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In 1890 while working on the Qceurrence of 

ni t:roge11 :tn tU?anini ta Hillebrand 1 made complete an9.lysea 

of n1My so.m];les of the mineral~ From the data furnished.; 

it is interes·ti'ng to calculate the strikingly constant 

ratio betwee11 nitrogen and uranium oxide {UO~d in the 

variotis sampJ.es, That Hillebrand was aware of this 

constant ratio :t.s made evident by a brief refere:nce to it 

in the ru.~tiole cited; however~ he attempted no eJq)lanation 

of it, 
Caloulat ions made on uranini te fl.'* cm norway: 

• • o ~ e ~ ~ t o • • ~ ~ ~ 4 • • • • o • • • o • • • t • 4 ~ ~ • o • t • • ~ ~ 1 o ~ ~ • ~ • t 4 o • • • • • • ~ I 

: Place . : . % !\f . : . .. . ~~ UO~ t Ratio W/U02 : 
0•9'c~•4~•••-~•~·-~•••••••0•••oo•~-•••••oteo•••-••••~·~••• 

Ill : • 

•.tmner«>·d . . l,23 ° ... 48.25 1 .0255 : 
••~o•~·~~o•o~•••~~~•••~•••••••••e~•oot•o~•~•o•4•••••eo•~•$ 

:r:lvestad (a,) : lo28 : 50.97 : Q025l ~ 
•eeo~~-~6••0006Q~~oo•c•o•~~•~••~~•••••o•0•~•••~•t•••·~~••• 

nriveste#d (b) : l.28 : 50 t83 : 00252 : 
~•-•••~~•~•~•ottto•o••••~•~••o•••••••••oooo•~'•e~••••••••• 

: SJ:~oa torp : i .ov .. i . . 44 e57 : et0236 . : 
o ~ 6 • ~ ~ ~ • o * o o o • • ~ o ~ • • ~ ~ ~ o o • o • o 6 j e ~ 9 o • q • • o ~ • • • 4 - o ~ ~ e o o 4 ~ ~ ~ ~ • 

:Hu.egenaskilen : loOS : 43 .56 : .0248 t 
~ ~ • • • a • • ~ • - 0 • • ~ t ~ t ~ • • • ~ • • • ~ • • • ~ • ~ • - 4 • 0 • ~ e • • - ~ 6 • 6 • • ~ • • • • ~ • ' 

1.Arendal i i.26 : 44~71 : .02a2 : 
~-·~•••-••••~$~•0~404•~·~••~••~oQo~•••~~••o~••••••~•oa~•~•. 

1 • U e1 S • C'wao • Su.r • Bull o 781 page 43, 1891" 
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Calculations were made on the rs..tio of nitrogen 

to ttra.ni~ii o:.Ki<1e (UOs) in uraninite from North Carolina. 

Colorado, and conneoti<m.t; but the ratio cloas not hold, 

beyond the stateme11t that the greater the per cent ot 
m'ta11itun oxide, the greatel: will be tb.e· per cent of 

nitrogen. 
:Because of the constancy of the ratio in the 

Norwegian varieties of uranini te, Dr. H, · P lltt Oady suggested 
that there might· be some rela:tion between the origin of 

the· nitrogen 0lld the othe1 .. elements present. 

The periodic table was e:mmii-1ed and it was 

olJserved that. there we.s a posafbility. for a relationship 

between ~otassiUm and nitrogen,.potassiu.rn undoubtedly being 

OJ.le. 9~. tP.~ .. ra~~9active ele¥t~*1~~,o. , . 

. . St~p:p.g2 , on e~anrl.~1~g, ?9~e 9~~ sanplea of 

potassium collected by Rowlandt using the photographic 
1 ' " ' ; • ' " . ~ '· " • ' I. ' ~ '. ' ' • i - · " ' ' ' 

metho~~ fo~.<l: them to be radio~~~~y~·;. y-et, potassium ~~~~te 

m~~u+?-9~~~~1. recently was not. ne~rly_·~~~ f.=t.ctive~ Us~g ~~1is 

samo rtt~t~~d,. Levin and RuJ .. ar~ fo~d ·~h~t all the samples. of 

potassium salts e:icamined were active• Hoffma.n4 ma.de use of 

an exceedingly ref inad electrical method and fotU'ld that the 

2 • Juner. Chem. Jour. 42, 147 (1909} 
3 • Physik. zeit. 10, '576 (1910) 
~. Ph,ysik. Zeit. W±,- 476 (1923) 
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activ1 ty of po t9.ssiu..rn salts is proportional to the 

potasaitu11 content. IIarldns and G1..W5 have lately come to 

the sa100 oonplusioxi. 

So far none of the alkali metals have been fou.nd 

to erait ce-pm'*tialas. :rt may be that they are too slow for 

detection- At any rate, n • J • strutt6 found that several 

· 1)eryls· ll~Ml a heli1Jm co11tent fo:r t:s;t:-eate1-.. than that 

e1cpectad fr~om the oonte11t of rad.hun or thorium comr;o1mds. 

So it seems quite possible that the a.ll~U earths mcy emit 

alpha particles wldeh have not yet been detected. 

·Evidence for a possible relationship between 

· potassiu111 and nit1 .. ogen: There ia a dittere:noe of twelve 

in their evtomio n~bers; which might indicate six alpha 

ray changes between the two, a.11d a di ff e:re11oe of 

approximately tNenty-five in their atomic weights, vhile 

six alpha ray changes would call for a difference of only 

twenty-four in the atomic weights• Tha question which 

then came up was: might not this discrepancy in· the 

~tomr0: \•;eights indicate the existence of on 'isotope of 

nitrogen wru.ah w011lcl h& .. ve tho atomic weight fifteen and 

be a decompositio11 produe·t of potassium? It might be 

s / J?roe. Nat. Acado Sciences 11, 628 (1926). 
6 

I) !'roe. Roya Soc o A, .§!Qt 587-U.908) o 



argu.ed tllat· it is ;Just as likely that nitrogen is a 

decomposition :product of an isotope-of :potaosiu.m of 
l]l 

atomic weight thirty-eight,· The objection to this is 
~~ 

that, so far, al1 indications of positive ;co..y work shovt 

that the isotopes of potassium are a.hove forty. Then 

th()re seems "to re the possi b1li ty for th.a e::d. ste.ne~ cf 

isotopic nitrogen which is a decompos:t tion product o,li· 

:voto.as:b11tl, silt alpha ray ohangea having occurred between 

the ti!JOo' 

The search for nitrogen of a :possible re.dioactive 

origin wa.s then 'begtm, and atomic weight determine#t :lone 

made. 
Because of the availability of a sample of nattiral 

&'1'll11on.ium altunt an atomic weight daterminat ion was made on 

the nitrogen of that P-mrnoniao Then. sanmles of ve.riO't'tS 

nitrogen containing ores were obtained and. the nitrogen 

e:Jttracted. 

There is a ditterence of opin:ton as to ho.v the 

n:l trogen is contained in these ores• Some believe that 

i 1; is c 011 tained in the mineral in a state of loose com-

bination; yet simply heating it dry or with a non-oxidizing 

acid will serve to expel it, so it seems most likely tliat 

it is occluded in the ores in a free state. 
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~J? .. ~:~p:i!m ta l 
The sample of crude mnmon:.tum alu.m ( Tschermigi te 

from .yfyoming) r1aa pulveriz~d, placed in .a liter distilling 

flask, and sodium hydroxide solution added through a 

d.i:-o:r,)pj.ng funnel. This was heatea. and the ammonia easily 

liberated-. The mmnonia was distilleo. off through a :Pyre:;c 

glasa condenser :tnto a porcelain vessel containing 

redist1lled CoP• hyo.:rochloric ae:td ..... tifter an excess of 

ammonia had been passed in·to the acid solution, it was 

carefully evaporated down and then dried at a low 
temperature, preferably at a.bout eighty de€1Teas centigrade. 
It vns nEHJGBSary to make this dl1ying slowly end carefully 

at a low tartq)erature. otherwise sublimation, before 

complete drying, '~uld take . place, in which case 

<l:ee anposi t ion would occur and. the ammonia being mo :re 
. ' 

volatile wotl1d pass o~r, leaving an excess of hydrochloric 

ao:td whioh would invalidate completely the atomic weight 

determinations• 

After the sal@le had bean dried, ihe a.rmnonium 

chloride was sublimed twice in a vacuum; see drawing. 

Chlorine. d0terminat:lo11s were the-.a made, preoipi tating the 

chlorine as silver chloride. Gooch crucibles were used. 

All weights were corrected to weights in vacua. and the 

atomio weights of the nitrogen calculated fran the dnte., 
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using this method, 

!!. .i:. ~9-4!4~ = 14zB337 

where 
X1 = atomic weight of nitrogen • 
.f'l = corrected we i ght of sa~le of ammoniu.rrt 

chloride used,. 

:B = co:\. .. rected weight of silver al1lo1~1ae o1)tained. 

A second sample of ammonium chloride waa 

prepared fi~om ordina17 Oo1)-. ammonium sulfate, in the ae.ma 

i.vaut end used as a control; determinations being run in 

parallel with ·those of the "alum" ammonium obloride • In 

this wa:g a11y constant errors were ta.ken care of and 

possible erl!ors which could have been removed only by a 

much more elaborate process of purification· and ana~sis-

Resul ts of dete1"mina tions by the above metl1od; 

Atomic weight of nitrogen 
in 01--a.111 m..'y 

lfft4Cl 

Atomic weight of n:ttrogen 
j_n Altw 
t:m~c1 

14.031+ 14._012 
14.032+ l4o02l 
14.016 14.023 
14.030 14.024 

Average 14.027 Average 14.020 
This gives a variation of .oe,&, well Vlithin 

the limits of experimental erroro This disposes, then, of' 

the l'ossibili ty of an isoto11e of n:i.trogen being present in 

+sublimed onae - all other sanples sublimed twice., 



Fyure I 

.A· 



thia amznoxda alum.· 

The ne1rt step war.:1 ·t;he estimatio11 of the quartti t7 

of occluded gas in several ores~ in order to find whi oh 

would be ih e mo st p l'\'lf 1 tabl.e to b'\W e1 

The ~-pparatus used ·rms essentially like that 

anWloyad by Hillebrana.~1t end almost ide11tical with the 

large appSl'atim shown in the accompanying (tiag-ram, except 

that it was buj.lt on a much smaller scale, so small that 

thr.ee sets ot appm':,atus could be included in one ivater--
\ ... 

bath. A constant leveling device was used on the bath, the 

bath' heated by an electric hot plate, a.nd the wtwle placed 

on a11 asbestos covered~ miaed 11latform in orde1") to 

minimize the danger of fire, end the dete1~m111ation allowed 

to r-an for as many days s.s~.,~wa·s necessary to t"emo\re the 

most of the ga.Fh .tUthou.gb. the a:ppat"atus was allowed to 

run continuo1.1..Sly for as long as twenty-two da~, the 
ovolutio:n. of gas never entirely o_'.etEe_d• 

:nior brevity, tn1ly tha··1arge gas extraction 

tip:paratua \Vill be lleooribed and the method of operatil1g 

1 t, si.~ce it e.nd its operatio:n ia identical to that of 

the smaller ones. The large appai"latt1s is the one t.mecl to 
obtain a c1uantity of the gas on iJVhich the atomia weight 

determination of the n:i.t:rogen \V€Ul made• 

7 



A stop coclt tveu:> sealed into the bottom of a 

Kjeldshl flask ( 800 c .c ~) and the mouth of the Kjelda.hl 

flask was sealed to that of a liter flasltc .A vent tube 

i.7a.s sealed· into the neck of the 11 te,:1,.. flask• The ore to 

be decomposed was added tb:rough thia small tube Ii\ The 

deoomposing solu .. t ion vms a one to six solution of sulful~ie 

acid in freshly boiled distilled water4 
The ore was cru.shed as fi11ely as possible on a 

steel mill a1ltl £:lnished with an agate rno1 .. tar and pestle, 

After tlt:ls ore had beei1 J)U.lverized a11d placed in the 

apparatus, a little distilled water wns added and this 

was boiled for a few moments in order t.o :ceiriove any air 

whioh v/Sa adsorbed on the particles of oree Then the 

sto.p cock on the Kjeldahl flask was connected to e.. 

auction p1unp and. the acid solution d.rs:rr.a th1~ou.gh the 

three traps shown in the diagram up into the Kjeldahl 

flask, filling it. 
The results obtained frtm variotts ·sources are 

as follows: (At standard conditions~ CO:a removed) t 

l.Tranini te 

Fergu.sonita 
Sam~ .. rsld te 

Uraninite 

Yihere from 
I ---

Pribram, Bohemia. 
Arendal, Iforway 

l!itchell Co. No Carolin~ 3e69 

Crabtree Creek, Yaney Co.. 2 0 26 
No Carolina 
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Fe1\~u.s oni te ~lear 1Sluffto11, Te,ms 3.,44 

Fe1-agv.smli te !Jac1J:l;gas ear 1-033 

u1~an1n1te SaJt0ny l.38 

u1,ani l1i te Y..1.,i s ti aniaf 01'\ d $ I~omvay 3.32 

lt was decided. to ·u.se the gas :i.n the Fe1')gu.soni ta 

from A.rand.al; I\forway • A helium dete1,minat ion 1hns made 

on trli:Jh It was fmi_nu tO ooritain 12.67?~ of helium, 

1800 c .c • of the gas we1--e o'bta:i.nede· 

The method of fixing the 21itrogan in the gas was 

essentially like that desei"ibed by Maq110VQ:J.e8, in. that 

hot metallic ca.lcitun was used to absorb the nitrogellt 

forming calciun1 nitride, CaaN20 
A thirty centimeter Pyrex ti1l1e, the combustion 

chembor, had a mercu.ry gas ptun)/ sealed to each end• At 

one end v1as placed a three v;f;l_y stop cook, seal.ea. into tha 

chambe1~~ one tu.be of vrlrl.ch led to a vacuum pump, the other 

to a mercury manometer._ 

ltaqt.i.enne suggest~ that :pure calcium oxide vii th 

three-"'fifths 1 ts weight of metallic mngnesium bo 11laced in 
1 

the combustion chamber~ the tube .be il\?:;heated with a wide 

burner. As soon as the hot calcium ia 11 berated, ~:·t will 

8 ti Comptes Remlus 121 11 1147 (~895) • 
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combine Vlith a1v nitrogen to form calcium nitride. 

Pure ca.loiu.m oxide was obtained, and as an additional 

precaution was heated for nine hours at almost a whi ta 

hot, temp era.ture in a muffle furnace, in order to free it 

from a.11y traces of water or carbonate• 'l'he ma€$nes ium 

was v1ast+ed with ether in order to free it from grease with 

whiah it was found to be contaminated. In spite of all 

these precautions, however, rather great pressures were. 

for som~ unknown reason~ generiated, and this method ·was 

found to be unsuitable~ 

Metallia calcium was sealed directly in the 

combu.s t ion tube with excellent res u1 ts; the n.i trogen was 

absorbed quietly, the absorption being easily followed by 

the rise of mercury in the manometer._ 

The a.p~paratua was operated in this way: The 

system v;as almost completely evacuated with a pump and 

then nwashedrf with some of the gas to be fixed,. in order to 

remove aey traces ~f atmospheric nitrogen. The dried gas 

to be fixed was allowed to enter the left mercury pump. 

The atop cook between it and the combustion chamber was 

o~ened very slightly end the chamber allowed to fill about 

half fuJ.l of gas (from observation of manometer}. This was 

heated, and expansion of the gas took J;lhce unt 11 the calcium 

reached a sufficiently high temperature for the reaction 

between it a.r.D. the nitrogen to take place. In order to 

prevent the def o ming of the hot com bust ion chamber, the 
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:pressure was kept about the same ins id.a as out by 

adr.aitting more gas as absorption took :plaee. 'J:hia was 

done. by raising the level of the mercury in the left pum:rh 

Practically all of the nitrogen is taken out 

by one passage over the hot caloitun; but by using both 

pu.mpa, circulation and consequently oomr)lete removal 

can be obtained, and the residual inert ga.sos caught in 

the right pump. 

After the early explosive experiences 1 t seemed 

wiser to \Vear goggles throughout the J)rocess of fixation; 

although there was no apparent necessity for doing so 

after metallic calcium ha.cl been substituted for the 

mixture of calcium and magnesium in the combustion 

chamber. 
At the completion of the reaction, the tu.be 

containtng the calcium nitride was cut o:pen and the nitride 

·placed in a ~l distilling flask ·w·hich was sealed to e. 

Pyrex condenser lea.ding into a porcelain vessel which 

conta:J.ned o •P. hydrochlo1~ic acid• Through a dropping 

funnel water was added, a fei'1 drop a at a time1 and in a 

short time ali of the nitrogen had been hydrolyzed off, 
a11d, passing into the hydrochloric acid, formed ammonium 

chloride. 
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The ammonia was redistilled into a little less 

than the calculated amount of hydroch~oric acid, , in .order 

to insure that there be no excecs of hydrochloric acid 

present. Because of the losses attendant on sublimation, 

it ·was decided to let these tv10 distillations serve in 

purification. 

The chloride was slowly d:t~'ed in an oven at ao0c~ 

The reason for this slow·~ careful drying has already been 

pointed out. 

One and one-half grams of the pure arnmo.nium 

chloride were obtained. 

Nitrogen for a control sample was prepared by 

:passing vapors from liquid ammonia mixed with air over 

a mixture of hot copper oxide and metallic copper• This 

nitrogen was fixed ana. purified as described above. 

Because of the smal~ness of the sanple of "1:16rwegiann 

ammo11ium o hlori de, it \6S necessary to recover the anmonia 

from the filtrates off of the silver chloride, repurify., 

and reanalyze it~' 

The ana~sis of the ammonium ohloride was carried 

out as described for the "alumrt ammonium chloride. 

The following resul. ts were obtained: 
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Atomic weight of Hitrogen 
from Control Tu11~c1 

Atomic Weight of Mitrogen 
fr om ''Norwegian" 1'TH~Cl 

l. 13.983 
2. 13 .994 
3. 13.981 '*• is.9r,'4 

Average 13.984 

5. 13.987 
. ~'>. 13 .983 
7. 13.991 
a. iz-953+ 

Average 13.987 

The nNorwegiann ammonium chloride gave a.11 a tomio 

weight of the nitrogen only .02% greater than that of 

the Control. Since this is well within the limits of 

experirnen tal error, the possibility of the existence of 

an isotope 01• nitrogen here is disposed of. 

concLUSIOM .. 

Although no indicat5.on of an 1.sotope was 

f onnd in the salliJl es of nitrogen exa.mined, it is not 

granted that the possibility for the existence of an 

isoto:pe of nitrogen is completely disposed of, and it 

is hoped that determinations of atomic weight of 

nitrogen from other sources can soon be made• 

+. Analysis number 8 was not included in the average 
because it was run a uay latex· than the others, the 
last of the sample in the v-.eighing bottle, a.11d had 
come into contact with some very damp air. It 
was feared that it had taken up moist.rre, which 
the result would indicate. 


