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SYMMTWRY RELATIONSHIPS IN MODULAR CRYSTAL STRUCTURES
AND THERIR DISPLAY BY Mo ANS OF SYKBOLS

Boris B, Zvyagin
Institute of Ore Mineralogy (IGEM) Rus. Ac. Sc.
109017, Moscow, Russia

Modular crystallography, in general, and modular nineralogy,
in particular, belong to new developments of the modern science
as acknowledged by the General Mseting, K of the International
Mineralogical Ascociation, Italy, 1994. The modular approach
originates already from.the earliest diffractional studies of
crystal structures operating with atomic coordination polylhedra
anu their cssocistions =o some,ctenuard builuing builiing modu-
les (Brog,y 1957, Belov, 1947), It ceems though the very nature
a5 choosen nouules the energetic profitability ane stability of

which were approved for simple conpounds and combines them &at
the formation of complex comrounds. Therefore modularity is
close to the concept of polysomatism (Thompstn, 4973) which
considers the diversity of '"many substances" composed of sone
parts vhich are "elementary bricks" of some parent structures.
However both notions are not identical. The rodular approach
aili.s constructlon, derivation and prediction of real and hypo-
thetical crystal structures. Polysomatism combines formation
conuitions and properties of sone end member structures in
intermediate member structures of polysomatic series. Not
alwaye building nodules can be found in sowe real structures
composcd solely of them and are present in combination only
with nouules of another kind, Modules of a given kind present
in different structures nced not be strictly identical but may
be topologically similar or de¢viate in siructure and conposi-
tion fromn its classical state. Therefore they may be estimated
by "degree of somacity" (correspondence to some definite struc-
ture). On the other hand, somatic parts may diffor by deiree
of performance of a building function,

The existence of dGefinite type moaules being established
accoriing to the results of structural studies, the already
found structures are described, understood and explained, In
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adultion hy othetical structures nay be derived and predicted
aiffering in relative armounts, scequence order, positions and
orientations of the bulluini; iouules, Thus, difiercnt xinds
of mocular structures are reproesented by mixed-module alter—
nation seguences, ordered and random, periodic and aperioaic,
by hybride structures, comnencurate and incomusensurate, sta-
cxing scquences of polytypces cna OD (order-disorder) structy~
res, both simple and complex, houogeneous and inhorogcneous,

The formatiou of particular mouule coumbinations, their
occurencies and stability are, of course, -defined by crystal-
lochemical features influencing the "reactivity power" of
nodules, their tendency,to associate with other modules of
the same or other kinds. Howevcr, there is no necessity to
tnow the exact pattern of interatomic bonds if synwmetry con~
siGerations are taken into account. The syimetry approach,
according to r/hich sym:etry equivalence conmprises crystallo~
chermical equivalence ané the Lformer (being more available)
nay be uscd instead of the latter (vwhich may remain a hidden
subject) has been proclaiiica by Dornmberger—Schiff (1964) for
structures composed of layers related by some partial symmetry
operations vhich may not be total operations converting the
whole structure into itself. These structures Gisplaying diffe-
rent degrees of ovder—disorder were called OD-structures, and
a very concistent OD-theory has been developed for their des-
cription, analysis and derivation.

There aire thus several main sources of the modular crystallo-
graphy vhich combines principles of structural mineralogy,
polysomatism, polytypism and OD-thcory. Its formation ana aeve-—
lopient veee activized C¢uring the last decade which provided a
nunber of new results and instructive examples of modular struc—
tures ol reny natural and synthetic compounds favourable for
iLmortant acductions and generalizations (Zvyagin, 1993). I%

“1as also sunported by effective applications jin material
sciences (study of semi- and supcrconductors),

The symmetry of modular structures is Gefined by the symmetry
ol separate nowules and operations relating them. But nmost
inportant is that syumetry bears a construction function in this
case. It selects cguivelent bonding and staclzding variantc 1os
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edjacent modules end indicates possible positions and orienta-
tions of suoceeding modules relative to the precediny ones.
woduler structures may be subdivided into four catepories
widich Dornberger-tohiff had introduced for OD-structures depen-
ding on the nonpolarity-polarity of modules and distribution
of syrucetry operations retaining or reversing the polarity
sense of polar modules,

Crystal structures in generel and modular ones in partloular
ere oomplicated three-dimensionel objects. Their understanding,
description end subjectin; tc different operations require
epplication of speciel means, e.Ze modelling, imasing, use of
coordination polyhedre and their as~oclations as building
modules simplifying the problem., Hovever, the use of symbols
which one could vrite and type, has proved to be most simple,
evellseble and ot the same time effective for expressing,
transfer snd scception of struotural information.

Capital letters designeting somatic perts of definite sub-
stences (M-mica, P-pyroxene, :=-spinel etc.) are oonvenient
for desoription of alternation series of the type.XmYn...

The m,n-velues characterize concentretions of somatic parts

X end Y in polysomes which they form. The modules of steacking
series ere desipgnated by letters or other symbols the form of
which could express at some degree thelr symnetry and symmetry
relationships. thuo, letters H, X, © end 2, A and V, K and g,

n and U, m end w moy be attributed to non-polar modules having
mnirror plcnes, two-fold rotation eXes, inversion centers and
related by reflexion, rotation and inversion operationes. Letters
b, d, Py Q cheracterize polar modules related by the indicated
operations. Combinations b/o, b/d, b/p specify modules composed
of poler hclves velated by the indiocated operetions. If the
..odules ere fixed end held in mind their positions and orlenta-
tions, displacements end rotations, right- and left-hand states
and symmetry operation symbols in general (e.gGe 1, 2, 21. my Cy
n) mey form notations of moduler struotures. The arrangement of
symbols in the notations (e.ge from left to right) should corre-
spond to the spatiel errengement of modules (ee.ge to upverd
sequence of leyer modules). The elternation of symbols will
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reveal then translations, ¢lide components, positions of sym-
netry cleuents inside and/or between the modules and define
thus the lattice and space symmetry. It is casy to distinguich
identical and independent moduler structurcs described with
such notations in different settings and coordinate systems
ana to cubJeelb them to Jifferent symmctry operations.

The distribubion of opcrational sywbols cnables to identify
simple andé complex polytypes and to estimate the concentrations
of the formers in the latters. Comparison of experimental data
with modular features opens & possibility %o establish crystal-~
lization conditions which provide materials having desired pro-
vertios among members of polysomatic and modular scries,

Principles of the modular crystallography may be useful in
other areas operating with standard building units.
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