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The Conference Topics 

 

The International Conference on Magneto-Science 2019 (ICMS 2019) will be held on 

October 11-14, 2019, Hefei, Anhui province, China. The first conference on Magneto-Science 

was held in 2005 (Yokohama). The success at Yokohama was followed by conferences at 

Hiroshima in 2007 (Japan), Nijimegen in 2009 (Netherlands), Shanghai and Xi’an in 2011 

(China), Bordeaux in 2013 (France), Matsumoto in 2015 (Japan) and Reims in 2017 (France). 

ICMS 2019 will cover magnetic field effects on materials and processes in physics, chemistry, 

biology and health science. Topics include: 

 

    · Magnetic processing of materials 

    · Magnetic control of structures, properties, and functions  

    · Biological effects of magnetic fields 

    · Magnetic surgery 

    · Magnetic nanoparticles 

    · Chemical reactions and processes under magnetic fields 

    · Analytical aspect of magnetic fields 

    · Magnetic separation science and technology 

    · Interactions between water systems and magnetic fields 

    · Colloids and interface science under magnetic fields 

    · Magnetic levitation and microgravity 

    · Generation and application of various magnetic fields 

    · Others relating to magnetics and magnetic fields 
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第八届国际磁科学会议 

The 8th International Conference on Magneto-Science (ICMS2019) 

强磁场条件下的科学研究涉及物理学、化学、材料科学、地球科学、生命科学与医学等

众多学科。国际磁科学会议（ICMS, International Conference of Magneto-science）是国际上关

于磁场下的材料和生命科学研究最有影响力的国际会议之一，吸引了全世界众多专家学者参

与。该会议从 2005年起首先在日本横滨举办，之后每两年一届定期召开，先后由日本、荷兰

和法国稳态强磁场中心等单位承办。 

我国稳态强磁场大科学装置于 2017 年正式通过国家验收后，取得了 2019 年第八届国际

磁科学会议的举办权。这也是我国稳态强磁场中心建成后首次承办的国际磁科学会议，有助

于国际学者了解我国磁科学领域的最新技术和研究进展，搭建起强磁场下多学科前沿科学研

究和学术交流的国际化桥梁，并促进和提升我国磁科学领域的学科发展和核心竞争力。 

本次会议主要包括磁场下的物理、材料、生命科学与医学等。参加会议的国际学者来自

美国、德国、荷兰、日本、法国、韩国、捷克、波兰等十几个国家；国内学者来自中科院多

个研究所、北京大学、西北工业大学、东南大学、浙江大学、同济大学、华中科技大学等多

家单位。本次会议由中国科学院合肥物质科学研究院强磁场科学中心、中国科学院强磁场与

离子束物理生物学重点实验室和西北工业大学生命学院空间生物实验模拟技术国防重点学科

实验室主办，安徽大学物理与材料科学学院协办，得到了中科院国际合作局国际会议资助，

和也健康科技、上海渊兮医疗科技、西安聚能超导磁体科技有限公司和北京原力辰超导技术

有限公司等多家企业的赞助。 

 

会议网站：www.icms2019hf.org 

日期：10 月 11-14 日 

地点：合肥皇冠假日酒店 & 中科院合肥物质科学研究院（科学岛） 

组委会主席：匡光力、张欣 

组委会副主席：商澎、顾宁、盛志高、尹大川、吕毅 

学术委员会：都有为、张裕恒、沈保根、高秉钧、孙玉平、田明亮、王俊峰、吴李君、许安 

会议协议酒店：合肥皇冠假日酒店&合肥贝斯特韦斯特精品酒店 

会议秘书：李志元、黄肖敏、纪新苗、吕悦 

 

会议日程安排： 

10 月 11 日 9：00AM - 10：00PM 报到 合肥贝斯特韦斯特精品酒店 

10 月 12 日 8：30AM - 6：00PM 大会报告 合肥皇冠假日酒店翠海厅 

10 月 13 日 9：00AM - 6：00PM 分会场报告 合肥科学岛，交叉科研楼 

10 月 14 日 9：00AM - 11：45AM 中文报告 合肥科学岛，交叉科研楼 
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Routes 

 
Hefei Xinqiao International Airport      Hefei Best Western Premier Hotel and 

Crowne Plaza Hotel 

 
Taxi: about 40 min, ~70-80 RMB 

Bus Route#4: 1.5 hours, 25 RMB 

 

Hefeinan Railway Station      Hefei Best Western Premier Hotel and Crowne Plaza Hotel 

 
Taxi: about 25 min, ~30-40 RMB 

Bus Route#156: 1.5 hours, 2 RMB 
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Hefei Railway Station      Hefei Best Western Premier Hotel and Crowne Plaza Hotel

 

Taxi: about 30 min, ~30-40 RMB 

Bus Route#10: 1.5 hours, 2 RMB 

 

Hefei Best Western Premier Hotal and Crowne Plaza Hotal Science Island 

 
Taxi: about 20 min, ~25-35 RMB 

Bus Route#156 - #903: 1.5 hours, 4 RMB 

The 8th International Conference on Magneto-Science
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The 8th International Conference on 

Magneto-Science 

 

The Conference Program 

 

Date Activity Location 

Oct 11th 9 AM-10 PM, 

Registration 

Best Western Premier Hotel Lobby 

（Building E, 598 Huangshan Road） 

Oct 12th Plenary talks Crowne Plaza Hefei, 1st floor, Cuihai Hall 

（Building A, 598 Huangshan Road） 

Oct 13th Parallel sessions Science Island (Interdisciplinary Research 

Building, 350 Shushanhu Road) 

Oct 14th 9AM-12 AM, 

Chinese sessions 

Science Island (Interdisciplinary Research 

Building, 350 Shushanhu Road) 

 

ICMS2019 Staff Contact List 

Name Cell Phone(+86) Duties 

Xiaomin Huang 15855131147 Accommodation 

Zhiyuan Li 18919699703 Coordination/Exhibit 

Xinmiao Ji 15255131756 Registration and receipt 

Yue Lv 18298265313 Volunteers contact person 

Qingping Tao 18356518353 
Front desk and Transportation 

杨星星 18110956464 

Biao Yu 18019944646 Posters 

Xin Zhang 18656012500 Emergency 

High Magnetic Field Laboratory, Chinese Academy of Sciences 

Hefei, China  October 2019 
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October 11, 2019 

 

Registration/Sign in 

Hefei Best Western Premier Hotel Lobby 

（注册/签到处：贝斯特韦斯特一楼大厅） 

Note: On-site registration and sign in information: 

 9AM-10PM on Oct 11th, Hefei Best Western Premier Hotel Lobby 

8AM-6PM on Oct 12th, Hefei Crowne Plaza hotel, Cuihai Hall. 

9AM-5PM on Oct 13th, Hefei Science Island (Hefei Institutes of Physical 

Sciences, Chinese Academy of Sciences), Interdisciplinary Research Building.  

 

 

Banquet 
By invitation or banquet ticket purchase only 

Time: Oct 11th 6:15-8:30 PM 

Location: Xueji mountain villa (Xueji Shanzhuang，雪霁山庄),  

Hefei Shushan District, Yulan Avenue #8.  

Transportation is provided between Best Western/Crowne Plaza Hotel and Xueji 

mountain villa. Bus will take off from the hotel at 5 PM. Please follow the 

volunteers with blue vest for instructions.  

If you have any questions, please contact: Qingping Tao (18356518353) or  

Yue Lv (18298265313).  
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University, Xi’an, China; 2 Research & Development 
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Excitations in Quantum Spin Systems 
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In quantum magnets, emergent states of matter are characterized by their elementary excitations 

that can be induced and tuned in external longitudinal and transverse magnetic fields. Due to enhanced 

quantum fluctuations, reduced dimensionality, and frustration effects, quantum magnets often host 

exotic and fractionalized excitations. Here we report on recent experiments on quantum spin systems, 

where these unconventional magnetic excitations 

have been observed, were characterized and 

analyzed in full detail.   

In the first part of the talk, we will review 

recent experiments on the one-dimensional 

quantum spin systems SrCo2V2O8 and BaCo2V2O8 

in high magnetic fields. In one-dimensional (1D) 

spin S = ½ systems, the elementary magnetic 

excitations are spinons with fractional spin 

quantum numbers. We report on THz spectroscopy 

on the antiferromagnetic spin-chain compound 

SrCo2V2O8, which is a paradigmatic representative 

of the 1D Heisenberg-Ising (XXZ) model: In the 

magnetically ordered state and in transverse fields 

confined spinons are identified, which can be 

described by a one-dimensional Schrödinger 

equation [1,2]. The spinon confinement is 

suppressed by moderate transverse fields, inducing 

a quantum-disordered phase [2] with emergent 

fermionic excitations. In strong longitudinal fields, 

we were able to observe string states, Bethe strings, 

which are accurately described by the Bethe ansatz 

[3]. Quantum criticality and the complex magnetic 

excitation spectrum close to the quantum critical 

point has also been observed in BaCo2V2O8 as 

function of longitudinal [4] and transverse [5] fields 

up to 30 respectively 60 T. Near the critical field, 

Fig. 1 Dynamic conductivity in α-RuCl3 revealing a broad 

continuum of fractionalized excitations:  

(a) Conductivity for temperatures between 10 and 200 K. 

(b) Deconvolution of the conductivity spectrum using 

phonon excitations S, C, and P located at 2.5, 6, and 

15 meV and a continuum of fractionalized excitations K 

close to 8.5 meV. The phonon modes at 2.5 and 6 meV 

represent sliding (S) and compression (C) modes of rigid 

molecular RuCl3 layers, as schematically indicated. Taken 

from Ref. [6]. 
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high-energy excitations dominate the spin dynamics as compared to much weaker fractional excitations.  

Another illuminating example of exotic excitations in quantum matter is the observation of 

fractionalized excitations in quantum spin liquids, where quantum fluctuations and strongly frustrated 

magnetic exchange suppress long-range magnetic order. More than one decade ago, Kitaev proposed an 

exactly solvable model for S = ½ Ising spins on a two-dimensional honeycomb lattice, with bond-

directional interactions resulting in a topological quantum spin liquid (QSL) and emergent Majorana 

fermions. α-RuCl3 crystallizes in an almost ideal two-dimensional honeycomb lattice with weak 

interlayer coupling and is a prime candidate for the realization of Kitaev physics. However, due to further 

non-Kitaev interactions, the system undergoes spin ordering below 7 K. The antiferromagnetic order 

can easily be suppressed by moderate magnetic fields and fractionalized spin degrees of freedom, 

composed of itinerant and localized Majorana fermions are expected at temperatures above magnetic 

order and beyond quantum criticality. Here we report on thermodynamic [6] and time-domain THz 

transmission experiments [7,8,9] on α-RuCl3 documenting the existence of fractionalized spin 

excitations. For the analysis of the heat-capacity experiments, the phonon background was determined 

using ab-initio calculations of the phonon density of states [6]. The THz experiments were performed 

for wave numbers from 1 to 10 meV, for external magnetic fields up to 30 T and for temperatures from 

5 to 295 K. Figure 1 shows representative results of THz experiments in zero external magnetic fields 

documenting a broad continuum due to fractionalized spin excitations, which becomes fully suppressed 

at elevated temperatures [8]. In addition, we found clear evidence of rigid-plane shear and compression 

modes, which reveal a weak temperature dependence only. We also followed the evolution of the 

extended magnetic continuum, a fingerprint of fractionalized spin degrees of freedom, as function of 

external magnetic fields crossing quantum criticality [7,9] and we found significant enhancement of the 

continuum close to the quantum-critical point. For further increasing fields, in the field-polarized 

ferromagnetic phase, well-defined magnetic modes evolve out of this continuum [7,9].  
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The 21st century digital economy and technology is presently facing fundamental scaling limits 

(heating and the superparamagnetic limit) as well as societal challenges: the move to mobile devices 

and the increasing demand of cloud storage leads to an enormous increase in energy consumption of our 

ICT infrastructure. These developments require new strategies and paradigm shifts, such as photon- and 

spin-based technologies. Since the demonstration of magnetization reversal by a single 40 femtosecond 

laser pulse, the manipulation of spins by ultra-short laser pulses has become a fundamentally challenging 

topic with a potentially high impact for future spintronics, data storage, and quantum computation. The 

ability to control the macroscopic magnetic ordering by means of femtosecond laser pulses provides an 

alternative and energy efficient approach to magnetic recording. The realization that femtosecond laser 

induced all-optical switching (AOS) as observed in ferrimagnets exploits the exchange interaction 

between their sub-lattices, has opened the way to engineer new and rare-earth-free magnetic materials 

for AOS. Expansion to hybrid magnetic materials, multilayers, FePt and even magnetic garnets are 

ongoing efforts to expand AOS to future magnetic recording media technology. Recent developments 

using plasmonic antennas indicate the possibility to even scale the technique of AOS to the nanoscale, 

making AOS a potential candidate for fast and energy efficient data storage.  

                        

Recent References                  

A.Kirilyuk, et al, Rev. Mod.Phys. 82, 2731-2784 (2010) 

I.Radu et al, Nature 472, 205 (2011) 

T. Ostler et al, Nature Comm. 3, 666 (2012)  

C. Graves et al, Nature Materials 12, 293 (2013) 

Tian-Min Liu et al, Nano Letters, (2015) 

R. V. Mikhaylovskiy et al, Nature Comm. 2015 

L. LeGuyader et al, Nature Comm. 2015 

T. J. Huisman, et al, Nature Nanotechnology 11, 455 (2016)                                             

A. Stupakiewicz et al, Nature 20807 (2017)                                                         

E. Iacocca et al, Nature Comm. 10, 2019 

 

 

 

The 8th International Conference on Magneto-Science

22

mailto:th.rasing@science.ru.nl


Interactions between water systems and magnetic fields: 

Magnetite Controls Ice Nucleation 

 

Atsuko Kobayashi 1* 

1 Earth-Life Science Institute, Tokyo Institute of Technology, Meguro, 152-8550 Tokyo, Japan 

*Corresponding author: kobayashi.a.an@m.titech.ac.jp 

 

Magnetic effects on the physical properties of water have been investigated for well over a century, 

largely at the high-field end where the diamagnetic properties of pure H2O dominate. More mysterious 

are claims of weaker field effects on properties that cannot be explained easily thorough diamagnetic 

interactions. Here I will present my results identifying nanoparticles of magnetite that are commonly 

dispersed in aqueous media as a potential mechanism in at least one of these interactions.   

In supercooled water, ice nucleation is a stochastic process that requires ~ 250 – 300 molecules to 

transiently achieve structural ordering before a seed crystal can nucleate; this happens most easily on 

crystalline surfaces, a process termed heterogeneous nucleation [1]. Recent experiments have shown 

that crystals of nanophase magnetite (Fe3O4) are powerful nucleation sites for this heterogeneous 

crystallization of ice, comparable to other materials like silver iodide and some cryobacterial peptides 

[2, 3]. In natural fluids containing magnetite particles (such as Aeolian dust, seawater, glacial ice, etc.), 

magnetite could well dominate the ice nucleation dynamics. 

Trace levels (ppb – ppm) of nanoparticles of magnetite are also present in many plant and animal 

tissues (reviewed in [3]). These crystals originate both through controlled biomineralization processes 

as well as from environmental contamination during the life of the organisms. These particles are also 

effective at nucleating ice, causing ‘freezer damage’ to vegetables and meat from the formation of 

needle-like crystals of hexagonal ice that break cell membranes. We were able to show that the 

application of a weak, low-frequency (~1 mT @ 10 Hz) rotating magnetic field designed to overcome 

Brownian motion of these particles was able to inhibit ice crystallization and promote supercooling [3]. 

The smaller ice crystals formed from supercooled tissues cause less cellular damage, and can potentially 

minimize the loss of food between the farm and the kitchen table. 

Finally, please note that ferromagnetic contaminants at ppb levels commonly leach out of laboratory 

glassware and disposable containers and can build up in solution to significant levels [4].  

Experimenters must avoid such contamination in all studies of putative magnetic effects on water. 
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As the fields of nanomedicine, magnetotherapy and magnetogenetics intensively grow, knowledge 

of the interactions between magnetic fields and living cells is of increasing importance. The exact 

mechanisms of the interaction between magnetic 

fields and cells still elude our complete 

understanding. However, some of the fundamental 

mechanisms were recently identified for different 

types of cells exposed to a high-gradient magnetic 

field (HGMF).  

In this report we aim at highlighting recent 

advances made in identifying fundamental 

mechanisms by which magnetic gradient forces act 

on cell fate specification and cell differentiation. 

Let us imagine cells that are in a high-gradient 

magnetic field, which changes in the both magnitude 

and direction (Fig. 1). Through what mechanisms do 

the cells sense a non-uniform magnetic field and how 

such a field changes the cell fate? We show that 

magnetic forces generated by high-gradient magnetic fields (B>10 kT/m) can be comparable to 

intracellular forces and therefore may be capable of altering the functionality of an individual cell and 

tissues in unprecedented ways.  

We identify the cellular effectors of such fields and propose novel routes in cell biology predicting 

new biological effects such as magnetically induced differentiation of stem cells, magnetically assisted 

cell division or prevention of cells from dividing, magnetically induced cytoskeleton remodeling, 

magnetic control of the membrane potential and cell-to-cell communication as well as magnetic control 

of intracellular ROS levels [2,3].  

We also provide a review of the currently available magnetic systems capable of generating 

magnetic fields with spatial gradients of up to 10 MT/m. On the basis of experimental facts and 

theoretical modeling we reveal timescales of cellular responses to high-gradient magnetic fields and 

suggest an explicit dependence of the cell response time on the magnitude of the magnetic field gradient. 

Acknowledgments: this work is supported by Operational Programme Research, Development and 

Education, financed by the European Structural and Investment Funds and the Czech Ministry of 

Education, Youth and Sports through Project No. SOLID21— CZ.02.1.01/0.0/0.0/16_019/0000760. 
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Fig. 1 Cells in a non-uniform magnetic field [1].  
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Although many migrating and homing organisms are sensitive to Earth’s magnetic field as 

illustrated in the attached figure, most humans are not consciously aware of the geomagnetic stimuli that 

we encounter in everyday life. Either we have lost the magnetosensory system shared by many of our 

not-too-distant animal ancestors, or a system still exists with detectable neural activity but lacks potent 

output to elicit perceptual awareness in us. With initial support from the Human Frontiers Science 

Program, we now have strong support for the existence of a subconscious human magnetic sensory 

system [1]. We have found some brief, ecologically-relevant rotations of Earth-strength magnetic fields 

that produce strong, specific, and repeatable decreases in EEG alpha band (8-13 Hz) power in the few 

seconds following magnetic stimulation. Similar brainwave changes are known to arise from visual, 

auditory, and tactile stimuli and are termed alpha event-related desynchronization (alpha-ERD). To date, 

our data show that: (1) the human geomagnetic compass response is polar in nature (can distinguish 

North from South), (2) can operate in total darkness, and (3) is not based on any form of electrical 

induction (and hence is not an electrical artifact). These results rule out both a quantum compass and an 

induction sensor as the transduction mechanisms, leaving a system based on biologically-precipitated 

nanocrystals of magnetite (Fe3O4) as the most likely. We will discuss the effects of high-field exposure 

on the human magnetosensory system at this meeting. 

[1] C.X. Wang et al., 2019. 

Transduction of the 

Geomagnetic Field as 

Evidenced from Alpha-

band Activity in the 

Human Brain."  
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Magnetic fields effects on water have been widely studied. In one of these studies [1], it has been 

demonstrated that under air or oxygen, a 6T field influences the contact angle of pure water with 

platinum, and that this effect depends on exposure time and is slowly relaxed after removal of the field. 

We present new results of this effect, not only using pure water moved up and down in the magnetic 

field, but also using waters with different electrical conductivities, being moved or not in the magnetic 

field, with different magnetic field values and on different substrates, using copper and gold. 

A flask of water is either maintained static in the maximum field of a superconducting or resistive 

magnet, or moved up and down from the maximum field to almost zero field, 20 times per minute. 12 L 

samples are deposited on a clean metallic substrate every 20 minutes and the contact angle is measured 

out of the field with a macro-camera using ImageJ free software. The field is shut down after 150 min, 

and some samples are then still measured.  

In all experiments under magnetic field, a common behavior is observed: after switching on the 

field, the contact angle gradually decreases with time until reaching a saturation value. After switching 

off the field, the contact angle slowly recovers its initial value. Several parameters are tested: 

1) Magnetic field intensity: the 

saturation value of the contact angle 

between water and gold decreases with 

field intensity up to maximum applied 

field (20 T). 

2) Moving or not moving the water in 

the magnetic field: in both cases, a contact 

angle decrease is observed. 

3) Water electrical conductivity: 

using three different waters, we observed 

that the field effect increases with the 

electrical conductivity of water (fig 1). 

In a few experiments, the bad 

reproducibility of some results however 

suggests that a complex mechanism is still 

hidden and needs more investigations.  
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Water electrolysis is a promising option for hydrogen production from renewable resources. One 

main challenge in making water electrolysis economically competitive is to raise its efficiency by 

decreasing the cell voltage. In this respect, electrode coverage by gas bubbles is one of the key sources 

which creates undesired overpotential. 

Better understanding of the fundamentals of bubble nucleation, growth, and detachment in detail 

might bring new ideas in such effective manipulating of bubbles and substantially accelerate a way 

toward advanced electrolysis. Despite extensive efforts in the past, important aspects of bubble 

dynamics, such as the interaction/coalescence of bubbles significantly affecting their evolution or 

different growth modes of the bubbles themselves, are not yet fully understood. To provide that 

necessary information on the bubble shape profile, including the contact angle, the contact line the 

bubble forms with the electrode [1], the Marangoni convection [2], we use a micro electrode to produce 

single hydrogen bubbles. Water electrolysis was carried out under potentiostatic conditions in a 1 M 

H2SO4 solution in a small electrochemical cell ([2], [3]). The behavior of a single hydrogen bubble 

evolving on a microelectrode (100 µm in diameter) was analyzed by measurements of the current 

transient as well as by microscopic high-speed imaging. Tracer particles were additionally added to the 

solution to measure the flow in the vicinity of the bubble.  

The contribution will present experimental results of the hydrogen bubble release size and the 

bubble growing mechanism at two different magnetic field orientations and at different field intensities. 

As shown in Fig.1, the bubble departure size decreased with increase of the magnetic field intensity 

when the magnetic field was applied parallel to the electrode surface. However, an increase of the 

departure size was observed when the field was applied perpendicular to the electrode surface. The 

effects were further explained by the MHD convection around the bubble. A comparison of the flow 

field by measurements and numerical simulation will be presented. 
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The Easiest Way to Levitate Water by Magnetic Field 
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If the levitation of objects can be realized on the earth, it will be possible to carry out alternative 

experiments for those in space, and, at the same time, extreme reduction of cost and energy saving can 

be expected. In order to make a macroscopic object levitate in air, there is no method other than magnetic 

levitation. Generally, magnetic levitation of a paramagnetic or ferromagnetic object which is attracted 

by a magnet is impossible, and only diamagnetic object which receives a repulsive force from a magnet 

can be magnetically levitated. However, since the magnetic force that a diamagnetic material receives 

from a magnet is exceedingly weak, we must use one of the most powerful magnets specially established 

in the institute for strong magnetic field research, and the users, usage time, and application scope are 

limited. Therefore, it is expected to develop a new method capable of realizing magnetic levitation even 

with a small magnet such as a permanent magnet. 

In previous studies, it was reported that, by creating a small gap between the magnetic poles, the 

magnetic force there could be increased, and substances with large diamagnetism such as carbon and 

bismuth could be magnetically levitated even with permanent magnets. In this study, we scrutinized the 
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Fig. 1. Bubble departure size at two different potentials when the magnetic field was applied (a) 

parallel and (b) perpendicular to the electrode surface. 
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magnetic field distribution around magnetic poles of two magnets which are adjacently aligned in the 

anti-parallel manner, and investigated the possibility of magnetic levitation of “water”, instead of 

bismuth or carbon. Consequently we have successfully demonstrated the levitation of water only by 

using permanent magnets. 

The lower left of Figure 1 shows the layout of two rectangular magnets used for simulating the 

magnetic field distribution, and the right side of Figure 1 shows an enlarged cross-sectional view of the 

ridge line of the two magnets which are in contact. We simulated ten different situations of the magnetic 

field using magnets with different fillet radius, from 0 to 0.9 mm. Here the z-axis is defined 

perpendicular to the horizontal plane and points vertically upwards. The direction of the magnetic 

moment of the two magnets is set along the z-axis, and is antiparallel to each other. The end of the 

contact surface of the two magnets is set to z = 0. Figure 2 shows how the magnetic force changes when 

the edge radius of the magnet is changed in increments of 0.1 mm. The smaller the edge radius, the 

greater the magnetic force. 

 
 

Fig. 1. layout of magnets Fig. 2. (𝐵∇𝐵)𝑧 distribution under various conditions 

When the fillet curvature edge radius was 0.6 mm or less, it 

was found that a region where water can levitate appears in the 

atmosphere. Magnets commercially available have the fillet radius 

of about 0.5 mm. This suggests that if a small amount of water is 

introduced to the space between two contacted magnets, it levitates 

in air. 

In the experiments, we used four small magnets; two are same 

as the magnets shown in Figure 1 and other two are for modifying 

the magnetic field slightly and providing a minimal point of total 

potential energy for the stable levitation of water ball (Figure 3). 

Since making a small water ball with a diameter of less than 1 mm 

is really difficult, we generated mist around magnets by using an ultrasonic atomizer. Figure 4 shows a 

time series of pictures of levitating water ball in the proximity of the ridge line of the magnets. The time 

we started generating mist is set 0 min. Thereafter, the tiny water droplets started getting together and 

they formed a water ball (Fig. 4b to e). During the experiments, we observed a layer of water droplets 

like the Milky Way. This is because the tiny water droplets were accumulated near the potential well 

before they collided the larger ball. The water ball kept growing up to 0.5 mm diameter, and then 

contacted the magnet wall in the last. 

 

Fig. 3. Layout of magnets for 

magnetic levitation of water 
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Fig. 4. A time series of pictures of levitating water ball 

The method presented here is very easy and low-cost, and we are able to make many kinds of 

experiments under optical microscope. Therefore, we expect our method makes magnetic levitation 

more familiar to engineers or researchers and is not only used to a fundamental scientific experiments 

like crystallization of protein molecules, but is also applied to a variety of applications such as surface 

tensiometer, viscometer, seismometer, accelerometer, and so on. 
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Cosmic Magnetic Fields 
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A variety of approaches are used to investigate the magnetic fields in the Universe. Some are based 

on magnetic effects on radiation processes of celestial objects, including Zeeman splitting of emission 

lines from clouds or clumps, polarized thermal emission from aligned dust grains in magnetized clouds, 

and diffuse radio synchrotron emission from relativistic electrons in magnetic fields in the diffuse 

medium. The others stem from magnetic effects on the propagation of radiation in the intervening 
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medium, such as starlight polarization due to selective extinction by magnetically aligned dust grains, 

Zeeman splitting of absorption lines from foreground magnetized clouds, and Faraday rotation of 

linearly polarized emission in a magnetized medium.  

Magnetic fields have been observed in extended diffuse Galactic interstellar objects, such as 

supernova remnants, HII regions and bubbles, and interstellar filaments. The field strengths and 

orientations can be partly derived from available observations, e.g., from starlight polarization, polarized 

thermal dust emission, polarized synchrotron emission, and Faraday rotation. The orientation of 

magnetic fields in nearby spiral galaxies follows the spiral arms as shown by starlight polarization and 

polarized synchrotron emission. Faraday RMs give hints for possible magnetic field onfigurations in 

only a few galaxies. Magnetic fields in the intracluster medium are revealed by radio halos and relics 

and RMs of background and embedded sources. The polarized relic emission indicates compressed 

anisotropic turbulent fields in the shock regions. The existence of magnetic fields in the intergalactic 

medium and the cosmic web is indicated by radio synchrotron emission, though evidence is sparse.  

Future observations should aim at the 3D tomography of the large-scale coherent magnetic fields 

in our Galaxy and nearby galaxies, a better description of intracluster field properties, and firm 

detections of intergalactic magnetic fields in the cosmic web.  
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Langevin (or Larmor) diamagnetism results from an additional motion of bound electrons induced 

by an applied dc magnetic field. On the other hand, diamagnetism is also observed when an ac magnetic 

field is applied to free electrons in conducting material. This is due to the eddy current predicted by 

Faraday’s law of induction. Then, a question may arise: does eddy current occur at the atomic level? 

The answer is “yes” and we call this diamagnetism Faraday diamagnetism [1].  

Figure 1 shows schematic of the motion of a bound electron under dc and ac magnetic fields.   
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Fig. 1 Comparison of (a) Faraday diamagnetism under ac magnetic field and (b) Langevin diamagnetism under dc 

magnetic field. The direction of the force F acting on bound electron is (a) (anti-) parallel to the electric current J, 

while it is (b) perpendicular to J. (reproduced from [1]) 

 

The electric current J of the system (a) induced by the applied ac magnetic field �̇�(𝑡) is described 

by an RL electric circuit composed of the self-inductance L due to a coil formed by the orbital motion 

of electron and the resistance R due to thermal noise. Then, the response J and the resultant 

magnetization M is derived. We obtained the diamagnetic susceptibility 𝛾 for Faraday diamagnetism 

as follows: 

𝛾 = 2𝐾𝜒 

 

where 𝜒  is the Langevin susceptibility and 𝐾  is Nagaoka constant ( 0 ≤ 𝐾 ≤ 1 ). The total 

susceptibility measured experimentally is 𝜒 + 𝛾, indicating that diamagnetism is enhanced.   

Due to this enhancement, the anisotropic susceptibility ∆𝜒 + ∆𝛾 might also increase under ac 

magnetic field. We performed magnetic orientation of microcrystals of L-alanine under rotating 

magnetic fields and obtained a result, ∆𝛾/ ∆𝜒=0.94. This is consistent with the theoretical prediction 

above. 
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To mitigate the increase in national medical 

expenses due to the aging population, we are currently 

researching and developing the sensor for detecting 

infinitesimal amount substance using complementary 

metal oxide semiconductor (CMOS) integrated 

circuits, which is one of the basic technologies in 

preventive medicine. So far, the microbead-

arrangement method using magnetic field was applied 

to improve the sensor sensitivity of this sensor [1]. In 

addition, a Halbach array magnet was prototyped as a 

portable device for generating a strong magnetic field 

[2]. According to the microbead-arrangement 

experiment under a strong magnetic field to evaluate 

the influence of the prototype Halbach array magnet, 

the arrangement accuracy of the microbeads was 

approximately 89%. There is a possibility of improving the sensor sensitivity by increasing arrangement 

accuracy of the microbeads. In order to improve the arrangement accuracy of the microbeads, the 

structure on the sensor array and the microbead distribution method were examined. Figure 1 shows the 

state of the CMOS sensor array surface with the distribution state of microbeads after the experiment. 

We confirmed that each microbead was arranged in each channel without the surplus microbeads on the 

other region. 

Keywords: microbead-arrangement, CMOS sensor array, Halbach array magnet 
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Dark-field microscopy in high magnetic field 
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The fact that different polymorphs of the same compound can have distinct chemical and physical 

properties makes polymorphism a pressing problem in the pharmaceutical industry. Consequently, 

polymorph control during the crystallization process is highly sought after, but can be extremely difficult. 

An interesting new method recently presented itself with the discovery of a new polymorph of coronene 

grown inside the magnetic field [1]. To investigate the potentialities of using a (high) magnetic field to 

 

Fig. 1. Surface of the CMOS sensor array with the 

magnetic arrangement of microbeads observed 

using a fluorescent microscope camera. 
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influence polymorphism in pharmaceuticals, the Horizon 2020 project MagnaPharm was initiated. This 

multidisciplinary project combines experiments in (high) magnetic field with computational 

investigations as well as state-of-the art electron microscopy.  

At the HFML in Nijmegen, we aim at elucidating the mechanism underlying the observed 

polymorph selection in the magnetic field, and the usually simultaneously observed suppression of 

nucleation. Initially we studied the crystallization process (caused by cooling of the solution) in high 

magnetic field with UV-VIS and light scattering techniques. Both techniques give some information 

about the onset of crystal growth, but they turned out to be not sensitive enough to precisely pinpoint 

nucleation. A more typical and sensitive method to study the crystallization process is optical 

microscopy. However, the noisy environment and limited space inside the magnets make this very 

challenging. Already existing optical microscopy inserts at the HFML were built to accommodate 

imaging with incident or transmitted light, Schlieren microscopy and shadowgraphy [2]. Unfortunately, 

these techniques have the disadvantage that the experiments have to be performed on static, already 

existing crystals, or have relatively low optical resolution.  

To be able to pinpoint precisely the onset of nucleation, a new insert based on a Schwarzschild 

objective was designed and built in-house. With this type of objective, only light which is scattered by 

the sample is visualized, making this insert a dark-field microscope. By incorporating local heating and 

a thermometer, the temperature of the sample is accurately controlled. This dark-field microscopy insert 

is very versatile, allowing studying not only the onset of nucleation, but also for instance the effect of 

the magnetic field on already existing, mobile, crystals. This talk discusses the design of the dark-field 

microscopy insert and several applications in magnetic field. 

Acknowledgments: This research is funded by the European Union’s Horizon 2020 Research and 

Innovation programme under Grant Agreement Number 736899. 
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Detection of gravitational waves by use of magnetic fields 
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High-frequency Gravitational waves [HFGWs, e.g., in 109Hz (GHz) or higher bands] can propagate 

through and interact with background high magnetic fields (static or quasi-static), leading to the 

perturbed electromagnetic waves (EMWs). In the past 20 years, our group in Chongqing University, 

have persistently investigated the scheme of gravitational wave (GW) detection by trying to capture 

such perturbed EMWs, based on use of high magnetic fields. From 2013, in cooperation with the High 

Magnetic Field Laboratory, Chinese Academy of Sciences (CHMFL), and other collaborators, we 

proposed the project to construct the first HFGW detector in the world for GHz or higher bands，as one 

of the most promising schemes so far. Therefore, in this presentation, we will briefly report the main 
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aspects and some new progresses of the detection of GWs by use of magnetic fields. In recent years, the 

LIGO and Virgo have successfully realized direct detections of GWs produced by binaries of compact 

astrophysical bodies (black holes or neutron stars), in the frequency band around some 101 to 102 Hz, 

but, the HFGWs (from the inflation, various cosmological models, high-energy astrophysical processes, 

braneworld, etc.) cannot be detected by LIGO or Virgo due to their specific detection mechanism. 

Actually, until now, such HFGWs have never been captured, though, they contain very rich and crucial 

cosmological and astrophysical information, related to many fundamental issues of the Universe and 

gravity, such as the big-bang, dimensions of the space, essence of the time, dark energy and dark matter. 

Thus, the scheme of GW detection by use of magnetic fields, should be a very important and interesting 

topic, and will also be complementary to the detections by LIGO, Virgo and other detectors, for different 

frequency bands. 

Development of high gradient magnetic separation system  

for the removal of scales from boiler feed water in thermal power plant 
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The thermal power generation is one of the major ways to generate electricity, however, they 

discharge a large amount of carbon dioxide. Improvement of the energy conversion efficiency in thermal 

power plants is expected to contribute for reduction of fuel consumption and carbon dioxide emission. 

A thermal power plant consists of steam turbine generators, boilers and a system to feed water to boilers. 

Deposition of scale in the water circulation system and the boiler degenerates energy conversion 

efficiency. Therefore, reduction of scale seems to contribute to decrease fuel consumption and carbon 

dioxide emission. 

Most of scales consist of iron oxides. Iron dissolved in boiler feed water from walls of pipes and 

devices at relatively lower temperature part, and then, flows into the boiler. When temperature of water 

excesses about 200 ̊C, most of irons form magnetite (Fe3O4) and deposits on wall of pipes. Magnetite 

can be separated magnetically from the boiler feed water. Therefore, we are investigating the way to 

adopt the high gradient magnetic separation (HGMS) technique to this system. In case of HGMS, the 

matrix that consists of ferromagnetic wire meshes is set in the flow path located in a superconducting 

magnet bore. Magnetite particles attracted and deposited to magnetized wires due to the magnetic force. 

Preferable position to set the magnetic separation system in the feed water circulation path, suitable 

matrix structures, required condition of superconducting magnet, operation condition and procedure 

have been studied based on simulation and experiments. In case of AVT type thermal power plants, one 

of the suitable locations to install the separation system seems to be the drain of high pressure heater 
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where a part of feed water flows. In there, the concentration of scale is relatively high and the quantity 

of flow is around 400 to 500 m3/h in 200 ̊C and 20 atm. As a result of our experiments and simulations, 

it was confirmed the aligned structure of ferromagnetic mesh that the downstream wires arranged 

parallel to the upstream wires seems good to capture larger amounts of particles. To use the whole matrix 

to capture the particles uniformly and to extend the utilizable time of the system without cleaning of the 

matrix, lower applied magnetic fields is better as an operation condition. In this presentation, the scheme 

of this project and the recent progress of this study will be reported. 
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Rare earth (RE) elements are key to many green-energy technologies such as wind turbines and 

hybrid electric vehicles. They are critical in 

the near future because their demand will 

outgrow the supply. Hence, the recycling of 

REs, is an important issue. Beside high-

temperature pyrometallurgy, the 

hydrometallurgical route is the most well-

applied technique in rare earth extraction. 

The method is time-consuming and requires 

a large amount of non-recyclable chemicals. 

Hence, further innovations are necessary. 

One option is to exploit the magnetic 

properties of RE ions, based on their unfilled 

4f orbits, to perform a magnetic separation 

step. The magnetic separation represents the 

possibility to improve the separation efficiency of RE ions without applying high temperatures or large 

amounts of non-recyclable solvents. The magnetic separation of several RE ions in aqueous solutions 

was studied with Mach-Zehnder interferometer. The method employs the fact that the refractive index 

of the solution is a linear function of concentration. Under the action of inhomogeneous magnetic field, 

the fringes in the interferogram bend as the result of a change in the refractive index. The change in the 

refractive index is later converted into the change in the concentration. The magnetic field was applied 

above the cubic optical cuvette containing the RE solution by means of Halbach array, consisting 8 

Fig. 1 Concentration gradient development for 2 different 

RE solutions 1 mm away from the free surface in 500 s of 

magnetic influence. 
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permanent magnets with dimensions of 10x10x40 mm3. The temporal evolution of the RE ions 

concentration in the optical cuvette was studied during the magnetization [1]. It was found that some 

RE ions (e.g. Gd, Dy) collect in the vicinity of the magnet [2], while some did not react with the applied 

magnetic field (e.g. Nd, Sm). The results are a good prospective for separation of rare earth ions by a 

magnetic field.   
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The Kelvin force has a long history of being applied in separating particles with contrasting 

electromagnetic properties. In the past decades, a surprising effect of the Kelvin force on a local 

formation of enrichment of paramagnetic ions, despite the presence of a dominating thermal energy, has 

been repeatedly reported. This phenomenon inspires a magnetic separation technique of rare earth (RE) 

ions. Since the chemical similarity of the rare earth forces a large number of time-consuming extraction 

steps, efficiently exploited differences in the magnetic moments of the rare earth ions could speed up 

the process significantly. However, the application of such a magnetic separation step requires a 

sufficient understanding of the above-mentioned observations. Due to the huge difference in the order 

of magnitude between the kinetic energy and the magnetic energy, it actually seems unlikely that Kelvin 

force has a direct influence on the paramagnetic ions. In fact, an external source of a concentration 

gradient, e.g. evaporation, is needed. Evaporation gives rise to local enrichment at the interface by losing 

water molecules across the interface. Generally, the evaporation-driven concentration boundary layer is 

hydrodynamically unstable, because it is heavier than the underlying bulk fluid. It is the field gradient 

force, acting in the opposite direction to gravity, which suppresses the resulting Rayleigh-Taylor 

instability. We showed that the gravitational force acting on the boundary layer, expressed in a non-

dimensional manner by the Rayleigh number, is drastically diminished by the approximately five times 

larger Kelvin force. To further exploit the potential of magnetic separation, the limit of magnetic 

separation corresponding to an applied magnetic field as well as the accompanied transport process is 

pending for investigation.  
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revealed by high magnetic field measurements 

 

Yukako Fujishiro 1*, Naoya Kanazawa 2, Yoshinori Tokura 1, 2 
1 Dept. Applied Physics, The Univ. of Tokyo, Bunkyo-ku, Tokyo 113-8656, Japan; 2 RIKEN Center for 

Emergent Matter Science, Wako, Saitama 351-0198, Japan 

*Corresponding author: fujishiro@cmr.t.u-tokyo.ac.jp 

 

The interplay between topological spin textures and conduction electrons gives rise to emergent 

magnetic field which can be exploited for novel functionalities. One distinct example is a spin hedgehog 

lattice (Figure 1) which shows various emergent transport phenomena (e.g. topological Hall effect [1], 

magneto-resistivity[2]), whose magnitude are quite large compared to the conventional skyrmion systems. 

In the search for even more gigantic emergent responses from topological spin textures, further 

understandings of the unusual transport properties in the spin hedgehog lattice is of great importance. 

In this talk, we would like to report the high-magnetic-field study on the spin hedgehog lattice. In 

particular, we have discovered (i) large magneto-Seebeck effect in MnGe[3], and also realized (ii) 

topological transitions between skyrmion- and hedgehog- lattice states in MnSi1-xGex (Figure 2)[4]. We 

would like to discuss the unusual magnetic fluctuations discovered at high-magnetic-field regime, as 

well as the possible formation mechanisms of the spin hedgehog lattice which is beyond the 

conventional paradigm based on the Dzyaloshinskii-Moriya interaction.  

This work is done in collaboration with The Institute of Solid State Physics (ISSP), Institute for 

Materials Research (IMR), and Neutron Science and 

Technology Center, Comprehensive Research 

Organization for Science and Society (CROSS).  
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Fig. 1 Spin hedgehog lattice realized in MnGe. 
 

Fig. 2 Magnetic phase diagrams in MnSi1-xGex. 
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Resistive high-field magnets are ideally suited for measurement of thermal transport coefficients 

in bulk samples, which necessitate relatively long (>1 second) relaxation times. We exemplify the power 

of high-field thermal transport studies, in particular of the thermal Hall effect κxy, in two cases: 

(1) In Nd2Mo2O7, a metallic ferromagnet with slightly canted spins, the thermal Hall signal allows 

us to study how inelastic scattering affects the anomalous Hall current. We also investigate how carrier 

doping tunes the relative weight of two contributions to the anomalous Hall current, namely the Karplus-

Luttinger term proportional to the net magnetization, and the 'geometrical' Hall effect from scalar spin 

chirality. The latter dominates in low fields. 

(2) Thermal conductivity and thermal Hall effect measurements, being direct probes of the 

Bogolyubov quasiparticles near the nodal region of the d-wave gap, shed light on the fascinating field-

induced phase transition to charge order in underdoped copper oxide superconductors (YBCO6.55). 

ME composite PMNT/Metglas and magnetic sensor 
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The ME laminate composites were investigated with the sandwich structure of PMN-PT single 

crystal and Metglas. ME charge coupling coefficient Q, permittivity C, dielectric loss tan are key 

parameters for ME chips used for magnetic sensing at low frequency. These parameters were tailored to 

enhance ME coupling effect and to reduce intrinsic electric noise for low frequency sensing application 

upon FOMs of ME composite. The multi-push-pull mode ME and multi- L-T mode composite were 
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designed and fabricated. A charge amplifier with ultra-low intrinsic noise has been used to get the ME 

coupling signal of ME laminate composite at low frequency. The ultrahigh sensitivity of magnetic 

anomaly signal was achieved in accordance with the modeling prediction. The noise equivalent 

magnetic induction of sensor has been achieved as 2pT/Hz1/2@1Hz, 0.1pT/Hz1/2@10Hz, and 9 

fT/Hz1/2@EMR.  

Solvent-assisted magnetic manipulation of molecular orientation, film 

structure and charge transport of semiconducting polymers 
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Controlling molecular orientation and film ordering of organic semiconductors is crucial to achieve 

high performance devices such as organic field-effect transistors (OFETs) and organic photovoltaics 

(OPV) due to high anisotropy of the -conjugated molecular structure[1]. High magnetic field (HMF) 

provides a clean and versatile approach to induce molecular alignment for structural manipulation of 

organic materials. In the previous work, we have achieved large-area highly ordered and oriented films 

of the semiconducting polymers via solution casting process under HMF[2]. However, finer control on 

the HMF-induced film growth is still needed to develop to achieve the desired structure. In particular, 

poor homogeneity of film thickness and morphology, which often occurs during solution-cast under 

HMF, deteriorates the performance and performance reproducibility of organic electronic devices. 

To tackle these issues, we propose a novel magnetic alignment strategy: solvent vapor annealing 

(SVA) of the as-(spin) cast polymer films under HMF (up to 9T). Two kinds of the high-performance 

donor-acceptor (D-A) copolymers P (NDI2OD-T2) and DPPDTT were employed. By this strategy, we 

have achieved large-area texture structure of semiconducting polymers with a high homogeneity of film 

morphology and thickness. Polarized UV-vis absorption, AFM and GIXRD characterizations reveal that 

the chain backbones of the P (NDI2OD-T2) and DPPDTT in the films are highly aligned along the 

applied magnetic field (in Fig. 1(b)). More interestingly, it is found that the degree of chain alignment 

and film crystallinity are significantly enhanced compared to the films via solution-cast under HMF. 

Based on systematic microstructure analysis of the polymer films grown from various SVA conditions 

(cast solvents, annealing time and field strength), we proposed the magnetic alignment mechanism in 

SVA which emphasizes that tiny aggregates of the D-A copolymers, re-formed in the solvent-swollen 

films, initiate magnetic alignment and are followed by a solvent-induced self-assembly in viscous film 

matrix. In addition, the SVA process can be combined well with the time-modulated magnetic field 

technique reported previously[2] to effectively control the orientation of -conjugated planes of the 

backbones. Thus the degree of face-on molecular packing of P (NDI2OD-T2) is enhanced remarkably. 

Polymer FETs were fabricated to assess the impact of magnetic alignment on charge transport 

properties. The devices based on the magnetically -aligned P (NDI2OD-T2) films exhibit a significant 

enhancement of electron mobility by a factor of 19 compared to the unaligned devices, as well as a 
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exceptionally large mobility anisotropy of 160 (ratio of m///m, m//(m) denotes the mobility where channel 

current is parallel (perpendicular) to the field direction, respectively) (in Fig,1(c)). The aligned DPPDTT 

devices also show a remarkably enhanced mobility and mobility anisotropy of 6.0. The strategy 

proposed here presents a nice pathway to optimize film microstructures and thus improve the 

performance of OFETs and OPV. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 (a) Chemical structure of P (NDI2OD-T2) and DPPDTT; (b) In-plane GIXRD patterns of the P (NDI2OD-

T2) film from SVA under the HMF of 8 T. The inset shows the polarized UV-vis absorption spectra; (c) Transfer 

curves of top-gate/bottom-contact (TG/BC) and bottom-gate/Bottom-contact (BG/BC) FET devices (channel 

length: 2.5mm, channel width: 2 mm) of the magnetically aligned P(NDI2OD-T2) film from SVA-HMF process. 

Channel current is parallel (I//) and perpendicular (I) to the direction of the magnetic field applied during SVA.   
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Taking in mind numerous future practical applications of antiferromagnets crystal growth 

technology, and especially scientific approach to the complex area of rare earth orthoferrites (REOF) 

and other optically transparent weak ferromagnets (WFM), will be of greater importance as crystal sizes 

and demands for structural perfections, homogeneity and defect control will increase. Demands for 

explosively rising density of information storage and sharply increasing speed of manipulation has 

triggered an extensive challenge of ways to control the magnetization of a functional medium by means 

of other than rapid external magnetization and/or temperature changes, caused by the ultrafast laser 
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radiation, assessing time scale of picoseconds or less. In that cases thermal origin of spin excitations 

considerably limits technical applications due to the repetitive frequency is limited by the cooling time. 

Last decade it has been shown experimentally in REOF that circularly polarized femtosecond laser 

pulses can be used to non-thermally excite and coherently control the pain dynamics in these WFM by 

the way of the inverse Faraday effect [1].  

It is known that REOF solid solutions of a type Re1-xRe2
xFeO3 allow to tailor their properties by 

varying the type and relative content of rare earth ions [2]. Besides small magnetization moment these 

materials exhibit a giant Faraday rotation. Thus, Sm1-xRe2
xFeO3 solid solutions are the promising 

material for realizing a room temperature functionality, including ultrafast laser-induced magnetization 

control, ferroelectricity, etc. For example, using a single-shot magneto-optical imaging technique it has 

been shown that the excitation of Sm0.5Pr0.5FeO3 with a circularly polarized 60 fs laser pulse (LP) can 

effectively trigger an ultrafast spin reorientation and create a homogeneous magnetic domain with the 

orientation of the magnetization defined by the helicity of the LP [3]. This observation reveals the 

possibility to coherently control a magnetic phase transition (PT) and create magnetic domains without 

applying any magnetic field. As it has been stated the control is mediated by long-living coherent spin 

precession which is excited long before the PT takes place. A striking feature of this mechanism is that 

the route of the phase transition can be controlled through three parameters independently: the helicity 

of the LP polarization, the initial temperature of the sample, or the LP fluence. 

Crystal growth studies of REOFs have been provided by many groups through different 

experimental approaches. Although many efforts have been made, it has not been easy to get perfect 

single crystals. Either oxygen non-stoichiometry, or non-homogeneity caused by segregation as well as 

cracks and dislocations were usually found in crystals grown by floating zone (FZ) technique. Otherwise, 

a foreign ion contamination both form carriers/crucibles, and from solvents was a common case in the 

crystals grown from high temperature fluxed melts.  

Last century the flux growth has been the most popular method of producing small REOF crystals 

suitable for magnetic, thermal, elastic and magneto-optical measurements. Although large and close to 

perfect crystals could be grown by this technique using controlled crystallization on seeds from 

relatively stable solvents based on the appropriate mixture of BaO, BaF2 and B2O3 [4].  

In the early 1970s, Fairholme et al. were the first to publish encouraging results on the growth of 

REOF crystals by the FZ technique [5]. The advantages of this technique were reported to be reduced 

growth time and less contamination revealing since neither a crucible, nor solvents are required. Since 

an extra high oxygen pressure was involved by Balbashov’s group from Moscow this container-free 

approach has become a preferred growth method for various unique classes of magnetic oxides, 

especially for those showing extreme melt reactivity and high melting temperature [6]. The temperature 

of the molten zone, pooling and rotating rates, atmosphere environment and pressure in the growth 

chamber all play an important role in the crystal growth process. Last two decades a wide set of 

significant results in REOF growth by the FZ approach and their properties investigation have been 

published by research groups from China [7-9]. In our talk we will compare some of these results with 

the significant data provided by other groups mostly for the REOF systems, which are a very prospecting 

for future applications.  
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Magnetic-field assisted electrochemical deposition is a highly efficient method for synthesizing 

micro- and nano-structured deposits, which have gained much attention due to their numerous 

applications in areas including microscopy, super-hydrophobic and electrocatalytic materials [1,2]. It is 

well known that the beneficial influence of magnetic fields on transport and mixing of the electrolyte 

can be attributed to the action of the Lorentz force and the magnetic gradient force [3]. Fig. 1 

schematically shows the flows induced by the Lorentz force 𝒇𝐋, the magnetic gradient force 𝒇𝐦, and 

the buoyancy force 𝒇𝐠 near a conical cathode. The Lorentz force 𝒇𝐋 = 𝒋 × 𝑩 is given by the vector 

product of the current density 𝒋 and the magnetic flux density 𝑩 and is creating an azimuthal primary 

flow around the cone [3]. The centrifugal force generated from this primary flow gives rise to a 

secondary flow which brings fresh bulk electrolyte downwards to the tip of the cone. The magnetic 

gradient force exists in inhomogeneous magnetic field and is defined as 𝒇𝐦 = 𝜒sol/𝜇0(𝑩 ∙ ∇)𝑩 with 

𝜒sol = ∑ 𝜒𝑖
mol𝑐𝑖 + 𝜒H2O𝑖  denoting the total magnetic susceptibility of the electrolyte. Here 𝜇0 is the 

vacuum permeability, 𝜒H2O is the susceptibility of water, 𝑐𝑖 and 𝜒𝑖
mol are the concentration and the 

molar susceptibility of species 𝑖, respectively. Depending on the temporal evolution of the concentration 

distribution in the electrochemical cell, the direction and the amplitude of the magnetic gradient force 

may vary during the deposition process. Apart from the magnetic forces, the electrochemical reaction 

taking place at the cathode causes lower electrolyte density in this area, which gives rise to the buoyancy 
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force 𝒇𝐠 = 𝒈(𝜌 − 𝜌0), where 𝒈 = [0, −9.81, 0] m/s2 is the gravitational acceleration, and 𝜌0 is the 

bulk density of the electrolyte. When the cathode is placed at the bottom of the electrochemical cell, the 

buoyancy force near the cathode tends to bring the electrolyte upwards, which in interaction with the 

magnetic forces will generate a complex three-dimensional flow. 

 

Fig. 1 Flow (schematically) generated by the Lorentz force 𝒇𝐋 (primary and secondary flow drawn by solid and 

dashed lines, respectively), the magnetic gradient force 𝒇𝐦, and the buoyancy force 𝒇𝐠 near the conical cathode. 

This flow can be expected to influence the mass transfer on the cathode. It is therefore possible to 

control the electrodeposition process by properly adjusting the magnetic fields imposed on the 

electrochemical cell [2, 3]. In the present work, the contribution of the magnetic forces during 

electrodeposition process on conically shaped copper and iron electrodes was studied by measurements 

and by numerical simulations. A permanent magnet was placed below the electrochemical cell, which 

generates a quasi-homogeneous vertical magnetic field near the Cu cone and high magnetic field 

gradients near the Fe cone due to the magnetization of the latter. This configuration ensures a high 

magnetic gradient force near the Fe cone, while for the Cu cone only the Lorentz force and the buoyancy 

force act. For the Cu cone, as shown in [4], there is good quantitative agreement of the concentration 

distribution between the simulation and the experimental results obtained by Mach-Zehnder 

interferometry. Also qualitative agreement with respect to the convection pattern was found. The 

Lorentz force can bring the bulk solution towards the electrode and thus enhance the mass transfer of 

the ions towards the cone tip, which is counteracted by the upward buoyancy flow originating from the 

bottom of the cone (Fig. 2(a)). For the magnetized Fe cone, the magnetic gradient force near the tip of 

the cone gives rise to a downward flow in this region, which further suppresses the buoyancy flow and 

enhances the local mass transfer, especially in the upper part of the Fe cone (Fig. 2(a)). A comparison 

of the deposit thickness along the conical surface without magnetic field, with a homogeneous field (Cu) 

and with an inhomogeneous field (Fe) is shown in Figure 2(b). It could be concluded that the conical 

growth is supported by the magnetic forces, especially in case of the Fe cone, which indicates the high 

potential of using magnetic forces as a beneficial tool in electrodeposition processes on ferromagnetic 

cones. 

  

(a)                                         (b)                                      
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Fig. 2 (a) Concentration distribution superimposed with the meridional velocity vectors near a conical cathode 

without magnetic field, with a homogeneous field (Cu), and with an inhomogeneous field (Fe) after 10 s 

deposition. Only half of the cone is shown due to symmetry. (b) Deposit thickness along the conical cathode 

after 30 s deposition. The conical growth is supported by the magnetic forces especially in case of the Fe cone, 

as visible in a thick deposit near the Fe cone tip. 
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Techniques for making large crystal with high quality has been investigated because good crystals 

give the intrinsic physical and chemical properties of the material and suggests its application. Various 

magnetic fields as a tool are applied to make a good crystal [1-3]. Liquid-liquid interfacial precipitation 

(LLIP) method is one of the techniques of crystallization from solution. First, two kinds of solvent are 

stacked to form their interface. One is a good solvent saturating with the desired material, and the other 

is a poor solvent for the material. In general, a solvent with low density is stacked on the other solvent 

with high density in order to prevent the convection owing to gravity. A supersaturated layer is generated 

near the two-dimensional interface due to interdiffusion of the two liquid. Seed crystals are born and 

grown in the supersaturated layer. The sedimentation speed is slower for small crystals and is accelerated 

with increasing size of crystal according to Stokes’ law. When the grown crystal leaves from the interface 

and sunk to the bottom then the growth reaction is completed. The magnetic field and its gradient are 

considered to influence the crystallization processes of LLIP method. The generation of seed crystal and 

the growth rate are controlled by the magnetic field because the degree of the super-saturation depended 

on the diffusion of solution is controlled by the Lorentz force. The growth direction is controllable 

magnetically because the posture of crystal is controllable against the two-dimensional interface if the 

crystal has anisotropic magnetic susceptibility. In addition, the crystal size is controllable because the 

staying period at around the super-saturated layer, which corresponds the reaction period, is controllable 

according to apply of magnetic force parallel or antiparallel to gravity. Various materials were 

crystallized by using LLIP method under the influence of magnetic fields.  
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The magnetic field effects of the size, morphology, magnetic orientation, and quality of crystal were 

evaluated for C60-fullerene nano-rod (FNR), NaCl salt, ice, glycine, taurine, lysozyme, thaumatin, etc[5]. 

For example, the long axis of FNR was oriented perpendicular to the magnetic flux as shown in Fig. 

1(b). The volume of FNR was enlarged by 10 times in the homogeneous horizontal magnetic field of 13 

T. Under the influence of the gradient vertical magnetic field, the volume was increased 100 times in 

the reduced gravity environment as shown by open circles in Fig. 1. The size effects were also 

recognized for other crystals. Moreover, crystal hobbit and morphology were changed as a magnetic 

field effect.  

The magnetic field effect on size is applicable to crystallization of protein for drag discovery, 

because crystallization for many unknown proteins is hard to make a good large crystal. If huge crystal 

is precipitated then the protein is analyzed easily by XRD structure analysis. A hen egg white lysozyme 

was crystalized by the LLIP method under magnetic fields of up to 13 T. As a result, ten times huge 

protein crystals were observed under horizontal magnetic field with the gradient as shown in Fig. 2. 

Their XRD structure analysis showed that the crystal kept high quality with the maximum resolution of 

1.22 Å and R-merge of 4.6% as shown in Fig. 2(a). The high mosaicity was also kept because the crystal 

aligned perfectly to magnetic flux as shown in Fig. 2(b). Crystallization is controllable by the aide of 

mechanical forces by magnetic fields.  

 

 

 

 

 

 

                

Fig. 1 Scatter plot for fullerene nano-rod crystallized under magnetic fields [4]. The symbols ●, ×, and ○ 

corresponded to the rod crystalized in (a) zero magnetic fields, (b) horizontal homogeneous field of 9.6 T, 

and (c) vertical field of B = 7.2 T with gradient of dB/dz = 58 T/m. The directions of magnetic flux were 

shown by allows. The scale bars indicated 1 m for (a) and (b), and 10 m for (c), respectively. 
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Fig. 2. Crystal volume dependency of (a) R-merge and (b) Mosaicity for Lysozyme under horizontal magnetic 

field[5,6]. The Lysozyme was crystalized by LLIP method using paramagnetic NiCl2 as a precipitant agent.  
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High-entropy alloys (HEAs) have recently attracted extensive attention for its unique alloy design 

concept that is multi-component alloys with equiatomic or near-equiatomic compositions [1]. Despite 

having the presence of a large number of components, HEAs generally show simple solid-solution 

structures rather than complicated intermetallic compounds, possess attractive properties according 

recent comprehensive research such as great integrated tensile properties, high hardness, superior wear-

resistance, good corrosion-resistance and thermal stability. 

High magnetic field is a powerful tool to tune the microstructure and improve the properties of 

materials. The application of high magnetic field (HMF) during materials processing process is 

considered an effective method to improve the mechanical properties, and it has been paid more attention 

in recent years. 

In this study, high magnetic field, are introduced during the solidification and heat treatment process 

of several CoCrFeNi-based high-entropy alloys. Our results show that high magnetic field can affect the 

phase transformation process of high-entropy alloys and thus changing the microstructure and 

improving both the magnetic and mechanical properties. The mechanism of magnetic field on tailoring 

the microstructure and properties of high-entropy alloys are discussed in this study. 

 

References 

[1] E.P. George, D. Raabe, R.O. Ritchie, High-entropy alloys, Nature Reviews Materials, (2019) 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The 8th International Conference on Magneto-Science

48

mailto:nwpuwj@nwpu.edu.cn


In-situ observation of solidification process of organic materials in magnetic 

fields and magnetic force fields 
 

Kohki Takahashi 1*, Iwao Mogi 1, Satoshi Awaji 1 
1Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan 

*Corresponding author: kohki@imr.tohoku.ac.jp 

 

Producing higher quality and/or higher performance materials is required in various fields. 

Materials processing under external fields is one of the solutions for such a problem. Recently, many 

kinds of studies in magnetic fields have been conducted to synthesize high quality materials, since a 

magnetic field can be used easily thanks to the widespread use of cryogen-free superconducting magnets. 

In high magnetic field more than 10 T, for instance, magnetic field effects can be expected even for 

paramagnetic or diamagnetic materials. Materials in a magnetic field gradient receive a magnetic force, 

and a diamagnetic material can be levitated in the air when the upward repulsive magnetic force balances 

with the downward gravitational force. This phenomenon is so-called a magnetic levitation, which is 

considered to be a quasi-micro gravity condition. The magnetic levitation of diamagnetic materials 

enables a container less melting or a crystallization, which attracts attention as a novel materials 

processing technique employing a high magnetic field. Unexpected phenomena are sometimes observed 

during materials processing in magnetic fields, especially under the magnetic levitation condition, 

differing from the process in zero magnetic fields. So, it is important to observe the sample behavior in 

the process. We have developed special furnaces for heating and observing a sample in magnetic fields 

so far; the CO2 laser furnace, the YAG laser furnace and the electric furnace. Recently, we have 

developed a new furnace using transparent glass heater. This furnace allows in-situ observation of the 

levitating, and melting and solidification behavior from three directions in heating and cooling process 

up to 300°C. As performance tests of the furnace, we have performed in-situ observation of melting and 

solidification process of several organic materials such as tartaric acid and urea in magnetic fields up to 

19 T. In cooling process of urea, solidification from the supercooled state was observed. After cooling 

to room temperature, needle-like crystals were also observed above the solidified urea only in a gradient 

magnetic field as shown in Fig. 1. A 

reasonable mechanism about 

formation of these needle-like 

crystals has still not been clear. In the 

presentation, we will show 

observation results in various 

conditions of heating and cooling 

temperature pattern, magnetic field 

and magnetic force filed strength. 
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Fig. 1 Photograph of urea samples solidified in various magnetic 

field and magnetic force field conditions. 
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 Microcrystals can be oriented under a modulating magnetic field to form a pseudo single crystal 

(MOMA, Magnetically Oriented Microcrystal Array), which can be used for X-ray single crystal 

analysis. MOMAs are prepared by dispersing microcrystallites in a medium such as a UV curable 

monomer or sol, followed by consolidating the medium after biaxial alignment is achieved. Using 

MOMAs, we have suceeded in determing the crystal structure from inorganic, organic, and protein 

microcrystals, where UV curable monomer was used for consolidating medium. However, many UV 

curable monomers are hydrophobic and hence incompatible with hydrophilic protein microcrystals. 

Acquous sols may be alternative. However, they are often immixible with precipitation medium for 

protein microcrystals. In this study, we try to find other way of consolidating the medium. We try to 

freeze the precipitation medium containing oriented protein microcrystals by immersing it in liquid 

nitrogen. We first prepared three-dimensional oriented microcrystalline suspension (MOMS) and 

subjected it, immediately after the orientation is 

completed, to liquid nitrogen. The X-ray 

diffraction (XRD) measurements were carried out 

for a frozen MOMS, ex-situ MOMS (XRD was 

measured immediately after the suspension was 

removed from the modulated magnetic field) and 

in-situ MOMS (XRD was performed while the 

suspension was kept exposed to the modulated 

magnetic field). The intensity of the magnetic 

field ranged from 1.2 T (Fig. 1) to 19 T. We show 

that the indexing was successfully made using a 

frozen MOMA having a high degree of 

orientation. 
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Thermoelectric materials that can directly convert thermal energy into electrical energy have great 

potential in solving the present energy crisis. SnSe has emerged as one of the most intriguing new 

thermoelectric materials since the discovery of the excellent thermoelectric properties of its single 

crystals. Here, we develop a new solution synthesized method (in situ magnetic field-assisted 

hydrothermal synthesis) for achieving new nanostructured SnSe integrated with Se quantum dots. The 

critical nucleation energy reduces and the nucleation rate increases during the hydrothermal synthesis 

process as a high magnetic field is applied, which leads to the presence of the homogeneous distribution 

of Se quantum dots and smaller nano grains. Enhanced density of states and the energy filtering effect 

contribute towards a significant enhancement in the Seebeck coefficient and power factor (PF) due to 

the Se quantum dots and smaller nano grains. The enhanced density of states was directly identified by 

ultraviolet photoelectron spectroscopic measurements. With the aid of a high magnetic field in solution 

chemistry, these materials maintain low thermal conductivity due to the Se quantum dots, smaller nano 

grains and nano precipitates. Benefiting from the enhanced power factor and reduced thermal 

conductivity, a high figure of merit (ZT) of ~ 2.0 at 873 K was achieved in a Se quantum 

dot/Sn0.99Pb0.01Se nanocomposite. This work paves the way for the design of prospective thermoelectric 

materials by applying an external high magnetic field. 
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Effects of super high static magnetic field on the microstructures of binary 

alloys during the bulk solidification process 
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1. Al-Cu alloys 

Solidification of Al-Cu alloys has been investigated using a 29 Tesla super high static magnetic 
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field (SHSMF). The results show that, by imposing a 29 Tesla SHSMF, the size of primary phases and 

spacing of eutectic structure have been refined through the increase of undercooling which results from 

the suppression of diffusion coefficient (Fig. 1). The lattice constants is reduced and high dislocation 

density forms in the primary phase, which induces a solute trapping effects. The compression yield 

strength has been improved by about 42% from 268 Mpa to 462 Mpa for Al-26wt.%Cu and 42.5% from 

248 Mpa to 431 Mpa for Al-40wt.%Cu. The maximum elastic strain increases from about 2% to 4.3% 

for Al-26wt.%Cu and from 2% to 4% for Al-40wt.%Cu. It is expected that SHSMF is beneficial to 

process materials with high mechanical properties. 

 

2. Zn-Bi immiscible alloy 

 

Fig. 1 BSE images of Al-Cu alloys. (a) 0 T, Al-26wt.% Cu; (b) 29 T, Al-26wt.% Cu. (c) 29 T, eutectic structure, 

Al-26wt.% Cu. The dark color represents α-Al, the mixed region is eutectic structure. (d) 0 T, Al-40wt.% Cu; (e) 

29 T, Al-40wt.% Cu. (f) 29 T, eutectic structure, Al-40wt.% Cu. 

 

In situ solidification experiments on Zn–6wt.% Bi immiscible alloys were conducted to investigate 

the droplet evolution under SHSMFs (Fig. 2). The results showed that a microstructure with extremely 

fine Bi-rich particles distributed in the matrix can be obtained under an SHSMF of 29 T. The average 

diameter of the Bi-rich phase decreased with increasing magnetic flux density. Stokes sedimentation 

disappeared when the SHSMF was larger than 18 T. Starting at an HSMF of 18 T, Bi-rich droplets grew 

via pure diffusion in the liquid matrix. 
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Fig. 2 BSE images of Al-Cu alloys. (a) 0 T, Al-26wt.% Cu; (b) 29 T, Al-26wt.% Cu. (c) 29 T, eutectic structure, 

Al-26wt.% Cu. The dark color represents α-Al, the mixed region is eutectic structure. (d) 0 T, Al-40wt.% Cu; (e) 

29 T, Al-40wt.% Cu. (f) 29 T, eutectic structure, Al-40wt.% Cu. 
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The related eutectoid decomposition of Co3B→Co2B+α-Co in the Co-B binary system were studied 

by in-situ measuring the magnetization. Results indicate that the eutectoid decomposition reaction is 

greatly affected by the undercooling temperature. When the undercooling is small (e.g., ∆T=92 K), the 

Co3B phase is hardly decomposed and can be retained to room temperature. However, when the 

undercooling is large (e.g., ∆T=153 K), a clear and abrupt raising of magnetization is observed, which 

suggests that the eutectoid decomposition reaction takes place. Different from the reference, this reaction 

has a high reactivity (within 30 s) and can be react completely. The results is evidenced by the 
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characterization of the microstructures by EBSD and TEM. 

 

Fig. 1. The cooling and magnetization curve of Co81.5B18.5 alloy. The field intensity and gradient are 1.0383 T and 

15.49 T/m, respectively. The inserts are the corresponding macrograph of the samples after solidification. The 

enlarged figures corresponding to the range around the solidification process in Figs. a and b are shown in Figs. c 

and d. Co3B is ferromagnetic with the Curie temperature of 747 K. Co2B is also ferromagnetic with the Curie 

temperature of 429K. 
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With the launch of the lunar exploration program, astronauts will inevitably be exposed to the space 

spatial hypomagnetic field (sHyMF) environment for long periods of time during long-distance space 

missions[1]. In addition to microgravity, the sHyMF also is an extreme environment in space, sHyMF 

exists on the surface of the moon or in the deep space of the solar system，and its magnetic intensity is 

less than 5 μT. Recently, we demonstrated that HyMF promoted additional bone loss in hindlimb 

unloading-induced bone loss, and the underlying mechanism probably involved in the increase of body 

iron storage[2,3]. Many studies have indicated that bone loss induced by mechanical unloading can be 

largely restored after skeletal reloading in GMF condition[4,5,6]. However, it is unknown whether this 

bone deficit can return to a healthy state under HyMF condition. Therefore, the purpose of this study is 

to examine the effects of HyMF on the recovery of microgravity-induced bone loss and illustrates the 

changes of body iron storage in this process. Our results demonstrated that there was lower bone mineral 

density (BMD) and bone mineral content (BMC) in the HyMF reloading group compared to the GMF 

reloading group. Reloaded mice in the HyMF condition had a worse microstructure of femur than in the 

GMF condition. Femoral mechanical properties were higher in the HyMF group compared with the 

GMF group. Simultaneously, more iron content was found under HyMF reloading than GMF reloading. 

In conclusion, these results showed that HyMF inhibits the recovery of microgravity-induced bone loss, 

probably by suppressing elevated iron levels return to physiological level. 
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In last few decades there have been many reports of biological effects induced by magnetic fields 

on the development and metabolism of insects such as Tenebrio molitor, Anopheles gambiae, Drosophila 

melanogaster, Musca domestica, Apis mellifera, Laodelphax striatellus and Nilaparvata lugens. The 

most popular hypothesis for these effects is that magnetic fields affect rotation of membrane 

phospholipid molecules by virtue of their collective diamagnetic anisotropic properties allowing for 

summation of individual molecular anisotropies. Thus, magnetic fields mainly affect organisms by 

influencing membrane channel properties, e.g. sodium channels, calcium channels. In some cases, 

magnetic fields accelerated the postembryonic development of insects and increased larval weight in 

comparison with the Earth’s magnetic field. The question of possible biological effects of magnetic 

fields remains controversial, markedly because no valid mechanism of interaction could be proposed so 

far for relevant exposure intensities. 

On the other hand, the phenomenon of magnetoreception has been convincingly demonstrated in a 

number of diverse animal species including insects. Many types of insects undertake impressive 

seasonal mass migrations travelling up to thousands of kilometers to their ultimate destination. Series 

of experiments on insect magnetoreception was performed with species as honeybee, Drosophila and 

monarch butterflies. Models for how organisms sense the magnetic field have been suggested as the 

light-independent magnetite-based magnetoreception and the light-dependent radical pair mechanism. 

Recent work on Caenorhabditis elegans, flavin adenine dinucleotide and the magnetosensing complex 

has supplied further evidence for the two models, suggesting that they are not mutually exclusive and 

both could exist in organisms. Although the navigational mechanism and genetic control for migratory 

flight of insects are not well understood, a magnetic compass appears to be a plausible explanation. It is 

also possible that biological effects of magnetic fields on insects are medicated by magnetoreception 

since the precise biophysical origin of magnetosensitivity remains to be further elucidated.  
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Understanding the effects of high static magnetic fields (SMFs) on living organisms is significant 

in health risk assessment, but underlying mechanisms are largely unexplored. The nematode 

Caenorhabditis elegans (C. elegans) as a well-established model system has many unique characteristics 

and distinct advantages in the discovery of fundamental biological responses in development, 

neurobiology and aging. We found that exposure of C. elegans eggs to 8.5 T SMF resulted in a time-

dependent lifespan decrease, whereas only slight changes were observed in young adult and L1 to L4 

stages upon exposure to SMF lower than 5 T. Although SMF exposure did not alter brood size, 

development rate and stages were significantly modified by 8.5T SMF. Germ cell apoptosis dramatically 

increased upon exposure to 8.5 T SMF in adult worms, as confirmed by ced-3 and ced-4 mutants, and 

could be prevented by concurrent treatment with a free radical scavenger, dimethyl sulfoxide. Compared 

to wild-type worms, shorter lifespan and greater numbers of apoptotic cells were observed in abnormal 

methyl viologen sensitivity-1 (mev-1(kn1)) nematodes with increased sensitivity to oxidative damage. 

Furthermore, exposure to 8.5 T SMF increased expression of superoxide dismutase-3 (sod-3), which is 

thought to protect against oxidative stress. The offspring of L4 stage showed greater decrease in lifespan 

by exposure to 8.5 T SMF than egg ś offspring, which was regulated through insulin-like signaling 

pathway. Our results provide novel information for better understanding the biological responses to high 

SMFs in living organism at different life stages and their underlying mechanism(s). 

Multiple pathways involve in the bio-response to the hypomagnetic field 
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Multiple organisms have developed special ability of biomagnetosensation to the geomagnetic field 

(GMF) during the elution in GMF. However, the mechanisms for sensing the GMF is a key question 

remained to be elucidated in life science. Hypomagnetic field (HMF, < 5 µT, or 1/10 intensity of the 

GMF), which is a GMF-shielding condition and also a key factor in deep space, is necessary to study 

the role of GMF. Therefore, we constructed a set of HMF system for animal experiments and analysis 

at cellular/molecular levels, and found the HMF-exposed adult mice exhibited a prolonged alteration of 

the circadian drinking rhythm, an increase in thermal hyperalgesia and a decrease in general activity. 

Further analysis with cultured primary skeletal muscular cells confirms declined glucose metabolism 

rate, cell viability and mitochondria membrane potential in the HMF-exposed cells. These results 

indicate that HMF inhibits the mitochondrial activity and glucose metabolic process in skeletal muscular 

cells, which would probably reduce the exercise capacity in the mice. Furthermore, we found that HMF 

exposure accelerates the proliferation of adult neural progenitor/stem cells both in vivo and in vitro, 

which indicates a novel mechanism of the effects on brain function. The in vitro assay with isolated 

mitochondria and cell-free actin assembly system show that mitochondria and F-actin can response 

directly to HMF exposure, therefore could be good candidates to mediate the effects observed in the 

HMF. Moreover, we also found shielding of the GMF reduces hydrogen peroxide production in human 

neuroblastoma cell and inhibits the activity of CuZn superoxide dismutase. These results indicate 

multiple pathways involve in the bio-responses to the HMF. Further investigation would be necessary 

to explore the common and specific pathway(s) mediating the effects. 
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During the evolution various organisms from bacteria to vertebrates have developed 

magnetoreception capacity to exploit geomagnetic field as an orientation cue and maps while migrating 

or homing [1]. Among those, magnetotactic bacteria (MTB) have been extensively studied. MTB 

consist of a heterogeneous group of Gram-negative bacteria that are capable of synthesizing single 

domain magnetite (Fe3O4) or greigite (Fe3S4) crystals in intracellular organelles termed magnetosomes 

[2]. The magnetosomes confer on bacteria a magnetic moment dipole and allow the cells to align to and 

swim along geomagnetic field lines. This behavior, referred to as magnetotaxis, is essential for the 

bacteria swimming to and maintaining at the oxic-anoxic interface in chemically stratified water 

columns or sediments, where it is optimal for their growth [3]. To contribute to a comprehensive 
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understanding of bacterial magnetotaxis mechanism we studied the synthesis, structure and function of 

the intracellular compass (magnetosomes) and the propellers (flagella) of model magnetotactic bacteria. 

We found the most exquisite flagellar apparatus of marine magneto-cocci [4], and revealed a 

cytoskeleton-underpinned, chemotaxis-like mechanism that governs the magnetotaxis of 

magnetospirilla cells [5-7]. Besides these unicellular MTB, we are particularly interested in the 

multicellular magnetotactic prokaryotes (MMPs) or magnetoglobules that have opted both 

magnetoreception capacity and multicellularity during the evolution. Using high-pressure 

freezing/freeze substitution fixation technique we found that juxtaposed membranes adhere ~ 60 cells 

axisymettrically into several interlaced rows to achieve a one-layer hollow architecture with a periphery-

core polarity. The cells are held by a well-patterned rimming lattice at the surface and surround a core 

lumen in the center of the ellipsoidal magnetoglobules. Magnetite crystals arrange in multiple chains at 

the periphery of MMP cells. Remarkably, thousands of flagellar at the periphery surface of cells underpin 

the coordinated swimming of magnetoglobules in response to mechanical, chemical, magnetic and 

optical stimuli, including a magnetotactic photokinesis behavior [8]. Close to the periphery side of the 

inner membranes, we observed a fence-like structure that looks like photosynthetic membrane lamellae 

and could be an appropriate candidate for accommodating photoreceptors involved in MMPs photo-

sensing. Detailed structure and magnetotaxis behavior as well as the mechanisms involved will be 

discussed. 

 

References 

1. Johnsen, S. and K.J. Lohmann, The physics and neurobiology of magnetoreception. Nat. Rev. Neurosci., 2005. 

6(9): p. 703-712. 

2. Bazylinski, D.A. and R.B. Frankel, Magnetosome formation in prokaryotes. Nat. Rev. Microbiol., 2004. 2(3): 

p. 217-230. 

3. Zhang, S.D., et al., Swimming behaviour and magnetotaxis function of the marine bacterium strain MO-1. 

Environ Microbiol Rep, 2014. 6(1): p. 14-20. 

4. Ruan, J., et al., Architecture of a flagellar apparatus in the fast-swimming magnetotactic bacterium MO-1. 

Proc. Natl. Acad. Sci. USA, 2012. 109(50): p. 20643-20648. 

5. Philippe, N. and L.-F. Wu, An MCP-like protein interacts with the MamK cytoskeleton and is involved in 

magnetotaxis in Magnetospirillum magneticum AMB-1. J. Mol. Biol., 2010. 400(3): p. 309-322. 

6. Pradel, N., et al., Biogenesis of actin-like bacterial cytoskeletal filaments destined for positioning prokaryotic 

magnetic organelles. Proc. Natl. Acad. Sci. USA, 2006. 103(46): p. 17485-17489. 

7. Zhu, X., et al., Angle sensing in magnetotaxis of Magnetospirillum magneticum AMB-1. Integr Biol (Camb), 

2014. 6(7): p. 706-13. 

8. Qian, X.X., et al., Juxtaposed membranes underpin cellular adhesion and display unilateral cell division of 

multicellular magnetotactic prokaryotes. Environ Microbiol, 2019, DOI: 10.1111/1462-2920.14710. 

The 8th International Conference on Magneto-Science

59



 

Axisymmetrical assembly of cells into a one-layer hollow architecture with periphery-core polarity of 

ellipsoidal magnetoglobules [8]  

Arabidopsis Flowering Is Affected by Near-Null Magnetic Field 
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Some migratory birds can use the geomagnetic field for their navigation. The blue light receptor, 

cryptochrome, was suggested to act as a magnetoreceptor based on the proposition that photochemical 

reactions were involved in sensing the geomagnetic field. Cryptochrome was firstly found in 

Arabidopsis, which was involved in photoperiodic flowering. To test the role of geomagnetic field in 

Arabidopsis growth, we grew Arabidopsis in a near-null magnetic field. We found that flowering time 
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of Arabidopsis grown in the near-null magnetic field was delayed, which was blue light intensity and 

cycle dependent. The near-null magnetic field weakened the blue light-dependent phosphorylation of 

cryptochrome, suggesting that function of cryptochrome was affected by near-null magnetic field. 

Transcriptions of flowering-related genes, LFY and SOC1, were downregulated by near-null magnetic 

field. These results suggest that near-null magnetic field suppresses Arabidopsis flowering by functional 

modification of cryptochrome. Moreover, we found that levels of GA4, GA9, GA34, and GA51 in 

Arabidopsis in near-null magnetic field were significantly decreased compared with the local 

geomagnetic field controls. Expressions of GA20-oxidase genes and GA3-oxidase genes were 

downregulated by near-null magnetic field. We also found that indole-3-acetic acid (IAA) level in roots 

of Arabidopsis in near-null magnetic field was significantly increased compared with the local 

geomagnetic field control, while IAA level in rosettes of Arabidopsis in near-null magnetic field was 

significantly lower than the control. These results suggest that the delay of flowering of Arabidopsis in 

near-null magnetic field is regulated by plant hormones, GA and IAA. 

Magnetobiology based on external magnetic radiation and internal 

magnetism detection on Sitobion avenae 
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Various reactions of living systems toward magnetic fields are controversial and inconclusive. 

Discovered suitable systems and new research idea are necessary to study this phenomenon. S avenae 

(Homoptera: Aphididae) could be an excellent specimen investigating insect adaptation and evolution 

with biological characteristics of parthenogenesis and high fecundity. In this study, External and internal 

magnetic radiation types were analyzed using S. avenae to study magnetobiology. The population 

demography with internal radiation were estimated with the first instar nymphs exposed 0.176 and 0.065 

T magnetic fields under different periods (0.5 and 1 h, respectively). The results showed significantly 

different age–stage distributions of mortality were in the combination of 0.176 T-0.5 h and 0.065 T-1 h 

magnetic field radiation treatments.  

Survival rate and fecundity data were used to project the population growth of S. avenae [1] using 

the TIMING-MSChart program [2].  

lx = ∑ sxj,

𝑘

𝑗=1

 

x is age in days and j is the stage; k is the number of stages. The reproductive value (vxj) represents 

the contribution an individual of age x and stage j for the future population and was calculated as: 
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Meanwhile, the parameters with external magnetism of closed hysteresis loop within the positive 

and negative ranges of 60 000 Oe was corresponding to the flying angle on hypomagnetic and 

geomagnetism environment. These findings first revealed the magnetic biology effect from the external 

magnetic radiation and internal measure of magnetic substances using S. avenae influences the biology 

and hysteresis loop of aphid indicated that this species contains magnetic substances. The approaches 

of integrating external magnetic radiation and internal measure of magnetic substances would possibly 

provide a powerful way to understand the Magnetobiology and undertaken in similar studies in other 

insect species simultaneously contained the magnetic substances and magnetic radiation. 
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We present in this paper an approach for temperature measurement and imaging using magnetic 

nanoparticles based on low-field NMR T2 relaxation, which allows a high resolution of up to 0.05 ℃. 

To explore the feasibility of temperature measurement based on the 𝑇2 relaxation, the compatibility 

between the temperature changing model of magnetic nanoparticles and the parameters of magnetic 

resonance system is assessed. The simulation results show that 5 nm magnetic nanoparticles have an 

optimum sensitivity to temperature under a magnetic field of 0.4166 T, and the corresponding 𝑇2 

relaxation time has the same optimum sensitivity. This conclusion is verified by the combination of a 

commercial magnetic resonance instrument and a commercial 5 nm magnetic nanoparticle contrast 

agent. Using a 0.47 T nuclear magnetic resonance instrument and 5 nm magnetic nanoparticles, with a 

concentration of Fe of 25 ug/mL or 100 ug/mL, the best temperature resolution was obtained, of about 

0.05 ℃. The results of the 𝑇2-weighted imaging experiment verify the feasibility of magnetic resonance 

imaging of temperature. 

Figure 1. Temperature measurement results for different Fe concentrations and different temperatures using the 

0.47 T NMR instrument. Means and standard deviations were obtained from the average of five temperature 

measurements (a) Average value of the estimated temperatures. (b) Average value of the estimated temperature 

errors. 

[1] Le, H., Liu, W., Xie, Q., Pi, S. & Morais, P.C. A fast and remote magnetonanothermometry for a liquid 

environment. Measurement Science & Technology 27, 25901 (2016). 
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Traditional superparamagnetic iron oxide (SPIO) formulations have been demonstrated the great 

potential for various biomedical applications such as protein/cell separation, biosensor, drug delivery, 

magnetic resonance imaging (MRI) and magnetic hyperthermia treatment. However, the application of 

these nanoparticles for cancer diagnostics and therapy has been largely hindered by poor stability, weak 

magnetic properties, insufficient MR detection sensitivity and low thermal conversion efficiency. The 

nanomagnetism-engineering strategies that include structure, composition, size and surface optimization 

have been developed in our recent works towards high-performance biomedical applications. In this talk, 

a series of advanced biomedical magnetic nanoplatform for high efficient MRI contrast agent and 

hyperthermia agent will be presented such as innovative ferrimagnetic vortex-domain iron oxide 

nanorings (FVIO) platform, surface modified SPIO platform, ultrasmall ferrites nanoparticles and 

magnetic Janus nanoparticles, which could overcome the drawbacks facing to conventional SPIO. For 

example, FVIO possesses a ferrimagnetic vortex domain structure, in which magnetization is 

circumferential to the ring without stray fields. This unique magnetic structure endows these FVIOs 

with negligible remanence and coercivity that can reduce greatly dipole-dipole interactions and enable 

a good colloidal stability, but much high saturation magnetization and susceptibility in comparison with 

SPIOs. Under the external field, FVIOs will subject to a transition from vortex state to onion state and 

move along the field direction rapidly. Benefits from their unique magnetic properties, FVIO 

formulations have exhibited both high MR r2* relativity and high specific absorption rate (SAR). 

Combined with the enhanced permeability and retention effect arising from the relatively large particle 

size, the highly biocompatible FVIOs allows us to design high sensitively MRI contrast agent and highly 

efficient hyperthermia agent for early-diagnostics and efficacious treatment of various types of cancers. 

In summary, the development of these advanced magnetic nanoplatforms paves the way for future 

magnetic nanoparticle-based nanomedicine. 
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Iron oxide nanoparticles with good biocompatibility can serve as safe magnetic resonance imaging 

contrast agents. Herein, we report that ultrafine ferritin-based iron oxide (hematite/maghemite) 

nanoparticles that were synthesized by controlled biomimetic mineralization using genetically 

recombinant human H chain ferritin, can be used as positive contrast agent in magnetic resonance 

angiography. The synthesized magnetoferritin with an averaged core size of 2.2 nm (hereafter named as 

M-HFn-2.2) shows r1 value of 0.86 mM-1s-1 and r2/r1 ratio of 25.1 at 7 T magnetic field. Blood pool 

imaging on mice using the M-HFn-2.2 nanoparticles, which was injected through a tail vein by single 

injection at a dose of 0.54 mM Fe/kg mouse 

body weight, enabled detecting detailed 

vascular nets at 3 minutes post injection. The 

signal intensity continuously enhanced up to 

2 hours post injection, much longer than the 

commercial magnevist (Gd-DTPA) contrast. 

Moreover, biodistribution examination 

indicates that organs of liver, spleen and 

kidney safely cleared the injected 

nanoparticles within one day after the 

injection, demonstrating no risk of iron 

overload. Therefore, this study sheds light on 

developing high-performance gadolinium 

free positive magnetic resonance contrast 

agents for biomedical applications. 

 

 

 

Fig.1 Schematic illustration of MHFn nanoparticles  

used for magnetic resonance angiography 
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Magnetic induction hyperthermia is considered as an accurate, efficient and green method for 

treating malignant tumors. Basically, magnetic media are introduced to the tumor region by implantation 

or intervention and will generate heat upon the application of local external alternating magnetic field. 

Since normal cells possess higher heat resistance and resilience than tumor cells, the tumor cells can be 

killed without affecting normal tissue if the temperature can be maintained accurately within 42-45℃.  

As monitoring hyperthermia temperature in vivo with minimal invasion is still a challenge, magnetic 

nanoparticles with low Curie temperature (42-45℃) are highly desired. The Curie temperature is the 

temperature at which ferromagnetic materials lose their intrinsic permanent magnetic properties and 

consequently lose their ability of aligning to external fields and thus facilitating the conversion of 

external electromagnetic energy into highly localized heat. The Curie temperature therefore gives an 

upper limit to the operational temperature for the magnetic media. The ability to tune the Curie 

temperature to a value just above the treatment temperature would be an expedient route to control the 

hyperthermia temperature and realize self-regulation in practical use of magnetic media as both heater 

and fuse-limiter.  

Here, we report a novel Cr3+ substituted Co-Zn ferrite (Zn0.54Co0.46Cr0.6Fe1.4O4), whose Curie 

temperature is 45.7℃. Under clinically acceptable magnetic field conditions, the nanoparticle 

suspensions demonstrate reasonable self-regulating temperature behavior and have a specific absorption 

rate (SAR) of 6.53 W g-1, which is over 21 folds higher than the SAR standard for magnetic nanoparticles 

used in hyperthermia (0.3 W g-1). The evaluation of the in vitro cytotoxicity of the nanoparticles indicates 

biocompatibility, which points to a novel set of magnetic nanoparticles for use in self-regulating 

hyperthermia [1-4]. 
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Magnetic nanoparticles (MNPs), typically such as nanoparticles of magnetite, have been widely 

used in immunological analyses and biological separations combined with surface functionalization of 

MNPs. These techniques utilize the property of the nano-sized magnet of MNPs dispersed as colloids 

in solution, which can agglomerate after the reaction with analyte and can be trapped by a permanent 

magnet from the outside. The agglomeration of MNPs, which is usually observed by the turbidity, can 

be used very often as the measure of the event of specific interactions between MNPs and analytes. 

However, the measurement of the initiation of agglomeration of MNPs by the turbidity is sometimes 

difficult, therefore, an alternative and reliable detection method is required. MNPs show various kinds 

of magneto-optical phenomena in solutions. The rotational motion of MNPs in solutions can be reduced 

when MNPs combine with larger molecules or particles. Therefore, it will be measured by a magnetic 

birefringence and/or a magnetic linear dichroism. The birefringence of solution can be measured as the 

difference in the refractive index between the horizontally and vertically polarized lights by using a non-

absorbing light. In the present study, we have applied Sagnac effect to measure the magnetic 

birefringence of MNPs. Sagnac effect is a unique optical interferometry, which was first reported 1913 

[1]. Sagnac effect has been applied to measure the magnetic orientation of MNPs [2, 3]. The orientation 

of light absorbing MNPs in UV-Vis region can also be observed by the polarization spectrometry. In the 

present study, the magnetic orientational linear dichroism (MLD) of MNPs is applied to detect the 

critical nucleation and agglomeration of MNPs in solutions. MLD is the difference between the 

absorbances for a horizontally and a vertically polarized lights, which is induced by a magnetic field 

applied from a transversal (horizontal) direction to the light beam through a sample cell.  

1. Magnetic Sagnac effect for the analysis of agglomeration and deagglomeration of magnetic 

nanoparticles.  

Magnetic Sagnac apparatus was built on an aluminum optical breadboard by using the components 

of a He-Ne laser, a polarizing beam splitter (PBS), three mirrors to make a Sagnac optical loop, a 

Wollaston prism and a balanced detector. Then, two beams generated by a PBS were circulated in the 

loop to the reversed directions with each other. Magnetic field up to 59.2 mT was applied to the cell (10 

mm optical pass length) by using a permanent magnet which was set on a motorized stage. To balance 

the initial intensities of two beams after the Wollaston prism, a z-cut single crystal quartz plate (10 mm 

x 10 mm x 0.5 mm) set on a rotation stage was inserted in the loop and tilted with a proper angle before 

applying a magnetic field. The phase shift between the two beams was increased depending on the 

increase of magnetic field and the increase of the concentration of MNPs (EMG707, Ferrotec, Japan). 

The magnetic field dependence was analysed by Langevin equation, and the two parameters of the 

apparent magnetic moment and the saturated phase shift of MNPs were obtained. The observed 

parameters for COOH-modified MNPs in water reflected the change of dispersion state under the 

addition of a cationic surfactant, cetyltrimethylammonium bromide (CTAB). When the agglomeration 

of MNPs with CTAB occurred, the magnetic Sagnac effect was significantly decreased. The 

agglomeration was thought to be due to the charge neutralization by CTA+. But, when excess CTAB was 
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added to the dispersion, the magnetic Sagnac effect was observed again and the two parameters were 

given in almost same values as before the agglomeration. This result clearly showed that the 

deagglomeration of MNPs occurred by the adsorption of excess amount of the cationic CTA+ on the 

surface of the MNPs [3]. 

2. Magnetic linear dichroism for the detection of critical agglomeration of magnetic nanoparticles 

in solution. 

MLD spectra of MNPs dispersions were measured in the range of 300 – 700 nm by a 

spectropolarimeter (J-820E, Jasco), using a pair of permanent magnets on both sides of the quartz cell 

with 1 or 10 mm optical path length. A magnetic field was changed in the range of 0 - 186.5 mT or 0 – 

35.6 mT. 

An aqueous dispersion of 0.00625 % magnetite MNPs (10 nm magnetite, W-40, Taiho Kogyo, 

Japan) in a the cell showed clear MLD spectra in the UV-Vis wavelength region, when a magnetic field 

was applied, while no change was observed in the absorption spectra. On the other hand, the MNPs in a 

UV curable resin film prepared under no magnetic field didn’t show any MLD spectra. However, the 

curable resin sample prepared under a magnetic field exhibited clear LD spectra, depending on the 

rotation angle of the sample film. Then, it was confirmed that the directions of the axis of easy 

magnetization and the optical transition moment of MNPs are parallel and the observed MLD spectra in 

a solution were due to the rotational orientation of MNPs by a magnetic force.   

A COOH modified MNPs (0.0165%) dispersed in water showed significant MLD spectra, but the 

addition of a cationic surfactant reduced the MLD intensity accompanied by the large red shift of the 

maximum MLD wavelength. This result confirmed the observation of the magnetic Sagnac effect that 

the negatively charged surface of COO- MNPs was neutralized by the positively charged surfactant ion 

and the agglomeration of MNPs progressed. In the lower concentration of MNPs (0.00165%), the 

addition of the cationic surfactant or metal ions showed the characteristic increase of MLD just before 

the significant decrease of MLD due to the agglomeration in the higher concentration of additives. The 

increase of MLD in the low concentration of the additives suggested the formation of smaller 

agglomerates under the magnetic field. From the magnetic field dependence of the MLD values, the 

initial association number of MNPs was estimated by using Langevin equation analysis.   
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INTRODUCTION: Magnetic nanoparticles (MNPs) have been used as the MRI contrast agent several 

years. However, due to magnetic nanoparticles do not produce magnetic resonance signals, there is a 

lack of research on their magnetization in nuclear magnetic resonance (NMR). In this study, a method 

based on NMR spectroscopy is presented to assess the concentration of magnetic nanoparticles. 

METHODS: Magnetization of magnetic 

nanoparticles is described by Langevin function. 

Under the magnetostatic field 𝐻0, the total 

magnetization of MNPs in the space is 

𝑀 = 𝑁𝑀𝑠

𝜋𝑑3

6
(𝑐𝑜𝑡ℎ (

𝑀𝑠
𝜋𝑑3

6
𝜇0𝐻0

𝑘𝑇
)

−
𝑘𝑇

𝑀𝑠
𝜋𝑑3

6
𝜇0𝐻0

) 

Where, 𝑁 is the concentration of the MNPs, 𝑀𝑠 is the saturation magnetization of the MNPs, 𝑑 is 

the diameter of MNPs, 𝐻  is the amplitude of applied field, 𝜇0  is the vacuum permeability, 𝑘  is 

Boltzmann constant, 𝑇 is the absolute temperature. 

The magnetization makes the magnetic field inhomogeneous. Nuclei sense the sum of the static 

magnetic field and of the field originated by the magnetic nanoparticles. As the particles generate 

spherical induced magnetic field, the magnetic flux density 𝐵0 can be defined as 𝜇0 (𝐻0 +
4𝜋

3
𝑀). As 

the chemical shift is defined as a relative shift to the Larmor frequency of a reference molecule in parts 

per million (ppm): 𝛿 =
𝜈𝑠𝑎𝑚𝑝−𝜈𝑟𝑒𝑓

𝜈𝑟𝑒𝑓
, the shift change made by magnetic nanoparticles ∆𝛿 =

4𝜋

3
𝑀

𝐻0
=

4𝜋

3
𝜒. 

The shift change of different samples at different concentrations are shown as Figure 1. 

RESULTS: In the experiment, deuteroxide (Aldrich-450510, Sigma-Aldrich) was used as reagents to 

prepare test samples. The Fe concentration of the original samples was 5mg/ml and the diameter of 

MNPs were 5nm (SHP-05-25, Ocean NanoTech) and 15nm (SHP-15-50, Ocean NanoTech). In the 

standard 5mm nuclear magnetic tube, the amount of sample used was about 400ul. We used the 43MHz 

NMR spectrometer (Spinsolve 43, Emphor Fzco) to measure the shift. The experiment results show that 

the shift changes have a good linear relationship with the sample concentration, which is in line with 

theoretical expectation. 
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CONCLUSION: This paper aims to discuss a method to study the magnetization of MNPs in NMR. 

Based on NMR paramagnetic shift, the signal of the concentration lower than 25ug/ml can be gotten 

when the field is 1T. The experiment results proved that it is feasible to measure the magnetic 

susceptibility by NMR paramagnetic shift and shows the possibility to improve the imaging resolution 

of MPI system, if using the NMR technique for signal detection. Based on the temperature sensitivity 

of MNPs, there is also a possibility to measurement the MNPs’ temperature information from the shift 

change. 
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Introduction 

REBa2Cu3Oy and REBa2Cu4O8 are superconducting ceramics having high critical temperatures. 

Biaxial orientation is required for the practical use of theses superconducting materials. Since these 

crystals are orthorhombic, three-dimensional orientation under modulated rotating magnetic field is 

possible. It is desirable to know the anisotropy of the magnetic susceptibility to determine the 

fabrication condition for the biaxial magnetic field orientation of the microcrystal.  It is possible to 

determine the anisotropic magnetic susceptibility by a SQUID measurement of biaxially oriented 

sample. [1] In this study, we determine the anisotropic magnetic susceptibility of ErBa2Cu4O8 (Er124) 

by orientation fluctuation via the half widths of the X-ray diffraction spots. 

Experimental 

Preparation of Er124 single crystal [2]   Re-calcining (800 to 

925 ° C for about 12 hours) several times of Er: Ba: Cu at molar 

ratio of 1: 2: 4 at atmospheric pressure was conducted by solid 

phase reaction method to obtain (Er123 + CuO). The obtained 

(Er123 + CuO) and KOH were mixed at a weight ratio of 5: 6 in an 

alumina crucible, and Er124 single crystals were grown in the 

crucible by a flux method under an atmospheric pressure. The 

obtained Er124 single crystals were ground using an agate mortar, 

and further ground using a ball mill to obtain a fine sample powder. 

Magnetic Orientation and X-ray Diffraction Experiment   

Microcrystals were suspended in a viscosity calibration standard 

solution JS160,000 (manufactured by Nippon Grease Co., Ltd., 

viscosity 140 Pa s). The sample was poured into a capillary and the 

capillary was set between a pair of permanent magnets generating 1 

T, and modulated rotating of sample was conducted. The rotation 

speeds of the capillary was changed every 90 °. The lower rotation 

speed ωs was fixed at 6 rpm, and the higher speed ωf was changed 

from 7.5 to 30 rpm. A disk-shaped shutter (two grooves having a 

width of 10 ° at 0 ° and 180 °) was placed between the 

magneto-rotation unit and the X-ray collimator, and was rotated in synchronization with the rotation of 

Fig. 1 Photograph of the 

magneto-rotation unit mounted 

on an in-house X-ray 

diffractometer. (C): a glass 

capillary, (X): an X-ray 

collimator, (SM1 and SM2): 

stepping motors, (S): a shutter 

with a diameter of 44 mm, (M): 

a pair of neodymium magnets 

generating ca.  1 T, and (IP):  an 

imaging plate at the back.[3]  
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the sample. After orientation was completed, in-situ X-ray diffraction experiments were performed. 

Data processing   Diffraction intensity as a function of the azimuthal angle  was obtained using 

2DP software (manufactured by RIGAKU Co., Ltd.) from the original diffraction patterns.  The peaks of 

the azimuth angle plots were fitted using the Igor Pro software 

(WaveMetrics) to calculate the half width of the peak. 

Results and Discussion 

Owing to the slit of the shutter, diffraction images 

equivalent to those from a single crystal were obtained. Some 

examples are shown in Fig. 2.  Er124 is orthorhombic, and the 

χ1, χ2 and χ3 axes correspond to the b, a and c axes of the crystal 

lattice, where the values of χ1, χ2 and χ3 are defined as χ1>χ2 

>χ3. When the modulated rotating magnetic field is applied, 

the χ3 axis is aligned parallel to the rotating axis (the capillary 

long axis), while χ1, and χ2 axes are rotating at the rotational 

speed of the capillary. As shown in Fig. 2, {020} and {200} 

diffraction points are observed every 90 ° because the angle 

between the χ1 and χ2 axes are orthogonal.  

The magnetic energy E is expressed by equation (1). 

𝐸 = 𝐶𝜃𝜃
2 + 𝐶𝜙𝜙

2 + 𝐶𝜓𝜓
2  ------- (1)  

Here, ,  and  are Euler angles around  the ,  and  axes (see 

Fig. 3). C, C, and C are a function of magnetic field strength, magnetic 

susceptibility anisotropy, volume of crystal, and ωf / ωs. The fluctuation 

around the energy minimum is expressed by the following equation using 

the Boltzmann distribution.   

〈𝜓2〉 = 8𝑘𝐵𝜋(1 + 𝑟)𝑇𝜇0 (𝐵2(2 + 𝜋 − 2𝑟 + 𝜋𝑟)𝑉(𝜒2 − 𝜒3))⁄  ------ (2) 

〈𝜃2〉 = 8𝑘𝐵𝜋(1 + 𝑟)𝑇𝜇0 (𝐵2(−2 + 𝜋 + 2𝑟 + 𝜋𝑟)𝑉(𝜒1 − 𝜒3)⁄ ) ------ (3) 

〈𝜙2〉 = 4𝑘𝐵𝜋(1 + 𝑟)𝑇𝜇0 (𝐵2(2 + 𝜋)(−1 + 𝑟)𝑉(𝜒1 − 𝜒2)⁄ )     ------- (4) 

Here, kB is Boltzmann constant, r = ωf / ωs, T is absolute temperature, 

 is permeability of vacuum, B is magnetic field strength, and V is the 

volume of particles. Here, the fluctuations of {200} and {020} in the diffraction pattern of Fig. 2 

correspond to 〈𝜓2〉 and 〈𝜃2〉. The half width is determined from an azimuthal plot of each diffraction 

point, each half width was plotted against r, and fitting was performed using equations (2) and (3) to 

obtain the anisotropy of the magnetic susceptibility χ2 − χ3 and χ1 − χ3.  The values determined were 2.2 

× 10
-4

 and 2.9 × 10
-4

, respectively. These values are very close to the anisotropic susceptibility of Er247 

[1] whose structure is similar to the compound under investigation. On the other hand, the value of χ1 −χ2 

was not evaluated because of the poor resolution arising from the slit width of 10°. 
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Figure 3  Mean square 
fluctuations 〈𝜓2〉 of the 
2 axis about the 1  
axis, 〈𝜃2〉  of the 1  
axis about the 2 axis, 
and 〈𝜙2〉 of the 2 and  
axes about the 3 
axis.

[3]
 

Fig. 2 in-situ X-ray diffraction 

images taken at two different angles 

(0 and 90°, respectively) obtained 

with the ration of f /s =9 /6 rpm. 

Spots in red and blue circles 

correspond to {020} and {200}, 

respectively.  
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In the era of the problem associated with enormous pollution of the natural environment with 

plastics, the search for new materials based on natural ingredients with better physicochemical 

parameters is a must and at the same time a global trend. 

The aim of the study was to develop a model for controlling the properties of polymers and 

biopolymers using a constant magnetic field (s.p.m.) with an induction value of B = 0.5 T. The field was 

used for the duration of polymerization processes of the tested samples. Research also included 

collecting information on the effects of s.p.m. on the materials received. It is about changes in structure, 

magnetic properties and mechanical strength. The components of the prepared samples were, among 

others, natural polymers such as chitosan or cellulose, which would facilitate their degradation in the 

natural environment. 

The research concept assumed two variants. They were aimed at determining the changes in the 

structure, physicochemical properties of the materials obtained created in a constant magnetic field 

environment with a magnetic induction value of B = 0.5 T (variant 1) and created without the field (B = 

0) (variant 2). 

Two groups of samples were prepared. The first based on epoxy resin (Ep 5), while the second 

based on silicone two-component rubber (Gumosil B). Admixtures in various percentages were added 

to both. These were: cellulose powder, chitosan, magnetite (Fe3O4), titanium dioxide (TiO2) and silica 

gel (SiO2). 

By scanning electron microscopy (SEM), the surfaces and cross-sections of individual materials 

were examined. 

ANALYSIS OF MICROSCOPIC TESTING SEM 

 

Scanning Electron Microscope (SEM) - Phenom XL with integrated EDS detector. 

Ep5 + Fe3O4 (magnetite) 10%) 

       

                       B = 0                  B = 0.5T 

The mechanical properties of the obtained materials were also tested. The use of a constant 

magnetic field and the addition of some admixtures caused favorable changes in the parameters of some 

polymers and biopolymers such as: bending strength, tensile strength, impact resistance and elasticity 

(Young's modulus). 
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Cu-Ni-Sn alloys, which are expected to replace the Cu-Be alloys, have been widely used for 

electrical switchgear, springs and connectors owing to their high corrosion resistance, high thermal 

conductivity and excellent electric conductivity after aging heat treatment. Continuous casting is an 

excellent method to produce aluminum alloy and copper alloys with high manufacturing efficiency. 

However, the traditional continuous casting method also brings some difficult technical problems, such 

as highly columnar macrostructure, serious segregation, and shrinkage porosity. These problems will 

result in the weak hot workable performance during the forging or rolling process, thereby yielding poor 

mechanical property. Grain refinement is a quite effective way to improve the deformability property 

and tensile strength. The electromagnetic stirring (EMS) has been used to modify the columnar to 

equiaxed transition (CET) [1, 2] and then refine the grain size [3, 4]. In this paper, the EMS was applied 

to obtain a fine, uniform equiaxed grain structure with high tensile strength during the horizontal 

continuous casting of Cu-15Ni-8Sn alloy. The effects of the electromagnetic stirring frequency (EMSF) 

on the grain refinement have been investigated. The results show that the application of the EMS is 

beneficial to the grain refinement, which can be attributed to the homogenization of temperature at the 

solidifying front and the remelting of dendritic arms. 

 
Fig. 1 The macrostructures of cross section and longitudinal section with and without the EMS: (a-1) 

and (a-2) 0 Hz, 0 A; (b-1) and (b-2) 6 Hz, 120 A; (c-1) and (c-2) 12 Hz, 120 A; (d-1) and (d-2) 30 Hz, 

120 A; (e-1) and (e-2) 50 Hz, 120 A. 
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Al-20wt.%Si hypereutectic alloys were designed to study the effects of high static magnetic field 

(HSMF) and annealing treatment on the microstructure evolution, atoms diffusion and on the resultant 

mechanical properties from micro scale to atomic scale. The results indicate that the size of primary 

silicon particles (PSPs) increased with increasing the temperature, while, it decreased with increasing 

the magnetic flux density (MFD). The solid solubility of Al matrixes were 0.84wt.% and 0.53wt.% for 

the ribbons annealed at 0 T and 8 T. HSMF decreased the precipitation rate of Al from PSPs and retained 

the solute trapping effect in PSPs during the annealing process. After annealing the ribbon, Al matrix 

retained the lattice distortions under the effect of HSMF. The application of a HSMF led to the 

coexistence of fine grain strengthening, dislocations strengthening and solid solution strengthening as a 

result of the hardness and elastic modulus increased with 

increasing the MFD. In comparison with the ribbon annealed at 8 

T, the hardness and elastic modulus have been improved 139.47% 

and 1053.2%, respectively, for the ribbon annealed at 0 T. This 

paper presents a new way to design heat treatment and even 

solidification processes for metallic materials through controlling 

the diffusion process assisted by using a HSMF.  

The morphologies of PSPs in the ribbons annealed under 

various MFDs are shown in Fig. 1. It is seen that PSP gradually 

develops into a nearly sphere shape with increasing the 

temperature from 400 ℃ to 550 ℃. For the ribbons no mater 

annealed with or without a HSMF, the size of PSPs increases when 

the temperature increased from 400 ℃ to 550 ℃ and decreased 

when the MFD increased from 0 T to 8 T. 
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Figure 1. Morphologies of PSPs in the 

deeply etched ribbons annealed under 

various MFDs and temperatures. (a) 0 

T, 400 ℃; (b) 4 T, 400 ℃; (c) 8 T, 

400 ℃; (d) 0 T, 450 ℃; (e) 4 T, 450 ℃; 

(f) 8 T, 450 ℃; (g) 0 T, 500 ℃; (h) 4 T, 

500 ℃; (i) 8 T, 500 ℃; (j) 0 T, 550 ℃; 

(k) 4 T, 550 ℃; (j) 8 T, 550 ℃. 
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The morphology of solid-liquid interface has a great influence on the directionally solidified 

microstructure of the alloys. A stable solid-liquid interface morphology is conducive to the formation of 

good microstructures [1]. However, at a larger pulling speed, the front of solid-liquid interface is easily 

unstable due to the dependence of solute concentration and phase transition temperature. The effects of 

solute convection, forced flow and other factors on interfacial instability have also been extensively 

studied [2-4]. The vertical static magnetic field (VSMF) can effectively suppress the thermo-solute 

convection in the fluid and couple the thermoelectric effects to form a thermoelectric magnetic 

convection [5-6]. The VSMF has been applied in directional solidification processes to improve the 

solidification state at the front of solid-liquid interface [7]. 

In this work, the solid-liquid interface morphology of Zn-2wt.% Bi monotectic alloy under different 

magnetic flux densities and different pulling speeds was studied. In the absence of VSMF, with the 

increase of pulling speed (1 μm/s to 3 μm/s), the morphology of solid-liquid interface changed from flat 

to cellular. With further increasing of pulling speed (3 μm/s to 10 μm/s), the depth of cellular cavity 

decreased gradually. Directional solidification results in the formation of Bi-rich second phase in the 

shape of fibers or droplet array. The diameter of Bi-rich droplets at the front of the solid-liquid interface 

increased with the increase of pulling speed and convection. This is mainly due to the combined action 

of Marangoni motion and intense convective motion caused by the increase of pulling speed. With the 

increase of magnetic flux density (0.1 T to 5 T), the depth of cellular cavity decreased and the diameter 

of Bi-rich droplets at the front of solid-liquid interface decreased when the pulling speed was 3 μm/s. 

The application of VSMF stabilized the movement of Bi-rich droplets at the front of the solid-liquid 

interface and promoted the transition of the interface to a flat shape. The application of a VSMF changed 

the solid-liquid interface to be straight. The inhomogeneous distribution of sBi-rich droplets caused by 

convection was improved obviously, and the morphology of directionally solidified microstructure was 

more regular. 
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Due to the large solidification interval of Cu-15Ni-8Sn alloy, the precipitated Sn element is easily 

segregated between the Cu-Ni dendritic channels. In order to eliminate the segregation of Cu-15Ni-8Sn 

alloy, it is necessary to induce the columnar-to-equiaxed transition (CET) of the Cu-Ni dendrite. In this 

paper, the CET of Cu-15Ni-8Sn alloy has been successfully induced by an axial magnetic field-assisted 

directional solidification. This is attributed to the fact that the thermal electromagnetic force acting on 

the tip and root of the dendrite during the directional solidification under an axial magnetic field forms 

a torque effect that will break the dendrites and induce the CET. 

 
Fig. 1 Solid-liquid interface quenched by Cu-15Ni-8Sn alloy at a temperature gradient of 2.5 K/mm and a 

growth rate of 10μm/s at different magnetic field intensities: (a) 0T; (b) 0.5T. 

 
Fig. 2 EBSD map of the directionally solidified Cu-15Ni-8Sn alloy under an 0.5T axial magnetic field: (a) in the 

mushy zone; (b) in the directional solidification zone. 
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In the past few years, diluted magnetic semiconductors (DMSs) have attracted much attention 

owing to their unique magnetic properties and potential applications in many fields. ZnO based DMSs 

systems have been an attractive semiconductor after the theoretical prediction by Dietl [1].The magnetic 

field-assisted approach has been applied in the synthesis of Co-doped ZnO diluted magnetic 

semiconductor via hydrothermal method. The effect of magnetic field on the structure, morphology and 

magnetic properties of the samples are characterized. Figure1(a) displays SEM images of the samples, 

which clearly indicates that the Zn0.95Co0.05O samples are nanorods in shape. The HRTEM image implies 

that Zn0.95Co0.05O nanorods grow along the (001) plane. X-ray diffraction and X-ray photoelectron 

analysis reveals that Co ions have been doped in the hexagonal wurtzite ZnO and there are not any other 

detectable phases. In addition, Figure1(b) shows the magnetization (M-H) loops of Zn0.95Co0.05O 

nanorods measured at room temperature (300K). Magnetization measurements implies that all of the 

Zn0.95Co0.05O samples are room-temperature ferromagnetic and the magnetic field can significantly 

improve the magnetism of the products.  

 

(a)                                        (b)                                                                   

Figure.1. (a) SEM image and (b) M-H curves of the samples prepared in various magnetic field intensities 
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Two ternary compounds are known to occur within tire binary section Fe203—B2O3 of the ternary 

system iron—boron—oxygen [1]. The green calcite-type FeB03 has been intensively studied in the past 

with respect to magnetooptical applications since it combines partial transparency in the visible with a 

spontaneous magnetization at room temperature (7N = 348 K) [2]. FeB03 is a so-called easy-plane weak 

ferromagnet with canted spins lying in the hexagonal (0001) plane. Bulk single crystals of FeB03 in 

sizes up to 8 X 6 X 4 mnr3 have been grown from the vapor phase [3]. These large crystals have made 

possible the magnetic and optical characterization of the material. 

Similar data on the other Fe(III) borate, Fe3B06, are sparse. The compound has an orthorhombic 

crystal structure which has recently been refined [1]. It is isotypic to that of the mineral norbergite, 

Mg3Si04(0H)2 [3], Fe3B06 is a canted weak 

easy-axis ferromagnet. Below 415 K, the 

spins are oriented parallel to the [001] 

direction with canting along [100]. Between 

415 K and the Neel temperature of 508 K the 

spin orientation is parallel to [100] with 

canting along [001] [ 2 ] .                

The aim of the present investigation is to 

study the relations in the system and to use the 

results as a guide to determine the optimum 

conditions to grow single crystals of iron 

borate. 

The Fe3B06 single crystals were grown 

from the flux consisting of 8,3 mass% Fe2O3 

+ 48,3 mass% B2O3 + 7,6 mass% PbO + 35,8 

mass% PbF2. The saturation temperature was 

determined with the help of probe crystals to be Tsat ≈ 890 ℃. The fluxes with the mass of 500 g were 

prepared by melting of the Fe2O3, B2O3, PbO and PbF2 oxides at the temperature of 1000 ℃, using a 

platinum crucible. The flux was kept during 4 h at this temperature for homogenization. After wards the 

flux temperature was decreased down to T = Tsat + 10 ℃, the platinum ring carrier was settled down 

into the flux, and carrier’s rotation of 30 revolutions per minute was switched on. After 60 min the flux 

temperature was decreased down to T = Tsat − 10 ℃. Then the temperature was decreased with velocity 

of (1–3) ℃/24 h. The total duration of crystal growth was about 14 days. The crystals with linear 

dimensions up to 4–6 mm were grown. The typical yield of Fe3B06 crystals is seen in Fig.1.  

A simplified XRD pattern in Fig. 2 infers a preferred growth in single Fe3BO6 crystals. The most 

intense XRD peak observed in the (221) reflections at 0.2631 nm dhkl-value thus ascribes to a preferred 

(221) growth of Fe3BO6 crystallites. Two reflections (230) and (600) from the lateral surfaces of a 

crystal lattice share the second and third most intense peaks at 0.2477 nm and 0.1675 nm of dhkl-values 

respectively. In a bulk polycrystalline Fe3BO6, three most intense peaks occur in other reflections (121), 

Fig 1. The typical yield of Fe3B06 crystals 
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(311), and (232) at 0.2953, 0.2558, and 0.1660 

nm respectively. 

The following conclusions can be drawn 

from experiments on the growth of Fe3BO6 

crystalls: 

[a] Using the flux composition and 

temperature regime crystals up to 4-6 mm in 

diameter were obtained. 

[b] Starting from the preliminary results the 

growth conditions of Fe3BO6 single crystals 

were optimized: the content of Fe203 and B2O3 

in the flux was lowered and a new temperature 

regime including appreciably decreased soak 

temperature and starting temperature of the 

slow cooling was applied. Using these 

conditions the reproducible growth of large Fe3BO6 crystals (occasionally up to 7 mm across) of a high 

perfection was achieved. 
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Gallium-based liquid metals combined with metal and fluid properties are attracting increasing 

attention from academia and industry due to their excellent thermal conductivity, electrical conductivity, 

fluidity and non-toxicity. In recent years, it has gradually been widely used in the fields of thermal 

management, flexible electronics, additive manufacturing, biomedicine, soft machines, and 

microfluidics [1-3]. Among these many excellent characteristics, the huge surface tension of liquid metal 

is one of the points that cannot be ignored. In general, liquid metal has a surface tension of 700 mN, 

which is the currently known liquid with the highest surface tension. Because of its large surface tension, 

liquid metal exhibits rich interfacial phenomena such as self-driven motion, surface convection, periodic 

oscillation, amoeba motion, serpentine motion, etc. [4-7]. Further research has found that liquid metal 

has a rich deformation behavior under the stimulation of many external factors. Current research has 

Fig 2. XRD pattern in Fe3BO6 crystals 

The 8th International Conference on Magneto-Science

80



shown that liquid metals can respond to electricity, magnetism, sound, light, and heat [8-10].  

The discovery of many behaviors of liquid metal has 

made us aware of the possibility of liquid metal soft 

machines or robots. In order to realize the liquid metal soft 

machines, flexible curing of liquid metal with excellent 

fluidity is one of the important functions. However, 

achieving solid-liquid transitions of liquid metals has 

always been an urgent challenge. Experiment found that 

the magnetic liquid metal will solidify under the action of 

magnetism, which suggests that we can use the external 

magnetic field to control the rapid solid-liquid change of 

the liquid metal to achieve shaping. Experiments have 

shown that the magnetic field can dramatically affect the 

Young's modulus of liquid metal. Further, we have 

proposed several methods for preparing magnetic liquid 

metals to improve the stability of magnetic liquid metals during long-term operation. In addition, the 

magnetic fluid itself is worth studying because of its magical properties. And we believe that this 

research will enrich the knowledge of magnetic fluids. 
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Fig. 1 Magnetic fluid based on liquid metal 

with the ability of solid-liquid transformation. 
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In order to prepare MnFe2O4/coffee 

waste (MFO/CW) biocarbon composites 

having size dependent magnetic component, 

MnFe2O4 were ball milled for 0, 8 16 and 24 

h and biocarbon was prepared by coffee 

waste. Depending upon the ball milling time 

of the magnetic component, four samples of 

MFO/CW composites were prepared and 

called them as 0 h-MFO/CW, 8 h-MFO/CW, 

16 h-MFO/CW and 24 h-MFO/CW for 0, 8, 

16 and 24 h milling time, respectively. 

Microwave absorption properties of these 

composites have been done; which show 

significant enhancement of microwave 

absorption performance in ball milled samples. Even after 8 h ball milling time minimum reflection loss 

(RL) is improved by more than three and half times as compare to without ball milled sample. Minimum 

RL of -8.1, -30, -35.8 and -38.6 dB has been attained at 0, 8, 16 and 24 h ball milling time, respectively. 

Our results specifically indicate that microwave absorption properties of the composites can be 

controlled by changing the grain size of the magnetic material according to our desire or need.  
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Low-density carbon-based dielectrics have drawn extensive attention for electromagnetic 

absorption and shielding. Herein, microporous carbon has been obtained from facile carbonization and 

subsequent KOH activation of wheat straw waste and its microwave absorption properties have been 

studied. The as prepared carbon reflects altered morphology by KOH activation with numerous 

micropores. The activated sample synthesized at 600 ºC possesses much higher absorption. Different 

loading ratios (8-20%) of active material were used to make the samples. Sample with 20% carbon ratio 

presents reflection loss of -40 dB at 15 GHz with an operational bandwidth of 2 GHz (from 14 to 16 

Figure 1: RL curves of the MFO/CW at different     

ball milling times.  
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GHz) corresponding to 2 mm sample thickness. Three-dimensional porous bed formed after activation 

promotes multiple reflections, in addition, interfacial polarization and dipolar relaxation contributes to 

excellent microwave attenuation. In contrast, non-activated bio carbon possesses very low absorption 

corresponding to its low dielectric loss. Consequently, chemically activated porous carbon is a potential 

candidate to be used as low-density protection shield from microwaves. 

Acceleration of Liquid−Solid Redox Reaction with a Magneto-Catalyzed 

Method 
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In a conventional catalyzed reaction, the catalysts can accelerate the reaction rate dramatically, 

while they are generally difficult to be separated from the reaction products. To overcome this, finding 

a noncontact catalytic method holds a great promise for chemical industry. In this chemical catalog, 

electrostatic catalysis has been developed at first [1]. In addition, another remote and noncontact solution 

is the magnetic field. So far, several magnetic field effects on the chemical reactions have been 

discovered [2]. However, the exploring of magneto-catalyzed method and their dominant factors has not 

been carried out much to date. 

In this manuscript, by taking a 

liquid-solid redox reaction Zn/CuSO4 

as a model system, we present a remote 

and non-touched magneto-catalyzed 

method that can accelerate the 

chemical reaction efficiently. The 

effects from intensity (B) and product 

of intensity and gradient (B∇B) of 

applied magnetic field are 

distinguished and the dominant role 

played by the B has been confirmed. 

With B = 8.4 T, 22 times enhancement 

of reaction rate and 7700 J/mol 

reduction of activation energy were 

achieved. With evidenced by 

microscopic observations and compared experimental results, the field induced magnetohydrodynamics 

effects on the formation of Zn-Cu galvanic cells, the area of Cu/Cu2+ interfaces, as well as the reaction 

Fig. 1 Reduction of activation energy by magnetic field. 
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rate have been discovered. These observations provide a new route for the remoted catalysis of chemical 

reaction by the magnetic field. 
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Optical methods are widely used to perform time-, space-, and energy-resolved characterization of 

material properties (e.g. electronic structure, magnetic order, etc.) with high sensitivity [1-4]. At High 

Magnetic Field Laboratory, we have built a number of high- and low-field optical measurement systems, 

including: 

1) THz-TDS systems under high and low fields 

This system is capable of characterizing the low energy excitation, such as spin waves of materials 

in the 0.1-3 THz band in the (0-0.3 T, 90-800 K) or (0-7 T, 4-300 K) field and temperature range. 

2) MOKE/Faraday systems under high and low fields 

The MOKE/Faraday measurement systems for 0-35 T water-cooled magnet and 0-0.7 T coil 

magnet was built respectively, in which the latter can realize micro-MOKE measurements and magnetic 

domain imaging at a spatial resolution of ~1 micron. 

3) SHG System 

The polarization-resolved second-harmonic-generation (SHG) system based on an 800 nm femto-

second laser can help to characterize the polarization state of the sample in the 10-400 K range, from 

which the spatial inversion symmetry and phase-transition behavior can be analyzed. 

4) Ultra-fast pump-probe system 

Transient absorption and time-resolved MOKE response of the sample under a femtosecond optical 

pump can be measured. The excitation and relaxation dynamics of electrons and spin waves can thus be 

investigated with a time resolution of ~200 fs. 

5) Spectroscopy systems 

Fiber-based spectroscopy systems are built on a 0-8 T superconducting magnet and the 0-35 T 

water-cooling magnet to obtain the absorption and luminescent spectra of materials under high magnetic 

fields in the 200-2800 nm range for electronic structure analysis. 

The above systems provide multi-faceted characterization approaches for a variety of materials, for 

example, magnetic thin films, van der Waals crystals, multiferroic materials, etc. The results are 

important to help reveal the influence of magnetic fields on the electronic structure and magnetic order 

of these materials, as well as the ultrafast dynamics happening in them. 
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We firstly show that the magnetic fields can act as an independent parameter to accelerate 

Kirkendall effect in a liquid reaction system.1 By taking silicon-based nanospheres as the model, it was 

demonstrated that the magnetic fields could efficiently shorten the time of the Kirkendall effect process 

at relative low reaction temperatures. The hollow structure of product obtained in 5 h under a magnetic 

field of 1 T is the same as that consumed 24 h without a magnetic field. 
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Controlling the molecule orientation of organic semiconductors is crucial to improve the 

performance of electronics devices. The achievement of polymer chain alignment in macroscopic scale 
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promotes the formation of fast long-range intrachain conduction pathway, and also enhances the 

ordering of - stacking for efficient interchain hopping, via the chain extension in the crystallinites and 

at the chain ties [1,2]. Therefore the aligned film structure is important to improve charge transport. 

Herein, we report a straightforward method to achieve large-area highly aligned film of a 

diketopyrrolopyrrole- bithiophene polymer (PDPP2TBT) by solvent vapor annealing (SVA) of the as-

spun films under high magnetic field. The structural characterizations disclose that the chain backbones 

of PDPP2TBT in the films are highly aligned to the applied magnetic field during SVA while the films 

exhibit high crystallinity. A mechanism is proposed to explain magnetic alignment, based on the re-

formation of chain aggregates in the wet film exposed to solvent vapor. Field-effect transistors (FETs) 

based on the magnetically aligned PDPP2TBT films exhibit an enhancement of hole mobility (maximum 

value of 1.56 cm2/Vs) by a factor of 6 compared to the unaligned devices, as well as mobility anisotropy 

of three. Temperature-dependent FET mobility measurement reveals a remarkable lowering of thermally 

activated energy for carrier hopping in the aligned film compared to unaligned one. The results indicate 

the formation of rapid intra-chain charge conduction pathway parallel to the chain alignment direction, 

which originates from the alignment-induced backbone extension and enhanced order of interchain 

packing.  

 

Fig.1 (a) Schematic diagram of the SVA process for the fabrication of the aligned polymer films; (b) Typical 

transfer curves for the TG/BC OFETs of an unaligned film as well as the aligned films with the channel current 

parallel (I//) and perpendicular (I ) to the magnetic field direction, respectively. 
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The ability of animals to perceive guidance cues from Earth’s magnetic field for orientation and 

navigation has been supported by a wealth of behavioral experiments, yet the nature of this sensory 

modality remains fascinatingly unresolved and wide open for discovery. MagR has been proposed as a 

putative magnetoreceptor based on its intrinsic magnetism and its complexation with a previously 

suggested key protein in magnetosensing, cryptochrome (Cry), to form a rod-like polymer structure. 

Here, we report the hierarchical assembly of MagR via a designed single-chain tetramer of MagR protein 

(SctMagR). The magnetic features of SctMagR was simulated and validated by designed experiments, 

providing insights into the unresolved origin of the intrinsic magnetic moment, which is of considerable 

interest in both biology and physics. 

The Iron-Sulfur Cluster Binding of MagR: 

An Updated Model 
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MagR has been proposed as a putative animal magnetoreceptor based on its intrinsic magnetism 

and its ability to form complex with a previously suggested key protein in magnetosensing, 

cryptochrome (Cry). MagR is a protein that exhibits iron-sulfur cluster binding, however, the type of 

iron-sulfur cluster and its binding sites remains unknown. Here in this study, the iron-sulfur cluster of 

MagR was characterized as [3Fe-4S] or [4Fe-4S] with Electron Paramagnetic Resonance (EPR) 

measurements. Three classical iron-sulfur cluster binding sites ( C60, C124, C126)  and one 

unconventional binding site (E128) were further identified by mutagenesis,  Ultraviolet–visible 

spectroscopy and  EPR measurement. Thus, an updated structural model of MagR was built and 

optimized. 
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PURPOSE OF RESEARCH: Epidemiological studies suggest that exposure to power frequency 

magnetic fields may be a risk factor for breast cancer in humans [1].  To study the relationship between 

exposure to 60-Hz magnetic fields (MFs, 5 mT) and breast cancer, human breast cancer (MCF-7) cells 

was used as experimental subjects to investigate the effects of power frequency magnetic field on cell 

behavior with or without X - ray radiation in MCF-7 cells. 

MATERIALS AND METHODS: The MCF-7 cells were divided as sham, MFs (5 mT), X-ray (4 

Gy or 12 Gy) and combined group (4 Gy + 5 mT or 12 Gy + 5 mT). Cell growth was measured by a 

particle counter (Beckman Coulter). Cycle distribution and apoptosis of cells after exposure was 

measured by flow cytometry. P21, Bax, and Bcl-2 Expressions were measured by western-blotting. 

RESULTS: The influence of the magnetic field on the proliferation of MCF-7 breast tumor cells 

was evaluated. Figure 1 shows that exposure to the 60-Hz MF has little or no effect on the growth of 

MCF-7 cells. 

To determine the effects of exposure to MFs and/or X rays on cell cycle progression, cell cycle 

distribution was assessed by flow cytometry after exposure to MF (60 Hz, 5 mT) for 4, 8, and 24 h, with 

or without pretreatment with 4 Gy X rays. As shown in Fig. 2, MF alone has no effect on cell cycle 

distribution in MCF-7 cells. At 4 h after X-irradiation, cells showed slight 

accumulation in the G2/M phase and the percentage of G2/M cells was     

elevated from 18 to 25%. At 8 h post-

irradiation the increased level of G2/M 

cells became more obvious, while the S 

phase population declined from 47 to 

6%. This may be because cells could not 

pass through the G2/M checkpoint. 

 

Fig. 1 Effects of exposure to 60-Hz 

magnetic fields (MFs) on cell 

growth in MCF-7 cells.  

 

Fig. 2 Effects of 60-Hz magnetic fields (MFs) and/or X-ray 

irradiation on the cell cycle in MCF-7 cells. 
 

Fig. 4 Induction of 

p21 after exposure to 

60-Hz magnetic fields 

(MFs) and/or X-ray 

irradiation in MCF-7 

cells.  

 

Fig. 3 Effects of 60-Hz magnetic 

fields (MFs) and/or X-ray 

irradiation on apoptosis in MCF-7 

cells.  
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With the recovery of the G2/M checkpoint, cells finally accumulated in the G1 phase at 24 h. Exposure 

to the magnetic field has no effect on the X-ray-induced G1 and G2 phase arrest within 24 h. 

Exposure to 60-Hz MF alone did not induce apoptosis in MCF-7 cells. At 24 and 72 h after 12 Gy 

X-irradiation, only a few cells (about 2-3%) entered the apoptosis pathway. Interestingly, exposure to 

the MF for 24 h following irradiation significantly decreased X-ray-induced apoptosis from about 3 to 

0.2%. However, this effect was not found at the 72 h time point (Fig. 3).To confirm the effect on cell 

growth of the exposure to MFs with or without X-irradiation, p21 expression was determined by Western 

blotting. As shown in Fig. 4, the MF alone has no effect on p21 

expression. After 4 Gy X-irradiation, p21 expression clearly 

increased at 4 h, and maintained a high level for at least 24 h. The 

MF had no effect on X-ray-induced p21 expression. To explore 

the mechanism by which the MF decreased X-ray-induced 

apoptosis in MCF-7 cells, the expression of the apoptosis 

regulatory proteins, Bax and Bcl-2, was determined. Exposure to 

the MF decreased the X-ray-induced Bax expression at 24 h, 

although its expression was very weak (about 1.5-fold of sham 

exposure) after a high dose of irradiation (12 Gy). At 72 h, no 

effect of MF on X-ray-induced Bax expression was found. In the 

case of Bcl-2, X-irradiation had no effect on its expression. 

However, X-irradiation (12 Gy) followed by MF exposure 

induced a significant increase in Bcl-2 expression (about 3-fold of 

sham exposure) at 24 h (Fig. 5). This effect was not found at the 72-h time point. 

    CONCLUSION: The exposure to 60-Hz MFs has no effects on the growth of MCF-7 cells, but it 

might transiently suppress X-ray-induced apoptosis through increasing the Bcl-2/Bax ratio. 
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The role of geomagnetic field in growth and development of living organisms on Earth has paid 

more and more attentions in recent years. The weakening of geomagnetic field strength would cause a 

variety of biological responses. In this study, we aimed to investigate the effects of continuous exposure 

to hypomagnetic field on neurotransmitter, hormone content and blood routine parameters in 8-week-

old C57BL/6 mice. The contents of neurotransmitters and hormones including gamma-aminobutyric 

 

Fig. 5 Induction of Bax and Bcl-2 

after exposure to 60-Hz magnetic 

fields (MFs) and/or X-ray 

irradiation in MCF-7 cells. 
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acid (GABA), serotonin (5-HT), dopamine (DA), acetylcholine (Ach), noradrenaline (NA), thyroxine 

(T4) and growth hormone (GH) in the brain tissue or serum samples were measured using LC-MS and 

ELISA methods. Meanwhile, we also measured the levels of four kinds of important hormones 

(androgen, estrogen, T4, GH) in 3-week-old SD rat. We found that the contents of 5-HT and NA in the 

brain tissues of mice exposed to hypomagnetic field decreased significantly after 1-week exposure (P < 

0.05), and the contents of 5-HT in serum decreased significantly after 3-week exposure (P < 0.01). The 

contents of T4 decreased significantly at the 3rd, 6th, 12th week (P < 0.05). However, there was no 

continuous decrease for several weeks in these parameters. Blood routine examination showed that the 

number of white blood cells (WBC) of mice increased significantly at the 1st week [1]. While the 

hormone levels in the blood of the rats had shown significant continuous decrease since 2-week. After 

1-week recovery in geomagnetic field condition, the hormone levels of rats began to recover, and 

basically returned to the level of normal geomagnetic field after the second week of recovery in 

geomagnetic field condition. The number of WBC of rats in HMF group had significantly increased 

(P<0.05) since the 3-week exposure [2]. These results showed that the response to the exposure to 

hypomagnetic field for mice and rats were not completely consistent, for example the levels of T4 and 

GH had continuous decrease for several weeks in rats, not in mice. It may be due to the species difference. 

The study indicates that T4 and WBC may be physiological parameters sensitive to the hypomagnetic 

field exposure in laboratory rodents, which should be paid special attention to in future studies. 
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Repetitive transcranial magnetic stimulation (rTMS) is a noninvasive brain stimulation technique 

that has been paid attention to with increasing interests as a therapeutic neural rehabilitative tool. Studies 

confirmed that high-frequency rTMS could improve the cognitive performance in behavioral test as well 

as the excitability of the neuron in animals [1] [2]. However, it is not clear how rTMS affects the 

cognition and neuronal excitability, and little is known about the underlying cellular and molecular 

mechanisms of rTMS.  

In this study, neonatal female Kunming mice (one-week old) were randomly divided into four 

groups: control group (with no rTMS, n=6), rTMS in-vitro group (with brain-slice stimulation, 

immediate effect group, n=6), rTMS 1 d group (with rTMS for 1 d, short-term effect group, n=6) and 

rTMS 15 d group (with rTMS for 15 consecutive days, cumulative effect group, n=6). In the whole 
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experimental design, for the rTMS 15 d group, from the first day of the experimental design to the 15th 

day, one session of rTMS was applied daily for 15 consecutive days. From the 16th day to the 21th day, 

behavioral tests were performed. On the 22nd day, the patch-clamp experiment was performed. For the 

rTMS 1 d group, one session of rTMS was applied only on the 15th day, the schedule of behavioral tests 

and patch-clamp experiment was the same as the rTMS 15 d group. For the control group, mice were 

treated with no rTMS, the schedule of behavioral tests and patch-clamp experiment was the same as the 

rTMS 15 d group. For the rTMS in-vitro group, rTMS and behavioral tests were not applied to the living 

mice. Bain slices were prepared only on the 22nd day, one session of rTMS was applied to a brain-slice 

and then recorded the electrophysiological properties immediately on this brain-slice.  

Data analysis of behavioral tests showed that the cognition of neonatal mice had been significantly 

enhanced in the rTMS 15 d group compared with the control group, but this phenomenon did not show 

in rTMS 1 d group. Data analysis of patch-clamp experiment indicated that compared with the control 

group, electrophysiological properties of the rTMS in-vitro group and the rTMS 15 d group showed 

similar trends, that was, significant improvement. Furthermore, the improvement was more significant 

in the rTMS 15 d group. Similarly, this phenomenon did not show in rTMS 1 d group.  

Accordingly, we speculate that high-frequency rTMS is able to enhance the cognitive ability of 

female neonatal Kunming mice, and rTMS has an immediate and cumulative effect on the neuronal 

excitability in hippocampal DG neurons. And changes in electrical properties and improvement in the 

excitability of DG neurons may be one of the mechanisms of the effects of rTMS on these changes. On 

the other hand, these results could be useful in optimizing rTMS protocols for further research and 

clinical application. 

 

 

Fig. 1 Cognitive Index (1 h and 24 h) of NOR test. *P ≤ 0.05, **P ≤ 0.01 vs. control group; ●●P ≤ 0.05 vs. rTMS 

1 d group. 

 

Fig. 2 Data analysis of step-down test. (A) Step-down latency. (B) Times of electric shock. (C) Percentage 

residence time on the platform. (D) Escaping latency. **P ≤ 0.05, ***P ≤ 0.001 vs. control group; ●●P ≤ 0.01, ●●●P 

≤ 0.001 vs. rTMS 1 d group; n.s. no significant difference. 
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Fig. 3 Data analysis of patch-clamp. (A) Diagram of RMP. (B) RMP. (C) Threshold potential. (D) Max rise slope. 

(E) AP peak amplitude. (F) Time to AP amplitude. (G) Average rise slope. (H) Average down slope. (I, J) 

Frequency of AP. (K, L) AHP. *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001 vs. control group; #P ≤ 0.05, # #P ≤ 0.01, # # #P 

≤ 0.001 vs. rTMS in-vitro group; ●P ≤ 0.05, ●●P ≤ 0.01, ●●●P ≤ 0.001 vs. rTMS 1 d group; n.s. no significant 

difference. 
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Repetitive transcranial magnetic stimulation (rTMS) is a noninvasive technology of brain 

stimulation and neural activation used in cognitive neuroscience research [1]. rTMS has been widely 

used in the study of basic neurology and neurological diseases [2] [3]. However, little is known about 

the underlying cellular and molecular mechanisms of TMS, and the mechanism by which rTMS affects 

the deterioration of learning and memory caused by aging needs to be elucidated. In this study, 20 young 
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female Kunming mice (2-3-months-old) and 20 adult female Kunming mice (9-10-months-old) as well 

as 12 aged female Kunming mice (14-15-months-old) were purchased from Beijing Huafukang 

Bioscience. Animals of each age group were divided randomly into two groups, one group was treated 

with rTMS, and the other group was treated as a control group with no rTMS, n = 10 for young and 

adult rTMS groups, n = 10 for young and adult control groups, and n = 6 for aged rTMS and control 

groups. In the experimental design, the animals in the control groups were not treated with rTMS, and 

the animals in the rTMS groups received rTMS treatment for a specific amount of time each day (8:00-

10:00 am, 1000 pulses, and total time was 80 s) for 15 consecutive days. Then, novel object recognition 

(NOR) and step-down tests were performed to examine cognition for all mice in both the rTMS and 

control groups. After the behavior tests, all the mice were sacrificed, and the brains were used for 

electrophysiological recordings. Data analysis showed that cognition of mice deteriorated and neuronal 

excitability of hippocampal dentate gyrus (DG) neurons degenerated significantly as the age increased. 

Cognitive damage and degeneration of some electrical properties were alleviated in the rTMS-treated 

groups, especially in the aged rTMS-treated group. We speculate that the deterioration of cognition in 

female Kunming mice caused by aging was shown to be related to degradation of some electrical 

properties of DG neurons, and changes in electrical properties and improvement in the excitability of 

DG neurons may be one of the mechanisms of the effects of rTMS on the improvement in cognition. 
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Osteosarcoma is the most common malignant tumor of the bone. Multiply studies have shown that 

magnetic fields have inhibitory effect on a variety of tumors in vitro and in vivo. However, the influence 

Fig 1 Cognitive Index (1 h and 24 h) of NOR test. 

***P ≤ 0.001 vs. young control group, #P ≤ 0.05, 

# # #P ≤ 0.001 vs. adult control group, ●●●P ≤ 0.001 

vs. aged control group, n.s. no significant 

difference. 

Fig 2 Data analysis of step-down test. (A) TES. 

(B) EL. ***P ≤ 0.001 vs. young control group, # # 

#P ≤ 0.001 vs.adult control group, ●●P ≤ 0.01, ●●●P 

≤ 0.001 vs. aged control group, n.s. no significant 

difference. 
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and mechanism of high static magnetic field (HiSMF) on osteosarcoma is still unclear. Previous study 

indicated that HiSMF could cause iron accumulation in osteosarcoma MG63 cells. Excessive 

intercellular iron can cause ROS arise by participating in Fenton Reaction, and showing cytotoxicity. 

Therefore, the objective of this study is to explore the effect of HiSMF on osteosarcoma in vitro and in 

vivo, and its relationship with iron metabolism. In this study, a HiSMF is generated by a non-refrigerant 

superconducting magnet (CRYOF12/150; Oxford Instruments, Oxon, UK) for in vitro experiment. The 

magnetic field strength of the HiSMF between 1- 2 T was generated by homemade permanent magnets 

for 10 days in vivo study. The osteosarcoma cell lines U-2 OS and K7M2 were chosen as the in vitro 

experimental objects, the K7M2 cells lines and BALB/c mice were chosen for the in vivo study. 

Exposing to HiSMF, the cell proliferation ability, colony formation ability, cell viability, the expressions 

of iron metabolism related genes, intracellular iron content, LIP (labile iron pool) level and intercellular 

ROS were characterized by CCK-8 assays, clonogenic assays, Western Blot, atomic absorption 

spectroscopy and flow cytometry, respectively. The body weight and osteosarcoma tumor growth were 

measured every 2 day. The data showed that the proliferation and viability of osteosarcoma cells U-2 

OS and K7M2 has been significant suppressed by HiSMF exposures. After 48 h HiSMF exposures, the 

intracellular iron content, LIP and ROS had significantly increased; the expression of NCOA4 and FTH1 

had significantly increased. The effect of 1 h per day HiMSF exposure could inhibit osteosarcoma 

growth in mice. In conclusion, the HiSMF could increase intracellular ROS levels, which caused by 

increasing the expression of FTH1, NCOA4 and intracellular iron accumulation. HiSMF could 

suppress osteosarcoma proliferation and growth in vitro and in vivo by increasing intercellular ROS. It 

suggests that HiSMF has application potential as a physical auxiliary means for the osteosarcoma 

therapy. 
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With the advancement of science and technology, magnetic fields are widely used in transportation 

(high-speed rail, magnetic levitation), medical and health, defense and military, mobile communications 

and other fields. Meanwhile, the health hazards of GMF receives more and more attention. The most 

common is the magnetic resonance imaging (MRI) commonly used in hospitals. Previous studies have 

shown that exposure to static magnetic fields (SMFs) have the effects of promote osteoblast 

differentiation in vitro, increase bone formation, accelerating fracture healing, promote the wound 

healing and treating nonunion in vivo and in clinical studies[1,2]. Recently, our research found that static 

magnetic fields have a certain effect on recovery of microgravity-induced bone loss, and the body iron 

content has changed[3]. However, there is not quantitative results due to diversity of magnetic field 
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parameters leads to magnetic field dose-effect relationships at present. Therefore, the purpose of this 

study is to investigate the effects of different strengths of high static magnetic field (HiSMF) on the 

recovery of microgravity-induced bone loss, and to illustrate the change of body iron storage in this 

process. Our study adopt different strength of high static magnetic fields to research the effect of HiSMF 

on microstructure and mechanical properties of mice bone. The results indicated that 4-week HLU 

reduced the bone biomechanical properties or deteriorated bone microarchitecture, 2-4 T HiSMF 

promoted the recovery of bone loss induced-HLU, while exposure to 6-8 T and 10-12 T HiSMF 

reloading significantly inhibited the recovery of bone loss and bone mechanical properties. Moreover, 

we observed that iron content might be involved in the biological effect of HiSMF. In conclusion, 

HiSMF have a certain effect on recovery of microgravity-induced bone loss, probably by changed iron 

content of the bone. 
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With the rapid development of industrial technology and biomedical science, human beings have 

more and more opportunities to be exposed to static magnetic fields (SMFs) with higher-intensity. The 

most common high static magnetic field (HiSMF) is the MRI scanner in hospitals. For the biological 

effects of HiSMF, there are only some short-term exposure reports, and they focus on the study of brain, 

heart and blood. There are few studies pay attention to the effects of HiSMF on the skeletal system. This 

study aimed to investigate the physiological effects of HiSMF on bone in mice. 

In this study, 8-week-old male C57BL/6 mice were exposed to the geomagnetic field (GMF) and 

HiSMF of 2–4 T, 6–8 T, and 10–12 T generated by a non-refrigerant superconducting magnet 

(CRYOF12/150; Oxford Instruments, Oxon, UK) for 28 days. At the endpoint, the microstructure in the 

femurs and the lumbar vertebrae L3 were examined by micro–computed tomography, the mechanical 

properties in the tibias were determined by a three-point bend test, and bone turnover was analyzed by 

serum biochemistry, histochemistry staining, and western blot assay. 
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Compared with the GMF, HiSMF of 2 – 4 T significantly improved the microstructure of the femurs 

and mechanical properties of the tibias, and enhanced osteoblastogenesis, increased the number of 

osteocytes in trabecular bone, and inhibited osteoclastogenesis in the femurs. The level of serum TRAP-

5b, a maker for bone resorption, was increased in mice under HiSMF of 2 – 4 T. HiSMF of 6 – 8 T had 

a mild damage effect on microstructure of the femurs but no obvious effect on mechanical properties of 

the tibias, and had a suppression effect on the number of osteoblasts on the surface of cancellous bone 

but no obvious effects on osteocytes and osteoclasts in the femurs. HiSMF of 10 – 12 T destroyed the 

microstructure of the femurs and mechanical properties of the tibias, and reduced the number of 

osteoblasts and elevated the surface of osteoclasts in the femurs. 

In conclusion, this study revealed the physiological effects of long-term HiSMF exposure on bone 

in mice at first time. These findings contribute to understanding the biological effects of HiSMF on 

skeletal system, and providing a theoretical basis to develop the magnetic therapy equipment which is 

used for adjuvant therapy on osteoporosis in the future. 
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Bone remodeling happens throughout life to maintain the integrity of the skeleton. In the course of 

bone remodeling, the old and damaged bone are dissolved by osteoclasts (bone resorption cells) and 

new bone is yielded by osteoblasts (bone formation cells). At present, iron oxide nanoparticles (IONs) 

have been used for treating iron deficiency, as contrast agents for magnetic resonance imaging and as 

drug carriers. In recent years, IONs have been reported to affect the regeneration of bone tissue, 

especially promote osteogenic differentiation of mesenchymal stem cells (MSCs) and preosteoblasts [1]. 

Moreover, static magnetic fields (SMF) have been shown to resist osteoporosis and promote fracture 

healing by regulating the proliferation and differentiation of cells such as MSCs, osteoblasts and 

osteoclasts [2]. It should be noted that IONs are superparamagnetic and an external magnetic field is 

able to magnetize IONs which are internalized into cells, offering a powerful tool to control cell 

behaviors. Indeed, uptake of the Fe3O4/BSA particles significantly promoted the osteogenic 

differentiation of MSCs under a SMF [3]. However, there were few reports about the conjunction effect 

of IONs and SMFs on osteoblasts and osteoclasts, and on bone turnover in animal. Herein, we aimed to 

investigate the effects of IONs combined with SMF on osteoblasts and osteoclasts in vitro and on 

unloading-induced bone loss in vivo.  

The FDA-approved IONs compound, ferumoxytol, was used in this study. For cell experiments, 
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SMF of 2 T, generated by a non-refrigerant superconducting magnet, was applied in the culture of 

Raw264.7 pre-osteoclasts and MC3T3-E1 osteoblasts in the presence or absence of ferumoxytol. The 

differentiation of osteoblasts and osteoclasts were evaluated. For animal experiment, we designed a 

small magnet with SMF of 1.5 T in a hole of 1 cm diameter. 8-week-old male BALB/C mice, with or 

without intravenous injection of ferumoxytol, were subjected to hindlimb unloading (HLU, a classic 

analog microgravity model is used to induce bone loss of rodent hindlimb) and the left hindlimb of mice 

were immobilized and inserted into the hole with 1.5 T SMF one hour a day for 28 days. At the endpoint, 

bone mineral content (BMC) and bone mineral density (BMD) in the left hind legs were examined by 

DEXA. The microstructure in the left femurs were determined by micro–computed tomography, the 

mechanical properties in the left tibias were detected by three-point bend test. 

In osteoblasts, the results showed the application of external SMF could promote the osteogenic 

differentiation of MC3T3-E1 cells. And ferumoxytol with low concentration could also enhance the 

osteogenic differentiation in the absence or presence of external SMF. The combination of IONs and 

SMF had a synergistic enhancing effect on osteoblast differentiation. In osteoclasts, the results showed 

the osteoclastic differentiation and bone resorption capacity of Raw264.7 cells were inhibited separately 

by external SMF or ferumoxytol. The marriage of IONs and external HiSMF was found most effective 

in decelerating osteoclastic differentiation and bone resorption capacity. In mice, HLU of 28 days 

dramatically reduced BMC and BMD in the femurs and tibias and led to a severe damage on cancellous 

bone microstructure of the femurs and bone strength of the tibias. There was no an obvious difference 

in BMD and BMC between unloaded mice and IONs treated mice of unloading. However, SMF 

exposure significantly inhibited the decrease in BMC and BMD of the left hind legs induced by HLU in 

mice with or without IONs treatment. HLU-induced damages in cancellous bone microstructure of the 

left femurs and bone strength of the left tibias were significantly prevented by SMF exposure or 

ferumoxytol treatment separately. Moreover, IONs and SMF was found to exert a moderate synergistic 

protection effect on bone microstructure and mechanical properties. 

In conclusion, the combination of IONs and SMF had a stronger promoting effect on the osteogenic 

differentiation of osteoblasts, a more powerful inhibitory effect on the differentiation and bone 

resorption capacity of osteoclasts, and a better resistance to HLU-induced bone loss. These results 

demonstrate the combined effects of SMF and IONs on bone system are the new translational researches 

field in skeletal related diseases, such as osteoporosis, bone fracture, and bone defect. 
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Static magnetic field (SMF) plays important roles in biological processes of many living organisms. 

In plants, however, biological significance of SMF and molecular mechanisms underlying SMF action 

remain largely unknown. To address these questions, we treated Arabidopsis young seedlings with 

different SMF intensities and directions. Magnetic direction from the north- to south-pole was adjusted 

in parallel (N0) with, opposite (N180) and perpendicular to the gravity vector. We discovered that root 

growth is significantly enhanced by 600 mT treatments except for N180, but not by any 300 mT 

treatments. N0 treatments lead to more active cell division of the meristem, and higher auxin content 

that is regulated by coordinated expression of PIN3 and AUX1 in root tips. Consistently, N0-promoted 

root growth disappears in pin3 and aux1 mutants. Transcriptomic and gene ontology analyses revealed 

that in roots 85% of the total genes significantly down-regulated by N0 compared to un-treatment are 

enriched in plastid biological processes, such as metabolism and chloroplast development. Lastly, no 

difference in root length is observed between N0-treated and untreated roots of the double cryptochrome 

mutant cry1 cry2. Taken together, our data suggest that SMF-regulated root growth is mediated by CRY 

and auxin signaling pathways in Arabidopsis. 
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Mechanical and thermal properties are crucial physical parameters to regulate the cancer cell fate. 

Magnetic nanoparticles (MNPs) with unique magnetic responses can be utilized as antennas of the 

magnetic field, which hold the great promise to spatiotemporally manipulate the mechanical and thermal 

properties of cells [1, 2]. Although either magneto-mechanical force (MF) or magnetic hyperthermia 

(MH) has shown the promise to damage cancer cells, little is known about how the cell responses to 

both mechanical and thermal signals. Here, we proposed a mechanical-thermal induction therapy 

(MTIT) strategy for cancer treatment via alternating magnetic fields coupled with 60 nm RGD modified 

zinc-doped iron oxide nanocubes (RGD-IONs) to exert mechanical forces under a 15 Hz rotating field 

to sensitize the cells and followed by the mild hyperthermia under a 375 kHz field. The increased 

lysosomal membrane permeability (LMP) was observed during MTIT, which further induced the 

dysfunction of mitochondria. Importantly, we found the MTIT had a synergistic effect to efficiently treat  
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the cancer cells. The reactive oxygen species (ROS) acted as one of the key signals in the synergistic 

effect of mechanical and thermal stimulation, which could be elevated and programmable via the 

alternating frequency fields. In vivo evidences revealed the effectiveness of MTIT for treating the glioma 

and breast cancer. By remote control of the dual physical triggers via RGD-IONs to cells, MTIT is 

promising for targeted and precise cancer treatment, especially for deeper tumor. 

 

Fig. 1 Scheme of MNPs performed 

magneto-mechanical thermal induction 

therapy (MTIT) under dual frequencies of 

magnetic fields. 

 

Fig. 2 Characterization of the RGD-IONs’ 

physical properties. A) Elemental 

mapping analysis. B) M-H curves. C) 

Magneto-mechanical force response. D) 

Magnetic thermal properties. 

Fig 3. The synergistic effect of MTIT both 

in vitro and in vivo. A) MTIT with various 

MF time and MH 6 min. Q ≥ 1.15 

represents the synergistic effect occurred. 

B) MTIT with MF 15 min and varied MH 

time. C) and D) were anticancer effect on 

U87 cells and animal models respectively. 

The 8th International Conference on Magneto-Science

99



 

References 

[1] C. Wu, Y. Shen, and M. Chen, Advanced Materials 30 (2018) 1705673. 

[2] S-h. Noh, S. H. Moon, and T-H. Shin, Nano Today 13 (2017) 61-76. 

Thermostable iron oxide nanoparticle synthesis within recombinant 

ferritins from the Piezophilic Hyperthermophile Pyrococcus CH1 

 

Jiacheng Yu 1,2, Tongwei Zhang1,2, Huangtao Xu1,2, Yao Cai1,2, Yongxin Pan1,2, and Changqian 

Cao1,2* 
1 Key Laboratory of Earth and Planetary Physics, Institute of Geology and Geophysics, Chinese 

Academy of Sciences, Beijing 100029, P. R. China; 2 France-China Joint Laboratory for Evolution and 

Development of Magnetotactic Multicellular Organisms, Chinese Academy of Sciences, Beijing 

100029, China; 

*Corresponding author: changqiancao@mail.iggcas.ac.cn 

 

Thermostable nanoparticles have great applications in oil/gas industry and catalysis. However, the 

process of synthesis of these thermostable nanoparticles are extremely tedious and money cost. Here, a 

novel thermostable ferritin named PcFn, originally from the hyperthermophilic archaeon Pyrococcus 

yayanosii CH1, was overexpressed in Escherichia coli and purified, which could successfully direct 

synthesis of thermostable magnetoferritins (M-PcFn) by a facile and one-pot method. TEM images show 

that the protein cage of M-PcFn is intact and the iron oxide cores of M-PcFn with an average core size 

of 4.7 nm, and magnetic parameters indicate M-PcFn is typical superparamagnetism. Both of the PcFn 

and M-PcFn can resist the temperature as high as 110 ℃, which are nearly the same as previously 

reported Pyrococcus furiosus ferritin (PfFn)1, 2 and its magnetoferritin of M-PfFn, but significantly 

higher than human H-chain ferritin (HFn) and its magnetoferritin of M-HFn. After heating at 110 ℃ 

for 30 minutes, the PcFn and M-PcFn still kept their secondary structure and the PcFn retain 87.4% iron 

uptake activity. This remarkable thermal resistance of PcFn and M-PcFn provides potential application 

in elevated temperature fields. 

Keywords: iron oxide nanoparticles, ferritin, Pyrococcus CH1, thermostability 

Fig. 4 The mechanisms of MTIT from 

subcellular structures to biochemical 

signals. A) Lysosomal membrane 

permeabilization increased. B) 

Mitochondrial membrane potential 

decreased. C) Programmed ROS 

generation controlled the cell viability. 
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Macrophage is an important immune cell, which is involved in both non-specific defense and 

specific defense functions in vivo. Microglial cells are macrophages in the central nervous system. Both 

macrophages and microglial cells have high functional plasticity. M1 subtype cells promote 

inflammation and anti-tumor growth, while M2 can resist the aggregation of inflammatory cells. 

Magnetic nanoparticles can transform the function of macrophage, which can promote M2 macrophages 

to M1 [1]. Some people also use MNPs to regulate the transformation of M1 towards M2 by binding 

cells, so as to directly regulate the subtype of macrophages without passing the resting cells [2]. However, 

this research is still incomplete. The efficiency of polarity transformation is the key to biological effect, 

and the two-way transformation of M1 and M2 subtype is also not unified at present. To solve these 

problems, we proposed to use MNPs as a research platform to improve the efficiency of the cell subtype 

conversion by using external magnetic field of specific frequency, so as to achieve controllable two-way 

free transformation between M1 and M2 subtypes.  

We selected a size of 20nm MNPs as the experimental platform (figure 2A). Polylysine (PLL), a 

hydrophilic polypeptide with low cytotoxicity, was coated on the surface of MNPs. With the successful 

modification of PLL, the material was charged with a potential of +30mV, which was more conducive 

to adhesion to the cell surface (figure 2B). At the same time, as the surface of the material changes from 

oily to hydrophilic PLL, the dispersion of MNPs in the aqueous phase increases, and the measured 

hydration particle size decreases (figure 2C, 2D). 

Secondly, in order to obtain two mature cell subtypes, we selected RAW 264.7 and bv-2 cell lines. 

Resting cells were treated with 20 ng /ml IFN-γ and 10 pg /ml LPS for 24 hours to obtain M1 subtypes, 

20 ng /ml IL-4 and 20 ng /ml IL-13 for 48 hours to obtain the M2 subtype cells. We discovered obvious 

changes in the shape of the two subtypes after induction factor differentiation, which preliminarily 

confirmed the success of induction (figure 3A). We further verified the successful induction of resting 

cells by using RT-PCR to detect the gene level (figure 3B, 3C). Cells induced by IFN-γ and LPS showed 

higher expression levels in markers such as CD80, IL-1β and TNF-α. And cells induced by IL-4 and IL-
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13 showed high expression of CD163, IL-4, IL-10 and Arg-1.  

Next, we investigated the endocytosis efficiency and toxicity of the MNPs platform with 

macrophages and microglias. We set 0, 10, and 20 ug /ml MNPs to co-culture with the cells. We found 

the macrophage and microglia cell lines had high endocytosis efficiency on the MNPs platform coated 

with PLL polypeptides (figure 4A). After 24 hours co-culture, cell viability was measured by adding 

different concentrations of materials. We found that cell viability was almost unaffected by the presence 

of materials within the concentration of 40 ug /ml (figure 4B). Cells were collected from 0, 10, 20 and 

40 ug /ml materials after 24 hours of co-culture with cells, and the successful endocytosis MNPs were 

quantified. It was not difficult to find that the content of MNPs successfully endocytosis increased with 

the increase of iron concentration (figure 4C, 4D). 

We hypothesized that the presence of IFN-γ, LPS and other inducible differentiation factors would 

promote the transformation effect of cell subtype by using MNPs. In future experiments, we will 

determine the efficiency of MNPs on the transformation of two subtypes and hope to find the inducible 

factor that can synergistic promote the transformation. At the same time, we also expect that by using 

specific magnetic field, macrophages can freely and reversibly transform between M1 and M2 subtypes, 

providing new therapeutic methods for the treatment of immune system diseases and tumors. 
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Figure 1. Schematic of cell subtype. Figure 2. The characterization of MNPs 

transformation by MNPs and magnetic field. 

Figure 3. Morphological and gene level changes after 

induction of resting cells 

Figure 4. Effects of MNPs at different 

concentrations on cells 
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Nitric oxide (NO) plays a special role in cancer cells and tumor microenvironment, which could 

determine the rate of tumor progression, therapeutic effect and prognosis. The low flux of NO (100-500 

nM) promotes tumorigenesis via the nitrosative signal, while high NO flux (>1 μM) causes apoptosis 

and mitochondrial dysfunction for therapeutic dose through genotoxicity and protein modification. Thus, 

local high NO flux in the tumor microenvironment (TME) is critical for promoting tumor cell apoptosis, 

especially this process is triggered in the response of TME. In present work, we show a strategy of 

constructing M1 macrophages with input/fuel dual-functional nanocapsules as a micro-therapeutic 

system for gas therapy via enhanced NO release. This new micro-therapeutic system is promising in the 

application of bioinspired intelligent treatment. 

Gas therapy is an emerging and promising therapeutic area, in which nitric oxide (NO) therapy has 

made considerable progress [1-3]. NO is a lipophilic, highly diffusible and short-lived molecule 

synthesized in vivo by the oxidation of L-arginine under the catalysis of nitric oxide synthase (NOS) [4]. 

In vivo, inducible nitric oxide synthase (iNOS), which is non-calcium-dependent and mainly 

synthesized by M1 macrophages, is mainly responsible for NO production for a long time. However, in 

the tumor microenvironment (TME), there is mainly the immunosuppressive oncogenic M2-like tumor-

associated macrophages (TAMs), rather than the pro-inflammatory M1 macrophages with anti-tumor 

activity. Thus, re-educating the M2 macrophages to the tumoricidal M1 macrophages to provide elevated 

iNOS for NO production is necessary in gas therapy against tumor cells. Herein, we proposed a strategy 

of constructing M1 macrophages with input/fuel dual-functional nanocapsules as a micro-therapeutic 

system for gas therapy via enhanced NO release. As shown in Fig. 1, input/fuel dual-functional 

nanocapsules constructed from degradable polymer micelles loaded with NO prodrug L-arginine and 

magnetic nanoparticles, for NO release and re-educating tumor-promoting M2-like TAMs to the 

tumoricidal M1-like phenotype, respectively. In addition, magnetic nanoparticles could induce the heat 

to stimulate hydrogen peroxide (H2O2) production in cells under magnetic fields. And then M1 

macrophages provide endogenous iNOS and H2O2 with L-arginine to enhance NO release against cancer 

cells in TME. Based on the bioinspired feedback mechanism, this established micro-therapeutic system 

is promising as a candidate for intelligent treatment systems. 

Key-words: Micro-therapeutic System, Nitric Oxide, Magnetic Re-education, Gas Therapy 
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Fig. 1 Micro-therapeutic system enhanced nitric oxide release for gas therapy. 
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Magnetic drug targeting (MDT) is one of the methods of drug targeting. In MDT, Fe3O4 is usually 

used to carry drugs and deliver drugs to the target site by using external magnetic field, which can reduce 
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side effects and improve efficacy [1-3]. It can be seen that in MDT, a magnet system that can create 

suitable magnetic field is necessary. 

In this paper, a rotating magnetic field device was constructed in which two magnets placed face to 

face can be rotated around an axis intermediate the two magnets. A container containing suspension 

Fe3O4 particles was fixed at the position of the rotating axis. When the magnet pair remains still, the 

Fe3O4 particles will cluster to two regions as shown in the first picture of Fig. 1. When the magnet pair 

rotates, instead of gathering in the wall of the container, the Fe3O4 particles will quickly cluster together 

in the middle of the container within 1 minute (Fig. 1).  

Our experiments showed that materials attracted by magnetic fields (such as paramagnetic, 

superparamagnetic, ferromagnetic, and ferrimagnetic materials) are difficult to aggregate in a static 

magnetic field, but they can be focused through time-varying magnetic fields. This work can be useful 

for the application like the design and manufacture of focusing magnet systems for drug targeting, 

materials processing, and other processes requiring non-contact manipulation of magnetic materials. 

 

References 

[1] Y. L. Liu, J. J. Chen, F. Ahmad, et al., IEEE Transactions on Biomedical Engineering DOI  

10.1109/TBME.2019.2940029, IEEE. 

[2] Y. L. Liu, D. Chen, P. Shang, and D. C. Yin, Journal of Controlled Release 302(2019) 90-104. 

[3] I. Venugopal, N. Habib, and A. Linninger, Nanomedicine 12 (2017) 865-877. 

Effects on the heating efficiency of magnetoferritin nanoparticles in an 

alternating magnetic field 

 

Huangtao Xu1, 2, Yongxin Pan1, 2* 

1Biogeomagnetism Group, Key Laboratory of Earth and Planetary Physics, Institute of Geology and 

Geophysics, Chinese Academy of Sciences, Beijing 100029, China; 2 University of Chinese Academy of 

Sciences, Beijing 100049, China 

*Corresponding author: yxpan@mail.iggcas.ac.cn 

 

The superparamagentic magnetoferritin is a potential bio-nanomaterial for tumor magnetic 

hyperthermia because of their actively tumor targeted outer protein shell, uniform and tunable nano-

sized inner mineral core, mono-dispersity and good biocompatibility [1, 2]. Here, we investigated 

 

  

Fig. 1 Aggregation process of Fe3O4 particles at 50 rpm after about 12 minutes of static magnetic field. 
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influenced factors on the heating efficiency and the heating generation mechanism of magnetoferritin in 

aqueous in an alternating magnetic filed. Effects of core-size, Fe concentration, viscosity coefficient, 

and field frequency and amplitude were investigated. We successfully synthesized superparamagnetic 

iron oxide nanoparticles (MHFn) with magnetite and/or maghemite cores based on human heavy chain 

ferritin. Meanwhile, We found that the max temperature rise and specific loss power are 14.2 ℃ (at 6 

minutes) and 68.6 W/g, respectively, obtained at 805.5 kHz and 19.5 kA/m with core size 4.8 nm MHFn 

at 5mg[Fe]/ml. Additionally, the temperature rise and specific loss power augmented with increased 

core size, iron concentration, alternating magnetic filed frequency and amplitude. Furthermore, the 

calculated effective relaxation time was basically equal to Néel relaxation time and the specific loss 

power was insensitive to viscosity of solution, we proposed that the heating mechanism of MHFn 

nanoparticles are dominated by Néel relaxation. This work has provide new insights into the heating 

efficiency of MHFn nanoparticles and future applications for tumor hyperthermia and thermoablation 

therapy, heat-triggered drug release, and so on. 
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Utilization of the space environment provides invaluable opportunities for researchers to fulfill 

challenging tasks that are impossible on Earth. Longtime sustainable containerless and simultaneously 

weightless condition is a desirable physical environment that can be easily obtained in outer space [1, 

2]. However, in a space station, due to unpredictable disturbances, i.e., g-jitter [3, 4], objects that are 

floating in containerless and weightless conditions may not be able to stay motionless at a specific 

location, making it difficult to conduct any investigation of the objects.  

In this study, we propose a method to confine objects without energy consumption using permanent 

magnets. Two types of confinement apparatuses made of permanent magnets were designed and 

manufactured. The apparatuses were used to demonstrate the capability of the magnetic field to confine 
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diamagnetic objects without mechanical contact. Figure 1 showed the schematic illustration of 

diamagnetic confinement under microgravity environment in space and normal gravity on the earth 

under a neutral buoyancy force environment.  

We took confinement of a water droplet as an example and calculated the confinement performance 

of the two apparatuses. The results showed that the idea of using permanent magnets to confine 

diamagnetic objects without energy consumption in the space environment is feasible. Compared with 

other confinement methods, such as ultrasound and electrostatic confinement methods, the method 

proposed in this study is simple, efficient and inexpensive. Most importantly, the confined objects are 

restricted in a region with a low magnetic field. These advantages enable the method a potentially useful 

alternative for studying objects under containerless and weightless condition in space. 

 

Fig. 1 Schematic illustration of diamagnetic confinement. (a) Diamagnetic confinement of a liquid drop in a 

localized low magnetic field under microgravity environment, (b) a mimic experiment of diamagnetic confinement 

using a plastic bead placed in the localized low magnetic field under a neutral buoyancy force environment created 

using CoCl2 solution. 
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Breast cancer is known to metastasize via lymph vessels and lymph nodes. Sentinel lymph node 

(SLN) biopsy is useful for determining the presence or absence of metastasis of breast cancer by 

extracting several SLNs and performing pathological examination. The SLN is the first metastasis 

lymph node. In order to perform biopsy, it is necessary to locate SLNs. Conventionally, the method of 
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locating the SLN by using radioisotope and blue dye has mainly been performed. Radiation exposure to 

medical workers, however, is viewed as problems. In recent years, new methods using magnetic tracers 

and magnetic probes have attracted attention. Magnetic nanoparticles are injected near the breast cancer. 

After flowing into the SLN using the flow of lymph, SLN is located by detecting the magnetic 

nanoparticles from outside the body. Previous studies have reported using permanent magnets [1] and 

successfully detected up to 10 mm from the surface of the magnetic probe. However, the accuracy is 

poor for patients with large body mass index. On the other hand, pulsed magnetic field is expected for 

detection in deeper position since relatively large magnetic field can be generated. In this study, we 

aimed to establish locating the SLN by using pulsed 

magnetic field. 

The small pulsed magnetic field generator 

(1 m3), which generated maximum magnetic field 

𝐵𝑚𝑎𝑥  of 7 T in center of the exciting coil, was 

developed. The position of a search coil was changed 

on the central axis of exciting coil and electromotive 

force EMF at charging voltage 𝐸𝑐 = 500 V  was 

measured. The 𝐵 was calculated from EMF using 

Eq. (1) and 𝐵  distribution of exciting coil was 

shown in Fig. 1. The 𝐵𝑚𝑎𝑥 = 6.8 T was estimated 

at 𝐸𝑐 =  1 kV since 𝐸𝑐 and 𝐵 are in proportional 

relationship and 𝐵𝑚𝑎𝑥 = 3.4 T  was generated at 

𝐸𝑐 =  500 V. A search coil was made as a magnetic 

probe and fixed on the surface of the exciting coil. 

Magnetic tracer used was magnetite powder with the 

saturation magnetic field of 0.4 T and the saturation 

magnetization of 71 emu/g which value was 

measured previously. The EMF was measured as a 

function of sample amount 𝑚 or the distance from 

surface of the exciting coil ℎ  at constant 𝐸𝑐 =

200 V. The detection was estimated by the S/N ratio 

of EMF as shown in Fig. 2, where the S and N were 

defined the apparent magnetization measured and 

systematic error, respectively. The symbols 〇, △, 

and × represented the S/N > 1, S/N = 1, and S/N < 

1, respectively. The solid curve on the triangles 

described S/N = 1 and the limit of detection of the 

tracer. The detection of the tracer was succeeded in 

upper left region of the curve. Therefore, 47.4 mg of 

magnetite was successfully detected at 8 mm from 

surface of exciting coil.  

     𝐵 = −
1

𝑁𝑆
∫ 𝑉𝑑𝑡 .     (1) 

In addition, Resovist® Inj. (Fuji Film Co. Ltd) 

was detected as another tracer, which included 
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superparamagnetic fine powder of iron oxide and is used in actual medical practice. The saturated 

magnetization of 2 emu/g for Resovist was very small compared to magnetite [2]. It is necessary to 

minimize the signal of blank because of the small magnetic signal from Resovist. 

A circuit that combines two search coils, the fixed resistors, and the potentiometer was fabricated. 

Magnetic field parameter (MFP) was defined by Eq. (2). Fig. 3 shows comparison of blank (𝐵∗
𝑏𝑙𝑎𝑛𝑘) 

and inserting Resovist in one of the two search coils (𝐵∗
𝑟𝑒𝑠𝑜1, 𝐵∗

𝑟𝑒𝑠𝑜2). From each MFP differences, 

the direction of Resovist was identified. 

     𝐵∗ = − ∫ 𝑉𝑑𝑡 .     (2) 

As a result, magnetite 47.4 mg was detected at 8 mm from surface of exciting coil using one search 

coil. The direction of Resovist was identified by improving the magnetic probe. In the future, after the 

optimal arrangement of search coil by changing the outer diameter and the number of turns, detection 

of Resovist in deep position will be performed. 
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As the most commonly used non-invasive brain stimulation technology, TMS has shown great 

potential in the treatment of neurological diseases. TMS can promote the cognitive process of healthy 

people and enhance the connectivity of cortical hippocampal network [1]. The learning ability related to 

hippocampal activity and the ability of new memory formation were affected[2]. Some studies have 

shown that low-frequency rTMS can reduce the excitability of local cortex, while high-frequency rTMS 

can increase the excitability of local cortex [3]. But there are different opinions about the effects of 

different frequencies on memory and neuronal excitability. 

 

Methods 

(1) Laboratory Animals and Groups 

(2) New Object Recognition Experiment 

(3) Platform jumping experiment 

(4) Patch clamp recording 
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Compared with Ctrl group, the 

cognitive index of 5Hz and 10Hz 

group increased significantly, but 

there was no significant difference at 

1Hz (Fig. 1).                              

The number of shocks: The 

number of errors in 5Hz and 10Hz 

groups was significantly lower than 

that in Ctrl group and 1Hz group. The 

percentage of platform jumping 

increased significantly. There was no 

significant difference between 1Hz 

group and Ctrl group (Fig. 2a).  

Avoidance latency: Compared 

with Ctrl group, the escape latency of 

5Hz and 10Hz group increased 

significantly, the number of errors 

decreased significantly, and the 

percentage of jumping platform increased significantly. There was no significant difference at 1Hz (Fig. 

2b). 

Single action potential: On the 

peak value, compared with Ctrl 

group and 1Hz group, the 5Hz and 

10Hz groups increased 

significantly(Fig. 3a), while the 

threshold and maximum rise slope 

did not change significantly. There 

was no significant difference 

between 1Hz group and Ctrl group. 

Action potential frequency: Compared with Ctrl group, the number of action potential increased 

significantly in 1Hz, 5Hz and 10Hz groups, but the difference was higher in 5Hz and 10Hz groups. The 

10Hz group also increased significantly compared with 1Hz and 5Hz groups(Fig. 3b). 

 

To explore the effects of different stimulus frequencies of rTMS on neuronal excitability. 

Combining new object recognition, platform jumping and electrophysiological experiments, the results 

show that high frequency (5Hz, 10Hz) rTMS improves the memory ability and neuronal excitability of 

mice, while low frequency (1Hz) rTMS has no obvious effect. 
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1. Cell-type and density-dependent effect of 1 T static magnetic field on cell proliferation. 

Increasing evidence shows that static magnetic fields (SMFs) can affect cell proliferation [1-3] but 

mixed results have been reported. Here we systematically examined the effects of 1 T (Tesla) SMF, for 

its effect on 15 different cell lines, including 12 human and 3 rodent cell lines. Our results show that 1 

T SMF does not have apparent impact on cell cycle or cell death. However, at higher cell density, it 

reduced cell numbers in six out of seven solid human cancer cell lines. We found that both cell type and 

cell density had evident impacts on SMF effects. Moreover, the EGFR-Akt-mTOR pathway, which 

varies significantly between different cell types and densities, contributes to the differential effects of 

SMF. In addition, SMF also increases the efficacy of Akt inhibitors on cancer cell growth inhibition[4].  

2. Moderate and strong static magnetic fields directly affect EGFR kinase domain orientation to 

inhibit cancer cell proliferation. 

Static magnetic fields (SMFs) can affect cell proliferation in a cell-type and intensity-dependent 

way[4] but the mechanism remains unclear. At the same time, although the diamagnetic anisotropy of 

proteins has been proposed decades ago[5-7], the behavior of isolated proteins in magnetic fields has 

not been directly observed. Here we show that SMFs can affect isolated proteins at the single molecular 

level in an intensity-dependent manner. Using Liquid-phase Scanning Tunneling Microscopy (STM) to 

examine pure EGFR kinase domain proteins at the single molecule level in solution, we observed 

orientation changes of these proteins in response to SMFs. A superconducting ultrastrong 9T magnet 

reduced proliferation of CHO-EGFR cells (Chinese Hamster Ovary cells with EGFR overexpression) 

and EGFR-expressing cancer cell lines by ~35%, but minimally affected CHO cells[8].  

3. 27 T ultra-high static magnetic field changes orientation and morphology of mitotic spindles in 

human cells. 

Purified microtubules have been shown to align along the static magnetic field (SMF) in vitro 

because of their diamagnetic anisotropy[9, 10]. However, whether mitotic spindle in cells can be aligned 

by magnetic field has not been experimentally proved. In particular, the biological effects of SMF of 

above 20 T (Tesla) have never been reported. Here we found that in both CNE-2Z and RPE1 human 

cells spindle orients in 27 T SMF. The direction of spindle alignment depended on the extent to which 

chromosomes were aligned to form a planar metaphase plate. Our results show that the magnetic torque 

acts on both microtubules and chromosomes, and the preferred direction of spindle alignment relative 

to the field depends more on chromosome alignment than microtubules. In addition, spindle morphology 

was also perturbed by 27 T SMF. This is the first reported study that investigated the cellular responses 

to ultra-high magnetic field of above 20 T. Our study not only found that ultra-high magnetic field can 

change the orientation and morphology of mitotic spindles, but also provided a tool to probe the role of 
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spindle orientation and perturbation in developmental and cancer biology[11]. 
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Despite the importance of magnetic properties of biological samples for biomagnetism and related 

fields, the exact magnetic susceptibilities of most biological samples in their physiological conditions 

are still unknown. Here we used SQUID (Superconducting Quantum Interferometer Device) to detect 

the magnetic properties of non-fixed non-dehydrated live mice tissues, bacteria, proteins, as well as cell 

fractions, at a physiological temperature of 37 ℃ (310 K). Although most biological samples are 

diamagnetic, their magnetic susceptibilities are different, which depend on their composition and 

conditions. More importantly, within a single cell, although the magnetic susceptibility difference 

between cellular fractions (nucleus and cytoplasm) could only cause ~41-130 pN forces to nucleus by 

gradient ultra-high magnetic fields, these forces are enough to cause a relative position shift of the 

nucleus within the cell. This not only demonstrates the importance of magnetic susceptibility in the 

biological effects of magnetic field, but also illustrates the potential application of high magnetic fields 

in biomedicine. 
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People are exposed to various magnetic fields, including the high static/steady magnetic field 

(SMF) of MRI, which has been increased to 9.4 T in preclinical investigations. However, relevant safety 

studies about high SMF are deficient. Here we examined whether 3.5–23.0 T SMF exposure for 2 h has 

severe long-term effects on mice using 112 C57BL/6J mice. The food/water consumption, blood glucose 

levels, blood routine, blood biochemistry, as well as organ weight and HE stains were all examined. The 

food consumption and body weight were slightly decreased for 23.0 T-exposed mice (14.6%, P < 0.01, 

and 1.75–5.57%, P < 0.05, respectively), but not the other groups. While total bilirubin (TBIL), white 

blood cells, platelet and lymphocyte numbers were affected by some magnetic conditions, most of them 

were still within normal reference range. Although 13.5 T magnetic fields with the highest gradient 

(117.2 T/m) caused spleen weight increase, the blood count and biochemistry results were still within 

the control reference range. Moreover, the highest field 23.0 T with no gradient did not cause organ 

weight or blood biochemistry abnormality, which indicates that field gradient is a key parameter. 

Collectively, these data suggest 3.5–23.0 T static magnetic field exposure for 2 h do not have severe 

long-term effects on mice. 
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Static magnetic field (SMF) is a ubiquitous environmental factor for all living organisms during 

the evolution process. Acute and chronic exposure of organisms to SMFs, which are often ten and more 

times greater than geomagnetic field, have been investigated for decades. However, the exact 

mechanism(s) underlying the influence of SMF on living systems are still largely unknown. The 

nematode Caenorhabditis elegans (C. elegans) as a well-established model system has many unique 

characteristics and distinct advantages in the discovery of fundamental biological responses in 

development, neurobiology and aging. We found that SMFs at either 0.5 T or 1 T had no significant 

effects on the movement behaviors, including body bends and head thrashes, in C. elegans; however, 

the avoidance behavior of the pathogenic Pseudomonas aeruginosa was greatly decreased in exposed 

worms. Since behavioral changes are affected by the level of neurotransmitter secretion, we further 

examined the secretion of five classical neurotransmitters including GABA, serotonin, acetylcholine, 

dopamine and glutamate in C. elegans. Exposure to 1T SMF dramatically increased the secretion of 

serotonin via TRPV1 receptor and receptor SRE-1 and MOD-1. There were minimal effects of SMF on 

the secretion of other four neurotransmitters. Our results showed that long term exposure to 1T SMF 

increased the serotonin secretion via the activation of TRPV1 receptor, which in turn induced avoidance 

behavior deficit in C. elegans. This study provides novel insights into safe application of SMF as a 

neurotransmitter regulator to prevent related diseases in the presence or absence of drugs. 

Key words: SMF, behavior, serotonin, neural response, TRPV1 receptor, C. elegans 
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Multiple sclerosis (MS) is an autoimmune disease characterized by T cell infiltration and 

demyelination of the central nervous system (CNS). Experimental autoimmune encephalomyelitis (EAE) 

is the classic preclinical animal model of MS. In this study, we found that RMF treatment has potential 

preventive effects on the discovery of EAE, including reducing the severity of the disease and delaying 

the onset of the disease. The results indicate that RMF (0.2 T, 4 Hz) treatment increases the accumulation 

of CD4+ cells in the spleen and lymph nodes by down-regulating the expression of CCL-2, CCL-3 and 

CCL-5, but has no significant effect on MOG-specific T cell responses. Simultaneously, RMF treatment 

adjusted the imbalance between treg cell and Th1/Th17 cell by increasing the proportion of regulatory 
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T (Treg) cells and inhibiting the ratio of T helper 1 (Th1) and T helper 17 (Th17) cell subsets. These 

findings suggest that exposure to RMF may improve EAE disease by promoting CD4+ cells to peripheral 

lymphoid tissue accumulation and improving the imbalance between treg and Th1/Th17, and as a mild 

physical therapy approach, RMF, is likely to be a potential way to change the development of EAE. 

Effects on longevity extension and mechanism of action of 4 Hz rotating 

magnetic field in C. elegans and HUVEC 

 

Jiangyao Xu 1, Xiaoyun Zhang2 , Xiaomei Wang1* 
1 Department of Physiology, School of Basic Medical Sciences, Shenzhen University, Shenzhen 

518060, P. R. China; 2 College of Life Science and Oceanography, Shenzhen University, Shenzhen 

518060, People’s Republic of China. 

*Corresponding email address: xmwang@szu.edu.cn 

 

Magnetic biological effects are a research hotspot in the field of biomedical engineering. This study 

will further investigate the effects of rotating magnetic field RMF (0.2 t, 4 Hz) on the growth of C. 

elegans and human umbilical vein endothelial cells (HUVEC). In the present study, RMF prolonged the 

lifespan of C. elegans and slowed the aging of HUVEC cells. RMF treatment of HUVEC cells showed 

that activation of Adenosine 5'-monophosphate (AMP)-activated protein kinase (AMPK) was associated 

with decreased mitochondrial membrane potential due to increased intracellular Ca2+ concentration 

induced by endoplasmic reticulum stress in anti-aging mechanisms. At the same time, RMF promotes 

the health of C. elegans by improving activity, reducing the accumulation of age pigments, delaying Aβ-

induced paralysis and increasing resistance to heat and oxidative stress. The prolonged lifespan of C. 

elegans is associated with decreased levels of daf-16-associated insulin/insulin-like growth factor 

signaling pathway (IIS) and reactive oxygen species (ROS), whereas the heat shock transcription factor-

1 (hsf-1) pathway is not participate. At the same time, the level of autophagy was increased after RMF 

treatment. These findings will help us expand our understanding of the potential RMF mechanisms 

during life extension. 

 

Vascular Remodeling of Veins is Suppressed by Low Frequency Rotating 

Magnetic Field 

 

Kan Liu 1†, Jiangyao Xu1, Peng Zhai1, Xiaoyun Zhang2, Xiaomei Wang1* 
1 Department of Physiology, School of Basic Medical Sciences, Shenzhen University, Shenzhen 

518060, P. R. China； 2 College of Life Science and Oceanography, Shenzhen University, Shenzhen 

518060, People’s Republic of China. 

*Corresponding email address: xmwang@szu.edu.cn 

The chronic increase in venous wall stress or biomechanical stretch is sufficient to cause 
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development of varicose veins. The term chronic venous insufficiency (CVI) is often used to 

functionally describe the full spectrum of venous diseases such as development of varicose veins, 

suitable non interventional therapies for these venous diseases have not been explored to date. In this 

study, we treated mouse auricle models with low frequency rotating magnetic field (LFRMF, 0.2t, 4Hz) 

and evaluated therapeutic effect by laser speckle contrast imaging. We found that daily imaging of 

vasculature of the mouse auricle for 3 days after ligation of a central vein revealed increased tortuosity 

and growth of connected small collateral veins. At the same time, laser speckle contrast imaging showed 

that blood flowing decreased by systemic administration by LFRMF. These findings imply that low 

frequency rotating magnetic field effectively inhibit the development of varicose veins. 
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