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ELECTRON DENSITY MAP OF ANTHRAQUINONE CRYSTAL
By S. N. SEN

ABSTRACT. It was shown by the author (Sem, 1940) that anthraquinene really belongs
to the monoclinic class and not to the orthorhombic class as was assumed to be previously,
A revised projection of electron density on the (0o1) plane of anthraguinone crystal by the
two-dimensional Iourier analysis method has been carried ont in the light of the new space
group derived after re-classification of the crystal into monoelinic system. Much larger number
of reflecting planes have been taken into account in the present analysis to make the Fourier
series more convergent  Co-ordinates of atomic centres in the projection have been obtained
with greater accuracy. I'resh calculation of structure factors have shown much better
agreement with the observed values, Observed difference in intensities of hyk,o and hgk o
reflectivns (referred to orthorhombic ones), which are not possible for an orthorhombic crystal,
are found to Le of real significance in the light of the present analysis,

In an carlier eommunication, it was shown by the author (Sen, 1940) that
anthraquinonc really crystallises in the monoclinic class having a space group
C§P2,/a. Previously the crystal had been  assumed to be orthorhombic.
Banerjee and Sen (1938) had obtained a projection of clectron density on the
(oo1) planc ¢f anthraquinone crystal by the two-dimensional Fouricr analysis
method, but in that analysis the crystal was assumed to be orthorhombic in
accordance with the space group as determined by the previous workers,  But
when it was found that the anthraquinone crystal was really monoclinic wiih
C3,P7/a as its spacc group, it was primarily important to revise the clectron
density projection on (oor) plane obtained on the basis of the orthorhombic
hypothesis in the light of the new space-group of the erystal, The origin of
pscudoesymmetries observed in the planes of reflection in - the older orthorhombic
system will be readily found by transforming the older indices hokylg into their
corresponding indices in the monoclinic §ystem. It can casily be shown that
a plane hgkglo on the older orthorhombic nomenclature corresponds (o Ikl
in the new monoclinic system, where hy=(hg +ky)/2, kw=1g and L= (hy—ko) /4.
For hokoo plancs it was found that (i) ho +ko is divisible by 4 which mcans h,, is
divisible by 2, (ii) ho—ko is divisible by 4 means that 1, may have any valuc for
hmoln planes, Also for 0oly planes, o is found to be cven, i.c., in ok.o plancs,
km is even. These are in fact the criteria for space group C8sP2y/a. The
pscudo-symmetries in the orthorhombic ccll actually appeared for taking a
bigger unit cell (orthorhombic) while the rcal fundamental cell (mopoclinic) in
the crystal is much smaller.

For obtaining the clectron density map projected along the symmetry axis
we may retain the pseudo-orthorhombic system of co-ordinates hecause this
-direction happens to be a crystallographic axis in both the systems and the
othet two pseudo-orthorhombic axcs are the diagomals of the fundamnental
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monoclinic latticc which may be approximately regarded for the purpose of the

Iouricr summation to be mutunally perpendicular, the actual angle between them
as calceulated from the measurcd dimensions of the cell being go®42’.

There
is, however, a fundamental difference between the summations carried out on
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Projection along the c-axis. The dotted line represents the one electron line, the other

lines are drawn at intervals of onc electron per A2,
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the assumption of an orthorhombic cell and thosc according to the corrcet
monoclinic cell.  ‘That is duc to the difference in the structure factors of hokgo
and hokgo plancs. In cvaluating clectron density on the symmetry plane, the
mean of structure factors for hokyo and l1,,koo plancs were taken on the Dbasis of
the earlier assumption of orthorhombic lattice, The actual differences obsetved
in the intensity measurements of those planes were then believed to be spurious
or duc to experimental errors und henee the mean of the two values were used
for both hokgo and ligkeo plancs in the Fouricr summation, The ohserved
difference in the intensitics of hokoo and hokeo reflections were later found to
be of real significance as the huk,uo und Bukmo planes when  transformed to the
new monoclinic system represent different planes altogether, veflections from

which cannot be expected to be of the same intensitics.  So the contributions

of the hukino and huk.wo planes towards Touricr summation wer ¢ worked out
scparatcly on the basis of their respective intensity  measurements. Ifurther,
a highly overexposed Weissenberg photograph was taken round the old c-axis
m order to take the weaker reflections also into account and thereby make the
Fourier serics more convergent.  Stiucture  factors of g2 planes have been
used in the present Fourier  summation wlile those of only 44 planes were used
in the previous summation to  obtain the  clectvon density map published
hefore.

The Fouricr summation was carricd oul over a half of one moleeule which
forms the asymmetric unit of structurce, the axial subdivisions being ao/48 and
bo/48. DBut for accurate location of the atomic centres, additional summations

() ' . - . . . . . 3
were carried out atcloser intervals with axial subdivisions ag /90 and by /06 round
: - ‘ . . " .
about the atomic centres.  The clectron flcnmty dlStlll)l‘lthl.l thus o‘bta.umd .15
shown in Fig. 1. 7The x and y co-ordinates finally obtained arc” given in
. J [ o 3 s 2 % I. B . 3
Table 1 for which the key tc: the symbols for the atoms will he obtained from
the structural formula given_in Fig. 2.

"l

Structural formula of anthraquinone. ABCDEFG A'B'C'D'L'F'G’ .nrc carhon atoms
and H and'H’ are oxygen atoms. H-atoms arc not shown.

FI1G, 2



246 S. N. Sen

Tapre 1

Co-ordinates of Atoms rcferred to Orthorhombic cell
Molcecular centre of symmetry at (0oo) as origin

Atom i x(in AU | (in A.U.)
A (CI) — 3253 0.765
B (CIT) — 2.198 1.447
C (¢ — L.11§ 0.745
D o(C) 0,038 1.476
I (C) { 1.164 0.649
I (CH) 2.236 ' 1.311
G (CH) ; 3.308 0.615
n (o) 0.049 2.623

Fresh caleulation ol structure factors of all h,k.,o planes were made
with the final & and » co-ordinates of atoms oblained from the c¢icctron map.
The agreement between the measured and calculated values of structurce factors
is considerably better as comparcd to those worked out with the structure
obtained previously. The differences in the measured structure factors of certain
pairs of liko aud hko plancs (arising from the observed differences in
the intensitics  of their reflections) were found to be in very good agreement
with the caleulated values of structure ” factors obtained from the finai
structurc. It is, therefore, worth noting that the final structurc, owing to its
slight deviation from (he orthorhombic symmetries, have accounted for the
obscrved differences of intensities between pairs of hko and hko planes, which
previously was thought to bhe spurious.

In conclusion I wish to ¢xpress my sincere thanks to Prof. . N. Bosc
for his keen interest in this work and to Prof. K. Banerjec for suggesting the
problem and advice during the progress of the work,
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