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bosome treatment. Taken together, these results indicate 
that cubosomes are bactericidal to A. baumannii on altering 
the membrane bilayer structure, whilst Ab 19606R is more 
susceptible to cubosome treatment, which is in accordance 
with results in vitro in which the minimum inhibitory con-
centration of cubosomes against Ab 19606R is 2 μg/mL 
compared with 4 μg/mL for Ab 5075D. (Reported by Xiang-
feng Lai, Monash University, Australia)

This report features the work of Mei-Ling Han, Jian Li, Hsin-
Hui Shen and their collaborators, published in ACS Appl. 
Mater. Interfaces 12, 44485 (2020).
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-3-phospho]-glycerol (sodium salt) (18:1 Cardiolipin, TOCL) 
were mixed thoroughly in trichloromethane at molar ratios 
37:47:16, 64:26:10, 72:25:3 and 81:17:3 to represent an Ab 
5075D outer membrane (OM), Ab 19606R OM, Ab 5075D 
inner membrane (IM) and Ab 19606R IM, respectively. The 
mixtures were then dried under N2 and dispersed in D2O 
with a HEPES buffer using bath sonication. The membrane 
dispersions were then transferred to quartz cuvettes and 
characterized at 25 oC to confirm the fabrication of the 
bilayer. Cubosomes at concentrations 4 and 32 μg/mL were 
consecutively added to the cuvettes and incubated for 30 
min before being subjected to shows small-angle neutron 
scattering (SANS) measurements. The measurements were 
conducted on 40-m pinhole instrument QUOKKA at OPAL 
research reactor in Australian Nuclear Science and Technol-
ogy Organisation (ANSTO), Sydney, Australia. Wave vector 
Q is calculated from θ (scattering angle) and λ (neutron 
wavelength): Q = 4π sin θ/λ. Two instrument configurations 
were applied to cover large Q and small Q. Distance L1 = 4 
m from source to sample and distance L2 = 3 m at 5 Å and 
L1 = L2 = 12 m at 6 Å from sample to detector were used to 
give a Q range 0.0049−0.28 Å−1. 

Figure 1 shows SANS profiles of membrane bilayers before 
and after cubosome treatment. After the cubosome treat-
ment, both OM and IM of Ab 5075D and Ab 19606R were 
evidently significantly disrupted, as indicated by the loss 
of the bilayer intensity. An analysis of SANS profiles was 
performed using SasView (version 4.2.2). The data were 
fitted using lamellar_hg and a Gaussian peak model. The 
calculated bilayer thicknesses are reported in Table 1. No-
tably, the thicknesses of OM and IM of Ab 5075D remained 
unchanged, while being altered for Ab 19606R after cu-

Table 1:	Bilayer thicknesses (δ) before and after cubosome treatment 
with a lamellar model for the OM and IM of Ab 19606R and Ab 
5075D. [Reproduced from Ref. 1]

Membrane δbilayer (Å) δCub 4 (Å) δCub 32 (Å)

Ab 5075D OM 47.2 ± 1.1 47.5 ± 1.2          -

Ab 19606R OM 47.6 ± 0.5 49.2 ± 0.4          -

Ab 5075D IM 51.7 ± 1.5 51.5 ± 0.9 50.9 ± 2.2

Ab 19606R IM 48.3 ± 0.4 45.0 ± 0.7 51.9 ± 2.5

A collaborative team, distinguished by an Innovation in Taiwan Award of the Institute for Biotechnology and Medicine In-
dustry and Research Center for Biotechnology and Medicine Policy, has reported an investigation of the bone growth in 

additive-manufactured implants using Ti6Al4V and bioactive glass- powder composite.1 E-Wen Huang (National Chiao Tung 
University & Industrial Technology Research Institute) led the multi-scale characterization team to investigate the underly-
ing mechano-biological processes at varied scales due to the hierarchical nature of the bones.2 With customized geometry 
made by one-step mixing of the bioactive ceramic in the metallic powders, additive-manufacturing implants demonstrate 
outstanding performance in bone growth. Shao-Ju Shih (National Taiwan University of Science and Technology University) 
designed the one-step ceramic-metal powder mixing; Nien-Ti Tsou (National Chiao Tung University) invented the healing 
pattern analysis for implant geometry, and Meng-Huang Wu (Taipei Medical University) performed the surgery.

Neutron Experiments Exploring Advanced Metallurgy
AM and HEA are two emerging topics to advance metallurgy. Newly developed additive-man-
ufacturing implants and a summary of how neutron experiments reveal the HEA deformation 
behaviours are reported.
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Specifically, additive manufacturing (AM) brings high 
degrees of geometric freedom to the production, but it 
raises a great challenge to control the microstructure het-
erogeneity and anisotropic mechanical properties induced 
by localized rapid cooling and directional solidification. It 
is hence important to apply neutron diffraction measure-
ments in situ to reveal the mechanical behavior of the AM 
materials. Under the Neutron Program of NSRRC, Huang 
showed that, through the generation of a transient phase 
using AM, the metals are strengthened.3 The plastic anisot-
ropy and deformation-induced phase transformation of 
additive-manufactured metals were revealed. Neutron dif-
fraction in situ also unraveled the thermal history about the 
reversibility of the phase transformation of additive-manu-
facturing metals.

Using the advanced light sources at the NSRRC in Taiwan 
for the multi-scale characterizations, the team applied 
synchrotron-based high-resolution X-ray microcomputed 
tomography to microstructured images of the bulk im-
plants surgically embedded in the iliac bones at TLS 01A1. 
Transmission X-ray microscopy is also a non-destructive 
image microscopy technique, which enables the character-
ization of high-resolution X-ray radiography in both two 
dimensions and the internal microstructure tomography in 

three dimensions at TLS 01B1. The direct contacts of new 
bone, mature bone, and void areas were distinguished. The 
small- and wide-angle X-ray scattering techniques have 
been extensively carried out to identify the predominant 
orientation distribution, degree of crystalline arrangement, 
as well the shape and size of mineralized hydroxyapatite 
within the regenerating bone tissues at TLS 23A1. The 
characterization in crystallographic textures of mineral crys-
tallites acquired by X-ray diffraction is capable of evaluating 
the progress of bone remodeling and bone mineralization 
during bone healing process. To map the crystallization of 
the local bone growth, Huang’s group applied the nano 
X-ray Laue diffraction at TPS 21A for scanning across the 
boundary from the implants to the mature bone through 
the new-born bone and at TPS 23A for element mapping.

Although AM enables the freedom for the fabrication, the 
concept of high-entropy alloys (HEA) opens new space for 
many further possibilities. To investigate the complicated 
HEA, in situ neutron diffraction experiments, which simul-
taneously measure the bulk performance and the deforma-
tion at the lattice level,4 reveal great insight. For example, 
“a study of lattice elasticity from low entropy metals to 
medium and high entropy alloys”,5 supported by the Neu-
tron Program of NSRRC, is the first research revealing the 

The NSRRC Neutron Program supports Huang’s team for the neutron experiments at (a) Australian Nuclear Science and Technology Organisation; (b)  
Japan Proton Accelerator Research Complex; and (c) Spallation Neutron Source, Oak Ridge National Laboratory. [Photos courtesy of E-Wen Huang]
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fundamental tensors and proposing the role of stacking 
faults for HEA using neutron diffraction measurements in 
situ. The highly cited “in-situ neutron diffraction studies on 
high-temperature deformation behavior in a CoCrFeMnNi 
high-entropy alloy”6 is the first paper using neutron diffrac-
tion to demonstrate the creep behavior of the HEA. More-
over, Huang’s team quantifies the vacancy concentration 
using neutron diffraction; Huang’s group is the earliest few 
to point out the elemental effects on HEA vacancy and 
heterogeneous lattice distortion subjected to quasi- 
equilibrium heating.7 For improved fatigue life, neutron 
diffraction measurements explain why HEA are promising 
for longer lifetime.8

In summary, this report shows systematic research using 
multi-scale neutron measurements for research on AM 
and High Entropy Alloys. The underlying mechanisms are 
revealed for better design and fabrication of the advanced 
metallurgy. (Reported by E-Wen Huang, National Chiao 
Tung University)

This report features the work of E-Wen Huang and his collab-
orators published in Acta Mater. 201, 412 (2020) and Mater. 
Chem. Phys. 230, 83 (2019); and the work of K. N. Tu and his 
collaborators published in Sci. Rep. 9, 14788 (2019).  

Neutron Program
•	 Travel support for neutron experiment execution
•	 Magnetic Materials, Superconducting Materials, Energy 

materials, Polymer Materials
TPS 21A  X-ray Nanodiffraction
•	 Laue Diffraction
•	 Materials Science, Environment and Energy Science, High 

Pressure Physics
TPS 23A  X-ray Nanoprobe
•	 Element Mapping
•	 Materials Science, Semiconducting Polymer, Organic 

Transistor, Metal Coordination

TLS 01A1  SWLS – White X-ray
•	 Tomography
•	 Biochemistry, Materials Science
TLS 01B1  SWLS – X-ray Microscopy
•	 TXM
•	 Biochemistry, Materials Science
TLS 23A1  IASW – Small/Wide Angle X-ray Scattering
•	 SWAXS
•	 Materials  Science, Chemistry, Condensed-matter Physics, 

Environmental and Earth Science
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