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1. Introduction 

I propose an analysis method of surface condition on micro scale utilising a tumbling motion of 

paramagnetic particles induced by a rotational magnetic field. When the paramagnetic particles are 

placed on the substrate and a rotational magnetic field, the rotational plane of which is perpendicular 

to the substrate, is applied, the particles form chain clusters due to the dipole-dipole interaction and 

start to rotate on the substrate. During the rotation of the cluster, friction acts between the clusters and 

the substrate via the dipole-dipole attractive interaction. Thanks to the friction force, the rotating 

clusters can be moved along the substrate [1]. If the substrate or the particles are modified with 

chemical groups or biomolecules, the interactions may change due to electrostatic interaction, van 

der Waals forces, hydrophobic forces and so on. In this experiment, I carry out two experiments: (1) 

Immobilisation of antibody on the particles, and (2) Immobilisation of antibody on the substrate. In 

both cases, I clarify the dependence of the velocity of the cluster composed of two paramagnetic 

particles on the surfaces modification. 

 

2. Experimental methods 

Both experimental system is shown in Fig. 1. In the case of first experiment, I immobilise antibodies 

onto the magnetic particles using the PolyLink Protein Coupling Kit. Then a cluster, which is 

composed of two paramagnetic particles, is rotated on the glass substrate by a rotational magnetic 

field, and the motion of the cluster is analysed. I also investigate the effect of the amount of antibody 

immobilised on the particles on the zeta potential of the particles in pure water. In order to conform 

amount of antibody on the magnetic particle, I modified FITC conjugated antibodies and observe the 

particles by confocal laser microscope (Fig. 2). In the case of second experiment, I immobilized 

antibodies onto the glass substrate. Then the clusters are rotated on the substrate by a rotational 

magnetic field. The antibody modified magnetic particle solution was dropped into a tumbling well. In 

both cases, when I applied the magnetic field, I analyze velocity of the cluster. I recorded a tumbling 

motion of cluster by video and I analyze the velocity by analysis tool. 

 

3. Results and discussion 

I modified FITC conjugated antibodies on the magnetic particles and the glass substrate, and 

clarified the surface of the particle used by a fluorescent microscope, is shown in Fig 2.The velocity 

of the cluster which was modified differ concentrations of antibody, is shown in Fig. 3 (a). It is supposed 

that the difference of the velocity was caused by the difference in the electrostatic conditions on the 



surface of the substrate or the magnetic particle and therefore the zeta potential of the substrate and the 

magnetic particle was measured. In the case of first experiment, the velocity of the particle was 

decelerate by decreasing the concentration of antibody on the magnetic particles. Since present a glass 

substrate which I used was -25.1mV. The velocity of the cluster along the substrate with and without 

antibody, is shown in Fig. 3 (b). In the case of second experiment, the velocity of the substrate was 

decelerate by decreasing the concentration of antibody on the glass substrate. In both cases, therefore 

it is support that the difference of the velocity induced by repressed forces acting on the magnetic 

particles. 

 

4. Summary 

 I investigated the dynamics of the cluster composed of the two magnetic particle on a substrate induced 

by a rotational magnetic field. I clarified the dependence of the velocity of magnetic particles on the 

zeta potential when was modified an antibody on the surface of the magnetic particle or the substrate. 

Velocity of the cluster composed of the two magnetic particle were fasted because the concentration of 

antibody and zeta potential rises on the magnetic particle and the substrate.  
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Fig. 2 Confocal microscope image of magnetic 

particles immobilised with FITC conjugated 

antibody. (a) Bright field image, (b) Fluoresence 
image of the particles. 

Fig. 3 Effect of the amount of antibody 

immobilized on the particles (a) and the 

substrate. 
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Fig. 1 Schematic diagram of the 
experimental system. 
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