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A DETERMITATION OF THY ATDNIC wOICHT CF NIYROGEN
OCCLUDED IN FERGUSONITE.

In 1890 while working on bthe oceurrence of
ni%rag@n in uraninite Hillebrand® made complete anxlyses
of many semples of the minerals From the deta furnished;
it is interesting to caleulate the strikingly consbant
ratio between nitrogen and uranium oxide (U0z) in the
various samplegs That Hillebrand was aware of this
constant ratio ig made evident by a brief reference to it
in the article cibed; however, he attempited no explanation
of it

Caloulations made on uraninite from Norway:
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1, U.S. Ceo. Sur. Bull. 78, page 43, 1891,
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Calculations were made on the ratio of nitmgeml
to uranium oxide (U0=) in uraninite from Forth Carolina,
Colorado, and Commecticuty bub the ratio does not hold,
beyond the statement that the greater the per cent of
uranium oxide, the greater will be the per cent of
nitrogens

Because of the constancy of the ratio in the
Horwegian varieties of uraninite, Dr. H., P. Cady suggested
that $here might be some relation between the origin of
the nitrogen and the other elemenbts present,

The periodic table was examined and it was
obgerved that. there was a possibility for a relationship .

bemeen po tas siw:n and nitmgen, potassium undoubtedly being

.......................

...............

manufactured recently'was not nefmly‘sa actives Usi.nm this
potass Tum salts examined were active, ﬁOffmaaﬂ_{} made use of

en exceedingly refined electrical method and found that the

» Amem Chemg qur. 42, lé? (1909)
« Physik, Zeit. 10, 576 (1910)
%o Physil, Zoit. ﬁ 475 (1928)



activity of potassium galts iz proporbional to the
poﬁaseium content. Harking an&‘Gﬁys have 1é$ely come to
the same conclusions o

So far none of bthe alkali metals have been Lound
to emit L~particles. It may be that they are too slow for
debection. AL any rate, Re J. Strubtt® found thet several
‘beryls had a'helium content fer'gr@ater ﬁhan;that |
- exzpeceted from the content of radium or thorium compounds.
So it seems quite possible that the elkali earths may emit
alpha perticles which have not yet been detecheds

‘Bvidence for a possible relationship between
‘potassivm and nibrogen: There 1s a difference of twelve
in their atomic numbers, which mighﬁ indicate aix alpha
ray ehanges between the two, and a difference of
approximately twenty-five in theilr atomic weights, vhile
six alpha ray changes would call for a difference of only
- itwenty-fouxr in the atomie'weights; The question which
tﬁeﬁ came up was: night not this discrepancy in the
atomie weights indicate the existence of en 1sotopo of
nitrogen which would have the a%amie woight fifteen and

be a decomposition product of potassium? It might be

5/ Proc, Nate Acad. Seiences 11, 628 (1925).
8, ¥roc. Roy. Socs A, 80, 587 (1908).



argued that it is just as likely that nitrogen is o
'&eeompositian_prcau@t/of an isotope of potassium of
atomic welght thivty-elght ijfhe objection to this is
that, so far, all indications of positive roy work show
that the isotopes of pobtassium are ahove forty. Then
there seems to be ﬁhevpoasibility‘for,ﬁha existence of
isotopic nitrogen which is a decomposition product of
potassivm, six alpha rag*ehamges‘heving oecurred betwesn
the twoe

The seareh for nitrogen of a possible radioactive
origin was then begun, and stomic weight determinations
made .. |
’, Because of the availability of a sample of natural
ammonivm alum, an atomie weigﬁt determination was made on
thé niﬁragén,af tﬁaﬁ ammbniaa Then mamples‘cf V&rious
nitrogen ceﬁtaining ores were obtainéd and the ﬁiﬁrogen
oxtractod, |

There is a difference of obinion a8 to hov the
nitrogen is contained in these ores, Some ﬁelieva that
it is contained in the mineral in a state of 10Qae com—
bination; yet simply heating it dry or with a nom-oxidizing
aclid will serve to expel iﬁ, so it seems most likely that

it is occluded in the ores in a free gtated
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ggperimentai.

~ The sample of erude ammcnium imm {Tschermigiﬁe
from mycmin ) wes pulverized,‘plweea in a 1liter distilling
flask; an&vsaéium hyaroxidé gsolution aideﬁ ﬁh:ough a
arepging fuﬁﬁal, This was haatea and the ammc@ia easily
lihera%&&. The smmonia was distilled off ﬁhrmﬁgh a Pyreox
glass con&anacr into a porcelain vessel oanfwxninb ,
redistilled GeDe thrachlorie acid, After an excess of
| ammonia}ha& been passed into the =2e¢id solution, it wes
eaxefu11y7evé§orated down and then dried at a low
temporature, prefsrably at about eighty degrees centigrade,
It"wgsneeeaaary to make this drying slowly end carefully
at a low temperature, otherwise sublimation, before
complete drying, vwould take place, in which case
&eeompasitlon.would oceur ana the ammonia being more
VGla$ile wnnl& pess off, leaving an exceéss of hy&rﬁchlcria
acld whie§ would invalidate completely the atomic weight
| determinations, o
After the sample head been dried, the ammoniunm
chloride was sublimed twice iﬁ a vacuumj see drawing.
chloriﬁe‘d@ﬁ@rmiﬁaziona were then made, precipitating the
chlorﬁne'as'silver chloride, Gboch crueibles were used.
A1l weights were correcied %o weights in‘vaeﬁﬁ, and the

atonle welghts of the nitrogen calculabted fran the dstae,



vging this method,

X1 + 59 2489 _ 143,337
8

wheré

X1 = atomic weight of mitrogen.

A = porreched wei ght of sample of ammoniux
ehloride ﬁ@ea»

B = covreched weight of silver chloride obtained.

5V‘ _A second sample of ammonium cliloride was
prepared from ordinary Gede ammonium sulfate, in the same
waw, end used as a contrel, determinations being run in
arallel with thoue of the "alum” ammnnium chloride. In
this way eny constant errors were taken care of and |
possible errors which could have been removed only by a
much more ela borate process of purification and analysis.

Results of determinations by the above moethod:

Atomic weight of nitrogen Atomic weight of nitrogen
in Ordinary - in Alum
NH4CLl . ﬁﬂﬁﬂl
14.031% . 14,012
- 14,032% 14,021
14,016 14,023
14,030 14,084
Average 14.027 Average 14,020

This gives & variation of .,05%, well within
the 1imits of experimental error. This disposes, thon, of
the possibility of an isotope of nitrogen being present in

+Sublimed once - allvother samples sublimed twices



- figure /

N




thig ammonia alums

~ The next step was the esbtimabtion of the Quantiﬁy
of oceluded gas in several ores, in order to find whidh
would be ﬁae most profitable to buye.

@&e epparatus used was esséntially like that
erployed by Hillebrend,” end almost idemtical wita the
large apporabtus ghowm in the sccompanying diogram, except
thet it was built on & much smaller scale, g0 small"thaﬁ
three sets of apparatus could be included in one water-
bath; ‘A constent leveling device was used on the bath, the
bath heated by an elecérie hot plate, amd the whole placed
on an asbestos covered, raised platform in order to -
minimize the denger of fire, anﬁ the determination allowed
to ran for as meny days os Wos necessary to remove the
most of the gas. Although the epparatus was allowed to
run continuously for as 10@@ as twenty-two &ays; he
evolution of gas never entirely cemeds |

For brevity, only the large gas extraction
apparatus will be descryibed and the method c;f operating
it, since it and its operatior is identical %o that of |
the smaller oness The large apperatus is the one used to
obtain a gquantity of the gas on which the atomic weight
determinat ion of the nitrogen was made,

‘7» Us So (00, Sur. Bull. 78, 1891



A sbop cock was sealed into the bobtom of a
Kjeldahl flask (800 c.ce) ond the mouth of the Kjeldahl
flask was sealed to that cf a liter flesk. A vent tube
was sealed iuto the neck of the liter flasks The ore to
be @éaompesed was added through this small tube. The
decomposing solution was a one to six solution of sulfuric
acid in freshly boiled distilled waters |

The ore was crushed as finely as posgible on é ,
steel mill and finished with an agate mortar and pestle,
'Afteraﬁhia ore had been pulveriged and piﬁee& in the
apparatug, o little distilled wate?*waa'a&&e& and this
wag boiled for a few moments in order to remove any air
viiich was sdsorbed on the particles of ores Then the
sbop coek on th@‘Vjelﬂahl £lask was connected to a
suction pump and the acld golution drawn through the
three traps shown in the diagram up into the Kjeldahl
flask, £illing ite |

The results obtained from various'sburcea are

as follows: (At stendard conditioms, CO= removed).

Mineral . = Thewre from Cubic cms Of gas
: E.:‘é’?.’; émfﬁﬁ?_
Uraninite Pribram, Bohenia 1370
Fergusonite Arendel, Torway : 300
Samarskite Witchell Co. We Carolinw 3468
Uraninite Crabtree Creek, Yeney Co. 2,26

e Carolina



Fergusoniie ~ Dear Ploffton, Tewas B edd
Tergusonite  ladogascar - | 1033
Upvaninite Sexony g | ‘ , 1.38
Uraninite misﬁismmferd, Torway L Ba38

} b was Qecided %o use the gas:a in the Fergusonite
fx‘ém Arendal, Norweys A helium deberminat ion wus mede
on thise It was found ¥ conbain 12.67% of helium.
16800 ¢.co 0F Uho gas were obbainod. |

The method of fixing the _nitrogen inmthe gas was
eggentially like thet &esermea by I quewes in that
hot metallic ealclum wag used to absorb the nitrogen,
~forming caleium nitride, Caaiﬁae A _

A thirty centimeter Pyrex tube; the cém‘bustion
chambor, had a neroury gas‘pmﬁp sealed to each end. At
one end was placed éz 'thx'éca woy stop cock, sealed into the
chamber, one tube of which led to a vacuum pump, the other
0 a mercury 'maﬁometem } |

Maquenne suggests that pure ealeium oxide with
‘three-‘*fifths its v:eighﬁ of metallic masnesium be placed in
the comb;ist ion chamher,‘ the tube be inggheatedhit};z e‘\.‘widd

burner. As soon es the hot caleium 1s literated, It will

8, Comptes Remdus 121, 1147 (1895).,
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combine with any nitrogen to form caleium nitride.

Pﬁre caleium oxide was obtained, and as an additional
precaution was heated for nine hours at almost a white
hot btemperature in a muffle furnace, in order to free it
from any traces of water or carbonate, #%he magnesiunm

was washed with ether in order to free it from grease with
which it was found to be contaminateds 1In spite of all
these precautions, however, rather great pressures were,
for some unknown reason, generated, and this method was
found to be unsuitable.

| Metallic ealcium was sealed direct:!g in the
combustion tube with excellent resu}.ﬁs; the nitrogen was
absorbed quietly, the sbsorption being easily followed by
the rise of mercury in the manometer.

The apparatus was operated in this way: The
gystem was almost cc;mplétely evacuated with a pump and
then "washed" with some of the gas to be fLixed, in order Ho
remove any traces of atmospherie nitrogen., The dried gas
to be fixed ivas allowed to enter the left merecury pump.
The stop cock between it and the combustion chamber wasg
opened very slightly and the chamber allowed to £1l1 aboub
half full of gas (from observation of manometer). This was

heated, and expansion of the gas took rhce until the caleium

reached g gufficiently high temperature ‘i’or the reaction
between it ard the nitrogen to take place, In orde;' to

prevent the defoming of the hot combustion chamber, the



~11-
pressure was kept about the same inside as oub by
admitting more gas as abgorpbion Hook ploce. fThis was
done by raising the level of the mercury in the left pumpe

Practically all of the nitrogen is taken oub
by one passage over the hot caleitmi but by using both
- pumps, civculation and consequently complete removal
can be obtained, and the residual inert gases caught in
the right pumps

After the early explosive experiences it seemed
wiser to wear goggles throughout the vrocess of fixation;
although there was no apparent necessity for doing so
after metallic caleium had been substituted for the
mixture of calclum and megnesium in the combusticn
chamber,

At the completion of the reaction, the tube
containing the calecium nitride was cub open and the nitride
‘placed in a dry distilling flask which was sealed to a
Pyrex condenser leading into a porcelain vessel which
contained c¢.p. hydrochloric acids Through a dropping
funnel water wag added, a few drops at a fime, and in a
short time all of the nitrogen had been hydrolyzed off,
and, passing into the hydrochloric acid, formed ammonium

chloride,



. The ammonia was redistilled inbo a 1ittle less
tixan the calculated a.mcu:n’b of hydrochloric aeid, in or&er
to msm:'e thaﬁ there be no excess of hydrochloric acm .
preaen*b‘ ‘.Beaause of f;he losses attendant on gublimation, |
it was decided to let tlese two &ist :Llla.‘cions serve in
purification. | |

~ The ‘chlcri‘.ae was slowly dired in an oven at 80°¢C

The reason for this slow, careful clryirig has aiready been
yointe& outs

One an& one-half grams of the pure ammonium
chloride were obtained,

Nitrogen for a control sample was prepared by
| passging vapors from liguid ammonia m:ixed with air over
a mixture of hot eopper oxide and metallic copper. This
nitrogen wag fixed and purified as described above.

| Beéaﬁ.se of the smallness of the sample of '““’orweglan"
ammomum chloride, it WS necessary to recover the ammonia
from the filtrates off of the silver chloride, mpumfy, |
and reanal,ﬂe ite , ‘

The snalysis of the ammonium chloride was carried
out as described for the "alum" ammonium chlorides. |

The following resul s were obtained:
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Atonic Welght of Witrogen  Atomic Weight of Nitrogen

from Control HWHaCL from "Worweglian® WH«CL
l1e 15,983 : 54 13,987
2s 15,994 6o L3983
Je 154981 7o 134991
by 15,974 8a 13,953%

Average 13.984 Average 13,987

The "Norweglan" ammonium chloride gave an atomic
weight of the nitrogen onlyy.oz% greater than that of
the Controls Since this is well within the limits of
experimental error, the possibility of the existence of
an isotopé of nitrogen here is disposed of.
| CONCTUSION.

Although no indication of an isotope was
found in the samples of nitrogen examined, it is not
granbed that the possibility for the existence of an
isotope of nitrogen is completely disposed of, and it
is hoped that determinations of atomic weisht of

nitrogen from other sources can soon be made.

+o Analysis number 8 was not included in the average
because it wos run a day later than the others, the
last of the sample in the weighing botile, and had
come into contact with some very demp air. It
was feared that it had taken up moisture, which
the result would indicate,



