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RT  2019 T he neutron technique seeks to answer varied sci-
entific questions about the fundamental nature 

of materials on an atomic scale and for medical ap-
plications at a nanometre scale. By answering these 
questions, neutrons help spur innovations that im-
prove our daily lives such as increased energy efficien-
cy for a cooling mechanism, more effective drugs and 
novel frustrated magnetic materials. Using neutron 
instruments, researchers count scattered neutrons, 
measure their energies and the angles at which they 
scatter, and map their final position. This capability 
makes possible for scientists to glean details about 
the nature of materials ranging from single crystals to 
thermally isolating materials, from proteins to drug 
systems, from metals to magnets.

The following remarkable studies were performed 
by our user communities; they completed their phe-
nomenal research at OPAL, ANSTO using neutron 
instruments at the state-of-the-art in year 2019.  Four 
reports include the highlights from Taiwan-built SIKA 
showing cooling technology in the future, reported 
by Bing Li. The two highlights from SANS instruments 
show how a superbug escapes antibiotic attack, by 
Jhih-Hang Jiang, who used QUOKKA for this re-
search, and another investigation of a multifunctional 
nano-carrier as a potential micro-RNA delivery vehicle 
for neuroblastoma treatment, by Kuen-Song Lin, who 
performed the experiments at BILBY. The last article 
on research in magnetic correlations in disordered 
uorite Dy2Zr2O7 was presented by J. G. A Ramon, 
who undertook measurements at WOMBAT. (by 
Shih-Chun Chung)

Neutron 
Science
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Cooling Technology in the Future
Plastic crystal could be the key for next generation of refrigeration technology. 

R efrigeration is very important 
in modern society. The society 

is consuming 25 to 30 percent of 
world’s electricity for cooling food 
and space. Current refrigeration 
technology is mostly using the 
conventional vapour compres-
sion cycle. The materials which 
are being used are of growing 
environmental concern because 
of their global warming potential. 
Refrigeration technology based 
on solid state caloric effects have 
been attracting attention in re-
cent decades as an alternative. 

However, because of small iso-
thermal entropy change and 
large driving magnetic field, their 
application is restricted by limited 
performance of current caloric 
materials. In this paper, SIKA 
user, Bing Li (Chinese Academy of 
Sciences) and his multinational 
collaborators reported colossal 
balocaloric effect (CBCEs) (baro-
caloric effects are cooling effects 
of pressure induced phase tran-
sitions) in a class of disordered 

Cycle of cooling by using Balocaloric effect. [Reproduced from Ref. 1]

Fig. 1: Elastic incoherent scattering intensity 
as a function of temperature at Q = 
2.1 Å−1, measured on SIKA. [Repro-
duced from Ref. 1] 

solids called plastic crystals. In this project, the team has worked on 
a representative plastic crystal, neopentylglycol (NPG), the recorded 
entropy changes are about 389 joules per kilogram per kelvin near 
room temperature. Neutron scattering measurements with pressure 
setting reveal that CBCEs in plastic crystals can be attributed to the 
combination of extensive molecular orientational disorder, giant 
compressibility and highly anharmonic lattice dynamics of these ma-
terials. This study establishes the microscopic mechanism of CBCEs 
in plastic crystals and paves the way to next generation solid-state 
refrigeration technologies

Li’s team recently published their study in Nature.1 They report on an 
unusual phase transition in a plastic crystal. The colossal barocaloric 
effects, reported here in a class of highly disordered solid, could be a 
solution to the next-generation of solid-state refrigeration technol-
ogies. Using neutron scattering instruments at Japan Proton Accel-
erator Research Complex (J-PARC) and Australia’s Nuclear Science 
and Technology Organisation (ANSTO), the team monitored the molecular dynamics of this material. Their ex-
perimental results and computer simulations are consistent. At the early stage of this research, SIKA instrument 
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Fig. 2: Pressure-dependent phase transition and dynamics of NPG. (a) Temperature–pressure phase diagram, determined using 
high-pressure DSCs. Details about the datasets obtained at Osaka University and at Setaram are provided in Methods. Solid 
lines are guides for the eye. (b) Pressure-induced entropy changes (ΔSP0→P) during heating for pressure changes from ambient 
pressure (P0 = 0.1 MPa) to P = 15.2, 30.4, 45.0, 71.5 and 91.0 MPa. (c) High-pressure synchrotron XRD spectra at 318 K, show-
ing the pressure-induced cubic-to-monoclinic transition. λ, wavelength; θ, scattering angle. (d)−(e) QENS measurements at 
ambient pressure (d) and 286 MPa (e) obtained at 325 K with Ei = 2.64 meV. (f)−(g) INS measurements at ambient pressure (f) 
and 286 MPa (g), obtained at 325 K with Ei = 23.72 meV. We note that the inelastic signals at about 1.3, 2.6, 4.4 and 5.1 Å−1 are 
contributed by phonons from Teflon. (h)−(i) Structural snapshots of molecular dynamics simulations at 340 K under ambient 
pressure (h) and 200 MPa (i). The red balls represent oxygen atoms, and their random arrangements are suppressed under 
pressure. [Reproduced from Ref. 1]

scientist, Shinichiro Yano (NSRRC) identified an anom-
aly in the incoherent elastic scattering intensity as 
shown in Fig. 1 at the structural phase transition after 
conducting neutron scattering experiments on SIKA.

After the SIKA experiment, Li followed up the work 
on the inelastic neutron scattering (INS) spectrometer 
PELICAN at ANSTO, pressure dependent Quasi elastic 
neutron scattering (QENS) experiment and INS on 
AMATERAS at J-PARC (Figs. 2(d)−2(g)), high pressure 
DSCs experiment (Figs. 2(a) and 2(b)) at Osaka Uni-

versity in Japan, high pressure synchrotron XRD mea-
surement in SPring-8 in Japan (Fig. 2(c)), and density 
functional theory (DFT) calculations for simulations 
(Figs. 2(h) and 2(i)). These experimental and theo-
retical insights unambiguously indicate that the CBCE 
of NPG can be attributed to the suppression of the 
extensive orientational disorder by pressure.

To summarize, Li and his colleague have discovered 
that plastic crystals exhibit CBCEs and determined 
the microscopic origin through pressure-dependent 
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QENS and INS measurements. Plastic crystals are very 
promising for practical refrigeration applications 
given that they are abundantly available, environ-
mentally friendly and easily driven and have high 
performance. Our work indicates a new direction 
for emergent solid-state refrigeration technologies. 
(Reported by Shinichiro Yano) 

This report features the work of Bing Li and his collab-
orators published in Nature 567, 506 (2019). 

ANSTO  SIKA—Cold Neutron Triple-axis  
  Spectrometer

•  Neuron Inelastic Scattering
•  Materials Science, Plastic Crystal, QENS, Caloric Effect

Reference 
1. B. Li, Y. Kawakita, H. Wang, T. Kikuchi, D. Yu, S. 

SIKA – Cold neutron triple-axis spectrometer (with dilution 
fridge and magnet). 

Magnetic Correlations in the Disordered Fuorite 
Dy2Zr2O7
Dy2Zr2O7 has a dynamic magnetic ground state, but not possess the spin-ice correlations 
seen in the chemically ordered Dy2Ti2O7 compound. Bulk magnetic properties, specific heat 
and neutron diffraction support that the fluctuating Dy3+ spins are in a disordered, liquid-like 
state, which do not freeze into a canonical spin-glass.  

M agnetic frustration, i.e. competing interactions, is common in systems of interacting degrees of freedom. 
As a result, exotic phenomena are often observed in these systems. The magnetic frustration can be cata-

loged into two major types: geometric frustration and the frustrations among the random distributed magnetic 
ions. The cubic pyrochlore oxides, A2B2O7, is an ideal example of geometrically magnetic frustration because 
the A and B ions reside on two distinct interpenetrating lattices of corner-sharing tetrahedra. If A, B, or both are 
magnetic and the nearest-neighbor exchange interaction is antiferromagnetic, the system is highly geometrically 
frustrated. As a result, antiferromagnetically coupled classical Heisenberg spins on the pyrochlore lattice do not 
develop long-range order at any nonzero temperature, opening up new avenues for novel intrinsically quantum 
mechanical effects to emerge at low temperatures.1 However not all the A2B2O7 compounds crystallize into the 
pyrochlore structure. Some of them crystallize into the disordered fluorite structure.2 The title compound is one 
of the examples. In the disordered fluorite structure, the metal ions randomly distribute on two interpenetrating 
sublattices of corner-sharing tetrahedra. 

In this work J. G. A. Ramon (University de São Paulo, Brazil) and his collaborators report the bulk properties and 
neutron diffraction of Dy2Zr2O7, suggesting that a significant amount of disorder can lead to a dynamic ground 
state when combined with frustration at low temperatures. Dy2Ti2O7, a well-studied pyrochlore compound, is in 
the “spin ice state” at low temperatures. The recovered electronic entropy, shown in Fig. 1, asymptotically ap-
proaches (R/2)ln(3/2) which is the ice entropy found by Linus Pauling. On the other hand, the recovered entropy 
of Dy2Zr2O7 is close to the Rln(2), for a system with only two discrete orientations. This directly indicates that 
there is no spin-ice state in Dy2Zr2O7. 

Magnetic diffraction data sets at 40 mK are shown in Fig. 2. The net intensity has been corrected for the |Q| 
dependence due to the Dy3+ magnetic form factor so that models of possible spin structures can be compared. 

Yano, W. Ren, K. Nakajima, Z. Zhang, Nature 567, 
506 (2019).
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Fig. 1:  Recovered electronic entropy Se as a 
function of the temperature for Dy2 

Zr2O7 and Dy2Ti2O7. The dashed lines 
denote the expected values for Ising 
spins (Rln2) and spin ices. [Reproduced 
from Ref. 3]

Fig. 2: Magnetic neutron scattering for Dy2 

Zr2O7 at 40 mK, after a dataset at 10 K 
was subtracted to remove the non-
magnetic background, including that 
from the crystalline structure. Data (red 
circles) are plotted against the pow-
der-averaged dipolar spin-ice model 
(dashed line). [Reproduced from Ref. 3] 

Fig. 3: Spatial spin-spin correlations as a function of the ap-
plied magnetic field at 40 mK. Main panel: Magnetic 
diffraction at 0 and 10-kOe Gaussian fits with a common 
instrumental background are used to describe the data. 
Inset: Field dependence of the correlation length deter-
mined from the Gaussian width of the broad maxima 
seen around |Q| ≈ 1.15 Å−1. [Reproduced from Ref. 3] 

No long-range magnetic order is observed. The broad distribution 
of excess magnetic scattering centered at roughly 1.2 Å -1 is char-
acteristic of antiferromagnetically coupled Ising spins on the cor-
ner-sharing tetrahedral lattice. The lack of forward scattering at low 
|Q| indicates the absence of ferromagnetic correlations and is con-
sistent with our negative Curie-Weiss temperature. The blue dashed 
line represents the powder average dipolar spin-ice model observed 
in Dy2Ti2O7, Dy2Sn2O7 and the other spin-ices, where the scattering 
maximizes at |Q| ~0.6 and ~1.6 Å -1, which is very different from that 
observed in Dy2Zr2O7.

In the presence of magnetic field the shape of the low angle scatter-
ing visibly changed. When 10 kOe is applied, as shown in Fig. 3, the 
broad scattering sharpens up, but remains centered at 1.15(7) Å-1. 
Fitting these, and other data, results in the curve shown in the inset. 
Here we plot the correlation length calculated from the full width 
at half maximum of the broad diffuse scattering. The observed 
short-range, spin-spin correlations lengthen in a field, but appear 
to saturate above 15 kOe. This may be a plateau that extends to 35 
kOe but more studies at higher fields are necessary. Within this field 
region the correlations extend to 23.6(8) Å, the length of approxi-
mately six nearest neighbors or five unit cells.

These studies have shown that a significant amount of disorder can 
lead to a dynamic ground state when combined with frustration 
at low temperatures. Other geometrically frustrated magnets also 
show that disorder plays a similar role. With the availability of zir-
conate single crystals and the possibility of solid solution between 
the spin-ice and spin-liquid candidate end members, this family 
seems to be an excellent platform for further investigations, probing 
the role of extensive disorder on the spin dynamics of pyrochlores 
and the propagation of monopoles as disorder is induced to the 
Coulomb phase. 

The above neutron diffraction measurements were carried out on 
the high-intensity neutron diffractometer, WOMBAT at the OPAL 
reactor.4 The pyrolytic-graphite monochromator was employed to 
deliver the long-wavelength neutrons (up to ~5 Å) which is very use-

ful for the studies of the magnetism. The large-area 
position-sensitive detector of Wombat enables fast 
data acquisition speed. In this work counting time of 
~1 hour per pattern is enough for 300 mg of 162Dy-en-
riched sample. Chin-Wei Wang (NSRRC) performed all 
the diffraction experiments on WOMBAT and ana-
lyzed the neutron scattering data. He also collected 
inelastic data measurements on SIKA and TAIPAN 
but the data was not presented in the current paper. 
(Reported by Chin-Wei Wang)
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This report features the work of J. G. A. Ramon and 
his collaborators published in Phys. Rev. B 99, 214442 
(2019). 

ANSTO  WOMBAT—High-intensity Powder  
  Diffractometer

•  Powder diffraction, Single Crystal Diffraction
•  Materials Science, Magnetism, Condensed-matter 

Physics
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2. C. R. Stanek, C. Jiang, B. P. Uberuage, K. E. Sickafus, 

Phys. Rev. B 80, 174101 (2009).
3. J. G. A. Ramon, C. W. Wang, L. Ishida, P. L. Bernardo, 

M. M. Leite, F. M. Vichi, J. S. Gardner, R. S. Freitas, 

Phys. Rev. B 99, 214442 (2019).
4. A. J. Studer, M. E. Hagen, T. J. Noakes, Physica B 

385, 1013 (2006).

 Wombat high-intensity powder diffractometer.

How a Superbug Escape Antibiotic Attack?
The rise in antibiotic resistance represents one of the greatest threats to human health, with 
international organizations and governments calling for urgent action to tackle the crisis. 
Neutron diffraction has served in an investigation of how bacteria changes the membrane 
phospholipid composition to compromise antibiotic actions, which provides hints of innova-
tive bacterial membrane-based therapies for treatment.

D ominating the list of ‘red-
alert’ antibiotic resistant bac-

teria is methicillin-resistant Staph-
ylococcus aureus (MRSA), which is 
well known as Golden staph. As 
one of the most notorious human 
pathogens, S. aureus has uncanny 
ability to adapt to antibiotic and 
host immune selection pressure, 
promoting bacterial survival, per-
sistence and therapeutic failure. 
Treatment of severe MRSA infec-
tions increasingly relies on last-line 
antibiotics, including daptomycin 
(DAP). DAP targets bacterial cell 
membrane to execute its bacteri-
cidal effects and the emergence of 
resistance to daptomycin (DAP-R) 
in S. aureus is of serious concern. 
However, how S. aureus develop 
resistance is not entirely clear. 

Anton Peleg’s group at Monash 
University, Australia, discovered 
that clinical MRSA isolate was able 

to change its membrane phospho-
lipid composition via single point 
mutation in the gene responsible 
for cardiolipin biosynthesis.1 This 
compositional change of the 
membrane phospholipids led to 
daptomycin resistance. To further 
investigate the mechanism of re-
sistance, membrane bilayers mim-
icking DAP-R MRSA membrane 
were reconstituted and Chun-
Ming Wu (NSRRC) utilized the 
advantages of neutrons as a probe 
to analyze the structural changes 
on membrane bilayers caused by 
daptomycin.

Figure 1 shows the profiles of 
small-angle neutron scattering 
(SANS) of membrane bilayers. 
Synthetic phosphatidylglycerol, 
cardiolipin and lysyl-phosphatidyl-
glycerol were dissolved in chloro-
form and mixed at the molar ra-
tios of 69:12:19 and 23:60:17 for 

DAP-sensitive and DAP-R mem-
branes respectively. The lipid mix-
tures were dried under nitrogen 
and resuspended in HEPES buffer 
(5mM CaCl2, 150mM NaCl, 10mM 
HEPES, pH 7.4) with D2O using a 
water bath sonicator. Daptomy-
cin was added to the membrane 
suspension and the mixtures were 
transferred to Hellma cuvettes 
(Hellma Analytics, Germany). The 
samples were measured using the 
SANS instrument, QUOKKA, at AN-
STO over a Q range of ~0.02–0.21 
Å-1 where Q = 4π/λ·sinθ, with λ = 
5 Å, ∆λ/λ = 10% resolution and 
the scattering angle 2θ, providing 
a length scale of 3–31.4 nm. The 
distances of source-to-sample 
(L1) and sample-to-detector (L2) 
were 4 meters, with source and 
sample apertures of 50 mm and 5 
mm in diameter respectively. The 
data were reduced using SANS 
reduction macros developed at 
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the National Institute of Stan-
dards and Technology Center for 
Neutron Research, USA within the 
Igor software package modified 
for the QUOKKA instrument, and 

Fig. 1: Small-angle neutron scatter-
ing profiles measured for (a) 
DAP-sensitive and (b) DAP-re-
sistant membranes treated with 
and without daptomycin (4 μg/
mL). The arrow indicates the lipid 
bilayer, whereas the star indicates 
the Bragg peak as the sign of 
micelle formation. [Reproduced 
from Ref. 1]

Fig. 2: Daptomycin micelle formation in the DAP-sensitive membrane as determined by small-angle neutron scattering. (a) The 
Bragg peak corresponding to the daptomycin micelle (as seen in Fig. 1(a)) was extracted for the calculation of the daptomycin 
micelle size and subunits using core-shell modelling. (b) Schematic illustration of the daptomycin micelle formed within the 
membrane. [Reproduced from Ref. 1]

transformed to absolute scale by the use of an attenuated direct beam 
transmission measurement.2,3 At a clinically relevant daptomycin concen-
tration of 4 μg/ml, daptomycin penetration and aggregation straddling 
the bilayer membrane for DAP-sensitive membrane was observed (Fig. 
1(a)). However, DAP-R membrane resisted daptomycin actions on mem-
brane (Fig. 1(b)).

Figure 2 shows the deduction of daptomycin-bound membrane struc-
ture. The data obtained from HEPES buffer in D2O alone was used for 
background subtraction using the Igor pro package.2 The spectra were 
analyzed using in-built algorithms within the SASview package 4.1 
(http://www.sasview.org/). The standard core-shell and hollow-cylinder 
models were utilized for the fitting of the daptomycin micelles to calcu-
late the radius of the core (Rc) and the thickness of the micelle (Rm).4 It 
was estimated that DAP contains a 28 ± 0.86 Å radius spherical micelle 
structure within the DAP-sensitive membrane bilayer. This micelle struc-
ture was not observed in DAP-R membrane. Taken together, these results 
show that MRSA adapts during treatment with daptomycin in human 
infections by changing its membrane phospholipid content, which leads 
to a membrane that resists daptomycin membrane penetration and dis-
ruption. (Reported by Hsin-Hui Shen, Monash University)

This report features the work of Anton Peleg and his collaborators, pub-
lished in Proc. Natl. Acad. Sci. USA 116, 3722 (2019).

ANSTO  QUOKKA—Small-angle Neutron Scattering
•  Small-angle Neutron Scattering
•  Antibiotic Resistance, DAP-R Membrane, Daptomycin, MRSA, Mutation
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Multifunctional Nano-Carrier as a Potential  
Micro-RNA Delivery Vehicle for Neuroblastoma  
Treatment
In this study, positively charged magnetic Nano-carriers comprising cross-linked polyeth-
yleneimine− tripolyphosphate− Magnetic nanoparticles (PEI–TMNPs) were developed using 
the co-precipitation method. MNPs offer vast opportunities for drug/gene delivery. Iron ox-
ide nanoparticles (IONPs) are available for imaging, diagnostic, and therapeutic applications.

S everal types of nanoparticles (NPs) such as mag-
netic nanoparticles (MNPs) present promising 

opportunities for drug/gene delivery. Iron oxide 
nanoparticles (IONPs) with magnetic properties may 
be used for imaging, diagnostic, and therapeutic ap-
plications. These IONPs have diameters ranging from 
1 to 100 nm and display a core of iron oxide (Fe3O4) 
or maghemite (Fe2O3) or a nonstoichiometric config-
uration of both. IONPs are the most potent nanoma-
terials in nanomedicine, owing to their exceptional 
physicochemical characteristics and excellent bio-
compatibility, non-toxicity, and stability in aqueous 
solutions. IONPs with bare surfaces tend to aggregate 
because of the strong magnetic attraction between 
these particles.1−3

The aggregation of IONPs may be resolved with its 
surface coating using polymer materials. Numerous 
studies have shown the successful delivery of PEI-
based non-viral vectors into target tumors. Moreover, 
sodium TPP is a polyvalent anion with three negative-
ly charged phosphate groups. TPP fragments display 
several attachment points that allow the fabrication 
of PEI–TMNP. The presence of polyanionic charges on 
TPP has allowed it's cross-linking with other polymers 
for RNA/DNA delivery.2−5

X-ray absorption near edge structure (XANES) and ex-
tended X-ray absorption fine structure (EXAFS) anal-
ysis were performed to understand the fine structure 
and Fe atomic arrangement in terms of bond distance 
and co-ordination number. The experiment was per-
formed at TLS 17C1. Small-angle neutron scattering 
(SANS) measurements were obtained on BILBY with 
an OPAL research reactor at ANSTO. Scattering exper-
iments for each sample at a continuous q range of 
0.005 < q < 0.4 Å−1 were performed. Structural chang-
es were measured at temperatures of 25, 37, and 55 
°C. An alternative magnetic field (AMF) was applied 
using in vitro magnetic field generator (MFG) 1000 
(E0200, EURIS, Sweden).

SANS was used to probe changes in the core-shell 
structure of PEI–TMNPs before and after the addition 
of an external magnetic field. In this study, positively 
charged magnetic Nano-carriers comprising cross-
linked PEI–TMNP were developed using the co-pre-
cipitation method. The PEI–TMNP samples at different 
PEI concentrations expressed as PEI–TMNP-x (x = 1, 2, 
3 or 4).

Kuen-Song Lin (Yuan Ze University) and his group 
thoroughly examined the nature of the iron products 
using the XANES technique to obtain information 
related to electronic configuration, stereochemis-
try, and oxidation states of Fe atoms in MNP and 
PEI–TMNP. As shown in Fig. 1(a), XANES spectra of 
Fe atom in MNP, and PEI–TMNP samples exhibited 
an absorbance feature (Fe = 7114 eV) of 1s to 3d 
transition. In comparison with the standard spectra, 
the XANES spectra of products were similar to those 
of the Fe3O4 standard. The transition intensity was 
very sensitive to the co-ordination symmetry. For iron 
oxides, 1s→3d peak intensity of Fe K-edge XANES was 
governed by the average coordination number and 
the symmetry of oxygen anions coordinated to the 
central iron cation.

Fe K-edge EXAFS spectroscopy may provide informa-
tion about the atomic arrangement of Fe species in 
terms of bond distance, co-ordination number, and 
types of neighbors. Fig. 1(b) shows the fine structure 
parameters of MNP and PEI–TMNP at different PEI 
concentrations. EXAFS fitting results for the oxygen 
shell listed in Table 1 suggest that MNP and PEI–
TMNP have Fe atoms at the center that are primarily 
coordinated by Fe–O. The standard Fe–O bond dis-
tance in MNP and PEI–TMNP-x (x = 1, 2, 3, or 4) was 
1.95 Å, with a coordination number of 4.30, 4.05, 
4.08, 4.13, and 3.86, respectively. In all samples, the 
Debye-Waller factor (σ2) was less than 0.014 (Å2). The 
coordination number of the nearest O shell oscillated 
between samples, suggestive of the protective role of 
the coated polymer material.



N
eutron Science

A
CTIV

ITY
 REPO

RT  2019

080

The structural changes in PEI–
TMNP-2 in response to the change 
in temperature and upon appli-
cation of AMF at 0.5 mT external 
magnetic field at 37 °C were stud-
ied using SANS spectra. As shown 
in Fig. 2(a), PEI polymer is not very 
sensitive to temperature change. 
The primary results of the AMF ap-
plication highlighted the changes 
in temperature in response to the 
applied magnetic field (Fig. 2(b)). 
AMF triggered core heat genera-
tion that softened the shell. This 
phenomenon would enhance 
the gene/drug release within the 
tumors, leading to the inhibition 
of tumor growth. After the expo-
sure to the magnetic field, more 
NPs were repositioned owing to 
the strong dipole-dipole attraction 
prompted by the magnetic field. 
However, further in situ experi-
ments are necessary to compre-
hend the release mechanism after 
the AMF application.

In summary, Lin used SANS to 
study the possibility of integrating 
the AMF system and SANS, which 
seems promising. He further ex-
pressed that more in-situ exper-
iments are necessary to compre-
hend the release mechanism of 
the Nano-carrier after its exposure 
to AMF. (Reported by Kuen-Song 
Lin, Yuan Ze University)

This report features the work of 
Kuen-Song Lin and his collabora-
tors published in the J. Taiwan Inst. 
Chem. E. 96, 526 (2019).

TLS 17C1  W200 – EXAFS
ANSTO  BILBY – Small-angle    

             Neutron Scattering
•  SANS, XANES, EXAFS 
•  Materials Science, Chemistry, 

Surface, Interface and Thin-film 
Chemistry, Condensed-matter 
Physics
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Fig. 2: The SANS spectra of (a) PEI–TMNP-2 at different temperatures and (b) PEI–
TMNP-2 after applied 0.5 mT external magnetic field at 37 °C. [Reproduced from 
Ref. 2]

Table. 1:  Fine structural parameters of MNP and PEI–TMNP-x (x = 1, 2, 3 or 4)

Notes: a Coordination number; b Bond distance; c Debye-Waller factor.
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