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INTRODUCTTIOHN,

It has become evident from & stidy of the
structure.of crystalline hydrates that the function of
water in those compounds is much more importent than is
implied in the manner of writing the formuleae for these
substances. In some structures however the water
jmolecules play a very small part, and merely fill geps |
in the crystal structure from which they mey sometimes,
but not alweys, be expelled without any breakdown or |
major alteration of the structure. Nevertheless,
in a great number of salt hydrates the primary function
of water is to co-~ordinate the cetions and thereby
increase their effective radius so that their charge
may be distributed over a gfeater number of anions.

The difference in radius between the smaller cations
and the comparatively complex enions would prohibit

thé formation of any simple and highly co-ordinated
structure such as is actually found in meny crystalline
hydrates, were it not for the co-ordinating influence
of the water molecules.

Looked at from a geometricel standpoint, the

function of water in inorgenic selt hydrates is to



2
form a complex with the smaller ion so that the latter
may be effectively increased in size and thus incorporated
in a relatively simpler structure. ¥From the point of
view of energetics the function of water of crystalliz-
ation is to spread the charge of the ion over a larger
area and thus lower the electrostatic energy, leading to
a more stable system.

Water molecules play this part because of
their small size and high dipole moment. The latter
is an essential requirement for stability. Nonipolar
molecules can presumably co-ordinate a highly polarising
ion but the resulting complex is so unstahle that such
structures are not actually found.

It has been shown by Bernal and Fowler1 from
theoretical and experimental considerations that the
water molecule is probably tetrahedral in structure
after the following fashion: If the water molecule
be regarded as a sphere then its high polarity is due
to the tetrahedral disposition of the two protons and
two negetive areas on its surface, That this model
is essentially correct has been verified by numerous
anelyses of crystalline hydrates in which it has been
shown that the water molecules have a tetrahedral

disposition of bonds, two coming from positive regions

and two going to negative regions of the structure.
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Such a molecule can co-ordinate with itself and this

assists materially in the building up of a stable

configuration.

In many cases the tetrahedral form becomes
modified so that the two negative areas apparently ;
coalesce, thus giving rise to a three bonded water molécule
which is approximately plane.2

The ammonia molecule can, to a lesser extent;
fill the same role as water in some cases, Such
compounds néve evidently been regarded in a truer light

than have the salt hydrates, since these ammonia compounds

have always been assigned formulae which indicate a

|
close connection between the cation and the ammonia :

molecules, Thus, taking an example from the Cobalt |
Ammines we, have :- [Co(NH3)6]Iz, while Berylium i
Sulphate Tetrahydrate is always written:- BeSO4.4H%O.

It would be much more accurate to write EBe(4H205}SO4,.

|

as a study of the crystal structure of this hydrate shdws.
It is evident that in the majority of cases the format{on s
of salt hydrates must not be ascribed, as the formulae .
indicate, to the existence of weak residual walencies |
but to a strong tendency towards complex formation
betweenwater molecules and polarising ions, due to

the rather uniqgue properties of the former.

Few hydrates other than those of inorgeanic
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' selts have been studied, but the structure of Oxaliec
' Acid Dihydrate 1llustretes the type of function which
' the water molecule may be expected to fulfil in such

oryatals.4'5

Here, hydrogen bonds are formed
' between the carbonyl oxygen atoms and the water moletulqa
' and the latter form the sole medium of linkage between
the oxalic acid molecules, The water molecules are
of the three bonded type described above. |

The present work was underteken primerily es
e develoPmept of earlier work on hydrates to see how
far the established ideas could be extended to more
complicated cases, particularly in the field of organic
' salts, where the anions are of course very much more
compliceted than in the inorganic field, Such
structures cannot be expected to be formed on the basis
- of packing, close or otherwise, of approximately
spherical groups, and it is of interest to see how far
the cation co-ordinating function of water is affected
by the presence of orgenic molecules, which presumably
can be linked together through water molecules.

Rochelle Salt, the principal salt studied in
this work, is also of great interest as being optically

active not only in the crystalline state but also in

solution, on account of the asymmetric tartrate

molecule,.
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It hes remarkable electric properties. The
dielectric constant parallel to the a-axis reaches
| abnormally high values between the temperatures 10
‘end +28°C, and 1t exnhibits a hysteresis similar to that
| exhibited by ferromagnetic substances. This property
| has attracted much attention to which reference will
| later be made, It may be noted here, however, that
- the crystel structure of this salt will, no dbubt,
' decide where the seat &f these anomalies lies.
In the following investigation four salts
:_compriaing the isomorphous series to which Rochelle
| Selt belongs, have been studied, and though only the
structure of Rochelle Salt has been accurately determined,
this is a sufficiently close approximation to the structures
of the other members as ::::hetr-thokr.aocurate elucidation
e routine matter,

Apert from determinations of cell dimensions
and space group no work on the crystal structure of
Rochelle Salt has been prewliously published, but
some work on variation of reflected X~-ray intensities

with temperasture and applied electric fields has been

done; this will be considered later,
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ﬂg‘u.re 1.

Starting at the circumference,,
ares of 360°, 342°, 324°...18°,
have been successively cut away.
Exposure of the slit while the
wheel is rotating at constant speed
results in a stepped wedge whose
steps are exposed for times

proportional te 1, 2, 3, ...20,
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EXPERIMENTAL.

The X-reys were produced by a Metropolitan-

' Vickers crystallogruphic X-ray unit, run at 60 K.V.,

| 26 m.a,. Copper K, radiation was used thréughout,
the FB radiation being absorbed by a filter of nickel
foll,

The film used was Ilford double coated X-ray
film with developer and fixing solution as recommendedé
by the makers., Each film was developed for five
minutes et 18°C,

The camera was a cylindrical Weissenberg of
radius 5.0 cm. and verticel trave® 13.3 cm. per 180°
rotation of the crystal. It was so constructed
that & verticael blank strip was left in the centre of
each film, After the photography of e crystal the
film was mounted about ten feet from the x;ray source
in a brass holder which exposed & vertical slit of this
blank portion to X-rays. In front of the slit was
placed a brass wheel cut as shown in Figure 1, which
rotated at constant speed szbout an exis perpendicular

to the plene of the film.
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The slit was then exposed for a definite period of time
to an X-ray beam of constent intensity. A wedge wes
thus produced on the film giving a range of intensities
proportionsl to the numbers 1,2, ...20, The proced-
ure was repected after inverting the film in the holder,
the slit being exposed for twice the initiel time and
to a beam twice as intense, giving a second renge of
intensities proportional to the numbers 4,8, ...80,
For the light wedge the tube was run at 60 K.V., 5 m.a.
exposurs 30 sec. For the dark wedge; 60 K.V., 10 m.a.
exposure 60 sec,

In effect the method of assignment of
intensities depends on the following argumentzQ
Successive steps in the wedge recelve amounts of energy
proportional to the numbers 1,2, ...etc. The spots
on the photographs are classified as closely as possible
by visual comperison with those steps in the wedge most
similar to them in appearance. The energy received
by each spot is then proportional to the numbers assigned
to the appropriate steps. If the energy received is
proportional to the intensity, the relative intensity
may then be represented by the numbers assigned.

Errors due to veriations in the intensity of

of the X-ray beem and unequal development eare negligdible.

Errors due to inefficient visucl comparison are
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probebly not greater than 20 o/o of the velues assigned
and in many ceses they are much smaller than this as
was found by comparison of values obtained by 1ndepend—_
- ent observers, Efrors are also due to the fac:f;zen.
the absorption is high the spots are not uniform across
their breadth. Because of this state of affairs czch
| spot may be given = range of relative 1ntén31t1es.
:-Iﬂwactual practice the intensities assigned oofresponded
rather closely to the blackest portion of the spot. |
- This in effect constitutes an absorption correction
which is apparent in the later stages of the work,

To fecilitate the indexing of the photographs
e chart wes conatrucfed, suitable for use with our
camera, giving the co~ordinates af any point belonging
to the equatorizl leyer of the reciprocel lattice, by
laying the chart over the film. It was based on a
reciprocal square net of intervel 0.1 and was meinly of
use in indexing high order reflections. Fighre 2

shows the chart,

(b) Production of Crystal Cylinders.

Specimens of Sodium Potassium Tartrate
Tetrahydrate (Rochelle Salt), Sodium Ammonium Tartrate
Tetrahydrate, Sodium Rubidium Tartrate Tetrahydrate, and

Sodium Thallium Tertrate Tetrahydrate were prepered by
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! evaporation of saturated solutions in vacuo over ;
- concentrated sulphuric ecld, in a room meintained at |
| epproximately constant teuperature.

The crystels were mounted on a microscope ataée
| cepable of rotation and transverse movement in two
- mutuelly perpendiculer directions, and carrying guides
' for o moist thread, (Figure 3) Using the moist
. thread as a saw a crystal could be cut into long prlamsi

' parallel to any required direction. These prisms !

|
a ground glass plate. Accurately eylindrical spec- |

| were then rolled into cylinders beneath the finger on

' imens of dlemeter 0.025 cm, cen be obtailned in this way,
to which the ebsorption corrections calculated by

Bradlays mey be applied.

(e) Weissenberg Photographs.

All the photographs deelt with in this section
were of the Weissenberg type. In the case of the
Ammonium and Potassium salts, photogrephs about the
three crystellogrephic exes of the zero and several other
layer lines were taken, The Kubidium salt wes simile
arly photographed about the b- and c-axes. The
cleavage pafallel to (100) was very troublesome in the

attempted production of e-axis cylinders in this case,

The axial zero layer lines of the Thallium salt were



10

photographed.

The dlameters of the cylinders were measured

by e microscope carrying a graduated eyepiece. The

departure from truly cylindricel form in terms of the

diemeter of cross-section, was in the best case + 0.001 cm.

and in the worst case + 0.004 cm,

The following table contains the details of

the zero layer line photographs.

cross~section of dhe cylinders.

r is the radius of

Exposure (hours)

Salt Axis| r (em) | pr
Potassium a 0.031 | 1.7
Ammonium a 0.038 | 0.7
Thallium = e -
Potassium b 0.029 | 1.6
Ammonium b 0.028 | 0.5
Thallium b - -
Potassium b 0.018 | 0.97
Rubidium b 0.013 | 0,98
Potassium c 0.0%2 | 1.7
Ammonium e 0.0%1 | 0.6
Rubidipm ¢ | 0.025 |1.9
Thallium c 0.045 -

4.00
4.00
6.00
4.00
1.00
2.50
4.00
4.00
4,00
4.00

2.80

10.00

w is the linear absorption coefficient.
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Space Group, Unit Cell, Density.

According to Groth III p. 332, all four salts
are rhombic bisphenoidal. There are therefore
twofold or twofold-secrew axes parallel to each crystale
lographic axis. Several other workers have shown
that for individual mﬁmbera of the series of salts
studied in this work,

(h00) reflections are absent with h odd,
(0x0) reflections are absent with k odd,
end there are no other systematic absences.

In the present work this has been confirmed and shown

to be true for all four salts, The space group is
thus P 21212.
The unit cell dimensions were determined by

7

the Bradley method ' and by measuring layer line spacings.

The following table summarises the measurements made,

&, bo co V= t.bboco
Potassium salt 11.93  14.30  6.17° 1053x10%2%cc.
Rubidium salt 12,06 14.40 6.21°F 1077 *
Ammonium salt 12,15 14,40 6.18% 1082 *

X From layer line separations.
- Cell dimensions in Angstrom units,

Using accepted wvalues of the density, 2 = 4

is obtained for these three selts, cnd rougher measure-

ments produce the same conclusion for the Thallium selt.
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points

From Internationale Tabellen the equivalentﬂpf the space
group P 21212 aye:
Twofold speeiel.  (a) (00z) (43%); Ib) (0d=') (02')
 Fourfold general. (xyz) (xyz) (§+x i-f z) (k=x ¥4y 2z)
The structure factof is given by:
A = 4 cos 2n(hx+(h+k)/4) cos 2n(ky-(n+k]/4) cos 2nlz
:B = -4 sin 2n(hx+(h+k}/4) sin 2n(ky-(h+k]/4) sin 21z
fThe following diagram shows the symmetry wlements of

- the unit cell.

o % 9
— —3:08%,
¢ 0 ¢
s ‘ —> 3087
& 4 ¢
Lz 083 L 02}
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 Absorption Coefficients.

The followling data was used in the absorption
Ecorfectiona. The linear absorption coefficient (m)
Iwaa calculated from the formulaie

M = n/V.Epe,
;n = number of molecules in unit cell,
HFq= absorption per atom.
V = volume of unit cell.
The walues of u ” for the various atoms were taken from
Internationale Tabellen II p. S75. The values of V
%unad are those on p.ll. The absorption per |
i(NaC4H405.4H20) is 496><10'23, and the absorption per
'molecule of the various salts is:

Thallium salt 8256 x 1023
Rubidium salt 20736 "
Potassium salt 1419 .
Ammonium salt. 61€ "

' The linear sbsorption coefficients are therefore:;

Rubig¢ium salt 75.6 em."1
' Potassium salt 54,0 "
Ammonium salt 19,1 "

It is appropriate to mention here that since

Cu Ky radiation has an cbsorption edge between hubidium
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end Potessium the ebsorptions of these two salts for
this radiation are not very dissimilar, For this
reason these two salts are well suited for direct
photographic quaruoa. and the same may be said of
any pair of isomorphous Rubidium a.nd Potassium salts.
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Derivation of F's.

Sinb for the various planes was calculated
for the Ammonium salt and the values taken as being the
same for the Potassium and Rubidium salts. The
values assigned to the intensities of the reflections
were corrected for polarization by dividing by the
appropriate @ for the plane in question. They were
also corrected for absorption using the values of 10VA
quoted by Bradloys. This was done in the first
instence only for the Potassium and ammonium selts.

In the case of Fathkﬁ4,,1t is shown by the
reasoning in the following section that for all planes
of this zone containing an odd index, the values of thils
'quantity should be_roughly aéual in passing from salt to
salt of the seriles. The 32'8 derived as described
above do not fulfil this condition, The divergence,
or part of 1t, can be accounted for since the spots on
the Potassium photograph were not uniform across their
breadth, while those of the Ammonium photogreph were.
The values of the Potussium intensities were assigned
on the basis of the blackest portion. This clearly
constitutes an absorption corréction, and consequently

the Potassium Fo's will be too large reletive to the

. 2
Ammonium F 's after the Bradley correction has been
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epplied.  Accordingly, the yatio r";/rfm‘m plotted
ageinst 8inl end a correction curve obtained,
Since the Armonium volues were regarded os being more |
relintle, the ﬁ's were divided by the faotors ohtal.ncdz.
These factors areie ;

8ind < 0.4 Correction factor, 2.4/
8iné ) 0.8 . . 1.0

In the following table Py is therefore:

A (2g"1000{Ag>9C)

0.4<{8ins6 < 0,8 . hd 1.8% qu
|
|
|
|
|
|
|
|

and Fm‘.l'l

y (Iﬁﬂxzwo‘(ﬁm o)

intensitiesn nupem'nly. and C i3 the correction
factor quoted above.
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bk 8sinf @ A« Awi, Ti T Fo ¥, T Fom, |
14 6 .,942 2,5616.8 42,0 6.0 0,0 140 0 12 0
15 1 .960 2.8 17.0 42,0 0.0 0.0 0 O © 0|
2 ,956 3.2 17.1 42,0 0.0 0.0 0 0 ¢ 0 |
3 4962 3.2 17.2 42,0 11,0 6.0 200 45 214 7T |
J 4 ,973 3.8 17.5 42,0 12,0 8.0 180 50 13 T |

In o similer way F's were derived from the

|

obgserved (0kl) intensities, The same correction
factor C, obta:l.r_lqd. from the c-axis photographs, was :r
used in the derivation of the following table.
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9 Y NH ?-t. Egn., e Frue
13 1 ,704 1.0 13%.4 4.7 1.0 2,0 42 58 7 8
2 4736 1.0 13,9 36,0 2.0 6.0 80 170 9 15
3 785 1.1 14,8 35,6 0.0 0.0 0 ¢c o ©0
4 ,855 1.4 15,9 36,7 0. 1.0 0 19 0o 4
5 .9%¢ 2.4 17.7 38.0 1.0 0,0 23 0O & 0
14 1 754 1.1 14,2 35.3 0.0 0.0 0 0O 0 0
2 785 1.1 14,7 35.6 1.0 2.0 34 &2 6 7T
3 &4 1.3 16.8: 36,2 4,0 5,0 200 106 14 10
4 .898 1.8 16,9 37.3 3.0 8,0 100 119 10 11
| 5 .974 4.1 18,7 38,7 0.0 5.0 (o} 31 o 6
15 1 ,808 1.2 1i5.1 36.0 0.0 0.0 0 ¢ 0 ©
| 2 .837 1,3 15,5 36.3 2.0 3.0 100 64 10 8
3 .883 1,7 16.5 37.0 1.0 2,0 36 32 6 6
‘4 .944 2.6 17.9 38.1 0.0 1,0 0 i1c 0 3

In the following table the (h0l) intensities
heve been treated by @, A, and C factors exactly as
before; They have also been multiplied by 1.4 to make
the assigned values of the F's correspond with the
(nk0) data(where the same reflections occur in both
photographs. This latter factor must be due to
e emall shift in the position of the Weissenberg
camera resulting in a slight change in the intensity
of the Xeray beam incident on the crystal. Since

wasereferred,
the stondard tc which the assigned 1ntenaitlaqmwaa
inverieble (within experimental limits) the values
assigned to the intensities in different photographs

are only comparable if the X-ray beam inclident on the
crystal is constant,or 1f a factor which allows for

variation is used.
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or the Ammonium and Potassium salts.
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A second set of b-axis photographs was taken
comparing the Potessium and Rubidium salts. In this
case the cylinders were ground so that the product ur
was the seme for both, so that the same absorption
corrections applied to both salts. They were also
ground to a smaller dlameter than the prewlious cylinders
to ensure that the spots would be more uniform across
their breadth. This unfortunately resulted in the
loss of several high order reflections.

The following table shows the collected values
of F(hOl) for the Ammonium, Potassium, and Rubidium

selts, The agreement between the two sets of

| Potassium data is as good as can be expected from the
method of derivation of F's, while the rise and fall
of the F'd in the three‘salté indicates that the hatter

are very similer in internal structure.



R 1 Fw, P« Fe Far.
0 1 19 11 9 6
2 14 18 16 16

3 17 15 156 15

4 15 18 14 11

5 11 8 6 0

6 14 17 14 14

T 6 0 0 ©

2 0 23 19 16 4
4 9 21 21 24
6 14 5 5 14
8 5 17 13 20
8 0 0 9

12 0O 7 6 12
4 12 17 10

1 1 2 10 10 14
2 14 4 4 11

3 0 5 3 8

4 15 15 11 10

5 9 9 6 4

6 0 0 0 O

7 o 0o o 1

2 1 18 23 20 20
2 12 13 14 214
310 8 71T o©

4 7 17 4 o

5 12 16 12 12

6 5 0 0 4

7T 01w 7T 1

3 1 319 12 11 ©
2 21 28 26 26

3 8 6 3 5

4 14 17 12 8

5 11 11 9 4

6 5 10 6 6

T ¢ 8 B %

4 1 28 39 28 28
2 10 13 13 13

3 24 33 23 20

4 5 9 6 4

5 5 0 4 4

6 5 10 8 12

7 0 0 0 4

5 1 11 16 14 18
2 8 16 16 17

3 12 16 11 16

4é T 5 ©0 O

5 0 o0 0 0

6 5] 0 0 0

28

B 1 TP Fx Fes Fao
6 1 0 14 12 15
2256 29 21 12
326 22 18 14
4 58 8 6 4
& 06 0 © 6
6 56 0 0 4
7T 116 26 18 18
g0 & 4 11
730 32 9 12
é 8 0 0 o
.o 00 ®
6 4 5 3 0
7T 8 12 9 8
8 1 8 .9 0 11
2 8 5 4 8
314 16 13 11
4 6 8 5 0
$ 58 0 0 0
6 0 0 © ¢
9 1 9 17 14 14
2 6 11 9 16
310 13 11 1
4 0 0 0 O
5 7 14 8 5
6 9 13 8 5
10 1. 56 © 0 9
2 8 8 7T &
36 0 0 0
4 7 13 8 6
11 1 6 8 6 9
211 13 1% 13
30 0 0O o
4 0 8 5 0
12 1 0o 0 O 9
2 0 0 0 ©
30 0 0 0
4 7T 71 4 o0
13 1.7 0o o 4
2 06 31 1 1
37T 7T 0 O
4 0 7T 4 o0
14 1 0 7 & 6
15 1 5 9 & b
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Location of Potassium Atoms.

(The deduction of the thallium and potassium positions
was first made by Dr.R.C.Evens, to whom thanks are
due for access to his unpublished work. They were
deduced by means of Patterson methods. The
following is an independent proof in support of his
findings.) |

An exemination of the (hk(O) intensities of
Rochelle Salt shows that the intensities with both h and
k even are as a class appreciably stronger than the other
1n£ensztiea. This effect shows up also in the
Rubidium salt, while for the Thallium salt it is so
marked that in some photographs few reflections oﬁtsida
this class can be observed. Figure 4 shows such a
photograph.

It was therefore assumed that the Thellium
atoms halved both the a and b directions, and that this
was also true for the Potassium, Rubidium, and Ammonium
atoms, There are four possible arrangements which

fulfil this conditionj-

(a) Three genersl positions.

¢ @
I (0]

é [
03 ®>

9 9
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These possibilities were rejected on examination of the
Thallium (0x1l) and (hOl) intensities, which to a first
approximation depend only on the position of the
Thallium atoms:-

(Ox1) intensities.

With k even, the structure factors of the
Thallium atoms are in these arrangements:
(1) # cos 1z2n (2) cos 1z2x (3) £ cos 1z2x
end with k odd:
(1) 0 (2) sin 1z2x (3) 0
but the intensities with k even do not dominate the
intensities with k odd in any of the a-axis zero layer
line photographs. (1) and (3) were therefore rejected.

(h0l) intensities.

With h even, the structure factors of the
Thellium atoms &re in these arrangements:
(1) cos 2mz (2) + cos 2nlz (3) £ cos 2nlz
end with h odd:
(1) sin 2nlz (2) 0 (3) 0
but the intensities with h even do not dominate the
intensities with h odd in any of the b-axis zero layer
line photographs. (2) and (3) were therefore rejected.
(b) Special positions,

The fourth possibility consists of the two sets
of special twofold positions, (0 0 z) and (0 § 2').



The structure factors for this

(no1) h even, cos 2nlz
b odd, sin 2nlz
(ox1) k even, cos 2nlz
k odd, sin 2nl2z

An inspection of the

arrangement are:

+ cos 2mlz’

+ sin 2xlz*

+ cos 2nlz!

; sin 2nl12!

Thallium (hOl) and (Okl)

intensities gives approximate values of z and z' which

account for the observed results quite well, The

‘values adopted weret

Z = 3/60-00

z' = 9/60.c,

The following tables

show how these values

afford a reasonable explanation of the Thallium

intemsities, if the latter are

regarded as being

approximately due to the Thallium contributions alone.
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engsities, h e .

Thallium (b

1l | cos 2rrlzf-cos 2mlz*| 0 2 4 6 8 10 12 14
0 2,00 10 17 9 9 5 5 6
1 1.54 7 15 156 8 4 2 2 2
2 0.50 6 3 2 0 § 0 o0 O
3 0.3% 2 0 3 0 % 0 0 O
4 0.50 2 0 ¢ 0 0 0 o

5 0.00 O ¥ 0 0 0 0 0

6 0.50 3 8 1 & 0 3§

7 0.36 O § 0 0

89 0.50 0 4

Thellium (hOl) Intensities, h odd.

1 |sin 2mlz+sin 2¢l2' | 1 3 5 T 9 11 13 15
1 1.12 7 3 7T 6 3 1 § 4
2 1.54 10 13 9 5 3 3 2 3
3 1.12 9 3 4 2 1 0 0

4 0.36 1 0 0 0 0 o0 O

5 0.00 0 0 0 0 0 0 o

6 0.36 0O 0 0 0 o

7 1,14 1 1 $ 3




Thallium log;) Intensities, Xk odd.

33

sin 2nlg-sin 2rlz' | 1 3 5 7 g 11 13 16 17
I 0.50 T 6 & 3 1 0 1 0 0
2 s i 6 &4 4 0 % 0 o0 1
3 0.50 o 1 % + % 3% o o |
4 1.54 10 16 12 7 8 6 3 3
5 2.00 10 13 11 10 5 8 10
6 1.54 6 6 4 7T 1T 3
lium (O ntensiti k e .
k
l| cos exlzfooa 2nlz*| 0O 2 4 6 8 10 12 14 16 18
2,00 12 20 18 26 18 10 71 4 4
1 1.54 5§ 5 12 12 4 6 2 4 3 o0
2 0.50 4 5 6 ¥ 1 2 g g 0 2
3 0.% 2 6 % 1 % 1 & %
4 '6?63 2 0 ¥ 0 ¢ o0 0 o
5 0.00 6 0 0 0 0 0 ¢ o0
6 0.50 2 1 § 1 3 1 4
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Since atoms on the twofold axes contribute
only to the (hk(0) reflections with h, k, both even, one
would expect that any particular experimentally observed
F(hk0) outside this class would have approximately the
same value for all four salts, if the salts are stricgly
isomorphous. An inspection of the intensity of suohl
reflections showed that they rose and fell in step, in
the different salts, while the table of F's (pp.17-21)
shows how close to equality they can be easily brought,
bearing in mind the limitations of the method used in
the derivation of the F's. The same table shows
the expected large changes in F(hkO) with h, k, both
even, in passing from one salit to an other.
It was therefore concluded that the Thallium,
Rubidium, Potassium, end Ammonium atoms occupied the
two speclal twofold positione,
(a) (0 O 3) associated with (30 30 57),
end (b) (0 30 9) " * (3 o0 8)

Parameters in 60ths of the cell edges.
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METHOD OF ANALYSIS,

s i

Both Fourlier and Patterson methods were used
in the determination of the structure. The Fourier
method used is a general one applicable whenever the
crystal is a member of an isomorphous series.

From a knowledge of the position of the replaceable
atoms in the lattice and observations of the changes

of intensity between the different salts, the signs of
the F's can be obtained. It has been assumed on

the basis ofztairly substantial amount of evidence

that all the replacezsble atoms occupy the same positions,
viz, those given on p.74, so that the sign of each F
may be taken to be the same as the sign of the Thallium
structure factor if there 1s an increase in the
intensity as an atom is replaced by a heavier one.

If there is a decrease in the intensity then the sign
is opposite to the sign of the Thallium contribution.

The first difficulty in this method is due to
the effect of the varying ebsorption coefficients on
the intensities, which mekes it impossible to compare
photographs of different salts directly. The
application of ebsorpticn correctidns however produced

self consistent results in the case of all reflections
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with 2 Thallium structure factor » 1, so that the signs
of such F's could be obtained without any ambiguity.
' The second difficulty arises from the fact that;amany |
of the structure factors are small, and in the particuler
case of Rochelle Salt rather a high propoftion are
actually zero. The signs of reflections having
zZero Thellium contribution are of course indeterminate
by this method. Of particular interest are those
F's having = small Thallium luutié;;ttln and a large
contribution from the rest of the unit cell. The
signs of these F's can in many cases be obtained by
inspection of the Thallium intensities. Thus if
we have a number of Potassium F's of high magnitude
end smell Potassium contribution, the corresponding
Thallium reflections should fall into two fairly well
marked classes, a strong class where the sign of the
F is the same as that of the Thallium 8.F., and a weak
class where the sign of the F is opposite to that of
the Thallium S.F. In this way a considerable
number of large magnitude terms were added to the
Fourier series,

By an application of these methods three
Fourier projections were obt&gnable.
(1) A projection on (001) containing only terms with

h, k, both even, since the Potassium etc. atoms
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contribute only to these planes. The resulting
projection is unique over only one sixteenth of the
cell projection and consists of the superimposition of |
the fomr quarters of the unit cell. The resolution
- 1s thus very low and the projection was of little value,
(2) A projection on (100) and (3) a »rojection on (010).
- These, it was found later, were substantially correct
| end the three dimensional structure might have been
. derived from them immediately had it not been for the fact
. that in each projection two molecules were superimposed.
- The Fourier projections will be shown later in their final
form which does not differ materially from that
obtdinable by the above methods,

The following table shows the collected
values of F(hOl) with Thallium S.F, » 1, for the
Ammonium, Potassium, and Rubidium salts, With few
- exceptions, the changes in F from Ammonium to Potassium
agree in direction with the changes from Potassium to
Rubidium. The outstanding exceptions are those in
which there is an increase from Ammonium to FPotessium
and no change from Potassium to Rubidium. In 211
these cases however, the Rubidium F is comparatively large
and consequently the sign of the Potassium F must be the

same as that of the Rubidium contribution; otherwise

the Rubidium F would fell off considerably.
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T™h¥we signs, those of the (600), the (102), and the (303)

cannot be determined because of a sign change from

Ammonium to Rubidium; these F's are of necessity small

and their effect negligtkble,
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A simllar table was compiled for the rast of
the (hOl) F's but 4t was obvious that the disciepanciea
" would not permit the nssignment of signs. Lost of
the stronger members of these remaining F's were
determined by 1n3peqtion of tnelThallium intensities
as described before,

In the same way by comperison of the Ammonimm
end Potassium F'(0k1l)'s and consideration of the Thalliuﬁ
intensities the signs of a sufficient number of Fotessium
F(oxl)'s could be determined to enable a Fourier
projection on (100) to be compleded.

These Fourier projections suffer from & lack
of recolving power, and it was felt thet if more accurate
atomic positions were obtainable, the structure would
soon become apparent, in increase in resclving power
was obtalned by use of Patierson methods. The
Patterson syhtheses used in the work were:

(1) Sections at z » 0, x ® 4a,, and y & gb,, of the
three dimenslonel synthesis of the Ammonium selt.

(2) Patterson synthesis of the (hkO) planes Bmcluding
those having both h and k even, This synthesis was
done for the Fotassium salt, and the fact that the
combined uaéi%oth Ammonium and Potassium date produces

concordent results, is adequate proof of the great similarity
of the internal structures of these two salts,
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The general intensities required for (1),
numbering about 1400 in all were obtained mainly from
layer line Weissenberg photographs about the a, b, and

| C~axes. These photographe gave all the intensities

| obtainable with Cu K; radiation except those within
cusps having axes parallel to [11B] in the reciprocal
space. The remaining intensities were obtained
from e set of oscillation photographs with (110| as
rotation axis. In this case the layer lines were
s0 close together as to make the oscillation method

. the most advantageous.

The low absorption of the Ammonium selt and
its small variation with sinf, made this salt ideal
for this type of work where very large numbers of
intensities had to be dealt with, The intemsities
were ;orracted for polarization and by the geometrical
correction factor Dy described and calculated by
Cox and Shaw 11930)8. No absorption corrections
were applied.

The twofold screw axes in the structure
are equivalent to twofold axes in the three dimensional
Patterson, The symmetry thus becomes 2 2 2 and this
combined with the centpe of symmetry at the origin

present in all Pattersons, mskes the symmetry P2/m2/m2/m.

.(i mmo)
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The unique volume of the Patterson synthesis is thus
1/8th of the unit cell, so that the resolving power
in the sections perpendicular to a and b is the same
as in the a and b;axis Fourier projections, except
possibdly for a slight improvement due to the complete
nature of the data used in the Patterson synthesis.
The rosolvins power in the direction of the c-axis
is however much increased.
The equivalent points of the space group
P2 22 are:
1 2 3 4
(xyz) (d+x d=y 7) (3=x 34y 2) (Xyz)
The interstomic vectors between four eﬁulvalont atoms
having these coordinates give riéa to peeks in the
Patterson synthesis et the points:
(o0 ¢ o) (% i+2y 2z) ($+2x § 22) (2x 2y 0)
(& -2y 2z) (0 0 0) (2x 2y 0) (4+2x § 22)
(b-2x 3 28) (2x2y 0) (0 0 0) (4 2y 23)
(2x2Fy 0) (¢=2x 22 ) (k4-2y 22) (O © 0)
These reduce to the three unique peaks at!
(& ¥+2y 2z) (+2x & 22) ( 2x 2y 0),
lying one in ecach of the sections computed.
Thus, in the section at x = ga, o peak at Y Z
corresponds to an atom at +k(i-Y), {2, i.e., there

are four possible atomic sites corresponding to a
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peak in the sections considered. The interpretation
is further compliceted by the existence of interatomic
vectors whose x components are i@,, due to atoms
having by chance the same x coordinate, The peaks
corresponding to these vectors are of double weight
anﬁ though gt:;tcomplicating factor, they ultimeately
prove to be valuable in confirming some of the allocated
atonic sites, Similar considerations apply to the
other sections. The following table summarises the
information obtaineble from these sections where(X Y)etec.
correspond to vectors bveiween equivonlent atoms.

Section | Peaks | Atonic coordinates.

X® o, (Y 8)| za(e-Y) 2L

Y= gbo | (X 2) x(d-X) 2iZ

zZ=0 {(x v) X +3Y

The series to be evaluated for this aynthesis;

is: ﬁﬁn erxp.(hx+ky+1z)2n
h‘l:‘ 2 At

which reduces to %&(Q Eﬁ) cos2nhx cos2nky
for the gection at 2z m» O,
to g%(% 232 cos27ky cos2nlz
for the section at x = ia,,
and to %@(% gﬁg cos2rhx cos2nlz
for the section at y = 3b ,
In the latter two syntheses Eﬁtis taken as being -ve

vhien h or Xk is odd respectively.
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Confidence in the a and b-axis Fourier projections
increased, when it was found that they agreed almost
perfectly with the three dimensional Patterson sections,
and the former were used with great effect in the
interpretation of the latter. e.g. The Fouriers
were used to discriminate between the two types of
peak found in the Patterson sections.

The combined use of Fourlier projections and
Patterson sections enabled rather accurate atomic sites
to be found which were, unfortunately, limited in value
because of the existence of alternatives. Thus, zr
an atomic position might be at (xyz) or at (§=-x i—y‘;J;
i.e., there was left a centre of symmetry at (1/4 1/4 1/2)
which d4d not exist in the structure. That this
should be so is obvious from the symmetry of the
sections and projections. It was here that the
Patterson projection (2) was found to be of great value.
It is of course the projection of the complete three-
dimensional synthesis on (001), and could therefore be
used to discriminate between the remaining alternatives,
If the first atom is placed on one of the possible
elternatives this projection shows which of the other

alternatives are to be chosen for the remeining atomiec

positions, since (2) conteins no planes with h, k,

both even, it does not give any information ooncerning
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interatomic vectors involving the Potassium atoms.
The projection is thus much simplified.

In this way two structures can be built up
related to each other by a centre of symmetry at
(1/4 1/4 3/2) and these correspond to the d- and 1=
forms of the optically active compound. The X-ray
evidence cannot of course distinguish between them.

The Patterson diagrams are shown at the end
of this section. The procedure adopted in the
analysis was as follows.

Since the a~axis Fourier synthesis weas
obviously the most open available projection, it was
made the starting point. An isolated peak in this
projection was chosen., The Patterson section at
x = 38, was examined for confirmation of its aporox-
imate position, then the b-axis Fourier synthesis weas
investigated for en atomic site having the seme 2
parameter. In the most\favourable ceses there
existed at least two possibilities, because of the
symmetry of the projection. Their positions were
verified by the Patterson section at y = §b . The
first atom to be inserted mey be plawed arbitrarily on
either of these pbsitions.
A second isolated pesk in the a-axis Fourier synthesis

was chosen, its position verified as befare, and two
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- or more possible positions in the b-axis Fourier

| synthesis found and verified. The correct position
was determined by using the Patterson projection on (001),
since the insertion of two atoms results in four unique
peaks in the general Patterson synthesis (apart from the
ih::: unique peaks in the sections computed) of which,
the Patterson synthesis used, is the projection.

These result from the four interatomic vectors between
an atom (xyz) and the four equivalent atoms (x* y* 2'),
(g4x' =y* 2'), (d=x' §#y* 2'), (X' T 2').

The four corresponding positions in the Patterson
projection were examined and the sum of the heights of
the four positions found. The insertion of a third
atom increases to eight the number of conditions to be
fulfilled in the Patterson projection. In this .. cu
manner the correct alternatives were soon found. The
extraction of single values of 'electron dsnsityz' is
not very sound; one should take the total volume of the
peak , but the evaluation of this is impossible and

of 1ittle wvalue at this stage, in such a complicated
superimposition =s this Patterson projection. The
success of the method proves that this procedure was
sufficiently accurate to indicate the structure.

In some cases the sum total was not very impressive,

but note was taken of whether the coordinates in

question fell near o high region,
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In this way the positions of the atoms of
one half of the tartrate molecule were progressively
found, and thereafter the analysis was comparatively simple.
The water molecules proved rather more difficult to
find since they, of course, had no conditions of
molecular structure to fulfil, as had the atoms of the
tartrate molecule. Actually the last water molecule
to be found was located by consideration of space
available in a model of the structure.

fnce the approximate structure was found, the
calculation of F(hk0), F(hOl), and F(Okl) enabled the
& and b-axis Fourier syntheses to be improved by the
inclusion of a2 number of new terms, while an
unrestricted c-axis Fourier synthesis was obtained for the
first time, That all the expected positions showed
up in this projection, was excellent verification of
the proposed structure suggested mainly by the
proJectiona'down'the other axes. The F's were
recalculated using slightly improved positions
indicated by the three Fourier projections, and the
final ae%:?ourlor projections obtained.

The following table is a list of the
positions determined. (Paremeters in 100ths of

the cell edges)
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Paramaters of the Structure of Rochelle ialt.

2K on (a) (00 00 05)
2 K on (b) (00 50 15)
4 Na on (23 99 52)
4 0on (1) (22 10 37)
4 0on (2) (22 20 12)
40on (3) (23 40 82)
4 0 on (4) (06 37 85)
4 OH on (5) (16 36 32)
4 OH on (6) (29 24 63)
4 Hy0 on (7) (40 08 50)
4 Hy0 on (8) (25 06 87)
4 Hy0 on (9) (44 30 085)
4 H,0 on (10) (42 40 45)
4 Con (156 18 28)
4 C on (12 28 42)
4 C on (17 27 65) |
4 C on (15 35 80)

(Parameters in 100ths of the cell edges)
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; 8 of er and Patt n Syntheses.

Bigure 5.

Fourier projection of Rochelle Salt on (100).
Projection of half cell shown, The black atoms are
those lying in the near quarter of the unit cell.

The green atoms are those in the far quarter.
Contours are drawm at 10, 60, 110, 160, 210, 260, 310.

is
The background,quite good, averag¢ing about =40,
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Figure 6.

Fourier projection of Rochelle Selt on (010).
' Projection of half cell shown, The blach atoms are
those lying in the far quarter of tho untg cell, and
correspond to the black agoms in figure 5, The
green atoms are thosg in the near quarter.

Contours are drawm at 10, 80, 90, 130, 170; average
background, about ;40 and quite good.
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Fourier projection of Rochelle Salt on (001).
Projection of quarter cell shown, uerroapomung to the
black atoms in the two previous diagrams.

Contours are drawn at 50, 100, 150, and 200.
Background rather variable, averagéing about ;-40.
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Superimposition of a-axis Fourler projection
' 8BdRochelle Salt and section of three-digiensional
Patterson synthesis of the Ammonium salt, at x = ga,.
Both have been drawn &s though the salts possessed the
seme unit cell dimensions. The co-ordinate system
of the Patterson section has been altered so that it
corresponds directly to the co-ordinate system of the
Fourier projection, This has been done by drawing
‘the Fourier projection to double the scdle of the
Patgerson, and plotting the latter so that a point (YZ)
in the Patterson becomes (yz), where

Yo+ (s -y)

z2 = + 37, (see p. 42)
ine unique quarter of the Fourier Projection is shown
in green along with the unique quarter of the
Patterson section in red. The latter has been
repeated four times.,

It is obvious that the Patterson section
indicates atomic sites very close to those indicated by
the Fourier projection in spite of the fact that the two
series were obtained from ind ependent data.

Contours in the Fatterson section have been drawn at
¢, 40, 80, 120, 160,

not
The Fourier projection 1%~1denticd.ﬂ1th the

e-exis projection shown before, It is one of the
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 earliest obtained syntheses. Its similarity to the
i

' final synthesis 1s a measure of the great power of the

|
| method used in its derivation.

|

i Superimposition of b-axis Fourier projectiin
- of Rochelle Salt and section of three dimensional

' Patterson synthesis of the Ammonium s2lt, at y i ibo.

' This diegram hes been treated in the same manner as

| figure 8, The agreement is agaim very close.

éTna Fourier projection shown was obtained at an early

|
stage in the work.
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; Figure 10.
i

i

| sodium position which had been indicated previously by

i
|
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Section of three dimensional synthesis at

z2=0, This section verifies beautifully the

the Fourier projections.

In these Patterson sections the Ammoniune

| Ammonium vectors do not show up at all well.

This

| may be due to a very rapid fall in the atomic f with

increasing sin §.
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DESCRIPTION OF THE STRUCTURE.

The phtassium atoms occupy the two sets of

;twaold positions given in the table on p. 47.

;The sodium atoms occupy the general positions

(23 01 62) and (as shown in figure 11) this gives an
arrangement of pasitivu ions lying rather closely
together in sheets perpendicular to the b-axis.

_:The remeining atomic positions are listed on p. 47, and |
'the projection of the complete unit cell on the (001)
plane is shown in figure 11. In this figure the
‘atoms are numbered to correspond to the table of
parameters and the z co-ordinates are glven alongside
the circles representing the atoms. Interatomic
distances in : are also inserted.

The sodium atom has around it a co-ordination
group of six; two oxygens and one hydroxyl from the
tartrate groups, and three water molecules. The
‘sodium~oxygen distances average 2.79 :, which is
sufficiently close to the accepted values. (Sum of
Na and O radii from Internationale Tabellen II p. 611,
is 2.32 i.) The potassium atom on (00 0O 05) hes

e co-ordination group of four. This consists of two

oxygens from tartrate groups and two water molecules.

The other potassium atom touches two oxygens and two



Filgure 12,

Perspective drawing of tartrate molecule, Carbon

atoms lie in plane of paper. The C(OH)=-CO0O groups

are practically plane and inclined at 60 to the carbon

plaﬂe ™
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hydroxyls from tartrate groups, and four water molecules,

 thus having a co-ordination of eignht. The interatomic

distances are given in figure 11.

The tartrate molecule has its chain of carbon

| atoms almost exactly in a plane. Figure 12 is a

- perspective drawing of the molecule, the carbon atoms

' being in the plane of the paper. The C(OH)=-C00

groups constituting each half of the molecule are also

practically plane groups inclined at appruximately 60°
to the plane of the carbon atoms. The C-C distances |

' found are 1. 58, 1, 53, 1.52 A. wnile the c-o distances

. are 1,36, 1,32, 1.22, and 1,15 A. The C-OH distances

o
seem to be rather Yonger viz. 1.40 and 1.51 A.

All the final atomic positions were chosen from the

Fourlier maps without manipulation with a view to

obtaining good interatomic distances, These values may

therefore be taken as independent determinations.

They are not regarded as being very accurate, but the

' mean C-C and C~0 sepatations are good supporting

| evidence for the usually accepted values. The
. measurements are summarised in the following table.
Mean C«C separation 1,54 K
» C=0 . 1.26 g

"  C-OH L 1.46 R
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0
Water molecule 7 (figure 11) is 2,75 A from

() o
.~ a potassium atom, 2.39 A from a sodium atom, 2.73 A

o
from a hydroxyl group, and 2,96 A from an oxygen atom,

and apart from neighbouring atoms in the ssme co-ord-

. ination group it makes no other clése approaches,

The four bonds described have an approximately tetrahed~

| rel distribution, in agreement with the Bernel-Fowler

. model outlined in the introduction.

Water molecule 8 can also be given four bonds
although these are not so regular as in the prewvious
case. These honds are; to a potassgum atom, 3.07 :.
to a sodium atom, 2.34 :, to an oxygen etom, 2.67 :.
and to a hydroxyl group, 3.14 i. If the latter
bond be disregarded the water molecule may be regerded
as being of ghe planar type also mentioned in the
introduction, This water molec_ule is not resolved
from other atoms in any of the three Fourier projections
s0 it is probably the least accutately located atom in
the structure.

Both the water molecules 9 and 10 may be
fitted into the tetrahedral theory, but the nature of
the bonds involved raises an interesting point which

will be considered later, concerning the anomalous

dielectric properties of Rochelle Salt. liolecule S
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has a distance of 3.01 A to a potassium atom amd
distances o!’ 2,87 and 3.07 J. to oxygen atoms 4 and 2
respectively. It 15 distent 2,86 A from water
molecule 10 and 3.20 A from the hydroxyl group 6 ( in
the unit cell c, removed ) This final distance was
neglected in order to fit the molecule into the
tetrahedral theory.

Water molecule 10 has, in addit.ion to the
bond to 9, bonds to the sodium atom (2.71 A). to the
oxygen atom 1 (2.56 A), and to the hydroxyl group 6

(2.99 A) .
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DISCUSSIOHN,

It is conventional to describe bonds as

: being directed from positive to negative regions of
the structure. In figure 11 the arrow heads
indicate the direction of the bonds. Each water
molecule must have two incoming and twe outgoing bonds
if it is to conform to the Bernal-Fowler model.

It was shown in the last section that water
molecules 9 and 10 may be ascribed a tetrahedral
disposifion of bonds. lolecule 9 touches a
potassium atom, molecule 10, and two oxygen atoms of
the tartrate molecule, The lagter two atoms are
regarded as negative regions, belonging as they do to
the anion of the salt. The bonds involwed are
therefore outgoing from molecule 9. The fourth
bond from 10 mpst be incoming.

Molecule 10 has therefore an incoming bond
from the sodium atom and an outgoing bond to 9.

It touches the hydroxyl group 6 and the oxygen atom 1,
One of these nmust be incoming, If the bond from

oxygen atom 1 be regarded as incoming we obtain at

once a simple explanation of the anomsluus dielectiréc
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properties of Rochelle Salt.

Oxygen atom 1 is behaving as a negative

atom to the sodium and potassium atoms but as a

positive atom to molecule 10. i.e. it is stréngly
polarised. The positive direction of the bonds is
thus 1 to 10, 10 to 9, 9 to 2. However, if the

polarization of atom 1 can be transferred to atom 2
within the same molecule the positive direction may
now go 2 to 9, 9 to 10, 10 to 1. Such a chage
requires the water molecules 9 amd 10 to imterchange
a positive and negative bond. i.e. in each cese
one of the hydPogen nuclei within the molecule shifts
to one of the tetrahedral negative areas,

This chain of atoms l=2=9=10«l-2-9-10- etc., extends
along the direction of the a-axis, and is outlined
in red in figure 11. It is in the direction of the
a~axls that the anomalles are observed.

Normally the crystal is as a whole unpolar-
ised, but if a fileld is applied in-a direction
parallel to a, all the molecules in the 1=2-9-10~-
chains will arrange themselves so that the directions
of the bonds will be the same as the direction of the
field. Such an effect accounts for the abnormally

large values of the dielectric constent, since unit
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cells in strings parallel to a, mutually assist in
their own polarization. It also accounts for the
saturation and hysteresis effect, since there must be
: a limit to such a process, and when complete, tuere
- will be a tendency to retain the configuration, agein
because of mutual assistance.

Wnen the Rochelle Selt crystel is polarised
the_symmetry is lowered to monoclinic, as Jaffegpointeﬁ
- out. The polarity of the crystal will depend at any
- instant on 1tg electrical history, and Rochelle Salt
| night well, as he says "consist(s) of regions having a
- spontaneous electric moment analogous to the Velss
- regions in ferromegneticmetals ...... Regions of
opposite polarity are in general not balanced, thus
\givingag&§6~¥b e polarity of the crystal as a whole."
He,'‘soncludes that Rochelle Salt is monoclinic between
the Curie points bptiat these temperat@res inversion
occurs between monoclinic and orthorhombic symmetry.
Within the Curie range the symmetry is only pseudo-
orthorhombic.

Certainly, the changes described above only
involve bond directions and positions of hydrogen
nuclei, so that the inversion cannot be detected by

X=1eys., This was showm by Warren and Krutter and
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11,10,12
others, in a study of the effect of temperature
on the crystel structure of Rochelle Salt above end
below the Curie points, In the present work powder
photographs were taken at ;30 and +18°C but no difference
could be detected.

In a paper summarising much of the theoretical
work on Rochelle Salt nuoller}:(1940) gives an account
of measurements on the angle between the b~ and c-axes
as a function of temperature. Above 25°C he finds
that it is constant, but variation occurs between 0°
and 25°C. At 0°C the angle between the +b and +c
axes had diminished by 3' 45", and by 3' at 10°C.

This certainly lends support to Jaffe's
conclusions,

An effect which is commonly found in
dielectric phenomena is the falling off of the
dielectric constant with increase in the frequency
of the applied alternating field. Rochelle Salt
exhibits this effect to a marked degree, 2s was shown
by Zeleny and Valaseki‘ This 1é‘generally attributed
to the inability of molecular or atomic osclillations
to keep in step with the higher frequencies. In
the particular case of Rochelle Selt 1t may be due to

the inability of the hydrogen nuclel of the water
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molecules 9 and 10 to oscillate with the higher
i;’ requencies, 15

Evens has shown that when Ammonium is
substituted for Potassium in inereasing proportions
in mixed ecrystals, the dielectric constant falls to
normal values, This may be due to the breaking
of certain bonds vital to the existence of the
polarising chein in the structure. The bond 29
is already 3.07 : long and this i1s probably near the
limit; 4t is thus likely that it would not take much
in the nature of environmental changes to alter the
arrangements of bonds.

The upper Curie point is probably to be
accounted for in a simllar way, by the expansion of
the lattice, involving the breaking of some of the
contacts 2«9, 9-10, 10-1, The lower Curie point
might correspond to o similar breaking of bonds or
to the freezing of atomic or sub-atomic changes.

Further accurate intensity work on the
potassium and ammonium selts, and the investigation of
the latter by fourier methdds would eneble these ideas
to be tested Mgorously. It is to be hoped that

this work will be done at some more favourable thme.
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Comparison of Calculated and Observed F's.

In the following tables the F's (observed)
have been multiplied by a constant factor in order to
facilitate comparison, | The ﬁunerical agreement is
not perfect, but the general trend is very similar
in observed and calculated F's, This is the most
one could expect using a system of rapid visual
. estimation of intensities, which in effect only
arranges tne.intonsitiaa in order of magnitude,

The atomic F's used in the celculations were ]
those quoted by James and Brindleyis. Sin 2nhx etc.5
were taken only to one place of decimals.

There is a suggestion of & systematic
discrepancy in the (hk0) list. When a negative
caelculated F in tﬁe h, k, both even class 1s encountered
it is usually father smaller than one would expect.
(They occur very seldom because of the high positive
potassium contribution.) Exemples are :- (2 4),

(6 2), (6 10), (10 6). This suggests that in the
calculation either the potassium contribution is being
overestimated or the oxygen contribution underestimated,
since the negative contribution is largely due to the

oxygen atons,
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h_k sinl P riFy.) Bk sinf FoulFl |
0 2 .,107- 72 35 1 8 .4%2 11 42
1 2124 B2 17 6 4 .435 90 119
2 0,127 7148 133 2 8 ,446 53 56
2. 1 .,1%8 180 119 7 1 .446 Zé 112
2 2 ,166 119 98 5 6 .450 49
1 3 .172+” 0 4 7 .451 39 56
3 1 197+ 0 7 2 ,455 108 154
2 3 ,205 3 49 6 5 .464 24 56
0O 4,214 115 112 3 8 .467 21 63
3 2,217 103 70 7 3.4710 26 0O
1 4,223 B9 63 1 9 .485 26 63
2 4 .,248 27 84 5 7 .489 5 56
3 3,248 86 T0 7 4 .49 30 O
4 0 .253 147 147 4 8 .496 117 133
4 1 ,268 154 189 6 6 .496 1?1 168
4 2 .274 228 224 2 9 .497 8 105
1 6 .216 + 56 8 0 .510 142 119
3 4 .290 168 3 9 ,510 12 42
2 5 .296 136 154 7 5 .80 II0161
4 3 .300 B0 63 8 1,50 83119
0 6 .321 50 70 8 2 .B17 zg% 245
5 1 %21+’ ¢ 0 5 8 .53%0 84
1 6,327 164 154 6 7 .53 12 35
3 5 327 BT 98 8 3 .56% 1 O
4 4 .331 297 217 0 10 .5%5 210 196
5 2 .334 41119 110 .540 35 84
2 6 .345 100 105 4 9 .540 T12 126
5 3 .354 +70 84 7 6 .540 9 42
4 5.,3%8 19 O 8 4 .549 1730 126
3 6 372 102 112 2 10 .B550 100 84
6 0 379 §2 35 310 .B6C 82 717
1 7 .379 T35 84 5 9 .570 32 0
5 4.,.381 28 35 6 8 .570 119 77
6 1 .383 63 T0 8 5 .572 8 0
6 2 .394 1t 91 9 1 .572 61 49
2 7:%7 9§ o0 9 2 .579 16 O
4 6 .408 178 203 7 7 .580 30 42
6 3 .412 B3 9 111 .590 122 98
5 5 414 +116 137 4 10 .520 70 119
3- 7 419 TR © 9 % .,592 23 0
0 8 .427 196 266 a8 6

592 76 ¢1
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X1
bk 8in® Py Byl
2 11 ,600 §$ 0
9 4 ,608 3 0
6 9 ,610 20 84
7 8 .610 _24 35
311 ,620 112 98
5 10 .620 0
8 7 .629 31 0
9 5,629 20 0
0 0 .630 =§1 0
0 1 .,636 0 49
0 12 .640 96 119
4 11 640 41 63
0 2 .642 18 49
8 9 .,648 b2 170
112 .650 26 177
6 10 .650 35 70
7 9 .650 136 63
9 6 .65 14 O
0 3.66%5 %0 O
212 666 60 0
511 .,660 21 0
8 8 ,662 67T 91
10 4 .668 121 112
312 670 47 70
9 T .681 1733 147
113 ,685 T8 147
10 5 .687 IZ o
4 12 ,690 67 91
7 10 .690 4 (]
11 1 .698 %7 84
611 ,700 1z ©
11 2 .704 99 106
213 ,705 24 70
10 6 ,709 16 &6
£ 12 .,T10 137 147
9 8.712 3 0
11 3 .74 2% 17
3 1% ,720 71 ©898
11 4,728 20 ©
711 .73%¢ 1¢ O
10 7 7136 9 63
8 10 .735 107 119
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" k sinl
4 13 ,T4C b5
6 12 ,740 66
0 14 .745 92
9 9 ,745 _33
11 5 .745 107
114 ,750 33
12 0 .760 103
2 14 ,760 77
51% .,760 20
12 '1 .761 45
10 8 ,764 170
11 6 .766 62
12 2 ,769 1%%
% 14 ,770
811 ,776 176
12 3,716 56
712 ,780 18
9 10 ,781 16
12 4 ,789 30
4 14 ,790 63
6 13 ,730 2B
11 ‘Tur90 - X
10 9 .796 99
115 .800 38
12 5 ,805 - 33
2 15 ,810 11
514 .810 10
8 12 ,817 113
11 8 .817 51
9 11 .818 EZ
315 .820 16
713 ,820 1°
12 6 .824 89
13 1 .824 23
10 10 .828 102
13 2 .829 13
13 3 .838 43
6 14 .840 102
4 15 .840 41
11 9 .946 2
13 4 ,849 0
0 16 .855 61
116 .856 24

x"
| Fotnl

0
56
84

0
177

1056
49
63

0

0
63
63
98
63
70

0
56

0

0
65
70

0
91

0

112
0
0

105

49
91
63
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g% 56
49
87 63
6 ©
14 0
Q
0
S ¢
117 84
122 98
27 6]
26 O
38 42
171 91
64 ©
27T O
79 70
104 84
30 0
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10Lf cos 2nhx. cos 2nlz

Ba=

102f cos 2ghx. sin 2nlz

(n even)

(h odd)

summed over the unique otoms in the fnit cell,
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124
127
+1 39
ATT
+225
+249
+26%
257
+280
+280
712
3736
« 054
974
+ 279
+ 380
396
. 396
400
+419
+450
+451
«451
.488
.499
504
«505
«510
516
«517
+87%1
+534
« 550
. 559
«ST7
.978
+ 990
619

B6 70
148 133
84 70
176 161
84

123 112
147 147
28

89 91
261 273
186 196
89 112
71 91
159 98
72 35
27 36
53 56
101 98
123 112
9 42
360 271
132 182
203

83 112
112

67 106
56 35
142 119
26 673
14 0
171 154
?5 119
21 35
63

82 84
110 119
51 35
120 717
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.624
+626
.626
627
+630
637
.640
.6862
.665
+673
675
.678
.698
702
. 709
2729
+ 131
. 1356
. T45
+ 152
. 155
. 760
LT60
.764
766
73
187
. 790
.796
.801
.B03
.812
i828
+839
,B842
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.8863
.856
.869

>
i =3
|

™)
ot = Bl N

ggoggoo

Qg wﬂma & t:;awlw a3

LR

X1

\‘_}

-t
- awhlgya
NOWN &,

=3
~O

[n
> O
oCcoCcCcoOvwooOoOMNHOO

- =]

D

w0
coococorHOO

W=~ ¢n
S W]



67
X7

h 2 ﬂna Recte B o1

0 7 .874 E 0
1 7 .876 0
2 7.882 36 70
14 0 /890 117 84
14 1 :890 72 49
3 7 893 g 63
13 3 900 §2
'8 6,902 18 0
12 4 .905 19 49
4 7T7.909 22 0
9 6 .93 63 91
15 1 /983 40 63
13 4 989 97 49
7 7 .978 108 84
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0'106
+124
«1 36
+164
«203
212
246
«250
«253
«2T1
293
+296
+J18
327
¢ 542
+ 3564
« 376
« 380
«391
« 392
4056
.408
+426
«433
«445
«448
460
494
.496
+497
«S01
. 5056
L0173
« 527
.529
+532

k1 sin@  Fu (Fu.
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10 & £ cos 2nky. cos 2nlz (k even)
Fou, =
10 &2 ¥ cos 2nky, sin 2rlz  (k odd)
summed over the unique atoms of the unit cell,
X7 X7
X 1 sinb Foul¥sal
72 36 9 2,543 T4 42
86 %0 4 4 ,546 1 0
27 2B 10 1 ,548 20 O
.22 63 5 4 ,668 132 168
183 203 8 3.570 64 0
115 112 10 2 ,589 147 126
57 70 6 4 ,596 67 98
123 112 11 1 ,600 51 63
16 49 9 3 ,611 18 ©
161 147 7 4 .,626 %% 56
86 98 ¢ b .,628 36
185 175 1 6,630 10 0
5 70 2 b ,636 63 63
165 224 11 2 ,6% 44 0
196 210 12 0 .639 96 119
28 28 3 5 .,648 117 119
189 98 12 1 ,652 2% 91
35 34 10 3 .653 T4 98
218 224 8 4 ,659 g% 56
T 11 4 5 ,663 42
13 0 5 &5 .681 19 &6
9 0 12 2 ,687 54 63
196 266 9 4 ,696 79 126
22 0 11 3 ,697 16 0
62 119 6 6 .704 B1L 63
51 42 13 1 ,704 49 - 49
0 7 & .729 105 56

13 © 10 4 ,733 32 656
23 28 13 2 ,73 15 63
20 © 12 3 ,742 25 42
101 112 14 0.744 92 84
62 17 0 6 ,753 126 112
86 106 1 6 ,754 141 112
150 189 14 1 .754 33 0
59 © 8 5,769 36 42
210 196 2 6 .760 T3 84
3 6 J770 125 91
11 4 .772 98 717
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X1

X 1 ein® P (Pey
4 6,182 10 o
14 2,788 53 42
13 3 .J788 0
9 B .79 2 49
5 6 .J798 )
16 1 .808 0
12 4 ,813 60 63
‘6 6.818 6 0
10 5 ;824 g 36
14 3 834 98
18 2 ;8957 19 70
7 6 .840 94 119
16 0,860 61 70
13 4 856 72 ©
11 5 ,869 22 49
8 6 ,866 0 ppe———
0 7 .879 g 0
1 7 .,880 : 0
15 3 .883 39 42
2 7 .888 7 ©

q(

10 £

fi &
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SUMMARY,

The isomorphous series of hydrates to which

' Rochelle Salt (Sodium Potassium Taftrate Tetrahydrate)
belongs, has been investigated by x-ray methods.

' The evidence indieates that all the selts investigated
have similar crystal structures.

| The complete erystal structure of Rochelle

- Salt hes been determined by Fourier and Patterson methods.

The tartrate molecule was found to lie
approximately in three planes, the planes of each
identical half of the molecule being ineclined at 60°
to the plane of the carbon atoms, The tartrate
molecule is bonded directly and through the water
molecules to the g?sitiva ions.

In order to make the water molecules conform
to the customary tetrahedral model, it is necessary to
suppose that one of the carboxyl groups of the tartrate
molecule is = dipole. - This supposition is used in
an explanation of the anomalous dielectric properties

of Rochelle 3alt.
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