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Data-driven approaches in materials science demand the collection of large

Edited by A. Bergamaschi, Paul Scherrer Institut, amounts of data on the target materials at synchrotron beamlines. To accurately

Switzerland gather suitable experimental data, it is essential to establish fully automated

measurement systems to reduce the workload of the beamline staff. Moreover,
Keywords: X-ray scattering; automation; the recent COVID-19 pandemic has further emphasized the necessity of
synchrotron beamline; pair distribution automated and/or remote measurements at synchrotron beamlines. Here, the

unctions; temperature-dependence installation of a new sample changer combined with a high-temperature furnace

and a fully automated alignment system on beamline BL04B2 at SPring-8 is
reported. The system allows X-ray total scattering measurements of up to 21
samples at different temperatures (from room temperature to 1200°C) to be
conducted without any human assistance.
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1. Introduction

Data-driven approaches in materials science have attracted
significant attention (Spurgeon et al., 2021) for understanding
properties that cannot be predicted by more conventional
methods. For example, the properties of high-entropy alloys
were revealed from a combination of experimental and
simulated data using an informatics approach (Rickman et al.,
2019). The more data available for analysis, the better the
performance of these approaches. Therefore, maximizing the
amount of data collected about materials is beneficial. To
accurately gather such vast amounts of experimental data, it is
essential to establish fully automated measurement systems
due to limitations with and/or adverse effects from human
resources.

Many synchrotron beamlines for powder X-ray diffraction
(XRD), small-angle X-ray scattering (SAXS) and X-ray
absorption spectroscopy (XAS) [e.g. BLO2B2 in SPring-8
(Kawaguchi et al., 2017), BL14B2 in SPring-8 (Oji et al., 2012),
BL19B2 in SPring-8 (Osaka et al., 2016), ROBL-II in ESRF
(Figueroa et al, 2018), B18 in Diamond Light Source
(Figueroa et al., 2018) and the P12 beamline in PETRA III
(Blanchet et al., 2015)] have already developed automated
measurement systems that collect significant quantities of
data. The automation not only improves the accuracy of
measurements to reduce human error but also benefits the
new users who lack familiarity with synchrotron radiation
experiments.

Looking at the beamlines dedicated to X-ray pair distri-
bution function (PDF) analysis, advanced beamlines such as
P02.1 at PETRA III (Dippel et al., 2015), ID-22 at ESRF
(Fitch, 2008), 11-ID-B at APS (Chupas et al., 2007) and 28-1D

@ at NSLS II (Palomino et al., 2017) use automated sample
ma OPEN ACCESS changers for high-throughput measurements. For example, in
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P02.1 at PETRA III, the automatic sample-exchange robot,
which can treat up to 300 samples, is available for measure-
ments under ambient conditions. However, there was
previously no beamline available for the fully automated
measurement of X-ray total scattering for PDF analysis in
Japan. A fully automated measurement system for this
analysis method is highly desired at SPring-8.

Moreover, the COVID-19 pandemic has made it difficult
for researchers to travel to conduct experiments at foreign
synchrotron facilities. Many experiments for overseas users
were canceled during the past year at our facility, undeniably
delaying the progress of scientific research. Sending samples
directly to the synchrotron facilities has become the only
way to obtain highly sophisticated synchrotron experimental
data for most scientists. Automated measurements in the
synchrotron beamlines can be monitored and controlled
remotely, removing the necessity of physically traveling to the
beamline site.

We installed a new sample changer combined with a high-
temperature furnace and fully automated alignment system on
beamline BLO4B2 at SPring-8. The system allows X-ray scat-
tering measurements of up to 21 samples at different
temperatures to be performed automatically. Examples of
typical measurements of X-ray total scattering and PDF
analyses are also discussed to show the validity and usefulness
of this system.

Figure 1

2. Experimental
2.1. Hardware setup

The light source on BL04B2 is a bending magnet with single
bent-crystal monochromators which provide a horizontally
focused beam with maximized flux at the target. X-rays with
energies of 37.8 keV (Silll), 113 keV (Si333) and 61.3 keV
(Si220) are available at this beamline as the angle of the
monochromator is fixed to 3°. By adjusting the bending radius
of the monochromators between 320 m and 430 m, the X-ray
focal position in the experimental systems could be corre-
spondingly tuned between 10 m and 15 m from the mono-
chromator according to the experimental demands (Isshiki et
al., 2001). The distance between the monochromator and the
center of the diffractometer is 10 m and the typical size of the
beam at the sample is 2.0 mm (V) x 2.0 mm (H).

No double-crystal monochromators or X-ray mirrors are
incorporated in the BL04B2 optics. This is useful for PDF
analyses that require high scattering intensities in the high-Q
region, but also means that X-ray harmonics are directly
injected into the experimental system. Therefore, it is essential
to use detectors with energy-resolution abilities to discrimi-
nate the higher harmonics; hence, seven semiconductor
detectors [four CdTe detectors (X-123CdTe, Amptek, USA)
and three Ge detectors (GL-0515R, Cambella, USA)] are
positioned at 8° intervals on the horizontal diffractometer

(c)
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Experimental setup of the horizontal diffractometer and automated sample changer with a furnace in BL04B2. (a) Seven semiconductor detectors, and
the flat-panel detector fixed on the diffractometer at around —15.3°. (b) Typical two-dimensional XRD pattern captured by the flat-panel detector. (c)
Boron nitride holder containing a quartz capillary (with a diameter of 1.5 mm) and the aperture used to check the height of the sample. (d) Automated
sample changer and furnace. Up to 21 samples can be loaded on the plate. (¢) Photograph of the automated sample changer on the diffractometer.
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[Fig. 1(a)]. Moreover, to minimize the background scattering
from the surroundings, the flight path with a double-slits
system is prepared prior to each measurement. Detailed
features of these detectors and the experimental setup have
been discussed previously (Ohara et al., 2020). The signals
from the detectors are treated by either the signal processors
provided by the manufacturers of the detector or a digital
signal processor (APN504XGbE-L, TechnoAP, Japan). The
signal from the region of interest is collected by a 16-channel
counter (CT16-01F, Tsuji Electronics, Japan). The scattering
data obtained from the detectors can be combined using an
established procedure (Kohara et al., 2007). We also used a
two-dimensional flat-panel detector (C10013SK, Hamamatsu
Photonics, Japan) to check the sample quality and Bragg angle
and to determine the suitable receiving slit size for the semi-
conductor detectors [a typical image is shown in Fig. 1(b)].
This flat-panel detector (FPD) is fixed on the diffractometer at
around —15.3° from the first detector to avoid interference
with the measurement [Fig. 1(a)].

The new automated sample changer system (manufactured
by Rigaku Aihara Seiki, Japan) can load up to 21 samples
[Figs. 1(c) and 1(d)]. Capillaries containing the samples of
interest are placed in the boron nitride (BN) holders and held
by the sample plate. The BN holders accept capillaries with
diameters of 1.5 mm or 2.0 mm [Fig. 1(c)]. Prior to measure-
ment, the sample is inserted into the furnace (HT1500, high-
temperature attachment, Rigaku, Japan) from the sample

(a)
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|

|

| Evacuation of the furnace |

|
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+

| Sample alignment across the beam |

+

| Sample alignment along the beam |

|

(~ 5 min)

Checking the diffraction patten using
the flat-panel detector

|

[Tuning the height of the receiving slit
of the first detector

|
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#

Removing the sample from the
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Figure 2
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plate and sealed under vacuum. The sample in the furnace is
heated by the thermal contact and radiation (especially at high
temperature) and the temperature is calibrated using a ther-
mocouple. The heating rate of this furnace is set at 10°C min~"
as the default and the maximum rate is 20°C min~' if the
sample does not move due to the rapid heating. Automated
high-energy XRD and X-ray total scattering temperature-
dependent measurements (from room temperature to 1200°C)
are also available on the same system.

2.2. Automated X-ray total scattering procedure

The fully automated measurement system in BLO4B2 is
achieved by combination of the hardware and software
developments described above. Details of the operation
procedure are summarized in Fig. 2.

First, the sample capillary in its BN holder is inserted into
the furnace. The furnace is evacuated to suppress scattering
from air around the sample. If heating is required, the
temperature is raised until the target temperature is reached.
After waiting for the temperature to stabilize, the sample
position across the beam is determined by the X-ray absorp-
tion approach. The intensity of the penetrated X-rays through
the sample becomes lowest when the sample is on the center
and thus moving to that position ensures that the sample is on
the center of the beam. After the sample is moved, the posi-
tion along the beam is determined by the first semiconductor

(b) 15
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Automated X-ray total scattering measurement procedure and reproducability of the sample position. (a) Automated X-ray scattering measurement
procedure. This cycle is automatically repeated until all the measurement conditions have been completed. The typical time required for each step is also
shown. (b) Histogram of the sample position across the beam. (c) Histogram of the sample position along the beam. Note that N represents the number

of appearances during the reproducability test.
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detector, shown as CdTe(1) in Fig. 1(a), with double slits at a
higher angle using scattered X-rays. Because of the limited
light-path made by the double-slits between the detector and
the sample, scattered intensity becomes highest when the
sample is on the center of the diffractometer, so that the
position along the beam can be obtained from the intensity
profiles. The sample changer is mounted on an independent
electric stage; thus, no interference occurs between the sample
alignment and the movement of the sample changer. After
correctly aligning the sample, the scattering pattern at low
angles (up to around 8°) is obtained using the flat-panel area
detector to check the Bragg angle and save the two-dimen-
sional diffraction image in order to confirm the quality of the
sample later. If no scattering pattern can be obtained, the
sample is considered unacceptable and the automated system
proceeds to measure the next sample.

Further analysis of the X-ray scattering data around the
angle with highest intensity using the first detector is
conducted to avoid saturation. The scattering intensity is
tuned by adjusting the receiving slits prior to the detectors.
Typically, the alignment process takes around 5 min which is
comparable with the time taken when manually conducted by
the beamline staff. Finally, measurements of the high-energy
XRD and/or X-ray total scattering are conducted. The data
obtained were saved as a file containing the scattering inten-
sities and incident X-ray flux from each detector with the
angles, which can be reduced to the single diffraction profile
and the PDF in the provided software at BL04B2.

After measurement under one condition, the program
checks the input sheet to determine whether a change of
sample is required for the next measurement. If the answer is
yes, the previous sample is automatically removed from the
furnace and the next sample is inserted by the sample changer.
If the answer is no, the temperature is adjusted until the new
target temperature is reached. By continuing this sequence
until the end of the measurement condition input sheet is
reached, all the data are obtained automatically with no
further input.

Note that no specific technical experience is required to
operate this system and all the parameters for the measure-
ments can be loaded from an Excel datasheet. Therefore, even
researchers who are not experts in synchrotron experiments or
X-ray total scattering measurements can easily use this fully
automated measuring system.

3. Results and discussion

To check the validity of this measurement system, we checked
the reproducibility of the sample position adjustment 30 times
with the same sample capillary. From the statistical analysis,
we determined that the standard deviations of the positions
across and along the beam were 0.21 mm and 0.24 mm,
respectively [Figs. 2(b) and 2(c¢)]. These values are considered
reasonable because the play between the BN holder and the
stage in the furnace is around 0.2 mm and indicate that the
standard deviations of the sample positions both across and
along the beam are small enough compared with the tunable

range of the motors and the size of the X-rays at the sample
position. Thus the alignment range of this system is suitable in
this beamline. To determine the required accuracy for setting
the sample at the center of the diffractometer, Rietveld
analyses of NIST CeO, powder diffraction patterns (packed in
a capillary with a diameter of 1 mm) were conducted (Petricek
et al., 2014). The sample positions 0.15 mm and 0.3 mm from
the center (the direction across the beam) were compared.
The energy of the X-rays was 112.58 keV and the scattering
angle was measured at steps of 0.0025° between 0.3° and 9.0°.
R, values of the refinements are 9.3%, 10.6% and 12.7%,
respectively. From these results, the scanning step to move the
sample at the center was determined to be 0.05 mm. Since
BLO04B2 is mainly dedicated to PDF analysis, it does not
employ mirrors and has an intensity-oriented optical system
with a single monochromator. In other words, the experi-
mental setup is not for the higher-resolution measurement but
for the measurement with higher scattering intensity with
lower background. This is the reason for a relatively higher
value of R,, compared with other beamlines dedicated to
high-resolution X-ray diffraction.

In addition, we conducted X-ray total scattering experi-
ments on silicate glass at room temperature and on zeolite at
different temperatures. The X-ray energy used in these
measurements was 61.27 keV and data were obtained in the
scattering angle range between 0.3° and 48°. The maximum Q
(Omax, Where Q = 4msin6/A) observed was 26 A~ for silicate
glass and 20 A~! for zeolites. The obtained data were handled
by applying established analytical procedures (Kohara et al.,
2007) including absorption, background, polarization and
Compton scattering corrections, and were then normalized to
obtain the Faber—Ziman total structure factor S(Q) (Faber &
Ziman, 1965). The S(Q) values obtained with the window
function developed by Lorch (1969) were used to calculate
the reduced PDF, G(r), according to the following equation
(Billinge, 2008):

Omax

G0 =4mlp - p] > [ 0I5@) - sin@nd0. ()

QOmin

Here G(r) represents the histogram of the atomic distances
inside the materials on an atomic scale; thus by analyzing this
profile, one can understand the atomic arrangement even if
the material is non-crystalline.

Fig. 3(a) shows S(Q) of the silicate glass obtained using
both automatically collected and manually collected data. The
value for S(Q) obtained is consistent with the previous work
aligned manually (R, value is 1.64%), indicating the validation
of this automated system. This result is not surprising when the
sample is positioned at the center of the diffractometer by the
fully automated system. The G(r) values calculated from these
S(Q) values are also shown in Figs. 3(b) and 3(c). Because
of the truncation error of Fourier transformation, a small
difference is observed but is still comparable with the
previous profile.
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Data obtained from automated X-ray total scattering measurements. (a) S(Q) of silicate glass. (b) Comparison of G(r) values of silicate glass.
(c¢) Comparison of G(r) values of silicate glass in a wide range. (d) S(Q) profiles of FAU zeolites at different temperatures. (¢) G(r) values of FAU zeolites
at different temperatures. (f) G(r) values of FAU zeolites at different temperatures with a wide range.

Thermal stability experiments were conducted on faujasite
(FAU) zeolites (HSZ-320NAA, Tosoh, Japan) by heating in
the furnace. The gradual amorphization of the FAU zeolites is
indicated by the intensity change in the S(Q) patterns as the
temperature increases [Fig. 3(d)]. The PDFs of the FAU
samples are shown in Figs. 3(e) and 3(f). The correlations at
1.6 A, 27 A and 3.1 A correspond to the nearest 7-O, O-O
and T-T pairs, respectively (where T represents either an Si or
an Al atom). Focusing on O-O correlation, the intensity of this
peak becomes smaller at 900°C and 1000°C (see Fig. S1 and
Table S1 of the supporting information). This means that
structural distortion around O-O is larger than the correla-
tions of 7T-T, and might indicate that structural collapse has
occurred from the destruction of this O-O structure. The
peaks above 3.5 A can mainly be attributed to the alumino-
silicate ring structure. The PDF profiles demonstrate the
collapse of the ordered ring structure at around 3.7 A after
heating at 1000°C and the disappearance of the correlation
around 4.4 A. The correlations in the longer-range region
[Fig. 3(f)] also demonstrate that the ordered structure derived
from the cage of FAU zeolites (around 16 A) still remains
after the degradation at 1000°C, despite of the deformation
of the local structure (~5 A) proceeding. This tendency is

consistent with XRD results which show the remaining Bragg
peaks from the zeolite.

Understanding the degradation process is important in the
preparation of materials with higher stability (Iyoki et al.,
2018). The method developed in this study facilitates the
collection of data for heat-degradation experiments that can
be conducted in situ and through an automatic process. In
addition, the fully automated measurement system is expected
to be used not only for observing pyrolysis processes but also
for the optimization of material preparation processes by
utilizing the measurement system to visualize local structural
information. The automation will enhance data-driven
science, helping us to understand and realize innovative
processes for future industrialization.

4. Conclusions

We installed a new sample changer combined with a high-
temperature furnace and a fully automated alignment system
on beamline BL04B2 at SPring-8. Temperature-dependent
X-ray total scattering measurements for up to 21 samples
could be performed without any human interaction in the
new system, which is a significant upgrade from the previous
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sample changer for ambient conditions. The XRD and PDF
data obtained were fairly consistent with the existing data. The
new automated system will support and accelerate optimiza-
tion of material synthesis processes by enabling the visuali-
zation of local structural information during the process and
aiding data-driven science to develop innovative processes
that will lead to industrial applications. Combination with
other important measurement techniques such as synchrotron
powder XRD and XAS will benefit the future of cutting-edge
science.

Acknowledgements

We are highly grateful to Dr Shogo Kawaguchi (JASRI) for
the kind support of the introduction of the flat-panel area
detector, and to Dr Yukito Furukawa (JASRI) for the expla-
nation of the previous measurement systems and the
connection between the local client and optical hutch. HY and
KN also thank Mr Takuto Fukuoka (SPring-8 service) for
developing the equipment manager of the FPD detectors.

Funding information

Part of this work is supported by RIKEN, Japan. Synchrotron
experiments was carried out in SPring-8 with the approval of
the committee (proposal Nos. 2018B2095, 2019A2058,
2019B2091 and 2021A1455). This work is also partially
supported by JSPS KAKENHI (grant No. 21K14708).

References

Billinge, S. J. L. (2008). J. Solid State Chem. 181, 1695-1700.

Blanchet, C. E., Spilotros, A., Schwemmer, F.,, Graewert, M. A,
Kikhney, A., Jeffries, C. M., Franke, D., Mark, D., Zengerle, R.,
Cipriani, F.,, Fiedler, S., Roessle, M. & Svergun, D. I. (2015). J. App!.
Cryst. 48, 431-443.

Chupas, P. J., Chapman, K. W. & Lee, P. L. (2007). J. Appl. Cryst. 40,
463-470.

Dippel, A.-C., Liermann, H.-P,, Delitz, J. T., Walter, P,, Schulte-
Schrepping, H., Seeck, O. H. & Franz, H. (2015). J. Synchrotron
Rad. 22, 675-687.

Faber, T. E. & Ziman, J. M. (1965). Philos. Mag. 11, 153-173.

Figueroa, S.J. A., Beniz, D. B., Mauricio, J. C,, Piton, J. R., Parry, S. A.
& Cibin, G. (2018). J. Synchrotron Rad. 25, 953-959.

Fitch, A. (2008). Bull. Pol. Synchrotron Rad. Soc. T, 98-100.

Isshiki, M., Ohishi, Y., Goto, S., Takeshita, K. & Ishikawa, T. (2001).
Nucl. Instrum. Methods Phys. Res. A, 467-468, 663—666.

Iyoki, K., Yamaguchi, Y., Endo, A., Yonezawa, Y., Umeda, T,
Yamada, H., Yanaba, Y., Yoshikawa, T., Ohara, K., Yoshida, K.,
Sasaki, Y., Okubo, T. & Wakihara, T. (2018). Micropor. Mesopor.
Mater. 268, 77-83.

Kawaguchi, S., Takemoto, M., Osaka, K., Nishibori, E., Moriyoshi, C.,
Kubota, Y., Kuroiwa, Y. & Sugimoto, K. (2017). Rev. Sci. Instrum.
88, 085111.

Kohara, S., Itou, M., Suzuya, K., Inamura, Y., Sakurai, Y., Ohishi, Y. &
Takata, M. (2007). J. Phys. Condens. Matter, 19, 506101.

Lorch, E. (1969). J. Phys. C Solid State Phys. 2, 229-237.

Ohara, K., Onodera, Y., Kohara, S., Koyama, C., Masuno, A., Mizuno,
A., Okada, J., Tahara, S., Yuki, W., Hirohisa, O., Yuki, N., Haruka,
T., Ishikawa, T. & Osami, S. (2020). Intl J. Microgravity Sci. Appl.
37, 370202.

Oji, H., Taniguchi, Y., Hirayama, S., Ofuchi, H., Takagaki, M. &
Honma, T. (2012). J. Synchrotron Rad. 19, 54-59.

Osaka, K., Matsumoto, T., Taniguchi, Y., Inoue, D., Sato, M. & Sano,
N. (2016). AIP Conf. Proc. 1741, 030003.

Palomino, R. M., Stavitski, E., Waluyo, 1., Chen-Wiegart, Y. K.,
Abeykoon, M., Sadowski, J. T., Rodriguez, J. A., Frenkel, A. I. &
Senanayake, S. D. (2017). Synchrotron Radiat. News, 30(2), 30-37.

Petricek, V., Dusek, M. & Palatinus, L. (2014). Z. Kristallogr. Cryst.
Mater. 229, 345-352.

Rickman, J. M., Chan, H. M., Harmer, M. P, Smeltzer, J. A., Marvel,
C. J, Roy, A. & Balasubramanian, G. (2019). Nat. Commun. 10,
2618.

Spurgeon, S. R., Ophus, C., Jones, L., Petford-Long, A., Kalinin, S. V.,
Olszta, M. J., Dunin-Borkowski, R. E., Salmon, N., Hattar, K.,
Yang, W. D., Sharma, R., Du, Y., Chiaramonti, A., Zheng, H., Buck,
E. C, Kovarik, L., Penn, R. L., Li, D., Zhang, X., Murayama, M. &
Taheri, M. L. (2021). Nat. Mater. 20, 274-279.

554

Hiroki Yamada et al. -

Fully automated temperature-dependent X-ray total scattering

J. Synchrotron Rad. (2022). 29, 549-554


http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB1
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB2
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB2
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB2
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB2
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB3
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB3
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB4
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB4
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB4
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB5
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB6
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB6
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB7
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB100
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB100
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB102
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB102
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB102
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB102
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB8
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB8
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB8
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB9
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB9
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB10
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB101
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB101
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB101
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB101
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB11
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB11
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB12
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB12
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB13
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB13
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB13
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB14
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB14
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB15
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB15
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB15
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB16
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB16
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB16
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB16
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=gy5027&bbid=BB16

