X-RAY INTENSITY STATISTICS OF APPROXIMATELY CENTROSYMMETRIC STRUCTURES*

R. SRINIVASAN anDp P. SWAMINATHAN
Centre of Advanced Studyv in Physics, University of Madras, Guindy Cuampus, Madras-600025, India

ABSTRACT

The joint probability distribution of X-ray structure factors of a non-centrosymmetric
structure (true structure) and that of a centrosymmetric structure (assumed model) from which
it deviates slightly, are given. These are characterised by a parameter D = < cos 2 © H. A r; >

where A ¥;

are the deviations of the N atoms from the centrosymmetric arrangement.

The

limiting forms of the distribution for D — @, and D = 1 are respectively the acentric and centric

aistributions of Wilson.
metry of the structure.

1. INTRODUCTION

N a series of papers from this laboratory (Rama-

chandran et al., 1963 ; Srintvasan ef al., 1963 g, b ;
1964 ; Srninivasan and Ramachandian, 19654, b ;
1966 ; Srinivasan and Chandrasekharan, 1966
Parthasarathy and Srinivasan, 1967) the statistical
distribution of a pair of structure factors have been
considered. The results obtained therein have been
shown to be applicable to different stages of
crystal structure refinement as well as for testing
cf 1somorphism between a pawr of crystals. The
probability distributicns established were for a paw
of structure factors, F y and F_.° where F y COrres-
ponds to the true structure containing AN atoms
and F,° to the assumed model contamning a part

(P atoms) of the structure whose coordinates p ¢

differ from the true r ¢ by A r, Broadly, two
cases bhave been considered so far namely (a) when
both F, and F,° are non-centrosymmetric (case I)
and (b) when both ¥ N and F o are centrosymmetric
(case 1lI). The various results that have been
deduced are thus applicable t0 a crystal structure
which i1s known tc be either non-centrosymmetric
or centrosymmetric as the case may be.

The possibility that F . could correspond to a
centrosymmetric model while F, is non-centrosym-
metric (we shall refer to this as case I11) and vice
versa {(case lV) was not considered earlier since
it was thought that this might not have immediate
practical application. It has however been reahsed
now that these cases are also of interest since they
could lead to distributions for pseudosymmetric
structures.t  Consider for simphcity the case P = N.
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7 Following Srimivasan (1965 «¢) we use this ferm
pseudosymmetry in a very general sense 10 denole
the presence of any non-crystiallographic symmetry
property associated with the “asymmetric puart™ or
“crystallographic unit” so as to invalidate the basic
Wilson conditions.

Intermediate values of D characterise different degrees of centrosym-
The parallelism of the results to another ‘approximately centrosym-
metric’ situation (Srinivasan, Indian J. Pure Apbt. Phys., 1965, 3, 187),

is pointed out.

It 1s possible to imagine a structure which s in
reality non-centrosymmetric while the assumed
model is centrosymmetric. Following the basic
problem posed for cases I and Il, we postulate that
the N atoms of the true structure are related to
the N atoms of the assumed model through the
given set of errors Avpg,,.. Since the assumed
mode!l is centrosymmetric for the present case, this
would mean that the true model could better be
described as “approximately centrosymmetric”,
Thus ome would expect that as A ry; tend to zero
the distribution would tend to be a centric one
while when A rg, tend to be large the distribution
would tend to the acentric one. For intermediate
values of A pg, the distribution can be taken to
represent different degrees of centrosymmetry of a
non-centrosymmetric  structure.

It would appear that the statistics of such a
situabion was first considered by Luzzati (19353)
who applied his earlier analysis (1952) to the
above problem and worked out theoretically the
values 10 be expected for a type of discrepancy
index iavolving F, and F,° which would e¢nable
one to use the results to deduce (]Arm \ for a
practical case. His treatment of the problem is
brief and is restricted to the statement of a few
results. Recently this aspect of the problem has
been considered in this taboratory in detail follow-
ng the type of analysis done for cases I and }.
The purpose of this paper is to outline briefly some
of the main steps involved in deducing the distri-
butions and the possible application of these to
develop other statistical criteria. Most of these
could be deduced following the same procedures
as for cases | and Il and in conjunction with
l.uzzatt’s {reatment (1953).

It may be mentioned that the problem of this
type of degree of centrosymmetry of a non-ceatro-
symmetric structore was ulso recently considered in
this  laboratory  (Srinivasun  and  Vijayalakshmi,
1972 a, b ; Srinivasan ef «af.,, 1974 : Srimivasan,
Swaminathan and Chacko, 1972} and the present
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analysis forms, in part, an extension of the above
studies.

2. Basitc PrROBABRILITY DISTRIBUTIONS

Let gy, denote the true coordinates of the
structure which s approximately centrosymimetric.
These may be considered to have been obtained by
civing random and independent displacements
. _ry; 10 the coordinates of a perfectly centrosym-
metric  assumed model. It is assumed that the
shifts Ary; and Arg .. for the atoms j and which
are related by centrosymmetry are random and
independent where n = N/2. We denote by Fx
and Fx° the structure factors of the true and
assumed structures. It is also assumed that both
the true and assumed structures satisfy the ideal
Wilson conditions, namely, they contain large
number of similar atoms randomly distributed 1n
the unit cell.

The establishment of coanditional distribution
P (Fy Fpn°) follows closely the steps given earlier
{e.o., sce Appendix 1 of Srnivasan and Chandra-
sekharan. 1966) and is not detailed here.t The
conditional distribution P (F, , F,") takes the form

P(Fy; Fn®y = 20 21 — p#y S*P
['F wi2+ D2 Fy®|2 2D\ F | |FN”[CDS{I]

Op " (1—D2)
(1)
N‘T
where D = (cos 2r H. A ry)). on® = 2 f;*
J=1]
and « is the angle between Fp and Fg°. The joint
distribution P (IFg}, a; Fu°) for a given Fg° is
P(|Fnl,a; FN) = ?TU 3|(1NI_D..) Cxp
[Vl DR -2DIFM [P cose)
[ oy (1-D%
(2)

where ¢ = ay — ap®.
ables YN = ]FNU"’N': ,]f'N': = !FNFUUN we have

)
PYnsa; yn') = ('1"“ H‘ﬁg‘j Exp

Y2+ D?Pyn — 2DynyN© COSa
- [ a=py ] ©
2y
P(}’N ’ ,VNE} == E_I_'_PL.;) exp
yut + D yp’ 2Dy nyyn°
[ 1“DEN‘]I0 IWNDP;] (4)

t The number of atoms in the model and true
paper
cited (Srimvasan ahd Chandrasekharan, 1966) it was
denoted by P. Also the only other difference is
now corresponds 10 a centrosyminetric

structure are denoted here by N while in the

lhﬂt FH
model.
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In terms of normalised vari-
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It {s important t0 note that while F, has both
amplitude and phase, F,° is real since it corres-
ponds 1o a centrosymmetric moded. Thus assum-
ing a centric distribution for P(y,")

P(ync) = v 2/mexp — (yy"/2) (3)
the joint distribution P (v, y,r) is readily deduced
to be

— 2V
PUN# YnNC) = 1*12)(“' (] i f CXp
F2rn® + (_+ D)y J / [ZDJ'N_J’N“]
L 2(1 — D¥ "L - Dy
(6)

The distribution of a for a given |Fy| | ¥,° will

be useful. This is given by

2DIFN| IFN ICUS a
1 Rl “ont (I = D) J
2:r f [?-DIFM IFN"IJ

v ﬂ'N"{l — DE}

Pla; LE |, |Fp]) =

(7)

S0 also. the actual distribution of phases, a can be
deduced from (3) by substituting for P(y,")
corresponding to centric distribution and integrating
over », and y.° The expression is not given here.

3. DisCUSSION OF THE RESULTS

The above results form the basis for working
out a number of statistical results of interest. For
instance the availability of the joint distributions
P(y,, ¥,°) e¢nables us to study distributions of
vaniables such as the difference v, = Oy — In)
(and also product, quotient, etc.). These will be
considered in detaill in a later paper., However,
we shall deduce here one nteresting result concern-
ing the distribution P(y.)} alone. Thus integra-
tion over y,f in (6} leads to the marginal distri-

bution P(y, ) to be
2N Deyy*
P ) = SiEsenp — il — D91 4 [ 7225
(8)
This may be compared with the probability

distribution of the normalised amphitude for another
situation of “an approximately centrosymmetric

structure” considered earlier in the Iiterature
(Srinivasan, 19654, b). This deals with the case
of a non-centrosymmetric  structure  (Space

group £1) containing a centrosymmelric and a non-
centrosymmetric group. The distribuwtion for such
a case turns out to bef

2)"N g1" VN
PO = iR exp — bw( — ) 1 [ ]
(9)
2 Although Srinivasan (19654) gave for this

case P (yy) as an integral his expression can be
reduced using standard integral tables (Gradshteyn
et al., 1965) to the above form.,



Vol. 44, No. 3
Feb. 5, 1975

)

where o,2 stands for the ratio of the mean squarc
amplitudes correspondmg to the centric group to
that of the entire structure. A comparison of (8)
with (9) shows that the final distributions are
identical in form except for the appearance of D in
(8) in place of ¢, in (9). The parallel roles of
o, and D arc now obvious. Thus the two limits
D=0 (or ¢,=0) and D=1 (or o,=1)
correspond to acentric and centric distributions.
Intermediate values of D (or o,) correspond to
different degrees c¢f centrosymmetry. Thus D
(or o;) may be laken as a quantitative measure
of the degree of centrosymmetry of the structure.
In fact it may be pointed out that Srinivasan e/ al.
(1972) suggested earlier the use of D for this
purpose and the present results only supply a sound
theoretical justification for the same. The curves
of P(y,) gwen as a function of ;2 In the earlier
paper (Srinivasan, 1965 a, b) are applicable here.

It may be mentioned that D can be estimated
in practice by working out some of the statistical
parameters connected with y,. For instance, the
moments or variance of y, can be worked out which
turn out to be functions of D. However, these may
not be very sensitive especially when A p,,; are small.
It seems preferable to turn to other statistical para-
meters involving quantities y. and y " such as say
the difference y , = v, — ¥y, Since it measures the
deviation of y, from that of the assumed model.
this and other related parameters such as reha-
bility indices based on it may be expected to be
more sensitive,

We may also mention here that since y, and yg°
now invelve non-centrosymmetric and centrosym-
metric combination, distributions connected with
pair such as say the quotients yy (yy*, Yn"/yn need
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not show symimetry propertics such as were asso-
ciated with these variables for cases 1 and II.
These aspects as well as statistics for case IV are
under detailed investigation and will be reported
later.
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ABSTRACT
Sargassum ilicifolium, a common marine brown alga, shows the ability to take up

glucose and metabolise it

Metabolism is greater in light than in darkness.

The main products

of metabolism are sugar phosphates, glutamate, uspartate and alanine and to some extent citrate,

fucose, mannose, fucoidin, laminarin and alginate.
The alga probably belongs to a group of C; plants of aspartate

is not possibly from mannitol.
formers,

MARINE, algae are well known for synthesising
a wide range of complex organic compounds.

In order to study metabolic pathways of these
organic compounds, several attemptsl 8 have been
made to feed marine algae with Iabelled compounds
which are suspected to be the precursors. In the

Alginic acid biosynthesis starts later and

light of these observations, it was thought that an
experiment of feeding uniformly labelled glucose-
UC to Sargassum ilicifolium could be designed.

MATRRIALY AND METHODS

S. {licifolium was collected at Jow tides from
1ea-ahores of Ratnagiri and placed in sea watar.



