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SECONDARY K-ABSORPTION EDGES OF COBALT SALTS
IN SOLID AND LIQUID SOLUTIONS*

By B. B. RAY. S.R. DAS
AND
N. BAGCHI
(Received for publication, Jun. 11, 1940)

ABSTRACT. The paper deals with the exnerimental yycasarements on e ptimary and
secondary K-absorption edges of cobalt metal, its oxides, and its compounds botl in the forms
of solids and solutions. Tt is found that

(@' Though the primary K-edge of cobalt shifts to the shorter wavelength side of the spec-
trum as one passes from the metallic form of the element 1o its compounds, the secondary
structures of all the solid compounds of cobalt show a similarily with thal of the metal
itself.

(b) The similarity between the structurcs in cobalt metal and that in anlivdrous cobaltous
chloride is significant. Though both these substances form hexagonal crystals, the metallic
cobalt is non-ionic while the other is of the ionic type,

(¢) CoO and CogOy (cubic and hexagonal respectively) show the same type of struc-
tures.

(d) Near the K-absorption cdge, the relative intensity of the structurcs (f.c., contrast
between the white and dark lines) are quite prominent, and it decreases pradually at first with
increasing separation from the main edge, and afterwards increases again hefore it
vanishes.

() On passing from the solid polar compounds to solutions up fo 1N the similarity of the
secondary structures in all cases isnoteworthv. I is snggested that in solutions up to 1N,
most of the molecules are not at all dissociated.

(f) In the case of dilute solutions of strengths of the order of N/10 and N/20, the structure
near the primary is quite different from what has been observed with strong solutions (e). Here
it is suggested that only a small percentage of the molecules are dissociated. The positions of
the secondary structures show that they originate from undissociated molecules.

(g) The solution of Co(NOs)g. 6HgO in conc. HNO; shows the same structure as is exhibit-
ed by strong solution of the same substance in water (e).

INTRODUCTION

Pxperimerits on the K-absorption edges of lower elements by Lindsay and
Van Dyke! have clearly shown thiat after the K-absorption edge, therc are fluc-

# Communicated by the Indian Physical Society.
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tuations of the intensity (Maxima and Minima) in the gencral absorption spectra
in the short wavelength region of the main K-edge. These whitc and dark lines
(or bands) in addition to the main edge form the complete X-ray absorption
spectra.  [ater works by Lindsay and Voorhees,? Lindsay and Keivit,® Lindh,*
Hanawalt, * Coster ¢ and his associates have definitcly shown such structures in
the K and I, serics of many clements in different compounds having different
erystalline modifications. Tfor the origin of these secondary edges Ray,” Coster,?
Lindsay® and others put forward the theory of simultaneous transition of two
electrons by a single encounter of an X-ray quantum. But this theory could not
satisfactorily explain the dependence of absorption spectra (1) on chemical and
plysical state, (2) on the nature of crystals of the compound, and (3) on the cffect
of temperature on the position of the secondary edges.

Turther it cannot explain the absence of secondary structure in the case of
an isolated atom. The theoretical explanation of the origin of these structures
(secondary) was first given by Kronig'? who investigated the energy spectrum
of an clectron moving in the lattice of the crystal. He was able to shiow that
under the influence of a crystalline field the electron cannot have all the values of
cnergy but it posscsses an energy spectrumn consisting of allowed and forbidden
energy zounes. ‘This spectrum extends to a large energy distance (of the order of
several hundred clectron volts) from the first optical level. For the zones low ip
the energy spectruni, the allowed zones are much sharper than the forbidden
ones. But reverse is the case as we go upwards and f{inally there remains no
forbidden energy zones.

During the process of X-ray absorption, the electrons ejected from the
deeper energy levels (the X-ray limits) accominodate themselves in these allowed
encrgy zoues following certain sclection principles. In the case of a ‘simple atom
and ‘ions ' we obtain only sharp fine structure lines in the absorption spectrum,
whereas in the case of crystal and polyatomic molecules the secondary absorption
spectrum extends to very high cnergy distances from the primary edge.

Kronig has shown that in the case of metals or the cubic crystals the energy
values of the mean positions in the forbidden zones are given by

22 -~
E,=-1h"
8md?
where Eoa=mean energy of the nth forbidden zone, n=an integer similar to
quantum pumber, d=the side of the unit cell of acubic crystal and h=Planck
Constant.
Kronig!! has further developed his theory for the existence of secondaries in
the case of polyatomic gases. Hartree, Kronig and Patersenl? calculated the
numerical values of the position of the structures of the K-edges of Ge in GeCl,

by considering the chlorine ions situated at the corners of a regular tetra-
hedron,
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’I.‘hough Kronig’s theory of secondary structute has explained many of the
experimental results concerning the X-ray absorption by the atoms in pute
metal and in non-polar compounds, yet there are certamn difficulties with which it
is faced in the case of the ionogenic compounds. Coster and Klammer!® have
studied the secondary structurcs to the K-cdyes of potassivm and
ionic crystal KCl and have found that the structures of potassinm
tutally diflerent though according to Kronig’s theory they would he similar.
Similar observations were made by G. P. Brewington!' which hear

chlorine in an
and chlorine are

the cvidence
that although Kronig’s theory holds good in the case of clements and  their copi-
pounds involving non-polar bonds it fails in the case of the polar compounds.

Although the results, stated up till now, have thrown considerable light on
X-ray absorption spectrum and the electron encrgy states in crystallive solids
including metals and their compounds, no systematic investigation has becen
carried out for a detailed study in the case of ioniec erystals and solutions. So far
as the absorption spectra of a solute in a solvent are concerned, mention may  he
made of the attempts of Yost,!” Mcyer!® and Hanawalt.” In a short note in
Philosophical Magazine, Yost has shown that the primary K-cdges of Mangan-
ous and Chromate ions in ionic crystals MnClg and KoCr() are the same as they
are obtained with solutions. Mayer also found no detectable difference in  the
position of the K-edge of bromine in NaBrOj in the solid states and in aqucous
solutions. Hanawaltl also obtained the structure to the K-edge of Br in solid
NaBrQj3 and in its solution and found that there was no appreciable change
except that one structure near the primary K-edge of Br in the solid substances
was absent in the casc of solutions. Stelling!'? obtained the primary K-edge of
chlorine in NaCl in the form of solid and solution and found that the wavclength
in solution is a little greater than that for solid NaCl. Owing to dificuities in
obtaining an extended structure in case of substance in solution no further work
is known to have been done in this line.

Though the preliminary works by Hanawalt® showed no appreciable change
of the position of the primary K-cdge of bromine in NaBrOjy in solid and in
solutions of different strengths, it was thought proper to study systematically the
absorption spectra of an element in different chemical combinations both in the
solid state and in a state of solution.

For a detailed study of the influence of polar crystals on the absorption spec-
trum and the influence of water molecules in the ionic solutions of different
strengths on primary and secondary absorption spectra, wg have chosen cobalt
and its compounds be'cause of the fact that

(a) The K-absorption edge of cobalt is not placed cither in the very soft or
in the very hard region.

(b) The dispersion in this region of the spectrograph is quite sufficient for
our purpose,
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s and forms hydrated ionic salts,

(¢) Cnbalt gives two series of compound !
hydrous form though with much

which in some cases may be obtained in the an
difficulty.

ABSORPTION SCREKENS AND CELLS FOR ABSORPTION
SPECTRA AND THIEIR PREPARATIONS

The preparation of absorption screens and cells for obtaining extended second-
ary sttuctwes associated with  the main cdge is of prime importance and causes
great difficulty.  T'he thickness and  uniformity of the absorbing screen always
play an important part in these investigations. There is some optimum range of
thickuess of the screen for which a good record can be obtained. It is found that
if the thickness of the screen 1s below or above a certain range of thickness, all
the structures associated with the main edge do not come in prominently. Up till
now, theoretically no definite relation has been put forward for the screen thick-
ness, although it is found cxperimentally that a thickness which reduces the
intensity of the gencral radiation to half its original value gives satisfactory results
(Johnson's formula is applied here to find the screen thickness).

(a) Solids

Several methods were tried for obtaining screen of a suitable thickness, but
the foilowing proved to be convenient,

In the case of absorption spectra for solids the following methods were
adopted :

(a) 'The subtance is finely powdered in a mortar and the powder is then
pressed in uniform thickness over a piece of zig-zag paper or ordinary filter paper.
In the case of hydrated salts the substance is pressed on filter paper.

(b) For solid substances which are not soluble in wate; the following method
is particularly suitable. The substance is finely powdered in a mortar and a drop
of sccotine is then added to it.  After mixing it uniformly, a little quantity of
water is added and an emulsion is obtained. This emulsion is allowed to pour on
a piece of ordinary paper resting on a plate which is levelled. On drying, a screen
of uniform thickness is obtained. .

fr) For the study of the absorption edges of anhydrous CoCl,, a ccll holder
of special design was used. The cell holder consists of cylindrical syndanio tube
in the interior of which another tube was fitted over three-fourths of the length of
the former. The two ends can be fitted on the cap attached to the cone carrying
the slit. Iuside the inner tube there are three circular rings of syndanio plates
baving rectangular openings in them  which are parallel to the length of the slit,
Therc are two perforations in the body of the tube through which a current
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of dry gaseous HCl can be passed. The cell is shown diagrammatically in the
following figure.

HCl1

I

w

HC1

On the second ring an absorbing screen of CaClg, 6H40, prepared by dipping
a filter paper in a saturated solution of the substance, is pressed with secotine. ‘The
first ring is pressed on this ring, the outer end of which is covered with thin
cellophane.  On the third ring another piece of cellophane paper is monnted and
between 2 and 3 a supply of dry gasecous HClis made.  On the outer syndanio
tube is wound an electrical heater.

The two extreme circular rings were cemented  with the outer syndanio tube
by Plaster of Paris, so that the cell could be air-tight. "T'he inlet and exit tubes of
the cell for passing HCI gas could be scaled at the constrictions. The screen was
heated at a temperature of 120°C in a constant supply of dry HCl gas and the
temperature was recorded by a thermocouple.

(b) Solulions

In order to obtain absorption spectra of a substance in solution, one must use
a cell which will not be attacked by the solution and at the same time will transmit
the radiation. In the case of solution the proper thickness was attained by placing
the solution batween two thin films separated by a rubber sheet of requisite thick-
ness.  When the strength of the solution was altered, the thickness of the rubber
sheet was also changed accordingly. The walls of the ahsorbing cell consisted of
extremely thin celluloid on one side and aluminium foil -oo7 mm. thick on the
otlier in the case of solutions of coball nitrate and cobalt sulphate. But in the
casc of cobalt chloride solutions, the aluminium window must be dispensed with,
as aluminium is found to be attacked by the solution. ‘Thinner films of mica or

6
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extremely thin picees of cellulnid were tried in some exposures but nonc of these
methods led to the desired results,  T'he use of cellophance as cell walls was also
tried but in that case the uniformily of (he thickuess of the cell was lost. By
coming in contact with the liguid, the cellophane bulges inward in some positions
and outwards in others.  With gold beater’s skin as cell wall, therc was no ques-
tion of non-uniformity but the solution  was found to be coloured blue.  ‘Thinner
films for cell walls  were prepared by dissolving celluloid in acetone and pouring
the solution on a clear glass plate resting on a levelled platforin,  T'he preparation
of thin films of uniform thickness by this method, is a very difficult task, and
often it was found that as the films became thinner there was a greater chance of
non-uniformity, which in nuny cases 1csulted in a leak in the fiilms.  Moreover,
the films prepared in this way scewmed to he porous, and air bubbles entered into
the cell after some  hours and the liguid leaked out  This difficulty  could not be
avoided and the presence of solution in the cell wus examined thrice a day and the
cell freshly filled up whencver air bubbles were found inside the cell.

THYE CHELIL MTOLDER

The cell holder consisted of o rectangular brass plate, 4 ci. x 2.5 em., in which
a rectangular slot, 2 em.xo-7 em., was cul out. Another plate was prepared
having the dimensions, and with a rectangular opening  having the same arca, so
that when one was placed on the other, they coincided  “I'he two brass plates can ’
be serewed at the four corners. The lower plate was  fitted  with a eylindrical
cap attached to the cone carrying the slit of the spectrograph. Absorbing screens
could be placed between the two brass plates for exposure,  The cell holder is in-
dispensable in the casc of solutions.

EXPERIMENTAL ARRANGLEMIENTS

A Siegbahn Vacuum  spectrograph fitted  with an clectron tube was used.
The slit through which the X-rays from the cleetron  tube  [alls on the analysing
calcite crystals is o'1 mm. in breadth. The high vacuum of the clectron tube is
separated from the comparatively low vacuum in the spectrograph by thin alu-
minium foils. ‘The heating filament is a spiral of tungsten wirc fed hy a low
tension transformer. The crystal was oscillated at random through 2° 30 ina
few cases by the hand but {requently hy the following device.

A low-spceed motor was connected to two wheels, In the bigger one was
fitted a cam whose groove was cut in the form of a Casenis spival.  One end of a
long brass rod was fixed to the crystal holder and the other to a pin which moved
in the groove of the cam, the motion of the rod being controlled by u guide.

After the preliminary adjustment of the crystal and the plate holder, their
zero positions were determined. For the reference lines in this connection- the
WL, WlLa,azand Cu K ay o, emission lines were chosen. The Cu K « lines,
which arc highly absorbed by cobalt, were not very strong in the photograph



B. B. Ray, S. R. Das and N. Bagchi 43

and did not cause any great inconvenieunce, though they fell in the secondary
absorption region.

In the case of absorption spectroscopy, choice of photographic films and deve-
lopers is of utmost importance. 1n our case best resuits were obtained  with
double-coated Agfa Sino Ifilms with  which a good contrast in  the intensity of
the absorption spectrum is obtained. Agfa Rontgen developers of constant
strength were always used, and the plate was finally fixed in hypo solution,

Agia Sino Films are very seusitive to temperature, and at temperatures above
20°C theie is the possibility of the film being  damaged by heat.  The film was
dried under a fan and in some cases dust particles settled on the film, which when
analysed by the microphotometer show several kinks.,  In oider to climinate these
spurions maxima and minima in the photometer curves, photometers were taken at
diflerent positions of the plate and in almost all cases Dy using more than
one {ilm.

The X-ray tube wasrunat 10 K.V. ‘T'he time of exposure as well as the
current in the X-ray tube was not the same in all the cases. Iixperimcnts show-
ed that an exposure of 50 to 70 hours and a current of 20 to 35 milliamperes
gave in gencral good results, with a screen of proper thickness, As is well known,
the thickness of the screen plays a very important part in these investigations and
it is difficult to obtain a good plate in which the contrast between the white and
dark lines appears prowinently.  ’I'he screen was placed  between  the N-ray tube
and the crystal.  An interesting  feature found in  this investigation is that ali
compounds of coball do not give the extended  structure with the same case  In
some cases they are obtained with greater difficulty than in others.  As for
example, we can cite the case of cobaltous  oxide where some  [ifteen exposures
were tried in vain in order to oblain a good record of extended structures, whereas
in the case of the vther oxide, cobaltic oxide, the edges are quite prominent.

A dispersion of 2.4 XU, per mm, was obtained on the photometric record of
the absorption spectrum. There are seveinl absorption  bands which show a ‘fine
structure,” that is, if these bands are noticed very carefully under suitable light
and magpnification, or arc analysed Dy the microphotometer, the presence of bright
and dark lincs of faint intensity may be detected, which cannot be easily measured
by a glass scale. The exact position of any edge in the secondary spectrum being
impossible to locate, there may be a maximum error of 2-0 X.U. in the measure-
ments of weak maxima and minima in the photometer curve. In the positions of
the primary K-edge and the more prominent dark and white lines, the maximum
error that can be expectcd may not exceed 1 X.U.

MEASUREMENTS AND DISCUSSIONS

In the measurcments of the primary and secondary absorption edges, the
dispersion in cach photometric record was obtained from known emission lines



44 Secondary K-Absorption Edges of Cobalt Salts

W, uy (14734 X.U). CuK ey (1537-4 X.U.) and W L1 (1675-0 X.U.) and
position of these ¢dges was determined with W I, o) line as ihe standard of
reference.

As the exact position of the “ Iidge * is very  difiicult to determine, different
observers chose different positious of the photometric curve for calculating the
wavelengtl of the primary edge. ‘1'hus, some  use the point of inflection, others
use the maddle  portion of the jump in the curve as the exact position of the
primary cdge. But in our measurements, we have followed the procedure adopted
generally by Lindh and Sandstormi,'® i.e., the primary cdge  was measured from
the middle point of the straight portion of the primary absorption jump in the
photometric curve.  The points of inflection of the maxima and minima in the
photometrie curve were considered  to determnine  the position of the “dark ™ and
“white "’ bands.

It may be rematked here that our results  ou cobalt metal are in good agree-
ment with the values given by Keivit and Lindsay  who have also found some of
the structures found by us {01 thas clement.

It may be remarked here that Swada'” has followed an entirely  novel proce-
dure in the weasurement of the absorption edges, and it seems that he has succeed-
ed in measuring  the beginning and  the end of cach of the dark bands in the
sccondary edges; s values are thus very difheult to compare with those of
other investigators,

The absorption edges of the followimy substances are investigated.

(a) i, Cobalt Metal (1lexagonal)
(i Cot) Buue Oxade, Cubicy
(i) Co_O)y (Biack Oxide, Hesagonal)
() CosOy, 7110 (Crystal Lype unknown, though the CoSO

is orthor hombie;
() Co (NO,) ., 0H.O (Cobaltous Nitrate)
(vi)  Colli,, 0I1,0 (structure unknown’ and CoCl, (Anhydrous!
(vi;)  Cobalt Nitrite.

All these compounds exeepl cobalt metal arc ionic,

(b) Solution in water—
(1) 17N, 1N, N/10, and N/z0 Soins. of CoS0 ., 7H., 0,
(‘i) 1-5N, 1N, N/10, N/20 Solns. of CoCly, 61T_0),
(i) 19N, -64N, -32N Solns. of Co (NO) , 6IL,0)
(¢) Solutions in acids—
Saturated Solns. of Co (NOy)e, 6HLO in strong IINO



zob “ ! ! | P.85C M L-Lzz ~ z.l61 D.N,NH m 0.281 _. 1 hw:yu
ze- 28 _ < t  go-61 M 62.91 _ teht llgzr e liror b :
S _ ; Ly : i i
$.8og ; ! | ¥2-LgS whw.wmm To.mmm Lrags MS.RW 65-325 | ‘
; ! : : f “ :
6 , __ A o | oF se | 1¢ gz ! 3
F . - . ! i i - . i-
Sofr | _m ¢ ISEX E L8831 ggS1 8951 4 zlS1 sts1! 6 egft | ggsr o6ST .
} i ﬁ v ! ! T | &
m ‘ i ' ! 1 | ” : . w.
Py lomp Sy L P 8 T S “ %, Sy _, Sp ¥y ¥y “ ty . fp Ty w
M A, ' | ! W ” : , f _ M
=
- Al mravy, - i
- Tmp [ oy [ oip 8 [ ©op w LI _1 Sp A U _ et S _ e - ﬁv T _ T m - _ TTTTTTTIOT
J , i _ _ . | i | |
O°H9 “(FON)°D
II 21av],
- L3 * ] v L3 - + [l

£ 4




0'zE§ g9-S1§
£2.5¢ ,v zo-gf
ot.gog ,. 60.50g
Yor _ 101
¢ foSt 90§t
S.928 o.bsk
£g.9¢ zb.gf
o6.50g9 | 6¥-foy
for £6
foSt [2) 33 4
o-16% g.biv
12,9 | 10-S€
69-tog M 6b-Eog
96 £6
Lof1 ! or1Sr
£-g1s S.g6b
tz-gt 19-g¢
L ‘ 60.S0g
ror w 26
zGSt gos1

6-zgb 1-62h
z9.S¢ 9g-1¢
6g-zog | £4.865
6 ¥3
_ z151 zzf1
S-1gb
fo.bt
1.109
(]
9181
0.z5¢
p.€¢
6-109
. 63 ‘3
YISt 0281
g.fg¥ 9.28%
12.b¢ v £g-1¢
69-z 1£.009
6 | S3
zIS1 RISI |

_n
w

M e Yoy ny

uoLgd

©Eglz

j §0.61

z0.£35
124

€9S1

z.

11z

8¢.51

Sg.

z38
1374

FoST |

Q991

Sz-z1

LE.6L8
A 4]
£481

6.1v1
Lb.or

€6.848
6z

viSt

98.L
£6-tL8
zz

§gS1

9-901
93-4
£6.0L8

1
e

SgSt1.

I 0.4g
St.g

L €6.9L8
QI
SgSr

' 8528
66.9

AR A

€-z8
90.9 -
€1-€48
L1

0651

o144

$o-gS .

gz.b

9l.zL¢
(34

1651

s

e

RN




B B. Ray, S. R. Das and N. Bagchi 49

Table 1 shows the position of the primary and secondary cdges of cobalt
(Metai) and various cobalt compounds in the solid statc including anhydrous cobalt
chloride.

Tablc 11 the same 11 Co(NO3)u, 6H 30 in forms of solid, agqucous solutions of
different strengths and in saturated solutions in concentrated nitric acid.

‘Table 1T the same in CoSOy, 71,0, in forms of solids and aqueous solu-
tions, while, table IV in CoCly, 6011,0, in solid forms, in agqueous solutions and
also in anhydrous stalc.

The figures (e, ky, ko, ete ) 1cder to white Times, the primary cdge being deno-
ted by b, while (ay, oy, 00, cter denote black hands,  The sceondary  structures
estend heyoud the ColK oaqon lines ‘1537 and 15 11X UL m all cases. In the region

hetween Cu K oqes and WL o o, the structuies are quite promineut

A) SOLTDS

I'he table T shows clearty how the primary  K-edges of cobalt shift to the
shorter wavelength side of the speetrum as we pass [rom the metallic form of the
clement to its compounds.  ‘This shift of the primary K-cdge is outside the limits
of experimental etior and s siwilar to the carlier observations made by Iindh and
otliers un the shift of the K-absorption edges of an element in its  pure form and
its compounds.

Pauling2? has put forward a qualitative explanation for the shift of the
primary K-edges by considering the foilowing  factors in lus caleulations.  The
work required to remove an clectron s wfluenced by the external scieening exert-
ed by the external ions in the vicinity of the parcnt ion. This energy of course
will depend on 1he sign of the 1ons.

He also assumcs the law of inverse squares between the ions and introduces
the idea that the crystai itsell will have an electron affinity which will aid i the
process of photoionsation.  With these ideas he has attempted to account for tlic
shift of the primary K-edges mn a very gencra! way.

The similarity between the structure in cobalt metal and that in  anhydrous
cobaltous chloride 1s significant as well as interesting (Table 1), Here the two
substances form hexagonal crystais, the metallic cobalt being non-ionic while the
others are of the jonic type. The positions of all the sccondary bands are the
same with the exception of that of the primary one. I‘or cobult (u=2"g54, c=4"10)
while for CoCly (a=6'14, a=33°26/, U=0"25). DPerhaps the influence of the
chlorine ions at a definite distauce from the cobalt ion in the lattice of CoCly, und
the peculiar shape of this crystal (Rhombohedral Hexagonal) affect the field nean
the cobalt ion in such a way that the values of the allowed and theforbidden zones
for the K-clectron do not change appreciably from those observed for cobalt
mctaij.

Another interesting feature is that the structures and their positions do not
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clinnge in passing from CoO) o CoeOry whicl are respectively eubic and hexagonal
in slructure. Coster has pointed out (Physica, Vol 11, p. 604 that cubie close-
packed and hexagonal crystal lattices pive the same sccondmy Neray absorption
edge il we confine vurselves to the positions of the maxima and minima, relative
to the main edece. As regards the form of the maxima and minima, some
typical difference i the fornr of the sceondary structures in the substonces still
persists.“I'his hie has shovion in the case of the copper-zine ailoys known us o and ¢
Irass o brass has the same structures as Co (face centered cnhic) and ¢ hrass s
hexaponal jost as prure zine, Alter rodueing the values of o and « hrass in terms of
the cJosc-pached cubic and hesagoual forms, he Las verified the relations stated
ahove.  Costa s wotk 1s corlimed only to non-jonic erystals hbut in the case of CoO)
and Co, 0O, the erystads e polar and they are not elose-pucked hut the similarity
found in our experiment i the positions of the sccondary hands is very siguifi-
cant.  As the colours of the two oxides are different it was casily seen that one
wis nol converted into the other durnng exposure.

A peculian feature of the secondary structures of all solid compounds of colalt
(‘Mable I ies in thair simiku ity with those of the metal itself, although in some
cases one of Two striuctures ate Tound to he absent.  Near the absent edges, the
deviation [rom the corresponding secondary s large.  ‘I'hese dilterences may he
couscd by the miissing haud. 1t should be mentioned hete that the microphote-
metrie records, which could not hring out the absent cdges as mentioned  above,
exhibited a Matness of the curve in the region where they would have appeared.
This Datness uay introduce the above-mentioned diserepaucy iu the values of the
hand positions o the neighbourhood ol the absent bands.  Itis quite probable that
i such cases 1he su-called absent bauds are not really abseut hut owing to some
unknown factors  the contrast between the consceutive dark and white hands  has
heen so much reduced that their separate existence could not be recorded with
certainty by the photometer curves. The observed flatiess of the curve and also
the discrepancy about the band positions may be explained in this way,

The relative intensities of the black and white bands as revealed i the origi-
nal plate and also m the photometrie records, shows a peculiatity which is not yet
understood properly. It has been found that near the K-absorption edge, struc-
tures aud their relative intensitios deercase gradually with the increasing separa-
tion from the main edece beyond which there is again a marked rise in relative
jutensity which persists even beyond the Cn K oayag lines (153774, 1541°2.) and in
somie cases it extonds even to a distance of 480 volts from the main cedge. Tt is
cenerally found that the contiast hetween the white and dark bands lying just on
the Tonger waveiengtl side of the Cu K o Tes is generally feebler than that of
those on the shorter wavelength side of those emission lines.  This peculiarity is
not only confined to the struetures m solids but s present also in dilute solutions
and may be 1egarded as a general effect. In very dilute solutions only, it has
heen ohserved that the  first white band of the sccondary (ice., the second white
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line in the plate) is as strong as, and somctinmes even strouger than, the primary

natuwe of  the
Hanawait 1emarked

K-edge.  This point raises somc imteresting questions about e
absorbing medium and will he discussed in the last seetjon .
that the sccondary discontinuitics near to the principal

edpe are alwavs sharper
than those further Erom the edge.

o | . X
Fhe diffuseucss of these further ont, makes 1t

impossible to state their positions accurately.  In o our observations, we  have

found that some of the hands, whicl are away from the main - edape,  are <linpe
than those near 1.

STRONG SOLUTTONS (ie., Strenglh up to 1N)

On passing from the solid polar compounds to soluttons up to 1N, the simila-
rity of the structures in all cases s wot only striking but interesting as weli
{'I'ubles I, IIT, TV}, ‘I'bis riuses some speeulations about the nature and  bindng
of the  Cobalt " iou in strong solutions, and we are now  in a position  to  discuss
them one Ly onc.

la) The substance when dissolved i water may lorm “ ions ™ which are free
in the sense that they are not influenced by vne another, and are sinviar to ** pure
or isolated atom.”” 11 this view is accepied, two states of affans are expected in
the X-ray absorption spectra.

(1) The ion bemg doubly charged (Co™ ion), the primay K-edge will be
shifted to the shorter waveleneth side of thie absorption spectra and will almaost
coincide with the primary K-cdge of an element with an  atomic numbur greater
than it by two units (Cu-K-edge).

{2) Theions will iesembic an isolated atom in whicihi the K-eleetron can
travel with all values of kinetic cnergy, t.c., no sccondwy cdges are expected.
Fine structures, as defined before, may be found up to distance of about 20 volts
only froin the primary.

But it has been found experimentally that the K-edge ol strong solation
nearly comcides with that of Co-K-edge of the metal {differcnec about 4 volts)
and the sccondaries have not only the sne wavelength as in the soiid compound
itself but wiso extend to a distance about joo volts from the main edge.  The facts
clearly point out that the suggestion made in\a), i.c., the hypothesis of free ion
in the solution, is not satisfuctory.

Prins, 2! from his diffraction experiments in Uranium nitrate and Thorium
nitrate solutions of dificrent stiengths, has concluded that iu solutions the jons
of Uraninm and Thorium are not ahsolutely free in the sense as mentioned ahove
but thev exert force on cach other. He further suggests that, as with the
increase in dilution the distance between the neighbouring atoius iuncreases, the
ions in the solutions form groups among themsclves as conceived by the Cybotactic
hypothesis of Stewart in long-chain organic liquids. Though the suggestion of
Prins secis very reasonable, we have tried in vain to have diffraction pattern
of strong solutions of Cobalt compounds with the Nickel radiation. Ounly the
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halocs of water appeared in the photographic plate, which shows that the
scemi-lattice stiucture of cobalt jons in solutions in our case is absent though it
may he present in the solutions of the compounds of heavier metals as mentioned
by Prins.

. {a) The trend of thought at the present moment 1s directed towards the
idea that erystals of many simple salts arc not dissociated completely in water or
in any other solvent. If the positive and negative ions present in the crystals go
1o the solutions separately aud all of them remain as separate positive and negative
ions, there wonld be no neutral solute molecules present at all. But the
experimental results of both the conductivity and osmotic pressure  mcthods
appear to indicate the presence of a large number of neutral molecunics in
solations (even in the dilute solutions of the substances). Thus from  the
expetimetits on the osmotic pressure of MgSO, solution in water, one can see
that even in the case of 1/500 molar solution there are at least 209 of the neutral
molecules.  Other substances also show the same phenomena (Gurney, lous in
Solution, Chapter XI).

1t has been shown by Hanawalt ® that secondary structures of a crystalline
solid and the vapours* of the same compound have the same sccondary structue
though there arc some differences in the structures near the main edge. As for
example, AsCly in the solid form shows an additional structure ncar the main”
edge which does occur in its vapour.  From our experiments on the similarity
of the secondary structures both for the solid compound and the solutions up to
1N, we may easily conclude that the structures n these strong soilutions 1nust
have been due to the presence of a very large number of neutral molecules in the
solution. If really there are dissociated molecules in the solutions, their
percentage must be small.

WEAK SOLUTIONS (.c., Strength lower than 1N)

In the casc of dilate solutions of the order of N/1oand N/zo, we are
presented with an entircly different picture of the absorption edges ucar the
primary edge. It has been mentioned before that the second white band, i.¢., the
first secondary, is as strong as, if not stronger than, the real primary edge and the
latter is again shifted towards the longer wavelength side of the corresponding
edge for solid compounds.

In the case of dilute solutions we knmow from the experiments on con-
ductivity and osmotic pressurc that a certain portion of the molecules is really
dissociated into ions. Bui, as mentioned previously, these ions cannot remain
We may assume here that these ions are surrounded by
water molecules, giving us a picture of the ““ Complex ionic group.” In this case,

b

in the *“ Free state.’

+ J{ may be muentioned here that the temiperature effect on the secondary structure of the
molecules iy the vapour state has been neglected.
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the water dipoles influence the cobalt jons and thus sct up a field of force which
brings about allowed and forbidden zones as contemplated by Kronig. ‘Thus, in
dilute solutions, we have to consider the effects of undissociated cobalt salts in
water and also of the ‘‘ Complex ionic group ' as mentioned before. As the
secondary edges, excepting the first edge in dilutle solutions, lhave the same
structure as found in strong solutlions, it is hereby concluded that even in dilute
solutions a large percentage of molecules really remains undissociated.

As for change observed near the primary K-edge of the dilute solutions, we
may offer the following ecxplanations. The * Complex ionic group ™ as con-
templated above has a field of force inside it, vestricting the motion of the K-
electrons only to a number of allowed zones. These big ““ ionic complexes " will
therefore produce primary edges. We assume that the number of such complescs
in the solutions examined by wus is rather small compared to that of the
undissociated molecules. We further assume that the whole absorption spectrum,
due to the *‘ Complex ionic group,’’ is shifted iowards the long wavelength side
of the spectrui.  Thus in the absorption spectra of dilute solutions, we have to
consider the superpositions of two types of spectra :

(1) One due to the undissociuted moiecules in the solution, and
(ii) the other due to the ‘“ Complex ionic group ' in tiie solution.

The edge due to the latter is shifted towards the long wavelength side
relative to the former.

As the intensity of the former is much greater than that of the latter, it is
to be expected that the intensity of the secondary spectrumn due to the ionic
complexes will be extremely poor and the sccondary  structures in dilute solutions
will be practically produced entiwely by the undissociated molecules. The
experimental data support this contention. But near the primary edge we have
to consider the superposition of the primary and the first sccondary of the
“* Complex ionic group ”’ with reference to the primary of the undissociated
molecules.

As is well known, the intensities of the primary absorption are very much
stronger than those of the secondary cdges and we should naturally expect two
strong primary white lines, of which one is due to the undissociated molecules
and the other coming from the complex ionic groups. As suggested hefore, the
wavelength of the K-edge of the latter is longer than that of t.hc fl?rmer. The
difference in wavelength (3A) between the cdges is (2X U.) anq is easily sel.mratcd
in our plate. Hence we should expect two strong white l_mes _(Of “’h’?h the
second one is perhaps the stronger, as the percentage of undissociated moiccules
has been assumed to bz large) near the primary edge. The brfﬁ:dth of the dark
line separating the two white lines, depends cvidently on the shift (_)f one ,SyStem
with respect to the other. In the case where the separation of the prm.mry K-edges
of the two syste;Tls is small, there would appear only onc br oad white .bund, the
intensity within which will be of a fuctuating nature, In our experiments on

/
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cohalt compour ds, primary edges are resolved by the spectrograph and the nature
of the absorption spectra as revealad on the photographic plates supports our
contention about the superposition of the two systemns of edpes.

Further investizations on other metal compounds in the solid states and in
solutions are necessary hefore any definife interpretation could be given as to the
mode of existence of solute particles in solution. Iixperiments arc¢ being

continued in this direction.
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