R�Q�Y�H�Q�•�L�R�Q�D�O�H��
�G�H���V�L�Q�W�H�]�������F�k�W���•�L���S�U�L�Q���W�H�K�Q�L�F�D���V�R�Q�R�F�K�L�P�L�F������ 

�,�,�,������ �&�D�U�D�F�W�H�U�L�]�D�U�H�D�� �H�•�D�Q�W�L�R�D�Q�H�O�R�U�� �G�H�� �V�L�O�L�F�H�� �P�H�]�R�S�R�U�R�D�V���� �0�&�0-
41  
�,�,�,���������� �&�U�D�F�W�H�U�L�]�D�U�H�D�� �H�³�D�Q�W�L�R�D�Q�H�O�R�U�� �G�H�� �V�L�O�L�F�H �P�H�]�R�S�R�U�R�D�V���� �0�&�0-41 
�S�X�U���� 

�,�,�,���������������&�D�U�D�F�W�H�U�L�]�D�U�H���V�W�U�X�F�W�X�U�D�O���� 
�&�D�U�D�F�W�H�U�L�]�D�U�H�D�� �V�W�U�X�F�W�X�U�D�O���� �D�� �H�•�D�Q�W�L�R�D�Q�H�O�R�U�� �V-a realizat folosind un 

difractometru XRD-6000 SHIMADZU. �5�H�]�X�O�W�D�W�H�O�H�� �G�L�I�U�D�F�•�L�H�L�� �F�X��
�U�D�G�L�D�•�L�L��X �L�Q�G�L�F���� �I�D�S�W�X�O�� �F���� �H�•�D�Q�W�L�R�D�Q�H�O�H�� �S�U�H�S�D�U�D�W�H�� �S�U�L�Q�� �F�H�O�H�� �G�R�X����
�P�H�W�R�G�H�� �G�H�� �V�L�Q�W�H�]���� �S�U�H�]�L�Q�W���� �U�H�•�H�D�� �K�H�[�D�J�R�Q�D�O���� �R�U�G�R�Q�D�W���� �F�D�U�D�F�W�H�U�L�V�W�L�F����
silicei MCM-41. 

III���������������&�D�U�D�F�W�H�U�L�]�D�U�H���P�R�U�I�R�O�R�J�L�F���� 
�0�R�U�I�R�O�R�J�L�D�� �H�•�D�Q�W�L�R�D�Q�H�O�R�U�� �G�H�� �P�D�W�U�L�F�H�� �P�H�]�R�S�R�U�R�D�V���� �V�L�O�L�F�L�R�D�V���� �D�� �I�R�V�W��

�V�W�X�G�L�D�W���� �I�R�O�R�V�L�Q�G�� �P�L�F�U�R�V�F�R�S�L�D�� �H�O�H�F�W�U�R�Q�L�F���� �F�X�� �E�D�O�H�L�D�M�� ���6�(�0������ �F�X��
transm�L�V�L�H�� ���7�(�0���� �•�L�� �F�X�� �W�U�D�Q�V�P�L�V�L�H�� �G�H�� �v�Q�D�O�W���� �U�H�]�R�O�X�•�L�H�� ���+�5�7�(�0������
�,�Q�Y�H�V�W�L�J�D�•�L�L�O�H�� �6�(�0�� �D�X�� �I�R�V�W�� �U�H�D�O�L�]�D�W�H�� �I�R�O�R�V�L�Q�G�� �X�Q�� �P�L�F�U�R�V�F�R�S�� �9�H�J�D��
�7�H�V�F�D�Q���� �v�Q�� �W�L�P�S�� �F�H�� �L�Q�Y�H�V�W�L�J�D�•�L�L�O�H�� �7�(�0�� �•�L�� �+�5�7�(�0�� �D�X�� �I�R�V�W�� �U�H�D�O�L�]�D�W�H��
folosind un microscop TECNAI F30S-Twin. 

�,�P�D�J�L�Q�L�O�H�� �7�(�0�� �•�L�� �+�5�7�(�0�� �S�U�H�]�H�Q�Wate în Fig. 3.1 �F�R�Q�I�L�U�P����
�U�H�]�X�O�W�D�W�H�O�H�� �R�E�•�L�Q�X�W�H�� �S�U�L�Q�� �G�L�I�U�D�F�•�L�D�� �F�X�� �U�D�G�L�D�•�L�L��X [13]. Din Fig. 3.1b 
���L�P�D�J�L�Q�H�� �+�5�7�(�0���� �V�H�� �S�R�D�W�H�� �R�E�V�H�U�Y�D�� �F���� �H�•�D�Q�W�L�R�Q�X�O�� �S�U�H�]�L�Q�W���� �S�R�U�L��
�R�U�G�R�Q�D�•�L�� 
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Fig. 3.1 �,�P�D�J�L�Q�L�O�H�� ���D���� �7�(�0�� �³�L�� ���E���� �+�5�7�(�0�� �D�O�H�� �V�L�O�L�F�H�L�� �0�&�0-41 preparate prin 
metoda sonochi�P�L�F���������,�����8�U�V�D�F�K�L���H�W���D�O�����>��2])  

�,�,�,���������������&�D�U�D�F�W�H�U�L�]�D�U�H���W�H�[�W�X�U�D�O���� 
�&�D�U�D�F�W�H�U�L�]�D�U�H�D�� �W�H�[�W�X�U�D�O���� �V-a realizat utilizând un analizor de 

�G�L�P�H�Q�V�L�X�Q�H���D���S�R�U�L�O�R�U���•�L���V�X�S�U�D�I�H�•�H�L���V�S�H�F�L�I�L�F�H��Quantachrome Nova 2200 
Instrument & Pore Size Surface Area Analyzer. Izotermele de 
�D�G�V�R�U�E�•�L�H-�G�H�V�R�U�E�•�L�H�� �D�� �12 �v�Q�U�H�J�L�V�W�U�D�W�H�� �S�H�Q�W�U�X�� �H�•�D�Q�W�L�R�D�Q�H�O�H�� �0�� �•�L�� �8�� �V�X�Q�W��
prezentate în Fig. 3.2.  

 
Fig. 3.2 �,�]�R�W�H�U�P�H�O�H���G�H���D�G�V�R�U�E�µ�L�H-�G�H�V�R�U�E�µ�L�H���D��N2 �S�H�Q�W�U�X���H�³�D�Q�W�L�R�D�Q�H�O�H���F�D�O�F�L�Q�D�W�H���G�H��
silice MCM-�������S�X�U���������,�����8�U�V�D�F�K�L���H�W���D�O�����>��2])  

Ambele izoterme sunt de tip IV p�U�H�]�H�Q�W�k�Q�G���R���E�X�F�O�����G�H���K�L�V�W�H�U�H�]�L�V���G�H��
tip H1. �$�F�H�V�W�H���L�]�R�W�H�U�P�H�O�H���G�H���D�G�V�R�U�E�•�L�H-�G�H�V�R�U�E�•�L�H���D���D�]�R�W�X�O�X�L���D�O�H���V�L�O�L�F�H�L��
MCM-������ �S�U�H�S�D�U�D�W���� �S�U�L�Q�� �F�H�O�H�� �G�R�X���� �W�H�K�Q�L�F�L�� �G�H�� �V�L�Q�W�H�]���� �V�X�Q�W��
�F�D�U�D�F�W�H�U�L�V�W�L�F�H�� �P�D�W�H�U�L�D�O�H�O�R�U�� �P�H�]�R�S�R�U�R�D�V�H�� �F�D�U�H�� �F�R�Q�•�L�Q�� �Q�X�P�D�L�� �S�R�U�L��
cilindrici cu dimensiune simil�D�U����[12]. 

�,�,�,���������� �&�D�U�D�F�W�H�U�L�]�D�U�H�D�� �H�³�D�Q�W�L�R�D�Q�H�O�R�U�� �G�H�� �P�D�W�U�L�F�H�� �P�H�]�R�S�R�U�R�D�V����
�V�L�O�L�F�L�R�D�V�����D�P�L�Q�R���I�X�F�µ�L�R�Q�D�O�L�]�D�W�� 

�,�,�,���������������&�D�U�D�F�W�H�U�L�]�D�U�H���V�W�U�X�F�W�X�U�D�O���� 
Rezultatele XRD (Fig. 3.3) �L�Q�G�L�F���� �I�D�S�W�X�O�� �F���� �H�•�D�Q�W�L�R�D�Q�H�O�H�� �G�H�� �V�L�O�L�F�H��

MCM-41 amino-�I�X�Q�F�•�L�R�Q�D�O�L�]�D�W���� �S�U�H�S�D�U�D�W�H�� �S�U�L�Q�� �F�H�O�H�� �G�R�X���� �P�H�W�R�G�H�� �G�H��
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�P�R�G�L�I�L�F�D�U�H�� �D�� �V�X�S�U�D�I�H�•�H�L����folosind raportul molar APTES:TEOS = 
������������������ �S�U�H�]�L�Q�W���� �U�H�•�H�D�� �K�H�[�D�J�R�Q�D�O���� �R�U�G�R�Q�D�W���� �O�D�� �P�L�F���� �G�L�V�W�D�Q�•����
�F�D�U�D�F�W�H�U�L�V�W�L�F�����V�L�O�L�F�H�L���0�&�0-41.  

�&�D�U�D�F�W�H�U�L�V�W�L�F�L�O�H�� �V�W�U�X�F�W�X�U�D�O�H�� �D�O�� �H�•�D�Q�W�L�R�D�Q�H�O�R�U�� �D�P�L�Q�R-�I�X�Q�F�•�L�R�Q�D�O�L�]�D�W�H��
�V�X�J�H�U�H�D�]���� �I�D�S�W�X�O�� �F�� �P�R�G�L�I�L�F�D�U�H�D�� �V�X�S�U�D�I�H�•�H�L�� �S�U�L�Q�� �P�H�W�R�G�D�� �V�R�Q�R�F�K�L�P�L�F����
in-�V�L�W�X�� �F�R�Q�G�X�F�H�� �O�D�� �X�Q�� �P�D�W�H�U�L�D�O�� �P�H�]�R�S�R�U�R�V�� �V�L�O�L�F�L�R�V�� �D�� �F���U�X�L�� �F�D�O�L�W�D�W�H�� �Q�X��
�H�V�W�H���S�X�W�H�U�Q�L�F���D�I�H�F�W�D�W��. 

  
Fig. 3.3 Difractogramele la unghiuri mici ale silicei MCM-41 amino-
�I�X�Q�F�µ�L�R�Q�D�O�L�]�D�W�����S�U�L�Q�����V�W�k�Q�J�D�����P�H�W�R�G�D���J�U�H�I���U�L�L���³�L�����G�U�H�D�S�W�D�����P�H�W�R�G�D���L�Q-situ. 

 

III.1.2.2 Caracterizare mo�U�I�R�O�R�J�L�F���� 
�,�P�D�J�L�Q�L�O�H�� �6�(�0�� �R�E�•�L�Q�X�W�H�� �S�H�Q�W�U�X�� �H�•�D�Q�W�L�R�D�Q�H�O�H�� �G�H�� �V�L�O�L�F�H�� �0�&�0-41 

amino-�I�X�Q�F�•�L�R�Q�D�O�L�]�D�W���� �S�X�Q�� �v�Q�� �H�Y�L�G�H�Q�•���� �P�R�U�I�R�O�R�J�L�D�� �V�I�H�U�L�F���� �D��
�S�D�U�W�L�F�X�O�H�O�R�U���G�H���P�D�W�U�L�F�H���I�X�Q�F�•�L�R�Q�D�O�L�]�D�W���� 

III.1.2.3 Caracterizare te�[�W�X�U�D�O���� 
I�]�R�W�H�U�P�H�O�H�� �G�H�� �D�G�V�R�U�E�•�L�H-�G�H�V�R�U�E�•�L�H�� �D�� �12 (Fig. 3.4���� �D�O�� �H�•�D�Q�W�L�R�D�Q�H�O�R�U 

amino-�I�X�Q�F�•�L�R�Q�D�O�L�]�D�W���� �S�U�L�Q�� �P�H�W�R�G�D�� �J�U�H�I���U�L�L��sunt izoterme de tip IV 
�D�Y�k�Q�G���R���E�X�F�O�����G�H���K�L�V�W�H�U�H�]�L�V���G�H���W�L�S��H3�����E�X�F�O�D���G�H���K�L�V�W�H�U�H�]�L�V���L�Q�W�H�U�P�H�G�L�D�U����
între cele de tip H1 �•�L��H4. Modificarea aliurii izotermelor de 
�D�G�V�R�U�E�•�L�H-�G�H�V�R�U�E�•�L�H���D���12 �G�X�S�����P�R�G�L�I�L�F�D�U�H�D���V�X�S�U�D�I�H�•�H�L�����S�R�D�W�H���I�L���D�V�R�F�L�D�W����
�X�Q�H�L���G�L�V�W�R�U�V�L�X�Q�L���D���P�R�U�I�R�O�R�J�L�H�L���S�R�U�L�O�R�U�����G�L�V�W�R�U�V�L�X�Q�H���F�D�X�]�D�W�����G�H���J�U�H�I�D�U�H�D��
�J�U�X�S�H�O�R�U���I�X�Q�F�•�L�R�Q�D�O�H���R�U�J�D�Q�L�F�H�� 
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Fig. 3.4 �,�]�R�W�H�U�P�H�O�H�� �G�H�� �D�G�V�R�U�E�µ�L�H-�G�H�V�R�U�E�µ�L�H�� �D�� �12 �S�H�Q�W�U�X�� �H�³antioanele de silice 
MCM-41 amino-�I�X�Q�F�µ�L�R�Q�D�O�L�]�D�W�����S�U�L�Q���P�H�W�R�G�D���S�R�V�W-�V�L�Q�W�H�]���� 

�&�D�U�D�F�W�H�U�L�V�W�L�F�L�O�H���V�W�U�X�F�W�X�U�D�O�H�����P�R�U�I�R�O�R�J�L�F�H���•�L���W�H�[�W�X�U�D�O�H���D�O���H�•�D�Q�W�L�R�D�Q�H�O�R�U��
amino-�I�X�Q�F�•�L�R�Q�D�O�L�]�D�W�H���V�X�J�H�U�H�D�]���� �I�D�S�W�X�O���F�����P�R�G�L�I�L�F�D�U�H�D���V�X�S�U�D�I�H�•�H�L���S�U�L�Q��
�P�H�W�R�G�D�� �V�R�Q�R�F�K�L�P�L�F���� �L�Q-situ poate fi ap�O�L�F�D�W���� �F�X�� �V�X�F�F�H�V�� �v�Q�� �Y�H�G�H�U�H�D��
�U�H�G�X�F�H�U�L�L���V�H�P�Q�L�I�L�F�D�W�L�Y�����D���W�L�P�S�X�O�X�L���G�H���S�U�H�S�D�U�D�U�H���� 

�,�,�,������ �&�D�U�D�F�W�H�U�L�]�D�U�H�D�� �H�•�D�Q�W�L�R�D�Q�H�O�R�U�� �G�H�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�� �G�H�� �R�[�L�G�� �G�H��
�I�L�H�U���G�L�V�S�H�U�V�D�W�H���v�Q���P�D�W�U�L�F�H���P�H�]�R�S�R�U�R�D�V�����V�L�O�L�F�L�R�D�V���� 
�,�,�,���������� �&�D�U�D�F�W�H�U�L�]�D�U�H�D�� �H�³�D�Q�W�L�R�D�Q�H�O�R�U�� �Q�D�Q�R�F�R�P�S�R�]�L�W�H�� �R�[�L�G�� �G�H��
fier/MCM-41 preparate printehnica co-�S�U�H�F�L�S�L�W���U�L�L�� 

III.2.1.1 Caracterizare str�X�F�W�X�U�D�O�� 
Din difractogramele înregistrate la unghiuri mari s-a observat 

�S�U�H�]�H�Q�•�D�� �X�Q�R�U�� �P�D�[�L�P�H�� �G�H�� �G�L�I�U�D�F�•�L�H�� �O�D�U�J�L���D�� �F���U�R�U�� �S�R�]�L�•�L�H�� �•�L�� �L�Q�W�H�Q�V�L�W�D�W�H��
�U�H�O�D�W�L�Y���� �S�X�Q�� �v�Q�� �H�Y�L�G�H�Q�•���� �S�U�H�]�H�Q�•�D���.-Fe2O3 �v�Q�� �P�D�W�U�L�F�H�D�� �P�H�]�R�S�R�U�R�D�V����
MCM-41.  

III.2.1.2 Caracteriza�U�H���W�H�[�W�X�U�D�O���� 
�(�•�D�Q�W�L�R�D�Q�H�O�H�� �G�H�� �Q�D�Q�R�S�D�U�W�L�F�X�O�H�� �G�H�� �K�H�P�D�W�L�W���� �G�L�V�S�H�U�V�D�W�H�� �v�Q�� �0�&�0-41 

�R�E�•�L�Q�X�W�H�� �S�U�L�Q�� �P�H�W�R�G�D�� �F�R-�S�U�H�F�L�S�L�W���U�L�L�� �S�U�H�]�L�Q�W������ �v�Q�� �D�F�R�U�G�� �F�X�� �F�O�D�V�L�I�L�F�D�U�H�D��
IUPAC, izoterme de tip IV caracteristice silicei MCM-41. 

�,�,�,���������������'�H�W�H�U�P�L�Q�D�U�H�D���V�W���U�L�L���G�H���F�R�R�U�G�L�Q�D�U�H���D���L�R�Q�L�O�R�U���G�H���I�L�H�U�� 
�Ì�Q�� �Y�H�G�H�U�H�D�� �G�H�W�H�U�P�L�Q���U�L�L�� �V�W���U�L�L�� �G�H�� �F�R�R�U�G�L�Q�D�U�H�� �D�� �L�R�Q�L�O�R�U�� �G�H�� �I�L�H�U���� �V-a 

�X�W�L�O�L�]�D�W�� �V�S�H�F�W�U�R�V�F�R�S�L�D�� �G�H�� �U�H�I�O�H�[�L�H�� �G�L�I�X�]���� �8�9-vis. Pentru a înregistra 
spectrele s-a utilizat un spectrofotometru Shimadzu UV-2401PC 
�H�F�K�L�S�D�W���F�X���R���V�I�H�U�����L�Q�W�H�J�U�D�W�R�D�U�H. 

Rezultatele UV-�Y�L�V�� �'�5�6�� �V�X�Q�W�� �v�Q�� �F�R�Q�F�R�U�G�D�Q�•���� �F�X�� �F�H�O�H�� �R�E�•�L�Q�X�W�H�� �S�U�L�Q��
�;�5�'���� �L�Q�G�L�F�k�Q�G�� �S�U�H�]�H�Q�•�D�� �D�W�k�W�� �D�� �)�H�� �V�X�E�V�W�L�W�X�L�W�� �L�]�R�P�R�U�I�� �v�Q�� �U�H�•�H�D�X�D��
matricei MCM-�������F�k�W���•�L���D���Q�D�Q�R�F�O�X�V�W�H�U�L�O�R�U���G�H���)�H2O3. 
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III.2.1.4 Caracterizare magneti�F�� 
�3�H�Q�W�U�X�� �D�� �L�Q�Y�H�V�W�L�J�D�� �S�U�R�S�U�L�H�W���•�L�O�H�� �P�D�J�Q�H�W�L�F�H�� �D�O�� �Q�D�Q�R�F�R�P�S�R�]�L�W�H�O�R�U��

Fe2O3/MCM-�������� �P���V�X�U���W�R�U�L�O�H�� �P�D�J�Q�H�W�L�F�H�� �D�X�� �I�R�V�W�� �U�H�D�O�L�]�D�W�H���� �O�D��
temperatura camerei într-un câmp magnetic maxim (H ) aplicat de 
�����N�2�H���� �I�R�O�R�V�L�Q�G�� �X�Q�� �P�D�J�Q�H�W�R�P�H�W�U�X�� �F�X�� �S�U�R�E���� �Y�L�E�U�D�Q�W���� ���9�L�E�U�D�W�L�Q�J��
Sample Magnetometer, VSM) Princeton MicroMagTM 2900/3900 
AGM/VSM. �5�H�]�X�O�W�D�W�H�O�H�� �R�E�•�L�Q�X�W�H�� �L�Q�G�L�F���� �I�D�S�W�X�O�� �F�����H�•�D�Q�W�L�R�D�Q�H�O�H��
�L�Q�Y�H�V�W�L�J�D�W�H���S�U�H�]�L�Q�W�����X�Q���F�R�P�S�R�U�W�D�P�H�Q�W���I�H�U�R�P�D�J�Q�H�W�L�F���V�O�D�E���� 

�Ž�L�Q�k�Q�G�� �F�R�Q�W�� �G�H�� �U�H�]�X�O�W�D�W�H�O�H�� �R�E�•�L�Q�X�W�H���� �S�X�W�H�P�� �F�R�Q�F�O�X�]�L�R�Q�D�� �F���� �P�H�W�R�G�D 
co-�S�U�H�F�L�S�L�W���U�L�L�� �Q�X�� �S�R�D�W�H�� �I�L�� �D�S�O�L�F�D�W���� �S�H�Q�W�U�X�� �S�U�H�F�L�S�L�W�D�U�H�D�� �V�L�P�X�O�W�D�Q���� �D��
�Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U�� �P�D�J�Q�H�W�L�F�H�� �•�L�� �D�� �P�D�W�U�L�F�H�L�� �P�H�]�R�S�R�U�R�D�V�H�� �v�Q�� �Y�H�G�H�U�H�D��
dispersiei controlate al acestor nanoparticule. 

�,�,�,���������� �&�D�U�D�F�W�H�U�L�]�D�U�H�D�� �H�³�D�Q�W�L�R�D�Q�H�O�R�U�� �Q�D�Q�R�F�R�P�S�R�]�L�W�H�� �R�[�L�G�� �G�H��
fier/MCM-41 pre�S�D�U�D�W�H���S�U�L�Q���W�H�K�Q�L�F�D���L�P�S�U�H�J�Q���U�L�L���X�P�H�G�H�� 

�,�,�,���������������&�D�U�D�F�W�H�U�L�]�D�U�H���V�W�U�X�F�W�X�U�D�O�� 
Într-�R���S�U�L�P���� �H�W�D�S���� �V-au înregistrat difractogramele la unghiuri mici 

�D�O�� �H�•�D�Q�W�L�R�D�Q�H�O�R�U�� �V�L�Q�W�H�W�L�]�D�W�H���� �5�H�]�X�O�W�D�W�H�O�H�� �R�E�•�L�Q�X�W�H�� �V�Xnt prezentate în 
Fig. 3.5.  

 
                                   (a)                                                          (b) 
Fig. 3.5 (a) �'�L�I�U�D�F�W�R�J�U�D�P�H�O�H�� �O�D�� �X�Q�J�K�L�X�U�L�� �P�L�F�L�� �D�O�� �H�³�D�Q�W�L�R�D�Q�H�O�R�U�� �Q�D�Q�R�F�R�P�S�R�]�L�W�H��
oxid de fier/MCM-41 preparate folosind MCM-41 �I�X�Q�F�µ�L�R�Q�D�O�L�]�D�W���� �S�U�L�Q�� �P�H�W�R�G�D��
post-�V�L�Q�W�H�]������ �,�Q�V�H�U�µ�L�H���� �G�L�I�U�D�F�W�R�Jramele la unghiuri mici al matricilor; (b) 
�'�L�I�U�D�F�W�R�J�U�D�P�H�O�H�� �O�D�� �X�Q�J�K�L�X�U�L�� �P�L�F�L�� �D�O�� �H�³�D�Q�W�L�R�D�Q�H�O�R�U�� �Q�D�Q�R�F�R�P�S�R�]�L�W�H�� �R�[�L�G�� �G�H��
fier/MCM-41 preparate folosind MCM-������ �I�X�Q�F�µ�L�R�Q�D�O�L�]�D�W���� �S�U�L�Q�� �P�H�W�R�G�D�� �F�R-
�F�R�Q�G�H�Q�V���U�L�L���� �,�Q�V�H�U�µ�L�H���� �G�L�I�U�D�F�W�R�J�U�D�P�H�O�H�� �O�D�� �X�Q�J�K�L�X�U�L�� �P�L�F�L�� �D�O���� ���,���� �8�U�V�D�F�K�L��et al. 
[12])  

�5�H�]�X�O�W�D�W�H�O�H�� �G�L�I�U�D�F�•�L�H�L�� �F�X�� �U�D�G�L�D�•�L�L��X �R�E�•�L�Q�X�W�H�� �S�H�Q�W�U�X�� �H�•�D�Q�W�L�R�D�Q�H�O�H�� �G�H��
nanocompozit oxid de fier/ MCM-41 preparate folosind ca matrice 
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silicea MCM-������ �I�X�Q�F�•�L�R�Q�D�O�L�]�D�W���� �S�U�L�Q�� �P�H�W�R�G�D�� �F�R-�F�R�Q�G�H�Q�V���U�L�L�� �V�X�Q�W��
�V�L�P�L�O�D�U�H�� �F�H�O�R�U�� �R�E�•�L�Q�X�W�H�� �S�H�Q�W�U�X�� �H�•�D�Q�W�L�R�D�Q�H�O�H�� �S�U�Hparate folosind ca 
matrice silicea MCM-�������I�X�Q�F�•�L�R�Q�D�O�L�]�D�W�����S�U�L�Q���P�H�W�R�G�D���J�U�H�I���U�L�L�� 

În Fig. 3.6 �V�X�Q�W�� �S�U�H�]�H�Q�W�D�W�H�� �G�L�I�U�D�F�W�R�J�U�D�P�H�O�H�� �H�•�D�Q�W�L�R�D�Q�H�O�R�U�� �R�[�L�G�� �G�H��
fier/ MCM-41 preparate folosind ca matrice silicea MCM-41 
�I�X�Q�F�•�L�R�Q�D�O�L�]�D�W�����S�U�L�Q���P�H�W�R�G�D���S�R�V�W-�V�L�Q�W�H�]������ 

 
Fig. 3.6 �'�L�I�U�D�F�W�R�J�U�D�P�H�O�H���O�D���X�Q�J�K�L�X�U�L���P�D�U�L���D�O���H�³�D�Q�W�L�R�D�Q�H�O�R�U���Q�D�Q�R�F�R�P�S�R�]�L�W�H���R�[�L�G��
de fier/MCM-41 preparate folosind ca matrice MCM-41 amino-�I�X�Q�F�µ�L�R�Q�D�O�L�]�D�W����
prin metoda post-�V�L�Q�W�H�]���� 

S-�D�� �R�E�V�H�U�Y�D�W�� �F���� �W�R�D�W�H�� �H�•�D�Q�W�L�R�D�Q�H�O�H�� �S�U�H�]�L�Q�W���� �P�D�[�L�P�H�� �G�H�� �G�L�I�U�D�F�•�L�H�� �D��
�F���U�R�U���S�R�]�L�•�L�H���•�L���L�Q�W�H�Q�V�L�W�D�W�H���U�H�O�D�W�L�Y�����S�X�Q���v�Q���H�Y�L�G�H�Q�•�����S�U�H�]�H�Q�•�D���K�H�P�D�W�L�W�H�L����
�&�U�L�V�W�D�O�L�Q�L�W�D�W�H�D�� �S�D�U�W�L�F�X�O�H�O�R�U�� �G�H�� �K�H�P�D�W�L�W���� ���.-Fe2O3���� �H�V�W�H�� �L�Q�I�O�X�H�Q�•�D�W���� �G�H��
�Q�L�Y�H�O�X�O�� �G�H�� �I�X�Q�F�•�L�R�Q�D�O�L�]�D�U�H�� �D�� �P�D�W�U�L�F�H�L�� �0�&�0-41. Astfel, cristalinitatea 
�V�X�S�H�U�L�R�D�U���� �D�� �S�D�U�W�L�F�X�O�H�O�R�U�� �G�H�� �K�H�P�D�W�L�W���� �F�R�U�H�V�S�X�Q�G�H�� �Q�L�Y�H�O�X�O�X�L�� �Pinim de 
�I�X�Q�F�•�L�R�Q�D�O�L�]�D�U�H�� 

�'�L�I�U�D�F�W�R�J�U�D�P�H�O�H�� �H�•�D�Q�W�L�R�D�Q�H�O�R�U�� �R�[�L�G�� �G�H�� �I�L�H�U���� �0�&�0-41 preparate 
folosind ca matrice silicea MCM-������ �I�X�Q�F�•�L�R�Q�D�O�L�]�D�W���� �S�U�L�Q�� �P�H�W�R�G�D�� �L�Q-
situ (co-condensare) sunt prezentate în Fig. 3.7. S-�D�� �R�E�V�H�U�Y�D�W�� �F����
�H�•�D�Q�W�L�R�D�Q�H�O�H�� �)�0�30.1 �•�L�� �)�0�30.2 �S�U�H�]�L�Q�W�� �P�D�[�L�P�H�� �G�H�� �G�L�I�U�D�F�•�L�H�� �D�� �F���U�R�U��
�S�R�]�L�•�L�H�� �•�L�� �L�Q�W�H�Q�V�L�W�D�W�H�� �U�H�O�D�W�L�Y���� �F�R�Q�I�L�U�P���� �S�U�H�]�H�Q�•�D�� �K�H�P�D�W�L�W�H�L�� �Ì�Q�� �V�F�K�L�P�E����
�G�L�I�U�D�F�W�R�J�U�D�P�H�O�H�� �H�•�D�Q�W�L�R�D�Q�H�O�R�U�� �)�8�30.1 �•�L�� �)�8�30.2 �S�X�Q�� �v�Q�� �H�Y�L�G�H�Q�•����
�S�U�H�]�H�Q�•�D���X�Q�X�L���D�P�H�V�W�H�F���G�H���I�D�]�H���.-Fe2O3 �•�L����-Fe2O3. 

În cazul nanoparticulelor de oxid de fier, �S�U�R�F�H�V�X�O���W�U�D�Q�V�I�R�U�P���U�L�L���G�H��
�I�D�]���� �.�:���� �H�V�W�H�� �S�U�R�P�R�Y�D�W�� �G�H�� �Q�H�F�H�V�L�W�D�W�H�D�� �F�R�P�S�H�Q�V���U�L�L�� �F�R�Q�W�U�L�E�X�•�L�H�L��
�F�U�H�V�F�X�W�H���D���V�X�S�U�D�I�H�•�H�L���Q�D�Q�R�S�D�U�W�L�F�X�O�H�O�R�U���O�D���H�Q�H�U�J�L�D���W�R�W�D�O�����D�O���D�F�H�V�W�R�U�D�� 
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Fig. 3.7 �'�L�I�U�D�F�W�R�J�U�D�P�H�O�H���O�D���X�Q�J�K�L�X�U�L���P�D�U�L���D�O���H�³�D�Q�W�L�R�D�Q�H�O�R�U���Q�D�Q�R�F�R�P�S�R�]�L�W�H���R�[�L�G��
de fier/MCM-41 preparate folosind ca matrice MCM-41 amino-�I�X�Q�F�µ�L�R�Q�D�O�L�]�D�W����
prin metoda in-situ. (I. Ursachi et al. [12])  

�,�,�,���������������&�D�U�D�F�W�H�U�L�]�D�U�H���P�R�U�I�R�O�R�J�L�F���� 
�,�P�D�J�L�Q�L�O�H�� �7�(�0�� �•�L�� �+�5�7�(�0�� �S�U�H�]�H�Q�W�D�W�H�� �v�Q�� �)�L�J���� ����8 �F�R�Q�I�L�U�P����

�U�H�]�X�O�W�D�W�H�O�H���R�E�•�L�Q�X�W�H���S�U�L�Q���G�L�I�U�D�F�•�L�H�L���F�X���U�D�G�L�D�•�L�L��X. Din Fig. 3.8�D���•�L������8c, 
s-�D�� �R�E�V�H�U�Y�D�W�� �F���� �D�S�U�R�D�S�H�� �W�R�D�W�H�� �S�D�U�W�L�F�X�O�H�O�H�� �G�H�� �R�[�L�G�� �G�H�� �I�L�H�U�� �V�X�Q�W��
�G�L�V�S�H�U�V�D�W�H���R�P�R�J�H�Q���v�Q���V�L�O�L�F�H�D���P�H�]�R�S�R�U�R�D�V�����0�&�0-41. 

 
Fig.3.8 �,�P�D�J�L�Q�L�O�H���7�(�0���³�L���+�5�7�(�0���D�O���H�³�D�Q�W�L�R�D�Q�H�O�R�U�����)�00.1 ���D�����E�����³�L���)�80.1 (c, d). 

(I. Ursachi et al. [12])  

III.2.2.3 Caracterizare �W�H�[�W�X�U�D�O���� 
Fig. 3.9 �S�U�H�]�L�Q�W���� �L�]�R�W�H�U�P�H�O�H�� �G�H�� �D�G�V�R�U�E�•�L�H-�G�H�V�R�U�E�•�L�H�� �D�� �D�]�R�W�X�O�X�L��

�v�Q�U�H�J�L�V�W�U�D�W�H�� �S�H�Q�W�U�X�� �H�•�D�Q�W�L�R�D�Q�H�O�H�� �G�H�� �Q�D�Q�R�F�R�P�S�R�]�L�W�� �)�H2O3/MCM-41 
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�R�E�•�L�Q�X�W�H�� �I�R�O�R�V�L�Q�G�� �F�D�� �P�D�W�U�L�F�H�� �V�L�O�L�F�H�D�� �0�&�0-41 amino-�I�X�Q�F�•�L�R�Q�D�O�L�]�D�W����
prin metoda post-�V�L�Q�W�H�]�����•�L���G�L�V�W�U�L�E�X�•�L�D���G�L�P�H�Q�V�L�X�Q�L�L���Sorilor.  

�,�]�R�W�H�U�P�H�O�H�� �G�H�� �W�L�S�� �,�9�� �D�O�� �H�•�D�Q�W�L�R�D�Q�H�O�R�U�� �)�8�30.1 �•�L�� �)�0�30.1���� �D�U�D�W���� �F����
�P�D�W�H�U�L�D�O�X�O�� �Q�D�Q�R�F�R�P�S�R�]�L�W�� �S�U�H�S�D�U�D�W�� �S�U�H�]�L�Q�W���� �V�W�U�X�F�W�X�U���� �P�H�]�R�S�R�U�R�D�V����
�R�U�G�R�Q�D�W���� �•�L�� �G�L�V�W�U�L�E�X�•�L�H�� �v�Q�J�X�V�W���� �D�� �G�L�P�H�Q�V�L�X�Q�L�L�� �S�R�U�L�O�R�U�����'�L�V�W�U�L�E�X�•�L�D��
�G�L�P�H�Q�V�L�X�Q�L�L���S�R�U�L�O�R�U���F�R�Q�I�L�U�P�����S�U�H�]�H�Q�•�D���P�H�]�R�S�R�U�R�]�L�W���•�L�L���v�Q���H�•�D�Q�W�L�R�D�Q�H�O�H��
FUP0.1 �•�L�� �)�0�30.1. �6�S�U�H�� �G�H�R�V�H�E�L�U�H�� �G�H�� �H�•�D�Q�W�L�R�D�Q�H�O�H�� �)�8�30.1 �•�L�� �)�0�30.1, 
specimenul FMP0.2 �S�U�H�]�L�Q�W�����R���L�]�R�W�H�U�P�����U�H�Y�H�U�V�L�E�L�O�����G�H���W�L�S���,���� 

  
                                     (a)                                                         (b) 
Fig. 3.9 (a) Izotermele de �D�G�V�R�U�E�µ�L�H-�G�H�V�R�U�E�µ�L�H�� �D�� �D�]�R�W�X�O�X�L���³�L�� ���E���� �G�L�V�W�U�L�E�X�µ�L�D��
dimensiunii porilor pentru nanoparticulele de Fe2O3 dispersate în MCM-41 
amino-�I�X�Q�F�µ�L�R�Q�D�O�L�]�D�W���S�U�L�Q���P�H�W�R�G�D���S�R�V�W-�V�L�Q�W�H�]���� 

�,�]�R�W�H�U�P�H�O�H�� �G�H�� �D�G�V�R�U�E�•�L�H-�G�H�V�R�U�E�•�L�H�� �D�� �D�]�R�W�X�O�X�L�� �v�Q�U�H�J�L�V�W�U�D�W�H�� �S�H�Q�W�Uu 
�H�•�D�Q�W�L�R�D�Q�H�O�H�� �G�H�� �Q�D�Q�R�F�R�P�S�R�]�L�W�� �)�H2O3/MCM-������ �R�E�•�L�Q�X�W�H�� �I�R�O�R�V�L�Q�G�� �F�D��
matrice silicea MCM-41 amino-�I�X�Q�F�•�L�R�Q�D�O�L�]�D�W���� �S�U�L�Q���P�H�W�R�G�D��in-situ �•�L��
�G�L�V�W�U�L�E�X�•�L�D���G�L�P�H�Q�V�L�X�Q�L�L���S�R�U�L�O�R�U���V�X�Q�W���S�U�H�]�H�Q�W�D�W�H���v�Q���)�L�J����������0. 

  
                                    (a)                                                     (b) 
Fig. 3.10 ���D���� �,�]�R�W�H�U�P�H�O�H�� �G�H�� �D�G�V�R�U�E�µ�L�H-�G�H�V�R�U�E�µ�L�H�� �D�� �D�]�R�W�X�O�X�L�� �� �³�L�� ���E���� �G�L�V�W�U�L�E�X�µ�L�D��
dimensiunii porilor pentru nanoparticulele de Fe2O3 dispersate în MCM-41 
amino-�I�X�Q�F�µ�L�R�Q�D�O�L�]�D�W���S�U�L�Q���P�H�W�R�G�D���L�Q-situ. (I. Ursachi et al. [12]) 
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