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SUMMARY,

The orystal structures of meta-dinitrobenzene, para-chlor-
iodoxy‘benzene, and benzene iodo-dichloride are describved.

The structure of meta-dinitrobenzens, (0, H.(N 04), ), was
obtained from Fourier projections on the gp_énd be planes. The
X and y ooordiﬁates were obtained with considerable accuracy
from the projection on the ab plame, and the z coordinates were
obtained from a previous knowledge of the size and shape of the
nitro groups and the agreement between the observed and calcu-
lated values of F(Okl).

. The method of three-dimensional Fourier sections wWas
applied to the crystal pafa—chlor~iodoxy benzene, (ClC, H @D, ),
and the coordinates of all the atoms were obtained-without any
ambignity. The I-0 distances in the iodoxy group are short,
which implies the existence of double bonding between the I and
0 atoms. The main binding forces in the crystal are found'to
be between‘neighbouring iodoxy groups.

The structure of benzene icdo-dichloride, (C H-ICl), has °
been obtained from Fourier projections on the gé and-pg planes.
The iodo-dichloride-group is linear.

The directions of the covalent bonds of trivalent iodine
in C H,ICl, can be placed in a trigonsl bipyramid, but it was
impossible to £it the ecovelent bonds of pentavalent iodine in
ClC H, IO, into any simple geometrical figure.

These 1odine compounds were done in order to determine
the va&ency directions of polyvalent iodine, and 0 see 1if there
was any relationship between the directions of the covalent
bonds in trivalent and pentavalent iodine. If such a relation-

ship does exist, it has not yet been detected.
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THE CRYSTAL STRUCTURE OF
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IR0 DY GT 10K «

Meta.-dinitrbbenzene forms pale straw-ccloured needle-
shaped crystals belonging to the orthorhombic system, which
melt at Sfjc. ¥Yon Groth gives the symmetry as orthorhombiec
bipyremidal, the axial ratios, as determined by Steinmetz (1915)
being &: b: ¢=0.9485 : 1 : 0.5434, with the ¢ axis in the
di‘rect‘ioﬁ oj‘. elongationnof %he needles. Good, clear crystals may
be obtained by slowly cooling a solution in a mixture of aleohol
and acetone. Faces giving goniometer reflections develop around
the [001] zone, the common ones being (100) and the prism faces
(120) and (120). o |
"7 The unit cell, as determined by means of X-rays, has the

dimensions
a=13.34
b=14.14
e = 3.804 ,

which correspond to the axial retios

| a:b:o =0.943: 11 0,270 .

The indices o:E th; spectra gj.w;en in this work are referred to
these axial ratios and not to those of Steinmetz. Previous
ettempts to determine the structure of the crystal by means of
X-reays have been made by Hertel (19303, Hendricks and Hibbert
(1961),and Banerjee eand Ganguly (1940). All these workers
have assumed the symmetry of the erystal to be orthorhombic
bipyremidal, and when the very small value of the ¢ spacing

is taken into account, this assumption allows only two possible
types of strueture, both of which are physically improbable and
neither of whieh is consistent with the observed intensities.
This was recognised by Hendricks and Hibbert and, shortly after
the pu‘blicvation of their paper, it was discovered by Hendricks*
that the ¢ axis of the crystal was in fact strongly pola.f when

tested for piezoelectricity. This polarity was confirmed by

James (unpublished), and has again been tested in the present

*Fr‘ware communication o Trofessor R.W.James.
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FIGURE I. | A Qdisgrammeatic representation of the circuit

used to measure the polarity of crystals.



THE SPAC® GROUP.

The deﬁsity of the crystal is 1.570 g./b.c., which corres-
ponds to 4 molecules of O H,(N0,), in a unitﬂce;l having the
dimensions given above. ﬂh .

Oscillation photographs were taken about all three axes
with CuK, radiation. Gemeral reflections of all types oceur
showing that the unit cell is primitive. Reflections Okl
'occur only with X =--2n, and hOl only with,g4-;='2n. There are
no restrictions for the hkO, spectra. The possible é&pace groups
are Pbn (Qﬂ) corresponding to a hemihedral point group, or
anmA(D;; or V:’) ecorresponding to a holohedral point group.

The sééond of these possibilities is ruled out by the observation

that the ¢ axis is pilar. The space group is therefore Pbn.

PRELIMINARY ESTIMATE OF THE STRUCTURE.

There are 4 molecules in the unit cell, which is the
numbervcorresponding to a general position in the space grdup
Pbn. Nothing in the structure is therefore fixed by symmetry.
Had the space group been Pbmm, the assumption made by previous
workers, the general positions would have been eightfold. In
order to reduce the number of molecules in the unit eell to 4,
it would therefore have been necessary to suppose the mirror
" planes possessed Ey this group to be also planes of symmetry of .
the molecule. The small ¢ spacing, 3.84, which is about the
known thickness»of'the benzene ring, would mske 1t necessary to
suppose the benzene rings themselves to lie on mirror planes,

The nitro groups would then have to lie either with all their

atoms on the mirror planes’also, or with the nitrogen atoms on
the mirror planes and the oxygen atoms symmetrically disposed on
either side of them. The f£irst of these possibvilities is nsgat-
" ived at once by the obéerved intensities, for it would give s

VYery sirong 002 spectrum, whereas O0Ris, in fact, very weak.



The second type of arrangement would reduce the inténsity of the
002 spectrum but would bring the oxygen atoms in adJacent mole-
cules improbably close to one another, The distance obtained

by Hendricks and Hibbert is 1.914, whereas distances of over

34 have been found in other aromatic compounds, and distances

of 2,74 in inorganic compounds. The strueture proposed by
BanerJée and Ganguly is also of the same type and is subject to
the seme objections as that of Hendricks and Hibbert. The
latter workers were alive to these difficulties, and, bécause of
them, Hendricks suggested that the crystal was polar, as has
already been stated in the'introduction.

If the space group is assumed to be Pbn, it is no longer
necessary to suppose the benzene rings to lie on mirror planes.
Nevertheless, there 1s a good Geal of evidence for the view that
the planes are not greatly inclined to the plamne (00l).

The three principal refractive indices of tﬁé crystal,

determined by James and Horrocks, are, for sodium light,

O( = lo4:8
6 = 1068
Y= l.71,

corresponding to vibrations parallel to ¢, b, and a respectively
as shown in fig. 2 . The small refractive index for vibrations |
parallel to ¢ indicates that the ¢ axis 1s nearly perpendicular
to the planes of the benzene rings, while the relative magnitude
of 4 and Y indicate that the planes of the rings ere nearly
parallel to a and ineclined at & not very large angle o b.

'An exemination of the diffuse reflections, the optical
ghosts due to thermal vibrations, accompanying some of the
spectra, points in the same direétion, Laue photographs taken
with unfiltered copper radiation when the ¢ axis is vertical
show & remarkable set of diffuse reflections in positions
eorresponding to the first layer 1lines of a rotation photograph

about the same axis. 4 reproduction of such & Laue photograph

taken on a eylindrical camera is shown in fig. 3 . The ghosts
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FIGURE 2. The principal refractive indices of the erystal

meta-dinitrobenzene.,

FIGURE 3. A Laue photograph of meta-dinitrobenzene, taken
on cylindrical £ilm, and showing oclearly the "layer-lines"

-~

of ghosts, superimposed on the ellipses of the Bragg spots.



accompanying the spectra 021 and 021 are particulafly strong and
diffuse and are of the layer lattice type. (Ionsdale, 1942)
This suggesmts that the planes of the benzeme rings lie not far
from the (021) end (021) planes.

In ﬁéking use“of these data 1o estimate a pfeliminary
structﬁre of the crystal it was assumed that the benzene Ring
was a regular hexagon off side l.44, and the size anﬁ'shape
assumed for the nitro groups were based on the results of James,
King and Horrocks {1935) for para-dinitrobenzens and of van
Niekerk‘(i945) for‘4:4'-dinitrodiphenyl. Three Qimensional card-
board models were coisiructed to scale and packed into the unit
cell in such & way as to fulfil the symmetry conditions, and to
conform to the arrangements suggested by the refractive indices
and the thermal ghoéts. It ﬁas found that there were a large

number of ways in which these molecules could pack into the unit

eell.

RELATIVE INTENSITY MEASUREMENIS.

All the observations were photographic, and were made with
a cyliﬁdrical camera with CukK, radiation filtered through nicksl
foil. Neither an ionizationfspectrometer nor an integrating
photometer was avallable, so that it was not possible to obbain
absolute measurements of intensity and a set of relative measure
ments had to suffice.

A crystal of 0.25mm, uniform cross~section was mounted
for rotation about the ¢ axis and the intensities of the spectra
hk0 on the zero lsyer line were measured.

The film was passed in front of a photographically record-
ing miérophotometer. A typical photometer trace of the zero

leyer line of one of the films is shown in fig. # .

The variation in intensity with the height of the pesak
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FPIGURE 4. & reproduction of the microphotometer trace of

the zero leyer line (left-hend side) of the £ilm M1l,
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TABIE | .  THR RELATIVE INTENSITIES OF THE SPECTRA APPEAR ING

ON THE LEFT-HAND SIDE OF FIIM If 11.

Speotrun

h, h I, I i-I,
120 6.8 0.15 1 7220 V.8,

250 7.7 1.55 -3 59 62

170 8.3 7.45 -6 -2 4

180 8.4 6.75 -7 2 9

280 8.4 7.05 -7 0 7

1% 8.55 7.15 -7 0 7
2% __ 8.5 7.15 -7 0 7
1,10,0 & 0,10,0 845 7.05 -7 0 7
1,11,0 & 1,11,0 8.5 8.0 -7 -5 2
0,12,0 & 1,12,0 8.45 5.2 -7 11 18
2’12,0 . 804 6-8 "'? l 8
1,13,0 8.45 8.05 7 -5 2

TABIE A . THE STANDARDISATION OF THE IRFT HAWD SIDE OF FIIM MY

WITH THE LEFT HAND SIDE OF PIEEN: M 12.

- I-1

Spectrum : . Retio M 11 .
, M1l M 12 Hiz~
240 28 23 1.2
250 62 62 1.0
270 20 19 1.05
280 7 7 1.0
290 7 7 1.0
0,12,0 & 1,1I2,0 18 13 1.4
. 2,12, . 8 6 1.3

mean ratio-= l.1l
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was determined by Dr. J.N. van Niekerk of the University Physies
" Department. He made a series of standard wedges of known
éxposure» from the direet X-ray bveam, which were then photometered
and the relationship between h (The distance in ems. from the
zero-line to the trace) and I (the intenéity in seconds of
exposure time) obtained. A gr;.ph of I ageinst h \#as arawn using
. these values and from this intensity ocurve the melative intensit-
ies of the spectra, appearing on the photometer curves for the
£ilm, were determined as follows:

Values of h and h,were measured, Where h is the distance .’
from the zero-line to the top of the peak and h.is the distance
£Oym the zero-line to the background on which the pesk oceurs.
The corresponding values of I, and I were found from the
intensity curve and the relative intensity of the spectrum is
(I -I,)« The relative intensities of the spectra appearing on
the trace shown in fig. 4 yare given in Table | . ‘

Since no Weissenberg camers wWas available at this stage
many oscillation photographs were necessary in order to get
the full rotation Ydqui¥dd of the crystal required (90°) and,
elthough care was takento expose and develop the fllms for
the same length of time, it was ;i.mpossible to record each film
under exactly the same .conditions. For each f£ilm, therefore,
oseillations of 15° were givem to the orystal, which was then
turned through .1.0‘j for successive films until the full rotation
hed been obtained. In this way successive fims had common
spectra which were used to standardize the films in terms of
one another. ‘l;he stendardisation of two successive films in
this way is shown in Table 2 . Thus the intensities of the
spectra on all the f’iims were expressed on the same scale.

When mgking these intensity observations it was found
that several low order spectra were overexposed. Any peaks with

h<0.3 cms. were assumed to be overexposed. It was therefore

necessary to take further films with reduced exposure times to



ineclude these strong spectra as well as other spectra of deter~’
mined intensity, by comparison with which the strong specira
could be expressed on the same scale. The assumption was made
that the heights of the peaks on the photometer trace, properly
calibrated, were proportional to the integrated reflections of
the corresponding spectra. This procedure, although it has
little theoretical justification, is found empirically to lead
t0 no inconsistencies, and is certainly a much better approx-
1matidn to the truth than can be obtained by mere visual estim-
ation. The intensities so measured, are, of course, on ean
arbitrary scale. They can then be multiplied by a suitable
factor in order to'give epproximately absolute intensity values.
When an arra,ngement was found that gave the same genereal
rise and fall of intensities as those observed it was possible
| to ékﬁress‘the observed intensities on an approximately absolute
scale for the purpose of carrying out the Fourier synthesis.
Tt may here be pointed out that if the wrong absolute scale
has been chosen thé only effeet on the Fourier projection will
be to make the relation of the peaks to the background wrong.
The projJjection would be useless for an electron count. On the
other hand, the positions of the peaks will not be appreciably-
affected and these are all that are required for & structure
determination. If the relation betﬁeen weak and strong integ-
rated reflectioné is wrongly given, this may have some effect
on the pogitions of the pegks in the projection, but it will
not be a large effecf unless the error is very'conéiderable.
A systematic error with increasing order of spectrum will have
the effect of a false temperature effect and will alter the
sharpneés of the pesks, but not gppreciably the positions of.

their maxima.

12
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STRUCTURE FACTOR CALCULAT IONS.

The coordinates of a point in a general position for

the space group Pbn are

(i) o ) [y 80, (5559

The general structure factor F(hkl) is given by

Floee) - Z {, (A +:8)

The structure factors used in this work are F(hkO) and F(0Okl):
| For F(hk0) when htk - 2n, {A - UendiT hix m«:‘lﬂ:k‘l a
o - . . 0 ) O

when htk - 2n+l, ?A -~ AThx 2un2Thy
| B-=0"

For F(0kl) when k=2n and 1= 2n, A= tendilky coiilz

when k= 2n+l and 1= 2n+]_; A= ——‘fmx};o?f/’ka,’ aun 3T 4z
B = ‘I-mf«o‘il’fk" m&ﬁzez

gs is the atomie scattering factor of the atom s in the;
unit cell, whose coordinates are (X, ,y, sz,), and the summation -
is to be taken over all the ‘atoms in uh#unit cell., For carbon,
-the atomic'scattering factors given by Hobertson (1955), which
were derived from.méasurements on‘anthracene at 16W>temperatﬁres,
were used; For nitrogen'and oxygen the.values fabulated by Jemes
and Brindleya(l931) ﬁere used as basis, but they were feduced in
the same raxié‘as that between Robertson's values for carbon and

those of James and Brindley, in order‘to.make some allowance

' - for thermgl motion.

The provisional structure was adjusted until the observed
structﬁre factors of the strongest spectra of type hkO agreed

.with those calculated from the abtove formulae using the assumed

coordinates. . In caleulating the observed structure faetors it -
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was assumed that the crystéls reflected as mosaics, so that the
intensities were proportional to the sqﬁares of the structure
factors. It was found possible to get fair agreement with two
types of’pécking, and these were tested by means of a Fourier

projection}\

THE FOURIER SYNTHESIS.

The projection of the structure on the plane (001), which
.uses'sbectra of the type hkO, is the most suitable for the pur-
pose. The density o (x,y) of the projection at the point (x,y)
on the plane ab is given by

() - A(b) k F(Ako) M/,[ iﬂc(/\x+l%t_)]

where A(ab) is the area of the side ab of the unit eell. The
projection has a centre of symmetry, although the structuré_as a

whole has not, and the series in thds case tekes the form

c—*(x,j> - (qb) ZZ _,, kko)' MD(Q’T{AX"" Eﬂ)

The observed values of |F(ggo)\ are used as the coefficients
- . . .
in the series, the sign eppropriate to any given coefficient
being determined from the provisional structure. The two types

of packing that gave possible magnitudes to the célculated

strueture factors for the strong spectra gave opposite signs to
some o0f them and the Fourier projection was made with each set
of signs in turn, the method used being substantially thet des-
crived by Lipson and.Beevers~(l936). One set of signs gave a
projectionhcorresponding to néthing physical, but the other gave
very clear outlines of the molecules. From this projection,
more accurate values of the x and ¥y parémeters wefe determined

a recalculation of the structure factors was made, which resulted

in a change of sign of some of the smaller coefficients, and s



TABIE 3. - COMPARISON OF OBSERVED AND CALCULATED ¥ VALUES.

-

200

400

600
800
10,00
12,00

020
040
060
080
0,10,0
0,12,0

110
120
130
146
150
160
170
180
190
1,10,0
1,11,0
1,13,6

210
220

230

Spectrum 4 Eobé

23.6
34,0
50.8

absg

10.0

_ abs.

27.6
27.3
33.2
17,0

5.6
18.6

10.8
25.6
43,6
34,4
10.8
16.8
6.4
110.4

10.0

10,6'

10.8

6.4

2640

23,2

3l.2

- Foatd

-19.2 ‘

46.8
42.8
0

12,4

8.4

32.0
-32.0
-42.0
~16.0

4.8
-22.8

-13.6
18.8
53.2

-45.2

- 5.2

13.6
had 504

10.8

"1,}02
19.2
0.2

- 702

=30 .0

~37.6

Spectrum. F,yg

240
250
260

270

280
290
2,10,0

- 2,12,0

2,13,0

310
320
330
340
350
360
370
380
390
3,10,0

410
420
430
440

450

460
470
480

490

12.4
22.0
abs.
15,2

9.6
10.8
abs.
12.8

9.6

53,2

abse.

. 85.2

12.8
14.0
43,2
17.6
abs.

7.3

abs,

5.6
21,2
10.0

abs.

15.2

8.4
abSq
6.8

8.0

Feale
"’2106

-16.4
8.0

< 9,6

- 404
10.8
14.4

~59.6
6.8
22.0
-13.6
13.6
~51.6
19.6
- 2.4
-13.2
7.2

- 1.2
-22.0
- 5.6

2.0
16.8

"-'14:0 8

- 2.8
l.2

- 306

-

/3



TABLE 9 . (continued)

spectrum 4 Fopg  Foalc | Spectrum 4 Fobs  Foale
4,10,0 10.8 19.6 810 abs. 1.6
o - 820 0.0 - 8.8
510  14.8  -12.8 830 9.2 14.4
520 3346 ~34.4 R 12.8 ~15.2
530 13,2 10.0 - 850 abs., 4,0
540 12,4 -20.4 860  14.8 = 9.3
550 abs. - 2.0 870 1644 -22.4
560 1644 16.8 880  14.8 16.8
570 16.4 25,2 890 16.0 ~18.8
580 -  15.2 22.4 '
590  abs. - 4.8 910 abs. 3.2
i | 920 abs. 5.2
610 abs. - 7.5 0% 5.2 7,2
620 14.0 ~16.0 940 4.8 6.0
620 3.9 - 1.2 950 abs. - 2.4
640 gbs.  5.20 960  15.6  -10,4
650 abs. 5.2 970 abs. 8.8
660 abs, - 0.8 . - 980 10.0 13.6
670 5.2 5.2 ' o |
680 abs. 1.2 - 10,10 abs. - R4
6,12,0 6.8 ~11.6 10,20  abs. . - 8.8
- 10,30 10.0 11.6
710 34.0  -36.8 10,40 12,4 20,4
720 16.0  23.2 10,50 2244 25.2
730 8.0 5.2 10,60 abs. - 4.0
740 8.8 - 8.0 10,70  12.0 13,6
750 abs. 5.2 10,80 .  13.2 ~14.8
760 "abs. - 2.4 |
770 9.2 16.0 11,60 9.6 11.6

780 abs. - 2.8 11,70 6.8 8.0



TABIE o , (econtinued)

Spectrum 4

11,80

12,60
13,10
13,20

021

041
061
081
0,10,1

0,12,1

002
022
042
062
082
0,10,2
023

023

043

063
083

F

8.4

obs F calc

.2

6.8  =11,6

7.2
4.8

60

25

25
10

12

abs

38
26

12

15
afbs

abs

13

10.8
-10,8

67.6

54.8
11,7
19.5
10,2

6.6
18.8
7.1
15,7
18.0
9.9
9.6
9.6
11.6
16.2
14.1

a78°

- 386°

290°

198°

259°

17
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FIGURE S. UFourier projection of the structure dn the ¢
direction on the ab plané. Contours are drawn at intervals

- of apprcximé.tely 1l electron per sq.A. The outer line is the

2-electron contour.
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second projection was carried out. A third and final projection
was made as a result of the second, and this is illustrated in
fig. 9 , which may be considered in conjunction with the key
disgram fig. 6.

The agreement between F (observed) and F (calculated)
(for the third projection) is.éood, with’no sérious discrepancies.
Table 3 shows the agreement between the observed and calculated

F values for the spectra hk0 and Okl.

ESTIMATION OF PARAMETERS.

In the projection on the ¢ faece the atoms are all well re~
solved, and it is possible to £ix the .x and y parameters with
considerable accuracy. From these, in conjunction with the known
dimensions of the molecule, it is possible to drew certain
conclusions. The lines joining opposite carbon atoms of the
benzene ring pass very nearly through one point in the middls
of the ring. This suggests that the hexagon is regular, but
the different lengths of the sides indicate that the plane of
the ring is nol parallel to the (00l) plane. The lengths of

the sides nearly parallel to the a axis are 1.414, but the Other
| sides have in the projection a length l.3%A. If the ring is
regular, itg must make an angle of about 20° with the b axis and
be nearly parallel to the a axis. This result is in agreement
with the results of Baner;gé and Bhattacharjya, of whieh it has
been possible to obtain only an abstract, who from measurements
of the megnetic anisotropy of the cerystals coneclude that the
benzene ring is parallel to the & axis , but is ineclined at an
angle of 22°20' to the b axis. In the projection the G-N, dist-
ance is 1l.404, the %'Nz distance is 1l.33A. Allowing for the

atove-mentioned tilt of the molecule of 20° to the b axis, the

CN distances become 1.42A, if it is assumed that the CN link 1lies
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in the plane of the benzene ring. These CN distances are shorter
than the CN distances observed by James et al. (1935) for parﬁ-
dinitrobvenzene and van Niekerk (1943) for 4:4'-dinitrofiphenyl
the average value of which is l.54A. The disérepancy can be
explained by assuming the 6N link to be inclined at an angle of
about 15° to the plane of the ring, In fig. b, if the directs.
ions of the arrows on the molecules indicate a tilt downwards,
then N, is below the plane of the ring and N, could either be °

above or below C, .

TABLE b, INTERATOMIG DISTANCES IN THE NTTRO GROUP (IN 4).

¢C-N  N-0, ©N-0, 0-0
4:4'-dinitrodiphenyl 1.56 1l.21 1l.14 2,00

complex of 4:4'-dinitrodiphenyl 1.5 1.10 1.10 1.90
with 4-~hydroxydiphenyl

The N-O distaneces in the projection are gll different; and
this suggests that the nitro groups do not lie in the (001) plane,
Jemes et al. (1935) and van Niekerk (1943) found the nitro group
t0 be unsymmeirical, and the values of the interatomic distances
obtained by them are given in Table 4, 1In neither case were
the observations accurate enough to make this lack of syrmetry
entirely certein. 4 symmetricel nitro group has been observed
in some recent workvby Saunder (1946), on a molecular complex of
4:4'-dinitrodiphenyl and 4-hydr6xydiphenyl, in whieh the nitreo
géo&ps are found to lie across & mirror plane of symmetry.
Various possible N-O0 distances were assumed, end the correspond-
ing 2 parameters calculated for both possible positions of each
oxygen atom in.relation.to the corresponding nitrogen atom, and

for both possible positions of N; relative to C;+« These =

parameters were checked by comparing the calculated and observed
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F values for the Okl spectra. The best agreement was obtained

with the nitro group symmetrical, the N-0 distance being 1.204,
as shown in £ig. | . It was found that the angle ONO was then
130° and the 0-0 distance 2.174. These values are in agreement
with those obtained by James et al. (1935),ven Niekerk (1943),

and Seunder (1946). | ’

An examination of f£ig.§ , which shows the positions of the
atoms in the crystal projected on to the be plane, shows that
the overlap of the molecules is such that no very good resolution
is 50 be expected, particularly as the number of spectra avail-
able for the projection is small, owing to the small value of
the ¢ spaecing and to space group restrictions. Similar remarks
apply to the projection on the ag plane. However, a projection
of the electron density on the bg plane was madé, using visual
estimates of the intensities of the speotra F{0kl) . In this
projection there is no centée of symmetry, so‘it was necessary
to calculate the phases in order to carry out the summation.
This projection is shown in fig. / . No definite values for
the parameters could be obtained from this projection, but the
large unresolved peaks are quite consistent with the arrangement
of atoms shown in Pig. ¥ . It is worth noting that the molegules
lie very nearly in the planes (021) and (021), which would
account for the strong thermal ghosts of the layer lattice type
that accompanies the corresponding spectra.

The parameters of the atoms, expressed as fraetions of

the lattice translations, are shown in Table 9,



EIGURE’?. Fourier projection of the structure in the a

direction onto the be plane. The contours are drawn at '

equal intervals,

c
~ !

- C%'P/
|
g A
_ @/QQO ‘ |
o ‘ 01 2 3 4 sA
SN EE RN

FIGURE 8. Projeection of the strueture in the a direction
onto the be plane. The molecules with double circles are

a/2 above or below those with single circles.
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TABIE 5. PARAVETERS OF THE ATOMS FXPRESSED AS FRACTIONS OF THE
o CORRESPONDING LATTICE TRANSLATIONS. C

x v %
¢ 0135 0.367 0
C, 0.180 0.452 ~0.109
Cs 0.285 © 04463 ~0,109
Cy 04347 0.588 6
Cy 0.300 0,304 04109
Co 0.197 0.292 0.109
N, 0.0%2 0.354 G174
N, 0,555 . 0.546 -0.283
0 ~0.003 0.284 40.063
0z -0.017 0.411 | -0.345
0y - 0.268 0,601 -0.213
Oy 0.416 04564 ~0.588

DESCRIPTION OF THE NDLECULE.

From the calculations already deseribed, the molecule
has the following dimensions: | ,

0-C=1.414, C-N=1,54, N-0=1.204, 0-0=2,174.
The size and shepe of the molecule is given in fig. 7 .
- It must be understood that this pieture of the molecule
of meté-dinitrobenzene has been derived from only one projecks
ion (that on the ab plane), and the size and shape of the
nit:n{) group has been largely assumed from the results obtained
for other nitro compounds. This description refers to the
molecﬁle as a unit of the crystal struecture, and a free mole-

cule may not necessarily have the same configuration,



FIGURE 9. a. The molecule of meta-dinitrobenzene projected

&1 fé a» plane nér.mal to that of the benzene ring.
b. The molecule of mete-dinitrobenzene projected

on to the plane of the benzene ring.

Noté; In iig. 9b, the angle of 6 which the projected line
joining C, N, makes with the line C, C, may be due to N, and 0,
being unresolved in the projection (see £ig.5) and may not

be a real effect.

5



26

IHR PACKING OF THE MOIECULES IN THE CRYSTAL.

There are 4 molecules in the unit cell which are derived
from a single molecule by operation of the glide plaﬁes. The
diagrams are labelled so that atoms derived from one another
by a lattice translation, or by the operation of a glide plane
are denoted by the same letter.

The packing of the molecules in the crystal is such that
each oiygen atom approaches one CH unit rather closely (the
distances of approach varying from 2.954 to 3.25A) and the other
CH units at a much greater distance (these distances varying
from 3.554 upwards). There seemsvto“be no tendency for an
oxygen atom to pack itself at equal distances from.neighbouring
CH units. These shortest distances can be compared with the
0-CH distance of 3.3~3.4A obtained by James et al. (1935)
with para-dinitrobenzene and the 0-CH distances o£-2;95-3;2A
and 3.4-— 3.6A obtained by van Niekerk (1943) with 4:4‘%-dinitro-
diphenyl. ) -

The closest approach of CH units to one another 1§ .64,
which is in agreement with other work done on aromatic compounds.

The elosest épproach of neighbouring oxygen atoms varies
from.z;ZA to 3.74, which distance is considerably greater than
the closest distance of approach for 0-0 in inorganie compounds,
which is 2.74, but agrees with the values obtained by James
et al. and van Niekerk for aromaticzigggounds.

The forees binding the crystal together are probably
van der Wakld’® forces, although it seems possible that there
may be some attractive force between neighbouring 0 and CH units
which helps to bind the erystal together. ”

The structure is a compact one. The crystal has a high
density, 1.57 g./c.e., and, like other organic crystals, is
fairly soft and éasily eut. It is unlike para-dinitrobenzene

and 4:4'-dinitrodiphenyl in this respect, although the main

binding forees of the crystal appear to be of the same type.
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NOTE.

Almost simultane‘ous;\qwith the publication of the above
erystalAstruotu;e of‘meta-dinitrobenzene in the Proceedings of
the Royal SOOieé‘.y (Dsc. 1946‘). a paper "The Crystal Structure
of’Metardihitrobeniéne“ by N.We. Gregoryﬁénd E.N. Lassettre was
published in the Journal of the dmerican Chemical Soelety
(Fen. 1947). This struoture is essentially the same as the
one already describved. The space group is \an, and a Fourier
projection on the ab plahe‘was made, using the spectra of type
k0. The x and y coordinates are the sams within the limits
.c;fﬁexpérimental error. Their z coordinates, however, are very
different from those quoted above., Gregory and Lassettire
caloulated their z coordinates from an examinstion of the hkI
spectra appearing én the lst lgyer line of rotation photographs
taken with the crystal rotasting about the ¢ aiis. They assumed
that the notro groups were in the sesme plane as the benzene
ring. | ( »

The dimensions of the molecule of meta-dinitrobenzene
are given in the following table which appeared in their paper.

"Inter-atomie Distances in A.

~ -

G, = Cy = 1,33 N -0 -1.18%
G,~C,-1.38 N =0, =1.10"
G, - C, = 1.42 . N-0,-1.15
C,- C; =1.38 N, - O4= 1.22 )
Gy~ C, = 1.37 0 - 0,- 1.95%
G - G, = 1.37 0, - 0, - 2.13
neen - 1.37 o, ,0, - 128°
Com Ny = 1Ly6™ o, & 0, = 120°%

CB-NL: ’|3q M -
* indicating less reliable distances "

-~

Gregory and Lassettre then,stame7“The average carbon-carbon

-~

distance agrees within experimental error with the accepted



A8

value of the carbonpcarbon distance in the benzene ring. |

The carbon-nitrogen distance in m-dmitrobenzene is 1. 394".04&.
This inter-axqmic dlstance corresponds to 186 double bond
oharacter for the carbon-nitrogen bond“ The possibility that
the carbon-nitrogen link might not lie id patallel to the

&b plane was not considered as an explanation of the shortness
of this distance compared w;th the C-N distances obta;ned by
James et al. (1935) and ven Niekerk (1945) on aromatic nd}ro
compounds.

Gregory and Lassettre consider the attraction between
atoms of different molecules to be of two types; first, those
between oxygen and hydrogen atoms and, second, %hpse between
benzene nuclei. They suggest that hydrogen bonds are formed in
the cases where the disténce from 0 to CH unit is small, namely
5.04, and further state that the association of m-dinitrobenzens

in benzens solution is to be attributed in part to this faoct.



THE CRYSTAL STRUCTURE OF

PARA-CHIOR~-IODOXY BENZENE.
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PREPARLTION AND DESCRIPTION OF THE CRYSTALS.

The para-chlor-iodoxy benzene and‘ the para-methyl-iodoxy
benzene used in the experiments was prepared by Dr. W.S. Rapson'
of the University Chemistry Department. * )

Para-ohlor-—iod.oxy benzene gradually separated when a solut-
~ ion of para-chlor-iodo benzene in ether was shaken with an excess
of Caro's acid for several days. (c.f. Bamberger and Hill (1900}.
It was filtered off from the reaction mixture, and well washed
with water. Pure crystals, having the same properties as the
material deseribed by Willgerodt (1893), were subsequently grown
from this product. Para—methyl-iéd.oxy benzene was prepared in
a similar way.

Fairly good c_rystals of both compounds were grown from
water énd. also from glacial acetic acid. They have the form of
ecolourless, thin flat plates with the a faéés predominant and
a cleavage pla.ne«\ (oo1).

The shapes c;f‘the crystals are shown in the following

sketch.
para~chlor-iodoxy para-methyl-iodoxy
benzene benzene
grown from: 2
water : ﬂ*b , : b
¢ [
. &lacial acetic acid | S b b

-

Photographs were taken with all the crystals, and it was found
that the crystal para-methyl-iodoxy benzene i; identical with
the erystal para-chlor-1odoxy benzene with regard to its un:.t
cell, space group, and intensities of speetra. A complete |
structural determination was then made of para—chlor-iédom‘
benzene using erystals grown from acetic acid, as these were

slightly thicker than those grown from water.
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FIGURE 10. Para-methyl-iodoxy benzene.

15° oseillation photograph with the arystal

rotating about the ¢ axis, and the X-rays incident initially
albng the a¥ axis.

FIGURE ll, Para-chlor-iodoxy benzene.

15° osoillation photograph with the crystal

rotating about the g axis, and the X-rays incident initially
along the &~ axis.
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THE UNIT CELL AND SPACE GROUP OF PARA-CHIOR-IODOXY BENZENE.

The unit cell, as determined from rotation photogreaphs
with Guk, radiation, haes the dimensions .

a =14.44
b - 6.504
[ = 8.114 |
/3=98%°

The monoclinic angle,/3, was determined from a Weissenberg zero
iayer line photograph about the b axis. '

The density of the erystal, determined by thecmethod of.
flotation, is about 2.4gms./c.c., Which corresponds to 4 mole-
cules of C1C K, I0, in a unit cell ‘ha;ving the dimensions given
above.

General reflections hkl of all types occur, showing that
the unit cell is primitive. Reflections hk0O and Okl occur with
no restrictions, while hOL spectra Ocour only with 1-2n, and

’

'épe'ctr!a 0k0 occur only with K=2n. The space group is thus Pz./c.-

/

INTENSITY MEASUREMENTS.

AN

All the observations were photographie, a.nd were made with
a cylindrical oseillation camera with CuK radiation filtered
through nickel foil. Compleﬁe sets of r;otation photographs were
taken about the &, b, and ¢ exes in order to get all possible
hkl spectra. The intensities of the spectra were measured by
comparing them. visually with a calibrated scale of spots of
different exposures. These intensities are, of course, on an
arbvitrary scale but théy can be expressed on an gpproximately
absolute scale by the use of a suitable multiplication factor.

Nearly 800 speci‘:ra were megsured and used in the various

projections. Table b gives the F values of all the observed

spectra.



TABIE 6 . Fopservea ¢ Fogloulated (£0F I and C1 only).

Spectrum

100
200
&0
400
500
600
700
800
- 900
10,00
11,00
12,00
15,00

020
040
060
oo
Q04
006
008
00,10

110
210
310
410
510
610
810
810
910
10,10
11,10
12,10
13,10
14,10
15,10

120
220
320
420
620
720
820
920
10,20
11,20
12,20
- 16,20
17,20

120
230
320

F(obs)

74
59
36
9
4
16
17
23
15
21
9
5
5

40
13
abs
45
61

22

F(czlcz

+34,2
+81.3
+2l.4
+12.8
+ 0,9
~22.8
~16.9
-4195
-25_06
~40,0
-2401
-23,1
-1404

-5094
42249
- 009

+11.9
?4100
92106
+13.7
+18.9

=10.4
-38.5
~26,6
-54.7
"-51.6
-44,9
-2402
!"1902
- 809
+ 8.6
+ 7.0
+28.2
+18.3
+3249
+22.0 .

-0 .4
-40.8
-18.6
-10.9
+19.3
+15,8
+36,6
+24 .0
+35.6
+22.5
+21.0
-17.2
-22.5

+ 9.0
+26.9
+22.%

Speetrum

430
530
630
7230

12,30

13,20

14,30

15, 30

140
240
340
440
640
740
840-:

350
450
650

160
560

011
012

013

014
015
016
ol?
- 018

021
082
023
024
026
0R7

031
032
033
035
038

041

042
043
044

081

10

[

F(obs)

- -

26
16
15
10
7
9

9

o
@ @

o O1~3 O »3 =3 1N O ~J W0 |

F(czlcz

+38.8

42645

+33.6
+20.7
-26 . 9

+23.5
$+25.3.
+13.9
+ 7.2
«-12.1
«324.5

-14,.4
“20 [ l

)+

Fdl ;5' + 1
<3zo+4fs2§uu =N
OO UIih~3 a0 >

L]

[ ]

-
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TABLE 6. (continued)

.

Spectrum  F(obs) F(cale) Spectrum  F(obs) F(czlc)
- 4 ) . &

061 5 -18.7 306 14 -36.9

063 15 -26.8 : 406 5 =16.9

071 14 $#14.3 806 5 + 8.0

; 906 9 +23,2

02 105 +64,9 10,06 5 +16,5
- 202 26 +26.9 11,06 4 +31.5

202 33 +53.6 R

402 20 +30.8 106 15 «20.3

502 26 +46.7 206 11 ~10.5

602 13 - +22e7 06 9 - 4,3

702 13 +21.7 406 9 t 4.8

902 5 - 7.3 508 14 +27.9
10,02 5 -77.6 606 15 +18.5
11,02 7 ~28.2 706 21 $36.45
12,02 5 -18.2 806 17 +24.7
13,02 7 =34.3 908 17 +28.8
14,02 b ~&0 .6 10,06 11 +21.2

i _ 12,06 5 + 9.7

202 10 - 7.8 208 5 -~ 8,6

%2 61 -38.4 - 308 5 ~-14.3

402 30 25,0 - 408 7 -26.5

502 59 =52.1 508 4 -19,1

602 29 ~30.8 608 4 ~3240

702 28 -41,7 708 4 -16.6

802 12 =24.3 ___

02 9 ~16.,5 108 5 + 9.8
11,02 9 +10.4 208 5 +29.9
13,02 7 +28.2 . %08 9 +19.9
14,02 5 +18.3 408 11 +32.8
15,08 7 +30.0 508 12 +22.4

_ . 608 13 +21.1

104 13 -14.9 708 15 +16.0

304 4 + 9.2 808 4 £ 5.6

504 10 4+16,3 10,10 4 $+26.3

604 13 +35.8 20,10 4 +18.0

704 12 +23.3 20,10 4 +12.3

804 9 +38,8 40,10 4 + 9.7

204 9 +20.9 A
10,04 7 +29.0 111 17 - 3.4

| . 211 46 -14.3

102 33 ~27.0 311 25 - 6.6

20Z 7 ~48,5 411 7 - 7.4

304 39 -28,8 811 4 - 4,3

504 25 ~19.2 111 70 -20.2 .

60Z 18 ~ 5,7 211 7 - 5.1

70% - 9 - 2.6 al @ 7 - 3.2

804 7 +21.0 o 411 13 + 2.7

%0Z 9 +13.6 | 511 19 4+ 3.0
10,04 10 +25.1 611 14 + 5.6
11,04 5 +28,2 71T 5 + 2.0
12,04 7 32,7 811 4 + 2.8
13,04 7 +23.4 911 5 + 6.4

106 2l -37,0 112 108 +47.3

206 18 ~23.6 212 13 +15.6



TARIE © .

Spectrun

512
612
712
812
912
10,12
11,12
16,12

112
212
312
41z
512
612
712
812
912
10,12
11,12
12,12
13,12
17, 1z

118
213
313
11,13

113
213
413
513
613
913
12,13

114
-aléd
él4
414
814
6l4
814
914
10,14
ll 14

' 114
214
314

514
614
714
814
912
10,14
11,14

(continued)
F(obs) F(cale)
. .4

9 «16.5
13 =18.8
11 24,8
14 -39, 8

7 "2104

5 -20.8

4 +12.G

105 - =BB,6
57 i -34-7
o -38.5
19 T =23.1

7 - 605
5 - 4.9
11 +23.0
7 +14.8
15 +37.8
9 42048
12 +34.4

7  $+20.6

& +18.2

7 -18.5

7 +12,.8

7 - 3.0

7 - 301

9 - 6.5
19 + 8.9

9 + 0,6
13 + 8.5
13 + 3.1

5] + 2.9

5 - 106

5 $ 2.7
43 +32¢8
53 430 .4
28 +42.8
19 «24.1
10 +34.4

7 4+10.3

(53 - 3.0

5 ~11l.2

9 -22.7

9 -19.0
21 -15,8

9 + 7.6

4 + 3,9
24 +32.2
18 +24.1
23 +39.9
17 +30 .6
21 +29.8
9 +26.4

5 + 9.3

5} +11.8

Spectrunm

115
als
918

115
215
318
415
615
818
13,15
14,15

38

F(obs) F(ecale)
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TABIE 6. (continued)

Spectrum

721
821
921
10,21

12T

221
321
421
521
721
921
10,21
11,21
12,21
13,21

122
222
322
422
522
622

722

822
10,22
11,22
12,22
12,22
15,22

122
222
322
423
522
622
722
822
922
10,22
1_3.. 22
14,22
15,22

16,22

17,22

123
223
323
723
823
10,83
13,23

123
223
523
423

F(obs)

HG ~N~NookRPRE

‘-
B

e e e e 8 -

¢

I A B SR

§
-

"260

= 2o
NN
* @
o

Flcalc)

 Spectrum

523
623
723
823
923
10,23

124
324
424

524
624
724
824
924
10,24
11,24
124

222
324
42%

524
824
924

10,24
11,24
12,24
13,24

125
325
425
525
- 625
225
325
425
525
625
725
825
925

126
226
526 -
26
826
926

125
226
526
626
726
888

‘F{obs)

PO

- .

[ mad

O=1n o> OO~ (

()
(4:R 41}

36



PABIE © . (continued)

Spectrum  F(obs) F(ecalc) Spectrum  F(obs) E_(%l_g)
' : . 'y ) - - &
926 7 ~21.7 132 67 +39.9
10,26 5 -23.5 - 232 38 +27.4
827 5 -15.1 432 20 +17.8
532 5 5.7
127 5 - 4.4 632 4 ¥+ 2.0
227 5 -12.4 ' 732 7 »16.9
227 7 - 3.6 832 5 ~-13,8
427 5 - 7.2 932 7 - =29,.2
627 5 + 2.2 10,32 7 -22.4
11,52 7 -28.2
328 5 +18,9 12,32 7 -21.4
428 4 +18.7 13,5? 9 -15,9
528 4 +23.0 14,32 5 ~12.9
628 5 +25.9 f .
| - 233 11 +12.1
228 9 -24.4 333 13 + 3.1
428 9- -24.5 533 11 $1l.1
528 9 ~26.8 633 12 +15.6
628 9 -14.4 - 733 7 - 4ld.1
728 5 -18.4 833 5 4 7.1
13,33 4 - 5.1
131 28 +20 .4 14,33 4 ~11,6
331 44 +17.1
331 32 +13.8 133 21 -12.0
431 17 +17.6 - 233 24 -13.9
531 10 + 2.7 333 28 -12,7
631 5 +10.3 433 2l -20.8
731 7 - 7.5 533 12- - 8,3
931 5 -12.7 632 7 ~18.1
10.31 5 -1008 836 5 - 7.4
11,31 7 ~11.8 12,83 5 +14.7
12,31 9 -15.4 15,33 5 + 7.5
13,31 5 - 6.4 14,33 5 +16.8
131 17 +17.5 134 13 -23.0
531 7 -~ 7.6 - 334 9 ~24.53
631 12 ~14.0 434 9 «31.9
73T 10 -17.1 534 5 -16.1
831 7 -10,8 634 5 ~18.6
931 5 -18.3 10,34 4 +18.9
10,31 5 - 3.1 11,34 4 +17.7
13,81 5 + 2.0 132 10 +11.8
14,31 5 + 6.7 334 7 - 2.3
16,31 7 + 7.5 434 19 -24.2
: 532 12 -19.6
132 31 -33.2 634 10 =31.5
232 9 ~14.0 3% 9 -25.8
332 5 -11.9 834 7 -24.8
532 9 +12.8 934 5 -21.4
632 11 +16.0 .
732 13 +29.2 135 10 -16.8
832 7 +21.9 235 5 ~10.1
932 7 +21.5 735 5 +13.9
10,38 7 +27.6
11,32 5 +16.1



TABIE b,
Speotrum

135

235
338
438
635
735,
838

436
536
636
735(:-

13:?6_
236
336
- 436
536
636

237

(continued)
F(obs) F(ecalc)
15 ~19.6
15 - 503
17 -1_3.5
5 hnd 105
5 + 4.8
4 +1l.4
5 -1?00
5' -20 98
7 "2105
5 "'2?5409
7 -22.4
12 -27.5
12 -20.4
9 -17.3
7 -17.3
5 haed ,605
5 +15.0
7 + 609
5 +17.6
5 4+ 4.2
4 +23.6
5. - 904
9 + 7.5
11l -14.0
15 had 605
16 -19.8
11l ~17.2

9 -1999 i
7 -12.0
9 +10.6
7 + 9.0
17 -13.8
26 "1906'
23 -23.1
23 -12.9
18 "2200
7 - 3.8
5 -1le.1l
5 +12.4
) +16.5
7 +11.9
7 +2040
5 +15.5

Speotrun

142
- 242
342
442
542
642
13,42
142
342
442
542
642
742
842
13,42

143
243
343
443
843
943
10,493
11,43
12,43

743=

10, 43
11,45
12,43
14, 43

244
144

24Z

447
54Z

145
2495
345
443
545
6495

485
54%

. F(obs)

.12

12
12
(4
9
7

10

7
1l
19

s/

=
POV WOV OOIOIOER h~3r~IO1en

=]
-3

Flcale)

+17.7

+20.1
+29.0

+&7 .2
C =230

’+ 2.5

‘20 02‘
-180 9“
-23,1
"240 6

+17.8

+22.8
+17.0
+16.5

$8.7.

"‘16 08
-10.3
"'17 00
-1600
=10.4

38



Ta818 b . (econtinued)

Spectrum  F(obs) F(ealc) Speetruzm  F(obs) F{ ca.lc)
: - 4 . ' - I
146 4 -22.1 154 4 +16.2
246 5 ~20.7 254 4 +20.0
346 4 -23.1 _ o
- 204 S . = 3.0
246 4 - 9.1 y
, 155 4 - +25.6
147 4 - 8.7 355 4 +17.1
147 4 + 9.4 157 ¢ 4 .+ 3.3
247 4 +2049 357 5 "' 2.0
347 5 + 6.9 _
447 4 +12.2 - 557 5 ‘= 1.6
151 29 -24,6 161 5 + 1.5
251 26 -21,6 261 9 - 6.7
351 20 -18,1 361 5 +14.9
451 10 -21.6. 461 10 +8.6
551 5 - 5.0 561 10 +22.2
851 5 ¢+ 41 661 10 +20.4
951 - 7 +16.8 . 761 -y +19.8
10,51 . 9 °  #15.2 861 - 5 +23.2
11,51 10 . +16.7 | . hd
12,51 4 +21l.1 161 17 +16.2 |
| : 261 18 +22.,1
151 20 -20.4 daéi 17 +25.5
281 © . 9 - 2.9 . 461 14 +16,2
551 7 +10.6 661 5 + 4.7
751 13 +22.3 10,61 4 -14,8
851 9 +15.3 . 11,61 4 -19.8
951 5 +24.,0
. 163 13 -18,8
152 5 +18.7 263 9 -21.8
252 5 +11.4 363 5 -18,9
_ : _ 463 5 L= 7.9
152 7 -22.9 _ -
252 5 ~19.6 168 4 +1l.1
352 7 =17.5 268 9. +19.8
452 7 -20.7 363 5 - 1.8
o _ 663 5 =14.0
253 7 -14.5 863 4 -25.0
353 7 - 5.4 963 5 -14.4
453 9 -23.3 10,63 5 -24.6
553 . 9 -15.6 -
. 653 5 -21.1° 165 4 - 2.4
753 5 -19.1 565 4 -25.1
153 10 +15.1 465 4 -14.9
253 14 +17.7 565 4 -26.8
353 18 +17.0 : |
453 15 +26.4 171 14 +25.0
553 12 +12.0 271 14 +22.8
653 13 +22.9 371 10 +19.7
758 7 + 3,4 471 9 +281.8
12,53 4 -20.0 571 4 + 6.6
13,53 4 -11.7



TABIE © .,

Spectrum F(obs) F(ealec)
. : . 4

17T
271
571
671
771
- 871
971

g
472

178
275
YR
478

178
273
N3
473
57%
675
181

281
481

o

(continued )
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PATTERSON-HARKER PROJECTIONS.

~ The distances of stoms from & glide plane 'pa.rallel to the
b a.xis ‘and with translation c/z may be determined by Harker's
method., by evaluating the Pa‘cterson series

Plave) - & 225 Irwol” Wff(““k“”“’)*

__00

for the line u=0, w =c/2.. This gives

P(o, “/) Z_ ,3[@ &T:/%‘é

O

ﬁ(/a) f_é(') Flken)]”

— o

where

The @&istance of the maxima in P along thislline i‘.fom the origin
gives twiée the distance of the corresponding atom from the

| g.lide» plene. This distribution is shown in fig./2 where the
mexima are determined almost entirely by the iodine atom.

To obtain the distances of the atoms from a two-fold |
serew axis paré.llel to b, P(u,v,w) is evaluated for the plans
¥- b/z. This gives - |

o0 S |
ki) - 27 ey srliz )

ol

el - 2 ()" o)’

— ol

where

This distﬁibution is shown ih fig./d, 'toge‘ther with a key
d.iagram Lig.lt.

The la.rgest peak la‘nelled. A, in. fig.lLr, is the only
“épace» group" peak, its vector distance from the origin. being
M the vector distamce of the iodine atom from the screw
a.xis;The peak B appears because the iodine atoms of mo‘lecules

T ‘and I in £igs.l9,30, and &l although not derived from one
(Pms?w 5,59, ¢ ¢0)
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EIGURE 12. The Patterson-Harker distribution P(0,v,c/2),

in.which-fhe.disfance o£ a'maximnm from the oriéin isitwioe

the distance of .the corresponding atom from the glide plane,
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FIGURE 18, The Patterson-Harker distribution B(u,b/2,w), in
which the distance of & maximm from the origii,‘giv;s twice
vector distance parallel to the ag plane between atoms which

have a vector separation parallel to b of b/2.

. FIGURE 14, Key diegrem to f£ig.l3.
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another by the oberaﬁion of the two-fold screw axis have a.
veetor sepération’pe.rallel t0 b near enough to 'b/2 for a peak
to appear in the Pa.tterson-Harker ~6:::,41:1'i'bution 1P(u,b/2 w)e

The peak C appea.rs because the ‘iodine and chlorine atoms
in the game molecule have a veotor _separation parallel to b
of éery nearly b/2, and peak D appears because the iodine atoms
of molecule I and the ohlorine atom of moleculs 7. have a
vector separation parallel to b near enough to _b_[?. for a peak
to appear in the Patterson-Harker distribution P(u, b/2, w).

The Patterson-Harker pr-ojectiono have thué’Afixe&, not
only the positions of the iodine atoms, but have given a.pprox;
imate positions to the chlorine atoms also. These coordinates
were then used to calculate struecture factors for the two-

dimensional Fourier pro,jectioné on the planes (0OQR) and (010).

- .

CALGUMION OF STHUCTURE FACTORS.

In the space group Pl»/c, the coordinatesm of equivalent

point positions are -

(x_’qj’-z_> , \f,q,{:) ) (x_) jf'tj., ‘Z+'(1> y (5(‘.—, :7 f’y;l’ ./J-—Z)

Faetor

The general structure/is given by

Fkkd) = 2 s (A +L'55)

where for .k*’ f - dn (A-= ‘f'uoo?ll (Axifz> m&uhv
| R -0 |
and for R+tA4 =dntl s b e 3T (Aulz)méz”h«l
=0

f; is the atomic scattering factor of the atom s in the
unit cell, whose coordinates are (x,,ys »%Z5) and the summation
was taken for the I and Cl a:homs only. The atomic scattering

fastors used were thos\e given in “Interno.tionale Tabsllen zur

-~

Bestimmung von Kristallstrukturen" volume 2, without the

-~
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application of any temperature factor. @onsequently all the high
order calculated F values are much $0oo large, but this was
immaterial as the only reason for calculating F values was %o
give'appropriaxe signs to the observed F values, since the

crystal has a centre of symmetry at the origin. Table & gives

the observed and calculated F values used in computing the

thrée-dimensional Fourier sections.

TWO-DIMENSIONAL FOURIER SYNTHESES.

In order to check the coofdinates of the iodine and chlorine
atons 6btained from the Pattierson-Harker distributions, and to
get some ides of the positions of'the oxygen atoms and the
benzene ring, two-dimensiongl Fourier projections of the struct-
ure were made on the planes (001) and (010) using spectra of
the type hkOC and go;_respectively; Thése projections were made
using the method of Lipson and Beevers (1936), and are shown in
figs.!5 and /6. ) )

It was found that the y coordinatevof the lodine atom was
not quite that given by the Patterson-Harker distribution given
in fig. |X , in which the distance of the maximum from the origin
was taken to represent twice the distance, parallel to b, of
the iodine atom from the glide plame. As this distribution is
syumetrical atout the origin the pesks are unresolved from each
other resuliing in a displacement of the maxima in the distributimn

P(0,v,c/2).

Thé two-dimensional projections also gave more accurate
coordinates for the chlorine atom and showed the region of the
benzene ring, but it was impossible to locate the oxygen atoms
in the region near the iodine atom.

It was decided, therefore, to determine the structure by
meens of three-dimensional Fourier sections parallel to the ab

plane as suggested by Boothm(1945).
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FIGURE 1b6. Fourier prqjedtion.ef the structure in the

é‘directiqn,én to the ab plane.
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. PIGURE 16, Fourier projection of the structure in the

b direotion on to the ag¢ plane.
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Fo# this, all the strgcture factors»E(hEl) were
requiréd. The signs were obtained by calcuiating‘ the structure
factors for the iodlne and chlorine atoms onlj. In this way
not more than 10 or 15 spectra out of nearly 800 used would
have the wrong sign, and these, having very smell F values
| would have a negligible effeqt on the positions of the centres
of the peeks. A table of F{observed) and F(caloulated),

(for the iodine and shlorine atoms only) is given in Table 6 ..

THREE-DIMENSIONAL FOURIER SECTIONS.

"The electron density in a plane of crystal at z=-z; is
given ﬁy Ty

o (=) = \/{a@ %%2 Flhbt) ,/,L/a[ gire (hx'+ kﬁ,‘ez,j

Since the crystal has a centre of symmetry the series takeé the.

f‘orm - +90

Using an argument similar to that used by Lipson and
Beevers (1936), the above expression ean be put inxo a form
suitable for the use of Lipson end Beevers stripse.

x,4,2) =-- é’zéﬁ f{hkl)u gire (&
% /”[ “‘/"f@flt')

-K ~-L

+H F

= —%— % f{kk[)u/;[ﬁzn‘//\x+lgjf[ )
+F(hre) e o [kx+ lza %Ef)%
‘égé%;éi- Fjlkf) ({zﬂbzaaﬂc<ud-féqf— ¢z, — %ia

“H K L
eip 3¢ (ka + By +15'_.§)3
" HH s P

—JZ S =S /k(/\u)/ o I (zm mﬁfz,_ )

—, c )
e

1<
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Summations were made over enough sections t0 give the
coordinates of all the atoms in the molecule without any
ambiguity. Fig. I'7T shows several sections, passing through
two of thé féur molecules. in the unit cell, projected along
the ¢ axis onto the &b plane. Fig./§ gives the relevant parts
of several sections passing through one molecule of para-chlor-
iodoxy benzene, from which Fig./7 was compiled.

"It can be seen that the peeks due to the oxygen atoms are
well re"solved from the near by iodine péa.k. The benzene ring
is not quité 80 eiea:r'. | | |

Diagréms showing the structure projected onto the ab, be,

and gg-pla.nes. are given in figs. /17 , 20, and 2| respectively.

ESTIMATION OF PARAMFTERS.

. The coordinetes of the iodine and chlorine satoums co;J.ld.
be obté.ined. with considerable accuracy feom the three-dimension-
el Fourler seétions shown in fig./§ , and these sgreed very
we\ll” with the coordinates obtained from the Fourier projectidns
on the plames (010) and (001), showm in figs. /s, and /6.

" . The elongation of the lodine pesk in the direstion of the
a axis is simply due to the shape of the equivalent optical
gperture obtained by plotting the spectra on a reciprocal
lattice net. ’

The'. coordinates of the atoms expressed ax fractions of the

corresponding lattice translations are given in Table / .
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FIGURE 17. 4 projection along the ¢ axis on to the adb plane

éf severai 3-dimensional Fourier sections passing through
two of the four molecules in the unit eell. Contours are
drawvn at arbitrary levels; 200, 400, 600, etec. For the iodine

atom, contours above 1,000 are drewn at intervals of 1,000.



FIGURE 18, Parts of the three-dimensional Fourier sections
‘;;'a.ralle_l‘f.q the &b plane passing through oné of the four
molecules in the unit cell.
The sections are at intervals of 0/30.
| The contours in green are drawn a’cwiiit,ervals
of 200, whilé those in black are at intervals of 1,000,
- The scale is 3 aus = 1. “

-
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FIGURE 19. A projection of the structure in the ¢ direction

on to the g.l_'fplane. The moledules with double circles are

¢/2 above or below those with single circles,
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FIGURE 20. A& projection of the structure in the & direction

én £d-thé‘pg’plane. The molecules with double circles are

a.pprexima;tely‘ a/2 above or below those with single eircles.



FIGURE 21. A& projection of the structure in the b direction

onAﬁdwthe gg"plane.
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TABIE 7 . TﬁE’COORDIN&TES OF THE ATOMS FXPRESSED AS FRACTIONS

OF THE CORRESPOHDING LATTICE TRANSE@TIONS.

x/é
I 0,052
€l 0.439
0 0.092
0, 0.042
c, 0,174
C, 0.178
Cs © 0.260
Cy 04337
Cs 0,333
c, 0,251

y/ﬁ
0,208
0710

0.023 .
0,098

0.322
0.522
04637
0.552
0.352

0,237

DESCRIPTION OF THE MOLECUILE.

It ca,n. be seen that the plane containing the lodoxy ‘grou,p is

éery nearly perpendicular to the plane of the benzene ring
A

which in turn approximately bisects the angle QI0,

z/s
0,400
0.368
0.520
0.213

0.288

0.455
0.451
0.383
0.316

0,320

The size and shape of the molecule is given in fig.Jd .

The I-0 distances 1.60A and 1.654 (+ .054) in para-chlor

iod.bxy' benzene are rather sho.rter than'tho‘se’o‘éta.ined in other

compounds eontasining iodine and oxygen, which suggests the

existence of double bonding between the iodine and oxygen

atons.

Table 8 compares the dimensions of the iodoxy group
in pa.pé.-chlor-iodoxy benzene with the dimensions found in
'iodine-ox‘ygen groups in potassium fluoriodate (KIO;F,) and
iodic aeid (HIO;) by Rogers and Helmholtz (1940, 1941), and
smmonium pa&aﬁériodate ((NH'Q&Hs 106) by Helmholtz (1937).
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FIGURE 228. Three aspects of a single molecule of para-chlor-

iodoxy benzene, with the interatomic distances marked in A.U.
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TBIF §. INTFRATOMIC DISTANCES IN COMPOUNDS CONTAINING BOTH
o IODINE AND OXYGEN. (mA.U) o

' closest closest A
I-0 I to O 0 to O 0I0
in the between between - .
same different different

molecule molecules molecules

para-chlor-iodoxy 1.60 2.72 .62 103°
~ benzene 1l.65 2.87 .
todic acid 1.80 2.45 2426 . 96°
, - 1.81 2.70 2.78 98°
1.89 2,95 101°
potassium 1.92 2.82 _ 100°
fluoriodate 1.93 2.88 o
axmonium 1.98 _ 2,60 approx 96
paraperiodate - :

THE PACEING-OE THE MOURCULES IN THE CRESTAL.
"~ "'There are 4 molecules in the unit cell which are derived
from Jud ddd¥idyY a single molecule by the operation of the
glide plane and the two-fold sorew axis. Figs. /7,40, and J/
are labelled so that atoms derived from one another by the
operation of a symmetry elemenﬁ are denoted by the same letter.
The iodoxy groups of the molecules‘apbroach one another
very closely. The I to I distance between molecules L & IV .
end 7 & i 18 5.604 whereas the usual Itol aistance ‘between
different molecules is greater than.é.oi. Aﬁ I tolI disténce
of 3.79A between different molecules has been observed in iodic
acid, aﬁd‘this short distance was attributed to the effect of
unshered electrons in the molecules. | '

—

The I to O, distance between molecules [ & ﬁ? and jf &_ﬁ[

is 2,724 end the I to O, distance between molecules I & JL
and [V & 7L is 2.874, which distances are Very much smaller then
the sum of the iodine and oxygen ionic radii, namely 3.34, but

are compaiable with the I to 0 distanceces observed between




o

different molecules in lodic acid and potassium fluoriodate.
(see Table § ).

" A1 the 0 to O distances are greater than 3.04 exoept the
distence from 0, to O, of molecules I & I end Z & Ji which is
2.624. This 15 cousiderably shorter then the usual O to O dist-
ance»betﬁeen different molecules in organic campoundé which is
about 3.0A and slightly shorter than the normal QO to O distance
between:ﬁélecules on inorganic compounds which is 2.7h. It is,
however, comparable to the 0 to 0 distanfle observed in smmonium
paraperiodate, 2.60A; which is attributed to hydrogen bonding.
This theory is quiﬁé‘inapplicable in the case of para-chlor-
iodoxy_benzene. The 0 to 0 distances of 2.764 and 2.78A between
different molecules in iodic acid have also been attributed to
hydrogen bonding.

It can be seen that the I and O, of molecule T end the I
and 0, of molecule 7 form & very closely knit planar group with
the bonds from I to Oy Very nearly perpendicular to this plane.
Since the plane'(OOl) is a cleavage plasne in the erystal the
étrongest bindiné”forces,between different molecules are
evidently in the plane formed by the I and O, atoms about a
centre of symmetry. ' '

| All other distances in the erystal are large. The closest
approa&h of CH groups.ip neighbvouring benzene rings ié 3.94 and
the closest aépnoach_between neighbouring Cl atoms is 3.754.

The interatomic distances descrived above are shown )

in £ig.23 .
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FIGURE 23. 4 projection of the structure on to the ag plane

showing various interatomic distances merked in 4.U.
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DISGUSSION’OF THE STRUCTURE.

The very close approach of iodoxy groups to one another,
and the large distances:between‘ngighbouring benzene rings and
chlorine atoms indicates that the main binding forces in the
crystal ocour between adjacent iodoxy groups. Theifact that the
_erystal para-methyl-iodoxy benzene is identical with the crystal
para-chlor-iodoxy benzene with regard to its space group, unit
cell, and intensities of spectra shows that the replacement of
the chlorine atom in the pera-chlor-iodoxy benzene molecule with
a methyl group has no effeet on the packing together of the mole
cules which must therefore be determined mainly by thé iodoxy
groups. | A |

In iodic acid and ammonium paraperiodate, close approaches
of‘neiéhbouring oxygen atoms were atiributed to hydrogen bonding.
This theory 1s obviously untenable in the case of para-chlor-
iodoxy benzene although the intergtomic distances concerned are
comparable with those observed in iodic acid and ammonium
paraperiodate. (see Table § )

The close épproéch.of iodoxy groups to one another may
be bound up with the "lome pair" of electrons attached to each
iodine atom forming a& attracti%e force Yetween these groups
other than the ordinary van der Waals: attraction between
molecules. That there is some uﬁnsuél attraction between
' ngighbouring>iodoxy groups camnot be disputed, but the nature

of thés force is a matter of conjecture.



- THE CRYSTAL STRUCTURE OF

BENZENE IODO-DICHIORIDE.
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PREPARATION AND DESCRIPTION OF THE CRYSTALS.

The benzene iodo~dichloride used in the experiments was
prepa:céd. by passing pure, dry chloriﬁe into & soiution of iodo-
benzene iy carbon tetrachloride. Yellow crystals of benzene
iodo~dichloride separated out from the solution. Good erystals
with brilliant reflecting faces Were. subsequently grown by the
‘slow: cooiing of a solution in carbon tetrachloride. The crystals
decompose fairly rapidly on exposure to the air and ultra-violet
light so fresh crysteals 'were growﬁ for each set of photographs
taken.

Benzene iodo-dichloride forms bright yellow, needle-shaped
crystals belonging to the monoelinie system, with the 9longation
of the meedles in the direction of the b axis. Faces glving
goniometer reflections develop about the [016] zone, the common
ones being (100), (001), and (101). The end faces (011l) and

(011) have been observed on some orystals.

LS

" The plane {001) is a cleavage plene of the erystal.

Ll

THE UNIT CELL AND SPACE GROUP. .
Oseillation photographs were taken with CukK, radiation
and the dimensions of the unit cell are thus -
a =15.64A
b = 5.444
e =19.64
B=90°%"
General reflections bkl occur only with h+l = 2n showing
that the unit cell is centred on the b face. Reflections hk0

ocecur with h =2n, and Okl with 1 -2n. Reflections hOl occur
- only with h-2n and 1 -2n, , and reflections 0k0 only with k- 2n.
Thus the space group is either B, /& or By, /c_ ‘both of which are -

the same.

o
-
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The space group has 8 equivalent points.

The density of the orystal , by the method of f£lotation
is appﬁoxtmately 2.2 grms/fe.6. which correspondé to 8 molecules
of‘003510111n e unit cellﬁhaving the dimensions given above.
Nothing in the structure is therefore fixed by symmetry. |

' The crystal can be referred to a primitive unit cell
having the following dimensions
| a-15.6a -
b- 5.444
c-12.34
5= 128° 30"

The corresponding space group 1is szﬁx .

128°30'

A

| . ‘ qoo3ol

)

The axes referred to in this work are those with the monoclinie
. angle, /5 - 90°%', since it was found more convenient to refer

to these rather than to the primitive unit eell.

ﬁEIﬁTITE INTENSITY MEASURENMENTS.

- &11 the Qbsérva@ions were photogreaphic, and were made on
the normal-heam &Teissenberg.eamera with Cuk, rediation filtered
through nickel foil., The intensities of-the spectra hOl and

|0kl were measured by eoinparing them visually with & calibrated
scale of spots ef‘different exposures.

The optimum thickness (t) of the erystal benzene iodo-
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dichloride for CuK4 radiation was calculated from the linear
" absorption coefficient AL

where t- 2 . _2 = .0053 oums.
| - ow B

'Exce.pt for photographs with the orystal rotating about the
b axis it is impossible to use orystals of. such & cross-sect—
ion,.-, All the photographs were ‘$aken with erystals sbout’
.25 mm. thick and no gorrections were made for absorption.
If MoK, radiastion is used, the optimum thickzgess for
the crjstal' benzene iodo-dighloride'is 043 ems. A series of
| photggraphs of crystals with approximateiy «20Im. Gross-
section have been taken with MoK, rediation and these intens-—
ities measured on a microphotometer. NoO Féurier projections
vhave yot beeﬁ made using these more accurate determinations

of intensity and so they are not included here.

STRUCTUR® FACTOR CALCULATIONS.

The eoordinates of a point in a general position for

-the space group B,%,/ are

(v92) (=440 y.27%), (ars, b =)y (o 5=t )
(a.,—x,kff a, z), (:c, yths, &—z.), (Z,«;,i), (&’le) .1-'9

The general structure factor F(hkl) is given by

f(/dzt) Zl/ (A +f3 )
 The struéture factors used in this work are F(hOl ) and F(Og;;),
'For F(hol) {/—) - Xc(n&n’[/vxbﬁz) ' .

| gk
For F(0kl) when k = 2n A - §.00 dliky codittz
| o LR=0 |
=0 |

*

. when k - 2n+l
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mapze 7. A COMPARISON OF E(obserVed.) AND F(calculated )
(FOR THE I AND CLATOMS ONLY)
Spectrum F(obs)" F(eale) Spectrum F(obs) F(cale)
. -8 . 8
200 25 4.5 402 30 20
400 28 =19 404 18 20
. 600 41 41 406 18 16
800 35 -23 408 14 1Y
14,00« 13 -152 40 ,10 42 54
020" 26 . ~20 0,12 18 %
. 040 - -9 -9 4032 51 =70
- . 40 9 -
002 - 29 40_' 408 18 lé
004 - 34 C =12 40,10 36 23
006 - 17 -19 40,14 24 -33
008 29 -22 40,16 22 -40
00,10° - 1 4 | ”
00,12 - 41 46 602 5 2
o1z - 56 o 606 3 =37
‘ -4 608 30 -28.
014 - 54 -47 60,10 9 20
0lé6 - 238 -1l 60,12 14 37
018~ 33 34
01,10" 34 &9 602 53 49
i 01,1_8 5 8 60% 49 34
, ' 60 22 -21
024 . e 22 60,1 19 19
026 - 37 32 60,14 32 42
028 ° 37 26
* 02,10 8 6 802 28 -17
,. 806 27 27
© 082 5 1l 808 36 52
- o - 8 .
044 10 12 9’10 10 28
- 048 13 9 802 11 2
8072 55 49
058 - 14 7 . 806 51 44
054 .?Ig %% 808 22 8
058 - 80,12 -
' 05,10 9 -13 0sd 1 29
g 10,02 17 16
062 8 12 10,04 34 0
. 10,08 14 -30
202 36 -51 10,0,10 10 -34
204 34 - 14 ’
206 11 7 10,02 30 -28
208 38 - 86 10,04 55 -45
20,10 40 38 10,08 19 22
20,14 14 ~32 10,0,10 14 18
_ 10,0,1 12 -36
202 25 25 ‘ -
204 42 48 12,04 20 -31
206 3 20 12,06 29 -44
20,10 34 ~29 _
20,12 46 -4 12,02 25 22
. 12,08 29 -29
12,08 30 -39
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TABIE 9 « [(continued)

Spectrum  F(obs) F(cale)
| -8

14,02 8 =23
14,06 30 40
14,08 10 22
16,02 14 3L
16,04 .12 32

pap1x® /0, THE COORDINATES OF THR ATOMS FXPRESSED AS

FRACTIONS OF THE CORRESPONDING ILATTICE TRANSLATIONS.

X y . &

I 0,174 - 0,325 '0,077
. 61, 0.181 0O -0.003
Cl, 0.218 0.650 0.156
8,  0.056 0.325 0,116
c, 0.038 0.276 0.172
C; . =0.044  0.276  0.200
8, = -0.110 0.326 0.170
Cs ~0.090 0.374 0.113
‘o, 0.008  0.374  0.086



FIGURE 24. Fourier projection of the structure in the

b direction énjho the ac plane. The contours for the iodine

atoms are drewn at intervals whieh are twice those between

contours elsewhere.

7t
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\
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0O

FIGURE 25. A projection of the structure in the b direction
on to the 'gg 'plane, The arrows in the benzene rings denote

tilts downwards.
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FIGURE 26, Fourier projection of the structure in the

é direction on %o the be plane. All the contours are drawn

at equal intervals.

FIGURE 27, 4 projection of the structure in the a direction

o‘ﬁvto, theupg_ “plane. The molecules with double cirecles are

a/2 above or below those with single circles.

o~
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THE FOURIFR SYNTHESES.

The cofizstal has a centre of symmetry so the density o (x,2)
of the projection of the structure at the point (x,z) on thekgg

plane is given by

+o0
= S > r|Flhot AJS+—€3{>
o*(x,z) = ;(:;;) fwe | ( )lwlﬁ(a =
where A(ac) is the area of the side ac of the unit cell.

The density of the projection of the structure at the point

(y,z) on the be plane is given by
| Voo

o) A 7 F I b tp)

—P
The observed valuss of |F| are used as the coeffiecients in

the series, the sgign apprOpriaﬁe to any given coefficient bheing
determined from the @pPovisional structure. The projections
were made using the method of Lipson and Beevers (1936). °

The positions of the chlorine atoms showed up very clearly
in the preliminary projections on the ac and be planes. The
position of the iodine atom had changed only very slightly from
its assumed position. Structure factors were re-calculated
using the improved position of the I atom and the coordinates
assigned to the Cl atoms from the preliminary projections.

Second projections on the ac and be planes were carried
out and these are shown in figs.JdY and 46, together with the
key diagrems figs Jy and 27 .

There is & consliderable amount of false detail in the pro-
jeetion on the ac plane, most of which is due to diffraction
rings around the iodine atom. These rings occur in the positions
calculated from the equivélent optical aperture, plotted in
reéiprocal space, put into the appropriate Bessel functions for
the solution of diffraction effects. (see Appendix IIIT).

The elongation of the peaks of the iodine and chlorine atoms
1s accounted for by the shape of the equivalent optical aperture

plotted in reciprocsl space.
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A projection on the ag¢ plane was carried out using the
signs used in the second projection b%f applying an artificial
temperature fastor of the form .L"é%%%,(3==4), to the observed
¥ values in order to eliminate the diffraétion rings.
(see Parker and Whitehouse (1932)). It was found that the
é.iffraction rings d.isappearéd and that the ééntre.s.:ofgzthe peeaks
belonging to the Cl atoms had moved about .14 , making the
I-C1 distance greater by nearly .lA. (The positions of the
1st maximum of the diffraction rings is such that it would
have this effect.)

The agreement between F{observed) and F(ecalculated)
(for the second projection) is shown in Table 9§ .
. The interatomic distances quoted in the discussion of the
structure are those calculated from the coordinates obtained
from the second projection.

Table /0 gives the coordinates of the atoms expressed as

fractions of the corresponding lattice translations.

DISCUSSION OF THE STRUCTURE.

It is evident from the projeections on the ac and be planes
that the ICl, group is linear. The I-Cl distance is 2.454.
This can be compered with the ICl, snion in tetremethylamoniun
dichloro-iodide (N CH) IC1,) by Moomey (1939) where the ICL,
anion is linear with an I-C1 distance of 2,344,

The I-C, distance is 1.984 and the benzene ring has been
assumed to be & regular hexagon of side 1l.41A. The angles
6, T Cl, and G, T Cl, are right angles. |

It 1s worth pointing out that the I6l, group appears to

have the sams configuration, whether it is acting as an electro-
valent group N(CHb): ICI; or as a single covalent group
,BI0L, R |

From.the projections it seems probable that the plane
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of the benzene ring is approximately perpendicular to the line
cl‘Iclz.

The closest spproaches between different molecules occurs
between the iodo-dichloride groups obtained from one another
by means of the screw axis. (i.e. molecules 7 &V , IV & W ,
and T & Vi o)

These close approaches are from I to Cl,, 3.474, and from
Cl; %o Cl,, 3.33A. Both these distances are somswhat shorter
than the sums of the respective ionie radii. All other inter-
molecular distances between iodo-dichloride groups are greater
then 4.0A. 4s the coordinates of the carbon atoms are rather

uncertain no intermolecular distances, involving the carbon

atoms, have been calculated.

THE TRIGONAL BIPYRAMID.

The valenclies of trivalent iodine have been assumed to
be directed towards the cormners of a trigonal bipyramid, with
the two "lone palrs" of electrons situated at the apexes.

(Sidgwick and Powell, 1940).

-

In order to f£it a linear ICl group into the above scheme, the
chlorine atoms would have to lie at the apexes and the "lone
pairs™ of electrons at the corners of the trigonal bipyramid.

-~
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Mooney (1935, 1938, 1939) has found that the tri-halogen
groups in ammonium tri-iodide (NH,I;), ammonium bromo-chloro-
iodide (NH,tBrICl) and tetramethylammonium dichloro-iodide
(N(CH;), 161, ) are all linear. Following the present argument
they could be represented thus:

Ha loqen

Halogen

This scheme 1s also in keeping with the structure of
potassium fluoriodate (K@, F,) by Rogers and Helmholtz where the
flouriodate ion can be represented disgrammatically thus:

although the iodine atom in this case is, however, 6-valent
not trivalent.
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THE SPATIAL VALFNCIES OF IODINE.

The crystals‘para—chlor-iodoxy benzene and benzens iodo-
diehloiide were exeamined in order to determine, if possible,
the valency directions of polyvalent iodine; | »

: It has already been shown that the iodo-diéhloride group
in benzene iodo-@ichloride can be fitted into the configuration
of a trigonal bipyramid. |

It is impossible, howemer, to f£it the directions of the
valencﬁ bonds in the iodoxy group in para~chlor-iodoxy benzene
into any regular figure. Rogers and Helmholtz (1941) in their
orystal structure of iodicaeld (HIO; ) state that the bonds from
the iodine atom to the oxygen aibﬁé appear to be in the form of
e distorted octahedron. (The angles of a regular octahedron are
all 90°, whereas the angléé found in iodic acid are ebout 100° ).
This "distortion" is rather more than ¥ii# can be accounted for
by experimental error. The 010 angle in para-chlor-lodoxy
_benzene is 103°. | '

The théory thax,the’valency-bonds oﬁ the iodine atom are
' directed towards the eorners of a reguiar octahedron is unsatis-
factory, although it seems impossible to suggest an theory
which would be satisfactory. |
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APPENDIX I,

X-RAY APPARATUS.

Two Machlett X-ray tubes emitting CuK, radiation were |
used thzougho_uts this work and were supplieé. by the e¢ircuit '
shown diagrammaticelly in fig. 2% . They are’ rated to operate
at 50 K.V.P. a.;ad,\ 15 mi but were generally operated at about
85 K.V.P. and 12 mh. The Cuk , radistion was partly absorbed
by & filter of Nickel foil. The presence of Nickel as an
impurity in’ both antica.t.hodes'was showm 'by the ‘app-earance of
extra spots on the films corresponding to the NiK;,( wavelength,
and it véas therefozje necessary to exercise care ;i;n indexing
the spectra. . o _

The rotation cé.m.e'ra, made by Unicam Instruments, Cambridge
’has« a diameter of 60.0 mn and was eq‘uipped‘with goniomster ares
end collimator and telestope system. In addition to the 5°,
10°, and 15° ‘cams originaliy fitted toathe camera, extrs cams
of 20° and 50° were constructed and adapted fo:é use with the
camera. _ _
} ' The normal beam Weissénberg camera, edns‘cmcted by
Mr. R.D. Linton in the workshop of the University Physics
'Departﬁlenﬁ, was of undistorted scale, having & dlameter of
57.3 mm. and a travel of 2°/mm. It was also equipped with
goniometer arcs a.nd a teles,EOpe sjstem and gg.ve a total rotation

12 )

of 200°.
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THE STANDARD METHODS USED IN THE X-RAY ANALYSIS OF CRYSTALS.

Care was alwé;ys exer_cised in choosing good erystal
specimens. Suitable crystals were selected under a binocular
mieroscope and generally had to be cut to gpproximately
uniform cross-section avout the desired exd4s. The crystals
were mounted on the sharp point of a bakelite holder with a
- speck of either Canada Balsam 6r Secotine. The setting of the
crystals was done using reflections from faees about the zone
ax4s; Wwhen no faces were available however, the setting was
adjusted by trial and error from the slope of the layer lines
on the photographs. |

The unit cells of the crystals and the indices of the
spe—ctra bkl were determined using the standard reciprocal
lattice methods developed by Bwald (1921) and applied by
Bernal (1926) to graphical ind.exing;

The reciproecal lattice point hkl can be referred to the
‘eylindrical coordinates 7% w where # 1is the distance parallel
to the rotation axis, %  is the distance perpendicular to the
rotation axis, and w is the angular coordinate. .The unit
cells and general indieces hkl may be determined by measurement
of the 17§ coordinates of the spectra on rotation photographs
using & Bernal chart. The reciproecal lattice points having
those # % ocoordinates may then be determined graphically.
The indices of particular spectra of the type h00, hOl, etec.,
are most easily determined by the measurement of the % w
coordinates on Weissenberg photographs using the Ew\ scales
described by Buerger, and employing a similar graphical method.

When it was not possible to determine the monoelinic
angle ﬁ from gondometer measurements, zero-layer line

Weissenberg photogrephs were taken with a crystal rotating
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about the b axis, and the angular separation of the hOO and

001 spectra measured.

APPENDIX 8.

THE FORMAT ION. OF DIFFRACTION RINGS.

LI

In general, the proj eétio.ns of point-like atoms made by
using a'./ limited number of speétra are not points, but are
surrounded by diffrastion rings.

This treatment of the formation of diffraction rings is
.substa.ntially that given Bp Chapter 7 of "The Crystalline State"
voluue 2, by R.W. James. ) )

Suppose the crystal structure to be pro,jected. along the
b axis of the crystal which is perpendicular to the ac plamne of
the ceystal lattice, and is als-d perpendicular to the & d" plame
of the reciprocal lattice. The reciprocal lattice points corres
ponding to the spectra hOl lier in this plane. Supﬁose that in
making the projection all spectra, whose recip:écal lattice
points lie on the plane within a distanece R from the origin,
are included. If 6, is the greatest gla.ncing e.ngle for any
spectrun used, then

Lam B, Z WR"

If A is the area of the mesh ac of the crystal lattice,
the area of the reciprocal lattice mesh is 1/4, and a number
of spectra approximately equal to TR’gA Willﬁf)e used in making
the projection. The points in the reciprocel lattice plane
are spread mi;f.“or.mly, with a surface density of A points per
unit ares. ’

When A becomes large, it will be showm i:ha.‘!:} the series

e )" A 2% Flkot) eoam (ke £ )

4

tends to an integral in the limit,
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For a simple lattice, where the unit of structure is a single
atom, 1f one of the lattioe poimbs is teken at the origin, the
values of ©(hl) are all zero, and the coefficients F(hOl) are
all positive and are all equal to E(o).

The series then becones

O/(Xﬁ—) = [—Q Zi aw 2 (ka(+,@1>

——ao
A o (1) - Fl/;_))‘ %_% w&ﬁ(ﬁ-f’;>

where 2 is the vector to the ppint (X,2) in the plane of the
projection and 5* is the reciprocaimla.ttiee vector to the
point (h,1)s The scalar produect 5.5* can be written ;;*eosqs |
where § 1s the engle between the directions of r and r*, :
If 4 is very large, the vector r¥ to a reciprocal lattice
point éan"be considered to be continuously variable., The
element of area ds at the point (g*;¢) contains A.r*dr*d.¢
points, and togeth_er with the coi;responding element of area

at (0%, <]5+T/") con’\sributes an amount
Q1) AN oot (3X7)b"AG b o a)
A , . '

The series can then be written
LY

a(») - &F(o)] A% e (T3 5% cod ) ob* ol

. (4]
This integral is one that occurs in the theory of diffract-

ion by circular apertures, and contains a Bessel function of
unit order. If J, (i:)‘ and Jl (t) are Bessel funetions of zero
and unit ord.ei‘: résﬁecti’vely,nthen
[} '
Jom (¢ co)ap T3, (€)
0 =
and ,/cJ’o(c)oU’ - 27, ()
-

By substitution,

c(r) - &1 f(o)ff, Jo (03771% )
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2H0) TR 5 (2 R7S)
T R 5
This equation gives the value of the density ¢ (r) et a distance
r from one of the lattice points. The faector FEO)’/I'R*L can be
negleeted in determining the distribution of d‘.éhs-ity which is
determined by the factor 2J, (m) where m=27TR r.
i P

This factor has a principal maximum, equal to unity, at m =0,
and subsidiary lateral maxima and miﬁima. The zero values are
given by the roots of the equation J, (m)=0 with the exeeption
of m=0. The first four roots, otherhthan‘m:O, occur at
values of m equal to 3.832, 7.016, 10.173, and 13.323.
Thus the density ¢ (r) is zero when
4= 3832 T.ete | el
| amR> Qi R*
If R™ is not the same in all directions, i.e. 1f the

equivaient optical aperture, plotted in reéiprooal~lattice space
is in the form o?’s.n ellipse, which is the case for the projection
on the ac plane of the crystal benzene ilodo-dichloride; then the
pesk formed in the projection o (x,%) will also be in ‘;;he form
of an ellipse, but with 1ts major axis perpendicular to the
major axis of the d¥Y#¥dY elliptical aperture.

With the speéi:?;ﬁ_ktxa;_ in venzene iodo-dichloride, the
major axis of the elliptical aperture is in the direction of
the reciprocai lattice point 402, i.e. in a direction making
an angle of 20° to the a™ axis, and has a value of R"- 1.10.
The minor axis is at right angles to this with a value of
RX - .78, If these values are put into the roots of the equation

J, {m)=0, then, in the direction of the line C-I {(see figs.d%3y)
the density ¢~ (r), due to the diffraction rings from the icdine
aton, is zeroc when

r _ 9.832 , 7.016 , 10.173 , and 13.323 ,
AT X110 LT %10 LT X 10 X7 k(10
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/-€. ﬁ = 056, -1002’ l 47’ mld 1. 95 (AOU ) erm

the centre of the iod.ine atom; and in the direction of the

line Cl,IC1l, the dengity o~ (r) of the diffra.ction rings due to

the iodine atom is zero when

*r - J.832 , 7.016 , 10,173 , and 13.323
' 27X <78 arx .78 217X .78 27 X « 78

. = .78, 1.43, 2.07, 2.71 (a.U.) from the
‘centr‘e of the icdine atom. Since the I-Cl distance in benzene
jodo-dichloride is 2.454 it can be seen that the £irst maximum
of the diffraction rings in this direction tends to displace
the peaké. due to the chlorine atoms towards the iodine atom.
This is. in agreement.with the results obtained by ap}glying‘ an
art:.fioial temperature factor to the observed F(hOl) in order to
elgnate the diffraction rings. ' '
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