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THF, MAGNETIC MASS SUSCEPTIBILITIES

OF MAGNESIUM AND ITS COMPOUNDS

imgDUCTIQN,

Although a great deal of work has been done by a
number of Inveatlgators on the Magnetic Mass Suaceptibilitlea
of the ohemicftl elements and their compounds, both inorganic
and organic, very little systematic work has been carried
out over e wide range of compounds of & single element.
The following investigations represent practically the
only ones in this field;-

~“Sugden, in 1954, investigated a range of Silver

2
and Copper compounds; Spencer and Hollens, in 1955,

invaatigated the compounds of Cadmium; and 5Trew, in
1956, Investigated the Thailows compounds.
Previously, in 1929, Ikenmeyer had carried out work
on the magnetic susceptibilities of the alkali metal
halides, but this represents only one type of compound.
In the present work, the magnetic mass susceptibilities
of Magnesium and thirty-five of its compounds, all of
which have been highly purified, have been measured.

An attempt was made to prepare for investigation

a number of magnesium amalgams, but these proved very



difficult to handle due to their instability in the air,
and required an elaborate technique which could not be
developed in the time available.

From a certain number of the resulting molar sus-
ceptibilities, the gram ionic susceptibility of Magnesium
has been determined, and the mean value obtained has been
compared with the values calculated from the theoretical
considerations of Pauling, Stoner, and Slater, and
with soon©® experimental values measured by 83ocart,
gPascal, 10Kido, ZE&Ikenmeyer.

Values for the average mean square radius, and the
approximate radius of the outer orbit of the Magnesium
ion have been calculated from experimental data, and
these have been compared with the corresponding values

7

obtained theoretically from Slater*a approximate wave-

functions.



?REPARATION, AND,ANALmbS5.

Many of the compounds were obtained in a purified
state, and further purification was effected, where
possible, by racryatallieation.

For the preparation of the remaining compounds,
the starting materials used were pure commercial
Magnesium sulphate haptahydrate (Epsom Salts), which
was further purified by recrystallisatlonj Magnesium
oxide and Magnesium carbonate, each containing the other
as impurity.

All the compounds were tested for ferromagnetic
impurities, e.g. Iron, Nickel and Cobalt, by sensitive
characteristic reactions, as follows;-

(@) Iron. The presence of iron is demonstrated when a
purple colouration is produced on the addition of an
ammoniacal aqueous solution of thiogiycollio acid
to the test solution, the reaction being sensitive
to the presence of 1 part in 5,000,000 parts of the
material.

(b) Nickel. The presence of nickel is demonstrated when
a red colouration is produced on the addition of a
dilute alcoholic solution of *(-Benzildioxime and

ammonia to the test solution, the reaction being



sensitive to 1 part in 1,000,000 parts of the material.
(c) Cobalt. The presence of Cobalt is demonstrated when
an orange colouration is produced oh the addition
of an aqueous solution of<“-nitroso-/-naphthol, to
which dilute caustic soda solution and a little
ammonium chloride have been added. The reaction is
sensitive to 1 part in 100,000.

In all oases the result was negative or negligible;
that is, the whole of the materials used for the suscepti-
bility measurements were shown to contain less of the
ferromagnetic elements than the minimum quantity which
could affect the value of the measured susceptibility.

The method of analysis used was the determination
of the magnesium content (unless otherwise stated), by
the Pyrophosphate method of Schmitz. By this method,
the magnesium is precipitated as the double magnesium
ammonium phosphate, and this is ignited at dull red heat
to the pyrophosphate;

SMgNH*PO*— 2 H~0 -h Mg”P*~0*

From 0.1 to 1.8 gram of the magnesium salt was
weighed out. Thi“keight was dissolved in dilute hydrochloric
acid, and to this acidified solution, 5 grams of ammonium
acetate and an excess (about 5 grams) of dibasic ammonium
phosphate and a few drops of phenol-phthalein, were added.

The solution was heated to near the boiling-point, and



then ammonium hydroxide was added slowly. This precipitates
the double salt, and the precaution of adding the ammonium
hydroxide slowly enables the precipitate, which is

amorphous at first, to become crystalline. Stirring is
avoided if possible, as the precipitate adheres to the glass
vessel wherever the stirrer touches it. The ammonium
hydroxide is added until a faint pink colour is produced

by the phenol phthalein. When, the precipitate is entirely
crystalline, more amidonlum hydroxide is added until the
colour is deep pink. The precipitate is allowed to stand
for at least four hours, preferably overnight.

The precipitate is then filtered through a dry
sintered alundum crucible of constant weight, and washed
carefully and thoroughly with a more dilute amnionlum
hydroxide solution than that used for the precipitation.
The ammoniacal washing solution is used because the
precipitate is less soluble in ammonia than in water.

The precipitate is then heated gently, after drying, in

a nickel crucible, ana the: temperature gradually increased
up to a dull red heat, which is maintained until the
porcelain crucible containing the precipitate has reached

a constant weight. The gradual increase of temperature
ensures the formation of the pyrophosphate in preference

to the meta-phosphate, which results from too rapid

heating initially. The presence of meta-phosphate yields



results which ara too high,

(1) Magnealum. Mg.
Pure powdered metal was used.
Analysis.

A. B.

*

Wt. Magnesium 0.2450 gra. 0.1421 gm,

Wt. MggPgo* *1.1182 ofi. 0.6538 gm.

\

100.5 5 100.2 3

Magnesium found

.*. The material used is evidently pure.

(2) . Maanealuni Oxide. MitO.

The commercial specimen contained magnesium
carbonate as impurity. An attempt was mad® to remove
the combined carbon dioxide by heating the material in
an electric furnace. This was unsuccessful, as was also
the attempt to remove oxides of nitrogen from the nitrate
by heating in the blow-pipe flame.

The commercial oxide was therefore digested with
very dilute hydrochloric acid, boiling the suspension.
In this way the magnesium carbonate in the specimen was
changed to the soluble magnesium chloride, and the remaining
insoluble oxide became *slaked” , reacting with the water
to form magnesium hydroxide. This was filtered off and

washed as quickly as posible with boiling water to remove



all soluble Impurities, dried as much as possible on a

porous plate, and further dried in a desiccator over

anhydrous calcium chloride, in air which had been freed

of carbon dioxide by caustic soda.

The magnesium oxide was prepared from this pure

hydroxide by heating it in an electric furnace at a

cherry-red heat, i.e., about 1100”C.

Mg(QH)g # MgO + HgO

AnaXyala.

A. B.

Wt. MgO « 0*1104 gm. 0*0898

Wt. MSgPgO? = 0.3046 gm. 0.2482
Magnesium found = 60.27 % 60.57

” calc. 60.35 3
(S) . Magnealum Hydroxide..

The hydroxide was prepared as above in

of magnesium oxide.

Analysis.
wt. Mg(OH), * 0.5078 gm.
Wt. MggPgO? “ 0.2638 gm.
Magnesium found = 42 .05 %

" cale. ™ 41.60 $

gm.
am.

o\o

the preparation



(4) . Magnealuia Sulphate Hsptahvdrate. MgSO*“.THgO

Purified commercial Bpaom Salta were recrystallised

twice from water.

Analysis.
A. B.
Wt. MgSO”.THgO * 1.5096 gra. 1.3152 gm.
Wt. MggPgOy ® 0.5887 gm. 0.5945 gm.
Magnesium found = 9.82 3 9.89 3%
” calc. 9.87 3

(5). Magnealuro Sulphate Monohydrat.. KgSO“.HgO

Purified magneaium sulphate heptahydrate was heated

at 130-14070., the temperature not being allowed to exceed

150~C.| as the anhydrous salt begins to be produced above

that temperature. The salt is white and micro-crystalline.

Analfsis.
The sulphate ion was precipitated as barium sulphate.
An excess of hotbarium chloride solution was added to a

boiling solution of the magnésium sulphate, barium sulphate

being precipitated. This precipitate was filtered hot
through a sintered glass crucible and thoroughly washed

with hot water as quickly as possible, dried in air at

110~C., and weighed as barium sulphate.



(6) .

(7).

Wt. MgSO”.HgO « 0.4542 gm. 0.4606 gm.

Wt. BasoO a 0,7680 gm. 0.7812 gm.

Magnesium found = 17.62 3 17.67 %
” calc. 17.57 5

MQ@gn.elum Sulphate (anhydrouo)r MgSO”.
Purified magnesium sulphate hsptahydrate was
heated at 200®C., until it ceased to lose weight. The

anhydrous salt thus obtained is a white amorphous powder.

Aaalisis.
The sulphate was précipitated with barium chloride

and the precipitate weighed as barium sulphate.

A. B.
Wt. MgSO. 0.4581 gm. 0.4618 gm.
Wt. BaSO = 0.8581 gm. 0.9114 gm.
Magnesium found » 20.41 =3 20.54 3%
» calc. 20.22 3

Mfl“aE*las,..1lb,49Eul2bt*,6 MgSgO”.OHgO.
The salt was prepared by the double decomposition
of magnesium sulphate in solution with barium thiosulphate
in an aqueous suspension, the reaction taking place at
the boiling-point*
MgsSO, + BaSgOg « BsSO”i + MgSgOg

The barium thiosulphate was prepared by mixing hot



10.

concentrated aolutions containing the required molecular
quantitles of recrystalllsed barium chloride and sodium
thiosulphate, and allowing to cool. The barium thiosulphate
was deposited as sparingly soluble shining white plates,
which were filtered off and washed well with distilled
water and dried in air.
BaClg + NagSgO, = 2NaCl f BaSgO.i

A hot suspension of the barium thiosulphate in water
was added to a hot solution of magnesium sulphate and
digested well, and the resulting precipitate of granular
barium sulphate was filtered off and any excess magnesium
sulphate was removed by careful addition of a solution
of barium thiosulphate in water - i.e., until there was
no further precipitate.

The solution of magnesium thiosulphate was thee
evaporated until concentrated, when the crystals separated.
These were filtered off and recrystallised twice from

water.

Analysis.
The salt was analysed volumetrically as thiosulphate,
A solution of known concentration of magnesium thiosulphate
in water was titrated against a standard solution of
potassium dichromate, to which had bean added excess
potaeium iodide and hydrochloric acid, iodine being

liberated quantitatively. The magnesium thiosulphate



11.

reduced the Iodine to magnesium iodide and magnesium

tetrathlonate wae formed:

KgCrgO”® + 14 HCl1 4 6 KI =5

2 1ligSg0j + Ig =

Cr~Clg -h 8 KC1 7 H”O

MgS~0Og

Normality of potassium dichromate solution = 0.9879 N/10.

Wt. MgSgOg.GH20 dissolved in 250 o.c.

Mean Titration Value * 52.458 o.c.

standard diohromate solution.

» 1.8720 gm.

- using 25 o.c. of

. Normality of Magnesium Thiosulphate solution

= 0.7610 N/10.

. Magnesium found = 9.89

" calculated = 9.95

(8) . Magnesluw Cbromate senUhydrate.

o\o

oo

MgCrO” .SHgO.

"Kahlbaum” material was used and recrystallised

from water at 50”C.

AGajLzZaia.
A.
Wt. MgCrO”*,5"H;*0 = 1.5214 gm.
Wt. MggPgOy « 0.7510 gm.

\O

Magnesium found * 10.50 =%

”

calc. =

B.
1.0295 gnm.
0.4922 gm.

10.45 3

10.55 $§



12.

(0). «aenaslua Fluoride monofavdrate.
The salt was precipitated as a white gelatinous
mass, when ammonium fluoride was added to magnesium sulphate
in solution. It was filtered and washed well with water,

and dried in air.

Analysis.
4. 3.

Wt. MgFg.HgO

0.9226 gm.  0.9592 gm.

Wt. MggPgOy 1.2921 gm. 1.3540 gm.

Magnesium found « 50.59 & 50.84 %
” calc. « 50.28 %

(10) . Magneelum Chloride heitahYdrata. MgClg.BHgO.

Magnesium oxide was neutralised with hydrochloric
acid, and the solution evaporated until crystals began
to be deposited, and then allowed to cool when the salt
crystallised out. The crystals were filtered and dried
in air, and as they were deliquescent, they were stored

in a desiccator over calcium chloride.

Analyals.
Ao B.
Wt. MgClg.GHgO » 0.9585 gm. 0.6467 gm.
Wt. MggPgOy = 0.5060 gm. 0.5536 gm.
Magnesium found = 11.78 % 11.94 3

”

calc. * 11.96 %



13.

(11) . Magnaelam Bromide hexahvdrata. MgBrg”QHgO.
Prepared similarly to the chloride by neutralising
magnesium oxide with hydrobromic acid, and crystallising from
the solution. The salt was deliquescent, and so was so

stored In a desiccator over calcium chloride.

Analysis.
A. B.
Wt. MgBrg.eHgO - 0.8406 gm. 0.7708 gm.
Wt. = 0.5248 gm. 0.2968 gm.
Magnesium found. = 8.44 % 8.46 %

”

calc. = 8.52 3%

(12) . Nazneelum Iodide ootahydreita. Mglg.SHgO.

Magnesium powder and iodine were mixed in approxi-
mately molecular proportions, there being a slight excess
of magnesium. Distilled water was dropped slowly on to
this mixture in a flask. The reaction was a violent one,
and a large amount of heat was evolved. When the reaction
was over, the slightly yellowish solution of magnesium
iodide was filtered off, and evaporated until wvary
concentrated. In the evaporation most of the excess
iodine in solution was boiled off. Just before the
salt crystallised from the solution, a very dilute solu-
tion of sulphur dioxide (about 5-6 bubbles passed into

200 c.c. water) was added until tho solution was rendered



(15) .

14

colourless, du® to tha iodine being reduced to hydriodio
acid. The salt crystallised out as white plates, and was
filtered off. It was recrystallised twice from water.

As the crystals became brown when exposed to air, due

to air oxidation, the salt was kept in a wvacuum. It is

very deliquescent.

Analysis.
A. B.
Wt. a 0.6714 gm. 1.2066 gm.
Wt. “~ggPgOo”* = 0.1784 gm. 0.3246 gm.
Magnesium found » 5.81 8% 5.88 %
" calc. ~ 5.76 $

Mag.na.81B!B .Chlorate hexahydrate” Mg (Cl0j) .6H O.
Magnesium carbonate was neutralised by chloric
acid, carbon dioxide being evolved. The colourless
solution was filtered off from any excess carbonate.
The salt crystallised out in white plates from a very
concentrated solution, on cooling in ice. The crystals

melt at 407C., and the salt Is deliquescent.

Analysis.
A« B.
Wt.Mg(ClOf1j)2 .6RgO  — 0.3600 gm*  1.4148 gnm.
% 0.3258 gn. 0.6288 gm.
Magnesium found * 8.27 3 8.17 2

" calc. * 8.13 %



(14)

(15) .

15.

Mg (C10%) 2. 6HgO.
Magnesium carbonate wasj*eutrail aed by aqueous
perchloric acid, and the solution evaporated when

needle-like crystals separated. The salt is slightly

deliquescent.

A, 3.
wt. Mg (Cl0%)g.6HgO = 0.6730 gnm, 0.5477 gm.
Wt. MggPg0.y = 0.2287 gm. 0.1849 gm.
Magnasium found = 7.42 % 7.37 3

. calc. = 7.35 $

MagnaaluB Bromata trlbydrate. M*r 03)2.3HsO.

The salt was prepared by the double decomposition
of magnésium sulphate and barium brosiate solutions,
containing the molecular quantities of the salts,
barium sulphate being precipitated. This was filtered
off and the concentrated solution of magnesium bromate
was treated with alcohol which precipitated the salt as

small colourless rhombohadral crystals, which were slightly

efflorescent in the air. The crystals melt at about 40°C.
Analysis.
A. B.
wt. Mg (BrOg)g.3HgO = 0.8722 gm. 0.9690 gm.
Wt. MggPgoO* = 0.2848 gm. 0.3200 gm.
Magnesium found = 7.15 8§ 7.21 *

" calc. * 7.26 %



16.

(16) . Magnaalua lodate tetrahydrate. Wg(l1Og)g.4HgO.
The salt had been prepared by the addition of a
solution of potassium iodate to a solution of a magnesium
salt, each containing the required molecular quantities.

The more insoluble magnesium iodate was precipitated.

Analysig.

The salt was analysed volumetrically. 25 c.c.
portions of a solution of known concentration of
magnesium iodate wamt heated with excess potassium iodide
and sulphuric acid (hydrochloric acid was avoided owing
to formation of iodine chloride), and iodine was liberated
quantitatively.

SSg(10j)2 + 1lOKI 4 6Hg80* = 6Ig MgsO,~ + BHgO + SKgSoO*

The iodine was then titrated by a standardised
solution of sodium thiosulphate, using"starch solution”
as indicator.

Normality of Sodium thiosulphate solution = 0.9908 N/10

Titration value of Na*S”*Og = 51.79 c.c.
. Normality of magnesium iodate solution = 2.052 N/10
. No. of gma. magnesium in solution = 0.4165 gm.

No. of gms. magnesium iodate weighed out = 0.7685 gm.

Magnesium found = 5.42 %

o\o

" calc. 5.45



17.

(17) . tagnoslum f»ltrata hexahvirate. Mg(NOj)g.6H20.
Magnesium oxide was neutralised with nitric acid,
and the solution evaporated, when colourless crystals
of the nitrate separated. These were filtered off and
recrystallised from water. They were dried On a porous
plate, end stored in a desiccator over anhydrous calcium

chloride, since the salt is deliquescent.

AM1xala~
A. B.
wt. %(NO$)g.6H20 = 1.6655 gm. 1.6203 gm.
Wt. MggPgOy. = 0.7858 gm. 0.7874 gm.
Magnesium found = 9.517 3 9.448 3
" calc. = 9.484 35

(18) . Magna.lum Bono-Hydrogoti Ortteoohoeotiate trlbylrata. MgHPO~.SHgO.
A solution of disodium hydrogen phosphate was
added to a solution of magnetum sulphate, when the

magnesium acid phosphate was precipitated as a gelatinous

white mass. It was allowed to stand overnight before
filtering.
Na~P04 4 MgSo04 = + NagSso”

The precipitate was dried In air and analysed

by conversion into the pyrophosphate.



(18) .

(20) .

18.

Aé B.
Wt. MgHPO“.SHgO »1.1955 gm. 0.9095 gm.
Wt. % 0.7660 gm. 0.5845 gm.
Magnésium found « 14.02 % 14.04 3
” calc. * 13.95 3

Magnesium Pyrophosphate. Mg*"P*0.”*.

Magnesium ammonium phosphate was ignited gently
at first and later 1In an electric furnace. Itis a
white amorphous powder.

sVgNH*PO* — > 2NHj + HgO + MggPgO*

Msliala*

As the raagnesiun pyrophosphate ia the weighed
product of the analyses, and is obtained pure, no analysis
for the compound, used for susceptibility measurements,

was made.

Maanealua monQ-Hydrpg.n ortho-AraanBte heail-trldoCBHrjrat#. '
2UgHA1”4.1SH20.

Acid sodium arsenate solution was added to
a sclutiCn of magnesium sulphate, when the magnesium arsenate
was precipitated. It is a white amorphous powder.

After filtration the salt was dried in air.



19.

Analls&let
A, B.
Wt. 2MgHAsO0”.13HgO = 0.5802 gm. 0.6692 gm.
0.2299 ofi. 0.2640 gm.

Wt. MggPgOy

o\

Magnesium found * 8.656 3o 8.618

" c&lo. = 8.644 3

(21) . # Mg*As”*o”.
Magnesium ammonium arsenate was ignited directly

to the pyroarsenate, similarly to the preparation of

magnesium pyrophosphate,

AUS1X&als*

No analyses made, as for the pyrophosphate,

(22) . , Mgso”*. (NH”)gSo04 .6HgO

"A.R.” materialwas recrystelllsed from water.

Analysis.

A. S.

Wt. MgSO0~ (MH4)gSO~.6HgO = 0.7255 gm. 0.8152 gm.

Wt. MggPgOy = 0.2245 gm. 0.2501 gm.
Magnesium found - 6.754 5 6.700 %
” calc. ® 6.745 3

(25) . Magnesium.Ammonium C h 1 e r 1 d * h &€ , MgC1~.NH*Ci.d8H"O.

"A.R.” material was recrystallised from water.



20.

Analysis.
A. B.
Wt. MgClg.NH~C1l.0HgO * 0.5022 gm. 0.5150 gm.
Wt. MggPgo.”* * 0.2182 gm. 0.2195 gm,
Magnesium found = 9.49 $ 9.31%
” calc. - 9.47 %

(24) . Magnésium Ammonium Bromide bexakvdraW” MgBr”.KH"Sr.SHgO.
The required molecular quantities of magnesium bromide
and recrystallised ammonium bromide were dissolved in
water and mixed and the solution evaporated on the water-
bath, when the double salt crystallised out as white needle-
shaped crystals. These were recrystallised twice from
water. The salt is slightly deliquescent, and was there-

fore stored over anhydrous calcium chloride in a desiccator.

Aaslxsls.
A. 3.
Wt. MgBrgNH“Br.GHgO =0.7354 gm. 0.6128 gm.
ft. #82+207 ~ 0.2101 gm. 0.1780 gm.
Magnesium found = 6.24 % 6.35 5
” calc. = 6.23 3

(25) . Magnesium Ammonlum.Phoeph.te h.xafay.draie, MgNH"PO".eH"O.

"A.R.” material used.

Aaalzsla*

A weighed quantity was ignited directly to the



21.

pyrophosphate.

A. B.

Wt. MgNH~PO*.OHgO = 0.5942 gm. 0.5816 gm.

Wt. MggPgOy 0.2699 gm. 0.2638 gm.

Magnesium found = 9.915 3 9.908 3
" calc. = 9.906 <

(26) . Mftgn.alum Ammonium Arsenate hexahydrata. MgNH*AsO”.aH”O.

"Kahlbaum” material used.

Aaalzsifi*

A weighed quantity was ignited directly to the

pyroarsenate, similarly to the double phosphate, above.

A. B
Wt. MgNH”~AsO~.OHgO = 0.7176 gm. 0.6672 gm.
Wt. MggASgOy = 0.5901 gm. 0.3618 gm.
Magnesium found = 8.51% 8.50 $
” calc. = 8.41 23
(27) . Magneelum Ferricvanlde |Ve (CN)gl, .15HgO
"Kahlbaum" material wused. It is a brownish-
yellow salt.
Analvsla.
A. B.

wt. Mgg[pe(CN) jg.1lSHgO * 0.9281 gm. 0.9501 gm.

Wt. MggPgOy 0.4060 gm. 0.4104 gm.

o\o

Magnesium found * 9.56 % 9.64

" calc. = 9.52 *



(28) .

(29).

22.

Mftgneelum Carbonate trlhvdrate. UgCO”.SH”O.

As the oomraeroial magnesium carbonate (anhydrous)
proved to be about 12 per cent, impure, it was rejected.
The trihydrated salt was prepared by dissolving the required
molecular quantities of sodium bicarbonate and magnesium
sulphate in water and mixing the two solutions, A solution
of magnesium bicarbonate was thus obtained, and the
magnesium carbonate was precipitated from this by the
addition of alcohol. The precipitate was flocculent at
first, but became crystalline on standing. It was filtered

off, washed well with water, and dried in air.

AluaiXSis.
A. B.
Wt. MgCOj.SHgO = 0.3879 gm. 0.2960 gm.
Wt. MggPgOy = 0.3139 gm. 0.2412 gm.
Magnésium found = 17.63 5 17.80 %
” calc. = 17.58 5

» .nn.alua Stbrl Sulot? .IMx(CoHgSO;, )n

"Kahlbaum" material ueed.

Analysis.
A. .B.
Wt. Mg. (C.,HgS§2)2.5ag0 =0.5960 gm. 0.6358 gm.
Wt. Mg. P 0 =0.2251 gm. 0.2589 gm.
Magnesium found -0 8.25 5 8.15

. calc. = 8.114 *



(30) .

(51) .

23.

MagnealU'!'» Formate dlhvdrate. MgfHCOOIg.SHgO.

Magnesium carbonate was neutralised with formic acid*
The solution of magnesium formate was evaporated on the
water-bath, and white crystals were deposited. These
were filtered and dried in air.

Analysis.
A. B.

Wt, Mg (%C00)g.2HgO 1.0246 gm. 0.5590 gm.

Wt. MggPgO* = 0.7532 gm. 0.4174 gm.
Magnesium found * 16.06% 16.29 3%
« calc. - 16.17 3

Magnésium Acstste_ dihydrala. Mg (CH*COO)2.2HgO.

Magnesium oxide was neutralised with acetic acid.
The solution of magnesium acetate was evaporated on the
water-bath. The salt does not orystallise out, but
becomes a thick colourless syrup, which was evaporated
to dryness, when it became the solid dihydrate.

Analysis.
A. B.

tt. Mg (CHsCO0i)2.2820 '= 0.3658 gm. 0.3979 gm.

Wt, MggPgOy

0.2658 gm.  0.2651 gm.

Magnesium found 15.87 % 15.65 3

b calc. - 15.74 $



(52). Magnesium Butyrate tetr*iiycireta. Mg(CH5(CH2)2C0OO0O)g.4HgO.
**Kahlbaum" material used* White greasy plste-
like crystals, which smell slightly of butyric acid.
Analysis.
A. B.

wt. Mg(CH (CH ) COO)g

0.5142 gm. 0.3023 gm.

Wt. MggPgO*

0.1520 gm, 0.1264 gm.
Magnesium found = 9.16 & 9.14 $

" calc. = 9.01 %

(55) . Majgneslum Oxalate dihydrate. MgfCOOIg.BHgO'

24.

Purified ”Kahlbaum*’' material was used. White powder.

asBlys is.
The salt was analysed volumetrlcally as oxalate.
25 0 .0. portions of a solution of msgnesium,oxalate,

acidified with sulphuric acid, and warmed to 60®C., were

titrated with a solution of potassium permanganate, which

had been standardised with oxalic acid.

Wt. of magnesium oxalate in 250 c.c. = 1.8178 gm.

Normality of Pot. permang. solution = 1.061 N/10

Titration value of Pot. persiang. aoln. = 22.357 c.c.

Normality of magnesium oxalate soln. * 0.9694 N/10

No. of dffis. magnesium in solution = 0.2947 gm.

No. of gms. Meg. oxalate weighed out = 1.8178 gm.
e 2 Magneium found - 16.21 5

bl calc. ® 16.59 %



25.

(34). Magnestua .Sucolnata tatrabvdrata. Mg(ca2C00)g.4HgO .

Purified "Kablbftum” material was used.

Anslxris-

Wt, M&CCHgCOOjg.dHgO 0.8394 gm. 0.5543 gm.

Wt. UggPgOy

0.4432 gm. 0.2806 gm.

Magnesium found 11.53 % 11.46 $
« calc. = 11.45 3
(36) . Magnesium d-Tartrate heml-pentahydrate, A .SH”O.

Magnesium carbonate was neutralised with a solution
of tartaric acid. After leaving the resulting solution
of magneeiuin tartrate to stand for a few hours, the salt
was deposited es a crystalline solid. This was filtered

and washed well with water, and dried in air.

A, B.
Wt. 2Mg(C*H”0%)g.5HgO = 0.3705 gm. 0.2424 gm.
Wt. = 0.1900 gm. 0.1242 gm.
Magnesium found - 11.20 3 11.18 2
faod calc. = 11.19 3%
(36) . Magnesium salt of S-hydroxy-Qulnoline. (C Q co

A solution of magnésium sulphate acidified with
hydrochloric acid (to prevent precipitation of magnesium
hydroxide by ammonium hydroxide), was made Just alkaline

with amcionium hydroxide, end the solution heated to boiling.



26.

k solution of S-hydroxy-quinolins (M.P. 747C.) in glacial

acetic acid was added slowly. The magnesium salt of

8-hydroxy-quinollne was precipitated as a flocculent

yellow mass. This was boiled for about 19 minutes,

stirring all the time, until the precipitate became

granular. The precipitate was filtered hot and washed

with hot dilute ammonium hydroxide until all the base

was removed from the solution. The precipitate was then

dried in the air oven at 130 - 140®8C. for about 8 -1 0 hours.
This method of preparation is due to 12Berg, and can

be used as a gravimetric estimation of magnesium.

Aaslzsis.

When the normal analysis of magnesium by the pyro-
phosphate method was carried out, the original 8-hydroxy-
quinoline compound separated, on the addition of amznonium
hydroxide. Therefore the weighed compound was ignited
to décomposé the organic radical, and the residue dissolved
in hydrochloric acid and filtered. This filtrate was then
analysed in the usual way.

Analysis (result)

A. B.
Wt. Me (CpH@ENO) 2 * 0.5615 gra. 0.8257 gm.
Wt. 824247 * 0.2007 gm. 0.2948 gm.
Magnesium found = 7.61 3 7.82 3%

o\o

bl calc. - 7.76



27.

(37). Ma&a&alm, *g.

The metal cast into «ticks was also used. The etlcka
were cleaned with sand-p&per before use to remove any
adherent oxide. Lengths were cut off the ends, dissolved
in hydrochloric acid, after weighing, and the resulting

acid solution of magnesium chloride was made up to 500 c.c.

with distilled water.

kiélla. k&~
50 c.c. of the solution for each length was taken
and the magnesium precipitated as the double ammonium

phosphate in the usual way.

Stick A. Stick B.
Wt. Mg. * 0.0901 gm. 0.0868 gm. 0.0855 gm. 0.0860 gm.
Wt. MggPgo,” - 0.41/4 gm. 0.3992 gm. 0.3944 gm. 0.4064 gm.

\
\

Magnésium found * 101.2 3 100.5 3 100.7 5 100.6 %

\



II.

28.

MEA3URRMRNT OF sasCSPTISILITIgS
The method of measurement used Is the modified
Guoy method.
The measurement la made by weighing the force on

the specimen which is suspended in a non-homogeneous

magnetic field.

Diamagnetic substances:- force is negative and therefore
the substance tends to move upwards from the field
of greatest intensity,

Para- and Ferromagnetic substances:- the force is positive
and therefore the substance tends to move downwards

to Uie field of greatest intensity.

K ®

Kj, = Volume Susceptibility of substance.

Kg = * ” "  medium.

= Maximum field at centre of magnet at base of cylinder,

Hg =Maximum field at the top of the cylinder.
1 « Length of column of substenc® (in cm.).
N. S. = North and South poles of electromagnet.

A =*Area of cross-section of substance (in cm .),



F * Force (upward or downward) in dynes.
- Permeability of material.
A2 ~ " medium (e.g. air).
Then the force on a material of permeability in a

medium of permeability ju is given by:-

Since ju » 1 ¢ 47TK

F=KKJg - Eg).A.(Hi - H|)

F
Since mass susceptibility = K/d, where d » density
of column,

and since d * 2L (w « weight of column),
1A
A VA m4-igIA
w(*I " H*) \

A

Kg - volume susceptibility of air = 0.03 x 10

i.eX* 10®

w(a|”*?H]|) A
If *1* is large enough, becomes zero.
The length of the column, *1», and the fields
and H , are constant for a given length of column and

aperture between the pole pieces.

.-.X. X 100 = ~  + Q+gS.-IA
w w

where €= a constant for the apparatus,
21

2 in absolute unuts.
Hi

29.
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30.

Since 1A = V = volume,

When, as is convenient, F is measured in milligrams,
1 in centimetres, V in cubic centimetres and w in grams,

then oC must be expressed”-

A C.G.S. units

The coil of the magnet consists of 20,000 turns,

A current of 3 amperes at 20 volts gives a field
H of 5,000 gauss. The current is controlled by a variable
rheostat and registered by an ammeter, and is switched

on and off by means of two pole switches,

ifilghlns*

This is dons by means of a very sensitive balance
of the Bunge type, with a short beam.

The weighings are made to 0.01 mgm. by oscillations,
the scale being read through a lens.

The balance is mounted above the electro-magnet.
The left-hand seale-pan la replaced by a light aluminium
support and disc which carries a hook on its lower side.
From this hook, the tube, containing the substance under

investigation, 1is suspended by means of a fine platinum

wire (0.04” diameter), attached to a brass stirrup. The



52*

off, and then on. The difference in weight thus obtained
is due to the force of attraction or of repulsion due to
magnetisation. From this weight difference, the suscepti-

bility can be calculated, by substitution in the equation:-

The force dus to the tub® must be substracted or
added according to the substance being Dia- or Para-
magnetic respectively* If the net force is greater than
the original, then the substance is Paramagnetic; if less,
then it is Diamagnetic.

Draughts must be excluded from the whole apparatus,
and also the coil must not be allowed to become hot, due
to the magnet being left on too long, as both these
upset the oscillations - convection currents in the latter
case being caused by heating.

The weights of the substance and tube were determined
to 0.01 mgm., weighing by oscillations, in zero field,

and in the experimental field.

Constanta of th* Balance for the Expérimental Tab*.
The pull of the tube was determined by weighing the
empty tube, in air, with the magnet off and then on.

Th ue ~ in the equation:-

106.

was determined by measuring the pull of a pure substance



35.
mass Y -
of knownsusceptibility such as benzene ( = 0.716 x 10 ).
The volume, V, of the tube up to the mark, was obtained

by filling it with distilled water and weighing at a known

temperature. Thus the density was known and the volume
follows.
Magnet off. Magnet on. Pull .

4.43 mgm. 4.12 mgm. - 0.31 mgm.

4.50 « 4.20 W% - 0.30 ™

4.51 " 4.19 £ - 0.32 E

7.92 " 7.60 - 0.32 t

3.18 " 2.87 n - 0.31 M

3.14 ~ 2.74 & - 0.40 M

Mean Pull = - 0.33

Constant of the Balance.

v x 0.05 = 0.098 c.c.
“Benzene =-0.716x10-6
Magnet off. Magnet on. Pull.
8.61 mgm: 4.72 mgm, - 3.89 mgm.
8.36 « 4.45 " -3.091 "
7.89 w 4.02 « - 3.87 "
Mean Pull = - 3.891-

Net Pull ® 3.89 0.35 = - 3.56 mgm.



Wt. of Benzene

3.0628 gm.

. oc - ox X) - Ovx .0%81

p

-(5.3628 x 0.716) - 0.098

-3.56

= 0.651

The values of *

determined similarly.

and V for other tubes used were

54.



35.

SUSCEPTIBILITY MgASﬁRKMEtiTa

(1) . Magnesium. Mg (Posdar).
Pull of Tube I » -0.35 mgm.; <= 0.651; V x 0.05 = 0.088 c.c

Pull Mean Pull Pull Yy
(gross) (gross) (net) Weight x 10

(a) ©+5.61 mgm
B5.75 " f 5.66 mgm -f-5.88 mgm 2.6358 gm + 1.471

45.63 "

(b) t-5.78 »

+5.78 " 45.75 « +6.08 " . 2.6308 " + 1.494
+5.66 "

(o) +6.24 "
+6.27 " +6.29 " +6.62 " 2.6856 " + 1.591
+6.55 "

(d) +6.26 »
+6.20 * +6.22 " +6.55 "" 2.6181 « -+ 1.615

+6.20

Mean Value = 1.540



36.

(2). Ma.irneslum Oxldg. MgO.

Pull of Tube I = -0.55 mgm.j*«0.631; V Xx0.03 = 0.098 c.c.
Pull Mean Pull Pull height X"x 10®
(gross) (gross) (net)

(a) -0.98 ram

-1.00 " -1.00 mgm -0.67 mgm 1.9685 gm -0.165
~1.01 £

(b) -0.94 "
-0.97 " -0.98 " -0.65 " 2.0112 " -0.160

-1.02

(0) -1.08 "
-1.15 » -1.13 " -0.78 7”7 2.2082 " -0.178

-1.12

Mean Value = -0.168



57.

(5) . MgCoH) ~.
Pull of Tube I * -0.33 mgm.; #=0.651; V x 0.03 * 0.098 c.c.

Pull Mean Pull Pull Weight X 10 6

(gross) (gross) (net)
(a) -1.44 mgm.
-1,47 bl -1.46 mgm. -1.13 mgm. 1.8623 gm. -0.350

—1.48 *

b) -1.47 "

-1.51 " -1.51 " -1.18 " 1.9402 -0.335

(c) -1.54 "

-1.54 " -1.55 " -1.22 " 1.9497 —0.346

Mean Value = -0.537



(5)

(«)

(b)

(c)

Pull of Tub©® II & -0.55

Pull

(gross)

-4.65 mgm.

.56

.56

.56

.52

.55

.48

.53

”

”

”

”

Mean Pull
(gross)

-4.69 mgm.

-4.54 «

—4 .50 *

# MgSO~.W”O.

mgm. d- 0.634; V x 0.05
Pull Weight
(net)
-4.04 mgm. 5.9107 gm.
-3.99 » 5.9735 "
-3.95 « 5.8985 «

Mean Value

0

59.

.101 c.c.

10

.416

.407

.407

.410



8)

(a)

(o)

(e)

40.

«aanaslum Salohate - snhydroue. MgSO*.

Pull of Tubg¢ II = - 0.55 mgm. ;</= 0.654; V x 0.03 = 0.101 c.c.
Pull Mean Pull Pull Weight $x 10®
(grose) (grosa) (net)

-3.7] mgm.

-5.66 " -3.68 mgm. -5.13mgm. 5.2388 gm. -0.336

-5.66 "

-3.33 "

-3.49 " -3.51 " -8.96 " 5.2262 " -0.539
-3.50 "

-2.77 "

-2.85 " -3.62 « -2.49 " 4.4023 " -0.535
-2.84 "

(Tube I was usai for the

3rd. Packing).

“ean Value

-0.357



41.

(7) KagneelmB Thloeulohate hexahvdrate, MgSgOg.é&HgO.

Pull of Tube II “ -0.55 mgm.; 0.654; V x 0.05 = 0.101 c.c.
Pull Mean Pull Pull Weight X x 10®
(groee) (groan) (net)

(a) -4.14 mgm.
-4.08 " -4.11 mgm. -5.56 mgm. 4.0604 gm. -0.531
-4.11

(b) -4.20 "
-4.29 "

-4.26 " -3.71 " 4.2262 " -0.554

-4.50 "
-4.27 "

(e) -4.25 "
-4.28 " -4.27 " -3.72 " 4.2605 ™ -0.531
-4.28 "

Mean Value = -0.552



42.

(6) .éagneeiiiai Chroma te centahydrate. MgCrO”.SHgO.

Pull of Tube III* -0.84 mgm.} /= 0.640} V x 0.05 * 0.110 o.c

Pull Mean Pull Pull Weight X* 10®
(gross) (gross) (net)

{«) -2.45 mgm.
-2.42 " -2.45 mgm. -1.79 mgm. 5.2561 gm. -0.197

-2.44 "

by -2.56 "
-2.34 " -2.36 " -1.72 " 5.1676 " -0.191

-2.58 "

(c) -2.42 "

-2.40 " -2.41 " -1.77 " 5.2049 " -0.192

Mean Velue = -0.195



43.

(Si .Maanaaluai monohvdrata. MgF”*.H”O.
Pull of Tube III = -0.64 mgm.j/= 0.640} V x 0.03 = 0.110 o.o.
Pull Mean Pull Pyll Weight X x 10®
(gross) (gross) (net)

(@) -3.20 mgm.

-3.25 " -5.22 mgm. -2.56 mgm. H4.2699 gm. -0.361

(b) -5.25 "

-3.21 " -5.22 " -2.58 " 4.5036 " -0.358

(0) -5.22 "
-3.28 " -3.25 " -2.61 " 4.3117 " -0.362

-3.26 "

Mean Value » -0.360



(10) Qhls&giW

Pull of Tub® I = 0,35 mgm*;o*= 0.631;

Pull Mean Pull
(gross) (gross)

(a) -4.05 mgm.

-4.04 mgm.

(b) -3.80 "
-5.76 " -3.76 "

-5.75 "

-4.29 " -4.27 "

-4.25 "

44 o

Mgcig.OHgO.

Pull
(net)

-3.71 mgm.

-3.43 "

-3.94 "

V x 0.03 = 0.098 o.0

Weight x 10°
4.1764 gm. —0.538
3.8763 "  -0.554
4.4791 " ¢0.533

iean Value = -0.535



fil).

(a)

(b)

(o)

MagneBlum Bromide-hflxahvdrs te.

Pull of Tube I * 0.33 mgm.; <=

Pull
(grose)

-4.25 rega.

-4.27 "

-4.52 "

-3.5e "
-3.92 "

-3.93 "

—-4.30 "

-4.28 "

Mean Pull

(grose)

-4.28 mgm.

-3.91 "

-4.29 "

Pull

0.651;

(net)

-3.85 mgm.

-3.58

-5.96

w

45.

MgB .60 0.
gBr, 6 Cp

V x 0.05 = 0.098 c.c,
Weight - % 10®
4.7460 gm. -0.504
4.1497 « -0.521
4.7066 « -0.511

Masn 2aliis r -2.«Slg



(12) .

(a)

(b)

(c)

«.ftgnealusii Iodide .ooUtiydrate.

Pull of Tube

Pull 5i8«n Pull
(grosa) (gross)
-5.06 mgm. .

-5.08 " ~5.09 mgm.
-5.13 "

-5.08 "
-5.03 " -5.06 "
-5.08 "

-5.12 "

-5.11 " -5.15 "

-5.16

Pull”
(net)

-4.76 mgm.

Mglg.BHgO.

I ™ -n.T? mgm.; X= 0.651} V x 0.05

Weight

S.6524 gm.

5.5486 «

5.6092 «

46.

= 0.088 c.c.

- * 10®

-0.516

-0.518

-0.522



(13) .

(s)

(b)

(c)

Magnésium Chlorate hexahvdrate.

Pull of Tube I * -0.53 mgm.;

Pull

(grosa)

-363 mgm.

-3.62 ggm.

.57

.70

.70

.76

.78

.67

77

Mean Pull
(gross)

-3.80 mgm.

-3.72

-3.74

nmw

0.651; V x 0.03
Pull Weight
(net)
-3.27 mgm., 4.2404 gm.
-3.39 " 4.3031 "
-3.41 " 4.4141 ¢

Mg (C10%)g.6HgO.

Mean Value

47.

= 0.098 o.o0.

$- X 10

-0.463

-0.474

-0.486

-Q.-4.65



(a)

(b)

(o)

(d)

Pull of Tube

Pull

(gross)

.32

.55

.45

.44

.49

.27

.28

.37

.29

.50

Mean Pull
(gross)

.41 ssra-

fi -5.35 mgm.

i

ft

n -5,46 *

It -5.31 *

«

o -3,29 "

It

I * -0.33 mgm.j

ITIT U

Pull

(net)

-3.02

-5.13

-3.98

-2.96

mgm.

«

«

Weight

.0517

.1465

.1205

.1645

A

(?{» 0,651 V x 0,05 < 0.098

10®

gm. -0.445

« -0,453
» -0.452
" -0.425

46.



49.

(15) . Magnealum Bromata trlhvdrate. Mg(Br0g)g.5H20.

Pull of Tube I “ -0.33 mgm.; iK= 0.831; V x 0.03 = 0.098 c.c.

Pull Mean Pull Pull height 10 6

(gross) (gross) (net)
(a) -3.88 mgm.
-3.78 " -5.80 mgm. -3.47 mgm. 4.7568 ga. . -0.440

-5.80 ®

(b) -3.79 "
-3.84 " -3.80 " -3.47 " 4.8788 " -0.447

-3.78 "

(o) -5.82 "
-3.76 " -3.79 " -3.48 » 4.6935 " -0.445

-3.79 "

Mean Value -0.444



Pull of Tubsi* -0.35 mgm.; K= 0.631; V x 0.03 * 0.098

Pull Mean Pull Pull Weight X 10®
(gross) (gross) (net)
(a) —4-57 mgm.

-4.45 R -4.40 mgm. -4.07 mgm. 7.1916 gm. -0.344

b) -4.52 K&
-4.54 < -4.52 " -4.19 " 7.1890 « -0.354

-4.50 It

(c) —-4.41 n
-4.59 It -4 .41 " -4.08 " 7.1807 " -0.345

-4.43 <

Mfas-SaIns-S-z3.,«-8iéa



51.

(17) . M&gnesium , Mg (NO~)~.6H"O.

Pull of Tube II ~ -0.55 mgm.; oC= 0.654; V x 0,05 * 0.101 c.c

Pull Mean Pull Pull Weight o~ X 10~
(gross) (gross) (n*t)

(@) -3.97 mgm.

-5.97 " -3.98 mgm. -5.45 mgm. 4.4459 gm. -0.466
-4.00 «

(b) -4.02 "
-4.00 " -3.99 « -5.44 " 4.4605 " -0.466
-5.95 «

(c) -3.99 %
-4.00 ~ -4.01 ” -5.46 " 4.4543 « -0.470

-4.05 »

Value g -0.467



(18).

(a)

(b)

(e)

Magnssiuai mono-Hyclroggn oriiio-PboaiihjSte trlh/dMjiE,
agHPO” . SHgO.

Pull of Tube III = -0

Pull
(groBs)

-5.02 "

-5.89 "

-5.97 "

-3.02

Mean Pull
(gross)

-3.86 mgm.

-3.91 "

-5.35 "

.64 mgm.; o<"= 0.640}

Pull
(net)

-5.52 mg».

m3.27

-3.31

w

Weight

4.2041 gm.

4.2380

4.5510 "

iaan Value

V x 0.03

A

52.

= 0.110 C.c.

X 10®

-0.489

-0.457

-0.464

- 3N46"



(19) . MA£nSati!B. .EZZ0"0Oafhats> Mg2?24+7-

Pull of Tube 1 =

Pull

(gToes)

(@ -1.79mgs.

—1.80

-1.80

(b) -1.86
-1.84

-1.85

(c) -2.00
-1.96

-1.98

w

w

-0.33 mgm, ;

Mean Pull Pull
(gross) (net)
—1.80 mgm. —1.47 agm.
-1.85 " -1.52 =
-1.98 " -1.65 "

~ =0.631;

53.

V x 0.03 » 0.096 c.c.

Weight A % 10®

2.4906gm. —0.552

2.6752 » -0.322

2.3553 " -0.353

ISsan Vg?v-" * —0.528



(20) .

(a)

(®)

(o)

M

Pull of Tube III

Pull

(gross)

.75

.78

"

"

-2.81

-2.73

(¢

-0.64

Mean Pull
(gross)

"

mgm. ;

Pull
(net)

-2.20 mgm.

-2.17 "

-2.18 "

0.640;

Weight

1.8222 gm.

1.7832 "

1.6705 "

Mean V&lu9

54.

ortaorArsen*te heml-trldeocabydrate.
2MgHA80* . 13Hj,0.

V x 0.03 = 0.110 cec.

~*x 10®

-0.713

-0.726

-0.707

* -0.715



55.

Pull of Tube II = -0.55 mgm.} <X= 0.654} V x 0.03 ® 0.101 c.c.
Pull Mean Pull Pull Weight X 10®
(gross) (gross) (net)

(a) -1*95 mgm.
-1.90 » -1.92 mgm. -1.37 mgm. 5.8197 gm. -0.201

-1.95 «

(b) -1.95 «

-1.99 %»
-1,95 « -1.40 « 3*9815 « -0.198
-1.91 «
-1.95 «
(c) -1.54 »
-1.55 v -1.56 » -1.23 « 3.5707 " -0.189

(Tube I was used for the 3rd, Packing).



66.

(22) . Magnésium Ammonium Sulphate hexahydrat®, MgSOx*

Pull of Tube II » -0.55 tngnm.| 0.634} VvV x 0.03 * 0.101 c.c.
Pull Mean Pull Pull Weight I X 10®
(groBs) (gross) (net)

(@) -4.07 mgm.
-4.83 " -4.88 mgm. -4.54 mgm. 5.0057 gm. -0.550

-4.88 "

(b) -4.85 "
-4.86 " -4.85 " -4.50 " 4.8555 " -0.553

-4.85 "

(o) -4.87 "
-4.86 » -4.87 » -4.52 " 4.9125 *0.53»

-4.87 "

Mean Value = -0.533



57.

(23) . MaynBBluia xfi hy.alalif£> MgCl”.NH”Ci.d&HgO.
Pull cf Tube II * -0,55 mgm.; 0.654} 9 x 0,03 = 0.101 c.c.
Pull Mean Pull Pull Weight X 104
(gross) (gropa) (net,)

(a) -4.79 mgm.
-4.74 " -4.71 mgm. -4.16 mgm. S.6545 gm. -0.659

-4.60 "

(b) -4.49 "
-4.51 " -4.50 " -3.95 " 3.3954 " —0.650

-4.50 "

(c) -4.74 "
-4.71 -4,53 -4.15 " 3.8177 " -0.661

-4.59

lean value = -0.656



(24) .

Pull of Tube I ~ 0.53 mgm.;

Auil Mean Pull
(gross) (gross)

(a) -3.86 mgm.

-5.90 ” -3.87 mgm.

-5.85 "

(b) -4.16 «
-4.11 %2 -4.14 "

-4.14 7

(c) —4.18 ~*
-4.13 " —4.16

-4.17 «

Pull
(net)

-5.54 mgm.

-5.81

-5,65

<K= 0.631;

«

«

aagSr”.riH”Br.0HgO

58

V x 0.03 * 0.098 c.c

Weight

4.1669 gm.

4.5755 "

4.5300 "

Maan Value

A X100

-0.610

-0.506

-0.512

- -0.509



(25) .

(a)

©)

(c)

MagneeiuBi Ammonium Qrtho-PhogpheW

Pull of Tube II ® -0.55 ing®B.j

Pull Mean Pull
(groBs) (groso)
-5.96 mgm.

-5.96 £ -5.99 mgm.
-4.02 £

-4.20

-4.17 E -4.17 <

-4.14

-4.07 0

-4.07 £ -4.05 £

-5.96 £

?ull
(net)

-3.44 mgm.

_5.62 H

-3.48 £

59.

MgKB~P0* . 6H*0

0.634; V x 0.05 ©0.101 oc.

Weight "Y' X 10®

5.6726 gm. -0.566

5.8344 I -0.572

3.7850 £ -0.556

Mean Value = -0.585



(26) . MftKoeslum M WfnlV”

Pull of Tube II = -0.55

Pull

(gross)

(@) -2.71 mgm.

.80

.7B

.88

.96

.89

.81

17

.89

.87

"

»

Maan Pull
(gross)

-2.77 mgm.

-2.81 «

-2.84 "

60.

faexahydrate. MgNH~AW~.0HgO

mgm.; D(= 0.634; V x 0.03 « 0.101 c.c

Pull
(net)

-2.22 mgn.

-2.56 "

-2.29 "

Weight y X lo'
5.4011 gm. -0.583
3.5228 " -0.396
3.4978 " -0.586

Mean Value = -0.585



61.

tea r I
(27). MagaMlam r.rriQitttnld. ¢ a n . %3[Pe(CN)gj215a"0.

Pull of Tube III = -0.64 mgm.; 0.640; V % 0.05 = 0.110 oc.
Pull Mean Pull Pull Weight 14x 10®
(grosa) (groas) (net)

+51.4 mgm. +52.04 mgm. 3.5529 ga. +5.86

(b) +52.1 g

+32.2 " +52.2 " + 32.84 * 5.5889 " +5.89

+52.4 "

(c) +32.2 «

+52.1 " +52.1 " + 52.74 " 5.5837 « +5.88

+32.1 "

Mean Value =+ 5,88



62.

(28) . MugnaalffiH Carbonate_trlhydcsta. MgCOj.SH”O.

Pull of Tubo I = -0.53 mgm.; 0"- 0.631; V x 0.03 - 0.098 c.c
Pull Mean Pull Pull Weight X' * 13
(gross) (gross) (net)

(a) -5.01 mgm.

-2.99 " -3.01 mgm. -2.68 mgm. 3.2590 ga. -0.489

) -2.91 =

-2.92 n -2.92 v -2.59 ~* 3.2251 " -0.478
-2.94 "

(c) -2.86 "
.2.88 - -2.87 " -2.54 " 3.1436 " -0.493
-2.87 «

Maan Value = -0%t4£%Z



65.

(29). BagaaMurf,Eth«l 3alalM ltw W ~ 14 £aM .AMg(C,,H*S{i*),,.5H.,0.

Pull of Tub# III = -0.64 ; K=0.640; V x 0.05 » 0.110 co.
Pull Mean Pull Pull Weight A x 10®
(groas) (grosa) (net)

(a) -4.13 mgm.

-4.16 " -4.14 mgm. —3.50 mgm. 4.2970 gm. -0.495
-4.15 "

(b) -4.12 "
-4.11 " -4.12 " -5.46 " 4.2800 " -0.4095
-4.15 "

(c) -5.94 «
-5.95 " -5.95 " -5.51 " 4.1084 nH -0.489

-3.98 "

Mean Value = -0.493



(30) .

(a)

(b)

(o)

Magnaalum Formata dih”“drste.

Pull of Tube I = -0.33 mgm.; K =
Pull Ksan Pull Pull
(gross) (groas) (net)

-5.06 mgm.

-3.04 " -5.06 mgm. -2.73 mgm.

-5.08 "

-3.20 "

-3.20 " -5.20 " -2.87 "

-3.18 "

-5.11 "

-5.14 " -5.12 " m.79 "

-3.11 "

Mg (HCOO) g.2HgO.

3.651; V x 0.05

Weight

3.7244 gm.

5.8480 "

5.7660 "

Mean Value

64.

» 0.00Gc.o.

Yy =* 14

-0.436

-0.446

-0.441

= -07441



(a)

()

(c)

Pull of Tube I » -0.53 mgm.; "

Pull
(gross)
-2.77 mgm.
-2.85 n
-2.83 ¥®
-2.79 0
-2.81 £
—2e82 D
-2.81 £
2684 £
-2.80 £

Moan Pull
(gros.)

-2.81 mgm.

_2.81 n

-2.82 "

Pull
(net)

-2.48 mgm.

_2'48 "

_2.49 n

~ 0.631;

N

Weight

2.7626 gn.

2.7840 =

2.8168 "

vV x 0.05

66.

* 0.0980

—0.551

-0.527

-0.625

Siaan Value =-0.5%



(S2) . Magnaelum Butvrate Mg (CHg (CHg) gC00)g.4H20.

Pull of Tube I = -0.53 mgm.; 0,551; vV £t 0.05 * 0.098 o.o0

Pull Mean Pull Pull Weight Y * 10®
(groas) (gross) (net)

(a) -5.52 mgm.
-3.31 " -3.36 mgm. -3.03 mgm. 2.8500 gm. -0.636

-3.44 "

() -3.37 "
_3.3g8 _5.36 " -5.03 " 2.8074 "  -0.646

-3.52 "

(0) -5.25 "
_5 24 m _5.26 " -2.93 " 2.7688 "  -0.634

-5.28 "

Value - —0.659



(33)

(b)

(c)

(d)

Pull of Tube III = -0.64
Pull Mean Pull
(gross) (gross)

-2.51 mgm.

-2.53 " -2.52 aigm.

-2.51 »

-2.62 "

-2.58 " -2.60 "

-2.60 "

-2.54 «

-2.61 " -2.59 "

-2.61 "

-2.50 "

-2.54 " -2.52 "

-2.55 «

.Maanealua Oxalate. Altodrata. Mg (COO)2.2HgO.

mgm.}0(= 0.640} V x

Pull

(net)

-1.88 mgm.

-1.96

-1.95

-1.88

»

Weight

3.0494 gm.

5.1092 «

5.2027 "

2.9617 "

Mean Value

.05

87.

0.110 c.c.

-0.368

-0.368

-0.355

-0.369

-0.363



68.

(54) .Mftgnealum Suocln&te tstrahydrate. Mg (CHgCO00)2.4H20.

Pull of Tube ITI * -0,55 mgm . = 0.654} V x0.05 =0.101 c.c.
Pull Mean Pull Pull Weight X *
(gross) (gross) (net)

(a) -4.17 mgm.

-4.10 " -4.12 mgn. -5.57 mgm. 4.1815 gm. -0.517
-4.08 "

(b) -4.11 "
-4.05 " -4.08 " -5.54 " 4.1118 -0.521
-4.11 "

(0) -4.11 o
-4.12 " -4.12 " -3.57 " 4.1741 " -0.318

-4.14 "

Mean Value = -0.518



(55) .

(a)

(b)

(c)

69.

Magnesium d-Tartrate baml-nentahydcaW. 2Mg(C*H”Og)g.5HgO.

Pull of Tube I « -0.33

Pull Mean Pull
(groas) (gross)
-8.40 mgm.
-2.43 " -2.44 mgm.
-8.48 "

-2.44 "
-2.45 " —-2.44 "
-2.44 "

-2.54 n
-2.53 " -2.54 n
-2.54 "

0.631}
Pull Weight
(net)
-2.11 mgm. 2.6297 gm.
-2.11 " 2.6681 =
-2.21 " 2.0527 *

Mean Value

V x 0.03 * 0.088 c.c.

I 10

-0.434

-0.430

-0.459

-0.454



70#

(36) Magnaalum salt of .8-hvdrQxy-&9laallaa,

o— o

Pull of Tube I = -0.33 mgm.}'*= 0.651} V x 0.03 = 0.088 c.c
. 6

Pull Mean Pull Pull ' Weight X 10

(grosa) (gross) (net)

(a)-5.06 mgm.
-5.08 " -3.04 mgm. -2.71 mgm. 2.6852 gm. -0.601

-3.00 "

-3.05 " -5.10 " -2.77 " 2.7237 " -0.606

-5.15 "

_3.07 " -3.07 " -2.74 " 2.7414 " -0.596

-5.07 "

Mean Value = -0.6Q1



71.

(57) .Magnesium.Mg (sticks).

Pull of Tube IV = -0.30 0.568; V x 0.03 * 0.084 c.c
Pull Mean Pull Pull Weight K % 10®
(gross) (gross) (net)

(a) +74.0 mgm.

+72.S mgm. +72.60 mgm. 5.8276 gm. +7.089
+70.5 "

(b) +74.1 »

+74.1 " +74.40 " 5.7009" +7.594
+74.1 "

Mean Value = +7.241



(1) .

(2) .

Substance

Mg (powder)

Mg (sticks)

$g (OH) g
KgFg.HgO
MgClg. 6HgO
%g (NOg) “HgO
MgBrg.aHgO

KgfClo0 )
6RgO 5 2

iig(c10.)qg.
6HgGO ~ ~

Mg (BrO,) , .
SHgoO ® ~#

Mglg.SHgO

Mg (103j)g.
4HgO =

Ply. .elsai
Mlana-

MgO

MgSOH

MgSO“ .HgO
MgCO3j . SHgO
MgHPO” . SHgO

MgCrO”.SHgO

12

12

50

40

106

154

142

154

170

160

198

206

20

60

70

72

90

118

TASLf I

x"

+ 1

+ 7.

-9

X 10®

.540

841

.537

.560

.535

.487

.518

.468

.439

.444

.519

—0*548

.168

.557

.410

.487

.465

.193

e 57.

+ 170.

-20.

-28.

-108.

-1109.

-149.

-140.

-145.

-148.

-219

-161.

-40

-56.

-80.

-44.

10®

45

6

32

94

70

72

60

10

40

40

.20

00

17

.53

74

.88

74

46

72.

S X x 10®
-15.06 -5.26 *
—25.60 -5.34 *
-118.20 +9.50
-112.40 -6.34
9]
-140.00 -9.60
-130.00'~' =-=10.10
-157.20 -8.20 *
k)
-121.20 -27.20
a)
-194.00 -25.20
a)
-142.00 -19.00
-4.60 -2.17
®
-57.00 -3.53 *
-so0.00""'"'/ -6.74 *
-61.20 -4.68 *
-77.4™ -3.34 *
-32.00"' -12.46



(4) .

SubBbaace

KgSgOgGHgO
KgSOj . THgO

SNgHASCU.
ISHgO

anlori.

»,31lr. (»3],

Doubla 2Zaire.

S50 a-

agClpNK.Cl.
8HgO*
6HgO”

MgBr,NH.Br.
GHgo® 4

MgSO (NH.)SO.

6H O* A

2
Cuadrlvslfitti
Anlans.
\\\/ A

MgoASoO*

128
150
286

384

130

154

148

188

190

110

146

X0

.532
.557
.715

.88

.565

.656

.585

.509

.553

.32%*

.196

-130.10
-152.50
-402.40

+4510.0

-138.70

-168.50

-111.40

-199.00

-192.20

-75.28

-60.77

-150.

-155

-152

-187.

-186

»

75

.58

.79

10

.57

73.

I:X 103

-8.51

-7.95 «*
-12.92
+-41.39
-11.90

-5.65 *



(6) .

Substance

argftnig
Aalsai.

Kg(C00)g.
2HgO

Mg (HCOO) ,, .
2HgO  ~

Kg (CH,COC) ,, .
2H.0 *

2
Mg (CHpCOO) g.
4H20

Mg (C[iIC£fUpid),, .

4HgO 2
Mg (CgHgNO) 2

2Mg (CgH5S04) g,
3H»0

aWgfCjHjOg) *
5HgO

The mean

and

N

76

78

94

112

146

162

284

578

value o
l*. =

A~ 10®8 A x

-0.563 -54.
-0.441 -63.
-0.527 -94.
-0.519 -110.
-0.659 -172.
-0.601 -186.
-0.495 -291
-0.454 -317

10®

05

56

01

30

90

40

.20

.20

-55.

-60.

-86.

-104.

-1509.

-184.

-295.

-512.

09

60

00

72

02

60

60

58

74.

10®

P

-0.15%*

-5.78 *

-8.01 *

\©

%
-5.62
-13.88

-1.80 *

‘+-2.20

-4.27 *

those denoted by * was taken

-6.06



(1) .

(2) .
(3).
(4).
(5) .
(6).
(7).
(8) .
(9).

(10) .

Substance Temp
Mg o
(M.P. 650 £ 2 ) 181
650 J
650 I
700 J
MgO 17
MgClg . 18
MgClg.eSgO 18
MgBrg 20
Mgso”* room
MgSOA.THgO I
MgCO3j ft
MgCOj.SHgO n

Mg (CgH5S0g) 2.2H20 T

oC~¥

10#

£ 0.55

4-0.55
(liquid)

.25

.50

.67

.57

.45 (AQ)
.551
.51
.525

.525

Observer

13
Honda

A~Meyer
ft
If

tk
»

14studley
“®Pascal
1*Meyer

~~Pascal

If

75



76.

RESULTS,

Results are tabulated In Table I, according to the
valency of the negative radicle, and in order of increasing
number of electrons, N, The salts of magnesium with
orgadic radicles are grouped separately. Column 3 contains
the mean experimental magnetic maes susceptibility“for
each compound. In column 4, the molar susceptibility

* }*)*Mdol. ft., for each compound is shown. Column 5
contains the wvalue * which represents the ionic suscepti-
bility of the negative ion plus the total molar suscepti-
bility of the water of crystallisation of the compound.

In the determination of the wvalue 6", it was assumed that
the molar susceptibility of the magnesium compound was the
sum of the ionic susceptibilities (also assuming that the
salts are polar) and of the molar susceptibility of the
water of crystallisation. It was also assumed that the
hydration was not part of the magnesium ion, in obtaining
the value for the magnesium ion. The values of * were
taken from the International Critical Tables VI p. 349,
except where otherwise stated:- (a) these values were
taken from a paper by 2Spencer and Holiens, and the values
(b) from a paper by “Trew. The values of *# for the organic

salts were calculated from Pascales values for atoms and

linkages} the carbonate ion was calculated by this method



77,

also. Column 6 contains the resulting values of the sus-
ceptibility of the magnesium ion. This ionic value was

not obtained for compounds that are non-polar, such as

the pyrophosphate, pyroaraenata and ferricyanide. The
8-hydroxy-quinoline compound was treated as an organic
compound, and it was assumed that the total molar suscepti-
bility was the sum of the molar susceptibilities of the

component systems and linkages.

DISCUSSION OF RESULTS

It will be seen from Table I that some values
obtained for the magnesium ion diverge greatly from the
mean value of -5.06 x 10”~. The best set of results
are those obtained from the salts of magnesium with a
divalent radicle and those with an organic radicle.

The compounds containing the halogens, are iz“articular,
anomalous.

For a mononuclear spherically symmetrical atom or

ion, the susceptibility is given by Langevin¥*s oquation:-

A * Omc/r~* = -2.83 x j.2

where X. on the classical theory is the mean square



78.

radius summed for all the electrons in the atom or ion.

On the newer quantum mechanical view, it is the average
effective electron density distribution. From the
equation, it can be seen that the Ionic susceptibility

is proportional to the same mean square radius, and there-
fore the radius of the atom or ion. In the determination of
the g«am ionic susceptibility of magnesium, the tangevin
equation was assumed to hold good. However, it was
originally deduced for polar compounds of two mononuclear
spherically symmetrical ions, such as sodium and chlorine.
It cannot, therefore, apply strictly to any other type of
compound, of which the following include the magnesium

oompounds; -

(i) Compounds with more than two ions, sucn as the
double ammonium salts.

(11) Covalent compounds, where the spherical symmetry
of the component systems is mutually distorted.

(i1ll) Hydrated compounds, into which class the bulk of
the magnesium compounds fall.

(iv) Complex salts, such as magnesium ferrieyanide.
In solid crystals, inter-ionic forces limit the

radii of the ions, and must necessarily influence the

susceptibility.



10.

With the exception of six compounds, all the compounds
of magnesium Investigated are hydrated, the average number
of water molecules of crystallisation being six, which is
the normal coordination number of 'magnesium.

Since the water molecules are evidently coordinated
to the magnesium ion, it would seem that it is this factor
which affects the ionic susceptibility, and therefore the
ionic radius.

The attractive power of the positively charged
nucleus of e metal ion towards electrons, must necessarily
decrease with increasing distance from it. Therefore it
would seem that the ionic radius of magnesium is decreased
in order to bring the water molecules closer to the nucleus,
in order that they may be firmly held. Although this would
make the actual radius of the ion smaller than in an un-
hydrated ion, the effective ionic radius influencing the
susceptibility, may be larger, due to the water molecule®
being incorporated and forming a shell round the ion.

Adjacent ions in a solid crystal limit the ionic
radius so that the ionic susceptibility is less than that
of the free ion, or ion in solution.

A large value for the ionic susceptibility of
magnesium is noticeable where the anion is univalent, and
especially so when it is large, or complex, as in the

chlorate, bromate and iodate.



»



eo*

In Graph I, the molar susceptibilities of the halides
of magnesium have been plotted against the total number
of electrons within the molecule. It will be seen that
the values fall on a straight line. In definitely polar
salt® of the halides” it has been found that the valuepfor
the chloride does not fall on the line, but at a point
in the direction of increasing susceptibility. The fact
that, in the graph, the value for the chloride falls on
the line shows that either, or both, the ionic susceptibilities
of the hydrated magnesium ion or of the chloride ion have
been decreased. Upon reference to Table I, it will be
seen that the resulting value for the ionic susceptibility
of magnesium, from themolar susceptibility of the chloride,
is quite anomalous, the rest of the series being quite
linear and showing an increase of ionic susceptibility
with increasing number of electrons. Therefore it appears
more likely that the chloride ions should decrease in size
and hence in ionic susceptibility, rather than the single
magnesium jion with itsshell of water molecules.

In Graph 1II, themolar susceptibilities of the
chlorate, bromate and iodate have been plotted similarly,
together with the nitrate which has a similar eonstitution.
This series is linear, with the exception of the iodate.

It must be noted that in this series the salt containing

chlorine In the complex anion does not give an anomalous
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value for the Ionic susceptibility of magnesium; and also
that the ionic susceptibility of magnesium increases with
increasing size of anion.

From these two sets of results giving, on the
whole, high wvalues for the susceptibility of the magnesium
ion, it would appe?r that the influence of two large anions
upon the hydrated magnesium ion, is one of "dilution” of
the ionic charge and an increase in the distance of the
shell of water molecules from the nucleus. This expansion
of the ionic radius of magnesium must occur, also, to
allow the two large anions to become electrostatically held
to the cation.

The salts of magnesium with a divalen anion, show
more consistent, and lower, values for the susceptibility
of the magnesium ion, in spite of the fact that they are
somewhat larger than the nitrate-lodate series of anions.
Howeve», the molecule of the salt only contains one cation
and one anion, and therefore the hydrated magnesium ion
does not have to expand so much to accomodate the anion.

Graph III shows the molar susceptibilities of the
sulphate series, i.e. anhydrous and hydrated sulphates,
thiosulphate and chromate plotted against the total number
of electrons. The sérias is linear, with the exception
of the chromate, which is due to tha fact that the chromate
ion is paramagnetic. It should be noted that the substi-

tution of sulphur for oxygen, as shown by the thiosulphate






BZ.

does not affect the susceptibility.

The compounds of magnesium with organic radicles,
also give a fairly consistent set of results for the
susceptibility of the magnesium. The molar susceptibility
increases regularly with an increasing nui;%ber of carbon
atoms. In the Fatty Acid series, the formate, acetate,
and butyrete, there is an increasing susceptibility of
the magnesium ion with Increasing number of carbon atoms.
This is also shown by the oxalate and succinate in the
Dibasic Acid series. This indicates that the organic
radicles,with increasing size, have a 'diluting” effect
on the charge surrounding the magnesium ion, and thus the
ionic susceptibility and hence the ionic radius is Increased.
This was also found by STrew. It must be noted, too, that
the number of water molecules of crystallisation is less
in the organic salts than in the inorganic salts.

From the salts of the Fatty Acid series, and from
those of the Dibasic Acid series, the wvalue of the molar
susceptibility of the -CHg- group, jc can be ob-
tained by difference of the molar susceptibilities of

succeeding salts. The values are shown in Table II:-



es.

Substance

(&) Fatty Add garXeat-

Mg (HC00) g.2HgU -60.36
-13.83

Mg (CHgC00) g.2H20 -94.01
-13.20

é Mg (CHg (CHg) 2C00) 2.4H20 -172.80

(b) Dlbaalo Ao0l6 Sarlest-

Mg (C00) g.2Hga -54.05
-15.12

* Kg(CH2Ca0)2.4H20 -110.30
Mean Value:- -14.07

TABLE II

In the salts denoted by iE, the molar susceptibility
of two molecules of water were also subtracted.

This mean value of - -14.07 is to be com-
pared with the mean value of *# -CHg- * “12.35 x 10"™®
obtained by -**Pascal in his classical work cn organic
compounds in 1909.

The susceptibility of magnesium metal is of interest.
Two very divergent results were obtained for the metal,
when oeet into sticks, and when powdered. No ferromagnetic

material was present in the specimenh. The metal when
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cast into sticks gave a large paramagnetic mass suscepti-
bility ofl1l” = 't7.241 X 10~®. When the powdered metal
was used, the value was very considerably smaller,

t1.540 X 10“®. ““Honda in 1910, using the Curie-
Cheneveaux balance gave the value as'X'--t-0.550 x 10“®,
From the results above it would seem that the smaller
the particles of metal, the smaller the susceptibility
value.

Pauli has put forward a theory of paramagnetism
due to free electrons present in the metal in bulk. It
is known that a metal in bulk often has a different
magnetic effect than when in the atomic stats. Silver
and copper, for example, show paramagnetism for the separate
atoms, while the metals in bulk are diamagnetic. It was
thought that if the extreme paramagnetism was due to free
electrons, this might be eliminated if the metal were in
solution. For this purpose, an attempt was made to
make magnesium amalgams in order to measure the suscepti-
bilities, As stated before, the amalgams are very
difficult to handle, and a technique for so doing could
not be developed in the time available.

In graph IV, most of the magnesium compounds have

been plotted, as before, - the molar suaceptlbilities against



GRAPH iV

0-2 Z



86,

the total number of eleotrons. It will be seen that the

majority of the compounds form definitely linear series.
Ifcenmeyer has similarly shown in graph form that a linear

relationship holds for the gram molar susceptibilities

of the allcall halides, determined from measurements in

solution. The susceptibility can be represented by the
equation * 10~ = £f Co
where N * total number of electrons
” a general constant * 0.803 x 10 -°
and a specific constant for the given
series of salts.
For magnesium the salts the wvalue (which is the

_Q

A\
slope of the curve in Graph IV and=tan o), is * 0.96 x 10
This la the average increase in diamagnetism per electron.

The deviation from iécenmsyer*s value is probably dus to

—6
thehydration of the salts. The value of Cg la = -8.5 x 10
on an average. The average line on the graph includes
the nitrate aeries of ions. In unhydrated salts,,

this series usually gives a higher value for Cg.

The value of -5.05 x 10 for the experimental
ionic susceptibility, can, at the best, be only approximate

for the magnesium ion. With sn ion possessing a higher



value, the same deviations on either side of tha mean
value are of less percentage than those for a small value
of ionic susceptibility.

Tha Langevin equation shows that the ionic sus-
ceptibility depends on the wvalue of the different
groupa of electrons In the ion. This value has been
calculated by 5Pauling, 19Hartree and 7Slater. Pauling*a
value waa obtained from screening constante snl hence the
effective nuolear charge, for the different groups of
electrons In atoms or ions. This method, however, Involves
a number of rough approximationa. He calculated the

ionic susceptibility Giaing the equation:-
) 6a = -0.81 I 10~« 2 * ||,2 -

where 1 - orbital cuanturn number. Hartree*s method is

one of a "self-consistent flold" for spherically symmetrical

atoms or ions. In this the charge distribution satisfying
*5 vA/orhed ou.t.

the SohrSdingsr equation of wave mechanicsHe has shown

that for a number of atoms and ions the curve showing

the charge per unit radical distance (in a spherical shell

of unit thickness) is a function of the distance from the

nucleus. 6Stoner has calculated the diamagnetic sus-

ceptibility using Bartree*s method, from the equation

- -2.85 X 10" r*.— .dr
dr
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Slater* 0 method, is from space charge distributions
also, using the wave function of the electron in a sya-
metrical form. Brindley has used Slater*s expression
and calculated the diamagnetic susceptibilities of a
large mur;<ber of atoms and ions. His results show that
this method gives the most consistent agreement with
experimental results, the best agresment, however, being
for those atoms and ions of larger values of ¥*px
(i.e. ionic radius). Experimental values for the
diamagnetic susceptibility of the magnesium ion have been

given by ®Hocert, “Pascal, *”Kido, and “Ikenmeyert-

Theoratical Expérimental

Pauling Stoner Hccert Pascal Kido Ikenmeyer I.C.T,

(Hartree)
3.2 4.3 5156 8.0 4.3 4.5 10.1
- wvalues are x 10

The theoretical diamagnetic susceptibility of the
magnesium ion has been calculated using Slater*s rules for
determining the screening constants for the wvarious
electrons In an atom or ion.

The screening constant for each electron consists
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of contributions from all the other electrons, both In
the same group and in groups from orbits of lower quantum
number. From this the value of the mean square radius of

the orbit, r , is calculated from the equation:-

rs = (n")* (n* + h) @m* + 1)
(z - 3)2

where W= offectlvo principal quantum number
Z = atomic numbsr

S = terlvea screening constant for any electron.

(Z - S) effective nuclear charge for sach electron.
In the magnesium there are ten electrons, two of which are
in the IS orbit and eight in the 2S? orbit. Of these

eight, two are in the 23 orbit and six in the 2P orbit.

Slater*3 rules are as followst-

For S and ? electrons in same group S = 0.25

and S 0.50 when

in the 2S orbit.

For S and ? electrons in higher groups S = 0.00
rooro " loter " S = 0.65 where
n* = fn* - j)

and S =1.00 for all

lower groups.
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For d and f electrons S » 1.00 for all electrons
in lower groups.

For Magnesium ion, Z * 12.

IS® orbit:- D' = 1.0} S = 0.30} = A(un70) ~
* 0.044

2P® " I-n* =20} S * (3 x0.85) H' (7 x 0.55) = 4.15

[ f"-2=8.,X4.8&W
(7.85)2
» 5.894
. Total® = 5.894 -£-0.044

3.958
- this value is in Atomic Units.
Brindley has shown that the gram ionic susceptibility is
calculated from the equation
100 X 14 = -0.790 X2 r* (in Atomic Un;ts)

ion

By substituting the calculated value of 3.938 for 2.r

the theoretical value for the gram ionic susceptibility
of Magnesium can be obtained:-
X- x 10® « -0.790 x 5.958

ion
= -5.12



Thl.0 valus Is In fairly good agreement with the
experimental value of —5.05 x 10““S, bearing in mind that
the discrepancy would not be such a large percentage in
an ion with a higher wvalue. It must also be noted that
this theoretical value la for the free ion, whereas the

experimental value is Influenced by hydration and other

Interlonic forces In the crystal.

DetOorminatl;>n gf .thé& i%nlS B&aiWs.

by means of the L&ngevin aquation, the mean square
radius summed over all the elsctrone in the ion, can be
calculated from the experimental value of the gram ionic
susceptibility of magnesium.

'Y' X 10® a (r* in A.U.)
A 6mo~
=-2.35 X

By substitution:-

-5.05 X10“® = -2.65 X 10**

~ -2.83 X 101G
= 1.784 X

Tte valus obtained by Slater'? method was = 3.938
in Atomic Units.

since 1 A.0. = —-———"~——— Atomic Units

90.
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= 3.958 X 0.528 A.U.

Z thecr,
s 2.079 A.U.
These values for # are not the square of the
outer radius of the ion. The value for the actual outer

radius cannot be determined from It, as the contribution
of the wvarious shells to the mean square radius is not
known. However, a rough value for the outer radius
can be obtained by Slater*s method, because in the magnesium
ion it can be seen that the 2SP orbit contributes by far
the largest amount.

The effective radial electron density, which ia a

measure of the radius, is given by the equation:-

-, = -"4-s)
Since n* = 2.0 for the outer orbit
and 2 - S 7.85 n « « «
r* = "7 95 Atomic Units.
i.e. r* = x 0*528 in A.O.

= 0.27 A.O.
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A valus for the ionic radius can also be determined
from experimental data. It will be saen that
/ £ ™ i “H
where *r* and r* have the same meaning as before and
the subscripts e and t denote the experimental and
theoretical values reepectively¥*

Substituting -

rl » X 0*27 A.O.
® y 2.079

a 0.54 A.U.

These values of the ionic radius of magnesium are
to be compared with values obtained by 21Goldschmidt,
22Pauling, and 2%Zaohariasen, who give 0.78 £.U., 0.65 8.0.,
and 0.71 A.O. respectively. Goldschmidt’s value was ob-
tained from empirical data from crystal structure by X-ray
scattering. The values by Pauling and Zaohariasen are
calculated values.

Although it was stated that the Slater method for
determining the ionic radius was only approximate, yet
it is interesting to note that the values of 0.34 A.0.,
and 0.27 A.O0. are nearly half those obtained by other
workers. In this connection it is to be noted that

Goldschmidt used anhydrous compounds of magnesium with

a monomolecuiar anion, such as the halides and sulphide.
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The results presented here are for several types of
magnesium compounds, that is:-

(1) Polar compounds, e.g. ahydrous magnesium sulphate,
and magnesium hydroxide;

(2) Hydrated compounds, and

(5) Complex oompounds, such as the organic salts and the
double ammonium salts.

The results tend to show that by far the larger
number of magnesium oompounds of the latter types (2) and
(3) do not conform to the Langevin equation, and therefore
strict or even slight additive relationships are not found.
The oompounds of cadmium, investigated by Spencer and
Hellene, are cociparable with the magnesium compounds, whilst
on the other hand, the thalloue compounds Investigated
by Trew, and the alkali halides, invectigated by “Ikenmeyer,
show that the Langevin equation is applicable, and that
the gram ionic susceptibilities bear a simple additive
relationship to the molar susceptibility. These two latter
types of compounds are definitely polar, and this is borne
out by the consistent results for the gram ionic suscspti-
bility obtained, (loo. cit.)

The results of “Sugden on silver compounds show
that where it can be assumed that the molecules conform
with the fundamental hypotheses of the Langevin equation
additivity is observed, whereas, where the assumptions

can not be made, as in the complex compounds with pyridine.
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there is a large para-magnetio susceptibility and no
evidence of an additive character.

Prom which it is to be concluded that a definite
constitutive factor due to hydration comes into the wvalue
of the molar susceptibility for all types of compounds
except those which are strictly polar.

24Gray and Farquharson have put forward a theory
of a”’merger"atom. In the example of the formation of
the potassium chloride molecule, they suggest that the
two step:fiaken, first, the formation of the molecule,
and second, the formation of a single "merger" atom, by
an Imaginary forced merging of the ionic nuclei. This,
in their opinion, would bring about diamagnetic changes.
The molecule thus formed would have three nuclei, two
real and one virtual, the latter assuming control over
certain of the electrons originally controlled by one or
both of the other real nuclei, and this would tend to
bring about the development of weak paramagnetlsm.

This might also be the case in the formation of a
hydrated ion, 'such as magnesium. The results of the present
investigation, do not, however, appear to confirm this
view. It will be seen from Table I, that the molecule
Instead of becoming less diamagnetic under the condition®

which could give rise to a "merger" atom, in actual fact

is more diamagnetic.
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SUMMARY

(1) The magnetic mass susceptibilities of magnesium and thirty-
five of its compounds have been measured, and the values
compared with those previously published.

(g0 The gram Ionic susceptibility calculated from nineteen
compounds has the value = -5.05 x 10~®, but this can
only be an approximate value since the Langevin equation
is not strictly applicable to many of the compounds used
in the calculation.

(5) The limiting effect of hydration on the magnesium ion
has been discussed in relation to the gram ionic suscepti-
bility. It la shown that hydration 1» a definite con-
stitutive factor in establishing the dimensions of the ion.

(4) The mean square radius of the ion has been calculated
from Slater* 8 rules, and has the value”r = 2.079 A.U.
Using thi“value, the theoretical ionic susceptibility
of magnesium has been calculated from Brindley’s equation
and a value of = -5.12 x obtained, which compares
favourably with the experimental value, considering the
approximate nature of the theoretical deduction, and the
constitutive effect of hydration on the ion.

(5) The approximate ionic radius of magnesium has also been
determined from Slater’s rules, and th”* wvalue of r’ * 0.27 A.U

and the subsequent value of r’ = 0.54 A.U. obtained from



experimental data are compared with the wvalue obtained

by Goldschmidt from polar compounds of magnesium.
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