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NIST Centennial Celebration Crystallographic Highlights DAC at NBS invented the ruby fluorescence method of pressure
The Centennial Celebration of the National Institute @heasurement. These achievements, combined with many others

Standards and Technology (NIST), formerly known as tla¢ NBS, were, indeed, milestones, for together they ignited and

National Bureau of Standards (NBS), takes place in the yéaeled an explosion of activity, not only in crystallography, but

2001. NIST has a long history (> 50 years) of crystallographithigh pressure research in general, by laboratories throughout

research, and has made significant contributions to tthe world, an activity that continues unabated today.

advancement of the fields of crystallography, biology, and

materials science. Many scientists from various divisions asper Piermarini and Stanley Block, Materials Science and

diverse disciplines have contributed to this history. The research Engineering Laboratory

has been carried out as a fundamental part of the overall mission

of NBS/NIST and has become an integral part of many aspagis,tron Crystallography at NBS / NIST

of its research programs. The following articles are designed to ) _
give a brief overview of the role of crystallography at NIST — Neutron diffraction at NBS / NIST started soon after the NBS

past, present, and future. The articles cover a broad SpectruﬁqﬁctorwentCritical inthe sur_nmer0f1969. Thefirstinstrum_ents
topics including structural databases, high-pressufgsigned for crystallographic work were a low-resolution,
crystallography, neutron crystallography, structure determinatig9l€-counter powder diffractometer using radiation from a
via neutron and x-ray diffraction, quasicrystals, reduced celf0 CU monochromator with variable take-off angle, mounted
magnetic structure determinations, polymer crystallograpt)) theé BT-1 beam port, and a single-crystal four-circle
electron diffraction, materials properties databases, protdifiractometer at the BT-8 beam port. The development of the
crystallography, novel biomaterials, biological minerald{/€tveld method of profile analysis increased the range of
crystallography of construction materials, and synchrotrG@MPplexity of the struc-tures soluble with high-resolution
radiation. An article on the protein databank is not included B@wder diffractometers, and decreased the need for single
this topic is discussed elsewhere in this newsletter. Finafjystals. This trend was felt at NBS / NIST, and the original
more detailed coverage of a few of the articles will be givenfoWder machine was replaced, in rapid succession, first by a

a one-day symposium, dedicated to the celebration of tfie-counter diffractometer of intermediate resolution, and then
special occasion, at thé ACA meeting in Los Angeles. by the present day 32-counter diffractometer, whose resolution

can be varied from low to high.

In parallel with these technical developments, significant
improvements were made in the techniques of profile refinement.
Revised versions of the original program were written that for the

Crystallographic studies began two years after the inventifist time included background in the refinable parameters in the
of the diamond anvil cell (DAC) atNBS in 1958. The instrumentjodel, and that applied general constraints directly (E. Prince,
developed initially for infrared spectroscopy, was modified internal communicatior1980). In addition, the entire procedure
1960 by Charles E. Weir and Gasper J. Piermarini for x-rimjtially proposed by Rietveld)( Appl. Cryst2, 65(1969)) was
powder diffraction studies. Powder patterns were obtainedglaced on solid statistical grounds when it was proved that
materials such as Agl, Bi, Tl, and several alkali halides and raggtimates of the parameters and their standard deviations are not
earth elements. Compression data were obtained and msigyificantly different whether the method of refinement uses
materials were shown, for the first time, to exhibit pressurgeak profiles or integrated intensities (E. Pridcéyppl. Cryst.
induced polymorphism. 14,157 (1981)). The complexity of the crystallographic problems

In 1962, Alvin Van Valkenburg developed a gasket method$é4died at NBS / NIST has increased with time, from early work
confine liquids in the DAC by placing a thin metal she@" simple structures in which light atoms, such as Ll,coeX|stW|th
containing a small hole with the liquid between the anvil facd¥avy ones, such as Ta (A. Santoro, R. S. Roth and D. Minor,
As aresult, single crystals could be compressed in a hydrostA§k CrystB33, 3945 (1977)), to more complicated, multi-phase
environment in a gasketed DAC. This was very important $§8S€s in which the nucle_ar and_ magnetlc c_or_1f|gurat|ons of each
crystallography because it led Block, Piermarini and Weir jRf1ase have to be determined with high precision (Q. Hetaalg
1964 to develop a high pressure single crystal x-ray diffractihys- Rev. B 61, 8895 (2000)).
precession camera technique which utilized a DAC fabricatedPresent research focuses on relating crystal structure and
from Be metal to minimize x-ray absorption effects. For the firphysical properties of complex systems analyzed with multiple
time, x-ray intensity data were obtained at high pressures frtgohniques, ranging from small angle scattering to spin-echo
single crystals of ice VI and ice VIl in equilibrium with watespectroscopy which are available at the NIST Center for
at room temperature. An analytical procedure was developed\@utron Research. An example which illustrates the advance
calculate absorption corrections for the Be cell and it becamade possible by the use of modern methods is the
possible to determine unknown structures at high pressure. @beermination of the complete crystal structure (including Li
crystal structure of a high pressure polymorph of benze& (Cin an asymmetric unit of 46 atoms) of RUB-29, a micro-
I) at2.5 GPawas the first determined by this method. This wgukrous lithosilicate of formula Cgi (Li,Si O, )14H,0
was of great importance because it proved that single cryg&b-Hyun Parlet al., in preparation)This material has been
structure analysis was possible at high pressures utilizingrmalyzed by the combined use of NMR, synchrotron x-ray
DAC. The method served as the foundation for later magechniques, and neutron powder diffraction.
advanced work with the introduction of automatic diffractometers A. Santoro, NIST Center for Neutron Research
and miniaturized DACSs. In 1971 the group working with the
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Magnetic Structure Determinations at NBS/NIST Synchrotron X-ray Characterization of Materials

Magnetic neutron scattering plays an essential role inSynchrotron radiation sources provide intense beams of x-
understanding the microscopic properties of a vast varietyref/s for leading-edge research in a broad range of scientific
magnetic systems, from the studies of fundamental natulesciplines. The NIST Materials Science and Engineering
symmetry, and dynamics of magnetically ordered materials(fddSEL) program to characterize materials by means of this
elucidation of the magnetic characteristics essential powerful probe began in the early 1980s, with the design,
technological applications. From the early days of neutraonstruction and commissioning of a monochromatic x-ray
measurements at NBS/NIST, magnetic diffraction studies hae@ography station (X23A3) at the National Synchrotron
been a central theme involving many universities, industrial ahigjht Source (NSLS) at Brookhaven National Laboratory. This
government labs from around the US and worldwide. Sugkray facility also supported hard x-ray microscopy and parallel-
measurements have been used to determine the spatial arrangdmeand x-ray radiography measurements. This early x-ray
and directions of the atomic magnetic moments, the atortdpography facility was the only dedicated monochromatic
magnetization density of the individual atoms in the materi@hstrument of its type in this country. In 1989, an ultra-small-
and the value of the ordered moments as a function afgle x-ray scattering (USAXS) capability was added to X23A3,
thermodynamic parameters such as temperature, pressure sagrdifically for the purpose of enabling anomead ultra-small-
applied magnetic field, on single crystals, powders, thin filmangle scattering measurements.

and artificially grown multilayers. Today, the NIST/MSEL synchrotron radiation program

There have been hundreds of studies of magnetic structuretudes the utilization and operation of three additional beam
and ordering at NIST, on wide classes of materials. Early watations at the NSLS. X23-A2 serves a large x-ray absorption
addressed materials such as spinels and ferrites, followedfibg structure (XAFS), diffraction anomalous fine structure
rare-earth intermetallics (J. J. RhyHeEE Magn8, 105 (1972) (DAFS), and spectroscopy community; it provides stable
and rare earth hydrides. One topic that has sustained inteseanning of monochromatic x-rays in the energy range from 4.9
over the years is the magnetic ordering that occurs kaV to over 30 keV. X24A, which is a shared beam station,
superconductors. The Chevrel-phase superconductors (prgvides radiation in the 1.2 keV to 6 keV energy range, and is
RMo.S,) and related compounds typically ordeused for standing-wave x-ray measurements. Finally, the U7A
antiferromagnetically at low temperatures (~1K), which happibltation, which is also a joint effort, utilizes XPS and XAS to
coexists with superconductivity. Inthe rare and more interestisiyidy the structure and chemical nature of diverse materials
situation where the magnetic interactions are ferromagnefimm a surface and bulk perspective in vacuum and under
there is strong competition with superconductivity that givegmospheric reaction conditions.

rise to long wavelength oscillatory magnetic states and/of_ggking to the future, NIST/MSEL became a partner in 1995
reentrant superconductivitPllys. Rev. Letb2, 133 (1984)). ith the University of lllinois at Urbana/Champaign, Oak Ridge
The cuprate superconductors (&8a,Cu,0;,) offer new and  National Lab, and UOP, in a collaboration called UNICAT to
interesting perspectives into our understanding of “magneéfifstryment sector 33 at the Advanced Photon Source (APS) at
superconductors” High Temperature Superconductorsargonne National Laboratory. Thus, in 1998, a new NIST
Springer-Verlag, 199). The rare earth ions order at lowysaxs facility was installed and commissioned on the UNICAT
temperature similar to “conventional” magnetic superconductogg,qylator beam line, and in 2000 the next-generation x-ray
while in the de-oxygenated, insulating state the Cu spins Or?’(%ography experiment was installed on the bending magnet
above room temperature. In the superconducting regime fo&m line. The emphasis throughout this program is on
rare earth spins still order magnetically, while the Cu spiggte-of-the-art measurements on advanced materials. Today,
typically don’torder butrather exhibit quantum spin fluctuationge combined portfolio of NIST facilities at the NSLS and the
which are thoughtto play an essential role in the formation of (R 5 offer measurement capabilities in x-ray microtomography,
(d-wave) superconducting pairs. Nevertheless, there alwaiga small-angle x-ray scattering, high-resolution x-ray
seems to be an exception to the rule, and indeed (weak) lg§igography and XAFS. It also offers opportunities for
range spin density wave order of the Cu spins has recently bggfling-edge experiments in structural crystallography and

observed to develop, at the same temperature as the onsgiff. resolved structural scattering, surface/interface scattering,
superconductivity (Y. S. Lge, et.alPhys. Rev360, 3643 {iffuse scattering, and magnetic scattering.
(1999)). Other recent work includes the magnetic structures of

the rare earth borocarbiddé3hys. RevB55, 6584 (1997)),and g . Long, A. J. Allen, D. R. Black, H. E. Burdette, D. A.
the ordering at 136 K of the Ru moment in the superconductor Fischer, E. Nelson, R. D. Spal and J. C. Woicik
RuSrGdCu0O, (Phys. RevB61, R14964 (2000)).

There has been a natural evolution in the complexity of

materials that have been investigated; early work tended toEbectron Diffraction via Transmission Electron Microscopy

on relatively simple systems, but as the instrumentation HA&EM)

improved and calculational capabilities expanded, ever morerhere are three major advantages in using TEM electron

complex structures have been successfully tackled. Magnefattering for crystallographic studies: (1) an electromagnetic

neutron scattering will no doubt continue to play a dominant rqléns can focus electrons to a fine probe (< 10 nm); thus single-

for many years to come. crystal diffraction data can be obtained from a very small
volume; (2) the scattering cross section for electronss 10

J. W. Lynn, NIST Center for Neutron Research
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10" as great as for x-rays and neutrons; thus it is possitiaterials for optical applications.

effectively to detect subtle changes in a structure (€.9The transition metal complexes involving five-member
ordering, distortions, short-range ordering); (3) TEM operatgsterocyclic ligand compounds such as pyrazole, imidazole, and
inacomplementary image mode which enables directimaging 4 triazole were of interest because of their optical and
of structures and defects. magnetic spectroscopic properties. These compounds contain
more than one active site for coordination, hydrogen bonding, or
both, potentially yielding novel structures and interesting
spectroscopic properties. Another series of compounds containing
boron was solved by Block and coworkers. These compounds
included NaB(OH)  2H,0, BaO B,O,, and PbO 2B,O,. In
collaboration with the FDA, another branch of studies included
a series of biologically important compounds, including a toxic
compound in Agent Orange

Since 1951, Roth and collaborators have maintained a
continuous effort in the study of the structures of a variety of
niobate, tantalate and titanate dielectric materials, which have
potential industrial applications. Other areas of interest included
the ionic conductors and PZT compounds. Examples of such
materials included LiReQ Li,ReQ, and (T}.Ph ),Cl. In

. . . recent years, another important area of research emphasizes the
An example of structuralimaging of the g5, Ti,, O, compound. search for new microwave dielectrics for component

The compund was shown to be an ordered intergrowth betwe [faturization in wireless communications. Various crystals

perovskite-like structure (in its hexagonal form) and a structugﬁjdied so far belong to the systems Ba-Ti-Fe-O, Sr-Nb-Ti-O

related to the magnetite-type block of, #@,,Ti, Oy, phase. Ca-Nb-Al-O, and Sr-Ta-O. Attemptsto correlate these structures
Robert S. Roth was first at NIST to realize the possibilities\gih physical properties are also being pursued.

using TEM structural imaging to study structures of comple
oxides. This effort was essential in establishing the import o
structural principles of crystallographic shear and intergrow : : . B
Inthe second half of the 1980s, TEM studies of rapidly solidifi :r?;notzgg%eosf ;T;rs(?t ar:;'rgzp?)tgriré;f]gu_%a SR sct::m(g
Al-based alloys by Dan Shechtman resulted in one of the %m les included detwinned B&CU.O C Bié '
important discoveries of modern crystallography — quasiperiogdic SrpCa) 0., and BaRCuQ,. Combined ;-raeglx’sing?ze crygtal

! 27x! 5

structures (see a separate article in this issue). ".1 1.986a powder neutron studies were carried out to understand the
existence of a quasiperiodic decagonal structure, penodmmag%iled structures, particularly the oxygen content.

dimension and quasiperiodic (10-fold symmetry) in two

e G Wil Won: g, R . Rot, . Blck,C. Remann, A Sao, V.
L ) q ystatiograpny L. Karen, C.R. Hubbard, A.D. Mighell and, T.A. Vanderah
(1) determining the m35 point group of the icosahedral phase

using convergent beam diffraction and (2) finding the existence
of “hypertwins”. Systematic use of TEM in studying compleé
phase transformations by analyzing domain interfaces allo
one to establish transformation sequences in the form of maxim )
group-subgroup relationships for numerous systems, includingne crystallography program at the American Dental
aerospace Ti-Al-Nb alloys and microwave dielectrics oxid@gSociation Health Foundation, Paffenbarger Research Center,
Ca(Ca,Nb,,)O,. With the help of high-resolution structuralNational Institute of Standards and Technology was initiated in

imaging, initial structural models were established for numerdl§ €arly 1970s to provide a broad structural basis for
newly discovered compounds. understanding the various chemical phenomena associated with

the tooth and bone minerals. Although x-ray powder diffraction
L. A. Bendersky, Materials Science and Engineering Was used extensively for the identification of materials and for

he 1986 discovery of high Tsuperconductors placed a
and on the crystallographic studies of new phases.

tructural Studies of Biological Minerals in Dental
é{%earch

Laboratory the study of gross phase/structural changes, the major emphasis
o _ was on single crystal structural studies of biological minerals
Crystal Structure Determination Studies and related compounds associated with or with a potential

Discovery and development of new technologies has cred18a8/ing in mineralization processes. The primary importance
a continuous demand for new and improved materials. Over#& On calcium phosphates, but extended to calcium
past fifty years, the crystal structure of a large number of pha@¥&ophosphates, calcium carbonates and calcium
in diverse areas of materials science have been characterizB§@iosphonates. Alarge number of highly hydrated magnesium
NIST using single crystal x-ray and neutron powder diffracti@nd alkaline earth phosphates and arsenates were also investigated
methods. These materials include dielectrics, ferroelectri€,comparative insights into nucleation phenomena.
superconductors, microwave materials, magnetic materials, andydroxyapatite, Cg(PO,),(OH), (OHAp), has been
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considered as the prototype for the tooth mineral. Howevprotein crystallography. This creates a minor inconvenience
apatites as they occur in biological tissues, mineral formatidos researchers driving between the two campuses, but a rich
and laboratory products can incorporate wide variety of impuritie®mss-fertilization of ideas among the various NIST, university,
and are seldom found in pure stoichiometric form. We ha&ed industrial elements.

determined the structures of a number of substituted apatites 5cromolecular crystallography is now an essential discipline
evaluate the structural changes associated with the substltuQ)qrbiomgy and is increasingly important at NIST as groups
For example, in a lead apatite, an apparent covalent Pb-O bgiidjge of structural biology see growing industry involvement
may account for the incorporation of Pb into bone minerg} piomolecular structure and seek structural knowledge
Octacalcium phosphate, £8(PO));- 5H,0 (OCP), is one of the yagarding their own projects. NIST’s recent involvement in the
mostimportant calcium phosphates in biological mineralizatioB,tein Data Bank and expansion of its Biomolecular
The most important role of OCP in biological mineralization {yystaj|ization Database functions underscores the increasing
probably that of a precursor to other phases found in biologigghortance of this field to NIST. It is likely that future
settings, especially defect OHAp. OCP has alayer type structyi&,e|opments will include expanded research in areas such as
with one layer qU|te.S|.m|Iar to that qf apatite and the othery& measurement of quality and accuracy of structures,
hydrated layer consisting of more widely spaced Ca, and Rdasurements of basic physical processes underlying crystal

ions and all the water molecules. The closeness of fit in ie\wth, crystal freezing, and protein diffraction, and methods
apatitic layer accounts for the epitaxial, interlayered mixturgs strycture determination.

formed by these two compounds which may account for the
variation in Ca/P ratios in biological apatites. The crystal

chemistry of OCP has been extensively investigated to illustrate
how OCP affects the growth mechanisms, impurity-defect

content, morphology, stoichiometry and other properties Qfryctural Studies in the NBS/NIST Polymers Division up
OHAp. Dicarboxylate ions incorporated in the hydrated layerf the Year 2000

OCP offers another mode of OCP involvement in
biomineralization.

Travis Gallagher, Biotechnology Division

Most scientists, let alone the general public, are unaware that
) _the synthetic polymers (commonly called “plastics”) that are

Our structural_ studies have shoyvn that a number of Ca|C'WEi]quitous in our everyday lives are nanocomposites made up
phosphates fall into class of glaserite compounds. @atit-  oftiny crystallites embedded in a matrix of amorphous material.
Ca(PO,), belong to this class and can accommodate Mg ionsfiRe ‘industry that tailors materials properties by using
their structures affecting their relative stabilities. The mine@bphisticated processing to define crystallinity and
whitlockite, found in dental calculus, has a structure very similgficrostructure is a huge one. For this reason the characterization
to that of Mg-substitutef-Ca,(PO,),. The work was supported of microstructure has been an important ongoing activity within
by NIDR grant DE05030 to ADAHF, and NIST. the NBS/NIST Polymers Division since its earliest times. The

_ _ level of effort devoted to structural studies has waxed and

There have been only a couple of instances in polymeric
materials where “conventional” crystallographic methods have

) ) ] been applied to define atomic arrangements within unit cells.
Protein crystallography came to NIST during the mid 198Q8yystal structure has been an important input to studies in

just before the old Bureau of Standards got its new name ap@ctroscopy and physical properties of a variety of polymerics.
broader mission in 1988, and before the Biotechnology Division

was established in 1991. NIST’s neutron source provided a ke?ol_lowing upon the heels of the discovery of chain folding in
initial impetus for protein crystallography, during an era whei?'ution-grown polymer single crystals, the 1960s and 70s saw
X-ray sources and detectors were still rare and unreliable. psiderable NBS activity aimed at defining the kinetic behavior
opportunity for neutron studies of ribonuclease and insu the crystallization process and the resulting morphology. In
crystals helped to attract some of the first protein crystallographté\% 1980s x-ray faciliies were commissioned to examine
to NIST, including Alex Wlodawer (now at NCI), David DaviesStructure-property relationships using wide-angle orientation

(NIH), and Gary Gilliland, who was hired in 1986 and nodexture and small-angle scattering. At about the same time
heads the Biotech Division. small-angle neutron scattering emerged as a tool of choice for

. characterizing phase behavior in block copolymers,
AnotherkeydevelopmentforprotelncrystallographyatNI%I’Emicrysta”ine polymers, and molecular structure in

was the creation of CARB, the Center for Advanced Researchifapenetrating polymer networks and hyperbranched polymers.
Biotechnology. With a central concept of industry-drivefyore recent times have seen the beginnings of work using
protein structural research, CARB was born atNIST in 1985. Bynchrotron SAXS. The challenges that will face the polymer
1989 CARB had grown into an alliance between NIST and thyerials science community in the second century of NIST’s

U of Maryland Biotechnology Institute, with a new laboratorisiory cannot yet be foreseen, but one can be certain that
building built on land contributed by the county, 5 km south gkattering and diffraction methods will be as vital as ever.
NIST. Although an x-ray diffractometer for protein work

operated atNIST for afew years during the late 1980s, ever since
1989 the CARB laboratory has housed the equipment for NIST

Protein Crystallography at NIST

John D. Barnes, Polymers Division
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Databases and Computation in Modern Structural Science measurements out of ignorance of what has already been

Dreams are importantin driving new technology, and materidneasured and reported in the literature. Int_elligent p_Iannmg of
design is no exception. Today advanced computatiofW researchl often depends on a foundation of eX|st|r_1g data.
technology is advancing our dream of designing new materialdus every field of science should be concerned with the
from first principles. Or is it? | would argue that the dream is ng@llection and organization of the data it produces.
to assemble P®&to 10?2 atoms of various quantities, and let the Crystallographers have been at the forefront of science in this
computers determine optimal structure and derive propertiegard. Over the years, many outstanding crystallographers
from that structure. Instead, | believe the dream for the comihgve dedicated portions of their careers to the exacting and
decades is to couple computer power with comprehensiweglamorous task of systematizing the data on crystal structures.
structural databases and data exploitation (data mining) methbdparticular, the crystallographic community has led the way in
to develop new leads for materials to be optimized accordingdpplying modern computers to scientific data management.
the requirements of specific applications Today, a vast amount of crystallographic data can be accessed

Materials design and development rarely starts with a blafRiICKly and reliably by electronic means.

computer screen. The projected application guides us to certailihe National Bureau of Standards (now the National Institute
materials classes through experience, broad knowledgeobfStandards and Technology) has played a key role in this
material potentiality and creative thinking. The process almgaiocess. The NBS Crystal Data Center was one of the charter
always involves ageneral or specific application. Modern matergta centers when NBS established the Standard Reference Data
science has opened the range of possibilities considerably guegram in the mid 1960s. Under the SRD program, a productive
the last thirty years. Composites, advanced processing aotlaboration between NBS and the Cambridge Crystallographic
finishing, and new manufacturing techniques are examples.@dta Centre has continued for more than 30 years. A close
the same time, new approaches, such as materials selesttiaboration between NBS and the Joint Committee on Powder
software, open new avenues of interest. The ability to scrd@iffraction Standards/ International Centre for Diffraction Data
materials classes on the basis of a few desired propertiealg continues. NBS/NIST crystallographers have made
proving to be quite popular. Yet the process of materials desigiportant contributions to the development of software for
does not stop with the selection of a traditional or new materiataluation and retrieval of crystal data. The Single Crystal
Almost always, there is a need to optimize some aspect dfhanstructural) Database that they maintain is a comprehensive
selected material. The considerations can take place at magigntific numerical database with crystallographic data on all
different levels — atomic, cluster, microstructure, surface, etdasses of materials. Most recently, the NIST Standard Reference
Where do modern structural databases fit in with this schenig®a program has joined in collaborative efforts with respect to
Where does computation support it? the Inorganic Crystal Structure Database and the Protein Data

Modern structural databases (e.g., the Inorganic CrysBAnk. Crystallography has been a key element of the SRD
Structure Database (ICSD)) provide a comprehensive and qual§egram and will undoubtedly continue to be in the future.
controlled depository of data on the full structure of crystalline i i
compounds. The ICSD now contains structural data on over David R. Lide
50,000 inorganic compounds that usually fall into a few structure
types. Searching for new materials leads is facilitated
investigations of compoundsin the same structure type. Howe
we can go further. Using new data mining techniques, the ICSECrystallography has a long and successful history of self-
may yield additional structure-property correlations beyond tleeganization and was one of the first areas to create numerical
current structure type classifications. The real purpose of bettientific databases. Virtually all structure determinations have
database exploitation and computation is not to create datalfeen archived in databases that allow ready access and complete
every possible structure, but to generate ideas for structuresauerage. Crystallographic databases and computational archives
general, and specific structures as needed. The design @imgport research on a daily basis for thousands of scientists
development of new engineering materials is a processvafrldwide. The crystalline structure of inorganic materials is of
getting new ideas and gradually transforming those ideas intoerest to analysts in areas such as materials design, properties
real material, suitable for an application. Structural databag®ediction, and compound identification.

and structure computation will soon replace experimentation aghe |norganic Crystal Structure Database (ICSD) contains
the major source for the new ideas. Indeed, the real materialgffstructural and bibliographic information for all structures
tomorrow will come from the virtual materials of today. from 1915 through the present. There are more than 50,000
entries in the current version and approximately 2500 new
John Rumble, Jr., Standard Reference Data Program entries are added per year. Data items include bibliographic
information, such as the article title, authors’ names and literature
Crystallographic Data in the NIST Standard Reference citation; compound designation, such as chemical name, chemical
Data Program formula, mineral name; and crystallographic parameters, such

All fields of experimental science generate numerical datad§ Unit cell, space group, element symbol with numbering,
some form. Since the useful lifetime of these data is very lofgidation state, multiplicity for Wyckoff positionx,y,z

and the volume of production continues to accelerate, d_ggjprdinates,site occupation, thermal parameters and reliability
management is a significant issue. It is wasteful to repéﬁqe)_( R, among others. The data are evaluated by experts in
specific disciplines and by specialized computer programs.
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Several types of evaluation are performed, including examinattbe unit cell parameterthe relative atomic coordinatesy, and

of an individual data item, looking for consistency within @ and site occupancy numbers), along with the principal thermal
complete entry, and checking the relationship of an individuaxpansion, conductivity, diffusivity, and specific heat) and
entry to the entire database. mechanical (elasticity, strength, hardness, toughness, and creep)

Over recent years, FIZ and NIST have been buiIdingpéOPefti?S- The HTS. database also_ includes_ g[ectromagngtic
modern infrastructure for the Inorganic Crystal Structufgesistivity, surfac_e _reS|stance,magnetlcsqsceptlbmty, penetration
Database. This has included a complete re-design of fispth, Hall coeff|C|_ent, and thermoelectric poyver) and critical
ICSD database structure, conversion and loading of the di{gerconductorTt, j., H.,, H.,, andH_,) properties.
into a relational database management system, designinghe crystallographic data serve several functions in these
graphical user interfaces to access the data, and creatlathbases. The data sets themselves are, of course, part of the
scientific application modules to analyze the results ofreference information characterizing the materials and may be
database search. The ICSD is marketed through a varietysdd for purposes of identification. Conversely, crystallographic
computerized media which include both PC and Welata may be specified as part of the criteria when searching the
accessible versions of the database. The new Windowatabase for properties of particular materials. These data also
based graphical user interface for the ICSD is tabular are used both in data evaluation efforts, to help ensure that only
design, allows for searching in five general categories ddita from comparable materials are being analyzed together,
Chemistry, Crystal Data, Reduced Cell, and Reference Datad in developing or applying models of material behavior.
and will include enhanced features for the characterizationdény physical properties depend significantly on the phase
materials based on lattice and chemistry search modules, emhpositions of the constituent particles, the interface or grain
3-dimensional visualization and powder pattern simulatidioundary regions, and the possible surface layers. Similarly, the
of inorganic structures. size, shape, and distribution of pores, which may be treated

Anticipating the needs of the materials community in bofRrmally as a secondary phase, can have a dramatic influence on
science and industry, the ICSD is helping scientists ukgpPerty values. Crystallographic data often provide the key to
crystallographic data models to visualize, explain and preditiderstanding the effects of phase composition and porosity in
behavior of chemicals and materials. With increasing u§&ms of structural features in the material.
comes an increasing range of computational techniques to ) L
analyze and correlate data, and to help researchers concentrate R. G. Munro, Ceramics Division
experimental work in directions that optimize the discovery
process. Interoperability with other data sources and software
tools appears to be one of the emerging driving forces forase Equilibria Research

innovation today. Since the 1930s, NIST has collaborated with various
The Inorganic Crystal Structure Database is produced cooperatiefiustries on phase equilibria research. One of the first phase
by the Fachinformationszentrum (FIZ) (Karlsruhe http:/Amww.fizquilibria studies at NIST was by McMurdie et al. on the
karlsruhe.de/) and NIST (http:/Avww.nist.gov/srd/) relation of MgO to Portland cement compositions. This was
followed by the study of the PbO-Sj6ystem for its relation
Vicky Lynn Karen, Materials Science and Engineering Laborator{o glazes for whiteware.

Roth and his coworkers started phase equilibria studies of
_ ~dielectric materials in the 1950s, with focus on the tantalate,
NIST Materials Properties Databases for Advanced Ceramicsniobate, titanate and tungstate systems, and their chemistry with

The anisotropy of any physical property of a single Crystrae‘re—earth oxides. Phase relations havg a_llso been det_ermined in
must be consistent with the observed symmetry in the physi¥ technologically important PZT-containing (PbZRbTiO)
structure of the crystal. By extension, anisotropy in the propertf¥$tem. A number of phases in the@iTiO,, Bi,O,-SiO,
of polycrystalline materials should be correlated with the degr@¥stems later became sought-after piezoelectric materials. Since
of texturing in the sintered body. Both crystal structure affde mid-nineties, the emphasis has been shifted to microwave
texturing have important consequences for the behavior dflectric materials (Vanderah and Roth). Systems being
materials subjected to external stimuli (temperature, pressif¥estigated included BaO-f&-TiO,, SrO-TiO-Nb,O,, SrO-
and electromagnetic fields). Furthermore, structural data fréfCs"NB,O;, and CaO- AD,- Nb,O,. Among the new phases
crystallographic studies can be used to determine the coefficiéh%overedg gsgmﬂcantﬂndmg pertains to the dielectric properties
of thermal expansion which, in turn, can be used in the evaluatiBh§0mpositions prepared between,XiaO, and CaAINbO,,
of axial and volumetric derivatives of physical propertieg‘.’h'Ch have relatively hlgh.dlelectrlc constants and qualltyfgc_tors,
Consequently, crystallography plays a central role in classifyiﬁ@d can be tuned to having near-zero temperature coefficients.
and understanding the physical behavior of solid materials, an8ince 1986, NIST has been involved with the EPRI and later
the associated data form a useful basis from which to study #nel DOE programs in phase equilibria research of high T
pursue the development of new materials. superconductor systems. Following Roth’s studies of the Ba-Y-

As aresult, the NIST Standard Reference Databases (SRDffdfC_system, Wong-Ng and Cook investigated the phase
high temperature superconductors (HTS, SRD Number 62) dighsformation of Baf€u,0,,, (R = lanthanides and ), and
structural ceramics (SCD, SRD Number 30) include a fi@[S© the phase diagrams in the AGBRCUO (A = Ba, Sr)
complement of crystallographic data (crystal system, space grotfstéms which are related to the development of coated
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conductors. To provide basic information for the wire and tagata will continue to be added making it a useful resource for the
development using Ag powder-in-tube techniques, multhacromolecular crystallographer.

component phase diagrams of the Bi-Pb-Sr-Ca-Cu-Ag-O system

have been successfully studied. Gary L. Gilliland, Michael Tung, and Jane E. Ladner

The compilation of published phase diagrams was started in
1933 and it was published by the American Ceramic Societ . .
(ACerS). This started a continuing relation between NBS a-ﬁﬁe NBS-JCPDS/ICDD Research Associateship Program
ACerS and has resulted in the publication (Roth, Cook, OndikThe NBS-JCPDS/ICDD Research Associateship program at
and Vanderah) of 12 volumes of compilations and seveNBS/NIST was along standing (1949-1986) successful industry-
volumes in special areas. government cooperation to produce high quality x-ray powder
diffraction reference patterns to be included in the Powder
R.S. Roth , H.F. McMurdie, T.A. Vanderah, H. Ondik, L.PDiffraction File (PDF). Today the JCPDS/ICDD is known as the

Cook, and W. Wong-Ng International Centre for Diffraction Data (ICDD). The PDF is a
continuing compilation and the only comprehensive source of
The NIST/CARB Biological Macromolecule reference patterns gathered from many sources, and is widely

used for phase identification and materials characterization.

Crystallization Database
The Associateship was established at NBS/NIST in July 18,

The Biological Macromolecule Crystallization Database . . X ;
(BMCD) was developed at NIST to assist crystallographersii49 t0 prepare high quality powder x-ray diffraction reference
andards. Inthe early years, the Associateship was directed by

developing strategies f tallizing biological leculet:
eveloping strategiesfor crystafizing biological fnacromolecy . McMurdie, and in the 70s and 80s by C.R. Hubbard. Their

The database summarizes the information concernf dershi d th i f th I
crystallization that is available in the literature. The BMCD w. ership ensured the quality of the patterns, as we
gé/[elopment of state-of-the-art computer technology and x-ray

established in 1989 with assistance from the National Institut M :
action instrumentation. The standard patterns were produced

Standards and Technology (NIST) Standard Reference DqJL )
—by M.Morris, E. Evans, J. DeGroot, H. Swanson and others-

Program [Gilliland, G. L. (1988)1. Crystal Growtt0, 51-59]. _ ) " ) X
Atthistime, the BMCD software was developed as an independéﬂ greproducible, controlled conditions of specimen preparation
the best recording instrumentation available. The consistent

rogram for personal computers (PCs). Access to the data
prog P P ( ) %%; quality of the patterns produced has been an integral

provided through menu-driven software that allowed browsi dat fth d iffract i h
and searching of the crystallization conditions of 1025 crysfgHndation of the Powder Diffraction File (PDF). These patterns

forms of 616 biological macromolecules. The informatior‘{‘,’er(‘ja aIsc:j pl_‘b”j?Ed inh the NBS MolTogr?]phs (|21 vqume}s)h,
whichincluded most of the crystallization protocolsofbiologicQIrO SCIS _ffe”V‘? rorrr]]t ePDF,asr\:ye ast Ie egryllssge_s oht €
macromolecules in the literature through the end of 1982, Hz@vderiffraction. The Associateship was also involved in the

been previously deposited in a formatted ASCII file in tHE'Plémentation and testing of the computer software (led by
Protein Data Bank. Hubbard, A.D. Mighell, J.K. Stalick and N. Pyrros) necessary

for data collection and reduction, least-squares refinements and

In 1991 the second version of the BMCD software and daigitorial processes. Concurrent with the Associateship efforts
was released. The data included 1465 crystal forms of §¢4g aiso certified a number of Standard Reference Materials
biological macromolecules. In 1994 the BMCD became thig e asinternal standards and forimproving powder diffraction

NASA Protein Crystal Growth (PCG) Archive and incorporateé;lmﬂysiS (SRM640, 640a, 640b, 660, 676, and 1874).
data from crystal growth studies supported by NASA. The new ' ' T

software and data were released as Version 3.0 of the BMcDYith the expanding capability for others to accurately measure

The number of crystal entries was increased to 2218 for 1%5’ report XRD reference patterns, the mission O.f the ‘.]CPDS/
biological macromolecules. ICDD Research Associate program was accomplished in 1986.

, A three-year program at NBS to produce high quality x-ray
Version 3.0 of the BMCD was subsequently ported to aUNBG terns of important ceramic phases followed. Further

platform to take advantage of the development of netwqtaporations continue through the ICDD Grant-in-Aid program

capabilities that employ client-server tools. The first We(lw Wong-Ng, and J. Kaduk of BP-Amoco), with emphasis on
implementation of the BMCD provided many of the features g{zierials for électronic applications. '

the earlier PC versions of the BMCD. The searching capabilities

and the data were increased in release 2.0 of the BMCD web £ McMurdie, C.R. Hubbard (ORNL), W. Wong-Ng
software that now includes 3546 crystal forms for 2526

macromolecules. The current web implementation is available

at http://wwwbmcd.nlst.gov:8080/bmcd/bmcd.htm|.Tofamhtataﬁndard Reference Material’ for Single Crystal

the updating process, the current implementation provide .
P gp P P ractometer Alignment

beta-test version of software that users can employ to sub
their crystallization data directly to the BMCD. The BMCD’s The importance of the investigation of the accuracy and
primary goal will continue to be an error-free and up_’[o_damecision of lattice parameters measured in the industrial,
crystallization database. The availability of the NIST BMCD oacademic and government x-ray laboratories were recognized
the Internet will facilitate the distribution and error correction éfy the 1UCr, ACA, Hauptman-Woodward Medical Research
the data. Alternative ways for users to search, use and displayistitute (HWI1), and NIST. As aresult, two related projects have
been developed: aninternational round robin study of a potential
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alignment standard, and the certification of this material agldnydrate. Upon addition of water, these mixtures would
standard Reference Mateflfa(SRM). rapidly form hydroxyapatite (HA), the major component of
The international round robin project was launched by distributit@pth mineral, at body temperatures. It was observed that some
to various laboratories 50 sets of a ruby sphere along witlbfahe pastes became a hardened mass when left in test tubes for
zeolite reference crystal through theHauptman-Woodwaadew hours. Thus, the PRC scientists inadvertently discovered
Medical Research Institute. The results of this project confirmadnew type of self-hardening cements that consisted of only
that well-aligned diffractometers are important for obtainingalcium phosphates and formed HA as the only product.

accurate lattice parameters, and that the ruby spheres satisfy tg? optimizing the particle size distributions of the cement

ingredients, the scientists were able to develop cements with
setting times of about 30 min and compressive strengths of 34
MPa (WE Brown and LC Chow;ements Research Progress
1986, pp352 (1987)). From animal studies conducted at
Northwestern University, Costantino and coworkers (PD
Costantino et al.Arch Otolaryngol Head Neck Surbl7,
385(1991)) found that when implanted in bone defects, CPC
was gradually resorbed and replaced by new bone. Dense and
porous ceramic HA materials, which have good biocompatibility,
have been used clinically for repairing bone defects. However,
because these materials do not resorb, they must be used in
granular forms to allow a blend of soft and bone tissues to form
interstitially with the HA granules to achieve stable implant-
tissue integration. This has limited the use of ceramic HA to
repairing small defects in bone. In contrast, because of its self-
hardening anth vivoresorption properties, CPC has the potential

to be useful in a much wider range of clinical applications.

W. Wong-Ng, T. Siegrist (Lucent), G. DeTitta (HWI), Continued research conducted by PRC scientists at NIST has
L. Finger (Geophysical Lab), H. Evans (US Geological resulted in many _significant improvements in CPC. In July
Survey), E. Gabe, G. Enright (NRC, Ottawa), J. Armstrong,1996, a CPC consisting of TTCP + DCPA was approved by the
M. Levenson, L.P. Cook, and C.R. Hubbard (ORNL) Food and Drug Administration for repair of cranial defects in

humans, thus becoming the first material of its kind available for
criteria required of a SRM. Through extensive internationﬁ'l'r"ca_I use. CP_C_h"_:IS becomeasubject ofgreatlnte_r_est to many
collaborations, the ruby sphere SRM1990 has been certifiggientists and clinicians WorIQWlde, an_d several fidd't'on.al C.:PC
The primary technical objective of this SRM wasptovide products are now commercially aya|lable. With continuing
world-wide laboratories with an alignment standard to improx')é‘Pone”?e”ts In cement propertles_and u_n(_jerstz_indlng of
the accuracy of lattice parameter determination. These rudiierial-tissue interactions under various clinical situations,
are rhombohedral, with space group R3c. The certified room__grentCPC formulaﬂonsv_vﬂh properties optimized for specific
temperature unit cell parameters (a/A = 4.760810029, and Cc!inical applications are being developed.
c/A =12.99568& 0.00087) agree with the round robin data and
are also supported by the Guinier-Hagg transmission data. Therence C. Chow and Shozo Takagi, ADAHF- PRC, Polymers Div.
results of this work are expected to have a significantimpacton
accurate scientific investigations using single cryst&uasicrystals
diffractometers. These standards will be available in the nea¥hen,in 1982, Dan Shechtman produced an electron diffraction
future at the SRM Office of NIST. The Web site for informatiopattern from a rapidly solidified alloy with sharp spots that
is http://www.nist/srm apparently had icosahedral point group symmetry, m—35, other
members of the NBS staff were skeptical. After all, sharp
diffraction is the consequence of periodicity. Conversely, it was
thought impossible to have sharp diffraction from any aperiodic
A Natural Bone Cement — A Laboratory Novelty Led to the structure, and no structure with icosahedral symmetry could be
Development of Revolutionary New Biomaterials periodic. Shechtman’s pattern had to be produced by some
In the early 1980s, Brown and Chow of the Americapgculiar kind of twin. But Shechtman had conducted several
Dental Association Health Foundation Paffenbarger ReseaRtRer careful experiments that ruled out any possibility that the
Center (PRC) at the National Institute of Standards aRgservations could be explained bytwmnlng.(UnIessyog believe
Technology (NIST) conducted studies on calcium phosphatB&t; forexample, hexagonal close packed structures existonly as
aimed at developing remineralizing pastes for repairing eafhyPeriodic twinning of a face centered cubic structure.)
dental carious lesions. Based on the solubility properties off he level of skepticism was much reduced, within the NBS
calcium phosphates, they formulated mixtures containistgff at least, if not in the broader crystallographic community,
tetracalcium phosphate (TTCP) and dicalcium phosphatten it was demonstrated mathematically that there could be an
anhydrous (DCPA) or TTCP and dicalcium phosphatenderlying quasiperiodicity in the so-called Fibonnaci sequence,
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adiscrete Fourier transform where the “orders” were notintegevighell, J. Appl. Cryst 9, 491 (1976)). Today the scientific
but rather powers of the “golden meanz (1 +V5)/2 = 2 cos community routinely uses this identification strategy, as it has
36°. Further, it was demonstrated theoreticaly and confirmwekbn integrated into commercial X-ray diffractometers.
experimentally that the aperiodic Penrose tilings would producgy e somewhat to serendipity, the most significant and lasting
optical diffraction patterns with sharp spots having fivefolgh| e of this work is probably not reduction itself. Rather, reduction
rotation symmetry. The mathematics of pentagonal oricosahegledl hjaved a key transition role in helping to move the discipline of
quasiperiodicity predicts that the diffraction spots go out fystaliography in new directions with new insights. The research
reciprocal space by successive factors of t (in contrast to Wtequction proved that there are excellent reasons for looking at
would be expected from twinning) and get stronger, exaclys crystal lattice from an entirely different point of view.
what is observed experimentally. One of the importagnsequently, withtime, many other lattice-related papers followed,
characteristics of quasiperiodicity is that it can always Rg.,ding papers on sublattices and superlattices, composite lattices,
described as periodicin a higher dimension, and diffract discreighfncigence site lattices, and lattice-metric singularities in the
in that and lower dimensions. The skeptics notwithstandinggexing of powder patterns. AtNIST, the mathematical analysis of
thousands of papers, studying more than a hundred differigfices was pursued further and evolved to a matrix approach that
metallic systems, have established not only that quasicrySi{gred a more abstract and powerful way to look at lattices and their
exist, but that they occur with other “noncrystallographicy herties, The matrix approach, in particular, has many applications,
symmetries, including five-, eight-, ten-, and twelve-fold ax"'f}l\cluding for example, symmetry determination (V. L. Karen
systems, and that large stable quasicrystals can be grown Wﬁhir:'hes) and A. D. MighellActa CrystA43, 375 (1987)).
high degree of perfection.
Many metallic systems exhibit sequences of periodic approximaatan D. Mighell, Materials Science and Engineering Laboratory
with ever larger unit cells that converge to the observed true .
quasicrystals. The Patterson functions of all these structures&r&AMics Texture Research at NIST
quite similar to one another and to those of the true quasicrystals. Ahe impetus for texture research in the Ceramics Division
number of “quasicrystal structure determinations” have beenmateine from American Superconductor Corporation,
using methods of hyperspace crystallography. A few years agoWstborough, MA, (ASC)in 1994. During product development,
IUCr changed the definition of crystal based on discrete diffractiddfC needed to do rapid, accurate crystallographic texture
so that these “quasiperiodic crystals,” or quasicrystals for short,measurements on the high temperature superconducting wires
now included among crystals. There continue to be extens{oe‘tapes”)they were manufacturing. Their goal was to correlate
studies of this fascinating extension of crystallography. the observed texture with measured electrical and mechanical
properties, which are known to be strongly influenced by
J. W. Cahn and E. Prince, Materials Science and texture. Amajor requirement was that the texture measurement
Engineering Laboratory technique could be performed using the conventional x-ray
powder diffractometer available at ASC. A technique was
developed at NIST for quantitative measurement of texture
The Fundamental Role of Reduced Cells in Crystallographysing scans performed on a conventional diffractometer; the

In theory, physical crystals can be represented by ideali@NS can be obtained in about one hour. The data analysis
mathematical lattices. Under appropriate conditions, the®§thod uses the technique of calculating the hkl omega scan
representations can be used for a variety of purposes sucH{8 an untextured sample of the material being tested using
identifying, classifying, and understanding the physical propertfa§-28 scan of the samplaver the hki peak. The experimental
of materials. Critical to these applications is the ability fmegascanfrom the texturedsample s divided by the calculated
construct a unique representation of the lattice. The vital link tif4p€92 scan to give the texture profile of the sample. The
enabled this theory to be realized in practice was provided by {ighnique is best suited to the analysis of fiber texture. The
1970 paper on the determination of reduced cells by A. santdpbtware to performthe calculations of the anaIyS|§, TexturePlus,
and A. Mighell @Acta Cryst A26, 124 (1970)). This seminalWas developed at NIST. The technology was validated at NIST

paper led to a mathematical approach to lattice analysis initiai§"9 SRM676 (untextured alumina) and successfully transferred

based on a systematic reduction procedure and the use of starf@efC N 1995.

cells. Subsequently, the process evolved to a matrix approadhbecame clear that there were many potential users of this
based on group theory and linear algebra that offered a mmeethod in industry, particularly small businesses, and academia.
abstract and powerful to way look at lattices and their properti@s. part of the thin film program, the technique was extended to

Application of the reduced cell to both our database work a@@lysis of diffraction data from thin films, where the thickness
our laboratory research at NIST was immediately successfild linearx-ray absorption coefficient of the film were necessary
Currently, this cell is widely used: (i) as a standard cell for thaput data._Valldatlon of _the thin film correction was atheved
reporting of triclinic crystals, (ii) in crystallographic databas® 1998 with data obtained from electrodeposited films of
work (iii) in symmetry determination because of the close lifl?PPer, which are being introduced into chip interconnection
between metric and crystal symmetry (A. Mighell, A. Santorgchnology as areplacement for aluminum. The software package
and J. D. H. Donnay|nternational Tables for X-ray TexturePlus was made avgﬂab!e on the World Wide Web in
Crystallography Vol. 1, 530 (1969)) and\cta Cryst A36, 1999 on http://www.ceramics.nist.gov/iwebbook/TexturePlus/

321(1980)), and (iv) for identifying crystalline materials (A'gexture.htm.Aworkshop on Texture in Electronic Applications
was held at NIST Gaithersburg in October 2000, attended by
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about 40 researchers from industry, academia and natictahbout 5 Pg (5.5 billion tons), second only to water in per-
laboratories. At this meeting, the need for NIST to facilitatapita demand. The flexibility in application and speed of
interlaboratory comparisons became apparent and will be tdomstruction afforded by concrete has resulted in it largely

focus of future efforts. supplanting other materials in construction of pavements, homes,
and high-rise buildings. Improved understanding of the materials
Mark D. Vaudin, Ceramics Division science of portland cement and concrete has come through

increased knowledge of the chemistry and crystallography of
the constituent materials; the clinker phases, cements, and
Crystallographic Support for the Free Radical Research  cement hydration products.

Program NIST/NBS researchers have played an integral part in

In 1956, the imaginative Herbert Broida, backed by the steadigveloping this understanding of portland cements. Work on the
experimenter, Arnold Bass, proposed a basic research progchemistry of portland cement clinker phases at NBS in the early
to investigate atoms or very small molecules, with an unpair2@" century (by P.H. Bates and A.A. Klein, Bureau of Standards
electron in their outer shells, trapped in a solid matrix at Iolechnol. Papers No. 78, 1917) demonstrated that 3CaQd8iO
temperatures. The result of this proposal was the NBS Fadige, was one of the primary constituents, as postulated by Henri
Radical Program. Its concepts were supported not only by teChatelier. They also investigated the hydraulic properties of
NBS management, but also by the Department of the Army casnent compounds in one of the first studies that addressed the
funding agency, as well as by several private-sector companiedationships between cement performance and composition.
Within the three-year duration of the Program, more thanAeound 1925, the Portland Cement Association (PCA) sponsored
hundred publications were produced. a Fellowship at NBS that lasted until the mid-1960s. Researchers

Howard McMurdie, leading the NBS Crystallographic Sectioit NBS, including those who held the PCA F,ellowshlp, were
responded by making equipment and personnel available/Natrumental in formlng_the foundation of today’s knowledge of
liquid-helium cooled sample holder was built and fitted witRortland cement chemistry.
beryllium windows to permit soft X-rays powder data to be Examination of the relationships between clinker phase
recorded by a diffractometer. The detailed description of thlignstitution, individual phase solid solution, and reactivity of
apparatus by F.A. Mauer (in A.M. Bass and H.P. Broideements were a continuing theme of the work at NBS. At the
Formation and Trapping of Free Radicathapter 5, 117 - 167, same time, the chemistry and structure of hydration products
Academic Press, New York and London (1960)) remains a gooere the subject of many studies. Work today at NIST is directed
“beginners” introduction to low-temperature crystallographpward understanding the relationships between clinker
with sections on thermometry, calibration, vacuum technigummposition and cement performance, and to better understand
and gas handling features. the newer blended cement systems. These studies build on the

The X-ray diffraction studies and their crystal-chemiciPng history of cement science at NBS/NIST over the last
implications are described by H.S. Peiser (in A.M. Bass affegtury, combining them with recent computer modeling
H.P. BroidaFormation and Trapping of Free Radicathaptero, technology to dellve_r a _\/lr_tual cement and concrete laboratory
301 - 326, Academic Press, New York and London (1960)). iRithe desktop that will aid in evaluating and optimizing cement-
the outset he stressed the fundamental limitations: snifed materials.
concentrations of free radicals, the small diffracting power of
hydrogen and the use of powder diffraction with limited texture- Paul Stutzman, Building Materials Division
determining features. Nevertheless, the crystal structures of the
matrices could thus be recorded and any influence of the free
radicals was likely to be observable during deposition of the
radicals and on warm-up of the conglomerate, when strongly
exothermic reactions occurred. Pure argon and nitrogen deposited
at 4.2 K showed considerable line broadening, indicating
disordering which disappeared exothermically on annealing
with formation of good crystals. Their structures were retained
on re-cooling, enabling good cell-edge and coefficient-of-
expansion measurements to be recorded. Evidence for areported
lack of a center of symmetry in culsienitrogen was absent. The
evidence supported the space gréap with a/A= 5.644-0.005.

H. Steffen Peiser

Crystallography of Construction Materials

Portland cement concrete over the past 100 years has become
a ubiquitous construction material, with an annual consumption
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