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~OTE8 ON THE OCCURRENCE AND ESTIMATION OP 

NITROGEN IN MAGNESIUM. 

(A paper read before the Sydn~v Cniversi~)' Engineering Societ.y, 

July 10/h, 1900). 

By MR. E. d. -B. HEDEN, B.A., B.~c. 

I T is well known that magne"ium very l'eadi~y forms a nitride, 
Mgs N 2, when heated in contact with nitrogen· or ammonia. Thit; 
is a. greenish-yellow amorphous substance, which, when heated in 

dry Oxygen, is converted with incandescence into magnesia. Advan
tage is taken of this formation of nitride in the separation of argon 
from atmospheric air. 

Deville and Caron, when preparing magnesium, observed that, the 
distilled metal sometimes appeared coverect- with small, transparent 
needles, which decomposed in moist air with formation of ammonia 
and magnesia, and, therefore, contained a nitride of magnesium. 

The following experimental work was undertaken by the author to 
ascertain whether nitrogen was occluded or combined with magnesium 
in the production of the commercial metal. 

Mr. J. B. Kirkland, Demonstrator of Chemistry at the Melbourne 
University (Proceedings Australasian Association for the Advancement 
of Science, 1893), some years ago made some experiments in which mag
nesium was volatilised at a dull, retl heat in a glass vessel of hydrogen. 
The glass in contact with the magnesium, and some distance away, was 
attacked owing to the more powerful affinity of magnesium for oxygen; 
a brown film of silicon, reduced from the silica of the glass being left. 
This is due, in the author's opinion, to the volatilisation of the 
magnesium in hydrogen, but Mr. Kirkland considert; that he offers a 
more plausible explanation in that the magnesium may form a volatile 
hydride readily decomposable, 
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Mr. Kirkland further noticed that if a coil of magnesium ribbon 
be taken and gently squeezed in a vice, 01' between the fingers, the 
metal emits a strong odour-reminding one of phosphine,-yet the 
metal, Lefore pressure, has no slllell. This suggested the possibility of 
phosphurus or, preferably, nitrugen being present in the magnesium. 

PREPARA1'ION OF COMMERCIAL MAGNESIUM. 

Magnesium is prepared generally Ly fusing together the douLle 
chloride of patassium and magnesium, flour spar and metallic sodium, 
and purified by distillation ·out of contact with air-the air being 
feplaced by hydrogen or coal gas. The impurities in the crude metal, 
according to ltoscoe and Rchorlemmer, are carbon silicon, and nitrogen. 

The magnesium was fitted in a lathe, and some filings were turned. 
During t.he operation, a strong smell, reRp.mbling ammonia, was noticed. 
This point.ed to the existence of nitrogen in the metal; for, if not 
present, the only way for the ammonia to form would be from the 
action vf nitrogen of the air on aqueous vapour caused by heat 
from the fridion of the tool on the magnesium. If this were the case, 
a faint i:imell of ammonia ought to be noticed when iron or steel i8 
being turned. 

To see whether any phosphorus was present in the metal, about 
five grains of the latter was dissolved in dilute hydrochloric acid, and 
tested for by means of nitl'ic acid and ammonium molybdate. No 
yellow precipitate was seen on warming at 60° C. for an hour, nor on 
standing overnight. So it was concluded that no appreciable amount 
of phosphorus was present. 

Some of the filings were then taken and about three grains were 
placed in a small flask, and covered with a strong solution of caustic 
potash. This was distilled into a small beaker containing two cubic 
centimetres of Nessler's solution in about 100 C.C of water, care being 
taken that the solution did not boil furiously, so that the contents of 
the distilling flask did not reach the distillate, except as gas or steam. 

A similar experiment was made on the same amount of caustic 
potash solution. The results were -7- In the first experiment, after 
two minutes, a large, brown precipitate formed in the beaker. In the 
second, a faint yellow precipitate only formed. In both experiments, 
distilled water wal; used, and any dissolved gases were expelled by 
boiling. 

Still the Ne~sler reagent showed that there was Kome nitrogen in 
the water, or in the caustic potash used. The precipitate from the 
distillation of the caustic potash with the magnesium was so excessive 
in comparison to the first, that it was concluded that nitrogen was 
pre"ent, eitller as nitride or occluded nitrogen. Care was taken that 
the apparatus was perfectly clean. 

The Nessler reagent employed was similar to that used by 
\Vanklyn in his ~Watel' Analysis. 
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METHODS PROPOSED FOR THE ESTIMATION OF THE NITROGEN. 

Since the precipitate obtained with the Nessler's solution was 
large, it was impossible to use the solution in the way it is used for 
water analysis, where free and albunimoid ammonia are estimated in 
exceedingly small quantities. 

Three or four method~ were proposed. 
I propose to enumerate these, state results obtained, and criticise 

them :-
(1 ). Watt, in his dictionary, says that nitrogen present as 

magnesium nitride is converted into ah ammonium salt on dissolving 
in dilute acids j either hydrochloride acid or sulphuric acid. 

In this method, magnesium was dissolved slowly in dilute acid, 
the hydrogen evulved converting all the nitrogen as nitride into 
ammonium chloride j then it was distilled, after adding excess of 
caustic potash, the ammonia which is evolved passing through a Liebig 
condenser into standard acid. The latter being libemted with equiva
lent alkali solution, as in Kjeldahl's method for determining nitrogen 
in manure,~ and in other compounds. 

Mg + 2 HOI = Mg 012 + Hz 

6 Hz + Mgg N2 = 2 NH3 + 3 Mg. 

NHs + HOI = NH, 01 

NH, 01 + KHO = NHg + KOI + H.O 

Normal solutions of sodium hydroxide and sulphuric acid were 
prepared. 

1 C.c. of normal acid neutralised correHponds to '014 grammes of 
Nitrogen. Solid Mg. was placed in a flask, dilute acid poured in, and 
the hydrogen evolved was allowed to escape very slowly through an 
india rubber valve. 

Weight Solid Amount Acid Corresponding Nitrogen I Amount Mean. Magnesium. Neutralised. of Nitrogen. Percf'n tage. 
I 

1 '3166 grns. 0'08 c.c. '001l2 grns. 0'085 % : 
'096 % 

0'7956 
" 

0'06 
" 

'00084 
" 0'106 % 

I 
-

-

(~.) Magnesium filings were distilled with strong pure caustic 
potsah into standard acid. In turning the magnesium to prepare the 
filings, a faint smell of"ammonia was noticed, as previously observed 
by others, and also a suspicion of phosphine. 

In this process the flask was connected tightly to a Liebig con
denser, with "tandard acid at the end, as in Kjeldahl's method. 

The caustic potash was of strength 2.13 KHO: 1H20. this in thp, 
last two expel'iments was made more dilute, viz.: (l KHO: 1 H.O). 

The magnesium decomposed the caustic potash with liberation of 
hydrogen, the latter combined with nitrogen to form ammonia. 

Mg + 2KHO + 2HzO = Hi + Mg (HO)" + 2KHO 

• 
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RESULTS. 

Magnesium Amount Acid Corresponding Nitrogen 

I 
No. taken . Neutralised. W eight of Percentage. Remarks. 

Nitrogen . 
-

I 
{KHO used too con-

I 2'0027 grns. ... ... ... centrated ; sudden 
evol u tioll of gas.' {KHO used too con-

2 1'1727 
" 

6 '70 C.c. 0.09;~8 gens. 8'0 % centrated; sud9'en 
evolution of gas. 

~ 1'0000 
" 

0'41 C.c. 0'00574 
" j 

0'574 % Experiment successful. 
4 1'0000 ., 0·44c.c. 0 '00616 ., 0'616 % Do. do. 

In connection with the first two experiments some curious pheno
mena wer e observed. On boiling the stron~ potash solution with the 
maguesium, the potash was decomposed WIth gradual liberation uf 
hydrogen ; but as there was no boiling apparatus to cause steam to 
pass through, the solution -became very concentrated and there was 
little stea r coming off to collect the ammonia. On taking a way the 
flame, the liquid began to solidify and there was a sudden interaction 
and a violent evolution of gas, accompanied by a slight incandescence 
in the flask. This final rush of gas spoilt the determination. 

Some difficulties now presented themselves ; viz. :-If a weaker 
solution of potash were used, it would not be decomposed quicldy 
enoug'h by the magnesium, and further as distillation proceeds the 
solution will become concentrated, and an occurrence simi'lar to the 
above will very probably Lappen. So. in the next experiment-No.2; 
a flask from which steam was passed through the potash solution (of 
the same strength) was connected. This was hought advisable as it 
would prevent bumping and concentration of the solution, and would 
help the evolution and condensation of the ammonia. 

This pxperiment wurked well till nearly all the magnesium has 
been transformed into maguesium hydroxIde, when there was a sudden 
rush of gas as before; and the solution spirted up into the tube con
nected with the inner tube of the Liebig cO]ldenser, and some potash 
was afterwarc!s detected in the normal sulphuric acid. 

In the third and fourth experiments potash solution (1 : 1) was 
used, and steam was passed through as in No.2. The experiments 
lasted much longer than the two previous ones, hut otherwise they 
were considered successful. 

In connection with the incandescence soon in No. 1, I performed 
the following experiment :-Some magnesium filings were placed in a 
piece of hard combustion tubillg in closed end and a piece of "olid 
potash was placed above it., a gentle flame was allowed to play on the 
tube just below the potash, anu this as it melted, ran on to the mag
nesium filings. The KHO was suddenly decomposed with incandest8llC'f:>. 
I have not been able to find any mention of this incandescence in any 
books available. 

(3). Combustion method, or Dumas, absolute method for nitrogen. 
This is used for the estimation of nitrogen in steel. 
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In this method, magnesium filings and copper oxide are mixed 
and placed in a hard piece of conbustion tubing, one end of which is 
closed and filled with dried acid sodium carbonate to drive out the air 
by the carbon dioxide formed from its decomposition. A delivery tube 
is fitted at the other end into a trough of mercury. The end of the 
delivery tube fits into the lower end of measuring tube filled with 
strong potash solution inverted over mercury. 

The acid carbonate is heated gently to drive out all the air, and 
wIlen the gas that comes over is seen to be absorbed by the KHO, the 
combustion is begun. Nitrogen is evolved, collected, and measured 
under normal conditions. This is in reality Dumas' method for 
nitrogen in organic substances. 

RESULTS. 

Taken. f\ leasnred . Nitrogen. 
Remarks. 

-------
No·I1.~~n~~t I ~~~~~~~ I T emperature·1 Bparreosmsuertee.r I Percentage I 
1 / l'OIOOgns." (j'.,!, I 24'~o c, I 755 '(j mm' l 0'443 % I --
2 1'0000 ;{ 77 21.00 c, 750' I 0'427 % {C0 2 passed from 

" " 0 a generator. 

In the first method, it will be seen that the results are low, and 
this is explained, probably, by the fact, that iR, the nitrogen present 
in the ' magnesium does not all form an ammonium salt when dis
solved in dilute acids? If, as W' att says, nitrogen as nitride is con
verted into ammonia when dissolved in dilute acids, it may be inferred 
that the nitrogen is not present as nitride. 

In the second and third methods, it was necessary to prepare 
filin gs from the metal, and as there was a great probability of the 
ammonia-like odour being derived from the metal; this may have 
constituted a loss, 

'1'h e results obtained by the successful experiments in No, 2 
method iudicate (in the author's opinion) a fair esfimate of the amount 
of nitrogen present. '1'he results in No. 3 are lower, and this may be 
due to the fact that in combustion of the magnesium filings it was 
impossi11e to get rid of th e last trace of nitrogen. 
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