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I,
INTRODUCT ION. A

Although ammonium compounds and ammonia gas (volatile
~alkali) were knoanthe ancients, the isolation, llqulfactlon

~ald determination of the properties of ammonia in its
different conditions of state, are events that belong in
féirly recent history.

In 1799, M. van Marum ( 1), while testing Boyle's Law,A
triéd the effect of pressure on ammonia and found that drops
df liquid ammonia were produced at three atmospheres pressure.

|  ,A; F. de Fourchroy and L. N. Vaquelin ( 2) subjected ammonia

td a low temperature and claimed to have liquified the gas
at =40, L. B. Guyton de Morveau ( 3) also cooldd the gas to

'~43.25 and obtained liquid ammoniaes In all these cases,
génsidering that the vapor pressure of liquid ammonia at
drdinary temperature is near nine atmospheres, it is doubtful

| if the gas used was dried sufficiently to justify the

‘ inference that the drops of liquid formed on the surface of

"ﬁhe containing vessels were really those of liquid ammonia,
éo that it is generally conceded that M. Faraday ( 4) was
the first to liquefy ammoniae

Faraday heated silver ammino chloride in one leg of a

"Bealed”/“\ntube and cooled the other leg in a freezing
-~ mixtures He thus obtained colorless, transparent liquid

 '<5éﬁ§ania and in 1845, by means of a mixture of solid carbon
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dioxide and ether he also obtained ammonia as a white,

translucent, erystalline solide This method of liquifying

kammonia was used by most of the eariy investigators,

pfebably because it afforded, thmu the use of various

aﬁmoniated salts, a convenient source of liquid ammonia

when there was no ready supply, as sugh. at hand. After
"Faraday enunciated this method, a number of other men studied

‘1iquid ammonia. Faraday ( 5), Bunsen {( 6), Regnault ( 7),

and others ( 8) liquifiéd ammonia, measured its vapor
~ pressure and other properties, but no one up to the»time

of the German chemist Weyl ( 9), in 1864, made any recorded

éttémpt to study the action of liguid ammonia on other

materials.

| Weyl obtained his liquid ammonia from silver ammino .
 eh1eride by means of the sealed tube method used by Faraday,

‘bﬁt instead of leaving the cooled end of the tube, where the
'iiquid ammonia collects, empty, Weyl placed in it the material

on which he wished the liquid ammonia to act. Using metallic
 §étassium in this way he found that the sil¥ery metal first

tﬁrned brown, then, as more ammonia condensed, it changed thru

various color shades to blue; all further gdditions of ammonia
vafter this only decreased the intensity of the blue color.

;"«;J;Hiﬁ_explanation of this was that the brown material was a

g_fféggpcun@, potassium ammonium (KNHg), and that the blue material
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was a solution of potassium ammonium in liquid ammoniae

'These metal ammonium compounds were held to be analogous to

the ammonium radical (NHI). i.e. the ammonium radical

having one hydrogen replaced by a metal. The metal ammoniums,
' haVing no negative radicals to go along with them, were
~thought to be free radicals. This explanation of the
,'bbgerved phenomena was disputed, however, by the very next
. person, Seeley (10), who studied the action of liquid ammonia
on potassium in the year 1870.

Seeley claimed that no such compound as potassium oiu
 aﬁmbnium was formed, but that the potassium merely weunt into
-éolution in the liquid ammonia as potassium metal, the

:,ebserved solor changes being due to different concentrations
df'potassium in the liquid ammonia solution. This explanation
'fﬁaé vigorously opposed by Joannis (1l), a Frenchman, who began
- the study of liquid ammonia in 1889 and continued it for
some twenty years, during which time he always adhered to
ﬁhe metal ammonium compound theory which had been proposed
’hy Weyl to explain the blue color produced by alkali metals
inkliquid ammonia. Joannis and hés associates held to this

metal ammonium theory even after it was definitely proven
E that;SeeleyE explanation was the correct one, by Kraus (12),

- who applied the phase rule interpretation to vapor pressure

 measurements on liquid ammonia containing alkali metals.
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Kraus is one of the three Americans, who may be regarded as
thé founders of liquid ammonia chemistry as a definite
branch of study.
. Cady, Franklin, and Hraus (13) took up the study of
‘liquid ammonia chemistry at the University of Kansas in the
 Years 1897-8., These three men aldng with their students
‘have continued this study and are responsible for a large
‘pertion of the advemce made in this field. Thru their
- efforts, the properties of liquid ammonia have been determined
and a system of chemistry based upon liquid ammonia as a
golvent has been developed which is comparsble to the
éhemistry of aqueous solutions.

That liquid ammonia, as well as water, is a good solvent
 f¢rrmany diverse substances, first became evident thru the
,wpfk of Gore (14), a British chemist and physicist, who, in
,1872, using the Faraday sealed tube procedure, carried out
kgualitative investigations on the solubility of about three
hﬂndréd and fifty substances in liquid ammonia. ZExtension o
of £he knowledge of solubilities, electrolysis experiments,
and the measurement of physical constants, as boiling point
‘rise and freezing point lowering, etc., in liquid ammonia
solutions show that such solutions are similar %o agueous

. -f@éiutions and that liquid ammonia is a solvent nearly

:E@arable to water in solvent powers. A comparison of

~ solution behavéer, solvent powers and physical constants
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{see the following table, #l) for liquid ammonia and water

-ghows that just as water may be regarded as an "abnormal"

solvent, s0 may liquid ammonia.
Table #1.
Physical Constants.

Name.

Liguid ammonig:

(15)

Melting point

Boiling point (760 mm.)
‘Bpeeific heat

Specific gravity at 20 C.
Critical temperature

Critical pressure (atm.)
Déelectric constant

Molal freezing point constant
‘Molad boiling point constaht
Heat of vaporization (at B.P.)
- Heat of fusion

Specific conductivity {mhos) -33 & 18 C.

"7707
"55.35
1.13
0.607
131.
112,
22.
0.98
Q¢34
337
1080-11
5x10

Water.

0.0
100.
1.0
0.,9982
365
195.
8l.7
1.858
0.52
536
79458
4x10

Franklin {16) having in mind the analogies between water

and liquid ammonia solutions, formulated a gomplete system or

elasgification of nitrogen compounds based upon the solvent

ligquid ammonia as the parent substance.

Since this system

. was formulated by analogy from the aquo or oxygen system of

compounds based upon the solvent water, it might be well to

define exactly what we mean by the ox§gen system before

taking up the nitrogen system of compounds.

Using HOH as the stréactural formula of water and regarding

water as the parent substance from which all oxygen containing

o  .fe§m$9unds are derived, a definition may be given to each

'éss of oxygen cdmpéund according to its relation to the
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'$tructure HOH of water. Thus any aquo base, as potassium
Thyﬁrbxide (KOH), #8 a substance that is formed by the
'replacement of an § in HQOH by a metal. An oxide, as
f???&SSium oxide (K0), results when both of the H's in
ggg are ?&ﬁl&ced‘by a metal. Any aquo acid, as hypochlorous
~acid (HOC1l), is a substance formed by replacing an H of HQH
by,a non-metal. Replacement of both H's by a non-metal
produces an acid anpydride, as chlorine monoxide (Cl50).
When an aquo acid reacts with an aquo ﬁase there is produced
a salt and the golvent, water.
£ KOH-+ HOC1l —* KOCl + HOH
,';Aﬁyhoteric acids (or bases) are the result of one of the
| Hig in HQOH being replaced by an element that may act as a
~metal and a non-metal. For the sake of brevity only the
‘définitions of acids, bases and salts have been given as
“examples, but from these it follows how we may define add of
71£he oxygen compounds as being structrual derivatives of
,,wéter when water is considered as being HOH. Carrying
tﬁese game ideas over to liquid ammonia solutions we may
loOk upon all compounds containing trivalent nitrogen as
being derivati#es of ammonia, when ammonia &# considered
“sﬁructuraly as being NHz, and define classes of compounds
;gd,this basis.

‘-Eﬁ_'An ammono base is then, a compound formed by replacing

e of the H's in NHzby a metal. Potassium amide (KNiy) is
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a;Strong ammono base, effecting indicators and reacting
~with acids in liquid ammonia solutions as does potassium
'khydroxiae in water. Replacing a second_H in NI by a _
‘metal gives an imide, as potassium imide (XK;NH), which is
also an ammono base. Replacing all of the Hfs in NHg by
a metal gives a nitride, as potassium nitride (Ksﬂ), which
“is‘analogous to an oxide in the aquo system. It is seen
 ffém'this that in the nitrogen system of compounds there is
a new class of compounds due to the third valence of nitrogen
which has no analog in the aquo system, oxygen being only
~ divalent. An ammono acid is the result of replacing one
of thé.g's in NH; by a non-metal. Thus chloramine (HoNC1) is
;  ammono hypochlorous acid. Introauction of another chlorine
atom into NHz gives us chlorimid (HNClp), which is also an
‘ ammono acide Introduction of three chlorine atomse into‘ﬁgé
~gives nitrogen trichloride (NClQ), which is an ammono acid
‘anhydride. The reaction of an ammono acid with an ammono
ybase produces a salt and ammonia, the solvent.
. KNH; + HpNC1 — KNHCL + NHz
A consideration of the above definitions of acids, bases,
and salts will show that Bhey may be made general and apply
to any system of compounds, the solvent being considered as

_ the parent substance from which all of the compounds in the

*iysten are dsrived.
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Franklin (17} has made this extension of his aquo and
. fammcno systems df compounds, so that we may now say that in
géheral, a Base is a substance formed by replacing one of
' tﬁe H's in the parent (solvent) substance by a metal, an
~agid is a substance formed by replacing one of the H's in
the parent (solvent) substance by a non-metal, and a salt
, ié~a sbbstance produced along with the sol¥ent when an acid
 reéctsfwith a base. The following table, #2, is given to
,illustrate the application of these generalized definitions.
Table 72,
Systems of Acids, Bases, &nd Salts.

~§ystem Solvent Acid Base Salt

Water H-OH H-0C1 K~ OH K~0C1
Hydrogen

~sulfide H-SH H-SC1 K-SH K-5C1
Ammonia H-~NHg H-NHCl  K-~NHp K~NHC1
,Hydrogen

~ floride H-FoH H-F3 K~-FoH K~F3

Methane H-CHg H-CHoCl  K~CHg K~CH,C1

The extensioﬁ of the original ideas of the aquo system
‘tdfnitrogen and then generalizing the définitions so that they
might embface any solvent system brings up the question of

'Uhéw to classify a compound that contains two elements, say

v°5 fygen and nitrogen, either of which may be used as a basis

for classification, such compounds, an example of which is

>’ ?hydr0xy1amine (NH,0H}, are to be regarded as a mixed type
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'of cdmppund. Hydromyl ammine then is an aqué;aMmono compound.
vFrqm\this it is seen that we may have any assortment of mixed
sttems, as well as the simple systems of compounds.
| These systems of compounds have been defined upon
- structrual relations of compounds to a Biven parent substance
and not upon any general property relationshépse. Thus
 p§tassium amide is not an ammono base merely because it
'rtg:ns phenolphthalein pink in liguid ammonia, but because
iﬁ may be regarded as derived from ammonia by the peplacement
of a hydrogen atom by an atom of the metal pbtassium.
 ?otassium hydroxide dissolves in liquid ammonia, turns
phenolphthalein pink and rescts with acids in liquid ammonia,
jbut it is not an ammono base. All that we may say about
potassium hydroxide in liquid ammonia is that it exhﬁbi&sL
'kréaetion properties gimilar to those of an ammono'base,
A further illustration of this point is found in the behavoir

of ammonium salts, such as ammonium chlorides.

In water, ammonium chloride forms a solution that is
nearly neutral to indicators, while in liquid ammonia it
gives'a solution that is very strongly acidic, yet ammonium
chloride is neither a true aquo s&dt nor an ammono acide
:in‘generalwammonium salts behave (18) as acids in liguid
7' ,  §@$0nia. To account for this behavoir the ammonium salt is
;fégérded as an ammoniated hydride, which when in solution

f:kﬁs.the ammonia assomiated with the hydrogen ion.
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mmqml——;ﬁdm%)+of
’Thus s0lid ammonium chloride is monammine hydrogen chloride
{Hclomﬂg), just as hexammine calcium chloride (Ca013~6NH3)bis
kaﬁmoniated calcium chloride or calcium chloride hexahydraﬁe
(CaClg*6Ho0) is hydrated calcium chloride. In speaking of
ammonium chloride as ammoniated hydrogen chloride it is
“interesting to note that when a solution of ammonium chloride
 ‘ih 1iquid ammonia is evaporated, the solid phase that
separates out is triammine ammonium chlbride (NH4C1-3NH3) (19),
1Whioh may be regarded as tetrammine hydrogen chloride, another
,kfgmﬁbniate of hydrogen cholride. This ammine is unstable
fuﬁder‘ordinary conditions and became known only thru the
uSe of ligquid ammonia as g solvent as have mumerous other
Hcémpounds/which can not exist or be formed in water,‘were
>k  nﬁkhbwn, unpredicted and some of which were not thought to
“~1 be possible.
| f - A few such compounds which were discovered by the use
of iiquid ammonia are, ammonium oxide ( (NH4)20 ) and
:,émmbnium"hydroxide (N¥H40H) (20), ammonium methylate
 NH40CHz) (21), disodium nitrite (NagHOp) (22), potassium
tetrazide (K,Colg) (23), disodium aniline (CgHgNNag and
| éevaral other new reduction products of nitrobenzene (24).
If these few compounds are not enough to convince, an examination

of the literature on liquid ammonia work will show that
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‘liquidvammonia ag a reaction medium is not to be considered
 38 an imderesting curiosity, but as a useful research tool
that often brings definite resulté that are impossible to
"abfain in any other known way. As an example of everyday
practical usefulness of liquid ammonia as a reaction medium,
fhe quantitative determination of halogens in organic compomnds
 (25) thru the use of solutions of alkali metals in liquid
~&ﬁmonia may be cited.
These solutions of alkali metals in liquid ammonia
J‘héve excited the curiosity of investigators since the time
Qf:their discovery by Weyl in 1864. Kraus, after having
k, ﬁvaed that the blue solutions are in reality solutions of
alkali metals in liquid ammonia, showed by the same use of
‘ché,phase rule that the alkaline earth metals form compounds
‘r‘(ié) of the type represented by calcium hexammine (Ca*®6NHz)
‘a5 well as true solutions of the metal. It is to be noted
bﬁhat calcium hexammine is an ammoniate of calcium and not
 a’meta1 ammonium compound like postulated by Weyl. Solutions
"Qf‘alkali and alkaline earth metals when concentrated conduct
fah electric current in the same fashion as does the pume
| metal in the absence of liquid ammonia, but as the solutions
are diluted with liguid ammonia the character of the conduction

 changes gradualy until at dilute solution the behavoir (26)

1;?1éfthat of true electrolytic conductance, which is characteristic

 of solutions of acids, bases and salts. The theory (27) that
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is generally accepted to account for the properties ofvthesé
‘ 861utions of metals is that there exists in the solution an
GQuilibrium between neutral atoms, positively charged metal
7iqns, and free electrons which are ammoniated; the relative
| amounts of each depending upon the dilution of the solution
in question. This equilibrium in solution is represented
;iﬁ‘the following manner, using the metal potassium for an
 example.
K K4 ee(NHg)
To this free electron im solution is attributed the ability
»}6f such solutions to quantitativly remove halogen and sulfur
(28) from organic compounds, to precipitate metals (29)
from their salts and to bring about other réactions that
,deﬁand violent reducing power.
| Some typical examples of reactions between these
’:quuid ammonia solutions of alkali and alkaline earth
‘metals and inorganic salts are as follows.
1; Precipitation of a free metal.
AgCl + Na — Ag + NaCl (29)
Aul + Na —» Au + Nal (30)
la. Reaction between the precipitated metal and alkali metal.
| Au 4+ Na ~> AuNa (30)
(The alkali metal may react directly with the salt

without the intermediate formation of the metal

precipitate to'give the products formed by the

occurance of both 1 and las)
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1b. Reaction between precipitated metal and alkali amide
formed by catalysis of thé excess alkali metal.
Zn + 2KNH; —> 2Zn(NHK)o + Ho (1‘6)
108n +- 6NaNHy —>» 28n(NHp)o+NaNH, + NagSng (1)
21 The negative radical of the salt is attacked by the
| akkali metal.
NaNOg + Na —>» NagNOg (22)
| NaSCN + 2Na — NasS + NaCN , (32)
In éddition to the main reaction between alkali metal and
the inorganic salt, there may oggur side reactions such as;
l. Ammonolysés of the inorganic salte.
HgCly + 2NHz —> HgNHoCl + NHyCl (33)
SiCly + 8NHz —> Si(NHg)gq + 4NHgCl ~ (18)

2. Reaction between the salt and the alkali amide formed

by catalysis of the excess alkali metal.

RKNH, + Ni{SCN), —* 2KBCN + Ni(NHp), (34)
The carrying out of the above reactionsg or any reactiqn
in liquid ammonia solution is not without its difficulties.
- For instance very small traces of moisture or air (oxygen)
in‘apparatus have been observed to effect some reactions in
liquid ammonia to a marked degree. Often products are formed
 ( which are unstable at ordinary temperatures (23), in the
absence of ligquid ammonia or in the absence of an atmosphere

‘;gaseous ammonia:(lg). Conpiderable difficulties have been
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k’ek?erienced with some reaction products (23) in making the
~transfer from the liquid ammonia to the wayg?Asystem for
the purpose of analysis, because of instabilify in the
grésence of water. In addition to these difficulties,
’which may be regarded as incidental to some cases, the
liquid ammonia, due to its physical properties, requires
,speaial apparatus and technique for using it as a solvent
medium for chemical reactions.

| For ecarrying out reactions in liquid ammonia two
different techniques have been developed, one for working
‘with liqaid ammonia at toom temperatures and the other for
working at the boiling point of liquid ammonia. A few (35)
reactions have been carried out at high#r than roon

) remperatures. Working with liquid ammonia solutions at
‘room temperature as discribed by Franklin(38) and others
ih&olves the manipulation of solutions in glass or other
,apparatus under the vapor pressure of liquid ammonia and
since the vapor pressure of liquia ammonia at 24 C. is

- 9.594 atmospheres(37), there is the danger of explosimn of
7giaSS apparatus. Working with liquid ammonia at its boiling
point requires, essentially, some contrivance which will
prevent the liquid ammonia from boiling too vigorously and
kkwhich will take care of the ammonia gas that is boiled-off.
 Whi1e in some cases where it is desired merely to carry out

”a;ieaétion in liquid ammonia, an ordinary Dewar flask and a
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fume hood satisfy these requirements, an apparatus suitable
- for maintaining complete anhydrous conditions and for
'invéstigating the course of a reaction is necessarily
’)ﬁgére‘glabdrate. Such an apparatus and the procedure used
t;'\”»:_‘L"nwzm’rlkingAwith boiling liquid ammonia will be taken up in
ksome detail in the next section of this thesis, because
tﬁia has been the method used here at the University of
7 Cincinnati, where investigations carried out in liguid

| aﬁmonia solutions have been focused upon reactions brought
about by solutions of alkali and alkaline earth metals.

| In harmony with this line of investigation pursued at

'the“University of Cincinnati, the experimental part of this
‘thesis deals with the reactions occurring between nickel
ccmpounds and solutions of alkali and alkaline earth metals

in liquid ammonia at its boiling point.
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I1X.
APPARATUS AND ITS MANIPULATION,.

‘ fhe,apparatus described herein consists of two separate
'gqtgps, each of which was constructed in the laboratory by
fiﬁé!use of a blast lamp and a hand-torch. One setup was
:tﬁat used for working with liquid ammonia at its boiling
point and the other for subj ecting material to high vacuum
treatment.
| A,.“ LIQUID AMMONIA APPARATUS.

The liquid ammonia apparatus used in this work was in
- general like that which had been used here by other workers
'1(52), but modified in its various parts to suit our own

notions. The entire apparatus was held securely on an

~ especially built wooden frame (5ft.x 5ft.) in which was

':maﬁntéd strong iron rods. This rack might be regarded as a

 de luxe model ringstand since it supported the apparatus by

%iméans of the ordinary varity of laboratory clamps, rings, etc.

The apparatus, most of which was left permenantly clamped to
yﬁhe rack, consisted essentially of a cooling bath, reaction
yrtube, gas collection train and a gas exit train. The general
‘4is§tup of the liquid ammonia apparatus is illustrated in Figure

#., and in Pigure II., certain details of the apparatus are

showne
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‘ Figure II ‘
REACTION AND SAMPLE TUBE DETAILS

aa
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1.

3.

4.

B

60

D
10.
11,
12,
13,
i

15,

16.

e

LEGEND FOR FIGURE I AND II.
To.ah iron tank fitted with a needle valve. The tank
holds 4.5 1lbs. of liguid ammoniase
Réaction tube, 22 mm. inside diameter.
Bent tube used for addition of alkali metal, etc.
Three way stopcock,. |
Mercury pressure gage.
Tube delivering anhydrous ammonia gaslﬁo the reaction
tube and also wash solution delivery tube.
Dewar flask, unsilvered, one liter.
Tube for blowing dry compressed air thru Dewar flask.
Exit tube for compressed air and evaporated ammoniae.
100 cec. safety bottle containing 2 cme. of Hge
500 cce absorption bottle containing 2 cm. Hg, and 6M HCl.
100 cc. gas burette, containing 6M HCl.
Leveling bulb for gas burette, contains 6M HCl.
Leads to a ten liter safety bottle which leads to another
ten liter bottle filled two-thirds full of water to
absorb ammonia that escapes from the apparatus.
Pyr#éx sample tube used for samples that are to be useu
on the vacuum apparatus, Figure III, #l5.
Sample tube made with very small stopcocks so that the
whole thing is light (Wt. approx. 30 gms.) and may be

weighed on an analytical balance.
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LEGEND FOR FIGURE I AND II.

‘l?. Bent glass rod fuced on to a small glass cup, used in
place of #3, Figure I, to introduce samples of nickel
salbts into reaction tube.

18+ Point at which sample tubes are sealed off from the
| reaction tube.

19+ Arrangement of top of reaction tube that facilitates

o the washing of precipitates with liquid ammonia.
19b. Pressure tubing, rubber.

(2,3,6,8,12,16,19)a and 6b. Two-wa¥ stopcocks.
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, The manipulationiof this liquid ammonia apparatus
will now be explained by deseribing the carrying out of
an experiment. TFirst, the two reactants, weighed amounts of
aikali metal and nickel salt, are placed in the apparatus,
‘the nickel salt in the reaction bube,2, and the alkali metal
r in the addition tube, 3, the alkali metal being protected
from the air by a stream of ammonia gas passing from the
tank; 1, thru 3 and 6, out of the reaction bube to stopcock
4, which directs it thru the precsure gage,5. The pressure
gage is kept at a pressure of ten to fifteen centimeters of
l'offmeroury. The ammonia gas goes from the gage to the
[absorption bottlesyl4. Having the reagents in place, a
‘*léloW stream of ammonia gas is kept flowing thru the apparatus
“ while the Dewar flask, 7, is filled with commercial liquid
‘ammdhia. The commercial liquid ammonia is introduced‘into ‘
 #§¢ Dewar flask thru a glass tube in rubber stopper 7ae. This
‘glass tube, not shown in the diagram, is slosed with a rubber
gtdpper at all times except when liguid ammonia is being
introduced into the Dewar flask. Compressed air is blown
thiu the commercial liquid ammonia in the Dewar by means of
tﬁbe 8, The compressed air together with the evaporated
ammonia leave the Dewar thru thbe 9 and go tosthe absorption
7 b®ttles, 14. This evaporation of the commercial llquid G
 ¥ mmonia by the use of compressed air lowers the temperature

faf the whole cooling bath several degrees below the boiling
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 p6int of liquid ammonia, hence the anhydrous ammonla gas
coming from tank 1 will‘condense in the reaction tube, 2.

When sufficient liquid ammonia, about ten centimeters
depth, has condensed in the reaction Bube, the stopcock 4 is
ééjnsted 50 that‘the gas leaving the reaction tube will pass

k“thru the safety bottle 10 aﬁd to the bottle 11, where all the
«iammania‘wiil be absorbed and all gas not soluble in hydrochloriec
acid will pass up into the graduated gas burette, 1l2. When
‘féﬁg@cock 4 is 80 changed the stream of ammonia gas coming
F “forbm the tank 1 is adjusted so that ammonia just does bubble
thru the safety bottle 10. At this time the addition tube 3
VV_;ig-gently tapped with the fingers so that the material
iﬁééﬁtained in it will fall into the reaction tube, 2, and react
~ﬁith the material in the liquid ammonia solution. Vhen the
‘f:rgaction occurs it is usually necessary to adjust the stream
" «Ofiammonia gas coming from 1 so that the flow of gas thru 10
1lah§’ll is not too violent. When the reaction is over the
gcbmpressed air is turned off and all parts of the system in
front of the gas burette is flushed well with ammonia gas &0
"that all the gaseous reaction products which are not “soluble
' ihj1iquid ammonia or hydrochloric acid will be swept into
the gas burette 12, where such gases may be kept pending
~their analysis. After having collected add the gaseous

reaction products, attention is tukned to the solid and

Lidfproduets that may be present. These are separated
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- into those which are and are not soluble in liquid ammonia

*’fj;by washing them with liquid ammonia.

The method used in washing precipitates with liQuid
ammonia at its boiling point amounts to "washing by
decantation” and is carried out in the following manner.
v,gAftér the reaction is over, stopcock 4 is set so that the
;iamm@nia stream flows thru 5. Tube 6 is raised so ﬁhat its

_é#dfisvabove the surface of the liquid ammonia in the reaction
tubé 2+ Vhen the precipitate has settled to the bottom of
| the reaction tube, 3a is opened and 6a is closed. Then with
a“ﬁrisk’stream of ammonia gas passing out thru 5 under a
i"pféésure of ten to fifteen centimeters of mercury, 6b is
 opened and 6 gradually lowered until all of the liquid
: a¢m0nia above the precipitate has been forced owt thru 6.
fThé:liquid ammonia, so delivered thru 6, is caught in a Dewar
.fléSK of suitable size. When 2ll the liquid ammonia is
‘rémoved from above the precipitaﬁe, 6a is opened, Sa and
  _6b closed and fresh liquid ammonia is conaensed on the
f:preelpltate in the same way that the first liquid ‘amfonia
kV}was condenseu in the resaction tubeyle. Thls alternate condensing
,and forcing off of liquid ammonia is continued until the

- precipitate is washeu free of soluble material, after which

" the cooling bath of liquid ammonia, 7, is removed and all the

aining liquid ammonia allQWed to evaporate out of the

'atien'tube, 2, the;ammonia’gas'passing out thru the gage 5
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- to the absorption bottles, 14. This treatment isolates the

’iﬁsoluble reaction products in the reaction tube in an
'atmosphere of dry ammonia gas so that it may be further
_ggagidered as a part, separate from the soluble products.
 If the insoluble reaction product is unstable in air
rit,is removed from the reaction tube for analysis in the
"nfqllbwing manner. Addition tube 3 is replaced by a sample
- tube such as illustrated in Figure II, #15 and #16, care
;;béing taken that a brisk stream of ammonia is passing thru
-the apparatus so that no air will enter the reaction tube

~during the change, and that the sample tube itself will be

~ flushed out, leaving an atmosphere of ammonia in it. For

H ”this flushing out, the stopcocks of the sample tube are left
ﬂcpen a short time. When the sample tube is in place and its
i ‘stﬁpqaeks closed after flushing with ammonia, 6a and 2a are
7éigaed and the reaction tube is taken loose from the rest of
' the apparatus so that the precipitate may be shaken into the
éémple tube. The sample tube is then sealed off,using a
f 5h$hd torch, at some convenient point such as 18.
- Since the dbbe to be sealed off had the reaction
yﬁrcduct shaken thru it, there was always some slight trace
of the product on the ingide surface of the gidass. For this

reason there was always a slight discoloration running thru

‘ﬂ??ééglasskatfthe point where it was sealed off. This type

iﬁbf éeal was all right for ordinafy purposes but would leak
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riﬂéiﬁﬁéer the high vacuum to which it was found desirable to
“éﬁbject some of the reaction products in this work on nickel
ks@lts. In»qrder'to make such a seal vacuum tight a bead of
 éiéar élass from a glass rod was deposited on the discolored
end of the sealed off tube immediately after it was sealed
éaff g0 that.the end of the tube was covered with a cap of
_clear glass.

. * When experiments were made in which the only object was
ki’to:obtain the washed reaction product, the reaction tube was
arranged as shown in Figure II,#lQ. This made the raising
and IOWering of the tube 6 much easier. When the reaction
4iiﬁbe 2 was used as shown in Figure I, the hole in the stopper

thfu which 6 passed was bored large and sealed gas tight
w:r,th DeKhotinsky cement. Care had to be taken that none of
this cement was rubbed into the reaction tube by the raising
kénd lowering of the tubeﬁé. When it was desireu to introduce
'éﬂsample of nickel salt all at once into the reaction tube,
 £he arrangement shown in Figure II, #17, was used.
| In ordér to test this liguid ammonia apparatus for its
| efficiency in the collection of gased given off by reagctions,
5weighed amounts of sodium were reacted with an excess of
 4~émﬁonium bromide and the hydrogen gas given offrcollected.

fszhe gas was analysed by the explosion method. The following

ble, #3534 oontains ‘the results of the four test experlments.

wltgas volumes are reperted caleulated to standard conditionse
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Table #50

@as Collection Test.

~ Na used Hp, cce Hg, cco . error,
grams. theoretical, found. bercent,
- 0.0774 3747 3745 0.53

040926 45.1 4446 0,89

i’  Q;1QI? 4946 50.0 0.80
: - This ﬁata shows that the apparatus collects all hydrogen
'tt:iiberateu within about 0.8%, when the volume of gas is
, 1érbund 50 cce This mech error is to be expected since the
~ga$*was analysed using a 100 cc. water jacketed burette.
 fThé7smallest graduation of the burette was 0.2 cc. Twenty
bﬁbié centimeters is the largest sample that can be used in
& 100 cc. gas burette, hence the total volume change on
; §$plosiun is 30 ccs An error in reading of 0.2 cc. in 30 cc.
iéi@pproximately an error of O.7%. An error of 0.8% when
ff,ﬁhe volume of gas is around 50 cc. is an error of 0.4 CCey
kahich is equivalent to 0. 0005 grams of sodium and 0.,0008
| giams of potassium. Thys data obtained from this apparatus
' j wi11‘be in error by an amount corresponding to that produced
3byfthese amounts of sodium and potassiume.
B, VACUUM AERARATUS.
T The vacuum apparatus, which was constructed entirely of
t'fggfggxglass, consisted of a Toepler pump and a mercury
tfi%éﬁ?f pump supported by a Hi~vac oil pump as sources of

qum, a Mcﬁleod gage, and an arrangeument forrattaching
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Hgam@les on to the system for their evacuation. The mercury
“ﬁapbr pump was made at the Corning Glass Works after the
 dé$ign‘of C. A. Kraus (38). This mercury vapor pmmp,
;g#yported by the Hi=-vac oil pump, would pump the systemrput
té'preSSures iess than lod/ﬁm. of Hg, this being the lowest
’ pressure readable on the McCleod gage. After Ppeing pumped
out to 1ddimm. of Hg, the pressure in the system would rise
ﬁd about 10~ mm. of Hg, after standing for fifteen hours
‘fwithout further pumping. Approximstely four-fifkhscdf the
~tﬁenty one and a half ohms resistance were required in the
ikf;::.:lfz“t;tz.:f'.’r, to maintain the mercury vapor pump at the right
'éémﬁerature. The volume of the Toepler pump (500 cc.) was
"approximately twice that of the system not including the
*ﬁéfdury vapor pump, 80 that each stroke of the Toepler
yjﬁﬁp reduced the pressure to about one~third of its previous
"fiélﬁe. All connections in the vacuum system were glass to
.giass sealse. Thece seals as well as the rest of the system
‘ wére tested under vacuum for leaks by use of a high voltage

: inéuction coils. The vacuum apparatus is illustrated in

‘Figure IIL.
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Figure ITI

VACUUM APPARATUS
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b LEGEND FOR FIGURE III.
; 1. Tounlenco-Hi«VaurPump.
2. Safety trap, 200 cc.
 3,] Mercury vapor pump, cooled with;a water cooled condenser.
: %. Hlectric heatér, 116 volts, 250 watts.
‘#a. Slide wire resistance, 21.5 ohms, 255 amperes.
’ff,44b. Alternsting current source, 110 volts.
5 éQ’ Safety trap for McCleod gage.
7. McCleod gage.
-8« Open side of NcCleod gage. One tube is of 6 mm. bore
and the other is a 1 mm. capdllary tube.
9. MNMcCleod gage bulb of known volume.
10.v Capillary tube of known Bore. (approx. 1 mm.)
- 11. Leveling bulb for lcCleod gage.
;14.‘ Capillary tube, used for making final seal under Vacuull.
15; Container for sample that is Yeing eVacuated.‘
‘,16, Toepler pump bulb, approx. 500 cc.
 18@ Toepler pump valve, consisting of a hollow glass
plug which is so ground on the top end that when it is
lifted by the rising mercury it prevents the mercury
from going past the valve.
19. Ospillary tubing.
\~20. Gas receiver for gases delivered by the Toepler pump.
'~n,§l.  Container for mercury soming from the Toepler pumpe.

. 22. TLeveling bulb for the Toepler pump.
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LEGEND FOR FIGURE III.
23 and 12. Pressure tubing, rubber.
24, Metal bath used for heating sample tube. e
5y 13, 17, and (2, 15, 20, 21)a. Two-way diagonal stopcocks.

25. Manometer, mercury filled, 6 mm. tubing.
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- The vacuum system was used in the following way.
Samples, contained in sample tube 15, %ﬁibe evacuated were
sealed on at point 25. This seal was made by blowing thru
H ﬁhe capi11ary tube 14, a calcium chloride tube being used to
 ’éxclude moisture from the system. After this seal 25 was
‘made the capillary tube 14 was sealed by heating its end
’u@til it sealed itself under vacuum. After this capillary
Was'sealed, the gas in the system between stopcock 13 and 1lba
7i1w53 pumped out by the mercury vapor pump until the whole
‘ gystem above the stopcock 15a was down to a pressure of
' 1§§/ﬁm. of Hg or less. so that the only free gas in the whole
:yétem was that in the sample tube 15. When the gases that |
Wé:e-given off by a sample under vacuum were to be collected,
7 ;éf§pcock 5 was closed and the sample evacuated with the
"_ﬁfséﬁler pump. If these gases were not wanted, the sample

‘WasveVacuated by means of the mercury vapor pumpe
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III.

MATERIALS USZD. »
As implied by the title of this thesis, the materials
“necessary for use were liquid ammonia, alkali matals and
kgigkel compounds. The liquiaid ammonia used was obtained from
fhe Mathieson Alkali Works in cylinders that contained
”Qne;hundred pounds of anhydrous liquid ammonia. The alkali
* fmeta1s used were Kaklbaum: products. All of the ntékel
 5esmpounds used were prepared in the 1abofatory from appropriate
“ifeagents. Since there are mumerous nickel eompounds which
might have been used it was necessary to decide with which
onerof ones to start.
 The use of anhydrous and anammoniated salts in liquid
ammonia work offers several disadvantages. First it is
': hard to prepare pure anhydrous and anammoniated samples of
Eféaits that form hydrates and ammoniates. Next, it is difficult
.:t§ ﬁeigh and handle such salts on account of their picking

‘up'moisture. Also when brought into contact with ammonisa

Sy gas or liquid ammonia the salts at once form ammoniates, with

wi cénSequent caking=up and sticking of the salts énto parts
il of:apparatus where they are wanted least. In order to avoid
these mentioned difficulties it was decided that since

o practically 2ll nickel salts form hydrates and ammoniates, it

Lo  wduld;be best to prepare the ammonigtes in the first place

weigh them as such. This was found to be of particular

dvantage in the case of nickel salts because formation of
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f7gmmoniates offers the most simple and éfficient way of
"eliminating cobalt impurities from the désired nickel compounds
‘and also because the ammoniates of nickel salts are stable.
' ‘;fSince no extensive information about the solubility of nickel
 eompounds in liquid ammonia was available it was necessary
,: to make several salts and try them oute
| The known compounds, hexammine nickel chlorlde, bromlde,
{iodlde, nitrate and tetrammine nickel thlocyanate, (N1C12-6NH5,
1;3;3r2-6NH3, Nilye6NHz, Ni(NOz)s6NHz, and Ni(SCN)ge4NHz), were
jprepared and it was found that only the nitrate (18) and the
: thiocyanate (34) were appreciably soluble in liquid ammoniae
V,Nést the compounds, hexammine nickel acetate and triammine x
‘nickel cyanide ( Ni(CyHzOp)ge6NHz, and Ni(CN)ge3NHg), were
'}?iepared and found to be practically imsoluble in liquid
{aﬁmOnia. A search of tné literature has nét revealed any
;ffmsntion of the extstance of these ammines of nickel acetate
 k; and;nicke1 cyanide, so it is believed that this thesés
'cpﬁtains the first knolwedge of these two compounds.
| All of these prepared compounds as well as other reagengs
 ;u§on which guantitative results depended in this work were
faﬁélysed to ascertain their purity. So that there will be
ﬁ_ no,question as to the pumity of material used or the reliability
’?f~*§f analytica1 methods, the methods of preparation useu, the
‘»,:ﬁéfhods of analysis and the analytical results found in

 fh ﬁ£a1ing with reagents will now be given in the order named.
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A METHODS OF PREPARATION.
o 1. Liquid Ammonia.

4’ In order to make the commercial liquid ammoniabéamplﬁkggx
'f anﬁydrous for reaction.purposes it was distilled.inté small
;  s£ée1 tanks which hold 4.5 pounds of liquid ammonia. A

iQu&nfity of metallic sodium, sufficient to be in excess of the
,kémbunt needeu to react with the water in the liqﬁid ammonia,
Vfwéé‘placed in the small tanks before filling them with ligquid
‘  §mmonia. The excess sodium was catalized td amide and
. hydrogen by the iron tanksi Opening the tank's needle valve
for a short time let the hydrogen out along with the emcaping
amﬁonia gase. Before being used for reaction purposes, each
 1tank was testeu for dryness by distilling some armonia into
‘b,thé 1iquid ammonia apparatus as described on page 20, and
théh,observing whether or not any hydrogen was given off when
,i é&piece of sodium was dropped into ite
| 2e kSodium and Potassium.
Sodium and potassium, stored under petroleum éther,
S ﬁatérused in the following manner. A ten centimeter
'kdryétallizing dish was poured two-thirdsrfull of petroleum
ether and a large piece of sodium or a ball of potassium
placed in the dish, a pair of nickel tweezers being used to

 handle the alkali metal. With a razor blade, a suitable

ce of the alkali metal was cut from the large piece, taking

~»€é?é,to pare off all of the oxide film and to leave only
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[ ”éright pure‘metal. This piece of metal was transfered to a
-Wéighing bottle quidkly enough so that the petrcleﬁm ether did
"nqt,evapcrate off the metal. The petroleum ether was biéwn off
 '£3€ metal and out of the weighing bottle by a stream of dry
;~~  ﬁftrbgen. When the petroleum ether was completly removed
ﬁ_:_the wéighing bottle was stoppered and’wéighed. After weighing,
fthekalkali metal was transfered to the liquid ammonia apparatus.
‘*T Whéh handled in this way the bright sufface of the alkali
> m§ta1 became only slightly tarnished. The experiments described
k:pﬁ,page 25 and the analysis of the metal, page 39 , handled in
athe same way show the metal to be pure and that no appreciable
kfilm'of oxide was formed during the handling of the metal.

3¢ Known Nickel Ammine Saltg.

Hexammine nickel chloride, bromide, iodide, and nitrate
 weré’made by precipitating the ammine from a solution of its
 hi§ke1 salt by adding strong’ammonium hydroiide and cooling
;in an ice bath. The procedure used was that given by Biltz
ffand Biltz (39)« Tetrammine nickel thiocjanate was prepared
Zﬁy”mixing equivalent quantities of solutions of nickel sulfate
i aﬁd barium thiocyanate, filtering off the barium sulfate,
,gdding strong ammonium hydroxide, and crystallizing (34) out
'the tetrammine nickel thiocyanate. Théraboveunickel ammine

. éalts were filtered from their solutions by suction, washed

h alcohol, then with ether ahd air drawn thru for a

hort time to remove the ether. They were then stored ina
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':%;aéuum desiccator, the drying agent of which was a mixture
 @£$éalcium oxide and ammonium chloride, This gave an atmosphere
of dry ammonia gas.
| 4., Hexammine Nickel Acetates
Hexammine nickel acetate was prepared by washing nickel
 acetate.three times with anpydrous liquid ammonia in the
 pame manner as described on page 22 for the washing of precipitates.
”~The iiquid ammonia caused the bright green nickel acetate to
tufn to a light violet color which ie the color of the
hexammine of nickel acetate. After being washed with liquid
  ’§mmonia, the hézxamihine nickel acetate, while wet Wifh liguid
,iﬂQMmonia, was placed in a vacuum dessicator over a mixture
of calcium oxide and ammonium chloride. The excess ammonia
‘Vwas removed from the desiccator by evacuation with a water
‘;pump. Hexammine nickel acetate is stable in an atmosphere
 fo ammonia or dry air but is very unstable in ordinary
‘3 (mOist) air, being quidkly turned to a green sticky mass
-smelling strongly of ammonia. The nickel acetate used
'fWas prepared by dissolving freshly precipitated nickel
‘ fhydfoxide in an excess of hot glacial acetic acid. The
 excess of acetic acid was removed by evaporating the solution

to drynesse. This product was recrystallized from water

. three times and used as describede.

5. Triammine Nickel Cyanidee
Triammine nickel cyanide was prepared from Kahlbaundb

kﬁ*ﬁéﬁre dry nickel cyanide in exactly the same way that
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[WdhEXammine nickel a cetate was prepareu from nickel acetate.

"Triammine nickel cyanide is light violet in color and is stable.

~Bs METHODS OF ANATYSIS AND COMPOSITION OF REAGuNTS.
i Standard methods of gravimetric and wolumetric analysis
_the used but sometimes with modifications to suit the
;;Lgygrﬁicular case at hands. Gooch crucibles were used in gll
 g?aVimetric determinations and when the filtrate from one
i f@ép¢rmination wae to be used for tne determination of another
- p@ﬁstituent, a bell-jar, with a beaker for receiving ghe
f{ffiltrate, was used instead of the usual suction flask. The
‘Tffgﬁrengthvof all volumetric solutions wass basea upon exactly
k‘néhé~$enth moiar hydrochloric acid which was itself prepared
, from constant boiling hydrochloric acid and checked against
°i§ s§dium carbonate using methyl orange as indicatore. The
 ',165nstant boiling hydrochloric acid was'prepared according to
‘  Fbu1k and Holliéngsworth (40). For analysis, as for use in
‘ 1iquid ammonisa reactions, amnmoniated nickel salts were stored
"M  ;pfweighing bottles placed in a vacuum desiccator over a
'ﬁi%ture of calcium oxide and ammonium chloride. The Weight
éf‘a sample of nickel salt was determined by the uifference
,~in weight of the weighing bottle vefore and after removing

,;he'sample. In gemeral the following standard methods of

‘ﬁélysis were used for each constituent mentioned. Any
ariation of the method will be mentioned under the compound

‘Where it wasnnecessary to employ a change. 1l. Nickel was
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‘éétermined by precipitation as nickel dimethyl glyoxime
l\  a¢0ording to the directions given by Fahles (41). Since
nq iron, aluminium, etc., were present in any of the solutions
',to be analysed, the addition of citric acid was omitted. The
" precipitate is 20.32% nickel. 8. Ammonia was determined in
: ﬁwo ways: (a) By dissolving the nickel ammine salts in an
- éxgess of standard hydrochloric acid and then titrating the
 £&é'excess acid with standard sodium hydroxide using methyl
‘réd indicator. (b) By dissolving the ammonia containing
1'f;méterial in am excéss of acid, adding stromg sodium hydroxide
aﬁd distilling the ammonia out into standard hydrochloric
acid as in a regular Kjeldahl determination of ammonia.

" The first method may be regarded as a direct titration of
  §§g‘ammonia in the ammine salts and the second as a Kjeldahl
féetermination éf ammonia. 3. Halogens, cyanide and thbo-
;cjanate wefe determined gravimetrically as silver salts and
‘vaiumetrically by the Mohr method(chloride only) and by the

'?[VOlhard method. In using the Volhard method the practice
 5£ filtering off the silver halide or cyanidé precipitate
‘;w;é employed until it was found that the use of nitrobenzene
as a ®Boagulating agent, as suggested by Caldwell and Moygr
'{42), gave equally good results. 4. Potassium was determined

*~;by~preclyitation as KgNaCo(NOg)G'HQO as described by Hamid

The precipitate is 17. 21% potassium. An excess of

e

sn tlmes the calculated amount of sodlum cobaltl nltrlte

s

'1 reagent was useds. 5. Sodium was weighed assodium chlorlde.
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‘“ $bdium chloride is 39.34% sodium.
l. Analysis of Metallic Bodium.

- The sodium metal was weighed out as described on page 33
gnd‘then placed in a 150 cc. beaker which contained enough
~anhydrous diethyl ether to cover the metal. 95% ethyl alcohol

‘,Wagfaddeu, little by little, to the ether until all of the
4”alkali metal had reacted. Water was added to decompose the
‘,%a&eholate and then an excess of concentréted hydfochloric
yiacid,was addeds After the ether had evaporated at room

ftémperature, the solution of sodium chloride was evaporated

‘,té dryneés on the water bath. Then the beaker was ignited

;With a bunsen burner to remove all excess acid and moisturé.

lAfter cobling'in a desiccator the beaker Was,wéighed aﬂg Wil
o Waéhed free 6f its sodium chloride content. After which the

ﬁéﬁpty keaker was dried in the oven at 110 C., cooled in
"ya desiccator and weighed. The difference in the two

‘weighings was considered as being due to sodium chloride.

',Fonr differenf pieces of sodium gave the following results,

given in Table #4, which not only show the metal to be of
 nigh purity, but also that no appreciable film of exide

“was formed in weighing the metal.
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Table #4.

Metallic Sodium Analysis.

Sodium, Sodium chloride, Sodium,
_grams used. grams found. percente.
042062 ‘ 0.5261 100.3

042237 0.5719 100.5

0.,1701 0.4350 100.6
00,2815 0.,7207 100,7

2« Analysis of Metallic Potassiume
- Metallic potassium was treated in the same way for
”3§alysis as was metallic sodium except that instead of
’?,Lﬁéighing as_potassium chloride the potassium chloride was

;4aissolved in a small amount bf water and sodium cobalti
m{#{trite reagent added. Four different potassium balls gave

fthe‘following results, Table #5, which show the metal to be
‘;pﬁre potassium.

o Table #5.

Metallic Potassium Analysise

g Potassium, . KgNaCo(NOg)eeHoO Potassium,

' __grams used. —_grams found. percent,

041799 1.0475 99.78
0.1997 1.1645 100.4
0.,1850 1.0793 100,.4

0.1618 0.9483 100.8

3. Analysis of Known Nickel Ammine Salts.

wa»samples of each nickel ammine salt were used, one
~ for the negative ion determination and the other for both
*:]  faﬁﬁénia and nickel determination. The ammonia was determined

 by direct titration and then the nickel precipitated out of
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7§hisrsolution. Table #6tcontains the analyses of the
rr.v' kﬁ6wn nickel ammine salts.
| Table #6.
Known Nickel Ammine 8alt Analysis.

Percent, Percent, Method.f
theoretical. found.

Hexammine Nickel Chloride (231.8)

Ni 25.31 25428
NHz 44.10 43.95  direct
Cl 30.59 30.59 lohr

Hexammine Nickel Bromide  {320.7)

Vi 18.29 18335
NH3 31.89 3le74 direct
Br 29,87 89.75 grave. AgBr

Hexammine Nickel Iodide  (414.7)

Ni 14.16 14411
NHz 24.69 : 24.38 direct
I 61.19 61115 Volhard

Hexammine Nickel Nitrate  (284.9)

Wi 20.60 20.70

NH3 35.68 3577 direct
35493 Kjeldahl

Tetrammine Nickel Thiocyanate (243.0)

Ni 24.14 23499
NHz 28,09 27.78 direct
SCN 47,77 47.73 Volhard

From the above results it is seen that the nickel

. salts were in such a high state of purity that they

‘uld‘by weighsd out as such and used in reactions in

féépaCity of a "primary standard".
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4. Analysis of Hexammime Nickel Acetade, & New Compound.
| Hexammine nickel acetate was analysed for only nickel
‘and ammoniae. As with the rest of the nickel salts the wéight
féfﬁfhe sample was determined by the difference in weight_of
‘{5£§e Weighing»bottle before and =fter removal of the sample,
',“5u§fin thié case the sample was transfered, in a desiccator,
"lté afsecond weighing bottle. This second wéighing bottle
~ &£§ then opened under the surface of a solution containiug
vaiiute sulfuric acid in excess of that needed to react with
'A,thejammonia in the nickel salt. This procedure was employed
‘ §§¢ause the hexammine loses ammoniz when exposed to the air
: andibecause the presence of the acetate ion woes not allow
fhe direct titration of the ammonis present to be carried
,5ut;w1th any accuracy. The end point could only be guessed
iﬁ;éhdirect tiiration of the ammonia as the color change of
‘ﬁéthyl red was gradual. Nickel nydroxide precipitated out

bgfore the pasic endl point of phenolihthalein occurred.

‘fj Table'#7 summariges the analyses of this compound.

Reproduced with permission of the copyright owner.

Table #7.

Hexammine Nickel Acetate Enalysise.
Ni(02H502)2-6NH3 {278.9)

Nickel, Ammonia, Methode.
percent. percent.

(£1.04) (36.65) . {calculateu)
21438 , 35495 direct
21.15 35014 direct
21.20 36442 Kjeldahl

21417 . 36438 Kjeldahl
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f:  These analyses show, without question, that the violeﬁ
‘«;éémpound formed when nickel zcetate is treatew with liquid
;gmmOﬁia‘is hexammine nickel acetate. Taft and Barham(51)
,;aééd nickel acetate in liquid ammonia but made no mention of
 the formation of ammine. A search of the literature has not
‘~‘reVealed any other mention of the use of nickel acetate in
"liQuid ammonia or of the formation of ammines between nickel
r;;_éééﬁate and ammonia, so that it is believed that thié thesis
  cohtains the first knowledge of the existance, isolation and
“'ffaﬁélysis of the compound, hexammine nié¢kel acetate.
7 5+ Analysis of TFriammine Hickel Cyanide, a New Gompound.
This compound could not be directly titrated for its
k ammdnia gontent because it would not give up all of its
~ ammonia to dilute acids (nickel cyanide is insoluble in
_ﬁéﬁér),V'Kﬁeldahl analysis always gave results that were
k   Q§e to three percent high due to hydrolysis of the cyanide
73, §Tésent. No further attempt was made to get an accurate
"i_éhélysis of the ammonia content of this compound.
. For nickel and cyanide analysis use was made of the T
fact that ammonicial silver nitrate solutions decompose

‘nickel cyanides. Small amounts of the nickel triammine

veyanide dissolve fairly rapidly in asmmonicial silver nitrate

Nfith‘stirring. One ~tenth gram or less of the compound was
"i‘éﬁirrea into 100 cc. of one-tenth molar silver nitrate

~ solution which contained 10 cc. of concentrated ammonium

droxide. When the sample had @issolved the solution was
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fgé% §§be made acid with nitric acid. The precipitated silver
: ~cyan1ae was ablowed to coagul@te in the cold solution and
:then filtered off, washed with cold water and waighed.
'w ;§1ckel was determined out of the filtrate from the silver
 éyanide precipitation. As an alternate method nickel was
 liétérmined in separate samples by dedomposing them with hot
"f'f§9ﬁcentrated sulfuric acic and then determining the nickel
i‘&§§ of thés solution. Table #8 contains the results of
ﬂiénélyses made on this compound.
| Table #8.

Triammine Nickel Cyanide Analysis.
Ni(CN],*3NH; (161.8

Nickel, Cyanide, Ammonia, - Method.

percente. percent. percent. :

(36.27) (32416} (21.57) (Calculateu)
36437 32425 32495 Kjeldahl
36430 3237
36445 32633

Thewe analyses demonstrate that the stable violet compound
f‘wfo?med when nickel cyanide is treated with liguid ammonia
',:iis triammine'nickel cyanide. Hovey (52) used nickel cyanide
‘finyliquid ammoria but made no mention of its forming any
_;aﬁﬁine compounds. A search‘of the literature has revealeud
,, 30 mention of this particular ammine of nickel cyanide so it

'isrbelieved that this thesis containg the first knowledge of

g of‘the ex1stance, isolation and ana1y31s of the compound,

f~kg§;iammine nickel cyanide.
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Iv.

“kaEACTION OF SINPLE NICKsI, SALTS WITH ©ODIUM AND DOTASSIUM

IN LIGUID AMMONIA.

. A. HEXAMMINE NICKEL BROMIDE WITH SODIUMe

Hexammine nickel bromide was the first compound to be
” prepared for use in liquid ammonia, and alghough it was
  fdund to be practically insoluble, it was tried out with
igépdium in liquid ammonia. Since it was practically insoluble

“i gikaas ground up so finely that with a little stirring it
ﬁbuld remain suspended in liquid ammonia so that all of the
salt present might have a chance to react with the sodium.
Siﬁce, when such a suspension was tried out with sodium, it
7gave a very vigorous reaction, further experiments and
QbServations were made tb determine the nature of the reaction.

The vigomous reaction that occurs when sodium 4& added

to hexammine nickel bromide or the hexammine nickel bromide
added to sodium in liguid ammonia is demoted by the immediate
;formation of a black precipitate and by the giving of f of
TR a gas. If enough sodium is present the solution turns to
niythe blue molor that is characteristic of molutions of sodium
in‘liquid ammonia, byt this blue color disappears in a short
tiﬁe,Vits fading out being accompanied by the giving off of
:gas. The evolution of gas stops at the same time that the

plue color disappears. Some gas is given off whether the

kaii meta1Iis,presént,in sufficiént amount to give a_blue

":giiution or not. If after the blue color disappears, more
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iébdium is added the solution turns blue and gives off
v g$s until the blue color again disappears. All furgher auui
gdditions of sodium produce the same result and apparently
,[,énf amount of sodium can be added and used up in this fashion
ﬂ'by the reaction. Since the reaction that occurs is evidenced

by the formation of alblack precipitate and the giving off of
“'é;gas, the identifioation of these two reaction products

ﬁWas taken up in ordér té get a clue to what was taking place
‘,When the reaction ommurred.
- As a first guess it was thought that the black precipitate
',;f0§med must be metallic nickel and that the gas given off
j ,ﬁﬁét be hydrogen produced by the catalydis of sodium to

sodium amide and hydrogen. This gless is a logical one in

"":the‘light of the facts that almost any amount of sodium may

 ~5§ uged by the reaction and that finely divided metals are

'  gQ0d catalysts for the conversion of alkali metals to amides

k 7énd hydrogen in liquid ammonia. When the gas given off by
,,the reaction was collected as described on page 21 and analysed

1, by;the‘exp1osiaa method it was found to be practically pure
  h§ergen. The following table, #94 contains typical examples

" of analyses of gas given off by reactions and shows the gaé

to Dbe practically pure hydrogelie
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Table #9 .

Analysis of Gaseous Reaction Productse.

Gas collected, Hydrogen Hydrogen,
CCe found, cc. percents
6842 6645 9746
112.9 , 111.8 99.1
1387 137.2 9849
25.6 2543 9849

*_ ;(A1l gas #olumes reporteu in this thesis are given calculated
vgﬂid standard conditions.)
k’In order to analyse the black precipitate formed by the
‘>reaction it was washed with liquid ammonia several times to
‘ fémové'a11 soluble material from it. After being washed and
dfied the black precipitate, now appearing as a black powder,
ﬁés found to occasionally have mixed with it a small amount of
"fedrmaterial. The presence or absence of the red material
“sééﬁed to depend upon’thé way the reaction was carried oute.
‘f ~Thﬁs if a small enough amount of sodium was added to a
suspension of the nickel salt in liquid ammonia so that the
 §o;utibn did'not tutn blue, the red material was always found
 ’fé‘be present and also some of the nickel salt was left
iunieacted. If this was repeated with the exception that after
the first addition of alkali metal had reacted, enough more
:éédium was addaed to turn the eolution blue ané this allowed to
i  ’rgact, the washed black precipitate when dried was seen to be
iﬁg@bmppsed of the black precipitate and the ted substance fno

‘f ﬁ5reacted nickel salt present). If a small amount of the
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kﬂnhékammine nickel bromide was addec in one adaition to an
,ékbess of alkali metal in order thnat the nickel salt might
react all at one time there were no red particles to be
observed mixed with the black precipitate. If this last were
. repeated with the exception thut after thes odium had all
Vreébted, a further quantity of nickel salt was auded, the
 501Qti0n took on a red color and then formed a red precipitate

° “which remained with tiae bladk precipitate in spite of washing

o ‘k'wéth liguid ammonias. Thus the presence of the red material

‘along with the black precipitate was due to a reaction between
; hexammine nickelbromide and a reaction product produced by
'Vtﬁe*formation of the black precipitate and hydrogen.

"' Since nickelamide is bright red in color (34), this

 red substance was thought to be nickel amide produced by

ftﬁé reaction of hexammine nickel bromide and sodium amide as

&gshOW% by the following equation.

NiBr,- 6NH; + &NaNH, —> Ni(NHg), + 2NaBr + 6NHy |
‘;g&?see if this was the case hexammine nickel bromide, chloride,
'jiﬁdide and acetate were reacted with sodium and potassium
'té@ides in liquid ammonia, the resulting red predipitates

i'» ﬁéshed, dried and analysed. The analyses only approximated

‘:‘f;th‘?eﬁ, formula for nickel amides as no product was obtained which

v“s free from unreacted nlckel salt. Bohardt (34) experienced

‘asame dlfflculty in trying to prepare nlckel amide fromﬂ

 :; hex mminefnlckel iodide in llquid ammonia at room temperature.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The above observations are in lime with the view that the

‘red material, which sometimes occurs in the reaction between

hexammine nickel bromide and sodium, is nickel amide formed

- by the interaction of sodium amide and hexammine nickel

~ bromide.

In order to avoid the formation of nickelamides during

k' }ﬁ£hg,reaction of Hexammine nickel bromide and sodium, small
\“ séﬁp1es of the niékel salt were used and the additdon of
e  £ﬁem to the sodium or the addition of the sodium to them in
,_iiQuid ammonia was carried out so that the héxamhine nickel
1§£dmide would all react completely at oune time and offer no
 ehance for nickel amide to forme. After having in this‘way
'”‘ Pegulated the reaction procedure so that the formation of
  £his insoluble reu material was eliminated and the black

precipitate was the only insoluble material produced by the

réaction, the black precipitate was analysed and found to

be 90-95% metallic nickel. This black precipitate is
'  f1py:ophoric in air, reacts viégopously with dilute acids and
 "h§s'other properties along with its pyrophoric nature which

- made it desirable to give 1t special attention in an atéempt

to find out why it was pyrophoric. ¢Eince a special study of

~kthe composition and pyrophoric property of this black,

 finely divided, pyrophoric precipitate was made, all that

, 3be said of it here is that it was found to be mainly
éiiic nickel, the;analyses supporting this statement being

d on pakeb 8.
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After finding that, as suspected, the gas given off was
 7'hydrogen@ahd that the black precipitate was metallic nickel,
;tﬁ§ #ext step taken was to investigate the relation between
‘fffgé amounts of hexammine nickel bromide and sodium used and
" th¢vamount of hydrogen produced. According to the original
“éssumptiohiof the sodium reacting with the Bexammine nickel
V;ib?@ﬁide to produce metallic nickel and then the rest of the
k~éédium present reacting with ammonia to form sodium amide
;libérate_hydrogen, the relation between the amounts of sodium
‘ahd,hexammine hickel bromide used and the amonnﬁsof hydrogen
mj ;§i6duced should be represented by the foilowing two equations.
L NiBroe6NHg + 2Na — Ni + 2NaBr + 6NHg
Na + NHz — NaNHo + Ho
" Sinqé, by these equations, the evolved hydrogen is equivalent
' to the sodium converted to amide, the measurement of the
;~‘fh&dfogen given off gives the quantity of sodium present in
 320€5$ of that demanded for the formation of nickel in the
1first'equation. Subtraction of this amount of sodiumywhich
  f9rméd hydrogen, from the total amount of skdium usea gives
‘:the amount used for the reduction of the hexammine nickel
A ermide'to metallic nickel. This so calculated amount of
sddium, when expreséea as atomic weights of sodium, should
{jgiﬁé’a number that is equal to twice the number of molecular

 {ﬁ“ghts of hexammine hickel bromide used, i.e. the ratio

5frbétweén the number of gram atoms of sodium and gram molecular
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' 5fiweights of hexammine nickel bromide should be 2/1, when a
,  correction is made for the amount of hyarogen gas given off.
This ratio may be termed the "ratio correcteu for hydrogen"
,jéf simp1y the "porrected ratio (1)". From what has just been
said it is seen that khis "ratioctomrected for hydrogen" being
' 1 &/1 may be used as a criteria to vefify the equations proposed
| itg,represent the reaction, congequently weighed amounts of
"f§§dium and hexammine nickel bromide were reacted, the evolved
uj7,hydrogen measured and the "corrected ratio (1)" calculated.
 This "corrected ratio (1)", as shown in Table #10, column IV,
“:was found to be always greater than 2/1.
: Table #10.

Corrected Reaction Ratio (1).

I 11 111 ' IV
FiBroe6NHz  Bodium, Hoy cci Corrected
grams. grams. found. ratio (1).
0.8558 042129 33«8 233
0.5793 0.2000 50.2 233
0.9374 0.2494 3665 ' Re37
0.9791 0,2598 41.2 2633
07509 0.2039 376 2435
0.9761 0.,2915 61l.6 2438

The "corrected ratio (1)" being greater than 2/1 indicates
;'fhat more sodium is being used than is reguired for the
formation of metallic nickel. But since metallic nickel was
F,fofmed and in so active (pyrophoric) a state and nickel is

T"~;known to be a good absorbent for hydrogen, it was thought

hat pcssibly the hlgh Qcorrected ratio (1)" might be due

_some of the liberated hydrOgen being held back by the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



51

recipitated nickel for such a hol&ing back of hydrogen

15 7wéu1d make it appear in the calculations as though more sodium
Wgre‘being used than required for the production of metallic
;ﬁiékel. In order to see if the nickel precipitate did have
‘any hydrogen associated with it, it was washed with liquid
7 iammonia, dried and then evacuated, while in the reaction tube,
"fiﬁith the Toepler pumpe.

v Some hydrogen was obtained fpem such nickel samples
bykpumping them at room temperature,‘but only in trifling
 ~amQunts compared to that necessafy to change the "corrected

‘ {§§£10* to a value of 2/1. Heating the samples while evacuating
'ﬁhém caused excessively large amounts (30-40 cc.) of hydrogen
'frfgnd some incombuétable gas, probably niérogen, to be given
yhéff;and also caused the inside of the pyrex reaction tube to
bécome badly etched. This excessive liberation of hydrogen
i %as thought to be due to sodium amidé reacting (44) with the
',glasﬁ, it béing impossible to remove much of the sodium amide
k*;ffom the black precipitate by washing because of the low
?‘éciubility of sodium amide in liquid ammonia. In order to
,eliminate the presence of sodium amide from the nickel it was
, de§ided to add an excess of ammonium bromide to the reaction
éolution. This would convert the sodium amide to sodium
 ~b?Qmide which is soluble and should be washed out of the
‘ 'jn;cke1 precipitate.

'ff' When ammonium bromide was added to the solution
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;_gﬁtaining the nickel precipitate and sodium amide it was
 fbund that a small amount of hydrogen was given off. The
‘foliowing table, #11, shows, in column VI, “"corrected ratio

 ,(§}§betained by including this amountiof hydrogen in
‘cbrrecting the reaction ratio for hydrogene.

| Table #11.

Corrected Reaction Ratio (2).

I II I1I Iv v VI

<'fNiBr2'6NH3 Sodium  Hp, cce Corrected Hg, cce Corrected

- grams. grams. found. ratio (1). (by NH.Br) ratio (2).

044324 0.1512  39.3 2427 240 R.14
1.0174 0,3098 71l.4 226 3.8 2415

‘;@8589 0.4563 8043 22l 5¢2 2413
| - SBince this amount of hydrogen given by the awadaition of
ammonium bromide (column V, Table #11) was never in any case
~ enough to bring the "corrected ratio (2)" to a value of 2/1
: ,grkless, the idea that this hydrogen was due to chemical
',;geaction between the ammonium bromide and the precipitated
,hiékel was discarded in favor of the idea that bhe ammonium
‘promide merely loosened up some, but not all of the hydrogen
k kj%ﬁ$t the nickel was holdingbback. Consequently in the
 éx§sriments shown in the following table, #12, the ammonium
bromide wag added, the hydrogen evolved =t thig addition
’ doilected and combined with the firet hydrogen given off and
f}fthén the nickel precipitate was washed well with liquid
"7 ‘§§Qéaia, dried and pumped with the Toepler pumpe. The nickel

precipitate was heated while being pumped.
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Table #12.

Corrected Reaction Ratio ({3)

e I IT I1T1 IV v Vi
- NiBrge6NHz Sodium, Ho, cce. Corrected Hs, cce Corrected
. grams. grams.  found. ratio (2). found. ratio (3).
046943 0.1988 49.7 2.21 4.9 2401
- 1.2641 0.4117 105.0 2416 8.1 2.04
128533 0.2611  35.0 5.11 6.0 1.97
fkl;9540 0.2360 38.4 212 Hab 1.98

 '1¢ ¥ab1e #12, column III gives the hydrogen obtained by the
léddition of ammonium bromide plus that given off by the
reaction at first, while in colummn IV there is the "corrected
;raﬁio (2)" calculated with thisuamount of hydrogen. Column V
,jédes the amount of hydrogen obtained by the use of the
 ’T§ep1er pump and column VI shows the "corrected ratio (3)"
caiculated with this amount of hydrogen added to that given
 'in ‘column III.
i It is seen from column VI, Table #12, that the total
‘améunt of hydrogen obtained is just enough to make the
,“ﬁcoffected ratio (3)" 2/1, within the limits of experimehtal
"error. No experiment gave more than enough hydrogen than
‘ h§cessary to give the 2/1 ratio. The obtaining of hydrogen
 jfx0m the nickel precipitates by evacuation with the Toepler
ipump shows that nickel has nydfogen associgted with it. 8o
3( 5% £né'only action of the ammonium bromide was to make the

 affﬁ’”ke1 precipitate give up part of the hydrogen that was

qéiated with it, the experiments prove that the original

v 'gécdrreCtea ratio (1)" was high due to the nickel holding
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Lbéék part of the hydrogen that was associated with it, and
yfhat the reactions thatAoccur may be represented by the
fqllowing‘equations.
- NiBrg-éNH3 + 2Na — Ni + 2NaBr + 6NHz

Na + NHz —> NaNHs + +Ho
»iﬁe~same reéction ocecure in liquid ammonia when the sodium is
 ¢éd&éd4to the heXammine nickel bromide &s when the hexammine
 ?ﬁickel broéiderié added t0 the sodium.
| Since thé ammonium bromide was added on account of the
~fiﬁabilityfto wash'out,the insoluble sodium amide and since
,%ﬁptasaium amide is very solublé in liguiad ammonia, it was
‘ de¢ided to investigate the reaction between potassium and

hGXammine nickel bromide, for it should be possible to wash

“ ‘§§tassium amide completdly out of a nickel precipitate

Wifhout the use of ammonium bromide,and then to recover all
'*}r§f~the hydrogen that is agsociated with the nickel precipitate

 3y'avacuati¢n with the Toépler pumps

 B. HEXAMMINE NICKEL BROMIDE WITH POTASSIUN.
| The addition of potassium to a suspencion of hexammine
" gicke1 bromide in liquid ammonia or the addition of hexammine

nickel bromide to a solution of potassium in liguid ammonia

. gave the same type of reaction as did sodium and hexammine

‘$ i¢kgl bromide. 1ise. hydrogen gas was given off and a

- Iaek,precipitate of p¥Frophoric metallic nickel was formed.
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ﬁ‘ é§ﬁéé the purpose of studying the reaction between potassium
L K;hd hexammine nickel bromide was to avoid the use of ammonium
’ bromide in obtaini?g the nydrogen that is associated with the
f;§i¢ke1 precipitate and to bbtain this hydrogen by ume of the
   T¢epler»pump; the experiments were carried out in the following
 way. | |
o Known amounts (see table #13 for data) of hexammine
”ﬁiékel bromide {column I) andpotassiuﬁ (column II) were
' ‘ré§cted and the hydrogen (column III) given off by the reaction
jcdiiecfed. From this amounttof hydrogen a "corrected ratio
,}(i}“ was calsulateu. This "corrected ratio (1)" (found in
1  ¢01umh IV) was always found to be greater than 2/1 as was the
;’¢aée“in the sodium reaction. The precipitate nickel was |
 wéshed with liquid ammonia, dried, and evacuated while in
'f,fhe'ieaction tube by use of the Toepler pump., This amount of
' hﬁdrogen given off by the nickel while heated under vacuum
'f ié shown in column V and iﬁ column VI is shown the "corrected
 :L ratio (8)" vetween potassium and hexammine nickel bromide
‘7§51¢u1ated'using this additional amount of hydrogen obtained
 "with the Toepler pump, no ammonium brémide‘having’been added.
Table #13.

Corrected Reaction Ratio (4).

L CII O III IV

; v VI
. Bry.6NHz Potassium, Hp, cc. Corrected Hg, cc. Corrected
~ grams. orams. found. ratio (1).found ratio (4)
- 042999 0.1732 2547 2.28 2.7 2.02
QL2777 042192 41.0 2425 2.8 1.96
- @0.2224 0.1803 3449 2.16 {2) 0.7 2.07 (3)
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In these experiments the samples of nickel were evacuated
'While in the reaction tube and while being heated with a
: buhsen burnei Continueous evacuation whlle heatlng just
s -ﬁbelow the softening point of pyrex did not in any case
yield more than the necessary amount of hydrogen to bring
 fﬁéﬁ"correctéd ratio (4)" to a value of 8/l. The results of
f\‘ htﬁése'experiments on potassium were taken as prooff that:
iair the precigitated nickel has hydrogen associated with ite.
v;£2;;bkthis hydrogen may be removed from the nickel by heat
and vacuum.
3  this hydrogen is the cause of the "corrected ratio (1)
| being high when it is calculated using the hydrogen
collectéd during the reaction. |
 4}f the reaction between potassium and hexammine nickel
| bPomide in liquid ammonia is represented by the equation,
NiBry«6NH; + 2K —> Ni + 2KBr + 6NHy
while the‘excéss potassium‘is useu up according to the
eQuétion,
K + NHz —> KNH, + $Hp
After having established this reaction ratio without
|  néing ammonium bromide to obtain the missing hydrogen, the
‘ “T'QTfect of ammoniumvbromide on the black precipitate

_produced in the posassium reaction was tried out and found

eﬁthe same as found in the case of the sodium reactlon.

“ i.e» the armonium bromide caused the liberation of part, byt
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i/ﬁ?'all of fhe hydrogen held back by the nickel precipitate
1 i»and the remaining hydrogen on the nickel would be obtaineu
i With’the Toepler pump as was the case in the sodium reaction.
'a This is illustrateu by ghe experiment marked with an @ in Table
 5#15, For this experiment, column III shows the hydrogen
obtaineu by the reaction plus that liberated by the addition
qof ammonium bromide, column IV shows the "corrected ratio (2)"
‘5 Téaiculatea from this amount of hydrogen, column V the amount
,ﬂbf‘hydrogen obtained with the Toepler pump and column VI shows
k Athe "corrected ratio (3)" using this addaitional amount of
'f‘ hydrogen.
Having found that the practically inséluble hexammine
nickel bromide would react quantitatively with alkali metals
-’kéﬁd having found what the resction was, the reactioans of'
sodium and potassium with all of the simple nickel salts
,‘oﬁ hand were carried out reggrdless of whether or not they
fﬁere soluble in liquid ammonia. The results of these
}rgactions will occupy the néxt few pafes.
Before taking up these reactions, Bowever, it should be
pointed out that if, in carrying out the above reactions
 between sbdium, potassium and hexammine nickel bromide or
iin carrylnw out any similar reactions, the right small amount

1cke1 amlde had been formed or the right small amount of

1 sa1t had not reacted, the "cgrrected ratio (1)" which

g waﬁicalculated from the amount of hydrogen given off during
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#hebre&ction, would have been 2/1 in spite of hydrogen
;béing held back by the precipitated nickel, because the
formation of nickel amide or the failure of nickel salt to
“1‘§e;¢t has an effect on the so.calmulated "correcteu ration{l)"
that is opposite to that produced by hydrogén being held back.
‘  be“this reason it was of capbtal importance that the presence
yqf nickel amide with some precipitates of nickel was noticed
' £hd its formation eliminated before attempting to establish
- therquantitative reaction ratio between alkali metals and
 nicke1 salts, because other-wise the ratio might have accidently
‘fbaﬁe,out very near 2/1 and then the fact that the nickel
‘ﬁrécipitate had hydrogen associated with it would have

gone unnoticed.

k" C. HEXAMMINZ NICKZL IODIDE AND HEXAMMINE NICKEL ACSTATE
WITH POTASSIUM.
" These two nickel salts teacted with potassium in exactly
~thé same way that hexammine nickel bromide did, giving off
4fﬁy&rggen~gas and forming a black precipitate of pyrophoric
nickel that held back some of the liverated hydrogen.
Téble #14 shows the results of experiments on hexammine

nickel iodide and acetate with potassium, The columns have

 the same meaning as in Table #13.
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Table #l4.

Corrected Reaction Ratio (4).

i I II I1I Iv vV VI
;»NiigoGNHg Potassium, Hy, cc. Corrected Hy, cc. Corrected’
L gr grams. found. _ratio (1). found. ratio (4).

0.1474 20.4 2431 2.6  2.03
0 0.2412 37.4 2425 4.7 1.91
ot . 0.2958 47.5 2.21 3.1 2402
__*,56;5617 0.2858 5049 2.04 (2) 1.2 1.97 (3)
E  §Hi(c2H3o2)2-5NH5
;0‘1675 0.1892 3643 2.65  .4.1 . 2,09

; From these experiments it was taken that hexammlne nlckel
 iOdide and acetate react with potassium in accordance with
kfffihéifollowing equations. |
. Nily 6NHz +~ 2K —> Ni + 2KI + 6NHg
Ni(CoHz05) 5 6NHz + 2K —+ Ni + 2KCoHzOo + 6NHz
K + NHz —> KNHo + +Ho
Since acetic acid can be reduced to acetaldehyde, and
kethyl alcoRol one would not hkve been surprised if pota351um
‘had reacted with the acetate ion, but in the above experiments
f»ﬁhgre,is no evidence of any appreciable amount of potassium

 ffbeing used by the acetate groupe.

ka;;,HEXAMMINE NICKEL CHLORIDI AND HEXAMMINE NICKEL IODIDE
WITH SODIUM.
‘These two salts reacted with sodlum in liguid ammonia

' gthe same way that hexammine nickel bromide did, giving off

;rogen and formlng a black precipitate of pyrophoric nickel,

fﬁfhéd aSSOCiaEé&gWith it ste of'thérliberated'hy@rogen.
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Tabler#15 contains the results of experiments on hexammine
~ﬁickel chloride and iodide with sodium. The columns have
the same meaning as in Table #12.

o Table #15.

Corrected Reaction Ratio (3).

I I1 II1I Iv Vv VI
‘Niﬂlg'GNHg Sodium, Hg, ccs Corrected Hs, cCe Corrected
 grams. grams. _ found. _ratio (2). found. ratio (3)e

041697 0.1361  50.4 1.96 none 1.96
- NiIge6NH3
046251 - 0.2446  85.4 2.03 none 2,03

From these experiments it was taken that hexammine nickek
_ chloride and iodide react with sodium in accordance with the
.fqllowing equations.
NiCl,*6NHz + 2Na —> Ni + 2NaCl + 6NHjz
Nilo,6NHz +~ 2Na —> Ni + 2Nal + 6NH3z
Na + NHz —7 NaNHo+ $Ho
The black pyrophoric precipitates formed from these
two nickel saltw were relatively slow catalysts for the
'Vlﬁﬂnversien of sodium to amide. In the experiment with
"ﬂéxammine nickel chloride it took twénty minutes and with
,heiammine nickel iodide twelve minutes, while in experiments
'iwith other nickel salts it usually took only one or two
ZVminutes to convert the excess sodium to amide. Also it is to
’ !be noted that the hydrogen which was llberated by the ammonium

":bromide was the total amount asscciated with the nickel as
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‘Vndne'was obtained with the Toepler pump. Others (32) have
bbtéined correct "corrected ratios" by the use of only ammonium
'bromide on slow metallic catalyst precipitatea from salts

qther bthan nickel salts. -

B TRIAMAING NICKSL GYANTDE. WITH .SODIUI AND,ROTASS IUM.

' When sodium or potassium was added to a suspension of
v'~#:iammine nickelqcyanide in liguid ammonié, the solution
“turned reu for a brief instant before it became black with
bfécipitatea metallic nickel. Hydrogen gas was given off
during the reactlan. When triammine nickel cyanide was
‘Jadaed to a solutimm of sodium or potassium in ligquid ammonia,

‘f}this red coloration was never visible, because the solution

- was intensly blue until the reaction was over. However,

'fregardless of the order of addition the washed Dblack pre01p1tate

of pyrophoric nickel was, upon careful inspection found to
»)contaln very small amounts of red material which when the

: precipitate was treated with water caused the water to

*‘form a cherry red soiutione.
Although this red material was formeu along with the
  meta11ic nickel the "correcteda ratio" when calculated using

_,the hydrogen obtained fpom the pyrophoric nickel with the

' Toepler pump wae found to be practically 2/1 as demanded for

ixhe formation of only metallic nickel. Doubtless the metallic
ckel was formed in accordance with the equation,

Ni(CN),+3NHz + 2K (or Na) —» Ni + 3NHz+ 2KCN (or NaCN)
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"gorrected ratio” being found to be 2/1 must also

75f‘~1nélude the formation of the red material along with the

".!nickel. Tater the compounds responsible for the formation

‘{@ffthis red solution with water were investigated and found
f‘ td be of impordance in both the liguid ammonia and the aqueous

4 isolut1on chemistry of nickel.

",F- TETRAMMING NICKEL THIOCYANATE WITH SODIUM AND WITH
L POTASS TUM.

Nickel thiocyanate is very soluble in ligquid ammonia,
'~'giving'violet to @urple coloreu solutions, the depth of esolor
 ¢§pending upon the concentration of the solutions;' When, to
?éﬁ¢h solutionsm sodium or potassium was added, a finely
ﬂkjdivided black precipitate formed which consisted mostly

 bf‘meta11ic nickel. This precipitate was so very finely
’&ivided that it did not settle out of solution very well
‘ aﬁdehen the liquid ammonia was evaporateuw off, the

nfprecipitate etuck very tenaciously to the sides of the

'~;;reactibn tube. Vhen formed using excess alkali metal

“fover the nickel salt present the black precipitate Was
pyrophorlc. No hydrogen was given off at all durlng the

 reaction until the solution turned blue and then the liberation

"-:of hydrogen was slow, this black precipitate being a poor

Lcatalwgt compared to nickel prec1p1tated from other saltse.
en’the "corrected ratio" was calxulated using the hydrogen

"bbtalned by use of the Toepler pump it was found to baudgiﬂl
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‘.~ '$§eria11y gfeater than 2/1. .e. values of 2.5-2.5.
'YfAnalogous to the findings of Holden (32) for the reaction
‘bétween silver thiocyanate and sodium, potassium and calcium
% %hié:high "correcteu ratio” was due to some alkali metal
. being used in the breaking down of the thiocyanate group.
That the thiocyanate group was broken down into sulfide
“  gad cyanide wag shown by evaporating the liguid ammonia
‘:Washings of the black precipitate to dryness, dissolving
 them in water and obtaining positive qualitative tests for
~1’béth sulfide and cyanide radicals in the water solution.
féi%okwhen the washed black precipitate Qas treated with water
' it‘gave weak~coffee colored solutions, which behaved like
" ¢6lloidai nickel sulfdide solutions. Dilute hydrochloric acid
 §iéared up such solutions with the liberation of hydrogen
,i Sulfide. Also treatment of the dry blabk precipitate with
iﬁilute hydrochloric acid caused hydrogen sulfide to Dbe
"7gi#en Off. |
| Wrom»the above observations it was concluded that Wﬁen
,iiiquid ammonia solutions of nickel thiocyanate a?évreacted
 with sodium or potassium, the formation of metaliic'nickel
'ié accompanied by side reactions involving the break down

of the thiocyanate group, nickel sulfide being formed along

' with alkali sulfide and cyanide. Nickel is no doubt formed

i ,_éording to the following equation.

Ni(SCN)g + 2K (or Na) —2 Ni + 2KSCN (or NaSCN)
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G2 HEXAMMING NICKEL NITRATE WITH SODIUM AND POTASSIUM.

Hexammine nickel nitrate is soluble enough in liguid
>ammonia to give pale violet colored solutions, but since the
'ﬁitfate group is known to be attacked by akkali metals (32)
iin 1iqﬁid ammonia, nothing 'more was done with this compound

1 thgn to react it with sodium and potassium and to observe
!fﬁQt hydrogen was given off and that a black precipitate of
"p&%bphoric nickel was formed. The formation of metallic mxx:
Eniﬁkel is explained by the eqguation.

Ni(NOz),+ 2K (or NA) —=Ni + 2KNOz (or NaNOz)

In this work blue liquid ammonis solutions of sodium
~and potassium have been reacted with the simple nickél salts,
»héxammine nickel chloride, bromide, iodide, acetate and nitrate,
,gnd triammine nickel cyvanide and tetrammine tnioéyanate. In
 éa¢h'réaction there was proauced a precipitate of black
'finely divided pyrophoric metallic nickel and hydrogen gas.

The~precipitated nickel was Bhown to have hydrogen’assoniated
‘lWith it and that one gram mol of nickel salt was reduced by
?&he using up of two gram atoms of sodium or potaésium. The
yhydrOgen liverated during the reaction was expl@lned by the
'excesq alkali metal over that necessary to reduce the nickel
- salt Peing convertea to amide and hydrogen under tne cotalytic
  5if[1nf1uence of the precipitated nickels
‘: ;5‘ For the readers convenlence the experlmental data given
  ?;!€in tables, #10, 11, 12, 13, 14, 18, has been collected into
‘/Table #18, wherein the columns have the same meaning as in the

recspective individual tables.
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Table #16.

”f¢fC§;lective Table of Reaction Ratios for Simple Nickel Balts.

65"

I 11 111 Iv v VI
grams Ni &rams alk. Hp, cc, Corrected Hg, cc. Corfected
salt useu, metal used. found. ratio ( )« found. zratio ( ).

. 12.  NiBrg-6NHs with Sodium.
0.9974 0.2494 3645 2e37
0.8701 0.2598 41.2 2433
047509 042039 37.6 2.35
. 09761 042915 61.6 238
”‘13. Use §F Ammonium Bromide. ‘
S 0.4324 0.1521 39.3 2.27 2.0 2.14
1.0174 0.3098 7le4 2426 3.8 2415
i 1.8389 0.4563 80,3 2.21 5.2 2413
14. Use of Ammonium Bromide and the Toepder Pumpe
0.6943 0.1988 4947 2421 4.9 2.01
1.2641 0.4117 105.0 2.16 5el 2.04
1,2513 0.2611 3540 2.11 640 1.9%
: ,15. NiBrEOGNHS énd Pgtassium.
0.25999 0.1732 2547 2.28 2.7 2,02
042439 0.1838 3069 2.56 4,0 2408
0.2777 0,2192 41,0 2.25 2.8 1.96
. @0.2224 0.1803 34.9 2.16 (2) 0.7 2.07 (3)
 16.  NiI,*6NH; and Potassium; N
0e3495 0.14%74 20.4 2431 2.6 2.03
0.5289 0.2412 374 2425 447 1.91
10,6284 0.2958 4745 2.21 3.1 2.02
@0.561"7 0.2858 509 2.04 (2) 1.2 1.97 (3)
Ni(02H302)2'6NH5 and Potagsium.
0.1673 0.,1892 3663 2.65 4.1 2.09
. 17.  NiClp*6NHz and Sodium.
- 0.1659 0.1361 50,4 1.96 none 1.96
NiI,*6NHz and Sodium.
0.6251 0.2446 854 2.03

2.03

none
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' PYROPHORIC PROPERTY OF NICKEL.
4‘Simple ﬁiékal salts such as the hexammine nickel halides
: react with alkali metals,sodium and potassium, in liquid
‘ammonia solution to produce hydrogen gas and also a finely
" divided intensly black precipitate which settles to the
 »bbt£am of the reaction tube readily, taking only one or two
“jm;nutes to leave a elear colorless solution above. ILvaporation
”Qibf‘the liquid ammonia off the black, washed or unwashed,
':pfécipitaﬁéeleaves an intensly black powder some of which
“_iﬁbw clings together in small clumps, If this deied precipitate
T{is shaken out of the reaction tube into the air, the small

‘powder like bits burst into flame. i.e. they become red hot

D and appear as sparks while falling thru the air. The larger

k‘iclumpe will fall to the floor or table top and in four or
‘,f1Ve seconds they also will become red hot and glow like a

k:fllve coal. In other words the nickel is pyrophoric in the

:  ipfés¢hce of air. That the black precipitate was pyrophoric

"in air because of the oxygen in the air, was shown by the

?faet that pure oxygen causes s0 violent a reaction that an
I:exp1031on sometimes results. The black precipitate could
k';be iégtvin an atmosphere of dry nitrogen indefinitély and

_fstill remain pyrophoric. In general these preparations are

 7igunusual1y reactive. With dilute hydrochloric acid (x/10)

a vigowous evolution of hydrogen is accompanied with emmision

iﬁ “of llght and violence ;f care is not taken in the introducthén
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 £he’hydroch10ric acid into the tube congaining the il
'°ff §yrophoric precipitate. Water alone caused the liberation of
’”fgyﬁrogen, These pyrophoric preparations are the besf catalyst
fikhbwn to this laboratory for the conversion of alkali and
‘:aikaline earth metals to amide and hydrogen, being far
,gﬁperior to platinium black, ivon oxide or copper, silver,
| ~;g§ld, zinc or cadmium precipitated from their salts in
‘;;1iquid ammonia solution. Since it was known that o me
gproducts'formed in liquid ammonia, as metallic compounds like
;kZﬁéﬂa (45), are pyrophoric and highly reactive and that '
; > .métal1ic hydrides as NiH, are highly reactive (46) the firss
'P?sﬁep in determining the cause of the pyrophoricity of these
fblack precipitates prepared from nickel salts in liguid ammonia
“*?W$s to determine their composition.
. For analysis of these biack precipitated reacﬁion_
'products, samples were prepared by the action of exgess
"pctéssium on hexammine nickel iodide, because both potassium
7amide and potasgium iodide are soluble in liquid ammonia.
i‘:Thé precipitate was washed with liguid ammonia, sealed off
, in'a sample tube like illustrateu in Figure I1I,#16, and
\1Weighed with an atmosphere of nitrogen in the sample tube.
:ffhen the sample tube was slightly evacuated with a water
’: i3§§mp and #&ilute hydroghloric azcid (6M) carefully drawn into
*~,f£ﬁe tube. The sample always dissolved completly, aftér which

R n ’ the solution of the sample was washed out of the tube into
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"f§i250 cce. volumetric flask, made up to volume and analysed.

'5f The results of analyses are given in Table #17. Sample

n&mber three was evacuated at the softening point of pyrex
{glaés with the mercury vapor pump before analysis. The samples

~were all of approximately one-tenth gram size, because .

7 ,;attempts to prepare lérger quantities, five~tenths grams,

4fo these precipitates from salts insoluble in liguid ammonia

‘ ;resulted in products that contained unreacted nickel salt

"/and'nickel amides. Samples prepared from the soluble salt,

nickel thiocyanate, always contained sulfides, thought
40 be nickel sulfides
| Table #17.

Analysis of Insoluble Reaction Producte.

# Nickel, Ammonia, Potassium, Total,
_percent. percent, percent. percent.

1 92441 ——— mm_—— emee- -

R 94.63 ———— ———— emmaa -

3 95440 ———— “m== eeema-

4 93430 4.02 3405 100.37

5 91.27 6.16 Re77 100.20

A consideration of these analyses bréng out the following
points concerning the black reaction products:
l;j It is not, by any stretch of the imagination, a pure

~metallic compound of nickel and potassium with ammonia

‘~Hf‘;ad$orbed:on ite

;_If its pyrophoricity is due to a nickelppotassium compound

r;‘thefdcmpound must be‘present only in very small amounts.
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‘V,Since the ammonia is always present in amounts greater
 tﬁan required for the potasgsium to be present as pbtaseium
‘ 43@§d§, the potassium may be there as potascium am;de.
 '}4; 2 If its pyrophoricity is due to nickel hydride it is
 :§aused by only a trace on nickel hydride, since hydrogen
 #15 known to be associated (see section IV) with the precipitate
 in amounts which would effedt the mass composition by less
 :than 04 5%
~There are no doubt other "might and might not be" speculations
"Which may be drawn from these analyses, but from the ones
 éiven it is clear that no answer as to why the black precipitates
  &¥§ pyrophoric can be furnished by the precipitate's chemical
'5analysis alone. Frbm these analyses, however, it may be
 f§aid that hke precipitate is mainly metallic nickel, which
:'  cbntains‘absorbed~ammonia (see vacuum experiments oRf page 72 )
 ahd that the pfecipitate contains potassium probably as
, pbtassium amide. Since the black precipitates are mainly
~ﬂ;ﬁétallic nickel,}have hydrogen associated with them and are
 ¥iﬁ a very fine state of divisiémzn it was thought that the
’r?perphoricity might be due to the fine state of division (47)
igof,the metallic nickel or to tﬁe associated hydrogen. TFor
xlthié reason it was decided to carry out experiments for the
 Ll<purpose of demonstrating first that the associated hydrogen

*7 ?;éifher did or did not cause the pyrophoricity of the black

”‘m;yrécipitates.‘

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



70

In carrying out liquid ammonia reactions certain
'éobservations were made which seemed to have a bearing
u?on the question of whether hydrogen was responsible for
ffhé pyrophoric nature of the nickel precipitates. These
‘iﬁbservations were:
de Treatment of highly active pyrophoric nickel with
iammoniumrbromide in liquid ammonia‘caused some hydrogen
|  bﬁt not all of the hydrogen associated with the nickel to
béfliberated. The nickel was still pyrophoric after
“ﬁreatment with ammoniim bromide. The addition of ammonium
 ermide seemed to make the finely divided nickel agglomerate
inté larger particles and clumps.

P Nickel prepareu from a reaction where there was an

',excess of nickel thiocyanate present was not pyrophorice

' §0 hydrogen is given off a}% all by such a reaction. { in
7fthe reactions with nickel compounds which were practically
kinsoluble the hydrogen started coming off as soon as the
‘black precipitate was formed and the precipitate was always
rprfophoric regarless of whether the alkali metal was present
~ in excess or not.)

3 Nickel prepared from excess alkali metal and nickel

thiocyanate was pyrophoric. Hydrogen was given off in this
~kind of a reaction, but only after the nickel thiocyanate

Vﬁhaﬁ all reacted and the solution had turned blue with the

 excess of alkali metdl.
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4+ Nickel prepared from excess nickel thiocyanate, washed
- well with liguid ammonia and then treatédc with alkali metal,

the‘alkali metal being allowed to be catalysed to amide and

 ‘liberate hydarogen, was pyrophoric. (all samples prepared from

'nickel thiocyanate contained small amounts of sulfides, NiS)
 These experiments with nickel thiocyanate indicéte that
h&drogen is necessary fo; the nickel to be pyrophoric, and
 ffér this reason the vacuum system illustrated in Figure III
~'Waé}constructed for use with the niékel precipitates.

It was the original plan to remove all of the hydrogen
MifQQm a nickel sample by means of the vacuum system, this
removal being indicated by the pressure of tihe system being
'aown to lo-smm. of Hg,the lowest pressure capable of being

zdétected on the McCleod gage, and remaining near this pressure

A for the same length of time as would the vacuum system

;77%i£hqut the nickel sample, and then observing whether or

‘ not bhe nickel was still pyrophorice This complete removal

x,:éf hydrogen from pyrophoric nickel was never accomplished
{Whéh the evacuation was carried out at a temperature below
;'36000. One sample was heated under vacuum at 520$=lOOCi for

: ‘155Thrsa and at the end of this time the pressure would

‘;/fiée when $he evacuation was discontinued with the temperature
‘ﬁg kept at 320?8 When the temperature was lowered to room

ktémperature and then the evacuation stopped the pressure did
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not raise after standing eight hours at rovm temperature.
It is to be noted that the presence of potassium, probably
as potassium amide, on the pyrophoric nickel caused the
'vjérigin of Ppressure raises at low pressures and high temperatures
‘  tdhbe subject to question, for the pressure increase might
be due to d ecomposition of the potassium amide. The several
:different and varied vacuum experiments carried out on
'z’different samples of nickel prepared in liquid ammonia,
 resulted in the making of the following list of oWservations
kwhich seem to have to do with the redation of hydrogen to
the pyrophoric nature of the nickel preparations.
;1; Definite but small amounts of hydrogen and considerable
émdunts of ammonia can be removed from pyropnoric nickel
with a Toepler pump working at room temperature. Thus the
‘niékel does have hydrogen assoqiateu with it.
2. Only a small fraction of the hydrozen that is on the
.nickel, along with considerable ammouia, can be obtained
‘in aTeasonable length of time, two weeks, by evacuation at
"réom‘temperature. However the pressure in the system always
'?aised again as soom as the evasuation was stopped.
3+ After a sample of nickel had been pumped for a long time
“while atroum température, heating it caused a marked raise

k nhipiegaure'due to liberation of both hydrogen and ammonia.

nyfcphoricfni¢kel may be heated for any length of time

“ﬁdﬁrlvacuum'and still remain pyrophoric so long as the
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kfteﬁﬁérature is kept below 360°C. The sample that was heated
fﬁfdr 135 hours at 320°C was pyrophoric when exposed to air.
5.  Heating to or above 360°C under vocuum caused the intense
'ﬁlack golor of the pyrophoric nickel to change to grey after
‘ Which change it was no longer pyrophorice Replacing the.
f,cvgguum with an atmosphere of hydrogen, heating to 360°C
rl‘énd;letting the nickel cool in dhe atmosphere of hydrogen
5 f£éitner changes the grey color nor restores the pyrophoric
ihature of the sample.
;jS.” Heating for one hour under vacuum at 360-8000 is ample
'Etime to destroy pyrophoricity. _
 _?.~ Agter heating for one hour ét 360°C to destroy pyrophoricity
 continued heating at the softening point of pyrex yiélds
~ji6re hydrogen but in very small amounts compared to that
 yi§lded by the first one hour of heating and evacuation at
 aec°c.
:8;‘ Nickel (non-pyrophoric) prepared from excess nickel
'vﬁhiocyanate ahd potassium contains only a slight amount of
7hydrogen compared to the amount obtained by pyrophoric nickel
 4§repared from nickel thiocyanate and an excess of potassium.
i~féﬁ¢h unpyrophoric nickel, when heated under vacuum with a
bunsen burner, readily fuses to a button of metallic nickel
‘1lgwhile a pyrophoric sample made with excess potassium will unot

e to a button before the pyrex congainer starts to

lapse from heating. Pyrophoric néekel prepared from

tassium and nickelnhalides also whll not fuse to a button

of metallic nickel before pyrex softens.
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While the above observations are not of such character
‘as to warrant any décisive decision to be made from them, it
:;gegms that they do point toward the conclusion that the
' :§&rophoric property of the nickel preparations is due to
  fhe'hydrogen that is asgociatea with the nickel, because
'no gample of pyrophoric nickel was ever found that did not
_have hydrogzen associatéd with it, heating under vacuum at
or above 36000 removes moEt of the hydrogen from the

-nibkel and simultaneously destroys its pyrophoric nature,

“f, and because the samples of non-pyrophoric nickel prepared

- from excess nickel thiocyanate were found to contain next

to no hydrogen. (Sulfur compounus are known to "poison"

‘ithey'are rendered useless as hydrogenation catalyst because
kthe’"poisoning" @ffect is thut of rendering the nickel unable
’ 1£¢ adsorb hydrogen.} The above observations are concordant
with the findings of Tamman and Nikitin (49) in their work
klrgn pyrophoric nickel prepared by reducing nickel oxide,
' formaté, etc., with hydrogen at high temperatures. They
 found that nickel prepared by reduction at temperatures
ébéve 360°C was not pyrophoric, while that prepéred by reauction
_at £emperatures bvelow 360°C was pyrophoric, this difference
k>beigg attributed to the different kinds of nickel, magnetic
ﬂénd‘non-magnetic, that exists below and above 360°C. (50).
o " The opinten is offergd that so:long 28 samples of

ﬁﬁfbphoric nickel or any other metsl can not be prepared
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/%   f§§;jhyndred percent pure by licuid ammonia resctions because
biofxadsorption of salts, amides, etce., high vacuum experiments
desighed to determine the presence or absence of hydrogen on
‘=_£hé’pyrophoric metals by pressure measurements, involving
very low pressures (1055mm. of Hg) and high temperatures
f}(zbo°c.) are not capable of furnighing a decisive answer to
vnthe Question of whether or not nickel is pyrophoric on
‘,wéCéount of hydrogen. It seems that the proper approach o
the cause of nickel's pyrophoricity lies in the use of
experiments similar to those done with the soluble salt,
 picke1 thiocyanate, with excesg and insufficient amounts
zkifkpotassium wherein it was found that the non=-pyrophoric
‘ preparations had relative little hydrogen associated with
them compareu to the amounts associateu with the pyrophoric
fﬁfeparations. The fact that the thiocyanate radical is
",éttécked by the alkali metal and causes sulfides to be
pfésent on the nickel‘detracts from the results in this
~particular case, Since there has been found no other salts
',éfﬁniékel'that are soluble and whose negative radical is not
éttacked by alkali metal in liquid ammonia, it was imppssible
© to camwmy this idea further with nickel. Therefore, for
further study, the cause of the pyrophoric nature of nickel
should be exterdded to the pyrophoric nature of other metals
‘t;whieh form salts soluble in liquid ammonia so that experiments
 $§§§ those with nickel thiocyanate, may be performed with

Vftﬁége metals.
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vi.
SUMMARY.
1. The advantages, in liquid ammonia work, of the use of
ammoniated over ahhydrated compounds has been pointed out

'7aﬁd found to be of special advantage in the case of nickel

¢ompounds.

"2+ In a search for compounds soluble in liquid ammonia two
  new ammoniates were prepared, namely hexammine nickel acetate
 ‘ﬁhd triammine nickel cyanide.

*3.  “Hexammine nickel chloride, bromide, iodide, acetate and

triammiéne nickel cyanide are practically insoluble in liquid
vfammonia. Hexammine nickel nitrate is soluble enoughtto
 givé a pale violet solution. Tetrammine nickel thiocyanate

is very soluble in liguid ammonia, the color of its golutions

'ranging form pale violet for dilute solutions to purple for

concentrated solutions.
’:féo Simple nkékel salts as the ammoniates of nickel halides
feact with excess alkali metals, sodium and potassium, to
jproduce finely divided pyrophoric nickel and then under the

'¢ata1ytic affect of the precipitated nickel the excess alkali

'  metal is converted to amide and hydrogen. The precipitated

’inickel has some of the liberated hydrogen associateu with it.

This hydrogen can be removed with high vacuum treatment.

Ammonium bromide in liquid ammonia causes liberation of some

:che hydrogen associated with the precipitated nickel.
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k4é, For theé precipikation of the nickel out of one gram mol
Tbf nickel‘compound, two gram atoms of alkali metal are used.
443,.'1n the reaction between nickel thiocyanate and alkali
'ﬁeﬁals the thiocyanate group is partially broken down in
addition to the main reaction in which metallic nickdl is
fproduced.
, 4¢; In the reaction etween trigmmine nickel cyanide and
; aikali metals there is a side reaction in addition to the
; bréduction of metallic nickel.
"5';; Evidence has been produced which points toward the
"ﬁifbéhoricity of nickel precipitated in liquid ammonia being

due to the hydrogen that is asgociated with the nickel,
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