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4 STUDY OF THE COMPOUNDS OBTAINED BY THE REDUCING ACTION OF

METALS UPON SALTS IN LIQUID AMMONIA,

INTRODUCTION.

Compounds consisting of metals only and metallic sub-

'*'taneaa in general are of very common occurrence, and of

“fcszcat 1m@ortance practically. Yet knowledge of the chemical
_;cenatitation of this class of substances is very meagre.

~_ 7fn?_y gystems have been stuaied from the point of view of the

@haaa'rula, and a large number of metallic compounds diseov—

fin this way. But while such studies allow conclusions
5§pdxawn as to the.eiistence and stability of these
“laces they give no idea of their chemicsal properties,
do they indicate the existence of less stable oempeunda.
ﬁay of solutions of metallic substances in liquid ammonia
been more auccesaful in explaining theiy chemical nature.
‘raault of an exhaustive investigation of liquid ammonia
’ zions of this type, Kxaua has arrived at the following
*'fal conelusions: in dilute solutiona the chemical be-
éxfaf metallic substances is similar to that of salts;
mbie electropositive metal is assoocisted with the posi-
‘aharge, while the less electropositive metal is ss§so-

4 with the negative charge; the property of forming

‘7#§'ions,is quite genersl among the less electropositive
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“fZLngjggta;vcomplex anions are often formed in which varying

‘kaﬁﬁﬁhts of the less positive metal is present; thias property

orming complex ions is very common among all elements
the ‘electronegative condition and acconnts'fer the
uﬁorous cempounds formed from the same pair of elements;
kaa&‘the forces Joining the anion and cation are similar to

‘ ﬁj  orﬁinary valence forces governing salt formation, but the

” -,f£ax"ga,joining the oonstituents of the complex ion are of
$2§rent nature, and apparently do not involve valence
‘"°:f'7éléetrons. The experimentsl evidenee upoan which the sbove

’7a§1uaions are based will be briefly presented in a later

hseion. concerning liquid ammonis chemistry.

- This same investigation of liquid ammonia solutions
‘7,{indiaated the existence of many new compounds. Kraus and

X zf have ahown by reacting liquid ammonis solutions of
gna alkali or alkaline earth metals on the oéne hand,
3§aribua galts on thq_other hand, that ususlly compounds
ﬁe:two metals sare fprmed. The less electropositive
(Qlagénts present in these eempounda are of the most varied
f‘}géfﬁ:e. Thus they include not only members of the fourth
"fitth columns of the periodic table, such as tin, lead,
atimony and bismuth, but slso representatives of the third,
od and even firat coluﬁns, such as thellium, zinc, mex-—

V',and gilver, It should be notedﬁat this point that in

fgases and under certain conditione a compound is not
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“farmod but instesd s precipitate of the lees electropositiva

matal alene appeays. None of the produota of these reactions

4_1solated ‘but the conclusions conceraning their compo-

‘ ’&_f10n were drawn from the amounts of metallic salt and

)“ééinm interacting. The unusual nature of the results ob-
_[t#inoa in this way is illustrated by the compounds of sodium
 and zino and of calcium and zinc which have the composition

‘“:,Eﬁgg;;aﬁa;ca,Zn, respectively. Such a ratio for the atoms

o a}ééﬁhination ie alone enough to make these compounds worth

' §}fiavnat1gating further. Besidea, a number of the compounds
x”;jgare also interesting because of their reactivity. PFor in-

ia%ee, a few qualitative experiments carried out by Krausg

;snd Kurtz indicated that the above mentioned sodium zinc
”{ fo9m®ﬁund is very resctive towards both water and air. The
‘;7.ffjggtugn'and reactivity of compounds such as NaZn, indicated

'”17fiffh€fg$~m°r° definite quantitative study of its properties

;gﬁtfﬁery well lead to further conclusions concerning metal-
1ic compounds in general., The purpose of this thesis was
“ §p§ arry out such a study, especiaslly in regard to behavior

””lf g§;exidati0n and hydrolyeis. However, before this could be

@, it was necessary to prove more definitely that the
Qi& NaZn, was correct and establish the reaction

9 Na + 4 Zn(CN), = NaZn, + 8 NaCN.
In order to make the nature of the investigation

7*f¢eemawhat clearer, it is desirable to discuss at some length
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q§r §in~apeo1a1 topics concerning liquid ammonia chemistry.

are first, the properties of liquid smmonis which allow

Q as a solvent, second, the energetic reducing action
iéﬁiﬁ ammonia solutions of electropositive elements such
' §q1um, and third, the properties of some of the metallie
tances prepared and studied in liquid ammonia. There
ifhen be given a survey of previouns work closely related

net done in this investigation, and this in turn followed

he presentation of the details of the investigation.
® are nicely divided into three groups, namely,‘the for-
on and isolation of sodium zine, the properties of sodium

,gand the study of certain other metallic compounds.

‘”iigal part of the paper will then be devoted to a die-

nagioakand correlation of the results obtained.

| Pure,ammonia is now obtained in large quantities and
ow cost by synthesis from hydrogen and nitrogen. The
iﬁ rather easily liquefied at ordinary temperaturea, a

,kéure of ten times that of the atmosphere being reqﬁired.

”é[liquid is shipped and stored in steel cylinders, from

h it can be obtained when needed. Since liquid smmonia

;gt +3596. at atmospheric pressure either of two sets
qﬁéitions may be chosen in oariying out expeximentg
hgit; Pirst the work may be done at atmospheric pressure,
e the liquid ammonia is kept in & cooling bath or Dewar

gﬁ_a temperature near ite boiling point. Second the
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,wark'nay be done with the ammonia at room temperature, &nd

'gin this cese it 18 necessary to use sesled tubes. In either

ﬂepecial apparatus and a special technique are necessary,
_hoth of these methods have been successful in work in-
%élfingfthe use of ligquid ammonis as a solvent.
d ‘ A large number of substances both organic and inor-
ngﬁx;;gF i¢ diasolve in liquid ammonia without chemicsl reaction
:ﬁfi akihg place , and a number of interesting properties of
fthg‘e}solutiona have been discovered. Foremost among these
v a-gisgthe fact that in many of these solutions the dissolved

 fanbatanoe ie ionize& to a considerable extent. The work of

xaaklin and Kraua hes shown that such solutions show all
f@rdpertips to be expected of electrolytes dissolved in
 Fﬂf:§ géod ionizing solvent. Metathetic reactions take place,

ané‘ the bOiling point elevation fI'eQZlﬂS POint deprQSSion,

fvapar pressure 1owering, and eleetrical conductivity are all

_ : Theae properties of the golutions, together with the
  ;£aet that the smmonia itself is very slightly ionized ac-
éiaing to the following scheme

o - +

NH, = NH, + H

| ﬁranklin‘ to develop the ammonis system of acids, bases
)alte. These classes of substaaeea are related to the

"@t smmonia, in the following way. An &cid in the
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ammania aystem, i.e., an smmono acid, is a substance which,

kwheaiaiasolvad in ammonia, ionizes to give H (the pogitive

of the solvent ), for example an scid amide. An ammono

.x{b“qg,ia a substance ionizing to give NH, (the negative ion

‘ “*fi ﬁ§§ﬁthe solvent), for example potsssium amide (ENH,). An .
n,:ammono galt 1s a substance which ionizes to give ions other
  ﬁ;;than those regulting from the ionization of the solvent
\“f fgmmgn1a. This relationship between the acide, hases and
} ffef the smmonia system, and the solvent ammonia, taken

ang with the other properties of liquid ammonia noted

,fab@ve, indicates a great resemblance to water. Indeed, upon

'"XQSerAexamination of the properties of the two substances

4 ;jé‘found that the resemblance extends into the physical
'if §é#§tahts.' Thus the specific heat, hest of volatilization,
”’f  E§éff§f fusion, critieal consfants, dielectric eonataﬁt and
liéiation congtant of both of these substances are all
rmally high.

There are, however, a few very 1m§ortant differences

ffbh&wécn liquid asmmonia and water. Most important asmong these

°?$j¢£#é¢ the point of view of ite use as & solvent is the rele-

'1y glight auto-ionization of ammonia, compared with water.

h§ iaau1t of this is that the decomposition of substances
ugh reaction with the solvent occurs to & correspondingly

ler extent in ammonia solution. Franklin has named such

tiens‘ammonolysie in analogy to the corresponding term
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o   ;gyd;glysis. This property of liquid smmonis has made it

le to prepere and to study substances which are en-

 unknown in water solutions, For example, Franklin'
sble to prepare and study meny metallic amides and ni-
 ;'most,of which were not known before. This aame prop-
'é:ﬁj,makes it posgible for solutions of the more electro-
*7 ; §iie,mata1s in liquid ammonis to exist, and their atudy’
;Yery interesting chapter in,liquid.ammehia chemiatry.

_“ On adding any one of the alkali or alkaline earth
f;is‘to liquid ammonia, solution takes place rapidly.with

. h@”fermatioh of a blue or a bronze color depending upon the

anggntration. Concentrated solutions are bronze colored

possess a metallic luster, but on dilution & dull opaque

j¥klﬁs,ia obtained., In very dilute solution this blue becomes

neparent, but since it is still distinct in & 0.000025 N
iinﬁpsalution it can resdily be used as a test for the

‘ée of free metal in the solution. The golubility of
~in liquid smmonia was first»noticeﬂ;hy‘Weyl' in 1864.
y .~Gore,1° Joannis,lx Moissan,u Rnff,u cady,l‘ and

| ﬁ 1;f_:§, worked with these interesting substances, but it was
‘}ﬁéé‘ who first made a thorough study of their prOpertiea.
’i'?lier investigators of these systems considered that
ﬁp’ound_ of metal amd ammonis existed in such solutions,
éould be separated upon evsporation. These compounds

thought to be derivatives of smmonium (NH,) in which
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B - hx@xag@n atom had been replaced by metal. They were called

metal-smmoniums. However it has been conclusively shown by

gﬁgﬁaﬂabtainéa by vapor pressure measurements. Furthermore

;éiragtfaxpariment shows that there is liquid present in a

ngﬁgalkaline earth metais apparently do form compounds with
;ﬁﬁﬁgnia. such as Ca(NH,),. These however are not analogous
j  éﬁﬁonium" in any way.

_ Wnile the slkali metsls do not combime directly with

&mﬁbﬁia, they, and also the alkaline earth metals, do undergg

1reaction with it, which results in the liberation of
én and the formation of the corresponding metal amide.

gaetion is oatalyzed by many substances, but normally

‘saction with potassium is most rapid, while sodium

;ré ote at the slowest rate. Because of its slow reaction

Egammonia, and its resdy availability, sodium is the
gﬁéat commonly used in experimental work. For these

aé the dimouseion from this point on will be limited
lutions of sodium in liquid ammonis,

It is now aecessary‘to present the results of further

; b
v Kraus on such systeme. He concluded that the
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f.saaiﬁmgatoms in a liquid smmonia solution are actually dis-
quiatea into positive and negative ions according to the
 scheme

Na = Nat + ¢,

afiha‘poaitive ion ie the ordinary sodium ion, while the ne-

V3gatiVQ 1on is the negative electron. The latter is surrounded
f;by an envelope of solvent molecules but the forces of attrac-
;ﬁti@ﬁ here are not chemical, but of the nature of that observed

_ between any charged particle and uncharged bodies of the

 }& aium. guch as an electron in a rarefied ~gas atmosphere,
k Eeleetrons ere solvated, we might say., However there is
, gkaubt that & few eleetrons are entirely free at any one
5ciastant. The experimental data for the above conclusions

lia in,experimenta on the electrolysis and electrical con=-

ity relations of these systems. All the solutions con-
etallically, that is without polaiization effects at

5. electrodes, and in concentrated solutions the conducti-
fvityiis‘ef the same order as that .of metals, éll of whieh
’elearly indicates the presence of free electrons. The con-

 ‘éuct1vity funetion for dilute solutions of the metal is of

‘samg type shown by salts, and in genersl in d;lute gsolu~-
#ﬁfh@ metal acts as though it were a salt, the only dif-

108 being the psculiar nature of the negative ion. Since
5ive electrons are 80 readily available in these solutions,

1ﬁﬁginee the essential nature of reduction is combination
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‘: ;9with,aegat1ve electrons, it is to be expected that solutions

odium in 1liquid smmonis are energetic reducing agents.

\ 3ih' reduotion of non-metals takes place resdily when they

p,placéd in & sodium solution. For instance when sulfur is
_&Qa to such a solution, normal sodium sulfide is formed.

Tonically this might be formulated:

2met + 2" +8=20Na" +8° = Na,S

* more simply:
o | 2¢ + 5= 87,

"ly'the way in which the’reducing agent functions, How-
b?it more sulfur is used than is necessary to form Na.s,

' ?,fu:thor reactions take place. It is worth discussing these

fly at this point because they are. & fruitful source
onfnaion in any study involving elements in the electro-

}?e.oonditiqn. ~In the sbove case & polysulfide is

r ;m§ﬁ when excess gulfur is used. The reaction may be
 jfg£éfmﬁ1ated

s + s = 8.8 or (Sn)st

ﬁiﬁjtypb of reaction is common to all elements in the elec-

~hagativ° condition, and becomes even more promounced in

metallic elements. Such combinations 4o not involve

nary valence eleotrons, but the forces joining the atoms
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etjuuah a complex anion are of the kind involved in hydrate

hle galt formation, and are little understood. It

?ﬂ be noted that the valence of the anion does not change
the result of such a reaction. Furthermore several anions
ff&axying complexity often exist in equilibrium with one
ééﬁﬁar in solution, so that isolation of & definite compound
féiﬁ!icult. These pointas should be kept in mind during
fﬁ?llawing discussion of the reducing action of godium
iﬂuﬁién on metals. |

’; | Sodium solutions not only reduce elements like sul-
i~; seleniun, tsllurium, and the more negative elements,

8

falao argenie, antimany, bismuth, and even lead and tin.

faduotion of tin may be fermulated.

4Nat + 4 ¢ +8n = Sn™ + 4 Na' = Na.Sn

i'rﬁnlwsod;um stannide, however, is unsteble, or in other

~normal stannide ion decomposes with the formation of

: aplex tin ion, even though free sodium is present. Simi-
 1@ 1y
",'rinally Na,Pb,. In general mogt of these compounds are 80l-

normal sodium plumbide, Fa,Pb, decomposes to yield

\7gub e;ia liquid sammonisa. Sodium solutions not only reduce

smatala in the manner described above, but also re&uce
"1s’from their salts. In some experiments in which
nxions of sodium and also of calecium were used as reducing

#, Kraus and Kurtz discovered that salte of tin, lead;
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'ianﬁimﬂﬂy. and bismuth are reduced, forming sodium and caloium -

;ééﬁ» ﬁnds of these elements. Much more interesting however

\ﬁé‘fact that salte of the more pogitive elements, thallium,
ﬁb; cadmium and mercury, a8re 8lso reduced and compounds
;ifh godium or calcium obtained. In the free atate these
e }gisments are not reduced by the sodium solutions. These lat-
:;f}iffé?;eqmpounds are all insoluble in liguid smmonia and appesr

| ff.§a m5ta111c precipitates during the reaction. The properties

nijfféffﬁhéee have not been investigated but a study was made by

.-;& gﬁé!ef the solutions of the soluble compounds previously

~ mentioned.

The outstanding property of solutions of these metal-
| substances in liquid smmonia is that they behave very
“mnéh,like galt solutions. They undergo the usual type of

el &trolysis and metathesis reactions, and vapor pressure

_,: »€ ves & deposit of lesd on the anode. Such deposition can

. “ﬂ_ ﬂ§::ied out quantitetively where the experimental condi-
o f§i§§§7are gatisfaetory and it is in this way that the for-
H  13‘Ka,Pb, was confirmed. When such solutions are treated
. the salt of a metal, a metallic precipitate results

}metatheeis, a9 shown by the reactions:
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Na,Pb, + 2 C4(NOz)s = 4 NaNO, + Ca Phy

¥a,Pb, + 2 Pb(NOs), = 4 NaNO, + Pb,Pb,

k ﬁezé ig no doubt of the salt-like nature of these metallic
#bﬁtances. The study of them is confused by the fact that
ff ¢!¢Qmpounda of the same two elements often exist in equi-
; :Jiﬁm‘ﬁith one another in such & solution, or in equili=
, 7with one .or the other free metal. This is due to the
_ utfiéeaay of atoms of the less electropositive element to
b L,meﬂaasooiated with the anion in varying numbers. As
‘ 335’31réady_been mentioned, the forces causing this asso-
ien are different from those casusing the combination
,*g5af,tha cation and anion parts of the molecule. This may
??ib t be symbolized by writing the formulae Na,8.S, or
Pb.Pb,, etc., thus indicating that some of the atoms
‘é[anion are held in combination in a differeat menner
thers. We should expect & &ifferénoe in the properties
hese two types of atoms, but no investigations along
© thie line have been oarried out ss yet.

It is slso neceasary to note another property of

‘ gse substances and that is their action toward water.
é aodium chloride is very glightly hydrolyzed, sodium
ide is very much hydrolyzed, and the sodium salts of
h§ e1ements of the fifth, fourth, and other columns of the
odic table are completely hydrolyzed. This accounts
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for their not being known and studied previously., That they

 fex1 tyin liquid ammenia solution is due to the far smsller

enoy for salts to undergo ammonolyeis. To summarize the
{ erties of these metallic substances, it may be said,
“T«»j~,,1)'th3t they are essentially salt-like in properties,
 i; F{3)Tthat they are hydrolyzed by water, and (3) that they are
x   §sﬁa11y complex in composition due to association of vary-
" 1ing amounts of the less slectropositive metal with the anion.
e This discussion of liquid ammonis solutions, of the

” ,gxeﬁue1ng action of godium solutions, and of the formation

f.g ;aad properties of certain metallic substances should be

noluded by & short review summarizing and correlating
_i@ns‘work involving the reduction of metallic salte by

;‘ §§Qﬁtions of electropositive elements in liquid ammonia.

| ‘ The earliest work of this nature which is recorded

:fi ,the 1literature ig that done by Weyl who added salts of
" §g;igm, zine, copper, mercury, and silver to very concen=-

_ trated solutions of sodiun in ammonis. He thought the lat-

*Zfﬁtég'waﬂ sodammonium, a derivative of NH,, with one hydrogen

 fq$t¢§~rop1aced by a sodium atom. When the above reactions
dru@géarried out he observed that the bronze color changed
' 51ue and that precipitates were formed. He thought the
‘tor were metal-ammoniums, in which the metallic element

: *ﬁef the galt had taken the place of the sodium in sodammonium
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had no evidence for such oconclusions., Seely repeated
ttonded Weyl's work, snd concluded that the precipitates

d}ware simply free metals. Much later Cadyl‘ observed
 ;95 adaitioa of godium to solutions of silver, copper,
:\bariﬁm galts in ammonis a precipitate of the free metal
‘xped, and that the characteristic blue color of the
_,7msta1 wag not produced until all of the less electro-
 ]§@§1§ive metal had been precipitated. 'Krauax., in discuss-

 7  iﬁg£th§,methods of forming the compound of sodium and lead,

d thet it could be prepared by adding lead iodide to
e&iﬁm;aoluticn, provided an exceass of lead salt was not
A When ammonium chloride wag added to the solution con-
i@g this compound, decomposition oscurred with evolution

“-,,nygaa. Spongy metallic lead was precipitated when a lead

’ ﬁas-added to the solution. When other metallic salts
used, the resulting precipitate contained both lead and
her metal,

tiAllrthe above observations were qualitative in na-
1T ; $nd gome even merely incidental observations. The
fé,é%?inveatigation of Krsus and Kurtz. is the only quan-
‘:,yeyinvestigation of reactions of the type being con-
5, Their experiments were carried out by sdding dif-
nt metallic salts to solutions of sodium or caleium in
id smmonisa, until the blue color was just discharged.
? §e«weightAe£ gsalt added and the weight of sodium used

etermined the reaction which took plase. Iodides and
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,eyaaiaaa were found to be the most satisfactory salts since

are essily soluble in liquid ammonia. The results

fah@ﬁed the formation of the following compounds: NaHg, NaHg,,
;Hazn., ‘¥a,Sn, Ne,Tl,, CaAg, Ca,Zn, Ca,Hg,, Ca,Pb,, Ca,Sa.
;Evi&snoe wag also obtained of the existence of compounds of
;ggﬁm;nm, antimony, and bismuth with sodium but definite
‘éonbiﬁéicns were not reached. When silver cyanide was re~

éucad with g0dium solution, a compound was not formed, but

only m.atallic silver precipitated. They also determined

x?tatively that many of these compounds were reactive

towarde water ana air.
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PREPARATION OF SODIUM ZINC.

The freezing point study of the system sodium-zinc

iuade by €. H. Mathewson e indicates the existence of a ocom-

ifpannd of composition NaZn,,. Most compositions of this

faystum give two immiseible phases. The work of Kraus and

fKnytk showed that a reaction took place in which NaZn.
pwaa fermed This was prepared by adding zine cyanide o¥

i;ziac iodide to a solution of sodium in liguid ammonia.until

“'lua color Just disappeared. In this way the end point

the reaction was determined quite acourately. This work
8 the starting point of the present investigation.
~ The materials necessary for the work were (1) a

,faﬁpply of anhydrous ammonia, (2) metallie sodium, and (3)

T4 cyanide. The liquid ammonis used was obtained in
atock cylindera. While this ammonis could be used
y in cooling baths, it was necessary to completely

n;tvbefore using it as a solvent. The drying was ac-

@lyiﬁhad by the method of Franklin and Kraus.o. ‘By means
#ﬁétesl pipe the liquid ammonia was transferred to a

sr cylinder containing metallie sodium, The ammonia

a with this, and in time converts it into sodium amide,

< iiﬂ the active drying agent, as it remove®s water ac-

ing to the following resetion:

NeNH, + HOH = NaOH + NH,.
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i ;Iha &rying cylinder was fitted with two valves, one of whioh

“f_'waa connected on the inside to a tube leading to the bottom

9  ;5£~tho eylinder, while the other velve opened directly into

"f,theatop of the cylinder. The first valve was used in trans-

lfarriag 1iquid ammonia into the eylinder, while the second
_as used when a supply of completely anhydrous ammonia gaa
 *“ waé desired. To obtain anhydrous liquid ammonia it was
yq,;fmaroly necessary to distill some of the liquid from the
wﬁf. &r11ag ¢ylinder into the vessel in which the liquid was to

 k;  a-paod., This was easily accomplished by eooling tha lat-
‘  (gsual1y by means of a bath of ordinary liquid a&monia
’ﬁgh.which a' stream of air was bubbled) and allowing
he“gasvto pagg over &t a proper rate. . During this oparation,
Qéotion was always made by means of a side tube to a

pxyggage g0 that the pressure inside the system was

| " The metallic sodium was cut under petroleum ether,
. tra aferred to a weighing bottle filled with dry geseous
- éa»whioh was immediately weighed and then the sodium
rﬁpped into ligquid ammonia as goon as pogaible. The
 {Gyanide used wes a Kshlbaum product. The analysis of
g8ave the following results, which were used in all

aloulations,
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Table I.

ham@le gms.Zn( cale. ) gms . Zn( found ) % Zn(Cn),
1996 0.1112 0.1093 98.31
.2014 0.1121 0.1103 98.33

The’aatnre of the apparatus used in the p:eparation
uigm zine ig shown in Fig.l. The eseential parts are
‘ionjtube (R) fitted with connecting tubes for the
ﬁﬁotion and removal of ammonia, & cooling bath (C)

unging the resction tube, and a gage (G) to regulate

é«pzpseure in the system. The method of preparation is

made clear by giving in detail the procedure which
‘ally adopted, including discussions of apparatus
 hods wherever they seem desirable.

The reaction tube and connecting tubes, after being

od and dried by washing with alcohol and ether, and

g the latter by & stream of air dried by phosphorus

:a@; were set up as shown in Fig.l. Anhydrous ammonia
h§§ pasaed in through M for some time, this’dieplaoing

i#,from the reaction tube. When this was accomplished

e I was closed by means of a pinch clamp. Ordinary

d smmonia was then transferred from a Dewar tube 1ato
fiing this operation it was necessary to temporarily
eot the stopper S' and raise the resction tube

y. Next the temperature of the bath was lowered by
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¥53 3 current of air through the tube 7, so that it
éﬁfthrough the ammonia in C, and eacaped through T{ into
r hott1e which absorbed ammonia. The pressure in the
em was then adjusted by means of the mercury pear P.
éﬁégnéétion began immediately in the roaction tube and was
v  3§§& until sufficient ammonia was obtained. Since the
«Bbling.through the cooling bath causes the ammonia to
;;te rather rapidly, it was nécessary to refill C from
:b t1me.. The dry ammonia gag may eunter the reaeﬁiqn
iﬁrongh either I or M. If the former were chosen M
alosed by means of & pinch clemp. In this cese the
kixiéﬂcy of the condensation decreases 8g the level of

11quid in the resction tube'risgs. If the second of

above methods were chosen I was clogsed by means of a
‘ 1amp and condensation was more efficient since th§
1§é;ammonia had to bubble through the liquid already

{ 4. However there was the danger that the stopper
h§~reaction tube might be loosened and release the
ure inside suddenli;"Should<this happen the eatire
Hg Qf the reaction tube might be violently thrown out.

:_géyoqe method wae used and sometimes the 6ther. The
‘ﬁfeendansation.aepenaea upon the pressure inside the
5§n'tube, the amount of ammonia in the cooling bath,

8 temperature. Th;.preaﬂure wag ceatrelled by means
valve,an.thé gmall ammonis cylinaer,’and the gage, G.

perature of the bath was regulated by the rate at
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5ﬁh;¢hiair was bubbled through. If no air were bubbled through,
*théfteﬁperature would be near -3560., the boiling point of

i .
ed to -50 C.

,”“ Wii‘After a sufficient”éupply of ammonia had condensed
fié7$hejréaction tube, metallic sodium was added to obtain

jﬁg" @dium solution. The method of cutting and weighing

be blown out, due to té@ violent boiling, and if it
éa‘small air and moisture would be drawn into the tube.

difficulties were overcome by shutting off the air

ing through the cooling bath and waiting until the
¥y gagev1ndicated 8 8light poeitive‘prassure ingside the
§ when all was in readiness, the piece of sodium could
‘fkly removed from the weighing bottle with toange a&d
ed into the reaction tube. It immediately d18801ved
ve a homogeneous blue golution,

";The next 2tep in the proéeﬂure was to add zinc

&éﬂtc the solution of godium in liquid ammonis. The
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1ﬁe@¢idary amount of salt was weighed out on a wateh glass,

'éiaaaing the sodium to the liquid emmonia, so that no

‘ &3 was encountered at this point. The zinme cyanide,

;whiah is a white non-hygroseopic powder, was transferred by

fﬁaans of a powder funnel placed in the top of the reactioa
'tahe. Thie operation had to be carried out deliberately orx
,the-heat which was evolved would cause the liguid ammonia

”‘11 violently, and much frothing would take place.

agh cooling ot the solution prevented this., The solu~-
could be stirred during sud after the addition of salt
lawing ammonis gas to enter through M. Stirring avoided
ja lecal excess of zine cyanide and also prevented enclosure
 @°*aay undigsolved salt by the precipitate. When sufficient
;;had,baen added, the blue color of the sodium disappeared
the black flocculent precipitate of sodium zinc settled
éis,or less respidly, leaving the supernatant liquid clear.
~ A® soon aalaettling had taken place the purifiecation
:gpreoipitate wag begun. This was done by filtration

T §Shin8- thue removing sodium oyanide, the soluble pro-
ei'th; resction. However the filtration of liquid
iakeolutions ig not a simple matter. The only method
‘ﬁééd‘in the litézature for the separation of a precipi-
f&om a solution is thet of Franklin. = Most of his
waafdone in sealed two-legged reaction tubes and the

wation carried out by decanting the solution from the
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itata into the other leg of the tube. The solvent was
éiﬂtilled back onto the precipitate and the process

: qated;as often ag necessary. This method was not appli-

,:ﬁéﬁié hare without radicsl changes in the entire procedure

k'faa the following method was devised. A small amount of

5 ’l&ﬂszoo1 (L) wes inserted in the end of the filter tube
," efore bsginning the experiment. When the precipitate
i'ufiha&;séttled out well, the filter tube was adjusted so that
ilowar end was several centimeters above the top of the
_itate. The pinch clamp at M was closed and I was
étea to the source of dry ammonia, A plece of glams
g{was then connected to the rubber tubing at M, and -
ar flaak,placedvﬁndér.the end of this. The mereﬁry
'*gaé ad justed to give a pressure of about 15 om. of

%y in the system. Aﬁmonia was allowed to enter through
fieéva through G. On opening the pinch clamp E the
ﬁie,on the surface of the liquid forced it through the
wool (L), up,throﬁgh M and down into the Dewar. The
h flamp (E),had to be opened all at once or the ammonia
 obming7ever upon reaching the warm part of the tube,
ated & back pressure which tended to stir up the pre-
a#e. While the pressure was kept on the surface of

1 uid, the tube M wes graduslly lowerea uptil ite bot-
i"ﬁ‘fls,a:mszchsadj;he.p:r:smi.p.\iteﬁl:ais. Care was necessary to
atfthe precipitate from getting.intn the glass wool
as this would slow down the rate of filtratiogdahd
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- _‘/?muzhaps atop it altagether. Ae soon as filtration was come
f!haa anffioient ammonie had condensed the solution was tho-

Aa‘the condensation of liquid asmmonia was commeneed again.

 Toughly stirred, the preoipitate allowed to ssttle, and

'“fpriitmagion again carried out. The washing'was repeated from

f:éﬁggté,twelva times, the volume of the washings varying
'“*’ffframiane to ten times that of the precipitate and mother
| fliqa@r remaining with it, These operations usually required
;~tha gxeater part of a day.
. After numerous trials and modifieations the follow-
1: {1@g¥w#a edopted as the most satisfactory method for removing

iﬁ&gﬁﬁxemipitate from the reaction tube. A small sample tube

| f[ 1£k§~thaf shown in Fig.2 was then sealed (at E, Fig.2) to
"” 7f3 the aide arm of the reaction tube. During the operation of

“”ng. a stream of ammonia gas was issuing from the side

2 the reaction tube, and alsa from the end of the sam-.
i56 (E), to prevent air or moisture £rom entering.

iﬁxe for»bl&wing wag obtained by closing the end of the
le arm of the sample tube with the finger. After the above
vag completed the stopper (S, Fig.l) of the reaction
;&S‘removed and'replacea by a tightly fitting rubber

”i,f The end of the side arm of the sample tube was

‘téd t0 the meroeury gage until all of the residunsl sol-
had evaporated, leaving & black powder in the reaction

*lgfha gtopcock (F, Fig.2) wae next closed and the
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”én;tube disconnected from the remainder of the appar-

Then, by suitable manipulation of the reaction tube, the
 pQwﬂer was siﬁply~p0ured over into the sample tqbo,'

#mpg too large to pass through tha gide arm being broken
éaking. The gide arm of the reaction tube was then

hed with a file, and the sample tube broken off at

‘the same place wh@re,it had been sealed on. Prévionsly,
fig connections were made to the ammonia supﬁly, 80 that
ammonia gas was issuing from both openings. This pre-

a aéeeaa 0f the atmosphere to the gubstance., The sam-
ﬁha wae sesled off Just sbove the side arm (Fig.2a),

, ybock'élosed, and the substance wag ready for further

tigation. If desired, only a portion of the substsnce

: r@nsferred to the first sample tube, and the remainder
d in other sample tubes in the manner just described.

‘number of samples ¢ould be obtained from the same

-Modifications of the above procedure, and somewhat
éﬁntvforms of apparatus were used in gome of the experi-
, and the most important of these msy be described here.
6 £ixat experiments a short Dewar tube (20 cm. in height)
. correspondingly short resction tube with a stopcock
}jéide arm, were used., After the washing of the sub-
g wa9 complete, the reaction tube itself was sealéd‘off

;QVQ the side arm, the residual solvent allowed to

te and the substance kept in the tube for further
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;”ﬁenfs. There were & number of disadvantages encouhtered
hig type of apparatus. The condensation of ammoaia

éw and inefficlient since not more than 18 em, of liQuid
iibe~kept in the cooling bath, A long periocd of time
w guired for & preparation. The washing of ‘the precipi-
{tatp,was difficult due to the small volume of wagh liquid

land th@ limited number of washings possible in a given period.

Qn;y~ane gample of the suhstance wag obtained from each pre-

pa &tibn. The lasrge weight and surface of the reaction tube

ma the numerous weighings less accurate. These disadvan-

't# “2 resu1ted in the use of a longer resction tube and

' tube (35 om.) and the transferring of the substance

fi’wgmall sample tubes.
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COMPOSITION OF SODIUM ZINC,

, Before presenting the results obtained in this atudy
" fff]a£ tha resction between sodium and zine oyanide in 1iqu1d

'7[4ammaaia the data of Krsus and Kurtz will be briefly pre-

| ”j;sentad-v Their results were given in terms of the ratio of
o atgmavgf,aadinm to mols of zinc eyanide taking part in the

"f~r9””fﬁbn. From the equation:

4 Zn(CH), + 9 Na = 8 NaCN + NaZn,,

1*})1t ean be seen that thie ratio should have the value 2,285

‘7fuafar ideal conditions. A value greater than this indicates
8 ftxea godium should be present at the endpoint, which
@é_shown by & blue color, or that the sodium zidc‘eom-
has & composition richer in sodium than that indioated
B,. A ratio smaller than 2.25 would indicate that ex~
inc eyanide should remain in solution or that the
Q}tiqn of the sodium zinc compound is richer in zine
aét represented by NaZn,. The lowest value of the
possible would be 2.0;,and this would indioate that
ecipitate was puré zine. The resulte of Kraus and ..

1;;";6:';' four determinationa are givem below,
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Teble II.
Ratio‘ Observation
2.29 golution light blue
2.24 , colorless
2.23 colorless

2.29 nearly colorleas

In view of these results, the ratio was aoeurataly

,‘chﬂckﬁd in only three experiments during this investigation.

15aaﬁﬂthaae results are given in Table III.

Table III.

_No. Vol.of soln. gme.Na gms.zZn(CN), Ratio Observation

97 eo. 0.3459  0.8109 2.18  colorless

. 84 co. 0.2288  0.7705 2.16  colorless

108 ae. 0.2432  0.5535 2.26  slightly
blue

1In g@noral the quantities of sodium and zinc cyanide were
latod from the equation, and these smounts added to

d ammonia in the manner already deaeribed. In every
it wsg found that the solution remained blue, and this »
,chargea~by adding a little more salt, never more than

oe being required. The low value of the ratio and the
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wity~cf adding more than the calculated weight of zine

de, was due to the loss of some of the salt during the

ﬂﬁa,of,addition. through sticking to the funnel and walls

- * the reaction tube. This source of oTror wee avoldsd by
 K#sus and Kurtz by use of a slightly different apparatus.

, 77:"”f’1n_ordor to get a confirmation of the composition
fi.dffthaﬁsubStance it was necessary to carry out an analysis.
"‘ghéiﬁirst roquisite here was to obtain accurately the weight
of th

1e sample. This was found to be quite difficult with
;aiy reactive auhstance eonéerned. The procedure finale
qfig,ﬁﬁ@&ﬁwas,aa follows. The tube containing the auhstgnee
:gfébnnéeted to a vacuum pump and evacuated to 8 pressure
low 0.05 mm. of mercury. The stopcock was then closed

hp tube disconnected and»weighed. ‘The weight of the
'lwas obtained by subtracting from the above weight the

;"ﬂaf_the‘empty evacuated tube, obtained after the com~

on of the experiment.

. The mext step in the snalysis was to dissolve the

6, and remove it frém the gample tube withaut loss.
ﬁs‘aometimes complicated by the fact that it was de-

%§ firat to oxidize, hydrolyze or otherwise treat the

;  Thesge proceduree.aée degcribed in detaill farther

f)iﬁ every case the final épexatiog wazg treatment ﬁith

ydrochlorie acid solution, which eompietely disgolved

ple. Such & trestment was carried out by placing the

he side srm of the evacuated gample tube beneath the
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face of the hydrochloric ascid, and opening the stopcock

; 9£ ,heﬁévacuateﬂ tube until about 3 co. of acid had entered.

lfxtgiés,necesaary that the stopcock be closed before the hy~
i;@gﬁgén eyolved crested sufficient pressure to force the
:fgélﬁtibn out of the side érm of the tube. In order to sllow
f gﬁiélbﬁdrogen to escape without losing any of the solution
5 th§;§gmp1e tube was connected to an apparétua ag shown in
;5215{3;;;The stopcock wag then opened and any solutiqn=foroed
_out went into the conical flask. When complete solution

ths&ffaéﬁxred,‘suction was applied and the tube manipulated

80 that all the solution was forced into the conical flask,

ﬁia?;closing the stopcock, the tube was disconnected and

§§ water wag allowed to enter. Air was then let in, the
%iQShaken, and the water withdrswn in the same way ss the
tibn. By repeating this procedure as often as desired
fﬁbSiwaa thoroughly washed out and the solution complete-

,_ly tzansferred to the conical flask., It was then necessary

;5tagrihﬁa the tube through which the solution passed and

7-to transfer the solution to a besker or a volumetric
;ﬂependiug,upon whether the entire sample or aliquot

:‘gs were to'be analyzed. Any insoluble residue such

ags wool from the filter was filtered off and weighed,
he necesgary correcotion to the sample weight made.

 ;Severa1’methods of determing zinc were tried, inclu-

lectrolytic deposition, the volumetric method of titra-

E<h,potaasium ferrocyanide and the gravimetric method
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ing precipitation of ZnNH,PO,. The latter was found

. e”most satisfactory, ordinarily giving values that
;thseked to within 0,1%. |

i The valuss for the zinc determination in the produoct
}?§£7the~réaction of godium and ziuc cyenide as firat éarried
,Saut varied appreciably and did not agree with any definite
;gfarmnla. After the improved procedure for handling the sub-
‘ ataaee was developed the results were quite consistent.

,*@ahlnﬁlv gives the resulte of all the determinations of zine

; amplea which were prepared for analysis by the improved
method.
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Table IV.

Ali- ZnNH,PO, Zn found Zn ocsle. % Zn % 2Zn

quot gus, gma . gna., cale. found
(0.1) 0.2636  0.0966 0.0971 91.9
Ceamy (0.1) 0.2635 - 0.0965 91.4
421 1.2703 (0.1) 0.3020  0.1114  0.1167
  3 "' (0.1) 0.3014  0.1110 87,3
423 1,0459 (0.1) 0.2685  0.0965  0.0960
e (0.1) 0.2643  0.0970 92.5
‘ggg;fo;solv (0.1) 0.2415  0,0885 0.0829 -
o (0.1) 0.2411  0.0884 s 98.2
19.2074 (1) 0.5155 0.1890 0.1908 91.2
10,1295 (1) 0.3243  0.1188 0.1190 91.6
. 0.0778 (1) 0.1960  0.0718  0.0715 92,4
b 0.0851 (1) 0.2144  0.0787  0.0783 92.4
0.1479 (1) 0.3700  0.1358  0.1358 91.9

alues given in the several columns are, from left to

‘ the number of preparation and semple, the weight of
&née,taken for analysis, the portion of semple which
nalyzed, the weight of ZnNH PO, obtasined, the weight

ac found, the weight of{zinc aa1cu1ated for pure HéZn‘.
%J#ibc,calculated for pure NaZn,, and the % zinc actum=
found. A1l the ashove analyses were mede on samples

red by adding to liquid ammonia the calculated quan-
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ﬁ“af sodium and zinc cysnide, with a very slight excess

’i{latter except in the case of A 32, where there was &
t excess of sodium at the end of the reaction. Samples
h_Aﬁl‘and‘Aaa were prepared solely for the purpose of an
éﬂﬁﬁté analyais, and Were not treated in any other ﬁayi

»:,;the other samples were either hydrolyzed, oxidized or
i”ﬁvprevioua to analysis. In the case of A2l and AR4

‘iahanuistencies in the weighte of the sample tubes were dis-~

aovaxed due possibly to some mishap in the long period of

uring which the hydrolysia experiments were made on
eae'aamples. For this reason these two results are to
&iacarded. The other values indicate quite definitely
>}the composition of the substance corresponds to NaZn,.
U  Many of the first eamples analyzed contained from
;‘PZQO% zine, while the % zinc caloulated for NaZn, 18

» - The low éine content mey have been caused by the
n¢§~of some subétance containing a lower pércentagé of
 The possibilities are zime cysnide enclosed by the
pitate, zinc amide or an smmonobesic zinc salt such es
N, The fact that none of the samples tested showed
'asenee of either cyanide or ammonia rather disconnta

hgpotheais; The low zinc content may also have been

B.k:,.bx the asoction of air or moisture on the subastance
6 the sample was weighed. This,mighi happen at several

~in the procedure and since no visible change in the
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”?&éaae of the substsnce accompanies this action it could

“é;noted except by analysis. In many of these casesg the
,yield wag greater than that calculated from the reac=

@t;,s amounts which slso indicated that some oxidation took

fp &oa.

o At the beginning of this investigation it was assumed
;that an exocess of zinc cyanide would have no effect on the
‘raaetion but this was a mistaken assumption., This is

fﬂh@xa‘by analysis of the product:0f the reactions when an

eiable excess: of salt was present.

Table V.
‘Ho, Sod Zn(CN), 2Zn(CN), % Zn % Zn
. gma, gums, gms. gms., oale. for found
T cale, used excess " NaZn,
256 0.7890 1.7820 2.2776 0.4956 . 91.9 98.1
.9880 2.0960 2.5923  0.4956 91.9 95.3
1.0144 2.2910. 2.7066 0,4956 91.9 99.3

iret column gives the number of the preparation, the

8000d gives the Weight of sodium used, the third the weight
’ uyanide equivalent to this, the fourth column the
; waight of zine eyanide used, the fifth column the

ai‘zinc oyanide, the sixth the oalculate& pexcent zinc
'HaZa‘ and the laat the percent zinc found. These values
“ indicate what when an excess of zino cyanide is used

metallic zinc is formed. It is also worth noting that
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 thia preeipitate gettles out immediately and completely, .

ftor drying is gray in color. Apparently either 8

e displacement reaction takes place:
2 Na + Zn(CN), = 2 NaCN + Zn,

he compound is formed and then decomposed, altogether

3part, aceording to the following equation:
2 NaZn, + Zn(CN), = 2 NaZn + Zn(%n,),.

» latter has been observed to be the case with those metal-

eﬂmponnds which are soluble in liquid ammonia. At any
v,uit ig evident that the compound of sodium and zinc does
. form in the presence of excess zinc oyanide.

It wag also desired to check up‘on the sodium con-

1t of the substances but the work in this direction was
"aneasful by methods of direct snalysis. All the gravi-
égmothoda for the detarmination of sddium involvéﬁ the'
paration of sodium and zinc in a mixture where the weight
Be was ten times thst of the sodium, The first method
:ias oxidation and then hydrolysis of the sample, since
‘was hoped that the sodium would enter the goluble portion

”;the zinec remained in an insoluble form. It waa'founa

ar,fhat aome of the sodium remained 1iln the insolﬁble

on, Attempt was next mesde to use the sulfide separation

8 was quite ungatisfactory since the relatively large
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| ziaa:sulfida precipitate apparently adsorbed a 1arga portion

fe sodium present. The precipitation of zinec by a known
I“’bf godium carbonate was discarded for reasons similar
ofe given for the sulfide separation. The electrolytic
,atién of zine in ammoniscal solution was not succeseful
0_incomplete precipitation of the zinc. Doubtless with

~§:ﬁ;{ficieﬂt expenditure of time this method could be deve-

qﬁif@ give satisfactory results. Due to the failure of

direct methods of analysis, some indirect methods were

It is evident that the total volume of hydrogen‘
"jed when the sample reacted with 6 N hydrochlorie acid
4 be a measure of both the sodium and zinc present.

4 &rable experimental difficulties were encountered due
ya#prensure exerted by the hydrogen generated in the
;{éample tuﬁe. The hydrochloric acid was let into the
Ph the same manner as degceribed under solution of the
e and the tube was then cdnneéted to s Toeplorvpnmﬁ.
 £10& was begun immediately so as to relieve the pres-
ineide the sample tube. If this were uot done the gas
'ggnerate enough pressure to 1éosen'the at0pcook,fr0m
aékét., The gas was completely tranaferred to a bu:ette
{wéter, and its volumé measursed. It_was analyzed by ex-
on with air. The results of such an experiment are

in Table VI.
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Table VI.
32a 320

~ gma. substance | 0.0778  0.1479

7 ino. gas (corrected) 28,4 54.7
: ‘<~54§ogqn in ges 96.7 97.1
‘ ¢§#§i ec. hydrogen 27.4 53.1
‘ %§@1§¢_1n substance 92.4 91,9
f,gé;fﬁyﬂrogen equivalent to zine 24.5 47{2
“?égiw' dragen equivalent to sodium (found) 2.9 S{Q”

c0..

ﬂhydfogén equivalent to sodium (esls.) 3.1 5.8

kyiiirst line gives fhe grams of substance used in the ex-
ment, the second the voluﬁe of gas (corrected to 0 and
‘j s), the third the peicent hydrogen in the gas, the
k;the total volume of hydrogen collected, the fifth
ercent zinc in the gample, the sixth the volume of hy-
afequivalent to the zine, the seventh the volume of

gen actually found equivalent to the sodium, and the

- lset the calculated volume of hydrogen equivalent to the

k&@a‘ The agreement of the values in the last two lines
lishes that the amount of sodium present agrees with

. the formumal NaZn..
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It appears then, from the results of determinations

“he zinc content, and from the volume of hydrogen evolved

action with hydrochloric acid, that the compound NaZn,

{Qiﬁghfzmé& by the resction seccording to the following eguation:
4 Zn(CN), + 9 Na = NaZn, + 8 NaCN.

"Thighéonfirms the results of Kraus and Kurtz, which were

}'QG¥Q¥Mined from the smount of sodium and zine cyanide
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PROPERTIES OF SODIUM ZINC.

DATION.

A few qualitative experiments of Krsus and Kurtz
éted that the product of the reaction of sodium and

i _;éyanide wag very active toward air and water. With
f‘éa 8 starting point a number of experiments were car=-
Vaﬁt in this investigation, with the idea of establish-
uasntitatively the reasctions taking place when sodium

,g*?éaéted with dry oxygen, dry air, moist oxygen and

ot air.

. The oxidation reactions were ocarried out in two dif-

1 xﬁki\wéys. One of these involved the measurement éfjthe
 fefuoxygen takea up, and the other method made it poa-
qﬁé obtain both.thé weight and volume of oxygen ieacting
ihe gubstance. The apparatus employed is shown in Pig.4.
ssential parts were a differentiallmanometer (RR’ ),
erved.to indicate the praaaﬁre in the system, a bu-

M) for measuring the gas entering the system, a sample

senled to the system at A, and connections to s vacuum

fIn cage only the volume of oxygen reacting with the
ﬁas,deﬂired the: procedure wag a# followe. The tube

ing the aa&plé to be oxidized was sealed to tﬁe
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Fig ¢
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Qﬂf@t~A, pressure for blowing being obtained by connec-
_b B,‘which was later sealed off. The system was then

usted through C while the stopcocks D, D', E were open,

:a; 7j?”&§ ;Ewélosed. When the pressure had reached 0.05 mm. the

; §$3959ek J was opened and the sample tube evacuated to the

'}ﬂﬁamafpresanre,.after which D and D' were closed. While this
'°‘f;3,waa being done the burette M was filled with dry oxygen.
"«,f,Thia waﬁ accomplished by firat filling the burette to stop-

‘rf'caeks I and L with mercury, suection for this being obtained

Gﬁghfo. On lowering the levelling pear sufficiently the

0f the meroury dropped below P. Oxygen was theq”passea
'i"ié*ﬁﬁiﬁugh the drying tube K, and out through Q, until'all
 °11 in that part of the system was displaced. The stop-
;,;~was then turned so that the dry oxygenyentered the
;f bﬁ q@te. When about forty ee. had entered, L was closed and
3 ’;#rette read.

With the entire gystem to stopcock I evacuated to

‘¢j;bé 5ﬁfo.05Amm. and the burette filled with dry oxygen,

. ‘y%hing was ready for the sctual oxidation of the sodium
| SStOPecck 1 was opened to let a littie oxygen into the
";rﬁf;the gyatem. If it was necessary to let oxygen in

ilowly, stopcocke F and G were used; otherwise they

é;iéft,Open. After the desired volume of gss had entered
ﬁatom,,l,waa closed and the burette reading again taken,

egsure in the system was shown by the difference in
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fi~ths mercury columns in R and B'. The progresa of
ox ;atibu;Wae;fallowed by noting the decresse in preessure
{g&i”hawn by the gage., When the reaction had stopped, the
1 » wes scourately read, and then the system'evaéuated Lo
1  ¢. The volume of the oxygen in the system at the
#;the reaction ecould be obtained by measuring the vol-

£ gas that must be added to the system to give the same

ure reading on the gage as that at the end of the re-

;QOQaiﬁered. The volume of the system corresponding
§ fina1.gage pregsure was then read from this graph.
fiterence,botween the volume of oxygen originally let
éa that remaining after oxidation was completed, gave
éinme'which reacted with the'sample.

 , In case it wss desmired to cbfain both the volume and

eight of oxygen intersoting with the sample the follow-

:Qéﬂuxe,wasvuseﬁ. The previously weighed ms&mple tube
 5ihg.the;auhstancg.to.be,oxidized wag fastened to the
ging‘system.in the éame.position as in the firat method,
haana,or firmly wired rubbex tubing rather than &

ﬁal;“Ths_proceﬁgra was the gsame as given above. ‘Afe

xidation the tube was evacuasted and weighed, and the
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y@ in weight taken as that of the oxygen rescting.

The oxidation reaction is divided into two distinct
:‘At firet oxygen is taken up vrapidly, and donsidczable
iia{evolved, but no noticeable change in the appearance
QJSGGium zine takes place. This primary oxidation is
é&é in a half-honrfa time, but 18 followed by & g6~
gx,reaction which proceeds at a very alow rate for a
y@riod of time,sccompanied by a change in the ocolor of
ahatance from black through gray to white. Dry air acts
| éiaame manner ag dry oxygen. All of the abéve ia born
~out by the quantitative data given in Tebles VII, VIII, and
Eéblos VII and VIII give the data obtained in all the
ﬁiéns_with dry oxygen and dry air respectively.
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Pable VII.

Dry Oxygen at Room Temperature.

cc, . gma, mgm.atoms millimolas Ratio

oxygen oxygen  oxygen NaZn,

12.16 0.0174 1,086~  2.271 .48
10.60 0.0151 0.946~ 1,565 . 60
7.02 0.0100 0.6288~ 1.232 .51
8.37 0.0119  0.747+ 1.441 .52
10.66 0.0152 0.952~ 2.138 .45
8.58 0.0120 0,499~ 1,519 .51
14.12 0.0202 1.261~  1.652 .76
9.72 0.0139 0.868~  1.460 .59
10.14 0.0145 0.906~ 1,831 .49
~e=- 0.0158 0.988 1.831 .54ﬂ

Table VIII.

Dry Air at Room Temperature.

hudaahdnd 00 0031 00 194 00 458 04‘5
- w=== 0.0036 0.225 0.454 49

. The first column of each table gives the number of
paration, the second the weight of sodium zinc used,

?ﬁuthe‘volﬁme'bf oxygen rescting with the sodium zine,

rth the weight of oxygenwreaeiing, the fifth,milli-
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  t9ma'of oxygen as calculated from column four, the

the milligram mqle of sodium zinoc a§ caslculated from
ﬁmnftwo, and the last the ratio of atome of oxygen‘to

gf.aodium,zinc. The checked values in column four were

ulated from the volume of oxygen in column three. All
alues given were determined shortly after the primary
”Qn‘was complete.

- The majority of the values for the ratio lie some-

',naar 0.5. This means that two mole of the sodium zine

the monoxide in direct oxidation.

- The considerable variation in the values of the
given in tables VII end VIII indicates that something
~the simple oxidstion resction is taking place. The

#1ﬁes'are no doubt due to the fact that some of the
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ég waﬁ oxidized before the meaéurementa were begun,
3gféllwthoae.oqurimenta were done before the apparatus
eahﬁiquq had been pexfected. Some of the values of the
‘!?#?e,somewhat high. ‘These'are dus to the secondary
iisanhich ordinarily takes place at a slow rate after
§Piﬂ primaery oxidation is completed. The extent to
;the gecondary oxidation takes place is shown by experi=-
.;‘iin which two samples (A7 and A8, Tasble VII) were ex-
fo dry oxygen at room temperature for a period of four
.after the primary oxidation was complete. The results
» given in Table IX.

Pable IX.

Secondary Oxidation at Robom Temperature.

gma. gms,  Ratio gms. Ratio

aZn, oxygen oxygen

: (1/2 hr.) (1/2 hr.) (4 wks.) (4 wke.)
0.4101 0.0119 .52 0.0174 .75

6084  0.0152 +45 0.0263 <77

rst column of fhs~table gives the number of the sample,
eend column the weight of godium zine, the third cole-
’fwaight of oxygen taken up in the primary oxidation,
;th column the ratio (atoms of oxygen to mols of
ﬁgainé) for the primary oxidstion, the fifth column the

\;af oxygen taken up after four weeks, and the sixth
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:EQQIﬁﬁﬁ,the ratio after four weeks. At the end of the four

 the reation was still proceeding slowly but the ex~

iments were discontinued. The difference between the
1&j£br the primary oxidstion and the ratio after four
faféhéwa the slow rate of the secondary reaction.

% | An experiment in which a sample (S5, Table VII) wase
 ;§“"a¢d to dry oxygen at a temperature of 15000. for twelve

Q&@ #afthowed that the secondary oxidation was much more

‘at such a temperature., Table X gives the data for

preriment.

Pfable X,

 ‘U ‘Secondary Oxidation at Higher Temperatures.

After 1/2 hour After 12 hours
- Room temp. ‘ - 180¢¢C,
 gma, gme , gms .,
NaZn, oxygen  Ratio oxygen Ratio
0.6460 0.0174 .48 0.1342  3.70

 §§ﬁ"‘isa1 value of the ratio represents enough oxygen to

§§ the godium to sodium monoxide and 80% of the zine
@e‘oxide. That ell of the zine was not oxidized may
Véll,he explained by the formatibn of a protective

;I‘the oxide, .Evidently the mecondary reaction lia due

he oxidation of the metallic zinc formed in the primery
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| Values appreciably higher than those obtained with
‘ xygen are obtained if the oxidation is carried out with

‘" bxygen or moist air et room tempersture. This action
‘SQQmpanied,by a greater evolution of heat and the aub-
'bacomea.gray or white in color. A much larger pro=

on of oxygen is taken up, ag is shown in Table XI.

Table XI.
Moist Oxygen and Moist Air,

No. gms.  oco.  gme. mgm.atoms millimols Batio
S - aZn, oxygen oxyggn oxygen NaZn, '
0.4418  21.51 0.0307 1.921  1.552 1.2

0. 7.13  0.0129 1.018 0.505 2.0

-—==  0.0912 5.700 1.855 3.1

?adings‘used in this table are the same as those in
'II. Samples A4 and Al4 were treated with moist oxy-
while sample Al6 was trested with moist air. The moise
 :Gbably eatalyzes the oxidation of the zinc formed by
jﬁary,raaction. Also the larger amount of heat libe-
Jay increase the,amount’of gecondary oxidsation taking

- This view is supported by the behavior of the pro=
'&ainea”by the action of dry oxygeam when it is exposed
1t;air. 1f some is transferred to & dry beaker no

t action tskes place but if a drop of water iz added,

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



50.

‘*é@ant resction oecours, beginning where the substance

;Qiatenod and spreading rapidly. The latter becomes
at‘duriag this change, and on coo0ling somewhat is yel-
and then finally white. This change from yellow to

‘jas,tha temperature drops shows the presence of gino

, The results of a quantitative investigation of the
raaetion of oxygen with godium zinec show that a rapid oxi—
dation tskes plsce with liberation of heat and the dis-
p;a‘;mant of the zine by oxygen. The zinc thus forme@wie

_ala‘fy;oxidized at room temperature, but much more rapidly

, high temperatures or in the presence of moisture.

ROLYSIS.

kwmhe"raaation.of the godium zinc compound with water
lﬂc investigated from a quantitative point of view. |
x@arimsnts in whieh sodium zinc was hydrolyzod by liquid
the procedure was as follows. The end of the gide arm
;aample tube, previously evacusted, was placed Béqngth
#faeé‘of water and the stopcock opened until a few
é,run'in on the aample. ‘The tube was evacuated from |
§ time with a Toepler pump, the gas colleoted over

.and its volume measured. It was then snaslyzed by

iba‘with,air.. Table XII gives the results of thesze

nents ag far as they have been carried at present.
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Table XII.
Hydrolysis with liquid water.

00, Total co. 6o. Bquivalenta
hydrogen hydrogen hydrogen hydrogen per
obtained cale. (equiv.to Na) mol NaZn,

334.6  687.6 76,4 4.4

ggn-collected from the sample, the fourth the total
g ¢f,hydragen which should be evolved by the complete

@@pbsitionvef the sample, the fifth the volume of hydro-
quivalent to the sodium in the semple, while the last
jﬁi,giv.es the numhai of equivalents of hydrogen obtained
 lyof godium zine. The values in the third and last

 8 are low, since some gas was lost in each case due
éidcnta. Only 8 very slight.liberationvof heat oé-
’ ”when,the water first ocame in contact with the sube
The rate of evolution of hydrogen was very rapid

the first week (80 ce. per day) and then graduslly

#x@d, g0 that at the end of a month it was about 1 ce.
;, and after 10 woeks it was less than 0.1 cc. per
aning‘this time a white precipitate gradually ap-

I in the tube, and the sodium zino semple became gray
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gi.

. The volume of hydrogen liberated asllows of oaly one
fuaion and that is that the zinc diaplaces hydrogen from
. The resson the‘:ate of reaction slows down with time
hahly the formation of a protective layer of zinc

fxidé. The firat equivalent of hydrogen evolved is

}aacounted for by the'reaction=
NaZn, + H,0 = 1/2 H, + NaOH + 4 Zn. .

‘{ﬁiac displaéas hydrogen from & sodium hydroxide so=-

fh,ka second equivalent can be accounted for by the

NaOH + 1/2 Zn = 1/2 Na,Zn0O, + 1/2 H,,

ugh thie would probably not go to completibn. However,
éuld asccount for less than half of the hydrogen actu-
volved 80 it i’ necessary to agsume that & catalyst

a»reaction.
Zn + 2 HOH = Zn(0H), + H,,

gent, or that the zino is in an “sctivated” form. The
ﬂié the more probeble, since the zinec is present in =
'1vidéd,£ozm, and furthermore has béen set free from
nd by bxiaatien in contrast to the ordinary l;beraQ.

ﬁ@tailic zinc from a compound by reduection.
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»“f :,A'few experiments were carried out in whioch the

;ﬁﬁ zine compound was hydrolyzed by water vapor. In this
5‘n1y 8 very little water in liguid form was let into

de arm, and the sample tube was so manipulated that
QRia water could not run down on the sample. The tube
acusted and the hydrogen collected from time to time,
§ ﬁater replaced in the side arm after each evacuation.
ﬁnately all of these experiments met with some sort
éﬁcident 80 that no quantitative data can be given.
,,r; the results were of the same nature as those ob-
_?ﬁfwith liquid water, except that the reaction took

@Q?hnch,more slowly. In every case considerably more

aféas equivalent of hydrogen per mol of NaZn, was
oted,
" Wnile the experiments on hydrolysis Show_conéln-

y that at least four equivalents of hydrogen are evolved

0l of sodium zinc, they are incomplete in many res-

ts, and further work should be done along this line,

LLANEOUS PROPERTIES OF SODIUM ZINC.

~ Experiments were carried out to determine the nature
iﬂgas given off on heating the sodium zinc samples, to
he action of nitrogen on sodium zine, and to determine

otion of an smmono soid, smmonium nitrate, on & sus-
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‘f‘g of sodium zinec in ligquid ammonia,

In order to determine the nature of the gas given
i@gmheating, the tube containing the sample was evacuated
Zgﬁymm.,ana weighed. It was then heated on & water or
ath for a period of time, and finally the tube was

'ﬁted with a Toepler pump and then weighed again.‘ Since

;wplnma and also the weight of the gas could be deter~
;ﬂi ed, it was possible to get a value for its density. .The

Table XIII.

zxwgma. hours Temp. cc. gms. Density % hydrogen
KaZn, hested °Ce gas gaa H= 2,016 in gas

©

L0417 19 100 1.1 0.0011  22.4 “em
25 160" 1.8 0.0022 ° 27.4 12
.9023 19 100" .7 0.0005 3.9 90
| 13 1000 0.6 =--- S 10
24 160" 1.8 =-e- - 75

fsnta on the same sample were carried out succesgively.

&tly both hydrogen and nitrogen are evolved on heating :

ubatance but the amounts are inaignifiocant.
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3{ A few experimeats‘were made to determine the action
nitrogen on sodium zine. At room te&peratﬁre theie.waa
dication of any sction.

‘ Amm0n1um nitrate was added to s suspension of sodium
in liquid smmonia. Bubbles of gas -began to be evolved
he precipitate and caused it to flost in the ligquid,
 a.t1mo thé«aéfion glowed down but inereased when &
§:$orekammon1um nitrate was added. On removiang some
7partioles of precipitate to the atmosphere they sparked
Qaslj, leaving a white powder. This sparking in air
 $§raeteriat1c property of sodium zine, and 1ﬁdicatea
tfﬁﬁ& ammonium nitrate decomposes sodium zine at a rela-
: ;§igi1rate.

~ In one experimentAaome mercury was accidentally al-
'ge enter the reaction tube and thus came into contact
k@;sediumvzinc. This sample of sodium zinc showed no
afat a11.towarda dry oxygen at room temperature. The

r#.waa afterwards poured from the sodium zinc and dropped

;ter where it gave off a gas, indicating the presgence

jium smalgam.
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BATION AND PROPERTIES OF OTHER METALLIC COMPOUNDS.

«Among the numerous reactions studied by Kraus and

Kt ﬁiﬁéro those hetween sodium and mercuric oyanide, and

Detween csloium and zine oyanide. An attempt was made to

end their results but the work remains incomplete at pre-
gsent 8o that only a brief preliminary report will be given.
The epparatus and procedure were essentially the same &s
previouely discussed, 80 that s description of these will
be omitted. |

When mercuric cyanide was sdded to a solution of
sodium in liquid smmonis much heat was liberated and the
liquid boiled vigorously. If the sodium and mercuric eyan-
i

ere added in the proportione given by the equation:

olution became colorleas and a black precipitate sete

tled out. Thia wee washed thoroughly but no_sttempts were

'”:ggﬁtb analyze it. It ﬁae exposed to the action of dry
oxygen but was entirely inactive at room temperature. At
T temperatures a slow oxidation took plsce but no guan-

ive results were obtained. The product of the oxidation
4 a gas when 1t was dropped into water. No conclusions

drawn from these experiments until further work is done.
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Calcium behaves somewhat differently from sodium

“*kfitkig dissolved in liquid esmmonia. Two liquid phases

yrmed unless the concentration of calcium is very low.
1these phases is blue in color, while the othe#hie
colored. Kraus and Kurtz found that the ratio of
kif c&loium'to mols of zinc cyanide necesgary to deco-

the solution was 8,0, 88 given by the equation:
8 Ca + 2n(CN), = Ca(CN), + Ca,2n.

Pour experiments of thie nature were carried out during

vestigation, but in each case the solution rémained
after the zine cyanide had been added. This blue wae
éxgéﬁ by adding more zinc cyanide and in this way it
ound that the solution ususlly became colorless when
atio had a value of four atoms of calcium per mol of
ranide, the actusal results varying from three to

The product of the reaction was a very finely di=-
lack precipitate which had no tendency to settle,
the end point was difficult to determine. Analyais
mbf@f the substance indicated that the relative amounts
’iﬁm and zine present were somewhere near those re-
Ehy,the above ratio (4.0) of calcium to zinme cyanide.
i'y(_abcut 60% to 70% of the weight of the sample was

ated for. At least part of the reémainder was ammonia,
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mé*qualitative test indicated the presence of this in
&@rable amounts. The product obtained was not very
toward either air or water. On exposure to air a
itxle,heat waa liberated hut no change in appearance

ace even after a period of g9ix weeks. Liquid water
‘the evolution of & small amount of hydrogen at first,
 §§ter vapor converted the black powder into & white

V:ce in the course of a month’s time. A quantitative

f the product of the reaction of caleium and zinc cyan-

mld give worth while results.
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SUMMARY .

experimental method has been developed 80 as to make
sible the purification and quantitative study of high-
?eaative metallic substances formed in liquid ammonia

~Se~nfien.

2. By means of the sbove method, it has been shown through

alysis that the product of the reaction between sodium

7 zinc cyanide in liquid ammonia is a sompound of sodium
aad zinc of the formula NaZn,.

9 Na + 4 Z2n(CN), = Nazan, + 8 NaCN.

5. 1£ 21nc cyanide is present in.considersable excess of the

ount called for by the equation, the product of the

tion is metallic zinec.

ﬁaatitative,stuﬁy»of the action of gaseous oxygen on
ium zino showed that the reaction takes place in two

distinct stages.

. room temperature oné atomic weight of dry oxygen isv
Gibéd by two molecular weights of sodium zinc in s
f an hour. This leads to the view that sodium mon-
ib[ana zinc are produced.

2 Nazn, + 0 = Na,0 + 8 zn,
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fé;“ frapiawpfimary oxidation is followed by a =econdary
5@; ﬁation which proceed® at a very slow rate at room

3&Q@paratura, but much more rapidly at a temperature of

1itself, react with s much larger proportioa of oxyges in

th1 presenca,of moigture. It seems that the rate of the

ondary oxidation is increased due both to the ocataly-
q‘action of the moisture and to the heat which it
1ibverates.

8 Watnr in liquid form reacts with sodium zinc to give at

1@aat four equivalenta of hydrogen per mol of sodium zine.

: ?only conclusion possible is that the zinc reacts with

f}h _water, probably because it is activated by being freed

i

fﬁy §xidation rather than reduction.
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