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NEW CONCEPTS OF CRYSTAL STRUCTURE
As is well known, the theory of crystal the point-groups to the space-groups, some

structure was worked out by Sohncke,
Schoenflies and Federov in the 19th century on
a purely geometric basis long beiore the dis-
covery of the diffraction of X-rays by crystals
opened up the possibility of the physical explo-
ration of their atomic structure. The results of
the geometric theory are embodied in the state-
ment that any crystal must belong to one of
the 230 possible space-groups, which in their
turn are derivable from the 32 possible point-
groups or symmetry classes to which a crystal
can be assigned; these symmeiry classes can
be grouped together so as to yield the well-
known classification of crystals into six (or
szven) divisions. The theory of space-groups
reste on the premise that the structure of a
crystal exhibits the translational symmeiry of
5 space-lattice or thres-dimensional network of
eqgually spaced points; a number of such latii-
ces similar and similarly situated but not coin-
cident interpenetrate each other, and the struc-
ture of the crystal is obtained by locating a set
of atoms of the same kind at all thz points of
each such lattice. The enumeration of the pos-
sible space-groups is based on a consideration of
the various types of symmetry which could be
exhibited by such a structure. In passing from

4

additional types of symmeiry become possible,
viz., glide-plane reflexions and screw-axes, the
effiect of which is fo multiply the number of
lattices which are occupied by atoms of the
same Kind and to locate these atoms within the
unit cell of the structure at equal intervals
which are integral submultiples of the lattice
spacings, The theory of space-groups is com-
plele in itself and its conclusions are fully
borne out by the resulis of the X-ray investi-
gations made with crystals. The determination
of the space-group to which a crystal belongs
18 possible by X-ray study, the so-calizd ab-
sent reflexions giving the clue to the existence
of glide-plane reflexions and screw-axes as
elements in the symmetry of the structure.
Indeed, assignment in this manner of the
crystal to the space-group to which it belongs
is a necessary step in the task of completely
elucidating its structure.

While the complete generality and utility of
the theory of space-groups are unguestionable,
the nature of the approach which if makes to
the subject of crystal structure is purely
formal and geometric, and hence the theory
cannot take us far towards a physical under-
standing of the facts of crystal structure. It
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only tells us what combinations of the wvarious
elements of symmetry are possible and the
resulis of such combination, but is not con-
cerned with the reasons for their appearance.
A characteristic feature of the theory of space-
groups is the introduction, in all except some
special cases, of undetermined parameters in
the description which it affords of crystal
structure. The appearance of unknown quan-
tities in the description of a structure charac-
terised by perfect order and symmetry must be
considered a disturbing and unsatisfactory fea-
ture and i1s an indication that the foundations
of the theory have not been laid d:zeply enough
In the groundwork of physical reality.
AN ALTERNATIVE APPROACH

It.is propased in the following to put forward
tentatively a concept of crystal
which; while it is radically different from that
forming the basis of the theory of space-
groups, daes not come into conflict with the
results of that theory, but on the other hand,
affords a phyvsical interpretation of th=m, and
also explains many facts known regarding the
structure of crystals which have hitherto re-
mained without adeguate explanation. The
concept proposed may be stated in the form of
four propositions or postulates.

I. All the atoms in a crystal whether of
the same or of diffierent kind are
located at the points of a common
space-lattice : but not all the points
of the lattice are necessarily occu-
pied.

1I. The locations of the atoms at thes points
of the common space-laitice with
respect to each other are determined
by fixed rulcs derived from thelr
mutual affinities. '

ITI. The unit of the structure which results
from the grouping of the atoms
around each other at the points of
the common space-lattice is of the
same specics as the cells of that
Jattice, but its dimensions are inte-
gral multiples of the cell dimensions.

IV. The - valence directions in the crystal
structure obey the law of rational

indices. |
We shall now proceed to comment upon each
of theése postulates in turn, offering some

sort of justification for each of them and point-
ing out their interrelations. The first postulate
contains the kernel of the proposed new con-
cept of crystal structure. Various considera-
tions may be urged in favour of i1is acceptance.
In the first place, it removes all uncertainty
or arbitrariness in the specification of crystal
structure, and has thus a purely philosophical
or a priori justification. Secondly, it may be
remarked that for a variety of atoms of differ-
ent kKinds ‘to settle down 1o form the regular
arrénﬁéfﬁ'eﬁt in space which we call a crystal,
it, is clearly. necessary that they should all take
up’ 15‘3",6%:3' in a common plan and the simplest
aS‘i‘llIBIiinh‘ -ywhich we could make regarding
the. pature of this plan is that it is a three-
dimensional network or space-lattice, the points
of '\mz;hich,",prqyidé' ‘locations for all the atoms.
1645 "a¥so’ €vident that the existence of ‘such a
p'lhn ‘%o‘es ‘not necessitate - that all the

jn the lattice should be filled. Per contra, the
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existence of unfilled places would, in general,
be necessary if atoms of different kinds and,
therefore, of different sizes are all to be ac-
commodated in the same lattice.

Qur second postulate scarcely needs detailed
justification. The atomic interactions would
obviously determine the manner in which the
atoms would take up positions in the postu-
lated common space-lattice, and unless these
Interactions are of such a nature that they
result in spectfic types of grouping of atoms
of the same kind or different kinds about each
other, anything like the regular order charac-
tl?;istic of a crystal would clearly be impos-
sible,

Our third postulate may be regarded as con-
sequential on the first two. If we postulate
definite types of grouping of the atcms about
each other in a common space-lattice, the final
result of such grouping should exhibit the
various types of symmetry shown to be possible
by the theory of space-groups. In the first
place, the structure would repeat itself in three
dimensions at regular intervals, which are inte-
gral multiples of the spacing of the primitive
latiice, In other words, the resulting struc-
ture would be such that the atomic co-ordi-
nates in the unit of the structure would all be
intcgral multiples of the spacing of the primi-
tive common lattice, and, therefore, either
rational sub-muliipies or rational fractions of
the dimensions of the structural unit. Thus,
our postulates would lead naturally to the ap-
pearance in all cases of a ftranslational sym-
metrv in the structure of the crystal and alsc
in appropriate special cases, 1o the types of
symmetry recognised in the space-group theory
as arising from glide-plane reflexions or screw-
axes, But the existence of rational relation-
ships between the atomic co-ordinates and the
dimensions of the structural units is a general
consegquence of our postulates and is not re-
stricted to such special cases.

Gur fourth postulate is not an independent
one but is merely consequential on our first
and second postulates. But it appzared worth-
while to put it forward as a distinct postulate
because of its obvious 1mportance in relation
to the views of crystal siructure here consider-
ed, and also because it appears possible {o find
an independent justification for i1, The idea of
a directed valence is a fundamental notion of
chemistry and is stressed in organic chemistry
with reference to the so-called ‘“4etrahedral”
valernce directions of the carbon and .silicon
atoms. Bui one has only to recall cases like
cyclo-propane or cyclo-butane to stress the fact
that even in saturated carbon compounds. the
valences of carbon are not necessarily tetra--
hedral and that their directions are influenced
by the structure. Thus, if the notion of
valency has any meaning at all in relation to
the crvstalline state of matter, we may expect
to find the directions in which 1t is exerted,
in cther words, the directions of the lines
joining neighbouring atoms to bear some simple
and specific relations to.the structure cof the
crystal.  If such relationships exist, thelr
nature should be of the law. of rational indices
which one naturally regards as the most funda-
mental fact of crystal architecture. Thus, i
our fourth postulate is regarded as having an
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independent theoretical justification, our first
postulate would be 2 consequence of it, and
vice versaq,
- Lest it be thought that our present -approach
to the theory of crystal structure is hypotheti-
cal and speculative, it may be pointed out that
a great many inorganic crystals, both of an
elementary and of a compound. nature, whose
siructures have been determined with some
assurance of finality may bz describzd in terms
of our present concepts. Indeed, all crystals in
wlich the atomic co-ordinates have been found
to be simply related io the lattice spacings,
either as a rational sub-multiple or as a ration-
al fraction thereof £fall naturally into the
present scheme of thought. Many such struc-
tures may be found on an examination of the
tabulated results of X-ray analysis.  Particu-
larly significant are those .cases
atomic locations of this kind are not demanded
by the results of space-group theory.
SOME QUTSTANDING QUESTIONS

Before concluding, it may be worthwhile to
reply briefly to some criticisms which may be
urged against the present point of view. The
most likely criticissm that might be urged is
that there are apparently well-atiested cases
of crystals in which the atoniic co-ordinates
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are not expressible as rational sub-multiples
or - raflonal {fractions of the structural cell-
dimensions. The answer t{o this criticism is
ihat such cases deserve careful re-examination
with regard to the facts or their interpretation..
The atomic co-ordinates here considered are the
positions of the atomic nucleii, while the co-
ordmates determined from the study of X-ray.
reflexion-intensity represent the optical centres
of the elgctronie clouds surrounding the nucleii.
If the electronic clouds are not spherically
symmmetrical, the locations determined from the
X~ray intensities would mnot necessarily be
those of the atomic nucleii. Another possible
source of error in the X-ray studies is the
thermal agifation of the atoms which may be
considerable and not necessarily symmetrical
about the nuclear positions, Not until these
and other possible sources of error in the X-ray
studies are carefullv considered and eliminated
In various simple cases which appear to con-
flict with the pr:sent point of view could their
evidence be considered 1o outwelgh the signi-
ficance of the large number of cases in which
it does fit with the facts and offers an intel-
ligible explanation of them.
C. V. Raman,.
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N 8th July
. tion of Scientific Information to the Gene-
ral Public” was held at the Royal. Institution,
London, under the auspices of the Royal So-
ciety’s Empire Scientific. Conference and the
British Association for the Advancement of
Science. Sir Richard Gregory, ¥.R.S.,, who was
for many years Editor of Nature, was_in the
Chair, and papers were read by Sir Henry Dale,
o.M, F-R.8., late President of the Royal _Sncxety,
Mr. Ritchie Calder of the News Chronicle, re-
presenting the profession of journalism, Dr. O.
Howarth of the British Association for the Ad-
vancement of Science, Commander lan Cox of
the BB.C., and Mr. Paul Rotha, representing
the film industry. _ o
The media by means of which scientific
information is disseminated to the general pub-
lic were reviewed and it was stress_ed_ how
greatly the war has stimulated a p_rubhc inter-
est in science—an interest philosophically
optimistic and largely vocational. But the
specialization of science and the complexity of
its organization are baffling to the public, wl_.'ule
scientists have a caution and congervatism

about publicity.

In view of these considerations the need 1is

ent for a link betwesn the public and the
ifi’i}r? rpf science. 1t was suggested that this link
shculd take the form of an Institute of Scienti-

a discussion on “The. Dissemina-.

fic Information, the function of which would
be | — |

(a) To Kkeep a record of all scientific re-
search in Great Britain, in the Commonwealth
and in the world as a whole.

(b) To obtain access to scientists in order, to
secura the latest information for issue to the
Press or B.B.C. and_t¢ refer to the proper
scientific authority any story the Press or B.B.C.
might bring forward.

(c) To supply to the Press and other media
lists of learned and technical points in pure
and applied science.

(d) To keep the Press and B.B.C. supplied
with official scizntific releases.

(¢} To give advice and make recommenda-
tions on all matters connected with the publicity
of - science. The producers of filims or broad-
casts and the organizers of exhibitions or mu-
seums would look to the Institute to help them
with advice and co-opéeration.

It was suggested that the Institute would
bz endowed partly from public and partiyifrom
independent sources. It would be calléi upon
to issue pronouncements on controvérfial Suble
jects and would be judged by the sinterity witly
which it reacted to varying interpretations of
the social function of-science. _ |

—Courtesy- of “Monthly Science News”,
1948 No. 9, p. 60.



