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. IMass
Al C SUSCEPTIBILITY OF THE ALUMS AXND .

ALKAT,I SULPHATES. .
(Abstract)

An investigation of the properties of the alums has shown:i-

(I) The existance of lithium alum. (2) That the Qaters of crystall-
isatien are attached in groupsvef three. (3) That the anhydrous
double sulphates afe inseluble,

The magnetic properties of the alums ltegether with those of the
hydrated double salts indicate that eachh greup ef three molecules
of water make equivalent contributiens to the melecular suscept-
ibvility and therefore must be attached by a similar type of link.
Whilst the magnetic preperties ofrthe alkali sulphates srow.that
tlie ions have a quasi independent existance in the crystal,these
of the alums suggest that a complex ien farmatiwn prevails., It
seems probable that the alkali iens are linked to the tervalent
iens and three ef the sulphate greups by means of the walter melecules
so that the fermula could be written (RL R (SOQ)324H10 )** S0 't,

l'
The inselubility ef the anhydreus double salts tegether with the

.necessity of heat energy in their férmatisn shawér%rchange in-
structure takes place, and it is suggested that a chelated cemﬁeund
is formed, _

Crystals of tiie compeund Kzs% Ala(SOgL 6H10 18 D,0 were prepared
and it was apparent that the substitution of I8 DIO in place of

18 HQO had no distorting effect on the crystal structure ner did

it preduce any peculier magnetic effects.The value of the molecular
susceptibility ef Dlo calbulated from these results is in geod
agreement with the accepted value.

The paramagnetism of the chremic and ferric alums was teo great to

give any evidence of similarity eof links cennecting the water



molecules, but they did cenfirm the idea that the aluns have a

complex ion structure. .
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MASS SUSCEPTIBILITY
OF
ALKALI SULPHATES AND ALUMS

The results obtailned by several workers on magnetic
suscentibility show that in many cases the law of additivity
appears to break down whem the salts measured contain water
of crystallisation; the molecular susceptibility of the hyd-
rated salts not being the sum of the susceptibilities of the
anhydrous salt and that of the avvronrisate number of water
molecules,

It was therefore determined to investigate the effect of
water of crystailisation on molecular susceptibility, and
for that purpose the alums weré chosen as being £he most
suitable; firstly on account of their containing a large
number of water molecules,and, secondly, because the value
of the susceptibility of caesium alum and the anhydrous double
salt as given in the International Critical tables showed a
divergencerfrom the additivity law of as much as I7%,

It was hoved therefore, in making these experiments,to
throw some light on the mammer of co-ordination of the water
moleculewrand the general structire of the crystals, and so
help in the clearing up of the problem of solvation which

up to now, has evaded a satisfactory solution,
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EXPERIMENTAL

The salts investigated were the alums and other double
salts formed from the sulphates of lithium, sodium, ammonium
potassium, rubidium and caesium with aluminium sulphate;
potassium and thallium sulphate with chromium sulphate, and
ammonium sulphate with ferric sulphate, A.R. materials were

used through out in all preparations,

Preparation of the materials‘usedL

The literature describes two hydrates of potassium alumin-
ium sulphate containing less water than potassium alum,viz:-
The hydrates with six and eight molecules of water of crystai-

lisation respectively. Although repeated efforts were made
to procure this latter hydrate,all attempts proved friulless,
It was found, however, that the tendency of the water is to
come off in groups of three molecules, and in the case of 3jhe
series KQSO4A12(SO4)3anO the complete series was obtained
where n is 24, 2I, I8, 15,.12, 9 and6, No trihydrate could
be prepared, 7

An indication was found that a similar series could be

obtained for the other alums but time did not permit of a

full investigation, representitive members only being

prepared in each case,



3.
Liz§94A121504l324 Ho0.

This salt was first described by Kralovansky (I), but its
existemce was subsequently denied by Rémmelsberg (2)« Modern
literature seems doubtful of its existence. -

The salt was prepared from a solution of the component
sulphates, which was present in equimolecular proportions.

The salts were dissolved in the least posgible quantity of
distilled water, so that a saturated solution at a temperature
well zbove rdom temperature was obtained, It was then cooled
in a freezing mixture and stirfed'continuously, when the salt
was suddenly thrown out as a very soft, crystalline mass

in which the crystal form could hardly te determined.

This was dried on a filter pump and subsequently on a por -
ous plate. Attempts were made to get larger and more perfect-
ly fotmed crystals, but the salt seems to form good cfystals
qnly with great difficulty, and the crystals that come out
are so soft that it is difficult to obtain a gocd specimen.
| Whenya»supersaturated sulution was cooled in ice without
stirring, very small but perfect crystals were formed slowly.
They were examined microscopically and found to be isotrépic,

"the crystal form being a combination of octahedron and cube,

RESULTS OF ANALYSIS. | A B,
Weight of salt taken..eceeesss.0.28I2 gno..... 0.5670 gmn
Weight Of Water foundo .. T e e e e 00 01378 an e s 0.2778 gml.

%W&‘ter 0'0..0-.'*'0'!.42.9_120 ce o et o e 42.007?
Theoretical percentage for the alull +eceeeeoeeesess48,93%
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112804AL2(S04) 3.

_ This salt was prepared from fhe fully hydrated salt_by
heating to a temperature of 200°C. The salt, on heating,
showed the characteristic behaviour of the alum,swelling up
considerably to a bulky, friable mass.The total sulphate was
estimated. |

RESULTS OF ANALYSIS,. - A, B.

Weight of 821t takeNeceeoeee 062922 gme +...043840 gme
Weight of BaS04 foundeeeseee 0.5984 gmo... 0.7756 gm,
%804 ® 0 0 8 006 00t e 84.22%..00.. 82'02 jz

Theoretical percentage for the anhydrous Salteeeeec. 84.96%

Lips0y o .

T Thnis was prepared from the A.R. monohydrate. The salt Was
recrystallised and then heated at a temperature of 200°C. to
convert to the anhydrous condition, and the total sulphate
estimated.

RESULTS OF ANALYSIS o A. : B.

Weight of salt taken....... 0,9560 gu..... 0.7168 gn.
Weight of BaSOy found..... 2,0209 gn +... I.5305 em.

) %804 .O»'ll.".v'. 82.02 ‘fo éOQ'QQQ 82.22 70;
Theoretical percentage for the anhydrous salt.....87.38 %

N&2804A12 (804) 324H20°

The sodium alum was prepared from molecular proportions of
the cohstituent sulphates., These were dissolved in water, the
solution concentrated and then cooled in a freezing mixture,

being constantly stirred the while., As with the lithium, the alum
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wa®s suddenly thrown out as a thick, white mass in which the
crystal form coﬁld nét be distinguished, but it was found thal
when the mixture of the constituent sulphates was made into a
moderately supersaturated solution and then slowly evaporated
in air, large characteristic crystals were formed,
The percentage water was estimated,

RESULTS OF ANALYSIS, ' A, B,

Weight of salt takeNieeeesees 01860 gMme ooo. 00,1436 gn
Weight of water foundeesssses 0,0877 gme o... 0,0674 gm
% Water 9eessscoese e 47’I§Jé 0'.0000!46.%Qjé

Theoretical percentage for the 8lum ceecseecssveseess 47,20 %

Na2804A12§804)3,

- The anhydrous double salt was prepared from the alum by
heating at a temperature of 200 C, The total sulphate was
estimated.

RESULTS OF ANALYSIS. Al B,

Weight of salt takeNeevesess 0,3945 gm.... 0,551I6 gm
Weight of BaSO, found ...... 0,7624 gm ... 1,0765 gnm

% 804 seerrevsvne 79.56 ? ee e 79.68 k_
Theoretical percentage for the anhydrous salt ..... 79,62 %

Na2804-

The A.R, anhydrous material was used and the total

“sulphate estimated,



e

RESULTS OF ANALYSIS., A, B.

Weight of sald taken seeeeees 00,6768 gme «..1.2288 gm,
Weight of BaSO; found ....... I1.II52 gm. ...2.0344 gm,

%So4 N A AR gz&él_z_uooooosv 97 %

Theoretical percantage for the anhydrous 821t eeeenon 67,61% _

KaS04A15(S04) 5 24H20,

Analar material was used, the salt being recrystallised
and the percentage water was estimated,

RESULTS OF ANALYSIS. A, B,

Weight of salt taken veseevese 04317 gm ... 0,4370 gm
Weight of water found sseeee.., 0,I957 gm ... 0,1I981 gnm

%.Waterv X E R R EEREEX) 45!33 ? ees e 45|35 ?

Theoretical percentage for the alum sevecescssccscsee.45,35%

KoS04A12$504) 3 2IH20,

1 The fully hydrated analar salt‘was recrystaliised and

then placed in a boiling tube and heateg, so that thé salt
-dissolved in its water of crystallisation., The heating was

continued over the Bunsem flame till the first sign of solide

ification appeared, The tube was then tightly corked to pre-
vent any further evaporation to the air, and the heating

continued in a beaker of boiling water for about five hours
until the saly had set to a hard, crystalline maés.

The total percentage water was estimated.
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RESULTS OF ANALYSIS . A, B.

Weight of salt taken seeeees 044556 gMe awee 0,4883 gm
Weight of water found ...... 0.I924 gm. .... 0.,2067 gm

% Water e s 000800 42,23 % @e® s 08000 42354 %
Theoretdcal percentage for the'heneicosihydrate ees 42,27 %

KoS0,A12(504) 3 I8H20,

The recrystallised analar,fully hydrated salt.was heated

in a boiling tube till the salt had completely dissolved in i
its water of crystallisation. The tube was then transferred
to a beaker of boiling water, but in this cése the tube was
not corked and the heating was continued for several hours
till the salt set to a hard mass, It was seen on cooling
that the mass tendéd to expand so much that the glass of the
tube was cracked, and when the pressure was released, by
the glass beingkbroken away, the salt expanded visibly.
RESULTS OF ANALYSIS. A, B.

Weight of salt taken seeesesse 0,8466 gm ,..0,4677 g,
Weight of water found ..vecees. 0,3258 gm ,..0,I809 gm,

% Water .o:t-.otoan---58!49? .-....38.68 ?
Theoreticalvpercentage for the octodecahydrate ...38,68 %

K2S04A1 5(S04) 3I5H0,

The analar recrystallised alum was heated on a water

bath in an evaporating dish for several days.The salt first
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Dissolved in its water of crystallisation to a thick, sticky
mass which gradually set to an exceedingly hard, rock-like
mass, which could be broken up only with considerable diffic-
ulty. The percentage water was estimated.

RESULTS OF ANALYSIS - A, B,

Weight of salt taken eveeee. 0.4I06 gm ..., 0.2388 gm,
Weight of water found e...... 0.I420 gm.... 0,08I9 gm,

% Water S0 e0 000 54358 ? *0s 0 54056 %

Theoretical percentage for the pentadecahydrate ce...._34535%

K2504A.1 2( 504) 5121‘120.

The pentadecahydrate was finely powdered and placed in an
evaporating dish on a water bath, and‘maintained at a temperat-
ure of from 60-80°C, for four or five hours,

The percentage water was estimated.

RESULTS OF ANALYSIS. ‘ A, B,

Weight of salt taken ¢eseees. 0.3260 gm ... 0.2200 gnm
Weight of water found ...... 0.0962 gm .... 0.0672 gm

%Water .;0--.00.0..-29;51 % .'.-t0029!55 ?
Theoretical ﬁercentage for the dodecahydratCeceesess. 28.49%

K,S04AL o(504) z 9HO,

The analar recrystallised alum was finely powdered and
then kept at a temperature of 45 C, for several weeks, The

total water was estimated,
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RESULTS OF ANALYSIS. A, B,

Weight of salt taken eeeeees 0.5II6 2M cveeee. 0.3838 gm
Weight of water found ...... 0.I220 gm ....... 0.09I6 gm

%Wa'ter ."..'..l.'..zsgas 20 .‘.!...l.02.5:86 7b
Theoretical percentage for the enneahydrate ceeesee 23,86 %

K5S04A12(504) z6H0.

The fully hydrated analar salt was finely powdered and
then kept for several weeks at a temperature of 6I°C. A quick-
er method of preparation was subsequently found:- The alum is

~finely powdered and then allowed to fall gehtly into concen-
trated sulphuric acid, and the whole allowed to-stand for
about one houk. The bulk of the acid is then decanted and
fresh acid added, and the whole allowed to stand again. The
acid is again decanted and then the salt is carefully washed
with alcohol and finally with ether, It is then dried at the
filter pump;

Thié compound is of particuler importance in t?at it is
the most stable of all the hydrates. Itlappears that nothing

but considerable heat energy (200°C) is capadble ofkremovihg
the last six molecules of water, and when they do come off'th
the whole six are expelled together,

Two further attempts were made to remove the six molecule

without undue heating:-

(I) The hydrate was enclosed in a vacuum dessicator over

phosphoric anhydride for four weeks, at the end of which time
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The vacuum was still very good, but the salt was found to be
unchanged and the phosphoric anhydride was still dry and
powdery.

(2) The salt was placed in a buldb in cénnection with a
second bulb containing phosphoric anhydride; the whole was
evacuated and sealed off at the pump. The bulb containing
the alum was now heated at I20°C.for a week, Again the six
molecules of water were retained by the salt,

RESULTS OF ANALYSIS, A, B.

Weight of salt taken eeeee 042843 BMavesee.r 0.36I4 gnm
Weight of water found e 0 ey 000494 EMeosssses 000628 £

%Water sees et s 17.5829 es e o000 0 17358 ég__

Theoretical percentage for the hexahydrate ...eee..17,3I %

KoS0,4A12(504) 3.

) This compound was prepared by keeping any of the above
hydrates at 200°C,,or slightly above,for about two days.
When any of the double salté are made anhydrous they at once
become only.very sparingiy sbluble in water. They can be
induced to go intd solution only after continued bédling with
water, An attémpt was made to make the anhydrous salt éo go
into solution in a small definite quantity of water by
sealing it up in a hard glass tube and heating for several
days at 130°C:;0n;y comparatively 1ittle dissolved. On
.filtering and.allowing to evaporate, crystals separated out
but only in small numbers. ‘

This insolubility was found with all the alums investigaded



I1I,

'although all the hydrates, including the hexahydrate, are
quite easily soluble, |
RESULTS OF ANALYSIS, A, B.

Weight of salt taken ceeeesees. 0,4720 gm ... 0,5840 gm
Weight of BaSO, found see.seses 0,8490 gm ... I.0532 gn

%804 X EEEEEEEEE XN 74304 Zo ....o074!22 o[a,
Theoretical percentage for the anhydrous double salt _74,13%

KQS 04

The A.R., material was recrystallised and the total
sulphate estimated,
RESULTS OF ANALYSIS. A, B.

Weight of salt taken ceeeeees Le5096 gn ouse 2.0565 gnm
Weight of BaSO4 found eeeeeee 20046 gm ... 22,7579 gn

% 804 .-ooo-oo-oo-onssgoI ?0 0000.-355220 Eo

Theoretical percantage for potassium sulphate ...... 55,12 %
. Alp(S04) 5

The analar octadecahydrate was used as a stérting point
and heated at 200°C,for éeveral weeks, The salt became very
insoluble when anhydrous. The total sulphate was estimated,

RESULTS OF ANALYSIS. A, B,

Weikht of s8lt t8Ken v...... 0.5905 gm o..... 0.25I8 gn
Weight of BaSO4 found seeees I.I906 gm 4evevs 0.5344 gm

%804 .-000...00000-1085.55 20 0-0000000841051_
Theoretical percentage for the anhydrous 8alt eeeecee84,26 %



K ,S04A15(804) 36H20, 18D50,

Owing to the insolubility of $he anhydrous double salt it
was only possible, with the limited supply of deuterium oxide
available, to introduce I8 molecules of ‘heavy water! in
place of the ordinary water.,

The hexahydrate was prepared by the concentrated sulphuric
acid methad, and 20 gms of deuterium oxide were used, The hex-
ahydrate was very soluble; it appeared to be more soluble in
the 'heavy water' than in ordinary water, A sdturated solutien
in 99,9% deuterium oxide was made, the temperature not being

allowed to rise much above 60°C, Very beautifdil crystals separ-
ated out on cooling; these were removed and more hexahydrate
added to the mother liquor, This prbcess was continued till a
total of about 8 gms. of the above salt was obtained,

The crystals obtained had the typical 'alum' form; a few
almost perfect octahedra were obtained, As far as could be
seen by the eye, the introduction of the larger deuterium'A‘
molecule in place of the water moleculey had no distorting el
effect on the crystal form.

RESULTS OF ANALYSIS A, B,

‘ Weight of salt £8KEN esesenvss 0,3609 gm ..., 0,3524 gm
Weight of Do0 ¢ Ho0 found seee. 0,I7I2 gm ..., 0,I6876 gm

A wafer ¢ deuterium oxide ..47.44 % eeiaes 47,56 %

Theoretical percentage for the octadecadeuterate hexahydrate
47.56 %

It is of interest to note that both from analysis and suscept-
ibility measurements it is apparent that the six water

molecules maintain their position in the moleculs and ars not
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substituted by deuterium oxide,

(1MHy) 550441 5(804) 515 HoO,

The analar material was recrystallieed,

RESULTS OF ANALYSIS, - A, B,

Weight of salt taken ...... 0,74I6 gm. +s.. 0,7274 gnm
Weight of water found ..... 0.,3532 gm 4e.0.0. 0.3472 gm

% Water toooco-o.ono47g62 % 0-.0.00.47g74 ?o

Theoretical percentage of the 2luM seeeeecocesess 47,68 %

(NH) 550,41 2(S04) 515HO.

This was obtained when an attempt was made to produce the
heneicosihydrate using the same method as was used in the
case of the corresponding hydrate in the potassium series,but
it was found that whereas ih the case of the potassium series
the heneicosihydrate separated out from solution after a few
hours of heating, in this case it solidified only after the
heating had been coniinuéd during several days; in fact,until
it had lost sufficient water to form the pentadecahydrate.
This was at last formed as an exceedingly hard mass which had
to be broken out of the tube. The total sulphate was estimated
RESULTS OF ANALYSIS, A, B.

Weight of salt taken ceeeeee 0,4442 gMe veoee 0,4774 gm
Weight of BaS04 found .seeese. 0,5578 gMe eeeee 045990 gm

% SO4 se0sssscevsss e 51069 ? .ocooo-|51364 %

Theoretical percentage for the pentadecahydrate, _51.60 %
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(MH,) S04A12(S04) 36H20,

The recrystallised analar alum was heated on a Water-baﬁh
at a temperature of from 80°-90°C, The saly dissolved in its
water of crystallisatién and set to a hard mass, This mass
wa.s powdered and the heating continued for several days until
the salt was final;y converted entifely into the hexahydrate
RESULTS OF ANALYSIS, A, B.

Welght of salt taken ........ 0.6092 gm ..... 0,4674 gn
Weight of BaSO04 found .eeeeee 0.9766 @0 osveee 0,7470 gn

%804 LR B BE BN B B R IR BE BN B AN BN NS B R 66‘OI ;0 ® 00 00 0 65.79 d"a
Theoretical percentage for rthe hexahydrate ¢vveee..._65.95 %

~——

(1) 580,81 5(504) 5.

The alum was maintained at a temperature of 200°C, for
three days, The total sulphate was estimated,

RESULTS OF ANALYéIS.' : A, B.

‘Weight of salt teken ....... 0.3366 gm ... 0.3968 gn
Weight of BaSO4 found eseese. 046632 gn ... 0,781I2 gm

%304 uoooc-o.-oleo BI.IO 0/9 o---..81304 20

Theoretical percentage for the anhydrous double salt ... 80,987

The anzlar material was used. The percentage sulphate

was estiméted.
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RESULTS OF ANATYSIS. A, B.

Weight of salt taken ..... 0.5086 gn ..... 0.I546 gn
Weight of BaSO4 found .... 0,90I6 gm ..... 0,2738 gm

Theoretical percentage for ammonium sulphate ceeeee._72,73%

The analar material was used, The percentage water was

estimated,

RESULTS OF ANATYSIS, A, B.

Weight of salt taken ....... 0.5298 gm ..... 0,42I8 gn.
Weight of water found ...... 6,2198 gm +.0.. 0.,I750 gm

% Watel eeeeeveenes AL A3 % i0o.ee..41,49 %

Theoretical percentage for the 2lum seveveeeecessesees 41,55 %

Rb,S0,A15(S04) 3950,

4

The recrystallised alum was ground up and placed in an
alr oven at a temperature of 12060. for severel days. The
salt siowly dissolved in its water of crystallisation and

then set to a glassy mass., The percentage water was estimated

'RESULTS OF ANATLYSIS A. B.

Weight of salt teken ....... 0.I854 gm ..... 0.2074 gn.
Weight of water found ...... 0.0387 gm ..... 0,0438 gm

B WateT .eiieeceeeses20,987% 40a.. 21,12 gm
Theoretical percentage for the enneahydrate........_2I.I0 %
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RbgS04A15(804) 3.

This was obtained by keening the alum at a temmerature of
200°C, for two days.
The percentage rubidium was estimated as the rubidium
chloro-platinate., For this purpose the sulphate was converted
fo the chloride by the addition of the least possible quantity
of barium chloride which precipitated out the sulphate, This
was filtered through a Gooch crucible, and the total barium
sulrhate weighed as a check, A& calculated quantity in slight
excess of platinum chloride in hydrochloric acid was added to
the solution that had been previously evaporated to small bulk
The solution was then taken nearly to dryness, the.aluminiuﬁ
chloride and excess platinum chloride being washed oﬁt with
alcohol; the rubidium chloro-vnlatinate being collected in a
vlatinum Gooch crucible and dried in an air oven;

RESULTS OF ANALYSIS A, B.

Weight of salt taken sceeees 043434 gm o... 0,4I74 gm
Weight of RbgPtClg found ... 0.3226 gm .... 0.3928 gm

% Rubidium eoaen e BT % cieere.27,79 7o

Theoretical vercentage for rubidium in the anhydrous double

Weight of BaSO, found eaves 0,5260 gm .o.. 0,6364 gm
%804 eessrsscscreny 63902 20 ........62,7‘7%

Theoretical vercentage for the anhydrous double salt 63.06%

RboS0,

This was prepared from the alum. The aluminium was precip-

S S SO PO
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itated as hydroxide with amonia and filtered off.iThe remain-
ing liquid, consisting of the mixed rubidium and smmonium
sulphate was evavorated to dryness and then heated at a
temperature of about 260°C.,when the ammonium sulvphate decom-
posed and came off as ammonia, sulphur trioxide and water.,

The heating was continmued until no more vapour wsas given off;
the rubidium sulvhate was then dissolved in water, filtered and
allowed to crystallise, The total sulvnhate was estimated.

RESULTS OF ANALYSIS. A, B.

Weight of salt taken c.eeeesee 0.4580 gm ... 0,2304 gn
Weight of BaSO4 found saseesees 0.6266 gm oo., 0.3IB4 gm

%804 cnc..conlooo---56431 ?ﬁ .ooo.:l56252‘PZo__ .
Fheoretical percentage for the sulphate ....eee...._DB6,52 %

032804A12(SO4)524H20.

The pure A,R, material was used and its percentage
e
water estimated,

RESULTS OF ANALYSIS, | A. o B.

Weight of salt taken ....... 0,5736 gM eeee. 0.5230 gnm

Weight of water found ...... 0.2I76 gm ..7.. 0,1984 gm

' %Wa'ter 'oooooooocu'gsvggs 7020 s s e e 57:94 20.

Theoretical percentage for £NE BLlUMe esvesnccesss238.06 %

C SzAlg( 804) 36H20.

The recrystallised alum Was finely ground and kept over

a water-bath at a temverature of 70°-80°C,for several weeks
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till no further water was loet, The percentage water was
estimrted, .
RESULTS OF ANALYSIS, A, = B.

Weight Of Sﬁ.lt ta.ken e 000 o. 2920 grn e oo 002002 gﬁls
Weight Of WateI‘ fO‘llnd e e e 0 O. 0386 gm. oe e 000268 gm
%Wa’ter onoooo.u-0013§28 20 ........15,_;7)_“94%_

Theoretical percentage for the hexahydrate ......_13.31 %

082804.4.12( 804) 3.

The recrystallised alum was heated at a temverature.of
200°C, for two days. The percentage caesium was estimated by
the chlororlatinic acid method already described for rubidium

RESULTS OF ANALYSIS, A, B.

Weight of salt taken ..... 0.3266 EM eesese 00,3248 gm
Weight of CsoPtClg foynd ...0.,3094 gm...... 0.3098 gnm
% ca-esium seeveeseeB7e3T % eveeeesBD7.68 %
Theoreticél percentage for the anhydrous douBle salt 37,78 7%
Weight of BaSO4 found ...... 0,4338 gm.....0,4320 gnm
| B S04 wvvnnenneseesBheb8 B uuves 515 b
Theoretical percentage for the anhydrous salt ..54,75 %

.This specimen was kindly lent by Professor‘E. C. C.Baly,
;F.R.S. of Liverpool University., The percentage caesium and

éulphate were determined as above
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RESULTS OF ANMALYSIS, A, B,

Weight of salt taken .... 0.I790 g +eevee. 0.I744 gnm
Weight of CsgPtClyg eevses 0.33I8 oM seesses 0.3324 gm,

% caGSium 000000.:75.19 ? nluao;uooo73.15 ?
Theoretical percentage for the caesium sUlphate «..e.. 73,48 %
Weight of BaSOs found ....0.II62 gm ...... 0.I1I26 gm

% 804 o-.-..-...26,73 0/0 0.--.-..-26.58 20'
Theoretical percentage fof caesium sulphate ....... 26.57 %

K2S04Cry(804) z24H20,

The analar material was used but not recrystallised owing

to the difficulty of inducing crystallisation., The percentage

water was estimated.

RESULTS OF ANALYSIS, A, B.

Weight of salt used ...... 0.5276 gm .... . 0,3408 gnm
Weight of water found .... 0.2274 gn see.e. 0.,I476 gm

% Water .o.aooooooo43114 % ooooco-.=43332 %

Theoretical percentage for the alum eeseeeves._ 43,29 %

K2804Crs(S04) 312 Ha0,

The alun was finely powdered and placed in a dessicator
over concentrated sulphuric acid for five or six weeks. The

percentage water was estimated,
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RESULTS OF ANALYSIS. A, B.

Weight of salt taken eceeee. 0.3543 EM eeeese 00,3900 gm
Weight of water found ..... 0.0972 gM eese.. 0.I078 gm,
% WALeT weveunneooe20l5 % wuuvnneeesl,65 %

Theoretical percentage for the dodecahydrate ..eeesees 27.65 %

K2804Cr,(804) 39H0

Tye alum was heated umtil it dissolved in its water of
crystallisation and then was maintained at a tempera@ure of 80%
90°C.for several days, The substance fiest.became a thick,
viscous, green liquid, and it took several days of heating -
before finally setting to a solid dry mass that looked almost
black, but, on powdering, it appeared as a deep jade greemn,

RESULTS OF ANALYSIS. A, B.

Weight Of S&l’t takel’l ';c.io 001224 g[n T EREEER X 000285 gm
Weight of water found ..... 0.0274 gm ,,4.... 0.,0283 gnm

%‘Vater B EREEEREEEREEX) 22!59 ‘/4‘0 QIIOODOOOQZZ.IS 200
Theoretical percentagg for the enneahydratesseee....22.13 %

K2S0,4Crz(S0y4) 3.

This was obtained from the alum by heating for two days
at 200°C, This compound was found to be not only insoluble in
water, as in the aluminium series, but also in acids both

dilute and concentrated,

In order to estimate the sulphate presenf, the compound

was fused with sodium carbonate in a platinum crucible until
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the soluble chromate was fo:med. The total sulphate was then
estimated, with the precaution of adding concentrated hydro-
chloric acid to prevent the precipitation of barium chromate
and washing the precipatate well with the concentrated acid

until no trace of acid remained,

RESULTS OF ANATLYSIS, A, Be.

Weight of salt taken seeees 0,2856 &M eeveess 0,6190 gm,
Weight of BaSO04fofound .....0.4722 gm eeseee. TL,0IB0 gnm,

% so4 oooqooccou068,06 2«7 0000300;5567’4—‘8 20

Theoretical percentage for the anhydrous double salt ...67,82

In order to purify the material the sulphate was dissolved
in water and the hydréxide precipitated with ammonia. This
compound waw carefully washed with warm water to free it
from ell ammonia, It was then cautiously gdded to hét conc=
entrated sulphuric acid until no more ﬁould dissolve. The
gfeen sblution so formed was then allowed to stand for several
weeks, when it gradually turned to a violet colour and deposif-
ed deep red crystals ¢f the hydrated salt,

These crystals readily lost water when exposed to the air
forming a violet powder, When heated in an air oven, to expel
all the water, the compound formed was green and insoluble,

It was analysed by the same method described for the

anh¥drous double salt.
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RESULTS OF ANALYSIS. A, B,

Weight of salt taken ....eo.. 0.2898 gm, ..... 0.2198 gnm
Weight Of Ba.SO4 fOU."ﬂd S o0 s e 0.5198 gm oe s 000 003838 gml

% SO4 .000.;-.0.0..75!84 % .cocn'nou73!18 ?

Theoretical percentage for the chromic sulphate eeesees 73.48

T12504Cro(504) 324H00,

This salt, prepared by reducing thallous chromate in
dilute sulphuric acid solution by means of sulphur dioxide,
crystallised out slowly from its solution, forming very ddep
red octahedral crystals, Crystallisation is hastened somewhat
-by keeping the solution gently evaporating at about 30°C.
but care must be taken not to let the temperature rise,
_otherwise the solution tﬁrns.green and it will be months,
perhaps, before the salt crystallises out.

This alum loses wéter quickly when exposed to air,forming
a violet powder, The percentage water was estimated,

RESULTS OF ANALYSIS, A. B.

Weight of salt taken eeeeo. 0.6486 gm oo.ee 0,7I56 gm
Weight of water found e.... 0,2094 gm se... 0,23I0 gm,
% Water ..oouou-ooszggs % sesence 32228 %

Theoretical percentage for the alum .eeerevcnoenss_ 02,48 %

T12504Cra(S04) 3

This was obtained from the fully hydrated alum by heating

at a temperature of 200°C, It is a green powder,very insoluble

.
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in water and acid, It was estimated by the fusion method,
RESULTS OF ANALYS Is, A, B.

Weight of salt taken ....... 0.,7I26 gm ..... 0,6072 gm.
Weight of BaSO4 found esesss 0.7406 gm +..es 0.633I gm,
% 804 aaveneeenesnch278 % eevenens 42,92 %
Theoretical percentage for the anhydrous double salt _42,83 %
The method adopted for the preparation of the higher
hydrates of the aluminiuﬁ douﬁle salts cannot be used in the
case of the chromium, for on heating above 60°C, the violet
alum is converted to a thick green fluid which does not
s01idify until it has lost sufficient water to convert it to

the enneahydrate,

(NH4) 28045‘82( 504) 324120,

not
The analar material was used; it couldAbe recrystallised

owing to hydrolysis. When ground up the specimen released
sufficient water of crystallisation to cause slight hydrolysis
as could be seen by the yellow colour,
It was analysed by a volumetric method, The ferric solue
tion was reduced to the ferrous state by being passed through
a Jones reductor. It waw then titrated with potassium dichrom-

ate, with diphenylémine as an internal indicator,

Standard Solution of Dichtomate,

2.,7600 gms, salt made up to B00 c.c. Hence concentration

of solution 0,1I24 N,
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RESULTS OF ANALYSIS,

Weight of salt taken ...eseses 9.09I2 gnms,
Solution made up to I00 ¢.c, in dilute sulphuric acid.
25 c.ce of the ferric alum was reduced in each case and
titrated with the standard dichromate..
I TITRATION 2 TITRATION 3 TITRATION

4I,I c,.c. 40.8_c.c. : 40,8 c.c,
Therefore 25 c.c. of ferrous salt oxidised by 40,9 c.c.
dichromate solution,

Therefore percentage Fe ..eeeess 11,35 %

Theeretical percentage for the alum .....l1I.56 %

(NHg) 5S0,Fes(504) 3.

This was obtained from the alum by heating at a temperate
ure of 200°C, The percentage Fe was estimated as above.

RESULTS OF ANATYSIS,

2,0084 gms, ferric salt was made up to 250 c,c.

25 c.C. Of the solution used for each titration and

reduced, _
I,.TITRATION 2. TITRATION 3 TITRATION
6‘9 CQCO 6.8 CQCQ 6.6 C.C.

Therefore 25 c.c. of the ferrous salt oxidised by 6.77 C.C.

dichromate solution,.

Therefore percentage Fe evieeee 21,22 %
Theoretical percentage for the anhydrous double salt es 21,217
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METHOD ADOPTED FOR MAGNETIC MEASUREMENTS

In making the magnetic measurements the Guoy method was
used, Described by Professor S, Sugden (3) and Dr,.Trew and
Miss Watkins (4).

In this method the material to be measdured is in the form
of a long uniform éylinder, which hang:pzymmetrically between
the pole-pieces of a powerful electro-magnet in such a way
that the lower portion is in the maximum field Hj, There is,
therefore, within the material a field gradient from Hy =« Ha.

If F is the force per undt volume expressed in dynes, « 1
the permeability of the material in a medium of permeability
Yo, A the area of cross section, and 1 the length of cylinder

then the force F is given by the equationi=-

H
A4y - YR )
F = 81 HJl
M.,
which, on intergrating, gives:-
F oz 41-4z 2 2
__________ A (H1® = Hp")

Substitdting41 = I 4 47k where k1 is the volume susceptibil-

ity of the material and ks that of the medium,

Fs 4(x1-kp )A(HI? - Ho?)

The cylinder being taken of such length that the upper end lies
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in a regien of zero field, i.e, H= O,

Then Ki = _2F + Ko
AH?
But since s K1 and d = w
X= H T

7( -g__FlfAlkg
w HR w
Since the measurements were made in air, ks = -0,03 x IOf6

Therefore;( = 2F;2 + 0,031 A 4 ;o-6
w H w

But 1 was a constant length and H? was also constant,and
therefbre;%z és fpgg?gg? = (the constant of the balance),
~ Including these constant? values and the factors for the
units used (Fin milligrams, w in grams, 1 and A in cms. and

sq.cms, respectively), the equation reduces to :=

= &F - 0,031A
X =gt
21 x 106 x 98I
where A = in e.g.s. units.

H1® x 1000

Details of Experiment,

A photograph of the balance used is given in Fig,I. The
glass tube "t" contains the material to be measured, Great
care was taken in the packing of the tube to obtain a uniform
cylinder df material and to obliterate, as far as possible,
any efror that would arise from the presence of air gspaces by

powdering the material as finely as possible. The tube was



Fig.
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packed to a definate mark so that 1 should be constant.

The tube was hung on a stirrup and suspended by a platinum
wire from the balance pan "P",the bottom of the tube being in
line with the axis of the pole pieces. For all the diamagnetic
measurements a current of three ampéres was used, which was
a saturation current for the magnet,

For the paramagnetic substances the exciting current was
cut down to I.5 amperes as the field was too strong.

The current was regilated by the rheostat "2", The
balance had'previously been calibrated with a number of highly
purified, organic liquids and inorgaﬂic salts.,

The constant of the balance was first detefmined. For
this purpose re-distilled A.R. benzene was used and the stand-
ard value of X for benzene, 0,716 x 10‘6, was taken to
calculate, The value obtained was found to be in perfect
agreement with a graph drawn from results of observationg
made by several observers,

The valume was found by first weighing the tube empty and
then filled up to the mark with distilled water. Then from
the density at ﬁhe given temperature the volume was calculate

In making measurements, three of four'packings were used
in each case and, wher}ever the quantity of material allowed:
different samples were used,

For each packing, three separate determinations of the
pull were made in each case, the fifth place of decimals being

found by the method of weighing by oscillations,
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In the case of rubidium sulphate, the material was just
not sufficient t® pack the tube up to the mark, and in this
case the length of the column was measured and the constant

calaulated from the relation & - 1’
o' L
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UETHIAIRATLION OF THE QOESTART OF 1ML PDALARSE FUR 3 ab EREES

Full of ths Tube,

selont ut of Pleld galeht in ¥leld rull

T.41763 gu, 7.41687 gn, =Q, 00076 g,

741736 T.41661 =-0,00075
7.41702 7.41625 -0.00077
7.41244 7.41169 -0,00075
MEAN ~0,00076

‘full on Tube &nd Penzena.
gedpht Out of Fleld ¥eliht in Fleld Full

10.22433 gm. 10.22006 gm. -0,00429 gm,

10, 22566 10.22134 -0, 00433
10.22544 10.22102 -0, 00442
10.22494 10, 22056  =0.,00438
10.22500 1022065 0. 00435

KEAN -0,00435

Therefore pull due to benzene = 5,59 mllligrammes,
Weight of water = 35,4314 grammes,

Density = G,9952 gm, e,e,”t

Temperature = 20.1°C.
Tharefore volume of tuba = 3,438 c,.c,

weight of benzense = 2,0618 gms.
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Therefore =0.716 x 10°° = —%X2.89 , 2.438 x 0,03
2.9618 2.0616

Therefore “+m 0 619
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DETERMINATION OF THE CONSTANT OF THE BALANCE WITH 1.5 AMPERES

Pull on the Tube

weight without magnet Weight with magnet Pull
7.40437 gm, 7.40397T gm., «Q.00040 g,
7.40440 7.40399 ~0,00041
7.40428 7.40388 ~0,00045
7.40421 7.40382 ~0Q, 00057

oo

MEAN =0.00041

Using Benzene ag Standard

Welght without magnet welght with megnet Pull
10,41898 gm, : 10,41635 gn, =0,00263 giie
10.41897 10.41630 . ~0.00267
10,41877 10.41611 ~0,00266

MEAN «0,0026§

- 4(=2.25) , 3,438 x 0,03
Therefore 0,716 = 475154 + 20X

< = 1,004
e oo i

Using Kg904 as Standard

welght without magnet weilght with magnet Pull
14,086268 gm.  14.08315 gn.  0.00513 gn.
14,08630  14,08513 -0,00317
14,08627  14.08513 -0,00514

MEAN «0,00315
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P Therefore =-0,403 = *X(=2.74) , 3,438 x 0,03

/,/ 6.6787 6. 6767
k/f Weigbt!witbout magnat Welght with magnet Pull
/ 14.21498 gia | 14.21180 gnm,. -G, 00318 g, .
14,21496 14.21178 -0,00318
14,21493 14.21175 ~0,00318
SRAR  -0,00318
S .
herefore -0.405 = Tl o SATEEe0t
A = 1,026

Using KoS04Ala(504)324H0 as standard,

Weight without magnet Welght with magnet Pull
11,.93672 gn, 11.93392 gm. -0.00280 g,
11.93675 ’ 11.95393 -0, 00282

11,93671 11,033587 -0, 00284

HEAK  ~0,00282

Therefore =~0.520 = ‘i“:%iéél' ¥ 3.42?5293.03

A - 1.040

MEAN VALUE OF o = . 1,032

The bull of the tube was checked from time to time. During the
work the pull fell to -0,00072 for a time after it had been used
for several paramégnetia determinations; but it subsequently

rose again to «0,00076 gm.
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SUSCEPTLBILITY MEASUREMENTS OF SERLES L19504Al3(804)3 n Hg0

Welght of Pull Corr, Puil
Salt galt in in in -G -6
grams milligrams milligrams Xx10 Ayx10

4’2@72 "‘5. 65 "2;. 89 "O. 400
"5¢ 66
~3, 60

41 1870 "3'68 ‘2.87 .‘OQ 599 ::25’5. 75
-3‘ 61 v poa i g
“‘:’)Q 60

4.2874 -5, 68 -2,90 -0,395
~3,69 » MEAN 70,308

Ligso . "a. 72
M5(sd,)s 3.2725 2,77 ~2.04 -0.355

"‘2- 80
.‘2‘ 67

3.1717 ~2.70 -1.98 ~0.354  =159,6
-2 . 7 2 e
"2. 65 .

53,1498 -2,65 -1.95 0,351
~2,71 MEAN S5 853

- 24ii0 ~4, 67

"4'40

4. 0526 "4,42 *5.70 ‘0.540 "4.79_..:{_
"4 c43 T —

. "4. 14

4,22 MEAN =0,541




SUSCEPTIBLLITY OF SERLES NaZSOQAlz(SOQ)s n Hy0

weight of Pull Gorr, Pull
Salt salt in in in -6 -
grams milligrams milligrams Xx10 Ayxlo
Nap504 66,0022 «~3.75 C =3,03 =04 293
-3.72
3,76
5.9305 -3.71 3,06 «0,300 «41,96
’5.89 . [Ty
-3.72
6;0110 ’3Q 68 -5.00 ""0. %gé
3,75 MEAN -0,295
N&2804 . 3,52
Al5(804) 3 442935 «3,53 -2,82 -0,383
"3. 56
3,34
4,1655 -3,48 ~2,76 -0, 584 -184,8
mv5.55 BB B
4 . 1764 "30 50 ""'2. 76 :_‘qm’.‘?gi’
3. 50 MEAN -0,384
24. 1’120 "5. 35 !
4.4620 "4.87 ‘4, 15 "'00550 "503. 1
“'4 .85
4,63
4,3824 -4,81 -4 03 =0,546
-4.81 MEAN 0,533




SUSCEPTIBILITY OF SERIES Ko604A10(S04)5 n Ho0

wda

weight of Pull Gorr, Pull
Salt salt in in in - -G 6
grems milligrams milligrams Xx10 = XAyx10"
Ky804 6.2779 . =8,03 4.2 -0.403
6.3426 ‘ ~5.04 -4,.28 «0,4035
' 607149 "‘5030 ""44'54 “00405
86,7194 -5.33 -4,57 ~0.4006 =-70.20
e s
6.5817 =5.19 -4, 43 ~0,401
6'8445 "5;39 “4.53 “0.403
Alg(SQ&)g ~3.27
4.1015 «3.27 ~2,80 -0, 352
«J4 25
-3, 3R
4‘ 1969 -:5‘ 29 .'2Q 54 -O. 350
o ' - =9,29
' T wd,22
4 . 0308 A"';SAQ 18 "‘21 44 Q4 345 :L}Xg:“i
"3'50
4.2864 332 2,56 -0,346
«3,33
MEAN =0,3548

A
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Welght of Pull Corr, Pull
Salt salt 1in in in 6
grams milligrams milligrams Xx10~ mem“ﬁ
K‘ SO » .’5128
-5. 28
4.,0989 3. 29 «2,55 0,357
' 3.7 :
4.1764 =3,38 «2.67 «0, 341 «182,3
.‘3. 55 WRCTRRRLI
""5-' 17 .
4,1871 «3,80 ~2.74 -0, 374
MEAN -0,353
K2504 . "4.29
6H20 -4, 30
"4 . 50
4.8413 © w4, 31 -3, 54 -0,431 ~269,2
. "4. 29 =
w52
4 N 8888 ‘”4 . 37 ‘3‘ 58 —0. 452
'4.52
MEAN -0,432
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salt

welght of
salt in
grams

Pull
in
milligrame

Corr, Pull

in
milligrams

Xx10”®

XMxlo's

A%

304)3.

4,9682

4,8302

5.0682

4,8490

-4 ,59
“‘4; 63
"4. 56

~4,43
_'*tdc
“4‘48

"4967
"4.64
-4 .60

-4 ,37
_.4— » 50

3,80

5. 6%

~2. 88

"5; 68

~0,453

'0‘ 450

~0,455

-0,449

=306,0
TR

Kgs

ﬁ

4,7998

4.8419

4,7789

~4,59
~4,56

:"4; 69
-4. 66

"4‘. M
"4. 64

~3,83

"5. 92

-3,87

MEAN

-Q, 473

"O. 479

TR SR




Salt

Welght of

v,salt in

grams

Pull
in
milligrams

Corr. Pull

in

milllgrams

Xx10~%

XleO-G

KrS0, .
ATo (204 ).
15520 475

4,9391

4.8509

4,9481

-4,82
<4.77
"’4:?6

.4‘71
«4,73
’4.78

-4,85
- =4,87
-4 ,82

"4.02

~4,09

MEAN

~0,483

-0.,490

«383, 0

I AT

KoS04 )
18%20 b

4.4120

4,6612

4,6393

.4Q4;O
.'4'.&0

wd o 64
"4’56
4,606

4,59
""4. 65
«4,58

’3; 64
-3,86

-3, 88

MEAN

-O. 488

"0’ 491

~0,492

«0,490

-412,0
P islet. o
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Welght of Pull Corr, Pull
Salt salt in in in -6 -6
grams milligrams milligrams Xx10 A %10
K2804. : -4 ,79
A12(504)3. 4.5479 -4 7S =4 ,00 0,521
217Ho0 4,75
-4 72 ,
44,5229 4,71 3,98 «-0,517 «461,5
. ST s
. "4.67
44,5426 cwd , 68 3,93 0,513
. =g, 71 . .
"'4068
4.,5182 ~4, 66 3,92 ~0,516
*4171
MEAN «0,516
A412(504)3. 4,5395 -4 ,73 3,98 -Q, 8520
‘“4‘;071
4.5810 "‘4081 "’4"02 '00521
_ -4 .82
"‘4.76
4,6195 -4 ,80 4,03 -0,518 1529.4
~4,80
4‘g 52411 “'4. 64! ‘3’ 38 '-O. 520
MEAN «0,52C




SUSCGEPTIBILITY OF SERIES (NH*)ZSO‘]:Alg(ﬁO&)S n Hz0

40,

weilght of Pull Corr, Pull
Salt salt In in in 6 ‘
grams milligrams milligrams Xx10~ mela'a
(NHg )2504 | -4,37
3.9471 " 4,35 | 3.60 ~0, 539
“4.36
) "4.44
4,0122 -4,43 5,67 -0.541  =71,73
) ‘-4‘41 s m i ot
4v0911 "4.52 "'5-70 ‘6.548
*4q47
MEAN ~0.543
-3, 54
13,7495 3,45 -2.62 ~0,405
) “'3o46
5.8182 “"3.47 '2-69 '904(% ;192.?
g 42 -
"3.41
MEAN -0,405
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Welght of Pail ¢orr. pPull
Salt salt in in in -6 -8
grams milligrams milligrams Xx10 AyX10
(NH %so 4 -4,03 | '
AIZ?S 4)3‘ 403106 -4,02 “3.53 -0,454
6H20 "4004
-4,09
403683 "'4'0 11 "5040 ‘0.458 "25506
’ ”4.16 ’
"4.20 ‘
4.4595 -4,15 ~3.46 0,457
(NH y ‘-4.29
?5%4 )3- 4‘ 1080 ’ *40 51 '3057 ‘01515
v “'4.27
~4,34 ——
"4-32
4.1294 rd .34 3,57 =0,510
4,33 MEAN =0, 51T
A12?304)5. 4.1475 -4.67 -5.95 -0.561
’ - -4,73
4;2002 . "'4;74 "sqgg ”0‘565 m
. “"4&75
4.1482 ~4.66 : '
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SUSCEPTIBILITY OF THE SERIES RbgS04Ala(804)5 n Hg0

weightl of Pull Corr, Pull
Salt salt 1in in in B
grams milligreme milligrams Xx10 Xyx10~
(Length of w4, 37
¢olumn of - 35 -3, 61 , =Q, 533
galt = 6.5 =4, 39
am, ). .
A= 0,659
5,7209
{Length of -4,31
Qﬁlumn Of "’4.58 “51 60 *0.554 :?mgmo"lué
salt = 6.3 ~4,40 ——
eém, ).
+ = 0,559
5.7102
(Length of -4,54
column of ~4 4 S0 4,91 =0,554
Salt & 6.3 "4«50
em, ). .
o = 0,537 . MEAN «0,334
RboS804. -2.81
A12(534)5 4,3306 ~2,80 ~2.14 -0,282
-2,88
2,90
4.4116 ~2,90 -2,18 -0.28%  ~172,;
-2,92 T
“‘2q94
4.5015 -2,96 -2,24 ~0,2885
-2,98

MEAN =-0,285
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welght of  pull Corr. Pull
Salt salt in in in -6 -6
grama milligrams milligrams Xx10 A yxlo

Rb SO ”4013
A12(884)5. 5.1367 -4.13 -3.57 -0.386
gHz "4.15 .

.4 . 12
5 . 1590 - "4 " 17 ’5a 38 ’O. 385 "29 61’9
-4,19 . S =

~44,13
5,085 ~4,15 =, 38 ~0,381
“4014

MEAN =0Q,3584

Rb '4111 '
A1§(Sg )5. 4,6419 -4.14 «3.41 - =Q,433
: '4n14

4,7551 4. 25 :
.21 b FE N

~4,26

4.8024 4,21 -5, 52 «0,432
-4 .26

MEAN =0,433




SUSCEPTIBILITY OF SERIES G8550;Al(504)5 n Ha0

44,

salt

Welght of
salt In

grams

Pull
in

milligrams

in

Corr, Pull

milligrams

Xx10~¢

-6
mela

C 32304

9,9601

- 9,94097

' “60 10
v =013

“6- 16

T =8, 17

"6.24

) "6& 07

.'6.-08

“'50 57

~5,43

MEAN

=0, 223

«Q, 327

"0. 3:-’21

-0.524

~117.2
T

Ala(S0g)3

5,3384

5.,407T

5.4002

~3.74

-3,84
"3. 86
-3,04

«3,75
-Sa 74

"3. (2’2
"3- 12

‘51’ 01

MEAN

-Qq\ 331
-Q, 538

~0, 534

RGNy

""O . 354

«255,2
AR MR
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weight of Puli ¢orr. Pull
Salt salt in in in .G
grams milligrams milligrame Xx10~ 7gmxlo“6
C8,50 - =3,85
mg(sﬂ }3. 4.5011 3,53 -2,85 -0.569
3,89
4,5817 «3,57 «2,87 ~0,365  =299,7
“506@ ——
«3,71
4,6823 -3, 67 -2,99 ~Q,374
-3.74 -
MEAN =0,369
ﬁ g )3~ 4.7886 "4.47 -3a71 "0.458
’ "4'437 7
“"4(6Q
4,85
4.,9385 ~4,63 -3, 88 «0,465
“4.65
MEAN «~0.,463
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SUSCEPTIBILITY OF SERIES KpS04CTrg(S04)3 n H30

welght of Pull™™ Gorr, Pull
salt salt in in in
grams milligrams milligrame Xx10~° 'Km310'6
Cro(SO4)3  4.0202 92,2 92,8 23,56
258°¢, 4.1544 94.0 94,6 23, 30
4.2072 97,7 98.% 23,03
4,3489 100.0 100.6 23,65 9268
R BB
4.4570 101.9 102.5 23.52
4.4856 103.8 . 104.4 23,81
MEAN 23,65
o 5,6581 126.9 126.9 22,95
R2.7°C. '
5.5862 123.2 123.8 22,67 12900
5,6599 - 126,1 126.7 22,89
MEAN 22,78
9H,0 5.0276 90,30 90,36 18,39
18%. 5.0884 90,50 90.56 18.19 13340
5.0487 89,70 89,76 18.18

MEAN 18,352
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Welght of Pull Corr, Pull
sSalt salt in in " in ’ 5
grams milligramge mllligrams Xx10~ XMxlO"6
g 5,83595 63.1 63.7 16,97
% (34)3-
3.9877 - 64,2 64.8 16,75
19.5%.  4,0609 66.0 66.6 16,76 13150
4,0579 66.2 66,9 - 16,78
MEAN 16,81
KQSOg 3, 7839 48,6 49.2 13.51
oxal 04 ).
21.6%.  3.8056 49,5 49,9 15.42 13330

3.7835 49.6 49,2 13.351

MEAN 13,35
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SUSCEPTIBILITY OF THE SERIES T19804Crg(80,)3 n HpO

Salt salt in in in

|
weight of Pull Corr, Pull ‘
gramg milligrams wmilligramg Xx10™° XMxlo ‘

-

Tlgsog. 8.0297 111.7 112.3 14,29 |
o 8,3115 115,9 116.5 14,34
23,2%. |
8.2757 111.7 112.3 13,89 12640
TSR
8,1652 ©112.5 113, 14.16
8.2622 112.2 112.8 13,97
MEAV 14.15
Gra(504)3. |
23.8%C,  6.2592 ~ 57.9 58,3  9.55 12930
6.2699 59,5 60.1 9.97 |
6.2715 58.4 59,0 9.60

MEAN 9,76




SUSCEPTIBLLITY OF SERLES (NH,)80,Fes(S04)5 n Hz0

43.

R

velght of Pull Corr, Pull
Salt salt 1in in in -6
grams milllgrams mwilligrsms &xlo0 mem'a
Fep(504)s  4.2008 256,8 257.4 62,64
23°%c.,  4.195) 250.6  251,1 61,19
4,2391 263,5 - 264.1 63,70 24950
4.2516 265,0 265,6 63.85
4,3545 .257.1 257,7 60.55
MEAN 62,38
(NH4 )2S04. 4.6394 246.0 246.6 54,33
Fen(804)a
4,6764 - 259.0 259, 6 56,71
23°%,
4.7474 250.0 . 259,6 55,89 29180
4.6346 - 249.0 249.6 §3,04
L]
MEAN 55.49
(NH )2504‘ 4,0993 - 126.1 126,7 31.58
FEg?SCM: 3»
24H50 4.0784 124,0 124.6 31.22
23%, 3.9492 123.2 123.8 32,05 30440
3.9779 124.5 125.1 32,13

MEAN 51,74
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SUSCEPTIBILITY OF K,50,A15(50,)318D,0, €Ho0

- ~Weight of Pull corr. Pull
Salg - salt in in in -5 -6
grams milltgrams milligrams Ax10 /\/Mxlo
Ka ﬁO o -4 .94
Al (304) . 4.8406 ~4,97 «4,20 «0,95157
' ' ""4.94 :
4,8313 4,89 -4.94 ~0,5144 =507.2
' . -4,98 ‘ -
. '5-11
4.988:5 "5.08 "4.33 -0.5167
: -5,09
-5,01
4,9205 . ""5.01 "4.25 "6‘5138
: -5.01

W
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DISCUSSION OF RESULTS

Additivity Relationship,

The Langevin egyation, deduced from the Larmor precession
theorm, gives for the atomio‘diamagnetic me.ss susceptibility

of a spherically symmetrical atom'or ion the expression,

- -e*L -2
Xa = 2o o7
whefe L is the number of atoms per gram atom (Avogadro number
e, the electrontc charge; m, the mass; ¢, the velocity of
light andz r'z the mean square of the radius (on the classi-
cal theory ).

This equation applies essentially to mononuclear systems

In molecular and polynuclear systems the outer electrons
will have their ¢ :“orbits:%rsus distorted and will move under
the influence of more than one centre of force., Consequently
the ébove equatioh may not be striectly accurate for such
systems,

Whilst, therefore, ionic diamagnetic susceptibility should
bé an additive property of the susceptibi;ities of the indive
-idual ions as long as they maintéin their individuality, when
they definitely coﬁbine into a more complex system, constitu-
tive effects may, and generally do, make their appearance.

Pagcal, in an extensive investigation of susceptibilities
especially of organic compounds, established the principle of

additivity that the molecular susceptibility of a compound
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could be represgnted'by the sum of the susceptibilities of the
constituent atoms or ions with a corrective factor due to
constitution which depends on the type of linking. This he
expressed in the equation, Xy = S ny X, + A
If we apply this to the case of hydrated salts, so long
as the type of linking is unaltered,a definite additivity
relationship should hold, there being a constant increase in
molecular susceptibility for each additional water molecule
or groupd of molecules, |
M'lle, Feytis (5) investigated the effect of water of
crystallisation in the case of several sulphates, and found
the law of additivity to be applicable in the case of
CoS04,7Ho0 : Co0SOy,Ho0 : Smo(S04) z,8H50 : and Gd2(804)58H20.
NiS0,6H50 and CuS045H0 showed agreement in respect to
the nonohydrates bul an  apprecishle error in respect [ '
the anhydrous sal¥s. From this she concluded that one mole-
cule of_water was held in a different form to the others.,
Table I shows the results obtained for the diamegnetic o2
series of alums., The experimentally determined susceptibilitie
are recorded in column three; the fpurth column giving
values of the salt actually measured ( column threé ) togeth-
er with n times the valme of the molecular susceptibiiity of
water (-I2,96) x I0-6, where n is 24 - the number of molecules
of water presenﬁvin the salt measured.

In the case of the paramagnetic compounds, the paramagnetic
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effect of the chromie and ferric ions almost completely
swamps the diamagnetic effect of the rest of the molecule, so
that the additivity effect of the additional water does not

come within the 1limit of experimental error,



TABLE I

THE ADDITIVITY RELATIONSHIPS 1IN THE DIAMAGNETIC ALIMS

&4,

Number Of p "
salt elestrons  x10™%  (Xy+X Hy0)x10

Lithium .
LigSOQ 51 ~43.75)
Al,(3804 )5 170 -119.1 )
LigSO‘gAlg( 504)5 221 -159.6 -~ 470.8
5 § 2304A10(804 )32&}130 461 - 479,77 - 479,77
Sodium
Nap B0, 70 - 41.96)

) - 472.2
Ala(504)3 170 - 119.1 )
N&2504A12{SO4 )524“20 420 - 803.1 - 803.1
Potagsium
K2$04 86 - 70, 20)

? - 500.5’
K,80,A1,({ 80, )59Ho0 346 - 308.0 - 500.5
KoS04Alol 804 )512H20 376 - 349.4 - 505.0
KoS04ALn( S04 }5181120 436 -412,0 - 499,68
KQSOQA.lz‘ 504 )3@1”20 466 - 461,85 - 9500.4

496 ~ 493.4 - 499.4

K250, Aly (504 )524H,0




TABLE 1 {econtinued)

. &b,

Number oFf - . -6
salt eleatrons  Axlo X+ Ba0)x10
Amonigm
(NHg )80, 70 -71.73)
) - 502.03
Alo(804)3 170 -119.1 )
(NH4 )2504A12(804 )5 240 - 192.2 - B03.4
(NHy )5804A1 (S0, ) 5680 300 - 265,6 - 499.0
(NHy )580,4A1,( 50, ) 515H,0 320 -~ 380.3 - 496,7
Rubidium
Rbs504 122 - 89,15)
| ) -~ 519,45
Alo(S04)3 170 -119.1 )
Caesium
¢ 5,50, 158 -117,2)
) - 547.4
Al2{804 )5 170 -119.1)
C83504A1,(804 ) 328 - 235,2 - 546.4
C85804A10(850, ) 6H,0 388 -299,7 - §33,1
568 - 526.0 - 526.0

c32304A12LSQ4)524H20
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The table shows that the additivity law is obeyed
extremely well in the case of the alums of lithium, sodium,
potassium and ammonium, but that a slight but definite diverg-
ence appears in the case of rubidium and caesium where the
fully hydrated salt has rather too low a value. I should

like to point out here tha? the divergence in the case of
caesium is very much smaller than thet in the I.C,T. values,

This slight departure}frOmadditivity found in the case
of the heavy monovalent ions may, perhaps, be attridbuted to
the heavy nuclear charge drawing in the orbits of the donated
electrons of the co-ordinated‘water molecules and therefore
diminishing the mean sguare radius on whieh the susceptibility
depends,

On the whole however, the additivity law is obeyed
sufficiently to show that all the water mdlecules are held
by similar links, ‘

This additivity relationship is brought out well by
graph I where the molecular suscep$ibility of the members of
the complete potassium series are plotted against the number
of water molecules. A constant ihorease for each additional

three water molecules is observed,
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The sum of the molecular susceptibilities of the alkals
sulphate and aluminium sulphate is approximately equal to
that of the anhydrous double salt except in the cases of
sodium and rubidium, which are respectively too low and 100
high, From the table it also appears that whilst the alkalg
sulphates increase in susceptibility with increasing atomic
number of the cation, the alums remain almost constant andy.
with the exception of those of lithium and caegium, show a |
slight decrease as the atomic number of the univalent ion

increasses.
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RELATIONSHIPS BETWEEN THE DIAMAGNETIC SERIES

The Langevin equation X y = --§“gszé;r-2, which holds
for'mononucleér systems, can also be taken as a first approx-
imation for the polynuclear systems. It shows that the molecu-
lar susceptibility depends on the number of electrons aﬁd on |
the mean square'radius of the orbits of these electrons.

In Graph II the molecular susceptibility of the members
of the complete potassium series is rlotted against the number
of electrons in the molecule. This shows a linear relation- |
ship, that is, a definate increase in molecular susceptibility
with additional electrons, The line does not pass throﬁgh the
origin but cuts the molecular susceptibility axes at a @oinﬁ
+‘128, indicating that the diamagnetism in each case has a sr,
emaller velue than would be the caseif all the electrons
were giving their full contribution.
This is probably due to two causes: in the first place
it has béen shown by Pauling, Hartree and others that_the
outer electrons have a screening effect which reduces the
contribution of the inner levels, so that the outer groups
become responsible for almost the whole of the diamagnetic
effect. 7 ;
Secondly, there is the constitutional effect consequent
on the interactioh of the quite‘heavily charged ions of which

the alum molecule is composed.
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In comparing the diamagnetism of the different segies
it must be remembered thaﬁ the only change, apart from any
possible change due to modification of constitution, is that
of the éubstitution of one alkali metal by another. In the
simple alkzli sulphates there 1s an increase in susceptibility
with increasing atomic number of the cation, which is not
shown by the alums (see Gréph III ), It becomes probable
that constitutive effects (such as interionic forces change)
are influencing the susceptibility.
Since the diamagnetism is due, for the most part, to the
outer shell of electrons, there will be two factors at
work affecting the mean square radius on which the suscept-
ibility depends., The first is the increase in total radial
distance from the nucleus of the outer shell of electrons as
we pass from lithium to caesium. This will tend to increase
the diamagnetic effect owing to increase of radius of the

outer shell of electrons.
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The second effect tending to counteract this will be the
increase in nuclear charge, tending to draw in ﬁhe orbital
electrons, and hence diminish the radii end therefore the
susceptibility,

Graph III shows the variation'of molecular susceptibility
produced by the substitution of the different alkali ions. It
shows that very little change is pdoduced in the value bf the
molecular susceptibility of the alums of the anhydrous double
sulphates in the cases of sodium, potassium, ard rubidium,

This indicates that the two opposing causes already referred
to, nzmely (a) the increase in radial distance ofhgézggélectrons
of the heavier ion, and (b) decrease ih the distance, due %o

a dfawing in of these orbits‘by increased nuclear charge,
are, in the above-mentioned alumg compensating each othef.

At the same time the susceptibility of the lithium salts

are slightly lower and those of the caesium considerably higher,;
this is probably due to a difference in structure, which has
been established from X-ray measurements, This!point_is
discussed later,

The graph also brings éut the fact that in every case

where ihtefmediate hydrates have been measured, the linear

relationship holds- good,



64.

THE EBPFECT_OF _THR  INTEODUSTION OF DEUTEFIUZ  OALDE

INTO TR®  ALUZ  ORYSTAL,

The preparation of the compound KpSUgAlz(504)1blnd,eigyu
hag «lleady bDesn desaeribad,

The addltivity law has Leen well established for the
poteeslun series, and its truth may therefore be sssumed to
hold in this case aleo. In this way it becomes possiblae to
obtain & value for X, for deutsrlum oxlde. At the same time
the results can aleo be used to find 4f the six water moleoules
prasent In the hydrate used s a starting point ars still in
the orystal, or 1f & preferentlal erystalliszailon has taken
place with the substitution of molecules of deuterium cxide
in place of the water molecules.

The mesn value for the molecular suscsptibllity for potash
alun taksn over the whole series of hydrates equals

4395 x 1670

for 18 1,0 = 223,56 % 107° (assunlng A0 = -0.72 x 107°)

Thersfors Ea80,Alg(504) 8lp0 = =273.0 % 1979
Kp$0,Alo(504)318D,0,6050 = =£07.2 X 107°
iherefore 180g0 = «50T7.2 = g-zag.a)
| = -281.2 x 107°
Therefors Dgo = 1$‘;”§£:2ﬁ7

= 0,641 X 1Q'é,

a result in good agreement with the one found 1in this laboratory

e i '0
by Trew and Syencer (8), L.e., -U.857 x o




This shows, tharefore, that the agoe;ted value for Dgd
aleo holds when it enters the oryestal ss water of orystallis-
ation &nd, further, it sghoss that in this csse no guﬁatituﬁion
has tﬁkeh plage, sn lmportant polnt in vliew of tha suzgested

strusture of the alunm eryetal whieh will be discussed later,



THE  ALRALY

SULPHATES !

Table 2 shoss the valuss obt

ained for tha spesaifie and

molesular susgeptibllities of the alkall sulphates.

dolunn five glves the valuss

Gritioal Tables, The twd pats of

gquoted in the International

values are, in this case, in

very good sgreement,
TapdLE 11,
THE  ALEALL  SULLTRATES

- 8 o6 Fanoer oF ‘ :

salt X 10 g X 10 slestrons .0.7. value
RPCTN «0,399 «43,75 51 ~0.38 Keyer
Kagpioy 0,295 41,96 59 -
K0,y «0. 403 ~70,20 86 ~0.405 Fascal
Ebofilg «0,334 -89,15 122 -Q,531 Fascal
Ce,004 -0, 524 -117.2 158 -0.322 Fascal
(hifg)pB0,  =0.543  =71,73 59 - |

Graph 1V showe the molesular
the number of mlaatrbna‘ tulte a

for sll the members of the alkall

\

i

suseeptibility plotted against |
- |

g00d linear relationshlp holds
group, there being a definite

sonstent ingreass of molesulsr susceptibllity with lneressing

tots] number of elestrons &s we pass from lithium to caesium,

hers is, howaver, &n impertant difference in thls greph

from those of the alums, In thls

case the line pasgses through
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the ordigin, showing no aonsﬁitutionul ¢ffects and residual
parunasgnetinem, | o

Thiﬁ 15 an indicatiun th&t the Lan&avin oquation whieh
makes thas aasceptibility & rnnatien Qf the number of alaetrons
is muah norg clas&ly ob@gea th&n s tha G&ﬁa with tha alums.

It has alraady been paintgd out thab tha eqaation apklias
essentially to mononuclear systhens, and we gan therefors eon~
alude that in the sulphates tha jons are at lesst quasleindeyend«
ent, and so ths salt naﬁ ba tr@ataduué the sum of indspendent
rononuslear systems - & gonditlon which doss not prevall in tho‘
alums, |

1t ieiot interest io aalauiatavthe grém jonie surceptivll-

ities of the lons of the alkall metéls from the experimenial
values of tha sulphete and Lo see how these valugs compara with
those found by Fascal sxperimentally snd with the calsalatpﬁ N
Valug obialned Ly Erindly and ﬁluter‘bé appliostion of the wave
funciion, and those obtalned by Etoner by the applleation of
the Nartre¢e echarge distribution.

in galoulating the gram lonle susce; bihilities of the
‘alkell metal ions we have mesumed the sulphate velue to be the
sun Of tha veluss of the sap&rate fons and have Lsexen ths Fascal
value for S04 = ~dd.6 X 10°° BTN

Table 111 glves the results obtained. The table shows
that on ihe whols thers ls very good spgrecment belween these
‘Tesulis and the experimental results of Fascal, although 1 oG-

talned a considerably lower value for the sodlum ion.
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CPABLE LIL

GHAR YORIC SUSQHXTIBILITY

ion K, % 1079 T &?2}og1§t§?ﬁ‘_ A Faseal
M 50t e et an
T g2 41 s 9.2
K 183 14,2 1.5 18,5
Ko “arm 25,3 29,5 2.2
ca | a.e ®ea - 41,

- {"sagnetlsm and xatter" - E, J. Stoner)

Again thare 18 good agreamenﬁ wetwaﬁn'exp@riméntal rosults
snd the aalculﬁtedQ #1ith the important axcéﬁtion of the 1ithium
ion, which 18 censiderably 100 hx&h in voth ﬁxgmximautal values
to s&raa with the thearstical, |

'In the other cases the sodium ls in very alose aureemant
%ith the 2rindley-Slater value, bul &s we come to the larger
lons the valuss found fron experiments are somewhat largér-thau
those found by orindley snd Slater, end epproximate more slosely
to the Perires-Gioner valus. I o

" fhae painz af 59931&1 intﬁrast hara 1s that whilst the ether
alikali matal ions behave naxmally and ary in agreament wlth
thaﬁry, 11&hiam, the »irsh ROmIET s pehaves as 1f it was a much

larger loa. A polat of peiticalar importance, shen considering



70,

the theoretleal possibility of the existence of Mithium alum
which will be dealt with in a 1atsrvamntion.¢:-,ﬂ

-k mey mention hers, however, that it has baen pointed out
by frindley snd Eoare (7) that a large diserepaney between the
observed and caleulated interatomis distancs is to be found in
the casse of 11£hium ahlpri@a,mbrbm&da amd'indida,ﬁand thé& offer
as explanation the suggestion of Pﬁullng, that th$ ﬁrlhéipié |
forces betwesn the lons of a erystal helngy Coulomb forces of
aitraation end repulsion aill vary inversely as & hiah'power
of the distanes separsting the 1on. ,ﬁeﬁea, whan ths positive
ion im very small, as is the case with lithium, the surrounding
negatlive lons Lecomg aloss encugh bogather for their intrineioe
repulsion to bWecome &n important raatar.'énd Lo produse larger
interionis dlstanges than would be th&aretzmélly possible where
thess faress afa neglected,

‘Hense this repulsion of simllar lons will allow the small
lithiun fon %o kave a larger apparent radius, and s0 ilnerease
ite susceptibility,

One more yoint of interest may Lae given here asz indicative
of the general agraement of the alkall metal ions in ths sulphe
ate %ith theorelical requirements, with &gain the divergent.
behaviour of lithiuﬁ the first menmber of the group, . |

%he radil of the élkali metal lons kave been determined ..
experimentally by Goldselmidt (8), who also quotes those ob- -
talned theoretiecally by Fasuling,

Table IV zives the squars of these vilues with the gtam
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fonie rFusfeptibllity, whilst Graphs V and VI give the relatlon-
thips betusan the sascaptibllitxes and the aquara af the glven

values for the radlil.

TABLE IV

3

lon Kﬁ‘ r- (Goldsehmidt) r {(rauling)
T -5,0x 107 0,62 a° 0,36 A°
Na 4,2 096 0,90

K -18,3 e 1,76

Kb 27,7 | 2,22 | 2,19

cs -41,8 | 2,72 . 2.85
134 «19.0 | 2,08 | S

Again a good linear relationship holds for all ths alkall
metal lons, with the exeeptich of lithium where the suaeepﬁibil- ,
Vlty gorresponds to a vaiua c:»f_r“%j-ll D.%&Vin‘pluea of the galcule
ated values 0.73 and 0.60. - | o A Ce .,7

Theea values of lonle radil aquaxeé aleo givea an axplan-
atlon for the ammoniwn sulphate veing off the a;raigna line in
&raph Iv., For althoughAth@ mmmanium ion heas the sare number
of elestrons a3 the sodium ion, aaaarﬁing to Goldsoha 1dt the
radius i& cansidazably largsr, b@iﬂg aven slightly larger than
: tha potassium ion, ﬁhis 13 in good agreament wlih tha suscept=

'1b111ty ¥hiah 1s also slightly larﬁar than the gatassium -ul§h~

ate valna.,
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THE  FPARANAGNETISN OF 190 OHROZIUM ALUu¢

Of the alums wlth ahromlum as the ter?alant 1§n only two
serius wers investigated, the potassiun ahram? alum}and the |
thallium ehrome alum, :

Guing to the very largs numsrical resulis cbt&lnaﬁ, the
investigatlon is of 1littls value in teszting the additivity law
for.the vater of arystallisation, X@P, in spite of the large
number of dismagnetle ntoms of ﬁhiqh the molasuie is aamyégad,
the sorreatlon for the dlamagnetic susseptiLllity reaches 6ﬁ1y
8 very mnall yersentage'of the total, not more than nould;ba‘
attributed to experimentsal error,

rut epart from this, the series has proved of interest
from the magnetie standpolnt, _'

The potassium gna thalliwn sluns are cé-liﬁear snd the

stralght 1ine passes through tha origin, ahowm;«.g that the sus-

captibility ie directly prop ortional 40 the percentage cf the
paransgnetlo ehromium present,

The susceptibllity 1= thar@fare due almust entirely to thm
ehromium len, whieh mush ocomplelely swanp ‘tha @+h£ﬁéﬂ$tie emnn
tribution of the largs nusher of the other atomg and ions of#”
which the slum molecules are composed. '? | |

it 1e slso of Interast to note that the ehromi@ sulphatL
lies well off tho line, pointing egain to & differenss of atruet-

ure betwsen the slunm and the fres chromle sulphgts.




74.

GRAPH V11,

i:

@A
b El

a

~Ghr

1

5]

>

aw |

a s

«f 4

&

Qa8

g

o

£s

e

o b

S ST

o |

&

G o

2 00

2

oF |

58

R

@

il

o
umg 19 1] 3381

a - a o
-t -,, Mn o -
-3 R
LY o




75,

It wduld seem‘at firet sight, therefore, that the surroun-—
ding ions hawve little of no effect on the paramagnetism,but
if this were so the Hund forrmule fdr the effective magnetic m
-monent ng gJFETE_;'E—Y.( where g is the Landé.splitting
factor ) would be in zgreement with experimental value., This,
however, is found not to be the case,

The Hund formule is based oh the supposition that the
ion is comparatively free and both the angular momentum and
epin are effective, a condition which is found to hold in
the rare earth ions where the incomplete shell of electrons

is shielded from the other ions by a complete shell of higher
total quantum number, o '
In the chromic ions, the incomple%e shell is fhe third
and this is the level of the highest quantum number, and is
therefore exposed to the interactional effects of thevcrystal—
line fields due to the groups surrounding the chromic ion.

The effect of these fields is, in a large measure,té destroy
the orbital contritution of the ion's electrons to the magnet-
ic moment which corresponds fairely closely to the resultang
wpin moment of the electrons.

Bose and Stoner (8) derived an equation for the specific
susceptibility, on the assumption that the magnetic moment is
due %o spin only. '

X = NF24s(s+ 1) / 3kT
where s is the resultant spin quantum number equal to 5/2

for the chromic ion.Nis Avogadro's number and the Bohr magnelon
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Ferner &nd Schlapp (10) pointed out that the orbiial
angulsar momentum 18, in most cases, entiraly destroyed, the
ramnant glving rise to & deviation from the abovs aguation,

- They tharefore derived sn equation‘

Xm (150p°%/5kT)(1 - 2A/ED)°
introdueing & smsell correstion 2NM8D which would Lring the
theoretloal value for spin only into slose agreament with
experiment, | |

The value given by these worksrs for the chromle fon was
N = +87ca™ ana p = 3730, |

These values were largely based on the agiaement they
gave sith the Leyden data for ¢hrome alum., F. B, Jenes (11)
hiag peinted oui, however, that too mush relisnce should not
be placad on the numerical value of I, since he finds,from hie
investigation of the sompound K O0r{5.0.K)g4lp0, e good agree~
ment with experiment is obhtalined by using I = 1480 en™% when
KT = 30,10 x 107%,  But D = 1720 em™> when kT = 30,30 x 107°,

It 18 then of 1nteresi to mee how these results £it in
¥1ith the two proposed formulae,

For this purpose the values of the molescular susceptibllity
have basen eorrected for the dlamagnetie eontributlon of the
atoms 0ther than ehromium epntained in the molsaule, thus obe
taining the valua for tha chromie 1onralone.

The value ox‘Xﬁ for tha ahiamie fon was then caleulated,

and from thie valus the effective megnsion number Fj was calcule

ated from the'formulé.
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...a’z,...&/ T
/;564 o« /XqT = 2,84 KMT 

where T 1s the absolute temperature,

TABLE V,
salt u Temp. xlo Cry 10 “;XCr"fﬁ _Plcr
arp(804)5 25°6., 9268 9358 90&1Q'55 3,4x10°6
KoS040T2(804)3 22.7 12900 13050 125 - \5 94
K2S04CT2(S0a)3s o R
9H,0 187G, 13340 13619 130 3,04
: N } \
. . Iy %
K2504c !“2( 504 )5, . o ; ) Y,
12H0 19.5 13000 15201 127 3,838
K 50481‘2(804)3 o 4 o g
? 24,0 21.5 13350 13796 132 4,03
T1,80,0T,(50,)5 23.2 12640 13140 126 5,94
T12304C 3"2{504) L ,
24@20 23,8 12930 13430 129 3.98

Mean value of Pé for Cr* in alum = 3.97

Value including low sulphate :*»}}5.89

Bose and Stoner equation for XGr glves P = 3.92

Penner and Schlapp's equatlion gives P‘ - 3,89,

The table of values ghows that the mean value. for P' Gr
where the ion is in the particular eompound formation of the
alums 18 more in agreement with the Bose and Stoner equation
than the eorresponding equation of Pénner and Sehlapp. de

bring the latter equation into line with the results would need

& negative value for D.
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If we take the mean, including the low sulphate value,
then the results are in perfeat accord with the Penner and
Schlapp equation; but this does not seem legitimate treatment
as the shromic lon is definitely in a different condition in

the sulphate, where the ions are quasi independent, from what

it is In the complex alums,
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7

THE FELRIS ALUM Suilzs

The farrie alums ¢an receivs & slrilar treatment as tha
chrom alumsg, toth belﬂn&,lm, to Lthe Mnra. abnat.ic aesriaa of
compounds. ‘

 §he ferrie ion, howaver;’has‘a'eonaiﬁarabxy righer parge
magnetism than the chromie lons,

A® was the ¢ase with the ahrom;um. the ferrie lon cém-
pletely swaiips the diamagnetia effects on the other ions and
&toms of the moleoule, | | |

There s a femérkable éimil#:ity‘ﬁétiéeﬁ thé two sei&e§‘4
in the faci that in,bothieases Lh@ eulphata‘yalué is abau; 20f
too low to form aﬁ additivity relatlonship wiih the alum, .

It was suggested, when speaking of the diﬂma@ﬁatic gerles,
that no tiue additivity xelationship hald Letﬁ&cn the ecmpcnentw
sulphates and the slums, Yhis has been confirmed with s;rq$g~
e8t evidenee in the ihree parsmagnetic series, and we can only
suppose Lhat the tervalent ion 1s in & Glfferent condition in
the alums from that in the salphitaa.‘ In the latter the lons
axe thsi-independent, whilst 1n the former & aoxplex gondition
Prou&bly prevaila, . | | '

This 1s sn importsnt point In view of the suggested structe
uZe of the alum orystal, shich «111 be deslt #ith in the nest

geotion,
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In this aeri o8 we may dearive a value for ths asff«wtiva‘
maznetlie mum@nt of tha 1arawapn@tio lon, and sompare thias with
the value glven by Stonsr (9) for spin only..V

Tabla VI glves the valuaes obtainad._

It 12 maan that the maan valus for tha ferrin 1on, when
nrazgnt in the alum,; azrees with the valus givan, presuming
that the angular moment has bean antlrely guenshed and the

parsmacnatian 48 due to spin only,

TASLZ VI.

salt - Temp., Ay ‘ Ky Fag HB'FQ"f
Fe,(S04)3 25%, 25000x10°%  25200x107 5,43
(WH;),50,Fe,(S04)5 23%. 20200 29300 590
(NH4)2504F92(504}5, o ” A
R 24H0 2%, 30400 30800 6,02

g". . : '
Kean value PB Fe*** when in comibiration in aluns - 5.96

Stoner value for epin only : - 5,92

Tharefore in both aazas where the links are those of the
&lums, whether the paramagnetls ion is chromla ox forrig, the
effeotive magnetic moment agraes with the theory 1f ws suppose
that the 'apin énly' is effesctiva.

Simllerly, in both cases, the effective magnetlie moment is
lowered considerably where the sulphate type of link ls substit-

uted for the slum type. -



THS ETRUSTURE AKD FORMATION OF THE ALUKS

Several polnts of general 28 wall as maunatia nhemistry
have arisen from this roaaazch on the subjast cr the ulums.
all of whleh have to be explaxned by any thaory dealing with

ths structure end fermatlon or this series ar eomﬁounds.

ehief points may be summariued as rollaxsz-

(1)
{2)
()
(4)

(&)

(8)

{7)

The water moleeulss are linxad up in the alum
cryatal in such a way that thay aro 1ost 1n
groups ot three,

81x er thess nater moleoules ara hald more

tenaaiously than tha othsr eiﬁhtaan.

19 trihydrate has been prepersd,

water
Tha last six/molecules gsn be driven off only
if a sutrioient supply of energy in the form

of heat 1is aupplled.

The snhydrous ocompound 18 very 1nsaluble, and

the alkali sulphutes carmot be éiasalvad out

a@parately.

The mass suaaeptib&lity shows A canatant in-

¢reass with 1noraase in punber of uater gioleg~

ules in the eryatal, which implies a similar
type of link for all the molagules,
Ag has already been pointed out, the magnetle

yﬂropartias rurthar show that the alum 1s not

Bl.

Tho
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behaving as a simple mixture of the component sulvhates,

but rather as a more comvlex structure,

Further, there is the work done on the alum structure by
the mhysicists H.Livpson and C.A.Beevers (I0), Thess
workers investigated the structure of the alums by the methdd
of X-Ray diffraction, using the two dimensional Fourier
analysis of the electron distribution projectéé on to the

cube face. They pronose a structure in which there are two
sets of water molecules which have essentially different
natures., One set form an octahedron group round the alumine
ium ions, whilst the other set link togethet the S04 tetrah-
edron, the Al16H20 octahedron and the univalent ion.

Fig,2 gives a diagram of a mortion of the molecule,

showing a little of the very complicated structure they

Propose.
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They further postulate that the unit cell contains two
molecules of alum and that, whilst six of the sulvhate:
groups are linked to the univalent ion through water, the
remaining two are not connected by water molecules,

Lastly, they suggest that there are three different
structures to be found im the alums, the slight difference
in structure to be found in the three tyves being due to
the difference in size of the univalent ion.

These tynes they call thed ,p and v tyves.

The A_structure is typical of the medium sized ion,the B
of the large caesium ion and the Y of the small sodium ion.

The chiéf difference between the d and B tyne is that the
caesium ion is so much larger that the slight adjustment of
the pushing out of the water molecules by the inecreasing
size of the univalent ion as we pass up the periodic table
is nbd longer sufficient, 'The caesium ion comes close enough -
to the S04 group for the mutusl attraction to become a
governing factor, and a new position of equilibrium becomes
necessary. |

The v structure proroses that the 50, grouvns are opvos-
itely orientated along the triad axes, thus implying that i3
the ﬁistance between tﬁe univalent ion and the oxygen is
rmuch smaller, and that there is a smaller distance between
the s®dium and the water molecules,

It is then these points that I have tried to correlate

to form a chemical theory of the férmation and structure

of the alum molecule,
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THE FORMATION OF THE ALUM CRYSTAL

The normal method of vreparation of the alums is from
solutions of the component sulvhates taken in molecular
provortions, care being observed to obtain the most favour
able conditions of temmeratire and concentration,

Aluminium sulphate normally senarates out from solution
with eighteen molecules of water of crystallisation, and
this hydrated salt is very soluble in water, that is, very
easily ionised, It is of fundamental imwortance, ia consid-
ering the alums, to have some idea of how the water molecules
are linked in aluminium sulvhate. Aluminium has a co-
ordination number six, and it is natural to suvvose that
each aluminium ion has co-ordinated six water moleculés and
these latter are arranged octahedrally.

The arrangement of the co-ordination for 6 HgO is shown

in Fig 3. /%’-*
s % W

\ /

:C)I — —
. \8\‘ ’

»Fig. 3.

.' /(/
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The probable existence of the singlet linkages in the
cases of co-ordination number gix has been pointed out by
S.Sugden (13). He suggests that the octet rule is not upset
by twelve donated electrons, but rather in these cases it is
better to presume singlet linkages, which would give half
charges shared amongst peripheral groups. This then ensures
that all groups are similarly held and occuvny the corners
of a regular octahedron, He further gives as an example the
comnlex ion.AlFG--- in the compound NazAlFg, where he sug-
gests that the flourine atoms are held by singlet links and
thus the trivle nemative charge is evenly distributed., That
the same thing holds for the ion Al6H20™" I think more than
likely,and therefore I have adopted the singlet tyve of
linkage in the following exvlanations, although, of course,
they are not essential to the proposed stfucture8

++4

The arrangement that I propose for Al6HS0 is given

in Fig. @.

fiéx“‘““* Al ——x0: i T s Al —F
H / H /
gtle! \:6’ N F \F 4

L 019 - \)\ °+ 2
Dislribufion = of Charge on
lon AlF " according fo
S. Sugden.

Fig. 4.
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In this way twelve of the water molecules are accounted
for, and so we may sunpose the remaining six to be co-ordine
ated to the S04 grouvs, two water molecules to each group.

Again it was found that twelve water molecules could be
removed by treating the octadecahydrate with codncentrated
sulvhuric acid, whilst the remaining six were much more
firmly held and could be driven off only by heat, after
which the anhydrous sulvhate was found to be insoluble.

These results could well be accounted for if we suppose
the two aluminium ions linked together Fhrough six of the
co-ordinated water molecules, as in Fig. 5.

It is then anparent that these six water molecules are
more firmly bound than the other twelve, and could be re-
noved only by the avplication of sufficient heat energy to
fotm a covalency bond between these Al ions, which would
then result in the insolubility of the anhydrous sulphate,

The general arrangement of the aluminium sulvhate can

then be drawn out as in Fig. 5.
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The type of llnk batween the sater moleculas connecting

the aluminiwae ions may ve &= in Fig. 6,

H

Al Qi —— 1
He——0: > Al
H

widlst the valencles fox the S047H,0 may be satlsfled in one ef

LRO waysl-
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#e have now to consider what happens when the alum 1is
formed, The aluminium sulphate in solution glves the hydrated
lons of Fig. &. *

#olecular proportions of an alkall sulphate ~ say potase
slun sulphate - arg now &added, This sclutlon then contains the
non-hydrated potessiuwn and sulphate ions,

The potassium ion, like alﬁminlum, bsing in thse gscond
period, is cspable of co~ordinsting six water molesules, but
1% hes only a single poaitiva charge and so cannot hold six
- singlet links on its omsnj bul b san help to hold the water
already linksd to other atoms or ions.
| A very slmple procaess may thersfors bte sonsldered to oecur
in the formation of the alum moleculs,

ftarting th@rafére with the aluninium sulphate, we can
BUppoOse that the potagsium lons #lip in and connest up the
water molesules attached Lo the three £04 groups. Keeh of the

six outermost water molssules of the aluminium ilons, at the
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gama time, plok up & second watar'and hold 1t with the help
of the¢ potassium lons, and thus sonnest up the aluminium with
the potassium through the water, a ring strueture being thue
formed,

At ths same tlme the 850,, which was originally the partner
of the potaesium lone, ie left as an independent ion in the
erystal, |

The prooess ie best seen by means of Figs, 8 and Q.
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It is evident that this type of structure and formatlion
makes the alum into a complex salt. The correct method of
writing the fomula then becomes {K2A12(SO4)324H20}*+ 50,77,

The next polnt to be considered is whether this theory
can offer a satisfactory explanatlion of all the ocbserved
experimental data,

In the first place it was seen that the water molecules
are lost ln groups of three. Now, writing the ring structure
in an extended form for the sake of clearness, it is seen that
the theory 1s capable of offering a very satisfactory explan=

ation.

+3

T— MO e H.O Hoe—HOo
. z////f ) (% ‘\\\\\s k(/,/// (.s)J &) \\\\\s k//,//' 0 @ \\\M ) h

l</‘_— Ilﬁ)()(——- ’(4':9—7 A’ <— ,l%,o 10— A l R + i0<—>}.(>
+3 +3 vy
\\wﬂoc >%&{//z ﬂgg ) H&O N\\\ /?
Q) 4

H ,LO<———)H1 O
%) (2)

Fig. 10,
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To form the heneicosihydrate, each SO, group would lose
one water marked I,

Under slightly altered conditions the six water molecules
between the potassium and aluminium (marked 2) would come off
first, giving the octadecahydrate.

When the moleéules marked I and 2 are lost, we have the
pentadecahydrate.

If the S04 groups now lose their second water, marked 3,
the dodecahydrate will be formed.

Again, if, under altered conditions, the six molecules
of water attached to aluminium, marked‘4, are lost before the
water molecules (2) attached to the SOy, we have thevénnéah&drate

Whem the I, 2, 3 and 4 groups of water are lost, it leaves
the hexahydrate which, as has been pointed out, is exceedingly
stable, It is also clear that the last six molecules of
water will be lost together and no t;ihydrate can exist.

Further, these six water molecules will not come off until
a sufficient supply of ehergy, in the form of heat, has been
given, to permit the alum$nium ions to form a‘covalent bond,.

From the maénetic standpoint the theory is satisfactbry
also, All the water molecules have similar links and therefore
they will be expected to.give a constant contribution to
the mass suseeptibility, and the susceptibility plotted against
the number of water molecgles should give a stra;ght line

wkich was the result obtained expérimentally.
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Further, as has already been pointed out, the magnetic
results do not agree with the alums being a mixture of the
component sulphates, with quasi-independent ions, but the
results give a strong indication of complex ion formation.

Further, the contacts are essentially in agreement with
the structure put forward by Lipson and Beevers (I2) from
physical considerations, but their structure is not complete;
they make no reference to any connection between the aluminium
ions, and give no reason for six waters being held more firmly.

Furthermore, they imply that the six water molecules
belong to the univalent ion, whilst I consider it much more
probable that the water molecules are essentially co-ordinated
to the SO4 groups and the aluminium water molecules, the
univalent ion serving t0 hold them in posiiion and to distribute
the charges evenly.

In this connection I would like to mention also that the
bonds holding this complex ion are weak, and therefore it is
highly probable that in dilute solutions this complex breaks
down into independent ions. However, an electrolytic investig-
ation of the salt in concentrated solutions might well be
expected to give evidence of the complex ion.

The hext point to be considered is what happens when the
salt becomes anhydrous and why it becémes insoluble.

I have only véry little evidence here, and the whole
subject needs to be thoroughly investigated. I can ay most

put forward a very tentative suggestion.
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It became evident in the course of this research that
the anhydrous cuhdition could be obtained only by supplying
a considerable quantity of energy in the form of heat. This
suggests that some complete change in structure takes place
and, as I have already suggested, this may be the formatioch
of a covalent link between the aluminium ions.

At the same time once the salt becomes anhydrous it also
becomes very insoluble ané, what is more, the alkali sulphate
cannot be dissolved out in spite of the igdependent alkali
sulphates always being soluble. Hence we must suppose that in
this new structure the alkali sulphate must be involved in some
waye |

As has been pointed out by Sugden and others, aluminium
is capable of forming chelated compounds, as, for example, in
alumingum bromide, Al2Brge. Hence it does not seem improbable
that such a compound is formed in this case with a covalency
double bond between the aluminium ions. This would explain
the insolubility, or rather the very sléw change of structure
when in presence of water and heat energy.

A possible structure is given in Fig II.
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The potassium is sfpposed to be linked by two singlet
links, thus becoming neutral, whilst each aluminium ion
has its octet,

The solubility difficulty is in this way explained, as
it will not be till the covalent bond changes to an electro-
valency bond that the compound iondses,

It seems essential to suppose some such structure if we
are to explain the experimental results; but the whole subjett
of insolubility is worthy of an independent piece of research

Ian making these suggestions as to structure, I have made
mention only of the tervalent ion aluminium, but the chromium
and iron might be equally well included,

Before leaving this point of the alum structure we must
briefly consider the possibility of the three different struct-
uresds , 3 and y as proposed by Lipson (I2), The magnetic results
certainly point to a difference between the caesium alum and
the other members of the series, as can be seen in Graph IV,

Whilst the mass susceptibility of the alums are approxir
ately constmant, with a slight decrease as we pass from sodium
to rubidium, caesium alum, which should, according to this,
have the lowest value, has, on the contrary, a considerably
higher value,

This is well in agreement with the suggestion of H, Lipson
that the radius of the}caesium ion is large enough for inter-
actional effects to take place between the caesium and the sulph-'

ates with a consequent readjustment of positions to ensure
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equilibrium,

At the same time the magnetic results give no evidence
as to sodium alum having a different structure from the others
but this, of course, is no evidence against the pocsitle
structure, as if is very doubtful if the opposite orientation ‘
of the S04 groups, és was suggested, would result in any change:
in the mass susceptibility,

Another piece of evidence in favour of the complex
character of the alum molecule comes from the recent péper on .
diamagnetic susceptibility of the thallium compounds (I4).

In this paper Trew has derived a value for the ionic sus-
ceptibility of the thallous ion from the measurement of a large
number of ccmpounds,

Assuming the law of additivity to hold, Trew has shown
that the ionic susceptibility of the thallous ion varies with
the nature of the anion, The values fall into three Eroups:e

(I) Univalent anion with a mean value -38.4 x 10-6

(2) Divalent and tervalent anions with a mean value

-37,4 x 106 '

(3) Organic anions with a mean value -42,I x 10-6 |

Thallous alum has been placed in group 2 on account of
the divalent nature of the sulphaﬁe, and the velue of the thal=-
lous ion derived by the subtraction of the contribution of the
rest of the molecule calculated by the_subtraction of the I.C.T.
value of potassium ion from my ﬁotash a2lum value. The value
XA Ti thus obtained was -38.3 x I0-6, which does not fit in very

well with its position amongst the divalent ions.
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I have already pointed out that the alkalﬁ metals are not
behavirng like independent icns in the alum; hence the cohtrib—
ution of the rest of the molecule cannot be arrived at by sub-
traction of the accepted value for the alkali ion, these values
having been derived, for the most part, from the measurements
of electrovalent compounds, At the same time a fairely good

epproximation to the value of the contribution of the univalent i:
ion in the alum structure could be obtained by this means, but
it would be necessary to choose an alum,with a similar structure

Trew's value for thallous alum, as well as its position in
the periodic table, shows it to have a similar structure to
caesium alum (Graph III ), |

The following results then follonQ

Caesium alum Xy = -526,0 x 10-6
Ceesium ion X5, = - 4I,0 x I0-6 ( I.C.T.)

Therefore § -444,0 x I0-6

1

11

Thellous alum X, -532,I x 10-6 ( Trew.)

Thallous ion X, = = 44,0 x I10-6

This trings the alum into the third group with the organic
anions, a result well in agreement with the suggested complex

structure and the presence of covalency bonds,
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THE EXISTENCE OF THE LITHIUM ALUM

The existence, and even the possibility of the existence
of lithium alum has been repeatedly denied,

Its preparation has already been described, but it is
necessary to discuss it from a theoretical point of view and
to see how 1ts existence can be reconciled with theory.

It has generally been supposed that the lithium ion is too
small to form alums. Thid supposition rested on the grounds

that the alums are mixed sulphates, in which case the ionic
distances of interchangeable constituents must not differ
more than the order of about IO %,

The Sidgwick rule for'the ma;imum co=-ordination numver of
en ion makes it dependent on the positicu in the periodic telle
giving 2 1imit of four for the first period (Li - F),six for
the second and third periods, eight for the elements starting
with rubidium, |

On this theory it wolld be impossible for the lithium ion
to co-ordinate six water molecules as the alum structure
requires, , |

On the other hand it was shown by Sugden (I3) that whilst
the rule holds for almost all co-ordinatiéﬂ compoundshhose,
constitution has been accurately determined, yet it has its
theoretical bases on the Bohr symetrical sub-division of the

electrons in the principal gquantum levels, This distribution
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has now been abandoned, and it is not easy to find a seund
theoretical basis for the rule which has certainly explained
many structures,

At the same time Goldschmidt (8) has pointed out that
atomic weight is not a determining factor in crystal structure
but rather ionic volumes and the ratio of sizes of the neigh-
bouring ions.

Further, it was indicated when dealing with the alkali
sulphates that from susceptibility méasurements the lithium
ion appears to have a radius considerably larger than the cal-
culated value, and the explanation offered by Pauling has
already been given,

The real point at issue is: Can the small lithium ion
have the co-ordination number six?

Brindley and Hoare (7) and Goldschmidt (8) have drawn
attention to the fact that it certainly does .in the cases of
chloride, bromide, and iodide,

Goldschmidt further gives a table of limiting ratios for
the two types of iomns conoerned, a sudden change of form of
crystal structure taking place at a certain limit of the
quotient R : R. The limiting ratio for cq-ordination number six
being 0.4I, |

He goes on to point out that in some crystals; especially
LiI, morphotropism does not take place at the theoretical limit-

ing ratio 0,41, He explains this by supposing that it is neces-

gary to go to some extent below the geometrical limit before
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The electrostatic energy relation can bring about morphotrop-
ism, This idea he sums up by saying, "Morphtropism will take
place wheiever by chemical substitution we exceed the limit
"of permissable radii ratics or we introduce those atoms the
" properties of which make another arrangement energetically
"preferable,"

It now remains to see,therefore,if these radii ratios
are within the required limits.

In the structure under discussion it has been supposed'
that fhe lithium ion is at the centre of an octahedron made
up of water moleculés, and these latter are linked to the
univalent lithium ion through singlet links of the oxygense
Hence we have to consider the ratio of the lithium idn to
the Oxygen ion.

Taking the values given by Goldschmidf:-

Li = 0,78
0 = 1,32
Q.ZZ
Therefore Li ¢: 0 = I,32
= 0,58
On Pauling's salculati@ns:-
Li= 0.60
Oc = I.69

Therefore Ii : 0 = 0,69
I1.69

= 0,45
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In both cases the ratio has not fallen below the limiting ratio
of 0.4I.

Hence it seems clear that there can be no kind of a
reason for the non-existence of lithium alum on the grounds of
the smallness of that ion,

That the compouhd is not very stable and breaks down
when the temperature is raised slightly above the room temper-
ature is.due to the low nuclear‘charge of the lithium ion,
which thus finds it difficult to hold the water molecules in
position if their state of vibration is augmented in the least.
Hence any agitation caused by increasing temperature would
enable the water molecules to break free.

Also it is only when the natural vibrations have been
decreased by the lowering of the temperature that the lithium
ion is capable of forming the links, and so forming the alum,

Hence we may say that the lithium alum Las its place
in the present theory that has been put forward, and its
formation has given a completion to this work on the alums,

There still remains a great deél of work to be done. In
fact this present work has but opened up a larger field of

research which would bear much fruit to the inveatigator.
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SUMITARY

The mass susceptibllity of the alkali sulphates and alums
have been determined, and it is found that the additivity
law holds well for the addition of the water of crystal=-
lisation,.

The grem ionic susceptibility of the alkali ions have
been determined and found to be in quite good agreement
with the values calculated by Brindley, Slater and
Hartree, with the exception of lithium,

The susceptibility 6f the alkali ions are shown to be a
function of the square of the radii calculated by Pauling
and Coldschmidt. Again lithium gave discordant results.

A value for the susceptibility of deuterium oxide when in
comkination was made and found to be in goéd agreement
with the value already obtained for the pure oxide by
Trew and Spencer,

A value for the magnetic moment of the chromic and ferric
ion was ottained from the alum and compared with the
thoeretical result of Bose and Stoner and Penner and
Schlapp. Again a good agreement was found,.

It was further shown that the water molecules in the alum

are lost in groups of three; that six water molecules are
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held more tenaciously than the others; and that no tri-

hydrate exists,

The anhydrous double sulphates are very insoiuble.

The formaticn and structure of the alums have teen

discussed and a complex ion formation is suggested:-
[KpA1,(804) 524H0 ) °* 80477

A possible explanation of the insoluble condition of the

anhydrous compounéd was found in the suggestion of a

chelated compound being formed.

The existence of lithium alum, alreacdy prepared in the

laboratory, has been cdiscussed from the thecretical

standpoint and found to be well in agreement with

theoretical expectations.
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