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Powder diffraction at ISIS

ISIS is currently the most powerful pulsed spalla-
tion neutron source in the world, operating with
an average current of 100 pA. Neutrons are pro-
duced every 20 ms by a high-intensity 750 MeV
proton beam in sharp bursts that are under-
moderated to produce a polychromatic pulse. The
neutron pulse width and time of flight are both
proportional to wavelength and thus the result-
ing ratio, the resolution, is essentially independ-
ent of wavelength and improves linearly with the
length of flight path. Different neutron wave-
lengths may be discriminated by measuring the
time of flight from moderator to sample to detec-
tor, and thus a complete diffraction pattern may
be collected at a single Bragg angle. Additionally,
the high epithermal flux below wavelengths of
1A permits d spacings as low as 0.2 A to be
observed.

The High Resolution Powder Diffractometer
(HRPD) at ISIS is situated at the end of a 100 m
neutron guide. The highest resolution
(Ad/d=4X10-4) is obtained in backscattering
(170<26<178° where geometrical contributions
are negligible. This high resolution is essentially
independent of d spacing and thus HRPD is well
suited for the study of phase transitions and
subtle symmetry changes; peak splittings are not
confined to one small ‘high-resolution' section of
the pattern but occur with roughly equal magni-
tude across the diffraction pattern. High resolu-
tion has proved invaluable for the profile refine-
ment using data from crystals of complex mole-
cules with large unit cells and ab initio structure
determination. In the latter case an advantage of
time-of-flight powder diffraction experiments is
the ease of lattice-parameter determination from
first principles when the highest-d-spacing infor-
mation is available. Indeed, individual d spacings
up to 6 A may be measured with an accuracy of ~1
in 105. The narrow instrumental peak shape, al-
though complicated, is well known, thus permit-
ting the observation and study of line broadening
effects. Recent successes in this field include the

modelling of chemical concentration gradients in
samples, and the study of effects due to anisotrop-
ic strain broadening and antiphase domains.

Medium-resolution high-intensity neutron dif-
fraction is also available at ISIS on the POLARIS
diffractometer. POLARIS is complementary to
HRPD providing a resolution of Ad/d=5X10-3
but with increased flux because of its 10 m pri-
mary flight path.

Recent experiments on POLARIS include
kinetic studies involving rapid experimental col-
lection time of ~5 min and the study of powders at
high pressures up to 50 kbar. With suitable colli-
mation the fixed 90° detector geometry permitted
by the time-of-flight method allows full diffrac-
tion patterns to be collected at elevated pressures
without corruption of data by diffraction peaks
from the pressure cell itself.

A suite of data analysis programs, developed
and supported at ISIS, is available for use by the
user community.

Informal enquiries should be made to the auth-
ors at the Neutron Science Division, Rutherford
Appleton Laboratory. Beam time is allocated
twice yearly following a peer review selection
procedure. The closing dates for proposals are 16
April and 16 October each year. Application de-
tails can be obtained at the following address:

University Liaison Secretariat, R3
The ISIS Facility

Rutherford Appleton Laboratory
Chilton, Didcot

Oxfordshire 0X11 0QX, England

Telephone: 0235-44592. Fax: 0235-445720.
Telex: 83159 RUTHLB G.

W. L. F. David, R. M. Ibberson

Comments on search/match procedures

In September 1989, the International Centre for
Diffraction Data (ICDD) submitted a question-
naire to its members to survey the interests and
concerns of industrial diffractionists. One recur-
rent concern is the efficient and reliable identifi-
cation of multiphase powder patterns in regard to
cost-effectiveness and turnaround time. Search
procedures fall into two categories; namely,
manual searching in search manuals and com-
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puter searching on large mainframe computers or
on PC's. Although computer searching has been
practised since 1965, manual searching is still ac-
tively continued as evidenced by the undim-
inished demand for updated Hanawalt search
manuals. However, with the addition of 2000 new
powder patterns to the Powder Diffraction File
(PDF), the future search manuals will become ex-
cessively bulky and costly. Search routines will
have to be devised and tested that are more effi-
cient and compact. Substantial condensation of
the 1987 alphabetical index could be achieved by
eliminating multiple listings of fluorides (3277),
hydroxides (2069), chlorides (1907) and other
common ions or radicals inasmuch as the particu-
lar fluorides, hydroxides etc. can be located more
readily under the element name of the fluoride,
hydroxide etc. For example, erbium fluoride
would be located only under erbium.

Substantive improvements in computer-search
routines would be much appreciated by powder
diffractionists. General acceptance of computer
search/match methods has been slow for several
reasons: lack of uniqueness in the identification
of an unknown mixture of phases (too many alter-
native matching candidates); lack of fast reliable
automated digitization of precision powder dif-
fraction data (obtained with Bragg-Brentano
parafocusing diffractometers), and questionable
cost benefits over manual search procedures. It is
generally conceded that utilization of elemental
data greatly reduces the number of pseudo-
matches. Selective restrictions of the PDF data-
base would be conducive to speeding up the vari-
ous search/match routines. There are about a
dozen computer programs that have been tested
and are being used. However, all their algorithms
have some limitations. It would be a challenge to
devise an efficient cost-effective program which
would embody the combined merits of the sepa-
rate algorithms. A critical review of the appended
pertinent references should serve to stimulate
renewed efforts in meeting the needs of the
worldwide diffraction community engaged in
powder diffractometry. It is also proposed by CPD
to sponsor a workshop on phase identification to
address the above problems.
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L. K. Frevel

Program Information Exchange Bank

D. K. Smith has been appointed consultant to the
CPD. His primary role as a consultant will be
that of the development and operation of a Pro-
gram Information Exchange Bank, where 'pro-
gram' means computer programs for powder dif-
fraction analysis and collection. A first writeup of
the Program Data Bank has appeared as a chap-
ter in the book Modern Powder Diffraction, which
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is available from the Mineralogical Society of
America (US § 20).

At the planning stage is a compendium of pro-
gram descriptions that can be maintained at
some central location where users can dial in for
current information on any programs or category
of programs. It is envisioned that a central com-
puter facility could put the list where it could be
reached via dial-in and be queried for the updated
information desired.

The Program Information Exchange Bank pro-
ject will be further discussed at the Powder Dif-
fraction Symposium in Toulouse, 1990.

Anyone who has developed or modified a pro-
gram suitable for the program bank is urgently
requested to communicate this to Professor D. K.
Smith, 239 Beike Building, Department of Geo-
sciences, The Pennsylvania State University,
University Park, PA 16802, USA.

Rietveld refinement round robin: update

Round-robin packages have been circulated to
participants in 28 X-ray and neutron powder dif-
fraction laboratories around the world. These
packages contain:

(1) a detailed set of instructions,

(ii) forms for documenting the refinement and
data-collection procedures and associated Riet-
veld refinement results,

(iii) two powder samples (one simple, and one
complex) for in-house data collection and crystal
structure analysis, and
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(iv) a magnetic tape containing two 'standard’
X-ray and neutron powder diffraction data sets
for in-house analysis (also to be used for the re-
turn of data sets collected on the above samples).

The crystal structure/profile refinement results
and diffraction data returned by participants
over the next few months will be surveyed by the
CPD and a preliminary report will be presented
at the Symposium on Powder Diffraction, a satel-
lite meeting of the XV Congress of the IUCr in
Toulouse, France, 16-19 July 1990.

If any reader wishes to participate in the sur-
vey and has not yet registered their interest,
please write to Dr R. J. Hill, CSIRO Division of
Mineral Products, PO Box 124, Port Melbourne,
Victoria 3207, Australia.

Call for contributions to the Commission and its
Newsletter

Members of the powder diffraction community
are invited to contact any member of the Com-
mission on Powder Diffraction with matters for
possible consideration by the Commission and/or
inclusion in subsequent (biannual) Newsletters.
A matter for which input from the diffraction
community is certainly needed relates to the se-
lection (if deemed desirable) of a logo for the Com-
mission.

The names and addresses of Commission mem-
bers are given in Newsletter No. 2, published in
Acta Cryst. (1989). A45, FC19-FC23.

P.-E. Werner
Editor, Newsletter No. 4



