
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
As you might imagine, competitors read each other’s newsletters. A recent article in such 

a newsletter caught our attention and prompted us to make our own measurements to 

validate the accuracy of our SmartLab diff ractometer. We are pleased to report in the 

accompanying White Paper that the SmartLab performed quite well, thank you, and we 

use this issue to share our results.

Rarely a week goes by that Rigaku is not exhibiting at or attending a conference of 

some type, somewhere in the world. As this issue of The Bridge is being prepared, we are 

attending the 13th Chinese and International Biophysics Congress in Nanchang, China. 

The excitement and enthusiasm of the young students is contagious and it is almost 

overwhelming to try and understand the advances that are being made in understanding 

life at a molecular level. Our challenge as an instrument company is to keep up with the 

dreams and visions that our current and future customers hold. It is a strong challenge but 

one that keeps us motivated and moving forward with our technology. 

Enjoy the newsletter.



Featured Rigaku 

Journal Article
Powder diff raction optics for 

SmartLab X-ray diff ractometer

Rigaku’s Cross Beam Optics (CBO) 

pioneered the concept of easy 

switching functionality between 

Bragg-Brentano focusing beam and 

parallel beam confi gurations. This 

article discusses an extension of 

the CBO concept: a Johansson K1 

monochromator for high-resolution 

refl ection mode or, combined with 

existing CBO and CBO-E optics, con-

verting the focusing beam to parallel 

and convergent beam, respectively, 

for transmission mode diff rac-

tion experiments. The Johansson 

monochromator is mounted on a 

vertical - goniometer and the dif-

fractometer can easily be switched 

to a non-Johansson confi guration 

using the Guidance software, which 

guides the user to confi gure the 

proper setup and aligns the optics 

automatically.

Click here to see full article

Technical Discussion:
Ultra high-accuracy SmartLab goniometer

For thin fi lm and powder diff raction 

measurements, the accuracy of the 

measurement is strongly infl uenced by 

the precision of the goniometer. The 

SmartLab’s goniometer is a - vertical 

goniometer. The two  axes are driven by 

AC servo motors and each goniometer 

angle is measured by a direct optical en-

coding system that is mounted directly on 

each goniometer gear. The result of this 

advanced mechanical design is that the 

SmartLab’s goniometer achieves absolute 

angular accuracy of less than ±0.01° and 

minimum peak FWHM on NIST SRM 660b 

(LaB
6
) below 0.025°. 

The goniometer is designed to hold 

mechanical components weighing 

more than 30 kg so that it is able to be 

equipped with a heavy X-ray source, e.g. 

rotating anode generator, optics, e.g. 

Johansson K1 optics, and detector, e.g. 

Pilatus 100K 2-D detector. Unlike some 

goniometers, it is not necessary to fi x 

the  axis even when it is confi gured in a 

high-resolution Johansson K1 setup and 

it still can be operating in a - mode. 

One of the parameters that indicate the 

goniometer precision is a minimum 

achievable peak FWHM (full width at half 

maximum) of a diff raction peak profi le. In 

this article, peak profi le measurements on 

a NIST SRM 660b (LaB
6
) standard sample 

using the SmartLab X-ray diff ractometer 

equipped with a 2 kW sealed X-ray tube 

and a 9 kW rotating anode generator will 

be discussed.

Figure 1 shows the SmartLab goniometer 

equipped with a 9 kW rotating anode 

generator, refl ection sample stage and 

D/teX Ultra 250 1-D silicon strip detector. 

The primary optic confi guration is Rigaku’s 

CBO (Cross Beam Optics), which enables 

one to switch between Bragg-Brentano 

and parallel beam without optic align-

ment. In the experiments discussed here, 

the Bragg-Brentano confi guration was 

used. The beam size and divergence is 

shaped by a motorized divergence slit, 

Soller slit and beam height limiting slit. 

The NIST SRM 660b sample was prepared 

on a refl ection powder sample holder 

and mounted on the standard sample 

attachment. Diff racted X-rays were record-

ed utilizing a confi guration of second-

ary optics including 2x motorized slits, 

anti-scattering slit and receiving slit, Soller 

slit and detector.

Figure 2 shows the 2- scan profi le ob-

tained for LaB
6
 100 diff raction peak. In this 

experiment, a copper sealed X-ray tube 

with 1.2 kW loading and a D/teX Ultra 

250 1-D detector was used. Detailed scan 

conditions including optic confi guration 

are summarized in Table 1.

Figure 1. SmartLab X-ray diff ractometer employed 
in the experiment. It is equipped with the new 

D/teX Ultra 250 1-D silicon strip detector. Note the 
instrument in the photograph is equipped with a 

9kW rotating anode generator.
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Figure 2. 2- scan result on NIST ASM660b (LaB6) 
recorded by SmartLab X-ray diff ractometer with 
Bragg-Brentano confi guration with D/teX Ultra 

250 1-D silicon strip detector. 



The measured FWHM of the peak was 

0.0244°. The FWHM was calculated by 

a profi le-fi tting algorithm using a split 

Pearson VII function implemented in 

Rigaku’s PDXL software. To obtain such a 

very narrow peak, it is important to reduce 

the horizontal and axial divergence. For 

this reason, a relatively narrow divergence 

slit of 1/8° and a 0.5° Soller slit was used. 

Moreover, minimization of the defocus-

sing eff ect is another important issue 

when a 1-D detector is used. The defocus-

sing eff ect can be controlled by 2x slits on 

the secondary beam side, anti-scattering 

slit and the receiving slit. In this experi-

ment, those slits were set to 3.0°.

Figure 3 shows the 2- scan profi le of 

the LaB
6
 100 diff raction peak measured by 

a copper rotating anode X-ray generator 

running at 9.0 kW and utilizing a scintil-

lation detector. Detailed scan conditions 

including the optic confi guration are 

summarized in Table 2.

The FWHM of the measured peak was 

0.0225°. As discussed earlier, control of 

both horizontal and axial divergence is 

important in obtaining such a narrow 

peak profi le. For the secondary beam side, 

reducing the receiving slit is an important 

issue when the point detector (0-D detec-

tor) is used. In the experiment, a 0.05 mm 

receiving slit was used.

In conclusion, we have demonstrated that 

the SmartLab X-ray diff ractometer has 

a goniometer with extraordinarily high 

accuracy. Minimum peak FWHM on NIST 

SRM 660b (LaB
6
) was below 0.025° for 

both the 3 kW sealed X-ray tube system 

and the 9 kW rotating anode generator 

system. These results also indicate that 

the SmartLab goniometer is mechanically 

rigid enough to support a relatively heavy 

rotating anode generator. Moreover, ob-

tained peak FWHM was almost the same 

when measured with a 1-D D/teX Ultra 

250 detector as well as the 0-D scintilla-

tion detector. This demonstrates that the 

resolution of the D/teX Ultra 250 detector 

is quite high and equivalent to a point 

detector when operated with a narrow 

0.05 mm receiving slit.

Click here for more information on the 

Rigaku SmartLab

Featured 

Application Note
WDXRF: Silicate Rock Analysis by 

the Low Dilution Fusion Method

The measurement of geochemical 

data from silicate rock is essential for 

modern petrology. WDXRF is a pop-

ular method for the determination 

of major elements, in silicate rock, 

using the fusion method for sample 

preparation. For measurement of the 

trace elements the pressed pow-

der method is often used because 

dilution by fl ux signifi cantly reduces 

sensitivities. This application note 

describes a low dilution fusion meth-

od that allows both major elements 

and trace elements to be measured 

accurately from one sample.

Click here to see full application note

3

Table 1. Measurement conditions of the 2- 
scan shown in Figure 1.

Figure 3. 2- scan result on NIST ASM660b 
(LaB6) recorded by SmartLab X-ray diff ractometer 

with Bragg-Brentano confi guration with 
scintillation detector. 

Table 2. Measurement conditions of the 2- 
scan shown in Figure 2.



Abstract

Due to increased activity from oil and gas drilling sites, many mineral laboratories are 

facing a signifi cant increase in the number of core, scale and corrosion samples, along 

with a corresponding demand for faster turn-around time. New methodologies to 

increase effi  ciency and provide faster results are necessary to meet client expectations. 

Cluster analysis can be utilized as a high-throughput method with a shorter analysis time 

than current X-ray diff raction testing procedures to confi rm the mineralogy of each 

stratum in the drilling process. Cluster analysis results are compared to traditional 

methods from existing core labs in two cases studies of varying oil fi eld shale and scale 

samples. One study consists of 21 bulk mineral core samples (FTS International 

Corporation). Core samples from neighboring wells are sampled at varying depths.

The second case study consists of 33 scale and corrosion samples (Baker Hughes 

Upstream Chemical Analytical Laboratories). Although many samples in this study are 

unusual, similarities and effi  cacies are discovered. In both cases, analysis time can be 

signifi cantly decreased.

Cluster analysis with Rigaku’s PDXL program allows users to pre-sort large sets of X-ray 

diff raction data into clusters of similarity based on Principal Component Analysis (PCA). 

Cluster results are displayed visually in dendrograms separated by Eigenvalues of 

similarity. Picking the most similar patterns allows pre-separation of data to increase 

effi  ciency in analysis.

Cluster Analysis – A High-Throughput 

X-ray Diff raction Method for Mineral 

Identifi cation and Quantifi cation
by Lori Hatherley, Rigaku Americas Corporation
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To learn more about the Rigaku MiniFlex 

benchtop X-ray diff ractometer, watch 

the product overview video above.



0.990 
similarity

Cluster 1

Cluster 2
Cluster 3

Figure 3. Once a template is established, open remaining cluster data and process for phase identifi cation 
and quantifi cation by the Rietveld method. Results are displayed above. 
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Case Study of Well Samples - 21

Figure 1. By choosing an Eigenvalue of 0.990 similarity criteria, three groups appeared in the dendrogram. 

Figure 2. In Cluster 1, sample 10050 is used to create a template for phase identifi cation 
and quantifi cation. Results are displayed above. 

XRD for Everyone
Benchtop qualitative and 

quantitative powder diff raction

The 5th generation MiniFlex 

is a general purpose X-ray 

diff ractometer that can perform 

qualitative and quantitative analysis 

of polycrystalline materials. The 

MiniFlex is available in two variations. 

Operating at 600 watts (X-ray tube), 

the MiniFlex 600 is twice as powerful 

as other benchtop models, enabling 

faster analysis and improved overall 

throughput. Running at 300 watts 

(X-ray tube), the new MiniFlex 300 

does not require an external heat 

exchanger. Each model is engi-

neered to maximize fl exibility in 

a benchtop package.

Click here for more information on 

the Rigaku MiniFlex



0.768 
similarity

Summary:

Case Study 1:

Original time for analyzing the data was 3.5 hours per sample. Using Rigaku’s Cluster 

Analysis Software, analysis time per sample can be decreased to 13 minutes. For brevity, 

17 of the 21 sample results are displayed above.

As well as saving vast amounts of time, results from Rigaku’s Cluster Analysis software 

correlate well to the original analysis report. Cluster results are within 8 wt. percent for 

48% of the samples, 12 wt. percent for 43% of the samples and within 20 wt. percent 

for the remaining 9% of the original data sets.

Case Study of Scale And Corrosion Samples - 33

For example, below is a set of 14 scale and corrosion samples. Geological raw XRD 

patterns were analyzed using Cluster Analysis method by peak list (from template).
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Figure 4. Alternative view for Rietveld quantitative analysis. This format can be used to monitor 
the trends in phase changes by depth.

Figure 5. All samples had an Eigenvalue of 0.768 similarity. This indicates a signifi cant amount 
of diversity or little similarity.



Wt% calcite quartz dolomite barite others
15038 100
15045 98.43 1.26 KCl  0.21
18566 93.3

17783 99.81
Celsian 

(BaALSiO2-
15058 69 21 11 halite- 5.0, siderite-6.0; rudashevskyite-0.7
18185 82 7 5.4 halite-1.9, kao te-4.0; fersilicite -0.22
18186 71 21 3 halite-4.2, kao te-01; fersilicite -0.24
18513 76.92 7.16 halite- 1.07, goethite-8,.68, gypsum-6.17
17952 98 0.94 0.26 halite-0.3, kao te-0.47; fersilicite -0.11
17457 98.25 halite-0.95, iron- 0.8
17641 86.91 7.8 kspar-2.70; plagioclases-3.70

18565
75 

(CaMnCO3);

17949

Calcite- 86 
monoclinic 
1.5 GPa 4

aragonite- 11.4; sylivine(KCl)-1.7;        
Sanidine 11.7

phillipsite-5 ( Ba-feldspar); hema te-1, 
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Figure 6. By choosing an Eigenvalue of 0.942 similarity criteria, four distinctive groups appeared.

Figure 7. Each group was selected and analyzed for phase identifi cation and quantitative analysis 
(using Rietveld or RIR where crystal structures were unavailable). 

Discussions:

Results have been entered into a spreadsheet with coordinating colors to show the 

reasons for grouping. All groups contained at least calcite, but group 1 contained all pure 

calcite phases (100 to 98%) with very little other trace phases. Group 2 contained calcite 

(98 to 69%) with minor phases of quartz and halite trace phases. Group 3 contained 

predominately calcite (substituted with some Mg) and with diff erent trace phases. Group 

4 was a pressure altered calcite with varying trace phases.

Next set of 19 scale and corrosion samples. Geological raw XRD patterns were analyzed 

using Cluster Analysis method by peak list (from template).

Figure 8. By choosing an Eigenvalue of 0.961 similarity criteria, four distinctive groups appeared. 



Materials Research Society (MRS)

Boston, MA, USA, December 1 – 6

CPhI India

Mumbai, India, December 3 – 5

SEMICON Japan 2013

Chiba, Japan, December 4 – 6

Asian Crystallographic 

Association (AsCA)

Hong Kong, China, December 7 – 10

American Geophysical Union (AGU)

San Francisco, CA, USA, December 9 – 13

Click here to see the complete list

Join Rigaku at Future Meetings
Rigaku will be sponsoring, attending or exhibiting at 

the following conferences and trade shows:

Rigaku exhibited (photo above) at the 13th 
Chinese and International Biophysics Congress 
October 28 – November 1 in Nanchang, China. 

Over 1000 attendees demonstrated the growing 
importance of biophysics in China. 

Summary:

Case Study 2:

Analysis time was 30 minutes for each sample using the original method of analysis. 

Analysis time decreased to 10 minutes with Rigaku’s Cluster Analysis software but now 

includes quantitation (which was not performed in the original analysis).

Special thanks go to Researchers at FTS International, Houston, TX and Baker Hughes 
Upstream Chemical Analytical Laboratories, Bakersfi eld, CA for providing the raw data 

patterns and support. All data patterns were collected with the Rigaku MiniFlex 600 and 
D/teX Ultra high speed detector.
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Figure 9. Each group was selected and processed. Signifi cant similarities reduced the time for phase 
identifi cation and quantitative analysis (using Rietveld or RIR where crystal structures were unavailable). 
Results have been entered into a spreadsheet with coordinating colors to show the reasons for grouping. 
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Material Analysis 

in the News
News for November 2013 

November 6, 2013. Using the world’s 

most brilliant X-ray source, scientists 

have for the fi rst time peered into molten 

magma at conditions of the deep Earth 

mantle. The analysis at DESY’s light source 

PETRA III revealed that molten basalt 

changes its structure when exposed to 

pressure of up to 60 gigapascals (GPa), 

corresponding to a depth of about 1400 

kilometres below the surface.

November 12, 2013. X-ray fl uorescence 

spectrometry and related techniques: 

an introduction. This book is a tutorial 

providing an up-to-date description of 

the fundamentals of X-ray fl uorescence 

(XRF) techniques including an overview 

of instrumentation, sample preparation 

procedures and applications. Readers 

new to XRF analysis will benefi t from the 

straightforward writing style, and more 

established X-ray analysts will gain from 

the description of related techniques.

November 12, 2013. Stephen ‘’Steve’’ 

Wilkins was a distinguished physicist with 

CSIRO and adjunct professor at Monash 

University. He passed away suddenly, as 

he was about to deliver the fi rst in a series 

of lectures on X-ray science to physics 

honours students at Monash.

November 13, 2013. Using the X-ray 

beams of The European Synchrotron 

(ESRF) a team of international scientists 

showed that the electrons absorbed and 

released by cerium dioxide nanoparticles 

during chemical reactions behave in a 

completely diff erent way than previously 

thought: the electrons are not bound 

to individual atoms but, like a cloud, 

distribute themselves over the whole 

nanoparticle.

November 15, 2013. For many centuries 

mercury sulfi de was the painter’s fi nest 

red pigment, but in some old paintings it 

has now darkened to a blackish color. The 

explanation has been controversial, but 

a research team using a combination of 

x-ray spectroscopy and fi rst-principles cal-

culations now claims to have discovered 

the photochemical processes responsible.

November 15, 2013. Hydrogenation of 

an aluminium alloy to create a novel ma-

terial for hydrogen gas storage has been 

investigated using in situ synchrotron 

radiation X-ray diff raction measurements 

and other techniques pointing to a bright 

future for a once-luxury metal.

November 18, 2013. The fi rst X-ray dif-

fraction image of Martian soil was taken 

from the Gale crater. The soil revealed 

traces of feldspar, olivine and pyroxenes. 

James Wray, Assistant Professor in the 

School of Earth and Atmospheric Scienc-

es at the Georgia Institute of Technology, 

and lead author of the new study, claims 

that his research team has yielded the 

“most compelling” evidence yet that Mars 

boasts granitic rocks.

November 20, 2013. Researchers from 

University College London (UCL) in the UK 

and INFN in Italy have developed a new 

gold nanoparticle (GNP) imaging method 

for tumors that works by detecting the 

L-edge X-ray fl uorescence (L-XRF) emitted 

when gold is irradiated with 15 keV X-rays. 

The technique can achieve increased 

detection sensitivity at greater depths 

than current optical modalities. The INFN 

group designed two L-XRF imaging 

systems; a step-and-scan spectroscopic 

module and an energy-resolving pixellat-

ed detector.

November 20, 2013. Martin de Jonge 

from The Australian Synchrotron in 

Clayton Victoria has entered The Austra-

lian Innovation Challenge with a project 

probing the distribution of nutrients in 

food and the environment using an X-ray 

fl uorescence microprobe at the Australian 

Synchrotron.

The Adventures of Captain Nano
Battling the N.I.B.s — Transfered to another lab by way of mop bucket, the Captain 

fi nds himself face to face with Nano Inorganic Bots intent on erasing his mind.



Scientifi c Book Review
The Spark of Life By Frances Ashcroft

In her newest book, The Spark of Life, 

Oxford professor Frances Ashcroft looks at 

the role of electricity in the human body. 

Ashcroft begins by looking at perceptions 

of electricity’s role in the human body in 

popular culture, and inevitably touches 

upon the resurrection of Victor Franken-

stein’s monster in Mary Shelley’s epon-

ymous novel. Ashcroft points out that, 

though Shelley’s story is obviously one 

of fi ction, Shelley based her idea for the 

creation of life on research being conduct-

ed by her contemporaries. Scientists now 

know that electrical transmissions in the 

human body are facilitated by proteins 

in cell membranes known as ion chan-

nels. A number of neurological disorders 

stem from genetic mutations that lead 

to alterations in the structures of these 

membrane proteins, which in turn leads 

to inhibition or altercation in transmission. 

Ashcroft’s research specialty is a particular 

ion channel, the KATP channel, which 

plays important roles not only in insulin 

secretion but brain function. Throughout 

her book, Ashcroft returns to her discus-

sion of the KATP channel and its roles in 

the body. 

Ashcroft’s discussion of the role of elec-

tricity in the human body is balanced 

between explanations of everyday occur-

rences, such as why one receives a shock 

after shuffl  ing across a carpeted fl oor 

on a dry, cold day, and more technical 

explanations of neurological phenomena. 

Perhaps my favorite discussion was that of 

neurotoxins found throughout the animal 

kingdom. The puff erfi sh is considered a 

delicacy in Japan, where it is known as 

fugu. However, if not cooked correctly it 

can prove fatal to the consumer, as the te-

trodotoxin contained in most of the fi sh’s 

tissues and organs is quite poisonous. A 

number of animals contain tetrodotoxin, 

including crabs, starfi sh, octopi, salaman-

ders, frogs and toads; however, these 

animals do not actually produce the toxin. 

A bacterium, Psuedoalteromonas tetraodo-

nia, harbors within the intestines of these 

animals and produces the toxin. What 

makes tetrodotoxin so dangerous is that 

it blocks the sodium channels in nerves 

and skeletal muscles, leading to paraly-

sis—eventually paralysis of the respiratory 

muscles usually leads to death. Interest-

ingly enough, the heart is not aff ected by 

tetrodotoxin—it has a diff erent kind of 

sodium channel that the toxin does not 

target. Unfortunately, there is no antidote 

to the poison and death occurs in less 

than twenty-four hours, depending on 

the potency of the dose. The only way to 

survive is if artifi cial respiratory support is 

provided until the body cleanses itself of 

the toxin, which takes several days. 

Ashcroft also discusses the role of elec-

tricity in human perception—the nervous 

system is inherently and intricately related 

with the “fi ve senses”—taste, touch, sight, 

smell, and hearing. Negatively impacting 

the transmission of electrical impulses 

across cell membranes has a negative 

impact on the ability of human beings 

to perceive their surroundings. Ashcroft 

rounds out her discussion with a look to 

the future as far as electrical devices are 

concerned and their interactions with 

human bodies—some can be used to 

kill, but other, such as hearing aids, can 

be used to help counteract the physical 

eff ects of damaged sensory input/output 

systems. 

At times Ashcroft could be a bit technical, 

but overall a good read; defi nitely enlight-

ening and highly recommended. 

Jeanette S. Ferrara
Princeton, Class of 2015.

Rigaku is the world’s leading analytical 

X-ray company. Better measurements. 

Better confi dence. Better world.
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The XRF training session covered XRF 

theory and applications support and had 

17 participants. The main instructor was 

Jeff  Borgeson, who was supported by 

guest instructor, Lee Ann Moye. Addition-

al Rigaku personnel in attendance were 

Glenn Williams and Ryan Nelson.

The XRD training session covered the 

MiniFlex 600 and PDXL software. There 

were 13 participants for the training 

classes and they were given hands on 

training on Rigaku’s popular MiniFlex 

powder diff ractometer. Lori Hatherly 

provided lively instruction as always.

The participants were treated to an al 

fresco Italian lunch feast on the second 

day in order to enjoy Houston’s beautiful 

fall weather.

For more information about upcoming 

Rigaku training classes around the world, 

click here

Training Classes
Rigaku Americas Corp held concurrent training classes for XRD and XRF 

October 22 – 24 at its application facility in The Woodlands, Texas.
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