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 The liquid-liquid interfacial precipitation (LLIP) method is one of techniques to make a crystal 
from the solvent. Two kinds of liquid of a good solvent saturated with an objective material and a poor 
one are used to form the interface between them. The degree of supersaturation near the interface was 
increased according to the counter diffusion of the two solvents. The seed crystal was made and grown in 
the reaction layer until the crystal sank from the layer to the bottom. The magnetic field effects on the 
orientation and the size were reported for C60 fullerene formed by using the LLIP method[1]. The 
fullerene nano-rod which was a whisker crystal of C60 was oriented perpendicular to the magnetic flux. 
It’s size was enlarged by 100 times due to apply the gradient magnetic field to reduce the apparent gravity. 
The similar magnetic field effects were reported in MAP6 for NaCl[1] and glycine[2]. It was considered 
that the magnetic field effect on size for these crystals was related to the three mechanical forces given by 
a high magnetic field: (1) the magnetic torque to control the posture of crystal against the 2-dimensional 
reaction field, (2) the magnetic force to control the reaction duration, and (3) Lorentz force to control the 
counter diffusion, the degree of the supersaturation, and the reaction rate. 

Glycine is an amino acid with the simplest structure and the polymorphism is reported among 
the different types of structure. The α, β and γ-crystals are the monoclinic system (space group P21/n), the 
needle shape crystal (P21) and the hexagonal crystal system (P31 or P32), respectively. The glycine crystal 
changes to the α-type by a solvent-mediated polymorphic transformation (SMPT) according to the order 
of the stability of unstable β < α < stable γ . In this paper, the magnetic field effects on the polymorphism 
and the SMPT were studied for glycine precipitated by using the LLIP method. 
 In the experiment, 1 ml of ethanol as a poor solvent was stacked slowly on 1 ml of glycine 
saturated aqueous solution to form interface between the two solvents in a glass made reactor with 5 mm 
diameter. The reactor was set in the bore of a superconducting magnet which temperature was kept to 0, 5 
10, 15 and 20 OC. After the reaction duration up to 2 h, the solution in the reactor was withdrawn and the 
precipitant was dried in a vacuum desiccator. The XRD pattern was measured to assign the crystal 
structure and the ratio of polymorphism was evaluated from the ratio of the XRD peak height. Two kinds 
of experiment were performed. (1) The changes in the ratio of the polymorphism were measured against 
the elapsed time for 1, 5, 10, 30, 60, 90 and 120 min, which was precipitated at 10 OC and zero magnetic 
field. (2) The magnetic field effect on polymorphism was investigated under the absence and the influence 
of the magnetic fields. The homogeneous magnetic field of 9.6 T and the gradient magnetic field of 6.8 T 
with ±57.9 T/m were applied at the temperature range between 0 and 20 OC. The apparent gravity was 
calculated to be reduced by 0.71g and increased by 1.29g in the present negative and positive gradient 
fields. 

As a result of the first experiment, an aging change of the crystal system was observed. Fig. 1 
indicated the change of the ratio of α, β and γ crystals in the precipitated glycine for the reaction time 
elapsed. The ratio of the β crystal was evaluated to be 80% at 1 min after the reaction and was decreased 
to 50% at 5 min, however. After 5 min elapsed, the ratio was decreased lineally and was reached below 



10% at 120 min. On the other hand, the ratio of the α crystal was evaluated to be 20% at 1 min, and was 
increased to 50% at 5 min. The linear increase of the ratio of the α crystal was observed. A small amount 
of the γ crystal was observed after 60 min. It was expected that the γ crystal become the dominant because 
of the most stable among them. Finally almost glycine was changed to the stable α crystal at 120 min 
elapsed. The experimental results indicated that the β crystal precipitated at first stage was gradually 
transformed to the α crystal by the SMPT.  

Fig. 2 showed the results of the second experiment. The temperature dependence and the 
magnetic field effects on the polymorphism were observed for the glycine precipitant. The ratio of the β 
crystal was independent of the temperature and equaled about 15% when the glycine was precipitated in 
zero magnetic fields. The same tendency was observed when the positive gradient magnetic field was 
applied, where the apparent gravity was increased by 1.29g. On the other hand, 40% of the glycine was 
the β crystal when the homogeneous magnetic field of 9.6 T was applied at 0 OC as shown by the open 
square. The ratio was decreased gradually with increasing temperature and became the same amount in 
zero magnetic fields above 15 OC. A half of the glycine was the β crystal when the gradient magnetic field 
was applied to reduce the gravity. The mechanism is not fully understood at the moment, however, the 
suppress of the convection and the diffusion under the magnetic fields, and the control of the position are 
considered to determine the polymorphism as the magnetic field effects.  

It is difficult to obtain the β glycine crystal even at low temperature because of its instability. 
However we succeeded to precipitate the β crystal over 50% by using the aid of the strong magnetic field. 
The remarkable magnetic field effects suggest strongly the high potential of the control of polymorphism 
for not only the glycine but also the other amino acid and proteins. 
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Fig. 1. The change in the ratio of the 
glycine crystals against the reaction time 
under zero magnetic fields at 10OC.  

Fig. 2. The temperature dependence of 
the β crystal of the precipitated glycine 
under various magnetic fields. 
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Many kinds of Aspergillus oryzae (A. oryzae) categorized into filamentous fungi have long been utilized 

to make fermented foods such as Japanese sake in Japan since ancient times. Therefore, A. oryzae is called 
“a national fungus” in Japan. While there exist a lot of special brewers in Japan who can make especially 
exquisite Japanese sake, miso, etc which are dependent on respective local area of production in Japan, there 
still remain lots of unknown about biological function and response of the fungus toward a change of an 
environmental condition in brewing. Recently, Hatakeyama et al. have reported the response toward visible 
light irradiation, which was influence on growing of the fungus hyphae and conidiospore [1]. On the other 
hand, it is well-known that an environmental factor of magnetic field can affect living bodies such as 
protozoa, plants and so on [2-6]. 

In this study, influence of a strong magnetic field on A. oryzae was investigated for the first time. When 
conidiospores of A. oryzae were cultivated for several days on a solid agar medium under a strong magnetic 
field at around 15 T, the hyphae grew radially to form a circular whity colony as a whole. It was found that a 
long axis of the hyphae resulted in aligning parallel to the magnetic field direction. This phenomenon was 
similar to that of pollen tubes [6]. Interestingly, however, grown hyphae themselves did not align to the 
magnetic field. This magnetic orientation will be discussed in the context of a cell wall formation at an apex 
of the hypha, which is made mainly of polysaccharide showing magnetic orientation. 
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Magnetic field effect on the organisms have been researched for a long time from the aspect of 

homing instinct of the animals that travel a great distance, such as migratory birds [1]. Then, it was 
revealed that light is greatly related to the magnetic field sensing of such animals. On the other hand, 
there is no report about such magnetic field effect on fungi. Until now, we reported the effect on the 
growth of a fungus called Aspergillus oryzae [2-4]. In the previous studies, it was demonstrated that the 
growth was promoted under the presence of both white light and magnetic field. Therefore, radical pair 
mechanism was considered to invoke in this effect. 

In this study, Aspergillus oryzae was cultivated in each condition of the presence and absence of light 
and magnetic field. Based on irradiation color dependence, intermediate compounds involved in the 
radical pair mechanism are discussed. 

In the case of the blue light irradiation, as a result, whereas it was reconfirmed that the light inhibited 
the growth of Aspergillus oryzae [4, 5], we first found out that the exposure of magnetic field in addition 
to the light affected to weaken the growth inhibition. Since this effect is caused by blue light and 
magnetic field, flavin adenine dinucleotide (FAD), which is known to be a typical candidate absorbing 
blue light, seems to be is involved in the radical pair mechanism. Since FAD is well-known to participate 
in an electron transfer reaction in living system, one of aromatic amino acids, possessing a character of 
an electron donor tryptophan, is considered to be a candidate as the counter radical source, which 
abundantly exists in organisms [1, 6]. In the case of the green light irradiation, on the other hand, 
influence in the growth of Aspergillus oryzae was not observed. This might be because a key compound 
absorbing the green light is retinal derivatives and thereby the light irradiation mainly causes cis-trans 
isomerization, not electron transfer. 
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Veterinary antibiotics are used to treat animal diseases and promote animal growth in the livestock 

industry. The presence of excess antibiotics in the aquatic environment may lead to producing 
antibiotic-resistant bacteria that make it difficult for animal and human therapy. Livestock facilities are 
one of the industrial sources of antibiotic release into the aquatic environment because of emissions of 
livestock wastewater. Magnetic separation process is capable of removing magnetically hazardous 
materials. In this work, magnetic removal of veterinary antibiotic from livestock wastewater was 
investigated using a permanent magnetic separator. Electrochemical magnetic seeding, which is performed 
using sacrificial anodes and ferromagnetic substances to enhance the magnetic properties of 
non-ferromagnetic pollutants such as veterinary antibiotics had been investigated [1]. In this study, 
continuous separation of magnetically-seeded oxytetracycline was tested using a neodymium magnet 
separator (0.6 T). We used stainless steel balls (⌀2.38) as a magnetic filter to produce a gradient magnetic 
field. The removal rate of oxytetracycline from the livestock wastewater was greatly enhanced by 
increasing the addition of magnetite powder. The results showed that the removal efficiency of 
oxytetracycline by SUS440C balls as the magnetic filter was higher when compared with SUS430. The 
study demonstrated that the high-gradient magnetic field generated by neodymium magnets with 
SUS440C balls enhances the selective removal of oxytetracycline from livestock wastewater.  
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Liquid-liquid-interfacial-precipitation (LLIP) method is one of the techniques to make crystal. 
In the LLIP method, the interface between a saturated solution and a poor solvent becomes supersaturated 
by counter diffusion(Fig. 1). Then the crystal is made in the supersaturated layer at around the 
2-dimensional interface. We have reported previously the magnetic field effects on the size of needle 
crystals of taurine and C60 fullerene, and the polymorphism of glycine[1, 2]. The origin of the magnetic 
field effects was considered to be related with the three mechanical forces due to the magnetic torque, 
Lorentz force and Faraday force. In this study, the lysozyme crystal is precipitated under the influence of 
vertical magnetic fields by using LLIP method. Both the quality and the size of the crystal of protein are 
important to analyze the structure for development of new medicine. Therefore, the quality and the size of 
the crystal are estimated as a magnetic field effect.  

In the experiment, an aqueous solution of poly-ethylene glycol and CoCl2 were prepared 
previously as a poor solvent. Another aqueous solution of hen egg lysozyme with 80 g/L was also 
prepared. Both the solutions were prepared to be pH = 7 by using the tris-buffer. Firstly, 100 μL of the 
poor solvent was soaked into the cylindrical reactor with 7 mm diameter. Then 50 μL of the lysozyme 
solution was stacked gently on the solution to make the interface between them. Finally, 100 μL of liquid 
paraffin was stacked on the lysozyme solution to prevent the evaporation. The reactor was set into the 
bore of a superconducting magnet under the absence and the influence of vertical magnetic fields for 2 
days at 18.5 oC. The homogeneous magnetic field of 13 T was applied to the reaction system at the center 
of the magnet bore and the gradient magnetic field of 9.1 T with the gradient of −583 T2/m. The apparent 
gravity was changed by the total force among the gravity, the buoyancy, Faraday force, and was calculated 
to be 0 in the present paramagnetic solution in 
the gradient magnetic field. After the reaction 
for 2 days, the reactor was taken out of the 
magnet, and the growth reaction was kept for 5 
days under zero magnetic fields. The crystals 
precipitated were observed by using an optical 
microscope and its quality was estimated by 
SAXS. 

As the results of experiments, the 
growth rate and the size of the crystal were 
depended on the magnetic conditions as shown 

Fig. 1: LLIP method and reaction system. 



in Fig. 2. The typical lengths of the crystal under 
zero magnetic fields (condition a), pseudo- 
homogeneous field of 13T (condition b), and 
gradient field (condition c) were 155, 240, and 411 
μm, respectively. The huge crystal was observed 
under the gradient field even in 2 days. Then the 
crystal was grown gradually, however, the order of 
the size was not changed after the reaction for 5 days 
out of the magnet.  

Fig. 3 showed the photograph of the 
crystals. Under the condition a the crystals were 
sunk on the bottom due to the gravity as shown in 
Fig. 3 (a). Nevertheless the downforce was 
calculated to reduce by 30% under the condition b, 
the crystals were sunk on the bottom as shown in 
Fig. 3 (b). Meanwhile the crystals were levitated on 
the interface between the solution and the paraffin 
under the condition c because of the strong Faraday 
force against the gravity. Consequently the magnetic 
field controlled the position of the crystal to an 
optimum concentration of the solution. The quality 
of the crystals was estimated to be the resolution of 
1.5 – 1.7 A and the R-factor of 2% by using SAXS 
although the huge crystal was precipitated under 
high magnetic field. The LLIP method under the 
magnetic field is expected to be a new crystallization 
technique for analysis of proteins. 
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Fig. 2. Aging increase of the length of the 
lysozyme crystal. After various magnetic fields 
were applied to the reaction system in 2 days, the 
crystal was grown under zero fields for 5 days. 
 

 
Fig. 3. Photographs of the lysozyme crystals in 
the solution at the 2nd day. The symbols (a), (b) 
and (c) denote the magnetic conditions.  

  Condition a 
  Condition b 
  Condition c 
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It is one of the important fields of nanotechnology to reveal functions of creating and structuring 

nanoparticles. In this study, we trid to arrange precisely nanoparticles by using the nano-order 

modulated magnetic field. The iron substrate formed nano-pattern on the surface was prepared by 

using nanoimprint method (Fig. 1).  The magnetic flux density above the surface was simulated by 

ELF Magic software. Fig.2 shows that the magnetic flux density will be modulated in nano-meter 

scale by the magnetic modulator having the nanopatterned structure. Fig. 3 shows SEM image of 

gold nano particles on the modulator.  The gold nano particles were observed on the particular 

domain of the pattern. This result suggests the arrange of nanoparticles is possible by using the 

magnetic field. 

 

 

 

Fig.2 Simulation result of profile of magnetic flux 

density above the nanopatterned surface. The direction 

of applied magnetic field is represented by an arrow. 

 
Fig.3 SEM image of gold nano particles on 
nanopatterned surface.  

 

Fig.1 AFM image of nanopatterned surface produced 

by nanoimprint method. 




