
X-ray Diff raction & Elemental Analysis

A bridge is often used to symbolize a connection or link 

between two places, and thus we felt The Bridge would be 

the perfect name for our eNewsletter, as we hope that it will act 

as a vehicle for the transmission of ideas and information 

between Rigaku and interested readers around the world.

And a bridge is a two-way 

structure, a concept that we 

will keep in mind as we not 

only provide information 

about Rigaku, but also report 

on interesting research and 

the associated laboratories 

around the world, publish 

technical book reviews that 

might help our readers in 

their work, and highlight 

general news topics that 

are of interest to many 

people involved in 

materials analysis.
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Welcome
The February issue of The Bridge includes our second installment of the serialization of 

Rigaku’s highly acclaimed thin fi lm diff raction book. This book is used as the reference 

workbook at Rigaku’s thin fi lm training sessions held at application labs around the world. 

It incorporates the deep knowledge that Rigaku’s thin fi lm experts have developed over the 

years, and the content is a combination of theoretical understanding of the measurements 

and practical advice on how best to run the experiments. If you are a student of material 

science, you should follow this serialization through 2014 as a New Year’s resolution. If you 

are a PI, you should strongly encourage your students to follow the publication of this book, 

as it will add one more tool to their material science toolkit.

Again, from an educational point of view, an article that might be interesting to newcomers 

to the fi eld of XRF is the Introduction to Sample Preparation for XRF Analysis.

Enjoy the newsletter.



Fig.1 Typical sample preparations
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Featured XRF Application Note
Sample Preparation for X-ray Fluorescence Analysis (1)

by Yasujiro Yamada

Outline of Sample Preparation

1. Introduction

XRF as a technique is widely used in academia, research and development and industry 

as an analysis tool for the determination of elemental composition of materials. Unlike 

wet chemical and other instrumental techniques that require the use of hazardous 

chemicals and diffi  cult preparation methods to dissolve samples for analysis purposes, 

the quick, accurate, sensitive non-destructive analysis technique of XRF makes it attractive 

as an analytical technique, coupled with the fact that it can be used by non-technical 

users and does not require expert knowledge and high skill levels to produce good, 

reliable, reproducible analytical data. XRF is considered to be less labor intensive and 

more environmentally friendly that the aforementioned methods.

XRF has many advantages as mentioned above, but all of these features rely on a good 

sample to present to the XRF system.

It would not be an overstatement to say that XRF analysis data quality is directly linked to 

the quality of the sample preparation technique.

2. Outline of sample preparation

Fig.1 shows an outline of typical sample preparation methods for various types of 

samples. Analysis samples are usually classifi ed into 3 types, namely metal, powder 

and liquid. Shaded boxes are sample preparation methods commonly used. The outline 

of sample preparation for each type is discussed below.

2.1. Metal 

The sample surface is to be ground to remove elemental segregation and extraneous 

matter near the surface and to obtain a fl at analysis surface. Use a grinding tool, a belt 

sander or a grinder for rather hard materials like iron and steel and a lathe or a milling 

machine for rather soft materials like copper and aluminum alloys. The roughness of the 

sample surface aff ects the X-ray intensity, and this is most pronounced for lighter element 

intensities. It is thus necessary to match the roughness of the sample surfaces between 

analysis samples and standard samples. In the case of a high-precision analysis of high 

concentration elements, the fi nish of the analysis surface of the specimen should be as 

fl at as possible. However, it is important to determine the extent of the grinding needed 

and to balance the required analysis precision against the preparation time needed to 

obtain that level of precision. Examples of ground sample surface are shown in Fig.2. 

Featured Rigaku 

Journal Article
Micro-area X-ray diff ractometry

Keigo Nagaoi, 

Application Laboratory, 

Rigaku Corporation

A two-dimensional detector is a 

very eff ective tool, especially for 

micro-area diff raction. This month 

we include our second feature article 

on the use of multidimensional 

detectors for measurement of 

diff raction, with specifi c discussions 

concerning Rigaku’s solution for 

micro-diff raction. This article 

discusses diff erences in instru-

mentation between a dedicated 

micro-area diff ractometer, e.g. the 

D/MAX RAPID II-CMF, and a general 

purpose X-ray diff ractometer, e.g. the 

SmartLab, followed by application 

examples using the 2D detectors 

implemented on those instruments 

for small paint chips, welded metal 

and polymers.

Click here to see full article



Fig.2 Examples of ground sample surface
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Featured EDXRF

Application Note
Silicone Coating on 

Paper and Plastic

Paper and plastic are coated with 

a thin layer of silicone as a release 

coating in the manufacture of tape 

or other adhesives, or as a barrier 

coating for protection against air 

in the packaging of food and other 

materials. During the coating 

process the amount of silicone 

coating, usually expressed as a coat 

weight in g/m2, must be periodically 

measured in order to ensure the 

proper physical properties of 

the product.

Click here to see full 

Application Note
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2.2. Powder

2.2.1. Powder method

Powder samples need to be pulverized when the particle sizes are coarse. The samples 

are pressed after pulverization to make pellets (Fig.3). Analysis errors in the measurement 

of powder samples come mostly from heterogeneity eff ects. The heterogeneity eff ects 

can be classifi ed into a mineralogical eff ect, a grain size eff ect and segregation.

Mineralogical eff ect

This is a phenomenon showing an analysis error due to the variation in the mineral 

components of a sample when an element in the mineral sample containing a number 

of diff erent types of minerals is analyzed. The explanation of this eff ect can be described 

using the example of a sample with aluminum oxide (Al2O3) and silicon dioxide (SiO2). 

Two simplifi ed models are shown in Fig.4, where the particle sizes of both models are the 

same and the concentration of each component is 50 mass%. Fig.4 a) shows the model 

of a mixture of particles of Al2O3 and SiO2 (Mixture), and Fig.4 b) shows the model of 

compound particles consisting of Al2O3 and SiO2 (Compound). The intensities of Si-K 

X-rays exiting the sample are illustrated by the width of the arrows. The result is that the 

Fig.4 a) mixture and the Fig.4 b) compound diff er in the eff ects of absorption of fl uores-

cence X-rays by co-existing elements and thus the, X-ray intensities are not the same 

even if their concentrations are the same. This is called the mineralogical eff ect.



Fig.5 Grain size eff ect

Primary
X-rays

Model a) Model b)

Primary
X-rays

Fluorescence 
X-rays Fluorescence 

X-rays

Platinum crucible Fusion bead sampleTable top type
 HF Bead sampler

4

Segregation

There are two cases of segregation, namely, the non-uniformity of a mixture of particles in 

a sample and the non-uniformity of concentration in particles. A coated particle is given 

as an example of the case where concentration distribution exists in the particle. If such 

a sample is analyzed using semi-quantitative analysis by the fundamental parameter 

method (FP method) after making pressed pellet without any preparation, the analysis 

error of this sample due to the segregation is large. In the case of the coated particle, 

pulverization of the sample powder can reduce the segregation degree, reducing the 

analysis error, as the coating layer also becomes micro-particles.

Grain-size eff ect

This is a phenomenon showing the change of X-ray intensity of the analyzed element 

due to the size of particles. The eff ect is pronounced for X-rays having low energies 

originating from light elements. Their analysis is easily aff ected by the particle size as the 

analysis depth is shallow and the analysis area is only on or in the proximity of the sample 

surface. On the other hand, as the X-rays of heavy elements have higher energies, the 

analysis depth is deeper and the eff ect of particle size on the X-rays is relatively small 

compared with the eff ect on light elements. Fig.5 a) shows the diff erence between the 

irradiated area of primary X-rays and the detected area of fl uorescence X-rays. There is 

a portion of area not irradiated by the primary X-rays when the sample is viewed from 

the fl uorescence X-angle (the Shadow Eff ect). When the entire area is irradiated by the 

primary X-rays and there is no part in the shadow, the fl uorescence X-rays are generated 

uniformly.

Heterogeneity eff ects can be reduced by pulverization, but they cannot be eliminated 

entirely. It is important for the powder method to minimize the heterogeneity eff ect and 

to make standard samples and unknown samples under the same condition (having the 

same heterogeneity eff ect).

2.2.2. Fusion bead method

When materials like rocks, mineral ore, etc. are analyzed with the pressed powder pellet 

method, analysis errors due to the heterogeneity eff ect mentioned above are generally 

present. To eliminate the heterogeneity eff ect, there is a sample preparation method 

called the fusion bead method. This is a method where you make a uniform sample glass 

disk by fusing a powder sample with a fl ux such as lithium tetra-borate at 1000 ~ 1200°C. 

In general, the mixing ratio by weight of sample and fl ux is sample 1: fl ux 10. It is import-

ant for the fusion bead method to pay attention to trace component analysis due to the 

sensitivity drop of the dilution eff ect. Another advantage of the fusion bead method is 

that standard samples for calibration can be made with pure chemical reagents. A 

procedure for making a fusion bead sample is shown in Fig.6.

Training Classes
Join Rigaku at future

training classes

A MiniFlex 600 training class 

was held at Rigaku’s facility in 

The Woodlands, TX, USA during 

the week of February 2nd.

Rigaku is committed to helping you 

make the most of your Rigaku instru-

ment and software. In addition to 

the training that you receive when 

you purchase a new system from 

Rigaku, we also off er a range of 

training courses on a variety of 

products and software several 

times throughout the year at our 

applications laboratory.

Click here to see complete list



Fig.6 Preparation procedure of fusion bead sample
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2.3. Liquid

2.3.1. Liquid method

The liquid sample is poured directly into the sample cell that has a sample fi lm fi xed to it, 

and elements heavier than Na are analyzed directly in the liquid. Polypropylene-type fi lm 

is used for acid and alkaline solutions, and polyester-type fi lm is used for lubricant oil, fuel 

oil, etc., It is important to check the impurities in the fi lm used for the analysis beforehand, 

as polyester-type fi lm can contain impurities that may be elements of interest in the anal-

ysis. The preparation of a liquid sample, is easier for a tube-below type instrument where 

the analysis sample surface faces downward, than for a tube-above type instrument 

where the analysis sample surface faces upward. The typical sample cells for the 

tube-below type and the tube-above type are shown in Fig.7.

2.3.2. Micro-droplet method

This is the method to measure fi lter paper or something similar on which liquid has 

been deposited and dried. It is possible to measure these samples under vacuum 

without sample fi lm, thus light elements such as Mg, Na, F, etc. in liquids can be 

analyzed with higher sensitivity. The fi lter paper for exclusive use of the deposition 

method (MicroCarry), which has slits to control the expansion of liquid samples, is 

shown in Fig.8. It makes quantitative analysis possible by depositing a fi xed amount 

of liquid on the fi lter. Special deposition fi lms (UltraCarry®, UltraCarry Light) have been 

developed to hold a larger volume of liquid for higher sensitivity measurements of 

elements in aqueous solution type samples.

2.3.3. Concentration method

This is a method to measure the collected precipitate produced by the reaction between 

a metal ion in the liquid and a specifi c reagent. The precipitate is collected using a 

fi ltration technique and the resultant fi lter is dried and the precipitate collected on the 

fi lter paper is measured by XRF. The technique is useful for the analysis of trace metal 

elements in aqueous solutions.

The outline of the typical sample preparation methods is discussed in this article. In-depth 
sample preparation methods for powder samples will be discussed in the next issue.

The ZSX Primus III+
The most aff ordable tube-above 

WDXRF spectrometer on the 

market today

Rigaku ZSX Primus III+ delivers rapid 

quantitative determination of major 

and minor atomic elements, from 

oxygen (O) through uranium (U), in 

a wide variety of sample types — 

with minimal standards. The ZSX 

Primus III+ features an innovative 

optics-above confi guration. Never 

again worry about a contaminated 

beam path or down time due to 

sample chamber maintenance. The 

optics-above geometry eliminates 

cleaning worries and increases up 

time.

Click here for more information on 

the Rigaku ZSX Primus III+



Conferences

As everyone is aware by now, 2014 

has been declared the International 

Year of Crystallography by the 

United Nations. The opening 

ceremony of IYCr2014 was held 

at the main UNESCO building in 

Paris, January 20 – 21. Rigaku was 

one of the sponsors of the opening 

ceremony. 

Rigaku will be sponsoring, attending 

or exhibiting at the following confer-

ences and trade shows:

Connecting Membrane Protein 

Function with Structure

Ventura, CA, USA

February 23 – 28

PITTCON 2014

Chicago, IL, USA

March 2 – 6

ARABLAB

Dubai

March 17 – 20

Click here to see the complete list

Assistant Professor Watanabe, right side 
and his students
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At the Laboratory of Soil Science, 

Graduate School of Agriculture, Kyoto 

University, they are studying the soil, 

which is the heart of the ecosystem of 

the earth. Our ecosystem is comprised 

of soil, living things, climate, geographical 

features and geological features. Soil for-

mation, function of soil minerals and soil 

distribution are key issues that they study.

They have been using Rigaku powder 

X-ray diff raction (PXRD) systems for almost 

15 years for analyzing the features of soil 

minerals. A MiniFlex 600 was installed 

there in 2012 by Assistant Professor 

Tetsuhiro Watanabe as his most powerful 

research tool. 

The primary minerals are an ultimate 

source of mineral nutrients in ecosystems, 

and the secondary minerals infl uence 

chemical reactions in the soil. 

He has been studying the function of 

the soil minerals using PXRD for the 

understanding of elemental dynamics 

in the ecosystem.

His MiniFlex 600, equipped with a 

6-position auto sampler and a high-speed 

silicon strip detector, is very helpful for his 

study. Assistant Prof. Watanabe is going 

to expand his area of research in the near 

future to cover not only Asian but also 

African ecosystems, such as Cameroonian, 

where geological conditions are signifi -

cantly diff erent from Asia.

A list of Dr. Watanabe’s publications 

includes:

• Watanabe, T., Funakawa, S., and Kosaki, T. 2009. 

Distribution of clay minerals in upland soils 

under diff erent weathering conditions of 

humid Asia. In Chemical Mineralogy, Smelting 

and Metallization. Eds. E.D. McLaughlin and 

L.A. Breaux, p.19–56, Nova Science Publishers, 

Inc., New York.

• Nakao, A., Funakawa, S., Watanabe, T., Kosaki, T., 

2009. Pedogenic alterations of illitic minerals 

represented by Radiocaesium Interception 

Potential in soils with diff erent soil moisture 

regimes in humid Asia. European Journal of 

Soil Science 60, 139-152.

• Watanabe, T., Ogawa, N., Funakawa, S., Kosaki, 

T., 2008. Relationship between chemical 

and mineralogical properties and the rapid 

response to acid load of soils in humid Asia: 

Japan, Thailand and Indonesia. Soil Science 

and Plant Nutrition 54, 856-869.

• Funakawa, S., Watanabe, T., Kosaki, T., 2008. 

Regional trends in the chemical and miner-

alogical properties of upland soils in humid 

Asia: With special reference to the WRB 

classifi cation scheme. Soil Science and Plant 

Nutrition 54, 751-760.

• Watanabe, T., Funakawa, S., Kosaki, T., 2007. 

Profi le description, properties, and classifi -

cation of seven upland soils formed under 

diff erent conditions in Japan, Thailand, and 

Indonesia. Pedologist 51, 24-34.

• Funakawa, S., Yanai, J., Hayashi, Y., Hayashi, 

T., Watanabe, T., Noichana, C., Panitkasate, T., 

Katawatin, R., Kosaki, T., Nawata, E., 2006. Soil 

organic matter dynamics in a sloped sandy 

cropland of northeast Thailand with special 

reference to the spatial distribution of soil 

properties. Japanese Journal of Tropical Agri-

culture 50, 199-207.

• Watanabe, T., Funakawa, S., Kosaki, T., 2006. 

Clay mineralogy and its relationship to soil 

solution composition in soils from diff erent 

weathering environments of humid Asia: 

Japan, Thailand and Indonesia. GEODERMA 

136, 51-63.

Customer in the Spotlight
MiniFlex 600 in the Laboratory of Soil Science, 

Graduate School of Agriculture, Kyoto University
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The Adventures of Captain Nano
REVEALED — Dr. F. Furter is getting too close for comfort. If only we could warn the Captain
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Material Analysis in the News
News for February 2014

January 31, 2014. By using a novel X-ray technique, researchers have observed a catalyst 

surface at work in real time and were able to resolve its atomic structure in detail. The 

new technique, pioneered at DESY’s X-ray light source PETRA III, may pave the way for 

the design of better catalysts and other materials on the atomic level.

February 4, 2014. Trying to fi nd new materials to improve the performance of anything 

has always been a process of trial and error. However, a signifi cant revolution is underway 

thanks to a massive computerized database and simulation system that can sort through 

thousands of potential materials in the time it previously might have taken to study just 

one. The Massachusetts Institute of Technology system is called the Materials Project; 

while only about three years old, it has already produced signifi cant new fi ndings.

February 7, 2014. The civil construction of the two new PETRA extension halls for an 

additional 10 beamlines has just begun on the DESY campus, requiring the complete 

removal of the PETRA storage ring, including the ring tunnel, during the shutdown of 

PETRA III. The user operation at PETRA III will start again after this shutdown in early 2015.

February 12, 2014. University of Illinois researchers have developed new self-healing 

polymers that do not require extra chemicals or catalysts. The key advantage of using this 

material is that it’s catalyst-free and low-temperature, and can be healed multiple times.

February 14, 2014. On a pound-per-pound basis, carbon nanotube-based fi bers invent-

ed at Rice University have greater capacity to carry electrical current than copper cables 

of the same mass, according to new research. A series of tests at Rice showed that a 

wet-spun carbon nanotube fi ber handily beat copper, reliably carrying up to four times as 

much current as a copper wire of the same mass.

February 14, 2014. Faced with a federal funding shortfall, the University of Wiscon-

sin-Madison has decided to shut down its Synchrotron Radiation Center near Stoughton 

on March 7. Since Aladdin opened in 1986, it’s been used by scientists from around the 

world, and has accounted for many signifi cant achievements in a broad range of sciences.

February 15, 2014. The National Ignition Facility (NIF) at Lawrence Livermore National 

Laboratory in California announced an important milestone on the road to achieving 

ignition, which could lead to producing controlled fusion reactions here on Earth.

February 15, 2014. A new breed of ultra thin super-material has the potential to cause 

a technological revolution. “Artifi cial graphene” should lead to faster, smaller and lighter 

electronic and optical devices of all kinds, including higher performance photovoltaic 

cells, lasers or LED lighting.
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Scientifi c Book Review
The Particle at the End of the Universe 

By Sean Carroll 

Penguin, 2012. ISBN: 1101609702, 9781101609705

Sean Carroll, in his book The Particle at the 

End of the Universe: How the Hunt for the 

Higgs Boson Leads Us to the Edge of a New 

World, examines the recent “discovery” 

of the Higgs boson and the decades of 

research and eff ort that have gone into 

such a revolutionary moment in science. 

He off ers an inclusive and extensive look 

into the history of the Higgs boson and 

the particle physics that supported its 

discovery.

Carroll begins with a rundown of parti-

cle physics, particularly an explanation 

of the Standard Model. The Standard 

Model involves looking at the breakdown 

of matter into its ultimate constitu-

ents, quarks and leptons. He details the 

attempts throughout history to smash el-

ementary particles together at increasing 

energies in order to prove the existence 

of subatomic particles and study their 

behaviors. The Standard Model suggests 

that everything in the universe consists of 

fi elds: both force fi elds that push and pull 

as well as matter fi elds whose vibrations 

are made of particles. The Higgs boson, 

as proposed by the Standard Model, 

serves to break symmetries and explain 

the behavior of other Standard Model 

particles in the macrocosm that is the 

entire universe. Because the Higgs boson 

is such an integral facet in supporting the 

hypotheses of the Standard Model, its 

discovery has been taken very seriously 

and rather slowly. Scientists have spent 

years hypothesizing how to construct 

experiments to fi nd the Higgs boson and 

once some of those experiments began 

showing promising results, scientists have 

waited for the data to indicate a high 

enough statistical signifi cance to warrant 

the jubilation associated with such a 

discovery. 

He also delves into a discussion of the 

Large Hadron Collider (LHC), and the 

years of eff ort and policymaking that 

went into bringing it to life. A number of 

supercolliders have been built over the 

years, but none that came to fruition have 

rivaled the LHC in size and energy capaci-

ty in collisions. Interestingly enough, there 

were plans for a Superconducting Super-

collider (SSC) to be built in Waxahachie, 

Texas that would have rivaled the LHC in 

size and energy capacity; however, these 

plans were never realized.

Carroll addresses the controversial 

conception that the Higgs boson is the 

“God particle” and argues that this name 

is largely an attention-seeking misnomer 

largely employed by the press to sell 

papers, and draws attention to the fact 

that he deliberately chose not to use the 

phrase “God particle” in his title. He ex-

plains how the Higgs boson has nothing 

to do with God or religion, and should not 

play an essential role in either proving or 

disproving theological tenets.

The announcement of the discovery of 

the Higgs boson has been a triumphant 

moment in the history of science, but it 

was the result of a culmination of decades 

of eff ort and experimentation by dozens 

of scientists and engineers. This discov-

ery will undoubtedly lead to countless 

others through the exploration of new 

symmetries, forces, and dimensions in the 

universe.

Jeanette S. Ferrara 
Princeton, Class of 2015



Mineralogical analysis of clays in hardsetting 

soil horizons, by X-ray fl uorescence and X-ray 

diff raction using Rietveld method. Prandel, L.V.; 

Saab, S.C.; Brinatti, A.M.; Giarola, N.F.B.; Leite, W.C.; 

Cassaro, F.A.M. Radiation Physics & Chemistry. 

Feb2014, Vol. 95, p65-68. 4p. 

DOI: 10.1016/j.radphyschem.2012.12.017.

Archaeometric study of black-coated 

pottery from Pompeii by diff erent analytical 

techniques. Scarpelli, Roberta; Clark, Robin J.H.; 

De Francesco, Anna Maria. Spectrochimica Acta 

Part A: Molecular & Biomolecular Spectroscopy. 

Feb2014, Vol. 120, p60-66. 7p. 

DOI: 10.1016/j.saa.2013.09.139.

The infl uence of fl y ash on the hydration of 

OPC within the fi rst 44 h—A quantitative in 

situ XRD and heat fl ow calorimetry study. 

Dittrich, S.; Neubauer, J.; Goetz-Neunhoeff er, F. 

Cement & Concrete Research. Feb2014, Vol. 56, 

p129-138. 10p. 

DOI: 10.1016/j.cemconres.2013.11.013.

Parametric line profi le analysis for in situ 

XRD of SnO2 materials: Separation of size 

and strain contributions. Pavelko, R.G.; 

Gispert-Guirado, F.; Llobet, E. Solid State Ionics. 

Feb2014, Vol. 255, p21-29. 9p. 

DOI: 10.1016/j.ssi.2013.11.028.

Structural characterization of “as-deposited” 

cesium iodide fi lms studied by X-ray diff rac-

tion and transmission electron microscopy 

techniques. Triloki; Garg, P.; Rai, R.; Singh, B.K. Nu-

clear Instruments & Methods in Physics Research 

Section A. Feb2014, Vol. 736, p128-134. 7p. 

DOI: 10.1016/j.nima.2013.10.075.

Soft x-ray absorption and high-resolution 

powder x-ray diff raction study of supercon-

ducting CaxLa1-xBa1.75-xLa0.25+xCu3Oy system. 

Agrestini, S.; Sanna, S.; Zheng, K.; De Renzi, R.; 

Pusceddu, E.; Concas, G.; Saini, N.L.; Bianconi, A. 

Journal of Physics & Chemistry of Solids. Feb2014, 

Vol. 75 Issue 2, p259-264. 6p. 

DOI: 10.1016/j.jpcs.2013.09.026.

Comparison of the accuracy of powder and 

single-crystal X-ray diff raction techniques 

in determining organic crystal structure. 

Li, Shanshan; Wu, Xiaoqing; Pan, Qingqing; 

Cheng, Qiang; Li, Hui. Chinese Science Bulletin. 

Feb2014, Vol. 59 Issue 5/6, p497-501. 5p. 

DOI: 10.1007/s11434-013-0074-8.

Crystallization temperature determination of 

Itokawa particles by plagioclase thermome-

try with X-ray diff raction data obtained by a 

high-resolution synchrotron Gandolfi  camera. 

Tanaka, Masahiko; Nakamura, Tomoki; Noguchi, 

Takaaki; Nakato, Aiko; Ishida, Hatsumi; Yada, Toru; 

Shirai, Kei; Fujimura, Akio; Ishibashi, Yukihiro; 

Abe, Masanao; Okada, Tatsuaki; Ueno, Munetaka; 

Mukai, Toshifumi. Meteoritics & Planetary Science. 

Feb2014, Vol. 49 Issue 2, p237-244. 8p. 

DOI: 10.1111/maps.12215.

X-Ray Powder Diff raction as a Tool to Inves-

tigate the Ultrastructure of Nanoparticles. 

Prymak, O.; Ristig, S.; Meyer-Zaika, V.; Rostek, A.; 

Ruiz, L.; González-Calbet, J.; Vallet-Regi, M.; Epple, 

M. Russian Physics Journal. Feb2014, Vol. 56 Issue 

10, p1111-1115. 5p. 

DOI: 10.1007/s11182-014-0149-2.

In situ high-pressure synchrotron X-ray 

diff raction study of the structural stability 

in NdVO4 and LaVO4. Errandonea, D.; Popescu, 

C.; Achary, S.N.; Tyagi, A.K.; Bettinelli, M. Materials 

Research Bulletin. Feb2014, Vol. 50, p279-284. 6p. 

DOI: 10.1016/j.materresbull.2013.10.047.

High-pressure elastic behavior of 

Ca4La6(SiO4)6(OH)2 a synthetic rare-earth sili-

cate apatite: a powder X-ray diff raction study 

up to 9.33 GPa. Fan, Dawei; Wei, Shuyi; Ma, Main-

ing; Chen, Zhiqiang; Li, Baosheng; Xie, Hongsen. 

Physics & Chemistry of Minerals. Feb2014, Vol. 41 

Issue 2, p85-90. 6p. 

DOI: 10.1007/s00269-013-0626-0.

In situ X-ray diff raction strain-controlled study 

of Ti–Nb–Zr and Ti–Nb–Ta shape memory 

alloys: crystal lattice and transformation 

features. Dubinskiy, S.; Prokoshkin, S.; Brailovski, 

V.; Inaekyan, K.; Korotitskiy, A. Materials Characteri-
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