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Abstract

Exploration of active manipulation of bioparticles has been impacted by the development 
�˜�•�1�–�’�Œ�›�˜�,�&�—�Š�—�˜���ž�’�•�’�Œ�1�•�Ž�Œ�‘�—�˜�•�˜�•�’�Ž�œ�ð�1�Ž�—�Š�‹�•�’�—�•�1�Ž�Ÿ�’�•�Ž�—�•�1�˜�‹�œ�Ž�›�Ÿ�Š�•�’�˜�—�1�˜�•�1�™�Š�›�•�’�Œ�•�Ž�1�›�Ž�œ�™�˜�—�œ�Ž�œ�1�‹�¢�1
�–�Ž�Š�—�œ�1 �˜�•�1 �Š�™�™�•�’�Ž�•�1 �•�ž�—�Š�‹�•�Ž�1 �Ž�¡�•�Ž�›�—�Š�•�1 �•�˜�›�Œ�Ž�1 ���Ž�•�•�ð�1 �—�Š�–�Ž�•�¢�ð�1 �•�’�Ž�•�Ž�Œ�•�›�˜�™�‘�˜�›�Ž�œ�’�œ�1 �û�������ü�ð�1 �–�Š�•�—�Ž-
�•�˜�™�‘�˜�›�Ž�œ�’�œ�1�û�����	�ü�ð�1�Š�Œ�˜�ž�œ�•�˜�™�‘�˜�›�Ž�œ�’�œ�1�û�������ü�ð�1�•�‘�Ž�›�–�˜�™�‘�˜�›�Ž�œ�’�œ�1�û���
���ü�ð�1�Š�—�•�1�˜�™�•�’�Œ�Š�•�1�•� �Ž�Ž�£�’�—�•�1
�˜�›�1�•�›�Š�™�™�’�—�•�1�û�������ü�ï�1���—�1�•�‘�’�œ�1�Œ�‘�Š�™�•�Ž�›�ð�1�Ž�Š�Œ�‘�1�–�Ž�Œ�‘�Š�—�’�œ�–�1�’�œ�1�™�›�Ž�œ�Ž�—�•�Ž�•�1�’�—�1�‹�›�’�Ž�•�1�¢�Ž�•�1�Œ�˜�—�Œ�’�œ�Ž�ð�1�•�˜�›�1
�‹�›�˜�Š�•�1�›�Š�—�•�Ž�1�˜�•�1�›�Ž�Š�•�Ž�›�œ�ð�1�Š�œ�1�œ�•�›�˜�—�•�1�•�˜�ž�—�•�Š�•�’�˜�—�1�•�˜�›�1�Š�–�Š�•�Ž�ž�›�1�Š�œ�1� �Ž�•�•�1�Š�œ�1�‹�›�Š�’�—�œ�•�˜�›�–�’�—�•�1�œ�˜�ž�›�Œ�Ž�1
�•�˜�›�1�Ž�¡�™�Ž�›�•�œ�ï�1���‘�Ž�1�•�’�œ�Œ�ž�œ�œ�’�˜�—�1�Œ�˜�Ÿ�Ž�›�œ�1�•�‘�Ž�1�•�ž�—�•�Š�–�Ž�—�•�Š�•�1�–�Ž�Œ�‘�Š�—�’�œ�–�1�•�‘�Š�•�1�ž�—�•�Ž�›�•�¢�’�—�•�1�•�‘�Ž�1�™�‘�Ž-
�—�˜�–�Ž�—�˜�—�ð�1�™�›�Ž�œ�Ž�—�•�’�—�•�1�•�‘�Ž�1�•�‘�Ž�˜�›�Ž�•�’�Œ�Š�•�1�Š�—�•�1�œ�Œ�‘�Ž�–�Š�•�’�Œ�1�•�Ž�œ�Œ�›�’�™�•�’�˜�—�ò�1�‘�˜� �1�•�‘�Ž�1�›�Ž�œ�™�˜�—�œ�Ž�1�‹�Ž�’�—�•�1
�•�ž�—�Ž�•�ò�1�Š�—�•�1�ž�•�–�˜�œ�•�1�™�›�Š�Œ�•�’�Œ�Š�•�ð�1�•�‘�Ž�1�ž�—�•�Ž�›�œ�•�Š�—�•�’�—�•�1�‹�¢�1�œ�™�Ž�Œ�’���Œ�1�’�–�™�•�Ž�–�Ž�—�•�Š�•�’�˜�—�1�’�—�•�˜�1�‹�’�˜�™�Š�›�•�’-
�Œ�•�Ž�œ�1�–�Š�—�’�™�ž�•�Š�•�’�˜�—�1�Ž�—�•�Š�•�’�—�•�1�•�›�˜�–�1�–�’�Œ�›�˜�—�,�œ�’�£�Ž�•�1�–�Š�•�Ž�›�’�Š�•�1�•�˜� �—�1�•�˜�1�–�˜�•�Ž�Œ�ž�•�Š�›�1�•�Ž�Ÿ�Ž�•�1�™�Š�›�•�’�Œ�•�Ž�œ�ï

Keywords: �1�–�’�Œ�›�˜���ž�’�•�’�Œ�œ�ð�1�—�Š�—�˜���ž�’�•�’�Œ�œ�ð�1�•�’�Ž�•�Ž�Œ�•�›�˜�™�‘�˜�›�Ž�œ�’�œ�ð�1�–�Š�•�—�Ž�•�˜�™�‘�˜�›�Ž�œ�’�œ�ð�1
�Š�Œ�˜�ž�œ�•�˜�™�‘�˜�›�Ž�œ�’�œ�ð�1�•�‘�Ž�›�–�˜�™�‘�˜�›�Ž�œ�’�œ�ð�1�˜�™�•�’�Œ�Š�•�1�•� �Ž�Ž�£�’�—�•�ð�1�˜�™�•�’�Œ�Š�•�1�•�›�Š�™�™�’�—�•

1. Introduction

���›�˜�•�›�Ž�œ�œ�1 �’�—�1 �‹�’�˜�–�Ž�•�’�Œ�Š�•�1 �•�Ž�Œ�‘�—�˜�•�˜�•�’�Ž�œ�1 �‘�Š�œ�1 �Ž�–�Ž�›�•�Ž�•�1 �’�—�•�˜�1 �–�’�—�’�Š�•�ž�›�’�£�Š�•�’�˜�—�1 �˜�•�1 �‹�’�˜�–�Ž�•�’�Œ�Š�•�1 �•�Ž�Ÿ�’�Œ�Ž�œ�ï�1
���‘�Ž�1�–�Š�’�—�1�•�Ž�Š�•�ž�›�Ž�œ�1�’�—�1�–�’�—�’�Š�•�ž�›�’�£�Ž�•�1�‹�’�˜�–�Ž�•�’�Œ�Š�•�1�•�Ž�Ÿ�’�Œ�Ž�œ�1�Š�›�Ž�1�Ž�œ�•�Š�‹�•�’�œ�‘�–�Ž�—�•�1�˜�•�1�Œ�˜�—�•�›�˜�•�•�Ž�•�1�–�’�Œ�›�˜�Ž�—-
vironment that promotes predictive micro-/nanoparticle behaviors and reduction in required 
�œ�Š�–�™�•�Ž�1�Ÿ�˜�•�ž�–�Ž�1�•�˜�›�1�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�£�Š�•�’�˜�—�1�˜�•�1�œ�Œ�Š�›�Œ�Ž�1�–�Š�•�Ž�›�’�Š�•�œ�ð�1�Ž�ï�•�ï�ð�1�™�Š�•�’�Ž�—�•�,�•�Ž�›�’�Ÿ�Ž�•�1�œ�Š�–�™�•�Ž�œ�ð�1� �‘�’�Œ�‘�1�‘�Ž�•�™�1
�•�˜�1�›�Ž�•�ž�Œ�Ž�1�•�‘�Ž�1�Œ�˜�œ�•�1�Š�—�•�1�•�’�–�Ž�1�•�˜�›�1�•�’�Š�•�—�˜�œ�’�œ�1�Š�—�•�1�•�‘�Ž�›�Š�™�¢�1�ý1�þ�ï�1���’�—�’�Š�•�ž�›�’�£�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�œ�Ž�1�‹�’�˜�–�Ž�•�’�Œ�Š�•�1
�•�Ž�Ÿ�’�Œ�Ž�œ�1 �•�Ž�–�Š�—�•�œ�1 �•�˜�›�1 �’�–�™�•�Ž�–�Ž�—�•�Š�•�’�˜�—�1 �˜�•�1 �™�Š�›�•�’�Œ�ž�•�Š�›�1 �™�›�˜�Œ�Ž�•�ž�›�Ž�œ�1 �’�—�1 �™�›�Ž�Œ�’�œ�Ž�1 �Š�™�™�›�˜�Š�Œ�‘�ð�1 � �‘�’�Œ�‘�1 �‘�Š�œ�1

�i�������������7�K�H���$�X�W�K�R�U���V�������/�L�F�H�Q�V�H�H���,�Q�W�H�F�K�2�S�H�Q�����7�K�L�V���F�K�D�S�W�H�U���L�V���G�L�V�W�U�L�E�X�W�H�G���X�Q�G�H�U���W�K�H���W�H�U�P�V���R�I���W�K�H���&�U�H�D�W�L�Y�H

�&�R�P�P�R�Q�V���$�W�W�U�L�E�X�W�L�R�Q���/�L�F�H�Q�V�H�����K�W�W�S�������F�U�H�D�W�L�Y�H�F�R�P�P�R�Q�V���R�U�J���O�L�F�H�Q�V�H�V���E�\���������������Z�K�L�F�K���S�H�U�P�L�W�V���X�Q�U�H�V�W�U�L�F�W�H�G���X�V�H��

�G�L�V�W�U�L�E�X�W�L�R�Q�����D�Q�G���U�H�S�U�R�G�X�F�W�L�R�Q���L�Q���D�Q�\���P�H�G�L�X�P�����S�U�R�Y�L�G�H�G���W�K�H���R�U�L�J�L�Q�D�O���Z�R�U�N���L�V���S�U�R�S�H�U�O�\���F�L�W�H�G��



�‹�Ž�Ž�—�1�Ž�¡�•�Ž�—�œ�’�Ÿ�Ž�•�¢�1�œ�•�ž�•�’�Ž�•�1�’�—�1�–�’�Œ�›�˜�,�&�—�Š�—�˜���ž�’�•�’�Œ�1�œ�¢�œ�•�Ž�–�1�’�—�•�Ž�•�›�Š�•�Ž�•�1� �’�•�‘�1�Š�Œ�•�’�Ÿ�Ž�1�–�Š�—�’�™�ž�•�Š�•�’�˜�—�1�–�Ž�Œ�‘-
�Š�—�’�œ�–�œ�1�ý2–4�þ�ï

���’�Œ�›�˜�,�&�—�Š�—�˜���ž�’�•�’�Œ�1�œ�¢�œ�•�Ž�–�1�•�Š�Œ�’�•�’�•�Š�•�Ž�œ�1�›�Ž�œ�Ž�Š�›�Œ�‘�Ž�›�œ�1�’�—�1�Œ�›�Ž�Š�•�’�—�•�1� �Ž�•�•�,�Œ�˜�—�•�›�˜�•�•�Ž�•�1�–�’�Œ�›�˜�,�&�—�Š�—�˜�œ�Œ�Š�•�Ž�1
�Ž�—�Ÿ�’�›�˜�—�–�Ž�—�•�1 �Š�—�•�1 �Š�•�1 �•�‘�Ž�1 �œ�Š�–�Ž�1 �•�’�–�Ž�1 �Ž�—�Š�‹�•�Ž�œ�1 �•�‘�Ž�1 �Š�—�Š�•�¢�œ�’�œ�1 �˜�•�1 �–�’�Œ�›�˜�,�&�—�Š�—�˜�™�Š�›�•�’�Œ�•�Ž�œ�1 �’�—�Œ�•�ž�•�’�—�•�1
�‹�’�˜�•�˜�•�’�Œ�Š�•�1�™�Š�›�•�’�Œ�•�Ž�1�û�‹�’�˜�™�Š�›�•�’�Œ�•�Ž�ü�1�‹�Ž�‘�Š�Ÿ�’�˜�›�œ�1�Š�—�•�1�›�Ž�œ�™�˜�—�œ�Ž�œ�1�•�˜� �Š�›�•�1�Š�Œ�•�’�Ÿ�Ž�1�–�Š�—�’�™�ž�•�Š�•�’�˜�—�1�–�Ž�Œ�‘�Š-
�—�’�œ�–�œ�ð�1�’�—�1�Š�•�•�’�•�’�˜�—�1�•�˜�1�™�Š�›�•�’�Œ�•�Ž�,�™�Š�›�•�’�Œ�•�Ž�1�›�Ž�Š�Œ�•�’�˜�—�œ�1�Š�—�•�1�Ž�¡�•�Ž�›�—�Š�•�1�œ�•�’�–�ž�•�’�1�ý5�þ�ï�1���Œ�•�’�Ÿ�Ž�1�–�Š�—�’�™�ž�•�Š�•�’�˜�—�1
mechanisms make possible the control of bioparticle displacement and motional trajectories 
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3. Dielectrophoresis
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3.1. Fundamentals of DEP
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3.2. Dielectrophoretic manipulation of bioparticles
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4. Magnetophoresis
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4.2. Magnetophoretic manipulation of bioparticles
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5. Acoustophoresis
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5.1. Fundamentals of ACT
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5.2. Acoustophoretic manipulation of bioparticles
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6. Thermophoresis
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6.1. Fundamentals of THM
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6.2. Thermophoretic manipulation of bioparticles
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7. Optical tweezing/trapping
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7.1. Fundamentals of OPT
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as presented in Figure 5a�ï

7.2. Optical tweezing or trapping of bioparticles
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8. Conclusion and future perspectives
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