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�x�� �u�µ�š�µ���o���•�µ�‰�‰�}�Œ�š�����Ç���~�À�]�š�µ���o�•���v���v�}�����v�š�Œ���•�U���]�X�����X�������š�š���Œ���v���š�Á�}�Œ�l�]�v�P���}�(���‰�Œ���‰���Œ���š�]�}�v�����v�����u�����•�µ�Œ���r

�u���v�š�� �(�����]�o�]�š�]���•�U�� �š�}�� �u���l���� �]�š�� �����•�]���Œ�� �š�}�� �(�����Œ�]�����š���� ���� �����Œ�š���]�v�� �v���v�}�u���š���Œ�]���o�� �}�Œ�� �Z���À���� �]�š�� �]�v�À���•�š�]�P���š������
�Á�]�š�Z�}�µ�š�����•�š�����o�]�•�Z�]�v�P���š�Z�����Á�Z�}�o�����(�����Œ�]�����š�]�}�v�����v�����u�����•�µ�Œ���u���v�š���]�v�(�Œ���•�š�Œ�µ���š�µ�Œ�����}�v���}�v���–�•���}�Á�v�U�����Ç��
�Œ���(���Œ�Œ�]�v�P���š�}�����v�����•�š�����o�]�•�Z�������(�����]�o�]�š�Ç�����Æ�����o�o���v�š���]�v���š�Z�����(�]���o�����Á�]�š�Z���o�}�v�P�r�š���Œ�u�����Æ�‰���Œ�]���v�����������Æ�‰���Œ�š�•���(�}�Œ��
�����•�š���À���o�µ���r�(�}�Œ�r�u�}�v���Ç��

�x�� �/�v���µ�•�š�Œ�Ç���v�������•�������•�Ç�r�š�}�r�µ�•�����µ�v���}�u�‰�o�]�����š�������Œ���o�]�����o�����u�����•�µ�Œ���u���v�š���š�����Z�v�]�‹�µ���•�X�������Z�µ�P�����‰�Œ���‰���Œ���š�]�}�v��
���(�(�}�Œ�š���]�•�������‰�Œ�����]���š�����X���&�}�Œ���u���v�Ç���]�v���µ�•�š�Œ�]���o���]�v�•�‰�����š�]�}�v�•�U�����À���v���^���D���]�•���š�}�}���o�����}�µ�Œ�r�]�v�š���v�•�]�À�����]�v���š���Œ�u�•���}�(��
�‰�Œ���‰���Œ���š�]�}�v�U�� �u�����•�µ�Œ���u���v�š�� ���v���� ���v���o�Ç�•�]�•�� �•�}�� �š�Z���š�� ���‰�‰�o�]�����U�� ���µ�š�}�u���š������ �Œ�}�µ�š�]�v���•�� �v�������� �š�}�� ������ �]�u�‰�o���r
�u���v�š���������v�����À���o�]�����š�������š�}���u���l�����]�š�����(�(�]���]���v�š�X���D���š�Z�}���•���o�]�l�������&�D�U���}�(�š���v���]�v�À�}�o�À�]�v�P�����v�����À���v���P�Œ�����š���Œ���‰�Œ���‰�r
���Œ���š�]�}�v�����(�(�}�Œ�š�U�����}���‰�o���Ç�����v���]�u�‰�}�Œ�š���v�š���Œ�}�o�����]�v���š�Z�����‰�Œ�}�(�}�µ�v�����]�v�À���•�š�]�P���š�]�}�v���]�v���š�Z�����������l�P�Œ�}�µ�v���U�����µ�š�����Œ����
�]�v���u�}�•�š�������•���•���Œ���P���Œ���������µ�v�‰�Œ�����š�]�����o���(�}�Œ�����À���Œ�Ç�����Ç�����Z�����l�•�X��

�x�� ���•�‰�����]���o�o�Ç���]�v���������l�•�š���P�������]�•���µ�•�•�]�}�v�•�U���]�š�����������u�������À�]�����v�š���š�Z���š���•���u�‰�o�����‰�Œ���‰���Œ���š�]�}�v���]�•���}�(�š���v���u�µ���Z���u�}�Œ����
���Z���o�o���v�P�]�v�P���]�v���Œ�����o���o�]�(�����š�Z���v���•�µ�P�P���•�š�������]�v���•�}�u�����}�(�(�]���]���o���‰�Œ���•���v�š���š�]�}�v�•�X���D���v�Ç���‰���Œ�š�]���]�‰���v�š�•�����v���}�µ�Œ���P����
�����À���o�}�‰���Œ�•���}�(���•�š���v�����Œ���•�����v�����P�µ�]�����o�]�v���•���š�}���������‹�µ���š���o�Ç���š�����l�o�����š�Z�]�•�����Œ�]�š�]�����o���]�•�•�µ���X���d�}�}���}�(�š���v�U���š�Z�����•�µ���r
�����•�•���}�(�������‰�Œ���‰���Œ���š�]�}�v���(�}�Œ���š�Z�������v�À�]�•���P�������u�����•�µ�Œ���u���v�š���}���À�]�}�µ�•�o�Ç�������‰���v���•���•�š�Œ�}�v�P�o�Ç���}�v�������Œ�š���]�v���‰���r
�Œ���u���š���Œ�•���š�Z���š�����Œ�����]�v���u���v�Ç�������•���•���µ�v�l�v�}�Á�v�U���•�}�u���š�]�u���•���o�������]�v�P���š�}���š�Z�����µ�v�•���š�]�•�(�����š�}�Œ�Ç���•�]�š�µ���š�]�}�v���š�Z���š��
�����•�µ�������•�•�(�µ�o���‰�Œ���‰���Œ���š�]�}�v�������‰���v���•���}�v�����������Œ�š���]�v���‰���Œ�•�}�v���r�����(�}�Œ���Á�Z���š���À���Œ���Œ�����•�}�v�•�X���K�v���š�Z�����}�š�Z���Œ���Z���v���U��
�µ�v�]�(�}�Œ�u���‰�Œ�}�������µ�Œ���•���(�}�Œ���•�µ�������•�•�(�µ�o���‰�Œ���‰���Œ���š�]�}�v�����Œ�����Z���Œ�����š�}���•���š�U�����•���š�Z���� � ��À���]�o�����o���� �(�}�Œ�u���}�(��� �� � �v���v�}�r
�u���š���Œ�]���o���u���Ç���}�(�š���v�����]�(�(���Œ���(�Œ�}�u���u���v�µ�(�����š�µ�Œ���Œ���š�}���u���v�µ�(�����š�µ�Œ���Œ���}�Œ�����À���v���(�Œ�}�u�������š���Z���š�}�������š���Z�U�����v�����]�v��
�u�}�•�š�������•���•�U�������v���v�}�u���š���Œ�]���o���]�•���v���]�š�Z���Œ���•�µ�(�(�]���]���v�š�o�Ç���‰�µ�Œ�����v�}�Œ���]�š�•���•�š���š�������v�����Z�]�•�š�}�Œ�Ç���������‹�µ���š���o�Ç�����}���µ�r
�u���v�š�����X�����v���]�v�Z���Œ���v�š�����Z���o�o���v�P�����]�•���š�Z���š���u�}�•�š���}�(���š�Z���u���u���Ç�������•�]�o�Ç���À���Œ�Ç���Á�]�š�Z���š�Z�������u���]���v�š�����}�v���]�š�]�}�v�•��
�š�Z���Ç�����Œ�������Æ�‰�}�•�������š�}�X�����P�P�o�}�u���Œ���š�]�}�v�����v�������P�P�Œ���P���š�]�}�v�����Œ���������v�}�š�}�Œ�]�}�µ�•�����Z���o�o���v�P���U�����v�����š�Z�������‰�‰�o�]�����š�]�}�v��
�}�(���•�}�v�]�����š�]�}�v�����•���Á���o�o�����•���š�Z���������Z���À�]�}�Œ���}�(�����µ�Æ�]�o�]���Œ�Ç�����P���v�š�•���]�v���š�Z�����‰�Œ���‰���Œ���š�]�}�v���‰�Œ�}�����•�•���š�Z���Œ���(�}�Œ���������r
�•���Œ�À���������Œ���(�µ�o�����}�v�•�]�����Œ���š�]�}�v�����u�}�v�P���u���v�Ç���}�š�Z���Œ���‰���Œ���u���š���Œ�•�X����

�x�� �/�v���š�Z�����‰���•�š���(���Á���Ç�����Œ�•�U���•�]�P�v�]�(�]�����v�š���‰�Œ�}�P�Œ���•�•���Z���•���������v�������Z�]���À�������]�v���š�Z���������À���o�}�‰�u���v�š���}�(���u�����•�µ�Œ���u���v�š��
�u���š�Z�}���•���(�}�Œ���v���v�}�u���š���Œ�]���o�•�U���]�v���o�X���À���Œ�]�}�µ�•���]�v�]�š�]���š�]�À���•���š�}���P�µ�]�������µ�•���Œ�•���š�Z�Œ�}�µ�P�Z�����]�(�(���Œ���v�š�����Z���Œ�����š���Œ�]�Ì���r
�š�]�}�v���u���š�Z�}���•���š�}���Z���o�‰���(�]�v�������v�����(�(�]���]���v�š�U�����(�(�}�Œ�������o�����‰���š�Z���š�}���š�Z�����‰���Œ�š�]���µ�o���Œ�����Z���Œ�����š���Œ�]�Ì���š�]�}�v���v�����������U��
���X�� �P�U�� �Á�]�š�Z�� �������]�•�]�}�v�� �š�Œ�����•�X�� ���� �‰�Œ�}�u�]�v���v�š�� ���Æ���u�‰�o���� �]�•�� �š�Z���� �E���v�}�����(�]�v� �� � � �� r� š� }� }�o� � �Á� ]� š�Z� � � �� v� � � ]�u�‰�o� ��u� �� v�š� �� �� �
�š�]���Œ������ ���‰�‰�Œ�}�����Z�� �š�}�� �������]������ �Á�Z���š�Z���Œ�� ���� �u���š���Œ�]���o�� �]�•�� ���� �v���v�}�u���š���Œ�]���o�X�� �,�}�Á���À���Œ�U�� �u���v�Ç�� �‰���Œ�š�]���]�‰���v�š�•��
�u���Œ�l�������š�Z���š���u�}�•�š���}�(���š�Z���•���������Z�]���À���u���v�š�•�U���]�v���o�X���u���v�Ç���•�š���v�����Œ���]�Ì���š�]�}�v���‰�Œ�}�i�����š�•�U���Á���Œ���������•�������}�v���š�Z�]�Œ���r
�‰���Œ�š�Ç���(�µ�v���]�v�P�U�����v�����À�}�]���������š�Z�������}�v�����Œ�v���š�Z���š�����}�v�š�]�v�µ�]�š�Ç�����v�����•�µ�•�š���]�v�����]�o�]�š�Ç�����Œ�������š���Œ�]�•�l���}�v�������š�Z�����(�µ�v���]�v�P��
���v���•�X����
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���}�v���o�µ�•�]�}�v�•���l���u���]�v���š�}�‰�]���•���������Œ���•�•�������]�v���š�Z�����}�Œ���o���‰�Œ���•���v�š���š�]�}�v�•�W��

�x�� �d�Z�����‰�}�š���v�š�]���o���}�(���v���v�}�š�����Z�v�}�o�}�P�Ç���Á���•���Z�]�P�Z�o�]�P�Z�š�������]�v�� �š�Z�����Á���o���}�u�����������Œ���•�•���}�(���W�Œ�}�(�X���h�X���W���v�v���U��
�‰�Œ���•�]�����v�š�� �}�(�� �����D�U�� ���Ç�� �Œ���u�]�v���]�v�P�� �š�Z���� �Á�}�Œ�l�•�Z�}�‰�� �}�v�� �š�Z���� �(���u�}�µ�•�� �Á�}�Œ���•� � � }� (� ��Z�]���Z���Œ���� �&���Ç�v�u���v�W��
�d�Z���Œ�����]�•���‰�o���v�š�Ç���}�(���Œ�}�}�u�����š���š�Z�������}�š�š�}�u���]�v���Z�]�•���š���o�l���v�����Œ�o�Ç���ò�ì���Ç�����Œ�•�����P�}�X��

�x�� �,�X���Z���µ�•���Z���Œ���‰�Œ���•���v�š�������š�Z�������v���o�Ç�•�]�•���}�(���š�Z�����:�Z�����•�µ�Œ�À���Ç���(�Œ�}�u���î�ì�í�ó���}�v���š�Z�����v�������•���(�}�Œ�������Œ�š�]�(�]���������v����
�v�}�v�r�����Œ�š�]�(�]�������Œ���(���Œ���v�������u���š���Œ�]���o�•�����v�����Œ���‰�Œ���•���v�š���š�]�À�����š���•�š���u���š���Œ�]���o�•���]�v���š�Z�������Œ�������}�(���v���v�}�š�����Z�r
�v�}�o�}�P�Ç�X���d�Z�����]�u�‰�}�Œ�š���v���������v�����v���������(�}�Œ���Œ���(���Œ���v�������v���v�}�u���š���Œ�]���o�•���Á���•���‰�}�]�v�š�������}�µ�š���]�v���‰���Œ�š�]���µ�o���Œ��
�(�}�Œ�����Œ�����•���µ�v�����Œ���Œ���P�µ�o���š�]�}�v���~���}�•�u���š�]���•�U���(�}�}���U���Y�•�X����

�x�� �/�v���š�Z�����š���o�l�����Ç���D�X���Z���µ�š���Œ���(�Œ�}�u���s���/�U���š�Z�����š�]���Œ���������‰�‰�Œ�}�����Z���Á���•���Œ���P���Œ�����������•�������Œ�����•�}�v�����o�������‰�‰�Œ�}�����Z��
�š�}���v���v�}�u���š���Œ�]���o�����Z���Œ�����š���Œ�]�Ì���š�]�}�v���]�v���]�v���µ�•�š�Œ�Ç�X���,�}�Á���À���Œ�U���š�Z���Œ�����]�•���•�š�]�o�o�������v���������(�}�Œ���u�����•�µ�Œ���u���v�š��
�u���š�Z�}���•���Á�Z�]���Z���Á�}�µ�o�������o�o�}�Á���š�Z�����v�µ�u�����Œ���}�(�����}�Œ�����Œ�o�]�v�����u���š���Œ�]���o�•���]�v���š�]���Œ���í���š���•�š�]�v�P���š�}���������Œ�����µ��������
�}�Œ���•���Œ�����v�]�v�P���}�(���u���v�µ�(�����š�µ�Œ�������v���v�}�u���š���Œ�]���o�•�X��

�x�� �K�v�����]�u�‰�}�Œ�š���v�š���}�µ�š�‰�µ�š���}�(���š�Z�������µ�Œ�}�‰�����v���E���v�}�����(�]�v�����i�}�]�v�š���Œ���•�����Œ���Z���‰�Œ�}�i�����š���(�µ�v���������Á�]�š�Z�]�v���š�Z����
� &� W� � � ó� � � Á� �� •� � � š� Z� �� � � �� �� À� �� o� }� ‰� u� �� v� š� � � }� (� � � �� v� � � �� Æ� ‰� �� Œ� š� � � •� Ç� •� š� �� u� U� � � �� �� o� o� �� �� � � ^�E���v�}�����(�]�v���� ���r�š�}�}�o�_��
�~�Z�š�š�‰�W�l�l�Á�Á�Á�X�v���v�}�����(�]�v���X���µ�l�]�v�����Æ�X�‰�Z�‰�l�v���v�}�����(�]�v���Œ�r���r�š�}�}�o�•�U���Á�Z�]���Z���µ�•���•�����Æ�‰���Œ�š���l�v�}�Á�o�����P�����š�}��
�P�µ�]�������]�v�š���Œ���•�š�������µ�•���Œ�•���Á�Z�]���Z���š�Ç�‰���•���}�(���u�����•�µ�Œ���u���v�š���u���š�Z�}�������}�µ�o�����������Œ�����•�}�v�����o�Ç�����Z�}�•���v���š�}��
�]�v�À���•�š�]�P���š���������v���v�}�u���š���Œ�]���o���}�(���]�v�š���Œ���•�š���Á�]�š�Z���Œ���•�‰�����š���š�}���š�Z�����������Œ�����}�u�u���v�����š�]�}�v���(�}�Œ���š�Z���������(�]�v�]�r
�š�]�}�v���}�(���v���v�}�u���š���Œ�]���o���~�š���o�l�����Ç���,�X���Z���µ�•���Z���Œ���}�v���E���v�}�����(�]�v���•��

�x�� �/�v���š�Z�����‰�Œ���•���v�š���š�]�}�v�����Ç���,�X�����Œ���•���Z���(�Œ�}�u�������D���}�v���š�Z�����K���������d���•�š���'�µ�]�����o�]�v�����}�v���‰���Œ�š�]���o�����•�]�Ì�����˜���•�]�Ì����
���]�•�š�Œ�]���µ�š�]�}�v���}�(���D���v�µ�(�����š�µ�Œ�������E���v�}�u���š���Œ�]���o�•�� ���� �v���������Á���•�� �]�v���]�����š����� � �(�}�Œ���š���•�š���u���š���Œ�]���o�•���Á�]�š�Z������
�o�}�v�P���Œ�����À���]�o�����]�o�]�š�Ç���}�(�������}�µ�š���î�ì���Ç�����Œ�•�X��

�x�� �/�v���š�Z�����š���o�l���P�]�À���v�����Ç�����X���D���Ç���Œ�r�W�o���š�Z���(�Œ�}�u�������µ�����������o�����Œ���v���������(�}�Œ���•�š���v�����Œ���•���(�}�Œ���š�Z�����u�����Z���v�]�����o��
�‰�Œ�}�‰���Œ�š�]���•���}�(���Z�]�P�Z�����•�‰�����š���Œ���š�]�}���u���š���Œ�]���o�•���š�}���•�µ�‰�‰�}�Œ�š���]�v�À���•�š�]�P���š�]�}�v�•�����}�v�����Œ�v�]�v�P���š�Z���]�Œ���‰�}�•�•�]���o����
�š�}�Æ�]���]�š�Ç�� ���v���� �Z�����o�š�Z�� �Œ�]�•�l�� �Á���•�� �]�����v�š�]�(�]�����X�� �D�}�Œ���}�À���Œ�U�� ���}�}�‰���Œ���š�]�}�v�•�� �š�}�� ���Æ�š�Œ�����š���������µ�Œ���š���� ���]�u���v�r
�•�]�}�v���o���]�v�(�}�Œ�u���š�]�}�v�� �(�Œ�}�u�� �^���D�� �]�u���P���•�� �}�(�� �Z�]�P�Z�� ���•�‰�����š���Œ���š�]�}�� �u���š���Œ�]���o�•�� �~�Á�]���š�Z�U�� �o���v�P�š�Z�U�� �Y�•�� �Á���Œ����
�Œ���P���Œ�����������•���À���Œ�Ç���Z���o�‰�(�µ�o�X��

�x�� �W�Œ�}�u�]�•�]�v�P���‰�}�•�•�]���]�o�]�š�]���•���š�}���P���v���Œ���š�����Á���o�o�������(�]�v�������v���v�}�}���i�����š�•���}�(�����]�(�(���Œ���v�š���•�Z���‰�����~���]�r�‰�Ç�Œ���u�]���•�U��
�‰�o���š���o���š�•�U���‰�Œ�]�•�u�•�U���Y�•�������Ç���Z�Ç���Œ�}�š�Z���Œ�u���o���š�����Z�v�]�‹�µ���•���Á���Œ�����‰�Œ���•���v�š�������]�v���š�Z�����š���o�l�����Ç���s�X���D���µ�Œ�]�v�}��
�(�Œ�}�u���h�v�]�À���Œ�•�]�š�Ç���}�(���d�}�Œ�]�v�}�X��

�x�� �D�X�� �<�Œ�µ�u�Œ���Ç�� �(�Œ�}�u�� �W�d���� �‰�Œ���•���v�š������ �Œ���•�µ�o�š�•�� �}�v�� �����•�}�o�µ�š���� �•�����š�š���Œ�]�v�P�� �]�v�š���v�•�]�š�Ç�� �u�����•�µ�Œ���u���v�š�•�� �]�v��
�^���y�^�����Æ�‰���Œ�]�u���v�š�•�U���Á�Z�]���Z�����o�o�}�Á�������v���v�}�‰���Œ�š�]���o�������}�v�����v�š�Œ���š�]�}�v�•���]�v���•�}�o�µ�š�]�}�v���š�}���������š�Œ�����������o�Ç�������r
�š���Œ�u�]�v�����X��

�x�� �/�v�� �š�Z���� �š���o�l�� ���Ç�� �D�X�� �^�š�]�v�š�Ì�� �}�v���/�^�K�� �^�š���v�����Œ���]�Ì���š�]�}�v�� �����š�]�À�]�š�]���•�� �}�v�� �Z���(���Œ���v������ �E���v�}�u���š���Œ�]���o�•� � � ��o�•�}� �
�u�}�Œ�������}�u�‰�o���Æ���v���v�}�‰���Œ�š�]���o�������]�•�š�Œ�]���µ�š�]�}�v�•���o�]�l�������X�P�X���‰�]���l���š�r�(���v���������]�•�š�Œ�]���µ�š�]�}�v�•���Á���Œ�����u���v�š�]�}�v������
�š�}���������v�}�Á���š�Œ�����š�������]�v���]�v�š���Œ�v���š�]�}�v���o���•�š���v�����Œ���]�Ì���š�]�}�v���‰�Œ�}�i�����š�•�X��

�x�� �d�Z���Œ�����]�•���������o�����Œ���v���������š�}���•�‰�����]�(�Ç���š�Z�����u���P�v���š�]�����‰�Œ�}�‰���Œ�š�]���•���}�(���u���P�v���š�]�����Œ���(���Œ���v�������v���v�}�u���š���Œ�]�r
���o�•�U���Á�Z�]���Z���]�•���v�}�š���š�Z���������•�����µ�‰���š�}���v�}�Á���(�}�Œ���š�Z�������À���]�o�����o�����u���P�v���š�]�����Œ���(���Œ���v�������v���v�}�u���š���Œ�]���o�•�����•���Á���•��
�‰�}�]�v�š�������}�µ�š�����Ç���h�X���^�š���]�v�Z�}�(�(���(�Œ�}�u���W�d�����]�v���Z�]�•���š���o�l�X��

�x�� �/�v���š�Z�����‰�Œ���•���v�š���š�]�}�v�����Ç�����X�����µ�Z�Œ���}�v���^�d�^���D�W�������š�Œ�����������o�����u���š�Z�}�����(�}�Œ���v���v�}�‰���Œ�š�]���o�����u���š�Œ�}�o�}�P�Ç�_���]�š��
�Á���•���‰�}�]�v�š�������}�µ�š���š�Z���š���š�Z���Œ�������Œ�����u�����•�µ�Œ���u���v�š���u���š�Z�}���•���(�}�Œ���v���v�}�‰���Œ�š�]���o�����•�]�Ì�������v�����•�]�Ì�������]�•�š�Œ�]���µ�r
�š�]�}�v�•���~�v���u���o�Ç���^���y�^�����v�����d�^���D�����Ç���W�d���•�U���•�‰�����]�(�]�������]�v���š�Z�����<���������}�(���š�Z�������/�W�D�U���]�X���X���š�Z���•�����•�‰�����]�(�]�����r
�š�]�}�v�•���Z���À�����µ�v�����Œ�P�}�v���������‰�����Œ���Œ���À�]���Á���}�(���u���š�Œ�}�o�}�P�Ç�����Æ�‰���Œ�š�•���Á�}�Œ�o���Á�]�����X��

�x�� �d�Z�����‹�µ���•�š�]�}�v���š�}���Á�Z���š�������P�Œ�������š�Z�����u�����•�µ�Œ���u���v�š���Œ���•�µ�o�š�•���}�(�����]�(�(���Œ���v�š���u�����•�µ�Œ���u���v�š���u���š�Z�}���•��
�(�}�Œ���v���v�}�‰���Œ�š�]���o���� ���Z���Œ�����š���Œ�]�Ì���š�]�}�v�������v�������� �u�����������}�u�‰���Œ�����o���� ���Ç���‰�Œ�}�‰���Œ���•�]�P�v���o���u�}�����o�o�]�v�P���Á���•��
���]�•���µ�•�•�������]�v���š�Z�����š���o�l�����Ç���s�X�����}�o���u���v���(�Œ�}�u���E�D�/���X��
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��
��

�x�� ���X���d�Z�º�v���u���v�v���(�Œ�}�u�������D���‰�}�]�v�š�������}�µ�š���]�v���Z�]�•���‰�Œ���•���v�š���š�]�}�v�����v�š�]�š�o�������^���Z���o�o���v�P���•���}�(���•�Ç�v�š�Z���•�]�•�����v����
���v���o�Ç�•�]�•���}�(�����}�Œ���r�•�Z���o�o���v���v�}�‰���Œ�š�]���o���•���(�}�Œ���Œ���(���Œ���v�������u���š���Œ�]���o�•�_���š�Z���š���o�}�v�P�r�š���Œ�u���•�š�����o�����v���v�}�u���š���Œ�]�r
���o�•���]�v���•�}�o�µ�š�]�}�v�����Œ�������o�Á���Ç�•�����}�Œ���r�•�Z���o�o���š�Ç�‰�����v���v�}�u���š���Œ�]���o�•�X��

�x�� �/�v���š�Z�����š���o�l�����Ç���Z�X���d�Z���]�•�•�u���v�v���(�Œ�}�u���<�Œ�}�v�}�•�����v�����‰�‰�Œ�}�����Z���š�}���•�����š�]�}�v�]�v�P���}�(���u���v�µ�(�����š�µ�Œ�������v���v�}�r
�u���š���Œ�]���o�•�� �~�d�]�K�î�•�� �Á���•�� �•�Z�}�Á�v�U�� �Á�Z�]���Z�� ���o�o�}�Á������ �š�Z���� ���}�v�š���v�š�� �}�(�� �v���v�}�u���š���Œ�]���o�� �]�v�� ���� �‰�Œ�}���µ���š�� �š�}�� ������
�������µ�Œ���š���o�Ç�������š���Œ�u�]�v�������r���������}�Œ���]�v�P���š�}���š�Z�����������Œ�����}�u�u���v�����š�]�}�v���(�}�Œ�������(�]�v�]�š�]�}�v���}�(���v���v�}�u���š���Œ�]���o���r��
���Ç���Z�]�P�Z�o�Ç�����µ�š�}�u���š�������^���D���]�u���P���������‹�µ�]�•�]�š�]�}�v�����v�������v���o�Ç�•�]�•�X��

�x�� ���X���,�}���}�Œ�}���������(�Œ�}�u�������D���P���À���������‰�Œ���•���v�š���š�]�}�v���}�v���^�^�Z���‰�������}�v�š�Œ�}�o�o�������d�]�K�î���v���v�}�‰���Œ�š�]���o���•�����•�������v�r
���]�����š���•�� �(�}�Œ�� �v���v�}�r���Z�D�[�•�� �t�� ���v�� �/�^�K�� �����•���� �•�š�µ���Ç�_�� �]�v�� �Á�Z�]���Z�� ���]�r�‰�Ç�Œ���u�]�����o�� �d�]�K�î� � � v� �� v� }� }� �� i� �� �� š� •� � �Á� ��Œ� �� �
�]�����v�š�]�(�]���������•���P�}�}���������v���]�����š���•���(�}�Œ�������•�Z���‰�������v�����•�]�Ì�����Œ���(���Œ���v�������v���v�}�u���š���Œ�]���o�X��

�x�� �,�Ç�‰�Z���v���š�������/���W�r�D�^���Á���•���‰�Œ���•���v�š���������•�������P�}�}�����u���š�Z�}�����(�}�Œ���•�]�Ì�������v�����v�µ�u�����Œ�r�����•���������}�v�����v�š�Œ���r
�š�]�}�v���u�����•�µ�Œ���u���v�š�•���]�v���š�Z�����š���o�l�����Ç�����X�������Œ�š���Ì���l���(�Œ�}�u���>�'���X�����������Y�D���]�v�š���Œ���}�u�‰���Œ�]�•�}�v���}�v�����}�o�o�}�]�����o��
���µ���E�W�����v���������‰���Œ���o�o���o���s���D���^���•�š�µ���Ç���}�‰���v���(�}�Œ�����À���Œ�Ç���}���Ç���š�}���‰���Œ�š�]���]�‰���š�����Á���•���•�š���Œ�š�����X���d�Z�������}�µ�‰�o�]�v�P��
�}�(���/���W�r�D�^���Œ���•�µ�o�š�•�����v�������ð�&���Œ���•�µ�o�š�•���]�•�����o�•�}�����µ�Œ�Œ���v�š�o�Ç���]�v�À���•�š�]�P���š�����X��

�x�� �/�v���š�Z�����š���o�l�����Ç���^�X���t���]�P���o���(�Œ�}�u�����(�Z���š�Z�����‹�µ���•�š�]�}�v���^�����v���o�������o�o�������v���v�}�‰���Œ�š�]���o���•�����•���]�v�š���Œ�v���o���•�š���v�����Œ���•��
�]�u�‰�Œ�}�À�����š�Z�����Œ���o�]�����]�o�]�š�Ç���}�(���š�Z�����‹�µ���v�š�]�š���š�]�À�������v���o�Ç�•�]�•���}�(���v���v�}�u���š���Œ�]���o�•���]�v�����}�u�‰�o���Æ���u���š�Œ�]�����•�M�_���Á���•��
���]�•���µ�•�•�����X���d�Z�����/���W�r�D�^���u���š�Z�}�����Z���•���������v���]�v�À���•�š�]�P���š���������•�������u���š�Z�}�����(�}�Œ�����Z���Œ�����š���Œ�]�Ì���š�]�}�v���}�(���~�o���r
�����o�o�����•���v���v�}�‰���Œ�š�]���o���•���]�v�����}�u�‰�o���Æ���u���š�Œ�]�����•�X��
��
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�t�}�Œ�l�•�Z�}�‰���}�v���Z���(���Œ���v�������E���v�}�u���š���Œ�]���o�•����
���µ�Œ�Œ���v�š���•�]�š�µ���š�]�}�v�����v�����v�������•�W���������À���o�}�‰�u���v�š�U���u�����•�µ�Œ���u���v�š�U���•�š���v�����Œ�]�Ì���š�]�}�v��

�D���Ç���í�ð��

�&�}���µ�•�W���Œ���(���Œ���v�������u���š���Œ�]���o���v�������•�����v���������À���o�}�‰�u���v�š��

�� �����Ç���í�� �W���P����

�í�ì�W�ï�ì�r�í�í�W�ì�ì�� �Z���P�]�•�š�Œ���š�]�}�v���� ��
�í�í�W�ì�ì�r�í�í�W�í�ñ�� �t���o���}�u�������v�����/�v�š�Œ�}���µ���š�]�}�v�����Ç�������D�����v�����W�d���� ��
�í�í�W�í�ñ�r�í�í�W�ð�ñ���E�������•���(�}�Œ�������Œ�š�]�(�]���������v�����v�}�v�r�����Œ�š�]�(�]�������Œ���(���Œ���v�������u���š���Œ�]���o�•�����v������

�Œ���‰�Œ���•���v�š���š�]�À�����š���•�š���u���š���Œ�]���o�•���]�v���š�Z�������Œ�������}�(���v���v�}�š�����Z�v�}�o�}�P�Ç���t����
���v���o�Ç�•�]�•���}�(�������•�µ�Œ�À���Ç���Z���o�������Ç���:�Z�����]�v���î�ì�í�ó��
�,�X���Z���µ�•���Z���Œ���U���'�X���Z�}���������v���U�����X���,���o������
���:�}�]�v�š���Z���•�����Œ���Z�������v�š�Œ�����}�(���š�Z�������µ�Œ�}�‰�����v�����}�u�u�]�•�•�]�}�v�U���/�•�‰�Œ���U���/�š���o�Ç��
���:�}�]�v�š���Z���•�����Œ���Z�������v�š�Œ�����}�(���š�Z�������µ�Œ�}�‰�����v�����}�u�u�]�•�•�]�}�v�U���'�����o�U�������o�P�]�µ�u��

�î�ñ�U��
�õ�ó�r
�í�ì�ó��

�í�í�W�ð�ñ�r�í�î�W�í�ñ�����Æ�‰�����š���š�]�}�v�•�U���Œ���•�µ�o�š�•�����v�����(�}�o�o�}�Á�r�µ�‰�W���]�v���µ�•�š�Œ�Ç���‰���Œ�•�‰�����š�]�À�����]�v�������À���o�}�‰�]�v�P��
�����u�����•�µ�Œ���u���v�š���•�š�Œ���š���P�Ç���(�}�Œ���v���v�}�u���š���Œ�]���o��
�D�X���Z���µ�š���Œ����
�s���/���~�'���Œ�u���v�����Z���u�]�����o���/�v���µ�•�š�Œ�Ç�����•�•�}���]���š�]�}�v�•�U���^���]���v���������v�����Z���•�����Œ���Z�U��
�&�Œ���v�l�(�µ�Œ�š�U���'���Œ�u���v�Ç��

�î�ò�r
�î�ó�U��
�í�ì�ô�r
�í�í�ï��

�í�î�W�í�ñ�r�í�î�W�ð�ñ���d�Z�����E���v�}�����(�]�v�����������]�•�]�}�v���(�Œ���u���Á�}�Œ�l�����v�����^�E���v�}�����(�]�v���Œ�_�����r�d�}�}�o��
�,�X���Z���µ�•���Z���Œ���U�����X���D�����Z���U�����X���'���]�o�o���Œ�����U���,�X���D���Œ�À�]�v���U���t�X���t�}�Z�o�o�������v���U�����X���,�}�r
���}�Œ�}���������U���&�X���������]���l���U�����X���D�X���&�Œ�]�����Œ�]���Z�(�U���Z�X�����Œ�µ���v�P���o�(�U���:�X���Z�º���l���Œ�š�(�U������
���X���'�Z���v���u�P�U���^�X���t���]�P���o�Z��
�����µ�Œ�}�‰�����v�����}�u�u�]�•�•�]�}�v���:�}�]�v�š���Z���•�����Œ���Z�������v�š�Œ�����t�����]�Œ�����š�}�Œ���š�����,�����o�š�Z�U�����}�v�•�µ�u���Œ�•��
���v�����Z���(���Œ���v�������D���š���Œ�]���o�•�U���/�š���o�Ç����

���Z�/�<�/�>�d�U���t���P���v�]�v�P���v���h�Z�U���E���š�Z���Œ�o���v���•����
�������^�&���^���U���'���Œ�u���v�Ç��
�����µ�v�����•���v�•�š���o�š���(�º�Œ���D���š���Œ�]���o�(�}�Œ�•���Z�µ�v�P���µ�v�����t�‰�Œ�µ���(�µ�v�P���~�����D�•�U���'���Œ�u���v�Ç��
���d�����Z�v�]�•���Z�����h�v�]�À���Œ�•�]�š���š�����Œ���•�����v�U���'���Œ�u���v�Ç��
�(�h�v�]�À���Œ�•�]�š�Ç���}�(�����‰�‰�o�]�������^���]���v�����•�����v�������Œ�š�•�����}�Œ�š�u�µ�v���U���'���Œ�u���v�Ç��
�P�^�}�o�À���Ç���t���Z���•�����Œ���Z���˜���/�v�v�}�À���š�]�}�v�������v�š�Œ�������Œ�µ�•�•���o�•�U�������o�P�]�µ�u����
�Z���µ�v�����•�]�v�•�š�]�š�µ�š���(�º�Œ���Z�]�•�]�l�}�����Á���Œ�š�µ�v�P���~���(�Z�•�U���'���Œ�u���v�Ç��

�î�ô�U��
�í�í�ð�r
�í�î�ð��

�í�î�W�ð�ñ�r�í�î�W�ñ�ñ���'�Œ�}�µ�‰���W�Z�}�š�}�� ��
�í�î�W�ñ�ñ�r�í�ï�W�ð�ñ�����>�µ�v���Z��� � � �
�í�ï�W�ð�ñ�r�í�ñ�W�ì�ì�����W�}�•�š���Œ���^���•�•�]�}�v���/�� ��
�í�ñ�W�ì�ì�r�í�ñ�W�î�ì���K���������d���•�š���'�µ�]�����o�]�v�����}�v���‰���Œ�š�]���o�����•�]�Ì�����˜���•�]�Ì�������]�•�š�Œ�]���µ�š�]�}�v���}�(����

�D���v�µ�(�����š�µ�Œ�������E���v�}�u���š���Œ�]���o�•��
�,�X�����Œ���•���Z���U�����X���^���Z�u�]���š���U���s�X���������Z�u���v�v���U���<�X���<���u�‰�(���U���d�X���<�µ�Z�o���µ�•���Z���U���<�X��
�^���Z�Á�]�Œ�v���U�����X���s�‚�o�l���Œ����
���&�������Œ���o���/�v�•�š�]�š�µ�š�����(�}�Œ���D���š���Œ�]���o�•���Z���•�����Œ���Z�����v�����d���•�š�]�v�P���~�����D�•�U�������Œ�o�]�v�U���'���Œ�u���v�Ç��
���&�������Œ���o���/�v�•�š�]�š�µ�š�����(�}�Œ���K�����µ�‰���š�]�}�v���o���^���(���š�Ç�����v�����,�����o�š�Z���~�����µ���•�U���'���Œ�u���v�Ç��
���'���Œ�u���v�����v�À�]�Œ�}�v�u���v�š�����P���v���Ç���~�h�����•�U�������•�•���µ�r�Z�}�˜�o���µ�U���'���Œ�u���v�Ç��

�î�õ�U��
�í�î�ñ�r
�í�ï�î��

�í�ñ�W�î�ì�r�í�ñ�W�ð�ì���,�����o�š�Z���/�•�•�µ���•���}�(���D�]���Œ�}�r�����v�����E���v�}�•�����o�����,�]�P�Z�����•�‰�����š���Z���š�]�}���D���š���Œ�]���o�•��
�~�,���Z�D�•�W���E���������(�}�Œ���Z���(���Œ���v�������D���š���Œ�]���o�•�����v�����d���•�š�]�v�P���^�š���v�����Œ���•��
���X���D���Ç���Œ�r�W�o���š�Z�U���<�X���<���u�‰�(�U�����X���,���µ�v�]�•���Z�U�����X�����Œ�}�˜���o�o�U���Z�X���W�����l�Œ�}�(�(��
�����µ���r�&�������Œ���o���/�v�•�š�]�š�µ�š�����(�}�Œ���K�����µ�‰���š�]�}�v���o���^���(���š�Ç�����v�����,�����o�š�Z�U�������Œ�o�]�v�����v������
���}�Œ�š�u�µ�v���U���'���Œ�u���v�Ç��

�ï�ì�U��
�í�ï�ï�r
�í�ð�ñ��

�í�ñ�W�ð�ì�r�í�ò�W�ì�ì�����}�(�(���������Œ�����l�� ��
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�t�}�Œ�l�•�Z�}�‰���}�v���Z���(���Œ���v�������E���v�}�u���š���Œ�]���o�•����
���µ�Œ�Œ���v�š���•�]�š�µ���š�]�}�v�����v�����v�������•�W���������À���o�}�‰�u���v�š�U���u�����•�µ�Œ���u���v�š�U���•�š���v�����Œ�]�Ì���š�]�}�v��

�D���Ç���í�ð��

�&�}���µ�•�W���Œ���(���Œ���v�������u���š���Œ�]���o���v�������•�����v���������À���o�}�‰�u���v�š��

�� �����Ç���í�����}�v�š�]�v�µ������ �W���P����

�í�ò�W�ì�ì�r�í�ò�W�î�ì���^�Ç�v�š�Z���•�]�•���}�(���•�]�Ì�������v�����•�Z���‰�������}�v�š�Œ�}�o�o�������d�]�K�î���v���v�}�‰���Œ�š�]���o���•�W���‰�}�•�•�]���o����
���Z�D�[�•�������v���]�����š���•���(�}�Œ���•�]�Ì���U���•�Z���‰�������v�����(�µ�v���š�]�}�v���o���‰�Œ�}�‰���Œ�š�]���•��
�s�X���D���µ�Œ�]�v�}�U�����>�X���W���o�o�µ�š�]���U�����&�X���W���o�o���P�Œ�]�v�}�U�������X���K�Œ�š���o�U�����s�X�r���X���,�}���}�Œ�}�������U�����Z�X��
�/�•�}�‰���•���µ����
�����]�‰���Œ�š�]�u���v�š�}�����]�����Z�]�u�]���������v���������v�š�Œ�}���/�v�š���Œ���]�‰���Œ�š�]�u���v�š���o�����E�/�^�U���h�v�]�À���Œ�•�]�š�������]���d�}�r
�Œ�]�v�}�U���d�µ�Œ�]�v�U���/�š���o�Ç��
�������D���r���&�������Œ���o���/�v�•�š�]�š�µ�š�����(�}�Œ���D���š���Œ�]���o�•���Z���•�����Œ���Z�����v�����d���•�š�]�v�P�����]�À�]�•�]�}�v���ò�X�ô���^�µ�Œ�r
�(�����������v���o�Ç�•�]�•�����v�����/�v�š���Œ�(�����]���o�����Z���u�]�•�š�Œ�Ç�U�������Œ�o�]�v�U���'���Œ�u���v�Ç��
���Z�˜�������}�v�•�µ�o�š���v�š�����•�]���^���Œ�À�]���]�]�U�����µ���Z���Œ���•�š�U���Z�}�u���v�]����

�ï�í�U��
�í�ð�ò�r
�í�ò�î��
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�����D�U�������V���,�µ�u���}�o���š���h�v�]�À���Œ�•�]�š�Ç�������Œ�o�]�v�U��������

�Z�D�E�r�ì�í�� �d�}�Á���Œ���������Œ���(���Œ���v�������•���u�‰�o�����(�}�Œ�����š�}�u���‰�Œ�}�������š�}�u�}�P�Œ���‰�Z�Ç��
�D�X�����]���o���u���Z�U�����X���&�o���]�•���Z�u���v�v�U���:�X�����}�P�����v�Á�]���Ì�U���E�X���������>���}�U���>�X�����}���Œ�]�v�}�U����
�t�X���s���v�����Œ�À�}�Œ�•�š���l�����/�u�����U�������V���W�}�o�]�š�����v�]���}�����]���d�}�Œ�]�v�}�U���/�d�V���/�E�Z�/�D�U���/�d�V���<�h���>���µ�À���v�U��������

�Z�D�E�r�ì�î�� ���Œ�����š�]�v�P���š�Z�����^�]�o�À���Œ���^�š���v�����Œ���W�������À���o�}�‰�u���v�š�����v�������‰�‰�o�]�����š�]�}�v�•���}�(�������^�]�o�À���Œ��������������
�E���v�}�‰���Œ�š�]���o�����Z���(���Œ���v�������D���š���Œ�]���o��
���X���<���•�š�v���Œ�U���,�X���^�]���P�U���>�X�����‚�Z�u���Œ�š�U�����X���>���u�‰���v�U�������&�X���d�Z�º�v���u���v�v���l�������D�U�������V�����(�Z�U��������

�Z�D�E�r�ì�ï�� �D�]���Œ�}�Á���À���r���•�•�]�•�š�������Z�]�P�Z�r�•�‰���������•�]�o�À���Œ���v���v�}�‰���Œ�š�]���o�����•�Ç�v�š�Z���•�]�•��
�W�X�����X���:�X���^���o�}�P���U�����X���<���•�š�v���Œ�U�����X���&�X���d�Z�º�v���u���v�v���l�������D�U��������

�^���E�r�ì�í�� �����À���o�}�‰�u���v�š���}�(�������Z�Ç���Œ�]�����u���š�Œ�}�o�}�P�Ç�����}�u���]�v�]�v�P�����&�D�����v�����^���D���š�����Z�v�]�‹�µ���•���(�}�Œ��
�u�����•�µ�Œ�]�v�P���š�Z�������Z���Œ�����š���Œ�]�•�š�]�������]�u���v�•�]�}�v�•���}�(�������v���v�}�‰���Œ�š�]���o�����‰�}�‰�µ�o���š�]�}�v��
�>�X�����Œ�}�µ�Ì�]���Œ�U�����X�������o�À���o�o� ���U���E�X���&���o�š�]�v�U���^�X�����µ���}�µ�Œ�š�]���µ�Æ�U���>�X�������À�}�]�o�o���U���'�X���E�}�]�Œ���o���Œ�U����
���X���h�o�Ç�•�•���U���K�X���d�����Z� �U�����X�������Œ�Œ�µ���š��
�>�E���U���&�Z�V���/�v�•�š�]�š�µ�š���W�[�����í�U���&�Z�V�������v�š�Œ���������� �E���v�}�•���]���v�����•�� ���š�������� �E���v�}�š�����Z�v�}�o�}�P�]���•�� ���î�E�U���&�Z�V��
���������^�����o���Ç�U���&�Z��

�d�}�‰�]���•���W�}�•�š���Œ���^���•�•�]�}�v���/�U���D���Ç���í�ð���Z�D�E�W�� �Z�D�����v�����E��������
���>�E�W���� ���o���•�•�]�(�]�����š�]�}�v���}�(���E�D���� �^���E�W�� �^�]�Ì�������v�����•�]�Ì�������]�•�š�Œ�]���µ�š�]�}�v���}�(���E�D��
�,�^�E�W���� �,�����o�š�Z���˜���^���(���š�Ç���}�(���E�D���� �^�^�E�W���� �^�Z���‰�����˜���~���}�Œ���r�•�Z���o�o�•���•�š�Œ�µ���š�µ�Œ�����}�(���E�D��
�D���E�W���� �D���P�v���š�]�����‰�Œ�}�‰���Œ�š�]���•���}�(���E�D���� �E���D�W���� �E�D���]�v�����}�u�‰�o���Æ���u���š�Œ�]�����•��
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�t�}�Œ�l�•�Z�}�‰���}�v���Z���(���Œ���v�������E���v�}�u���š���Œ�]���o�•����
���µ�Œ�Œ���v�š���•�]�š�µ���š�]�}�v�����v�����v�������•�W���������À���o�}�‰�u���v�š�U���u�����•�µ�Œ���u���v�š�U���•�š���v�����Œ�]�Ì���š�]�}�v��

�D���Ç���í�ð��

�W�}�•�š���Œ���^���•�•�]�}�v���/��

�d�}�‰�]���� �W�}�•�š���Œ���d�]�š�o����
�^���E�r�ì�î�� ���}�v�š�Œ�]���µ�š�]�}�v���š�}���������µ�Œ���š�����^�‰�Z���Œ�]�����o���'�}�o�����E���v�}�‰���Œ�š�]���o���•�����v���o�Ç�•�]�•���~�•�]�Ì���U���•�]�Ì������

���]�•�š�Œ�]���µ�š�]�}�v�•�����Ç���^�‰�/���W�D�^�����v�����^���y�^��
�s�X���'�����Œ�š�•���v�U���K�X���d�����Z� �U�����X�������Œ�Œ�µ���š�U���:�X�>�X���>�����}�µ�Œ�U���&�X���'�}�������µ�Æ�U�����X���d�Z�]�o��
�E�/�D�������l�����������W���Œ�]�•�r�^�����o���Ç�U���&�Z��

�^���E�r�ì�ï�� �/�u�‰�Œ�}�À�������š�Œ�����������]�o�]�š�Ç�����Z���]�v���}�(���v���v�}�‰���Œ�š�]���o�����•�]�Ì�����u�����•�µ�Œ���u���v�š�•���t���š�Z�����v���Á��
���D�W�/�Z���‰�Œ�}�i�����š���v�W�^�]�Ì����
�s�X�r���X���,�}���}�Œ�}�������U���,�X�����}�•�•�����l�������D�U�������V���W�d���U����������

�^���E�r�ì�ð�� �����À���v���������•���Œ�����v�]�v�P���u���š�Z�}�����µ�•�]�v�P���À�}�o�µ�u���r�•�‰�����]�(�]�����•�µ�Œ�(�����������Œ�������~�s�^�^���•���(�}�Œ��
�v���v�}�u���š���Œ�]���o���]�����v�š�]�(�]�����š�]�}�v���}�(���‰�}�Á�����Œ�•��
�W�X���<�µ���Z���v�������l���Œ�U�����X�r�s�X���,�}���}�Œ�}�������U���t�X���t�}�Z�o�o�������v�U���&�X���>�]�v�����u���v�v����
�����D�U�������V�������^�&�V��������

�^���E�r�ì�ñ�� ���}�v�š�Œ�}�o�o���������o�����š�Œ�}�•�‰�Œ���Ç�������‰�}�•�]�š�]�}�v���}�(���v���v�}�‰���Œ�š�]���o���•���(�}�Œ���]�u�‰�Œ�}�À���������v���o�Ç�•�]�•�����Ç��
���o�����š�Œ�}�v���u�]���Œ�}�•���}�‰�Ç��
�:�X���D�]���o�l���U���W�X�����}�Z���v�Ç�}�•�}�À���U���W�X���D�º�o�o���Œ�U���^�X���>�•�‰���Ì�r�s�]�����o�U���s�X�r���X���,�}���}�Œ�}��������
�����D�U�������V���Z���D���D���^�X���X�U�����^�V�������^�&���^���U��������

�^���E�r�ì�ò�� �^�}�(�š�Á���Œ���������À���o�}�‰�u���v�š�����v�����]�v�•�š�Œ�µ�u���v�š�������À���o�}�‰�u���v�š���(�}�Œ����
���Z���Œ�����š���Œ�]�Ì���š�]�}�v���}�(���v���v�}���~���•���Z�D�•��
���X�Z�X���W���µ�Á�U���/�X�����Œ���•�•�o���Œ�U���d�X���^�v�}�Á�U�����X���d�Z�º�v���u���v�v���l�������D�U��������

�^���E�r�ì�ó�� ���]�u���v�•�]�}�v���o�����Z���Œ�����š���Œ�]�Ì���š�]�}�v���}�(���u�}�v�}���]�•�‰���Œ�•�����•�µ�����ò���v�u�����}�o�o�}�]�����o����
�•���u�]���}�v���µ���š�}�Œ���v���v�}���Œ�Ç�•�š���o�•��
�:�X�����X���W�}�Œ�•�]���o�U�����X���^���Z�]�Œ�u�����Z���Œ�U�����X�����µ�Z�Œ�U���'�X���'���Œ�v�Á���]�š�v���Œ����
�d�h�����Œ���µ�v�•���Z�Á���]�P�U�������V���W�d���U��������

�^���E�r�ì�ô�� �/�v�r�^�]�š�µ���^���y�^���d�����Z�v�]�‹�µ���•��
�Y�X���^���������Z�U�����X�Z�X���W���µ�Á�U�����X�&�X���d�Z�º�v���u���v�v�U���:�X���'�º�v�•�š���Œ���l�������D�U��������

�^���E�r�ì�õ�� �D�����•�µ�Œ���u���v�š�•���}�(�����]�}�o�}�P�]�����o���‰���Œ�š�]���o���•�����v�����v���v�}���Z���Œ�����š���Œ�]�Ì���š�]�}�v���u���š�Z�}���•��
���X���^�}�µ�•���U���/�X���D�X���W�]�v�š�}�U�����X���z�X���W���š�Œ�}�À�Ç�l�Z���l���/�E�>�U���W�d��

�^�^�E�r�ì�í�� ���Z���u�]�����o�����v���Ç�o�•�]�•���}�(�����}�Œ���r�^�Z���o�o���E���v�}�‰���Œ�š�]���o���•���µ�•�]�v�P���d�}�&�r�^�/�D�^�����v�����y�W�^��
�d�X���,���]�v�Œ�]���Z�U�����X���D�º�o�o���Œ�U���D�X���^���Z�v���]�����Œ�U���<�X���^�‰���Œ�v�������]�U���t�X���X�^�X���h�v�P���Œ��
�����D�U�������V���h�v�]�À���Œ�•�]�š���������o���W�]���u�}�v�š���U���/�d��

�^�^�E�r�ì�î�� �^�Ç�v�š�Z���•�]�•�����v�����•�Ç�•�š���u���š�]�������Z���Œ�����š���Œ�]�Ì���š�]�}�v���}�(�����}�Œ���r�u�µ�o�š�]�r�•�Z���o�o���E���z�&�ð�W���Œ�ï�=�U���z���ï�=��
�›�^�]�K�î�›���µ���v���v�}�‰���Œ�š�]���o���•���(�}�Œ���š�Z�������v�Z���v�����u���v�š���}�(���(�o�µ�}�Œ���•�����v���������u�]�•�•�]�}�v�•��
�D�X���^���o���Z�U�����X���<���u���µ���v�U���&�X���&�Œ���v�Ì���o�U�����X���Z�º�Z�o���U�����X���t�º�Œ�š�Z�U�����X���'�Œ���(�U���h�X���Z���•���Z�r�'���v�P���Œ��
�����D�U�������V���&�Œ���]�����h�v�]�À���Œ�•�]�š���š�������Œ�o�]�v�U�������V���,�}���Z�•���Z�µ�o���������Œ�u�•�š�����š�U��������

�^�^�E�r�ì�ï�� ���Z���Œ�����š���Œ�]�Ì���š�]�}�v���}�(�����}�Œ���r�•�Z���o�o���‹�µ���v�š�µ�u�����}�š�•���}�(�����]�(�(���Œ���v�š���‰���Œ�š�]���o�������Œ���Z�]�š�����š�µ�Œ����
�}�v���š�Z�������v�•���u���o�������v�����•�]�v�P�o�����‰���Œ�š�]���o�����o���À���o��
�&�X���t���]�P���Œ�š�U���h�X���Z���•���Z�r�'���v�P���Œ���l�������D�U��������

��

�d�}�‰�]���•���W�}�•�š���Œ���^���•�•�]�}�v���/�U���D���Ç���í�ð��
���>�E�W���� ���o���•�•�]�(�]�����š�]�}�v���}�(���E�D���� �Z�D�E�W�� �Z�D�����v�����E��������
�,�^�E�W���� �,�����o�š�Z���˜���^���(���š�Ç���}�(���E�D���� �^���E�W�� �^�]�Ì�������v�����•�]�Ì�������]�•�š�Œ�]���µ�š�]�}�v���}�(���E�D��
�D���E�W���� �D���P�v���š�]�����‰�Œ�}�‰���Œ�š�]���•���}�(���E�D���� �^�^�E�W���� �^�Z���‰�����˜���~���}�Œ���r�•�Z���o�o�•���•�š�Œ�µ���š�µ�Œ�����}�(���E�D��
�E���D�W���� �E�D���]�v�����}�u�‰�o���Æ���u���š�Œ�]�����•�� ��
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���µ�Œ�Œ���v�š���•�]�š�µ���š�]�}�v�����v�����v�������•�W���������À���o�}�‰�u���v�š�U���u�����•�µ�Œ���u���v�š�U���•�š���v�����Œ�]�Ì���š�]�}�v��

�D���Ç���í�ñ��

�W�}�•�š���Œ���^���•�•�]�}�v���/�/��

�d�}�‰�]���� �W�}�•�š���Œ���d�]�š�o����
���E�^�r�ì�í�� �^�/���š�Œ�����������o�������Z���Œ�����š���Œ�]�Ì���š�]�}�v���}�(���v���v�}�•�����o�������u���š���Œ�]���o�•�����Ç���y�r�Œ���Ç���•�‰�����š�Œ�}�u���š�Œ�Ç��

���X���������l�Z�}�(�(�U���W�X���,�‚�v�]���l���U���z�X���<���Ç�•���Œ�U�����X���W�}�o�o���l�}�Á�•�l�]�r�,���Œ�Œ�u���v�v�U�����X���^���]�u�U����
���X���^�š�Œ�������l�U���Z�X�h�v�š���Œ�µ�u�•�����Œ�P���Œ���l���W�d���U��������

���E�^�r�ì�î�� ���v���o�Ç�š�]�����o�����v�����š�}�‰�}�P�Œ���‰�Z�]�����o���Z���(���Œ���v�������D���š���Œ�]���o���(�}�Œ���š�Z�����E���v�}�•�����o����
�/�X�����µ�•���Z�U���^�X�����º�š���(�]�•���Z�U���K�X���>���v���l�U���>�X���<�}���v�����Œ�•�U���t�X���h�v�P���Œ�U���d�X���t���]�u���v�v�U����
�D�X���t���]�v���Œ�š���l���W�d���U�������V�������D�U��������

���E�^�r�ì�ï�� ���]�Œ�����š�������•���o�(�r���•�•���u���o�Ç���}�(�����o�}���l�����}�‰�}�o�Ç�u���Œ�•���(�}�Œ���>���š���Œ���o���>���v�P�š�Z���^�š���v�����Œ���•�����š��
�š�Z�����E���v�}�•�����o����
�&�X���&���Œ�Œ���Œ���•�����>�µ�‰�]�U���'�X�����‰�Œ�]�o���U�����X�������Œ���U���D�X�����]���o���u���Z�U���E�X���������>���}�U���>�X�����}���Œ�]�v�}��
�E���v�}���&�����]�o�]�š�Ç���W�]���u�}�v�š���U���/�d�V���/�E�Z�/�D�U���/�d��

���E�^�r�ì�ð�� �Z���(���Œ���v�����r�(�Œ�������'�/�y�Z�&�r�y�Z�Z�������•�������‹�µ���o�]�(�]�����š�]�}�v���}�(���v���v�}�o���Ç���Œ�•�����v������
�v���v�}�•�š�Œ�µ���š�µ�Œ���•�����•���‰�}�š���v�š�]���o�������o�]���Œ���š�]�}�v���•���u�‰�o���•��
�W�X���,�‚�v�]���l���U���s�X���^�}�o�š�Á�]�•���Z�U���z�X���<���Ç�•���Œ�U�����X���������l�Z�}�(�(�U���&�X���^���Z�}�o�Ì���U���d�X���t���]�u���v�v�U����
�D�X���<�Œ���u���Œ���l���W�d���U�������V�����y�K�����Z���^�����E�U��������

���E�^�r�ì�ñ�� �K���������d���•�š���'�µ�]�����o�]�v�����}�v���W���Œ�š�]���o�����^�]�Ì�������v�����W���Œ�š�]���o�����^�]�Ì�������]�•�š�Œ�]���µ�š�]�}�v���}�(����
�D���v�µ�(�����š�µ�Œ�������E���v�}�u���š���Œ�]���o�•�W���^�]�u�µ�o�š���v���}�µ�•���D�����•�µ�Œ���u���v�š���}�(���>���v�P�š�Z�����v������
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Between February 2017 and May 2017, the Joint Research Centre of the European Commission held 
a survey on the needs for certified and non-certified reference materials and representative test 
materials in the area of nanotechnology. The focus of the survey was on the data needed for the 
implementation of (European) legislation and regulations. This presentation analyses the survey 
outcome and summarises the needs of the nanomaterial community for (certified) reference materials 
(CRMs and RMs) and representative test materials (RTMs).  
A brief introduction will first be given to indicate the differences between the mentioned benchmark 
materials (CRMs, RMs and RTMs), which play different, but equally important roles in the 
measurement systems that underpin the reliability of data obtained on nanomaterials [1]. Then a short 
overview of the survey design and set-up will be given, indicating the background and geographical 
origin of the 646 individually contacted stakeholders, as well as the differences in response rate 
between types of stakeholders (government officials, public research organisations, industry, 
academia, consultants, NGOs and standardization bodies). Then the reason for each of the eight 
survey questions will be explained and the corresponding results shown, as for example illustrated in 
Figure 1 and Figure 2. A comparison will be made between the needs identified in the survey and the 
already available benchmark materials.  
The main outcome of the survey is a list of currently lacking benchmark materials, the production of 
which should be prioritised, based on the survey outcome. To conclude, the suggested routes for 
collaboration on the production of these benchmark materials will be presented and evaluated. 
 

 

 

 
Figure 1: Main regulatory areas with RM/RTM 
needs identified by the survey participants.
  

  
Figure 2: Nanomaterial properties judged most 
relevant by the survey participants  
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Industry has jointly together with federal institutes and research organisations undertaken several 
initiatives and research projects to leverage the development of a measurement strategy for 
nanomaterials. There are severe challenges to implement the recommendation of the European 
Commission on the definition of nanomaterials from 2011 for regulatory purposes in respect to 
industrially manufactured materials in the nanoscale. This is mainly due to the morphology and size 
distribution from particles out of industrial processes. So the chemical industry associations have 
developed a tiered measurement strategy that has productively been taken up e.g. by the FP7 project 
NanoDefine. 
 
At the end of scientifically successful research projects the possibility to implement the 
recommendation of the EC effectively and without conflicting assignments still is in question. The 
research that has been undertaken has empowered industry finally formulating the challenges even 
more precisely. So this presentation will try to sum up these challenges and wants to present stimuli 
for the further discussion and follow-up activities. 
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Figure 1: The tiered measurement strategy of VCI/VdMi and Eurocolour 
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The European Commission's recommendation on the definition of nanomaterial [2011/696/EU] is 
broadly applicable across different regulatory sectors and requires the quantitative size determination 
of constituent particles in samples down to 1 nm. A material is a nanomaterial if 50 % or more of the 
particles are in the size range 1-100 nm. The implementation of the definition in a regulatory context 
challenges measurement methods to reliably identify nanomaterials and ideally also non-
nanomaterials as substance or product ingredient as well as in various matrices. 
The EU FP7 NanoDefine project [www.nanodefine.eu] addressed these challenges by developing a 
robust, readily implementable and cost-effective measurement strategy to decide for the widest 
possible range of materials whether it is a nanomaterial or not. It is based on existing and emerging 
particle measurement techniques evaluated against harmonized, material-dependent performance 
criteria and by intra- and inter-lab comparisons. Procedures were established to reliably measure the 
size of particles within 1-100 nm, and beyond, taking into account different shapes, coatings and 
chemical compositions in industrial materials and consumer products. Case studies prove their 
applicability for various sectors, including food, pigments and cosmetics. 
A main outcome is the establishment of an integrated tiered approach including rapid screening (tier 
1) and confirmatory methods (tier 2), a decision support flow scheme and a user manual to guide 
end-users, such as manufacturers, in selecting appropriate methods. Another main product is the 
•NanoDefinerŽ e-Tool which implements the flow scheme in a user-friendly software and guides the 
user in a semi-automated way through the entire decision procedure. It allows a cost-effective 
selection of appropriate methods for material classification according to the EC's nanomaterial 
definition and provides a comprehensive report with extensive explanation of all decision steps to 
arrive at a transparent identification of nanomaterials as well as non-nanomaterials for regulatory 
purposes. 
The project has received funding from the European Union•s Seventh Programme for research, 
technological development and demonstration under grant agreement No 604347. 
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The properties of nanomaterials are influenced not only by their chemical composition but also by 
physical properties (such as size, geometry and crystal structure). Particle size and size distribution is 
considered as one major information for nanomaterial identification and characterization. This 
information is also important for a reliable risk assessment, for instance to interpret and compare test 
results and - in future … to forecast interaction and effects of nanomaterials. The particle size 
distribution is also proposed to decide whether a substance or a form of a substance can be considered 
as a nanomaterial in the EU. Especially in borderline cases, a standardized and comparable 
measurement methodology is therefore essential.  
 

In the past years, the OECD Working Party on Manufactured Nanomaterials reviewed existing OECD 
Test Guidelines (TGs) for their applicability to nanomaterials. An important outcome was that TGs are 
in principle applicable. However, in several cases adaptations and further guidance is needed to 
address the specific needs for nanomaterials. The existing standardized test methods of the OECD for 
physical-chemical particle size characterization have not been developed for nanomaterials in 
particular. Thus, a high demand for an adaptation of the TG was identified. To meet the need for an 
appropriate TG on physical-chemical characterisation, Germany submitted a proposal for developing 
a TG on particle size and size distribution for nanomaterials to the OECD Test Guideline Programme. 
The activity is funded by the German Federal Ministry of the Environment, Nature Conservation, 
Building and Nuclear Safety and coordinated by UBA which commissioned BAM and BAuA with the 
preparation of the Test Guideline and the performance of the underlying experimental work. The aim 
of the project is the development of a harmonized and international agreed test protocol for a valid and 
reproducible determination of particle size and size distribution for sphere-like particles and fibres.  
 

For e.g. sphere-like particles several challenges have to be considered to find a pragmatic way forward 
like different measuring methods providing different results for the size distribution of the particles. This 
is e.g. caused by the different measuring principles of the methods. Each method measures a specific 
parameter that ultimately determines particle size. There are three major challenges for the 
measurement of nanoparticles. First, the measured quantity differs for each method (Scattered light 
intensity, electric mobility, etc.). Second, the diameter of the measured nanomaterial can be calculated 
and thus presented differently (Feret Diameter, Hydrodynamic Diameter, etc.). Third, a measuring 
method provides a size distribution which is measured either mass-based, surface-based or number-
based. A conversion between the results requires additional parameters and thus possibly increases 
the measurement error.  
 

In addition to the technical differences, the individual parameters are strongly influenced by the 
structure and material of the nanoparticles. The suitability of measurement methods therefore differs 
with the material of the nanomaterial. As a result, it is possible that two very different results are 
obtained for the particle size distribution using two different methods, which are nevertheless both 
correct.  
 

The above listed issues and a way forward toward the TG will be discussed in the presentation. It will 
focus on methodology for the characterization of sphere-like nanoparticles while the part concerning 
nanofibers will be presented on a poster by BAuA. 
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The last decades have seen a strong increase in the availability and use of novel micro- and nanoscale 
engineered high aspect ratio materials (HARM, HAR materials). HARM is a generic term for fibrous 
materials that is not limited to compact fibres. Instead, it also comprises fibrous objects of elongated 
shape in percolated, agglomerated, entangled or aggregated state.  

According to the fibre definition of the World Health Organization (WHO), HAR materials with a 
length greater than 5 µm, a diameter less than 3 µm and aspect ratio exceeding 3:1 are to be 
considered respirable. Upon inhalation they may be delivered to deep lung tissues and reach the 
pulmonary alveoli. Exposure of humans to insoluble HAR materials of WHO dimension that persist in 
the lung tissue for a long duration lead to severe health risks. The effect is called fibre pathogenicity 
paradigm and was learned from the high death toll still being paid for industrial use of asbestos.  

The carcinogenicity of some HAR materials is attributed to failing clearance of alveoli from 
biodurable respirable dusts due to frustrated phagocytosis of alveolar macrophage cells, or to their 
translocation into lung-lining mesothelial tissue. Better understanding of these mechanisms may justify 
toxicological grouping of HAR materials. Such grouping is indispensable since only a minor fraction of 
the multitude of already engineered HAR materials can be tested in animal experiments. It requires 
reliable testing standards and reference materials for determining the following key properties of a 
HARM sample 

(1) To determine the WHO fibre fraction: Pairwise distribution of length and diameter 
(2) To determine a material•s hierarchical structure: State and type of agglomeration 
(3) To predict biodurability: Solubility properties 
(4) To estimate phagocytosis and translocation properties: Correlation between diameter and 

flexural rigidity.  
Providing robust and reliable testing standards for HAR materials ranging from micro- to nanoscale 
diameters with aspect ratios sometimes exceeding 1000:1 is a challenge. While significant progress 
has been achieved for individual length and diameter measurement of fibres, (1) pair-wise assessing 
of both measurands requires intelligent microscopy strategies to estimate respirable fractions. 
Agglomeration state characterisation (2) is essential both for morphological description and exposure 
assessment of fibrous. It requires standard dispersion operations as well as categorization and 
counting rules. HARM in vitro solubility testing standards (3) are needed that correlate well to in vivo 
results and are suited to predict biodurability. Finally, there are no standards for measuring flexural 
rigidity (4) of nanoscale HAR materials that may enable predicting phagocytosis and translocation 
properties.  

Such developments require reference HAR material sets that are simultaneously standardized 
with respect to measurand pairs (1) length and primary particle diameter, (2) state of agglomeration, 
and (3,4) primary particle diameter and chemical composition. 

Future progress in toxicological grouping of HARM will therefore rely on progress made in the field 
of reference materials and standardized testing.  
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Titanium dioxide is one of the most studied metal oxides due to its chemical, surface, electronic and 
(photo)catalytic properties, providing this material of multisectorial applications ranging from 
healthcare, photocatalysis, smart materials with self cleaning and self sterilizing properties and solar 
energy harvesting. However it is difficult to correlate the functional properties of TiO2 nanomaterials to 
the properties at single nanoparticle level due to the high polydispersity in shape, size and surface 
features of the currently available TiO2 nanoparticles (NPs). Although intensive experimental and 
theoretical studies have been conducted on the reactivity of different surfaces of metal oxides such as 
TiO2 [1,2] much less attention is paid on the dependence of functional properties, like photocatalytic 
activity, dye adsorption, open circuit potential and fill factor in dye sensitized solar cells, on crystal 
facets in different orientations [3]. One of the goal of SETNanoMetro project was the development of 
design rules to tune crystal facets of TiO2 NPs in order to optimize and control functional properties. In 
the present work we have developed a series of design rules in order to obtain sets of anatase TiO2 
NPs with low polydispersity and to tune their shape and size by hydrothermal processing of Ti(IV)-
Triethanolamine complex in presence of different shape controllers [4]. Through a careful experimental 
design, a predictive soft model was developed. The model is able to predict the synthesis outcome 
allowing to tune the shape factor from 5 (prisms) to 1.5 (bipyramids) to 0.2 (platelets). This allows to 
control the main crystal facets exposed ranging from (100) to (001). Due to the dependence of 
functional properties of nanomaterials on shape distribution and not only size, the availability of NPs 
sets with uniform and well defined and tunable shapes can be of paramount relevance in order to 
produce reference nanomaterials for shape measurement [5]. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Shape tunability of anatase TiO2 NPs synthesized by the hydrothermal procedure developed in this 
work 
 

References: 
1. Z. G. Yi et al., Nat. Mater., 2010, 9, 559. 
2. U. Diebold, Surf Sci Rep 2003, 48, (5-8), 53-229, and references therein. 
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4. V. Lavric, R. Isopescu, V. Maurino, D. Hodoroaba et al, Cryst Growth & Design 2017, 17, 5640. 
5. E. A. Grulke et al., Advanced Powder Technology 2017, 28, 1647-1659. 

Increasing basicity/[TEOA] 

31



�����D�r�W�d�����t�}�Œ�l�•�Z�}�‰���}�v���Z���(���Œ���v�������E���v�}�u���š���Œ�]���o�•��
���µ�Œ�Œ���v�š���•�]�š�µ���š�]�}�v�����v�����v�������•�W�������À���o�}�‰�u���v�š�U���u�����•�µ�Œ���u���v�š�U���•�š���v�����Œ���]�Ì���š�]�}�v 

 

�� �����•�š�Œ�����š�W�����ì�ó�r�î�ì�í�ô�� ��

Traceable nanoparticle characterization  
using Small-Angle X-ray Scattering (SAXS)  

  
M. Krumrey, A. Schavkan  

  
Physikalisch-Technische Bundesanstalt (PTB), Abbestr. 2-12, 10587 Berlin, Germany 

Michael.Krumrey@ptb.de 
 

Keywords: SAXS, nanoparticle size, continuous contrast variation 
 
Small Angle X-ray Scattering (SAXS) is an ensemble method where nanoparticles can be studied in 
liquid suspension. Due to the X-ray wavelength well below 1 nm, SAXS is ideally suited for the 
investigation of nanoparticles. The difference of the electron density between the nanoparticles and 
the suspending medium gives rise to X-ray scattering in a small angular range (typically < 5°) around 
the transmitted beam (Fig. 1). For sufficiently monodisperse particles, the observed oscillations of the 
scattered intensity as a function of the momentum transfer q, which is directly related to the scattering 
angle and the wavelength (or photon energy) of the incident X-rays, enable the traceable size 
determination of nanoparticles [1]. The particle size determination of nanoparticles using SAXS is 
already covered by the ISO standard 17867:2015, while activities are ongoing in ISO TC 24 / SC 4 
and in EMPIR projects towards standardization of nanoparticle concentration determination. Here, the 
absolute scattering cross section has to be measured and the electron density difference between the 
particles and the suspending medium needs to be known.  
 
In the synchrotron radiation laboratory of PTB at the electron storage ring BESSY II, all relevant 
parameters for a traceable size determination of nanoparticles with SAXS are determined directly with 
low uncertainty: the wavelength, the sample-detector-distance and the pixel size of the area detector 
[2]. For the concentration determination, the detectors for the incident photon flux and the area detector 
are absolutely calibrated. For nanoparticles with low density, the electron density and the inner 
structure of the particles can be determined by continuous contrast variation (Fig. 2) [3].   

  Fig. 1: Principle of SAXS Figure 2: Continuous contrast variation 
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Core-shell nanoparticles are widespread in nature, industrial applications and nanotechnology 
research. Facile ways of modern synthesis will be discussed and possibilities to reveal their structures 
with small-angle X-ray scattering (SAXS). A recent review on using block copolymer templates as one 
of the most reliable routes for tuning size and shape of nanoparticles is provided by Li et al.1 Ferritin 
and apoferritin are archetypical examples for protein-based core-shell nanoparticles. Their structures 
are easily accessed by synchrotron SAXS2 but also with commercial instruments and allow fast 
performance tests.3 SASfit4 is a suitable program tool based on classical curve fitting and McSAS5 is 
a complementary program based on a Monte Carlo technique. Detailed refinements of SAXS data 
evaluation are on the way for better data analysis.6 A sub nanometer resolution is state-of-the-art for 
quantification of the size distribution of polyacrylic acid stabilized silver nanoparticles.3 Such particles 
are useful in catalysis.7 It was observed that the catalytic activity can be tuned easily by varying the 
shell material of the particles (see Figure 1). 
 

 
 
Figure 1: Chemical structures of the (macro)molecules that form a shell around the silver cores and provide long-
term stability in dispersion. Shell thicknesses are indicated by arrows. Parent particles pPAA are stabilized with 
poly(acrylic acid) (PAA), MW = 1800 g molŠ1 (left). The pGSH are stabilized with glutathione, which is a tripeptide 
formed by glutamic acid, cysteine, and glycine, MW = 307 g molŠ1 (middle). The pBSA are stabilized with bovine 
serum albumin (BSA); MW = 66463 g molŠ1 (right). (Figure is from7) 
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ISO is not producing reference materials but relevant Technical Committees (TC) generate written 
standards with requirements, e.g. ISO 17034:2016 "General requirements for the competence of 
reference material producers". It was prepared by the ISO Committee on Conformity Assessment 
(CASCO), in collaboration with the ISO Committee on Reference Materials (REMCO). It understands 
a reference material as sufficiently homogeneous and stable with respect to one or more specified 
properties, which has been established to be fit for its intended use in a measurement process. 
In the field of nanotechnology ISO/TC 229 published a first technical specification ISO/TS 16195:2013 
"Nanotechnologies -- Guidance for developing representative test materials consisting of nano-objects 
in dry powder form".  
But also other TCs deal with relevant requirements, especially for particle characterization ISO/TC 
24/SC 4, working group 11 "Sample preparation and reference materials". Managed by its convener 
Dr. Linsinger from EC JRC in Geel a first TS for Particle size distribution measurement by ensemble 
techniques has been published: ISO/TS 14411-1:2017. Preparation of particulate reference materials 
- Part 1: Polydisperse material based on picket fence of monodisperse spherical particles. A second 
project is currently ongoing: ISO/WD 14411-2:2017 "Preparation of particulate reference materials- 
Part 2: Polydisperse spherical particles". For instance "sufficiently homogenous" turned out to be one 
limiting factor for broad particle size distributions. But even more narrow distributions need special 
sample preparation methods [1] to get certifiable characteristic parameters. 
Additionally a not so common "intended use" will be addressed … a nanostructured reference material 
for agglomerate stability testing in ultrasonic dispersion procedures with defined suspension volume 
specific energy input [2]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Nanostructured precipitated silica         Figure 2: PSD of precipitated silica after ultrasonication  
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Magnetic nanoparticles (MNP) comprise one of the largest nanomaterial families with an annual 
turnover of MNP dependent products of over 2 billion Euros generated by European companies alone. 
MNP are mainly employed in biomedicine for in-vitro diagnostics, for the separation and extraction of 
cells, viruses, proteins, and DNA from blood. In addition, new cancer therapies and further technical 
applications like magnetic bearings or loudspeakers make intensive use of MNP. Besides these 
•acceptedŽ uses, we also find MNP to appear in the EU catalogue of nanomaterials in cosmetics.  
Despite these advances, a unified terminology, standardized measurement procedures and certified 
reference materials (CRM) for MNP specific magnetic properties still have to be developed. 
ISO/TC 229 is working on the first standard for MNP: ISO 19807-1 •Liquid suspension of magnetic 
nanoparticlesŽ, which will define main characteristics and appropriate measurement methods. A 
second ISO standard (ISO 19807-2) is under preparation defining superparamagnetic beads used for 
nucleic acid extraction. 
Developing any CRM should follow the guidance set out in ISO Guide 35:2016 on characterization of 
reference materials (RMs). The production of RMs is decisive for the improvement and maintenance 
of a measurement system for MNP and the increasing confidence in this novel nanomaterial. Currently, 
only MNP quality control materials (QCM) with adequate homogeneity and stability are used by MNP 
manufacturers, but these are not sufficiently characterized to be used for method calibration or to 
provide metrological traceability.  
Paving the way towards CRM MNP, one should consider, that also the procedural standards for MNP 
magnetic characterisation need further improvement. Currently, only laboratory measurement 
standards are available, that ensure consistency of MNP measurement results within a laboratory. 
Early informal interlaboratory comparisons of MNP performance in biomedical applications based on 
these laboratory standards demonstrated the need for development of more general standard 
operating procedures (SOP). Robust SOP for MNP characterisation are a prerequisite for any MNP 
CRM development. On the other hand, it seems necessary to have at least calibration reference MNP 
materials (CAL) available, to develop measurement standards for MNP specific properties at ISO or 
CEN level that can be certified. CAL are quality control materials characterised by an assigned property 
value and uncertainty that is reproduced by any calibration sample used according to the specification. 
Only when MNP CAL and proper magnetic measurement standards will be available, also MNP CRM 
can be developed. Thus, any quality level of MNP RM is interlinked with the existence of appropriate 
magnetic measurement standards. To solve this hen and egg problem, both MNP RM and MNP SOP 
should be developed in parallel, eventually leading to convergence on a higher level. 
The previous FP7 project •NanoMagŽ and the current EMPIR project •MagNaStandŽ contributed to the 
development of MNP terminology. Generally acceptable SOP for characterisation of MNP static and 
dynamic magnetisation, MNP performance in imaging, hyperthermia and magnetic separation are 
currently under preparation. The next step will then be the development of stable MNP RM with defined 
magnetic properties in these measurement procedures. This will consecutively be tested in 
interlaboratory comparisons, but not yet on VAMAS or OECD level. 
 
Acknowledgement: This project was supported by the EMPIR program co-financed by the Participating States 
and from the European Union•s Horizon 2020 research and innovation program, grant no. 16NRM04 
•MagNaStandŽ. 
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Traceable measurements of the lateral dimensions of nanoparticles are accomplished by means of a 
calibrated scanning electron microscope operated in transmission mode (TSEM) [1]. Nanoparticles 
under test are deposited on thin support films equal to those commonly used in transmission electron 
microscopy. Application of the bright-field imaging mode yields black-and-white images of the 
nanoparticles similar to shadow casts. An automatic image analysis tool determines the boundary and 
size of every particle and furthermore enables the analysis of a series of TSEM images containing 
thousands of particles to attain a particle size distribution.  
An accurate determination of the particle boundary within the black-white transition requires a-priori 
information on the threshold level to be applied. For this purpose, expected TSEM signals are modelled 
by Monte Carlo simulations based on “rst-principle electron scattering theory considering relevant 
instrument and particle properties [2].  
Traceability to the SI unit •metre• is achieved by means of two-dimensional gratings which in turn are 
calibrated using a laser diffractometer with known wavelengths. With the current setup, the diameter 
of nanoparticles of different material classes (gold, silver, silica, latex) and sizes ranging from about 
7 nm to 300 nm can be measured with uncertainties in the range of 1 nm to 4 nm, also confirmed by 
international comparison studies [3,4].  
Applications of the technique include the calibration of spherical reference nanoparticles, but also the 
characterization of non-spherical nanoparticles (for example, the aspect ratio of gold nanorods [5], see 
Fig. 1 and 2). An extension of the TSEM technique exploits the minimum TSEM signal strength inside 
the particles which continually decreases with increasing particle thickness [6]: this additionally enables 
the measurement of the vertical particle size.   
 
 
 
 
 
 
 
 
 
 
 
Figure 1: TSEM image of Au nanorods   Figure 2: Histogram of Au nanorod aspect ratios  
 
References: 
[1] T. Klein et al.: Traceable measurement of nanoparticle size using a SEM in transmission mode (TSEM), 
Meas. Sci. Technol. 22, 094002, 9p (2011) 
[2] K.-P. Johnsen et al.: SEM image modeling using the new Monte Carlo model MCSEM, Proc. SPIE 7638, 
778310 (2010) 
[3] F. Meli et al.: Traceable size determination of nanoparticles, a comparison among European metrology 
institutes, Meas. Sci. Technol.  23, 125005, 15pp (2012)  
[4] A. Nicolet et al.: Inter-laboratory comparison on the size and stability of mono-disperse and bimodal 
synthetic reference particles for standardization of extra-cellular vesicle measurements, Meas. Sci. Technol.  
27, 035701, 16pp (2016)  
[5] E. A. Grulke et al.: Differentiating gold nanorod samples using particle size and shape distributions from 
transmission electron microscope images, Metrologia (accepted paper) (2018) 
[6] E. Buhr et al.: Simultaneous measurement of lateral and vertical size of nanoparticles using transmission 
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It is well known that different measurement techniques for •nanoparticle sizeŽ have different 
measurands (see for example references [1,2]). Most markedly, atomic force microscopy (AFM) 
consistently measures smaller diameters and dynamic light scattering (DLS) larger diameters when 
compared with other methods [2] Because of this, nanoscale reference materials are typically 
accompanied by certificates assigning specific particle diameter values to different methods [3]. This 
method-dependent approach to particle size determination is consistent with the definition of a 
measurand given in the 2nd edition of the International Vocabulary of Metrology (VIM), the •particular 
quantity subject to measurementŽ. 
The concept of a global reference value for nanoparticle size is more closely aligned with the approach 
in the 3rd edition of the VIM, the •quantity intended to be measuredŽ. This has been explored in a recent 
supplementary comparison within the Asia Pacific Metrology Programme (APMP.L-S5 - 
Supplementary comparison on nanoparticle size, currently in revision to Draft B status). In adopting 
such an approach to particle size measurement, adequate measurement models that allow for the 
correction of method dependent data must be developed, and appropriately factored into uncertainty 
analysis to ensure consistency when comparing results across different measurement techniques. 
Indeed, the use of global reference values for particle size measurement may be favoured by metrology 
institutes considering applying the broad-scope approach to calibration and measurement capability 
(CMC) claims for publication in the Key Comparison Database (recommendations arising from the 
review of the Mutual Recognition Arrangement of the International Committee for Weights and 
Measures, CIPM MRA). 
Here, we present experimental results obtained at the National Measurement Institute Australia that 
explore some of these concepts, using measurements made on gold, silica and polystyrene reference 
materials. In particular, we present our investigations into tip-induced particle deformation during AFM 
imaging, and the impact of small deviations from sphericity on the measurement of particle size made 
by other particle characterization instrumentation such as DLS and differential centrifugal 
sedimentation.  
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A strong demand for reliable characterization methods of particulate materials is triggered by the 
prospect of forthcoming national and international regulations concerning the classification of 
nanomaterials. Scientific efforts towards standardized number-based sizing methods have so far been 
concentrated on model systems, such as spherical gold or silica nanoparticles. However, for industrial 
particulate materials, which are typically targets of regulatory efforts, characterization is in most cases 
complicated by irregular particle shapes, broad size distributions and a strong tendency to aggregation 
and agglomeration. Established and standardized sizing methods as well as certified reference 
materials that overcome these obstacles are still lacking. By using the example of titanium dioxide, this 
contribution presents a combination of advanced sample preparation and a sophisticated counting 
algorithm, which is based on the analysis of cross-sections prepared from embedded particles. The 
data presented demonstrate that many typical difficulties of particle sizing based on projection-images 
are overcome by the use of section-images. The developed image analysis procedure does not only 
allow the identification of primary particles, but moreover allows to identify and quantify size and size 
distribution of primary particles, aggregates and constituents on a statistically sound basis of several 
thousand particles. In other words, a robust, reproducible and statistically reliable method is presented, 
which leads to number-based size distributions of pigment-grade titanium dioxide, and therefore allows 
reliable classification of this material according to forthcoming regulations. 
Based on the presented results, practical needs for reference materials are developed, which mainly 
include the requirement that the size of a reference material needs to be referenced in terms of section-
size and projection-size to allow a wider variety of sample preparation methods. Especially with respect 
to the preparation as cross-section, aggregate-size and primary-particle size need to be given as well, 
together with the shape descriptors that are used to distinguish them. 
 

 
 

Figure 1: SEM of TiO2 white pigment prepared as 
cross-section; marked blue are primary particles; 
marked green are aggregates. 

 
 
Figure 2: Deconvolution of the constituent size of a 
white pigment in terms aggregates and primary 
particles based on particle shape. 
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Extraction of true, 3D shape (and size) of non-spherical nanoparticles (NPs) is associated with errors 
by conventional 2D electron microscopy using projection images. Significant efforts within the ISO 
technical committee TC 229 •Nanotechnologies• are aimed at establishing accurate TEM and SEM 
measurement of NP size and shape as robust, standard procedures [1]. Study groups have been 
organizing inter-laboratory comparisons on well-selected NP systems according to the market needs, 
such as aggregated titania nano-powder for which size and shape distribution of primary crystallites of 
irregular shape must be measured accurately [2]. To be noticed is e. g. the fact that the measurement 
procedure allows only manual selection of the particles clearly distinguishable for analysis as well as 
manual definition of the contour of the imaged NPs. 
An inter-laboratory exercise on titania NPs (pure anatase, grown by hydrothermal synthesis [3]) of well-
defined non-spherical shape, i.e. bipyramidal, see Figure 1, has been recently started within ISO/TC 
229 under similar conditions as for the irregular shaped titania. Figure 2 shows a representative TEM 
micrograph with particles tracked manually according to the measurement protocol. Overlapped 
particles were allowed to be considered, as long as they are clearly distinguishable. One decisive NP 
selection criterion was to analyze only those NPs with a roundness value below 0.7, i.e. the NPs laying 
on the support foil and, hence, with projection areas clearly deviating from perfect circles (R=1). The 
overall evaluation (for 15 labs) of the size descriptors (area, Feret, minFeret, perimeter) and shape 
descriptors (aspect ratio, roundness, compactness, extent) by analysis of variance is just to be finished 
and included in ISO/WD 21363 Nanotechnologies -- Protocol for particle size distribution by 
transmission electron microscopy. 
 

 
 

Figure 1: Representative SEM micrograph with the 
bipyramidal titania NPs 

Figure 2: Exemplary TEM image of the bipyramidal TiO2 
NPs as prepared by BAM on carbon TEM grids, included 
in the measurement protocol distributed to the ILC 
participants 
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Engineered nanomaterials (NM) have found variety of industrial applications, ranging from paints and 
coatings, microelectronic devices, through to food, cosmetics and clothing, with over 1300 NM-
containing consumer products currently available on the market1.  Widespread and rapidly growing 
use of NM has raised safety concerns with regards to an uncontrolled human exposure, as well as 
possibly adverse effects on the environment.  To underpin the metrology supporting scientific efforts 
aiming to increase the understanding of the potential impact of NMs on human and the environment, 
well-characterised set of nanoparticle (NP) reference materials (RM) is required2.   

RM, ranging from simple water suspensions, through to complex matrices will allow instrument 
calibration as well as appropriate method development and validation.  They will also be invaluable 
for the quality control purposes aiding in manufacture of more efficacious and safer products.  
However, RM certified for number- and/or mass-concentration of NP are either not currently available 
or very scarce, respectively. 

This lecture will discuss the potential and remaining challenges in the determination of particle mass- 
and number-based concentration using inductively coupled plasma mass spectrometry (ICP-MS), 
with focus on (i) ICP-MS hyphenation to asymmetric flow field-flow-fractionation (AF4) with double 
isotope dilution (ID) calibration for the mass-based determination of silica NP and (ii) the application 
of SI traceable spICPMS methodology for the determination of number-based concentration of 
colloidal gold NP, being the mass concentration of NP relevant to future risk assessment and the 
number-concentration of NP relevant to NP identification and characterisation.  Finally, the analytical 
figures of both methods, including their measurement uncertainty and their feasibility for RM 
characterisation will also be discussed. 
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Figure 1.   Schematic representation of size-resolved ID approach 
for mass-concentration determination of NP RM. 
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The reliable quantification of nanomaterials (NMs) in complex matrices such as food, cosmetics and 
biological and environmental compartments can be challenging due to interaction of particles with 
matrix components and analytical gear (vials, tubing etc.). The resulting losses along the analytical 
process (sampling, sample extraction, clean-up, separation, detection) hamper the reliable 
quantification of the target NM in these matrices as well as the comparability of results and thus a 
meaningful interpretation of nanosafety studies. These issues can be overcome by the addition of 
known amounts of internal/recovery standards to the sample at the beginning of the analytical process. 
These standards need to mimic as closely as possible the behaviour of the target analytes in the 
analytical process which is mainly defined by the size, surface properties (e.g. the coating in case of 
coated particles), shape and density. At the same time they need to carry a tag that can be quantified 
independently of the target analyte. Since inductively coupled plasma mass spectrometry (ICP-MS) is 
often used for the identification and quantification of NMs the tagging with either low-abundant isotopes 
of the target analyte or with chemically related rare elements is a promising approach. 
 
Within the EU project NanoDefine labelled analogues were synthesized for two frequently used 
nanomaterials: silica and titania. For silica, core-shell nanoparticles were prepared that consisted of a 
cobalt core and a silica shell. For nano-scale titania as it is used in sun screen as UV protection, first 
the structure of commercial materials was analysed. Then particles that mimic these materials in terms 
of shape, size and surface coating were prepared, but doped with hafnium or zirconium in the titania 
core. All were fully characterised and examples will be shown. These efforts have shown the feasibility 
of synthesizing respective materials. The next step is to test their behavior within the analytical process 
and to demonstrate that they behave reproducibly and in the same way as the target analytes. 
 
The presentation will focus on the discussion of the applicability of the use of labelled internal standards 
for the analysis of nanomaterials. While this approach is well established for traditional analytes (e.g. 
molecules) it is more difficult to implement for nanomaterials because the target analyte is not one 
unique entity. Nanomaterials of the same nominal composition, even if from the same batch, vary in 
size, shape and surface properties (within the given specifications). Labelled analogues would either 
have to represent these properties or span the same characteristics as the target material. 
 
This work was funded by the European Union's Seventh Framework Programme (FP7/2007-2013) project 
NanoDefine (grant agreement number 465 604347). 
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The European Commission proposed a number of changes in the REACH annexes concerning 
testing of nanomaterials. However validated, standardized and harmonized test methods for 
nanomaterials are currently not available for all endpoints. The Malta Project is a common initiative of 
the European Commission together with European countries to work on filling this gap. The purpose 
is to adapt or develop new OECD test guidelines (TGs) and guidance documents (GDs) to be 
applicable for nanomaterials as they are mutually accepted by regulatory bodies worldwide. 
 
Relevant knowledge and methods, gathered in research projects, should be used to develop and 
validate OECD standards. All work will be performed in close collaboration with the OECD Working 
Party on Manufactured Nanomaterials (WPMN), the OECD Working Group of National Coordinators 
of the Test Guidelines Program (WNT) and the ECHA Nano Materials Expert Group (NMEG). The 
TGs will be developed in international groups to ensure acceptance by the OECD member states. 

 
The development/amendment of TGs/GDs includes experimental work, the translation of scientific 
results for regulatory methodical adaptation, development of standard operation procedures, their 
validation and the implementation at OECD. In order to validate the SOPs and to ensure their 
applicability and reproducibility several ring tests are planned. For quality assurance well 
characterized reference nanomaterials will be required. 
 
The Malta Project covers endpoints, foreseen to be addressed in the revised REACH annexes in the 
fields of phys-chem characterization, human health and ecotoxicity. Currently addressed endpoints 
are e.g. the specific surface area, dustiness, solubility in water and biological media, surface 
chemistry, in vitro genotoxicity, skin sensitization, toxicokinetics, environmental transformation and 
bioaccumulation. 
 
Further endpoints are discussed and some are still open. Member states should commit themselves 
for the development/amendment of a TG. An overview of the foreseen tasks of the submitted OECD 
Project Proposals will be given.  
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Silver nanoparticles (AgNPs), have a high scientific and commercial impact due to their important 
antibacterial properties. However, there are serious concerns about their toxicological adverse 
effects because of their broad range of applications. Particularly, the impact of AgNPs on cells is not 
very well understood yet and there is a current demand to develop analytical methodologies 
providing information about the interaction and distribution of AgNPs at a single cell level. In this 
research, mass cytometry was used to introduce a new quantitative approach to study the uptake of 
AgNPs by individual THP-1 macrophages as a cell model system.1 Here, we show that this 
methodology provides not only multi-variate phenotypic information of individual cells but enables the 
quantitative analysis of AgNPs associated to cells in a single measurement by performing an 
external calibration using AgNPs suspension. Using differentiated THP-1 cells, we monitored and 
quantified the uptake of 50 nm AgNPs in a time and dose-dependent manner by mass cytometry. 7 
to 120 AgNPs per cell (2 to 89 fg Ag/cell) were determined after exposure of differentiated THP-1 
cells to low AgNPs concentrations of 0.1 and 1.0 mg L-1, at time points of 4 and 24 h. The results 
were validated by mass cytometric analysis of digested cells working as a conventional inductively 
coupled plasma mass spectrometry, ICP-MS. This study demonstrates the power of single cell 
analysis by mass cytometry even for low doses experiments as a new analytical tool for hitherto 
unaddressed questions in nanotoxicology. 
 

List of references:  
1. Mueller, L.; Traub, H.; Jakubowski, N.; Drescher, D.; Baranov, V. I.; Kneipp, J. Trends in single-cell 

analysis by use of ICP-MS. Anal. Bioanal. Chem. 2014. 406, 6963-6977 
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The OECD test guidelines (TGs) for testing chemicals have been widely used for regulatory purposes 
all over the world since the establishment of the Mutual Acceptance of Data (MAD) principle in 1984. 
This MAD principle ensures that, if a chemical is tested under the Good Laboratory Practice (GLP) 
conditions accordingly to an OECD TG, the data should be accepted in all OECD countries. The TGs 
have been developed, harmonized, internationally validated (round robin tests) and adopted by OECD 
countries to be used for the physical-chemical characterisation, fate estimation, and hazard 
identification for risk assessment of various chemicals. In addition to the TGs, OECD Guidance 
Documents (GDs) usually provide guidance on how to use TGs and how to interpret the results. These 
GDs do not have to be fully experimentally validated, and hence they are not under MAD, but they are 
based on relevant published scientific research.  
But are the existing TGs and the related GDs applicable and adequate for the regulatory testing of 
nanomaterials? In general, it is accepted that most of the "endpoints" or more precisely measurement 
variables are applicable also for nanomaterials. However, for some endpoints new or amended TGs 
are needed. In addition, several GDs are needed to give more precise advice on the test performance 
in order to gain regulatory relevant data on nanomaterials.  
 
The poster will present the status quo on recent TGs and GDs development for nanomaterials at OECD 
level with relevance for physical-chemical characterisation. Emphasis will be given to the proposed 
OECD TG on particle size and size distribution for manufactured nanomaterials. The development of 
such a TG is of special importance as particle size and size distribution is considered as major 
information for nanomaterial identification and characterization. A reliable and reproducible 
characterisation of particle size and size distribution is also needed for chemicals risk assessment of 
nanomaterials, for instance to interpret and compare test results and - in future … to forecast interaction 
and effects of nanomaterials. The presented poster will illustrate the way from the idea for a new TG 
and new GD to an accepted OECD TG/GD. 
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Assessing potential risks of nanomaterials - Genotoxicity screening with 
the fluorometric ��-H2AX assay and automated microscopic detection 
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The increasing use of nanomaterials in the material and life sciences and the synthesis of an 
ever increasing number of new functional nanoparticles raises also concerns of nanotoxicity, 
calling for standardized test procedures1,2 and efficient approaches to screen the potential 
genotoxicity of these materials. Aiming at the development of fast and easy to use, automated 
microscopic methods for the determination of the genotoxicity of different types of application-
relevant nanoparticles, we assess the potential of the fluorometric ��H2AX assay for this 
purpose. This assay, which can be run on an automated microscopic detection system, relies 
on the detection of DNA double strand breaks (DSB) as a sign for genotoxicity3. Here, we 
present first results obtained with broadly used nanomaterials like CdSe/CdS and InP/ZnS 
quantum dots as well as iron oxide, gold, and polymer particles of different (known) surface 
chemistry with previously tested colloidal stability and different cell lines like Hep-2 and 8E11 
cells, which reveal a dependence of the genotoxicity on the chemical composition as well as 
the surface chemistry of these nanomaterials. These studies will be also used to establish 
nanomaterials as positive and negative genotoxicity controls or standards for assay perfor-
mance validation for users of this fluorometric genotoxicity assay. In the future, after proper 
validation, this microscopic platform technology will be expanded to other toxicity assays. 
 
 
 
 
 
 
 
 

 
 
Figure 1: Detection of DSB with ��H2AX assay   Figure 2: Genotoxicity of iron oxide nanoparticles 
 
 
 

List of references:  
1. Landsiedel, R.; Kapp, M. D.; Schulz, M.; Wiench, K.; Oesch, F., Reviews in Mutation Research 2009, 

681, 241-258 
2. Henriksen-Lacey, M.; Carregal-Romero, S.; Liz-Marzán, L. M., Bioconjugate Chem. 2016, 28, 212-221 
3. Willitzki, A.; Lorenz, S.; Hiemann, R.; Guttek, K.; Goihl, A.; Hartig, R.; Conrad, K.; Feist, E.; Sack, U.; 

Schierack, P., Cytometry Part A 2013, 83, 1017-1026 
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Magnetic field imaging techniques with sub micrometer resolution are of increasing scientific and 
industrial interest as they are used for the characterization of e.g. magnetic nanostructures like 
domain walls as well as for magnetic sensors, scales and storage devices. 
Some imaging techniques, like scanning Hall, scanning magnetoresistive imaging, magnetic force 
microscopy (MFM) and magneto-optical imaging using Faraday indicator films (MOIF) can in 
principle be calibrated to yield quantitative spatially resolved magnetic field data H(x,y,z). 
Deconvolution approaches even allow an extraction of field data on length scales smaller than typical 
sensor dimensions, if the physical principles of the sensor mapping function are understood, as it is 
the case for all techniques mentioned above. However, for nanoscale sensors unavoidable 
manufacturing-related deviations in geometry and material parameters may significantly impact the 
sensor sensitivity, in particular when measuring nanoscale structures. Therefore, each individual 
sensor has to be calibrated, and if subject to wear processes this calibration may even be required 
before and after any actual measurement. Since the sensitivity typically shows a strong dependency 
on the dimensional features of the stray field distribution, a calibration has to be performed in an 
application specific stray field distribution. Nano- and micro scale magnetic field features can only be 
observed next to the surface of a magnetically or mechanically micro- or nano-patterned magnetic 
reference material. Such magnetic reference samples for different applications are developed at PTB 
within the EMPIR project NanoMag. We here will discuss demands and possible implementations of 
such reference materials for different calibration purposes. 
 
 
 
 
 
 
 
 

List of references: (optional) 
1. Reference 1 
2. Reference 2   

 

 
 
Figure 2: Maze domain pattern in a CoPt sample 
(top) and a magnetic scale (bottom) for the 
calibration of magnetic sensors with active areas in 
or below the micrometer range and up to the 
millimeter range, respectively. 
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Figure 1: Magnetic nanoparticles for MFM tip 
calibration. 
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Nanocrystals, lanthanide, immuno-assays 
 
Imaging of elemental distributions in single cell assays as well as tissue sections can be performed by 
laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS). This powerful technique 
offers precise spatially resolved measurements at the trace and ultratrace level and has been 
established as an excellent tool to answer analytical, biological and biomedical questions. To date, 
imaging mass cytometry is already able to simultaneously detect up to 40 cellular targets due to 
conjugation of isotopically pure lanthanides to affinity binders, e.g. antibodies. 
 
To further enhance the ability of multiparametric analysis to more than 100 analytes at once, we 
investigated lanthanide nanocrystals as new, highly sensitive metal tags for identification of targets in 
clinical cell assays and tissue samples. Multiparametric analysis will be possible by encoding the 
lanthanide composition of nanocrystals associated to the affinity binders. Nanocrystals showed 
remarkable potential for sensitive detection in MS due to high stability and signal amplification 
compared to e.g. polymer tags, carrying fewer metal atoms. 
 
Synthesis of functionalized lanthanide nanocrystals for further bioconjugation was performed with high 
reproducibility and monodisperse size distribution. For proof of principle, the uptake and distribution of 
these nanocrystals within the monolayered cell line A549 were investigated by mapping the intensities 
at subcellular resolution using LA-ICP-MS. It could be shown, that the cells were efficiently labeled 
with the nanocrystals. Additionally, the bioconjugation of the nanocrystals to antibodies and particularly 
the preservation of the antibody specificity was investigated using Dot Blot experiments. All in all, the 
results imply high sensitivity and the possibility of multiparametric analysis by doting various 
lanthanides into the nanocrystals. 
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Nanoparticles (NPs) have found a wide range of applications in research and industry. Thereby the 
interaction of NPs with biological systems like cells has become a major field of interest, ranging from 
medical applications to nanotoxicology. Size, shape and surface modification of the nanomaterials 
determine the uptake rate and pathway into the cells, and therefore impact specific cell components 
and processes. 
 
Inductively coupled plasma mass spectrometry (ICP-MS) is a well-established analytical method 
offering high sensitivity and multi-element capability. By coupling a laser ablation (LA) system to an 
ICP-MS the analysis of different kinds of solid samples is possible. In recent years, it was shown that 
LA-ICP-MS can provide quantitative as well as distribution information of metal containing 
nanoparticles (NPs) in cell samples.  
 
Here LA-ICP-MS was applied for the imaging of individual fibroblast cells to study the uptake and 
intracellular processing of NPs. Our results show that LA-ICP-MS can be used to localize nanoparticle 
aggregates within cellular compartments. The studied NPs accumulate in the perinuclear region in the 
course of intracellular processing, but do not enter the cell nucleus.1, 2 The uptake efficiency depends 
strongly on the physico-chemical properties of the nanostructures3, 4 as well as on the incubation 
conditions like concentration and incubation time.1, 4 
ICP-MS was used to determine the composition of the nanomaterials as well as the number of NPs in 
cells after acid digestion of the samples. 
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Atom probe tomography (APT) is an analytical technique capable of providing in-depth elemental 
information at sub-nanometer resolution (lateral and depth) with a relatively high sensitivity. Therefore, 
it is seen as an important enabler in diverse fields of applications such as semiconductor industry, 
metallurgy etc. Over the last decade, APT has seen considerable progress in instrumental 
development and the theoretical understanding of its underlying physics. In contrast to this, universal 
analysis procedures, uncertainty assessment and widespread comparison of APT data are still lacking, 
mainly due to the absence of appropriate standards and reference materials. This is not surprising, 
given the high complexity paired with the low reproducibility of current APT sample preparation 
procedures [1]. The underlying physical principle of APT, i.e. laser-assisted atom-by-atom field 
evaporation, requires a tip-shaped sample with an endpoint radius below 100 nm. Current practise in 
the field is to use dual-beam instruments that combine a scanning electron microscope and a focused 
ion beam (FIB), to nanofabricate a sharp tip from the sample. The latter is however very time 
consuming and, due to its manual nature, distant from manufacturing many sample in a reproducible 
manner for comparative studies. 
 
To address these limitations, we have developed a novel sample preparation scheme that yields APT 
samples with minimized tip-to-tip variations i.e. with reproducible tip radii, taper angles and heights. 
With this approach we strongly improve the assessment of the uncertainty budget in APT by eliminating 
the impact of tip geometry and its properties, as the latter might be strongly modified during the FIB 
preparation. Our protocol is based on standard lithography and etching techniques, hence omitting the 
use of a manual SEM-FIB step, and can be easily upscaled towards full wafer processing with a high 
degree of automation. As initial test vehicle, we have optimized the procedure for the preparation of 
APT tips starting from a boron-doped (~1E20 atoms/cm3), epitaxially grown SiGe (25% Ge) layer (100 
nm) on a 300 mm Si (100) wafer. The complementary characterization of the same (or similar) wafer 
using different (reference-free) analysis techniques is done to extract the layer thickness, composition 
and dopant concentration. This complete characterization together with the repeatability in forming the 
different APT samples, will form the cornerstone to establish a potential reference sample for APT. 
Tthese well-characterised APT tips will be used to initiate an interlaboratory study (e.g. under the 
VAMAS umbrella [2]), addressing the uncertainty budget in APT analysis related to the analysis of 
Boron (as a dopant) and Ge (as an alloy element). 
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The utilization of silver nanoparticles in consumer related products has significantly increased over the 
last decade, especially due to their antimicrobial properties. Today they are used in a high variety of 
products ranging from food containers over children toys and textiles. Therefore, research on the 
toxicological potential of silver nanoparticles becomes increasingly important for a high amount of 
studies. Unfortunately, the results of these studies are extremely diverse and do not lead to a 
consistent evaluation. The central problem lies in the use of a wide range of silver nanoparticles, which 
show a broad size distribution. To overcome this problem we report on the synthesis and application 
of small silver nanoparticles with a narrow size distribution (R = 3.1 nm, �1 = 0.6 nm). The poly(acrylic 
acid) stabilized particles are thoroughly characterized by small-angle X-ray scattering, dynamic light 
scattering and UV/Vis spectroscopy. The particles are highly stable and show no aggregation for more 
than six months. It is foreseen to use these thoroughly characterized nanoparticles as reference 
material to compare the catalytic and biological properties of functionalized silver nanoparticles. As a 
first step the particles are used in the first world-wide inter-laboratory comparison of SAXS.[1] 
Furthermore, the stabilizing ligand PAA can be easily exchanged by biomolecules to modify the surface 
functionality. Replacements of PAA with glutathione (GSH) and bovine serum albumin (BSA) have 
been performed as examples. With this flexible system first applications regarding biological 
application in an artificial digestion procedure have been performed. Thereby the changes in size 
distribution and aggregation state were monitored by SAXS (Figure 1).[2] Additionally these particles 
show a high catalytic activity of (436 ± 24) L g-1 s-1 in the reduction of 4- nitrophenol to 4-aminophenol. 
This activity is two orders of magnitude higher than for other silver particles in the literature.[3] 

  
Figure 1: Volume-weighted size distributions derived by SAXS measurements of silver nanoparticles in the 
presence of food components at the three digestion steps: saliva, stomach and intestine (red, blue and green 
bars, respectively). 
 
References 
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Ever since increasing a reaction•s yield while shortening the reaction time is the main objective in 
synthesis optimization. Microwave reactors meet these demands. In literature however their usage is 
under discussion due to claims of the existence of non-thermal effects resulting from the microwave 
radiation. Especially for nano-reference-material syntheses it is of crucial importance to be aware of 
influences on the reaction pathway. Therefore, we compare ultra-small silver nanoparticles with mean 
radii of 3 nm, synthesized via conventional and microwave heating.  
We employed a versatile one-pot polyol synthesis of poly(acrylic acid) (PAA) stabilized silver 
nanoparticles, which display superior catalytic properties. No microwave specific effects in terms of 
particle size distribution characteristics, as derived by small-angle X-ray scattering (SAXS) and 
dynamic light scattering (DLS), are revealed. Due to the microwave reactor•s characteristics of a closed 
system, syntheses can be carried out at temperatures beyond the solvent•s boiling point. Particle 
formation was accelerated by a factor of 30 by increasing the reaction temperature from 200 °C to 
250 °C. The particle growth process follows a cluster coalescence mechanism.  
A post-synthetic incubation step at 250 °C induces a further growth of the particles while the size 
distribution broadens. Thus, utilization of microwave reactors enables an enormous decrease of the 
reaction time as well as the opportunity of tuning the particles• size. Possibly, decomposition of the 
stabilizing ligand at elevated temperatures results in reduced yields. A temperature of 250 °C and a 
corresponding reaction time of 30 s represent a compromise between short reaction times and high 
yields. 
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Small-Angles X-Ray Scattering (SAXS) has been established as a metrological method for the 
determination of nanoparticles size and size distribution. Modern SAXS Laboratory experiments1, by 
involving synchrotron-based instrumentation at lower price and very stable X-ray source, are more 
and more used in nanomaterials domain. In the frame of the EMPIR Innanopart project, we have 
developed a methodology for the size, size distribution and concentration determination of spherical 
nanoparticles. This protocol involves a precise sample preparation, and a set of homemade software 
tools for the data processing - from the acquisition, the absolute scaling, to the analysis.  
spICPMs is not a metrological traceable technique but has many strengths to become a useful 
complement of nanoparticle characterization methods such as SAXS and microscopy. It can also 
measure highly diluted nanoparticles suspensions which is not the case of Dynamic Light scattering 
(DLS) or SAXS. Finally, ICPMS analyzes inorganic ions in liquid solution in a very large range of 
concentration, which should allow linear diameter measurement range over at least 3 orders of 
magnitude.  
In this work, we confront spICPMS with SAXS in order to investigate the method and the developed 
protocols on a set of commercial spherical Gold Nanoparticles. 
 

 
Comparison between SAXS and spIPCMS 

method for the determination of size of 
spherical Gold Nanoparticles
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Coming as response to the needs expressed by The European Commission mandating CEN, 
CENELEC and ETSI to develop European standards for methods that can characterize reliably 
manufactured nanomaterials, a new European metrology research project •nPSize - Improved 
traceability chain of nanoparticle size measurements• has received funding for the next three years. 
The project will develop methods, reference materials and modelling to improve the traceability chain, 
comparability and compatibility for nanoparticle size measurements to support standardization. 
nPSize has selected only those nanoparticle sizing techniques which are able to provide traceable 
results: electron microscopy (SEM, TSEM and TEM), AFM and SAXS. Metrologists from national 
metrological or designated institutes (PTB, LNE, LGC, VSL, SMD and BAM) will work together with 
scientists with know-how in development of new nano reference nanoparticles (CEA, University of 
Turin, LGC, BAM) and with experts in advanced data processing, e.g. by machine learning (POLLEN). 
With the support of DIN, the project outcomes will be channelized to standardization bodies such as 
ISO/TC 229 •Nanotechnologies•/JWG 2 •Nanoparticle Measurement and Characterization• (SEM, 
TSEM and TEM), CEN/TC 352 •Nanotechnologies• (SEM, TSEM and TEM), ISO/TC 201/SC 9 (AFM), 
ISO/TC 24/SC 4 (SAXS). 
Three technical work packages will ensure input for impact to standardization community, nanoparticle 
manufacturers, instrument manufacturers, and (accredited) service laboratories: 

€ WP1 Performance and traceability of characterization methods 
€ WP2 Reference materials - Preparation and Characterization 
€ WP3 Modelling and development of measurement procedures 

Well-defined non-spherical nanoparticles shapes such as cubes, platelets, bipyramids, rods/acicular 
will be developed, with mono- and polydisperse size distribution, as well as with accurate particle 
number concentration (by SAXS and isotopically enrichment for ICP-MS). 
Physical modelling of the signal for TSEM, SEM, 3D-AFM and SAXS will be used to feed machine 
learning modeling from a-priori measurement data. Further, data fusion will be developed for hybrid 
sizing techniques: SEM with TSEM/TEM, SEM/TSEM with AFM, SEM/TSEM with SAXS with the final 
aim of improving the true shape and size of non-spherical nanoparticles by a better estimation of the 
measurement uncertainties. 
In the second half-time of the project dedicated workshops (focused on method improvement and 
reference materials development) will be organized to disseminate the gained knowledge to end-users. 
Further, a data library with relevant tagged measurement data is planned to be organized and made 
publicly available. Inter-laboratory comparisons based on the newly developed multi-modal nano 
reference materials will be organized preferably within VAMAS/TWA 34 •Nanoparticle populations•. 
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