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INTRODUCTION

Liguid ammonia is the liquid whose »hysical proper-

ties and solvent vower bear the closest resemblance to those

1 .
of water.  Accordingly much research has been carried out

actino medium But
aeting meqlium, 2aT

2
3
[¢]
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e

using liguid ammonisa as & solvent an
in one respect, namely a much smaller tendency to react With
dissolved substances, liquid ammonia is far superior to water
as a solvent. Thus the &alkali and alkaline earth metals dis-
solve in it without appreciable reaction to form solutions
with most interesting prorperties, Investigation has shom
that such solutions react vigorously with many szlts, giving -
rise to a variety of products. In sone cases comoounds COn-
sisting solely of metgls sucn as NaCd, NaZny, Na3T12, ete.,
have been postulated.b The vnrovnerties and valence relation-
ships in such compounds are sbnormal to say the lecst, and as
vet they nave been obtained under no other conditions. In
otner cases, however, metallic compounds are not formed, but
the less electropositive metal is nreciritated from solution
often in an activated form, Secondary reactions may then oc-
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cur suca &as crmation ©
tion witi the solvent. A thorough study of such reactions
occurring between soluble salts and dissolved alkali and al-
kaline earii metals has never been made. Here lies a field
which offers unusual onoortunities for tune formetion and study

of new metzllic comvounds and the nrevnaration of free metals
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in an activated form.
This research is a quantitative study of the reac-
tion between silver iodide and sodium, and manganous iodide

«

andlsodium in liguid ammonia gsolution. A silver salt was
stu&ied because preliminary work by Xraus and Kurtzeindicated
that it reacted in the simnlest possible manner, according to
the equation
| Agl 4+ Na-welal + Ag
If this be true, the reaction between silver iodide and sodium
could be used as a check on the utility of any varticular
method for cérrying out reactions of this sort, and as a means
of discovering errors innerent in the apparatus or procedure.
No previous work has been cdone using manganese salts. The
poscsiovility of obtazining metallic compounds between sodium
and a metal as electropositive as manganese led to the choice
of manganous iodide. Ymile this possibility Lias not been
realized, the réaction itself is of a most interesting nature.
This thesis may be conveniently divided into four
main parts:; I. The Panysical and Chemical Proverties of a Sol---
ution of Sodium in Liocuid Aumonia; II, A Descripntion of the
Apparatus and Zxperimental Procedure; III. The Action of So-
dium upon Filver Iodide; end IV. Tne Action of Sodium upon

Yenganous Iodide.
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I, THE PHYSICAL AND CHEXICAL PROPZRTIES OF A SOLUTICN OF SO-
DIUM IN LIQUID AMMONIA.

A large portion of the research done using liquid
ammonia as a solvent has been denendent on the fact that the
alkali and alkaline earth metals dissolve in this medium

without reaction.,  Sodium has been used to the greatest ex-

D

tent, and properties of a2 liguid ammonia solution of +this
metal have been studled by many 1nvest16auors. The litera-
ture concerned with both the Dhy31cal and chemica 1 properties
is summerized in order to give a compact survey of this im-
portant branch of liguid ammonia chemistry.

S

3
PHYSICAL PROPERTIES, Ammonia was 1iquified by Faraday in

1823, but it was not until 1&6L that Weyl first used it as a
solvent. Ee discovered, among other things, the solubility
of sodium, but mistook the solution for a compound of sodium
with ammonia NaNHB, wnich he approvriately named "sodammo-~
nium," Seeley condensed gaseous ammonia on sodium, and saw
no discontinuity of nnysical pronerties as so0lid sodium dis-
apneared and liquid apoeared. e concluded tnat the result-
ing phase was a true solution of sodium in liquid ammonia.
Tne first quentitative measurements were made by
Joannie, who determined vapor tensions at various temneratures
end boiling points of differently concentrated solutions.
From his results he concluded that the compound sodammonium

was formed. Eis work was qgulite extensive and his ideas were

-3=
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dominant for a decade, and are still accepted by some chem-~
ists. Ruff and Giesel presented evidence to the effect that
Joannis' sodammonium was merely freesmetal coated with a
layer of saturated solution. ¥raus applied the phase rule
to Joannis! data and proved conclusively the non-existence ofA
sodammonium, | His reasoning is briefly as follows, The sys-
tem sodium and ammonia is a two component one, and therefore
invafiaﬁt when four phases~and‘univariant when three phases
‘are »nresent. According to Joannis, when ammonia gas is re- )
moved from an unsaturated solution of sodium in ligquid am-
monia, the solution first becomes saturated, and further re-
moval of ammonia results in the anénearance of the so0lid com-
pound sodammonium. When all the solution has disappeared
and the removal of ammonia continued, this compound then
breaks down to ammonia and free sodium, Joannis' data shows
thet the vapor pressure of the two systems vapor--saturated
solution--solid compound and vepor--solid comnound--free so-
dium are the same at several different temveratures, If
this be true the four phases vapor, saturated solution, solid
compound, znd free sodium could co-exist at eacnh of these tem-
veratures. But such a system of four pnases is invariant
and can exist at only one temperature. Therefore, one nnase,
obviously sodammonium, musg2be mon-eXistent.

= Sodium dissolves in ligquid ammonia to give an in-
tensely vlue-colored solution, which cdarkens and finally

chenges to a characteristic bronze as tae concentrztion is in-

-l
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creased. The blue‘color is discernible at a dilution of one
part of sodium in‘about two million of ammonia. The solu-
bility curve Las been partially determined through the work

‘ 9 10 _ : 11
of Ruff and Zedner, Kraus, and Xraus and Lucasse. At tem-
peratures ﬂétﬁeeh -78°C.ahd ~42°C and compositions between
one and fourteen per cent. sodium, the solution separates into
two liquid phases with an upper Co@solute:temperature. It
is odd fhat two liouid pnases should co-exist, the composition
of which 1s never over fourteen per cent. of one component.
At the boiling temperature of ammonia, -33%39C, sbout nineteen
grams of sodium will dissolve in 100 c.c. of ammonia.

&l conductivity wmeasurements nhave been made

Q

Zlectri

12 :
by Xraus with interesting results. hen a current is passed
through a solution of sodium in liguid ammonia, no devosition
occurs at either electrode. The only visible effect is a
deevening of the blue color sround the cathode. Ti:e conduc-
tivity of dilute solutions is of the sume order of magnitude
as strong electrolytes of the same formal concentration,
"ith increased concentration of sodium, the conductivity be-
comes comparable to that of metals such as iron. Yraus ex-
plains these results by vnostulating that sodium ionizes in
accordance witi the equation

fas=Hat+ E7 (1)

where £~ is an electronﬂ_ In dilute solution these electrons

ere surrounded oy an envelope of ammonia, thereby giving them

e size comparable to other ions. Consecuently these solu-
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tions behave like those of ordinary electrolvtes. In con-
centrated solution the equilibrium represented by the equa-
tion

ET +n NHz=E(NHz)y (2)
furnishes a few electrons free from the solvent envelope.
Due to their extremely small size, their speed will be exceed-
.ingly’high.__<Consequeﬁflf thesé s§iutions are excellent con-
dﬁétors, and conduction is metallic in nature since most of

the current is carried by electrons without transfer of matter.

CHZMICAL PROPERTIES, The presence of free electroﬁs in a
solution of sodium in 1 quid aimmonie should uwakxe this solu-~
tlon an excellent reducing agent. liany researches have been
performed in which numerous tyves of substances, both organic
and inorganic, have been reduced by thise solution, In nearly
all cases, the reactions were-carried out by adding the ziven
resctant, gas, liguid, or so0lid, until the blue color of the
sodium had disapneared. The supernatant ammonia was then al-
lowed to eveporate and necessary analyses made, & orief sum-
mary of the results of these researches as recorded in the
literature will now be given, It should be stated, however,

L

tiat some the earlier results are questionabvle.

(e
+h

Tne first reaction considered is that between so-

dium and armonla according to the equation

I\'a + i ..1.3——) T\?al\’}'e + ;.':'.r (3)
13
Xrezus measurec tine pressure developed by the liberated hydro-
gen, aond showed that tne reaction was exceedingly slow. Va~-
~6-
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rious substances, such as platinum, will increase the speed

considerably.

Among organic compounds, halides have been used ex-

tensively, the sgdium salt of the hslogen being formed.
l [
ethyl chloride gives metnane and methylamine. Chloroform

and iodoform vyield methane, etkhylene, acetylene, and cyan-

. 4D
ides, Carbon tetrachlor%de gives methane, nitrogen, and
1 .
cyanides. Chlorbenzene zresults in benzene, secondary and

tertiary amines, with small quantities of aniline, isocyan-

ides and cyanides, %ith excess sodium, the sodium salts of
17

diphenylamine and aniline have been isolated. Clifford
hags shown that fhe halogen of organic'comﬁéunds élways forms
sodium halide, wirich may be estimated as the silver salt, and
suggests this method for halogen determination in preference

to the usuval Cariue fusion. ¢
1

Saturated hydrocarbons are usually inert, but the

sodium salt of tri-alikyl and aryl substituted methanes nave
18
been formed. Acetylene gives a precipitate of CeNag.CEHQ.

meat liverates this combined acetylene, and disodium acetyl-
19 -
ide results. Aniline yields the mono- and di-sodium salts,
20 ‘ 21
fitrobenzene rives CglHgNlaONa and CgHN¥ay.. Amicdes form
: 53 5

sodium salts, Esters of the generzl formula RCOOR' give
22 '
RCON¥HNa @né R'0OlVa. Alcohole including glycol, glycerol,

mannitol, erythritol, borneol, and menthol give mono-sodium
22
salts, Phenols anc thio-phenols result in correswonding
: 22 B
ethers, wnile naphthols vyield tetra-hydronenhthols,

-/-
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The action of only a few inorganic compoqnds of
non-metallic elements has been studiid. Carbdn monoxide23
gives Na(do)g; while carbon dioxide2 vields sodium carbamate.
Nitrous oxidedsreacts with both sodium and arxmonia, precipi-

| %ating sodéum_azide‘NaNB; Vitrogen dioxide25forms NaNo.
Phosphinee yields ?HgNa‘and PNaB, depending on the relative

cuantltles of reactants.

Slnce most elements are insoluble in liguid ammonia,

but few reactions between them and sodium are recorded in the
27
literature. Among the non-metals, oxygen forms NaEO.NHB.
2K ' og
i
Nitrogen 1is non-reactive, while phosvhorus yields NazP and
29 d

“ungu3 Sulphur, selenium, and tellurium form their norm-
al salts, but when in excess give resnectively NaESS, NaoSey,
and NagTeB,

oeveral metallic compounds may be formed by direct

50 51 32
union, Lead gives a series NaPb, NaPby, and NauPb9v
The last seems more stavle and its constitution has been veri-
fied by electrolysis during which lead is deposited on the
31
anode. According to Joannis, mercury forms Haﬁgg. Bis~
30° 33 30 '
muth, arsenic, endé antimony yield normel silts, NaBBi,
Z

NazAs, and NazSb. “hen in excess, antimony gives a series
of commounds.

vhen & sodium solution is used to reduce a salt, a
variety of products may be obtained--pure metal, metallic

2

compounds or amides, ¥raus and Xurtz have discussed the

theory of the vossible reactions, and a2lso give preliminary

-8
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data on svecific cases, Using iodides or cyanicdes of the
metals tested, they have recorded the formation of NaHg,
NeHgo, KaCd, KaZny, NaySn, NayPb, Na3T12 and Ag. These re-
sults were deduced from the quantities of s&lt necessary 0
discharge the blue color due to a given weight of sodium, and
not.by analysis of the oprecipitates formed. |
Reactions of this latter type have been studied
more completely in the ammonia laboratory of the University
of Cincinnati. Rose has established the constitution of
Naan by analysis and studied its reactivity toward air,
moisture, and oxygen. & study of the reaction of cuprous
iodide ig a2lmost finished 2t thig time, As previously men-
tioned, this thesis will describe fully the reaction between

silver iodide and sodium, and manganous iocdide and sodium.
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I1. APPARATUS AND EXPERIMENTAL PROCEDURE

Liquid ammonia boils at -3%3°C at atmosoheric pres-
gure, while at room temperature it exerts a vapor pressure of
about eight atmospheres. These two sets of conditions form
the baéis for}two distinct methods of carrying out reactions.

In one, the apparatus is designed to withstand high pressures,

r‘j
'lj

while in the otner low temperatures must be maintasined. In
these exveriments the latter orocedure is used, and the ap-

paratus made to meet the requirements is shown in Figure I.

'ADDAR‘"U‘ | The ﬁosr impoTtant part is the reaction tube A,
1n which all reactlons have been cerried out. At the top it
is fitted with a two-hole rubber stopper C, through which
pass a long and a short niece of glass tubing. Both of these
are connected by rubver tubing to the tube D, which 1eads.to

a source of anhydrous ammonia (not illustrated). The longer
tube is also fitted with an outlét E. Any substance con-
tained in the weighing tube F, fitting tightly into a one-hole
rubber stopper, may be introduced into the reaction chamber
through the side arm G. Gases may leave the reaction tube
through the side arm E, and are either caught in the eudiome-
ter I for subsequent anelysis, or allowed to escape through
the pressure gauge X to a collecting bottle pvartially filled
with water (not shown in the diagram). Toe safety bottle S
is partially filled with mercury to vnrevent the entrance of

any moisture into the reaction tube. The leveling vnear R is

~10-

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



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



used to maintain any desired mercury level in the gauge X,
The 1argé Dewar tube M is fitted with the rubber stopper N,.
through which pass the reaction tube A, a long tube O con-
nected to a supply of dry air, and a short tube P through
which gases escape to the collecting bottle., Screw clemps

T and the stopcock U are used to control gas flow through the

apparatus,

PROCEDURE, In order to illustrate the use of the appareatus,
a typical run using silver iocdide and sodium will be described.
The clean reaction tube is rinsed with alcohol and ether and
dried by a stream of alr owreviously passeld over phosphorus
pentoxide. It ie then connected as shown in_Figure.I, and
the air swept out by a stream of dry ammonia,. Liquid ammonia
is next withdrawn from & stock cylinder into a Dewar. similar
to M; This is then fitted with a two;holelrubber stopper
through which pess a short and a long glass tube, the latter
reaching to the bottom.of the vessel. Wnen one's finger is
held over the end of the short tube, the vapor vressure of

the ammonia is sufficient to force thie liquid out through the
other. In this way, with the reaction tube held in a sligcht-
1y raised position, amxmonia is transferred to ¥ unitil it is
avout nelf full. With Ty or To, Ty 8ndé U open, a stream of
cry ammonie gas enters tarougii D under a oressure of zbout

15 em, of mercury, as registered by the gouge XK. At the

same time the tewperature of the cocling bath in M is con-

~11-~
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siderably lowered by bubobling dry air through the outer Dewar.
Condensation of dry liquid ammonia then occurs so repidly that
50 c.c. can be obtained in about fifteen minutes.

Sodium, wnreviously cut under petroleﬁm ether, dried
guickly and weighed in a weighing bottle filled with ammonia
zas or petroleum etner vapors, is introduced into the reac-~
tion tube through the side arm G. A calculated quantity of
silver iodide is weighed in tube:F and placed in the position
indicated'iﬁ figure I; ﬁith'é;siight stream of ammonia pass-
ing through T,, and Tg and U open, the tube F is gently tapped
causing silver iodide to fall into the sodium solution. A
vigorous reaction results and any gases, insoluble in water,
which may be generated are caught in the eudiometer I. Ad—
dition of silver iodide is continued until the blue color just
disappears. The tube F 1s reweighed and the amount of silver
iodide necessary to react with the known quantity of socdium
may e calculated.

Tne nrecipitete is then washed free from soluble so-
dium iodide in the following manner, The long tube into A
is raised so that its lower end is just above the surface of
the supernatant ligquid. With T, and TZ open and ammonia
from the suposly tank streaming thru the aovvaratus, tais tube
is lowered carefully into the ligquid ammonia, The latter is
forced un through the tuvbe and out of the anmparatus at ‘1"3
into & conveniently nlaced Lewar. In this way »nractically

all the licuid may ve removed from the reaction tube without

-12-
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losing any appreciable cuantity of the precipitate. Conden-
sation is again carried out, the last portion with ammonia
entering through T2, thereby mixing the nrecivnitate with the
fresh ammonia; After settling, the supernatant liouid is
agein withdrawn, The washing is continued until thewash am-
monia is free from iodides, usually four times being suffi-
cient. After the last washing, the remaining liquid ammonia
is allowed to evaporate, usually overnight, under a pressure
of about 2 cm. of mercury.

The resction tube is then disconnected from the re-
mainder of the apoaratus, care being taken to prevent the en-
trance of air. By suitable tipning the precivitate is trans-
ferred to the collecting tube L,vand the latter is then sealed
off at H. The resultipng small tube containing the precipi-
tate is evacuated and weighed. The szmple may then be
treated.in'any“deSired manner. For anaiytical vurposes, the

semple is dissolved according to the metnod déveloped by

35

Pose .

-13-
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ITI. REACTION BETWEEN SODIUM AND SILViER IODIDE

The only vrevious reséarch on the reaction between
sodlum and silver 'salts in liquid ammonla was. done by Kraus
_and Kurtze. They added eitner s1lver cyanlde or 51lvnr iod-
ide to a sodium solution until the blue color was discharged.

S an
L4 Car

n A wm
Code Lt

formed. Several determinations of the ratio of the sodium
(in excess of that necessary to reduce the silver salt to free
metal) to total silver gave values of 0.1 and 0.09. Yhile
this represents approximately ten per cent. excess sodiunm,
they concluded that no compound of sodium znd silver was
formed, The high ratio of sodium to silver, together with
lack of knowledge concerning the composition of the precioni-
tate, obscures the exact course of the reaction, To secure

added information, a complete study of the reaction between
b4 iy

sodium and silver il1odide has een ade.

STARTING MATERIALS. Sefore oresenting exnerimental results,
the substances used will be described, In choosing a silver
salt, several factors must e considered: first, the salt
must be soluble in liquid ammonia; second, the anion must be
stable in the —-resence of sodium; and, finally, the sodium
salt of the anion must be easily soluble. The first require-
ment 1s necessary in order that reaction occur readily. Re-
duction of tie anion »y sodium would introduce serious compli-
cations. Tne lazst requirement nermits purification oy wash-

)i
-] o
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ing of any precipitgte Tormed. In view of the solubility data
in the 1it,erature,3 silver iodide and cyanide are best suited.
Silver iodide was chosen for the research because of the com-
narative simplicity of its prevaration.

Silver iodide was made from liallinkrodtts C. P. 0O~
tassium iodide and kerck's C, P, silver nitrate. Equal vol-
umes of approximately .5 N solutions of each were mixed slowly
with stirring, and then heated to boiling. The resulting sil-
ver iodide, after settling, was washed about six times by de-
cantation, and recovered on a Buchner funnel, It was heated
to dryness in an oven at 110°C, pulverized, and kept in a brown
bottle,

Commercial lioquid ammonia contains a small percent-
age of water which must be removed before the ammonia can be
used as a solvent, This is done by transferring the impure
ammonia to a smaller and more easily handled supnly tank, which
contains small pieces of metellic sodium, The latter immedi-
etely reacts with sny water present, forming hydrogen and in-
soluble sodium hydroxide, Any excess sodium then reacts with
ammonia, giving hydrogen and difficultly soluble sodium amide.
The ammonia gas ovtained from this tank is both anhydrous and
sodium free.

The sodium used throughout these experiments was

obtained from Xahlbaum and a2 sample analyzed 99.7% oure.

EXFPERIMESTAL PECCEDURE, Tne procedure outlined in Fart II., of
-15-
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this thesis was employed to carry out numerous reactions be-
tween silver iodide and sodium with a few modifications.
Several qualitative determinations weré sufficient to showvthat
no gas is evolved., Other exvneriments showed that the precini-
tate is non-reactive and does not change weight in air, This
fact facilitated handling to a large degree. Samples could

be removed from the reaction tube at will, and weighed direct-

ly on a balance.

ANALYTICAL HZTHODS. The precipitate was analyzed for heat
loss, silver, sodium, iodide and ammonia. A pdrtioh of the
precipitate was put in the collection tube which was evacuated
and wéighed., The tube was then vartially immersed in a beaker
of water, slowly heated to 100°C, and kept at this temperature
for about ten minutes, Before discontinuing the heating the
tube was again evacuated. After cooling, the tube was re-
weighed and any change in weight recorded as heat loss,

To determine silver the sample was dissolved in con-
centrated nitric acid and made uv to 100 c.c. Any colloidal
precinitate which formed was allowed to remain in the solution,
Aligquot parts were treated with dilute hydrochloric acid and
nezted to voiling. The oreclplitate was allowed to settile,
filtered, washed, and weighed as silver chloride. In several
cases, instead of choosing aliquot varits of a single solution

to be used as duplicates, two separate vortions of the preci-

vitate were employed.
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Another sample was digested well with water and fil-
tered. The filtrate was made up to 100 c.c. énd‘used to de-
termine sodium and iodides., For sodium, an aliquot portion
was placed in a weighed evaporating dish, and heated nearly to
dryﬁeSS on a hot plate. Then several c.c. of dilute hydro-
chloric acid were added, and the dish heated to dryness, To
remove any ammonium salts the dish was then heated over an o-
ven flame. It was finally cooled in a desiccator and weighed.
Usually the weight of the sodium chloride was 80 exceedingly
small compared to the dish (;005 gm, to 25.0 gm.) that the ac-

~curacy of the method is guestionable,
| To deterﬁine iodide; an aiiQuot part of the solution
was treated with several drops of 0.1 N silver nitrate solution
and heated to boiling, angulation.of the colloidal solution
was alded by adding a émali quantity of nitric acid. After
settling, the precivitate was filtered, heated at 110°C for an
hour, cooled and weighed as silver iodide.’

Numerous samnles which had been heated to 100°C, and
then dissolved in nitric acid for subsequent silver analysis,
were tested for ammonia by Nessler's reagent. The amount

present in all cases was negligible.,

~17-
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EXPERIMENTAL RESULTS, The results of all experiments opro-
perly carried out are given in Tables I, II, and III. Table
IV gives a éompact summaxy of allvanalytical results scattered

throughout Tables I, II, and III.

TABLE I,

Ratio of Reacting Substances

Expt. Na Agl | Na Aol Ratio

No. grams grams m,atoms m, mols Na/Agl
178 L1584 1,5981 76.887 6.806 1.012
179 21541 1,58323 6.870 6,743 1.019
180 J1543 1.5728 6.709 6.706 1.000
186 Ll21k S 1.1954 5.278 5.091 1.037
192 5497 5.4077 23.90 23.03 1.038
193 213 4,1953  18.32 17.87 1,025
194 .3181 3.2505 13,83 13.86 10.998
195 .2846 2.8412 12.37 12,27 1,008
196 .2620 | 2.6156 11.39 11,14 1,023
198 652 b,.7343 20.23 20.16 1.003
202 . 3255 73,2386 14,15 13.80 1.025

~1%~
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TABLE II.

Analyses for Silver and Eeat Loss

EXpt. Sample - Ag AgCl % Ag Heat %,
No. §Tams aliquot loss heat
o - grams : grams loss
178 SJ.hsuL 1, L7847 96.L
179 7172 4834 1795  97.%
. 4900 1816 97.2
180 .6982 L4850 1746 97.0 .0050 0.7
4950 1786  97.2
186 5376 2456 1711 97.5 .000 0.1
; i3 libse 992 !
192 .9075 1. 1.162%  96.4
193 1.3529 2L.g0 L2531 97,6 ,0012 0.1
194 499k 2438 1591 98.k 001 0.
. 2L66 1609 94,3 ’ ’
195 5088 1. L6649 98,3
196 . 2045 1. 2649  97.5
2297 1, .2988  97.9
198 .2792 1. 3660 - 98.6
L4a56 1. .6335 98.2
202 L9740 1, 1.2627 97.6 .0047 0.5
-19-
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TABLE III.

Analyses for Sodium and Iodide

Expt., Sample Na. NaeCl % Na I AgI %I
No. grams aliquot grams aliquot grams
186 .5376 0.5 .0061 0.9

192 1.1557 0.5 .0119 0.8

193 1.3529 0.5 .0090 0.5 0.25 .0049 0.8
194 99k 1. 20025 0.3
195 .8218 1. .0L0& 0.&
196 L7379 1. .0000 0.0
198 1.0522 1. L0241 1.3
202 L9740 1. Q022 0.1
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TABLE IV,

'Summary

Exot. % Ag % Ag 4 Heat % Na <+ I  Ratio

Yo. ' corrected loss Na/Ag
178 961 1.012
179 97.3 1.019
180 97.1 0.7 1.000
186 97.5 0.1 0.9 1.037
192 gé. L 0.8 1,038
193 97.6 97.2 0.1 0.5 0.8  1.025%
13k 58.4 58,2 0.7 0.3 0.998
105 2.2 97.¢2 0.8 1,008
196 97.7 97.7 0.0 1.023
198 98 .l 57.8 1.3 1.00%
202 27.6 97.6 0.1 1.025

The columns of Table I, reading from left to right,
represent the number of tiie exveriment, grems of sodium em-
ployved, grams of silver iodide emvloyed, milli-atoms of so-
dium calculated, milli-mols of silver i1odide calculated, end
the ﬁalculated retic of milli-gtoms of sodium to milli-mols
of silver iodide. In Teble II, tihe columns are the nurber
of tne experiment, grams of szmdle chosen for analysis, ali-

cuot vortions for silver analysis, orems of silver chloride

obtained, ner cent. silver cealculated, crems loss on neating
semnle, ané »er cent. heat loss calculcted. In Teble III,
~21~
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the columns are the number of the experiment, greams of‘sample
chosen for analysis, aliquot vortion for sodium analysis,
grems of sodium chloride obtained, vner cent. sodium calculated,
aligquot portion for iodide analysis, grams of silver iodide
Obtéined, and per cent. iodide cslculated. In Table IV, the
columns are the number of the experiment, wer cent, silver as
shown in Table II, ver cent. silver corrected for iodide con-
tent, per cent. heat loss, ver cent. sodium, ver cent. iocdide
and ratio of sodium to silver iodide.

Several portions of the tables will be expnlained in

more detsil.  The term "milli-atom® of sodium mesns ,0230

L

~

cdide meens 0,2348 grams,

(20

cramg, while "milli-mol® of cilver
In Table II, exveriments 178, 192, 193, 195, and 202 were not
analyzed in duplicate for silver., In Teble II, column 3, ex-
periment 179, the figure .Y4&3L means that of the 100 c.c. of
solution of samnle, 48.32U c.c. as measured from a burette

- *
were chosen for silver analysis, In exveriments 186, 193,
19L, =nd 202, the same samvle wes analyzed for all constitu—
ents. Toils was done by first getting heat loss, then digest-
ing the sample with water ané filtering. The filtrete was
then analyzed for sodium znd iodide, and the residue for sil-
ver in tae usual way. Column 3 in Table IV gives the silver
per cent, corrected for the nresence of iodide (indicated Dby
a faintly vellow colloidal »recipitete in the nitric =acid

solution of the sample.) In analyzing for silver, all ine
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iodide present wes assumed to be in the form of silver iodide.
From the known iodide content was calculated the amount of
silver iodide nresent. This weight deducted from the total
weight of silver halide found in the analysis gzave the weight
of silver chloride. From these data the corrected per cent.

of silver was calculated.

DISCUSSION OF RESULTS, An interpretation of the exverimen-
tal results summarized in Table IV is next presented. It is
to be remembered that these are the results of all exwneriments
pverformed without accident. Tne average ratio of sodium to

silver iodide is 1.017 with a maximum deviation of 2.1 per

]
(0]
o]
l..l
]
ot
oy
(0]
n
O
1=
'_l
[}

cent., vhile the aversge nercentagze of gil
residue is 97.4 with e maximum deviation of 1.0 ner cent.
These fects inmediately suggest that sodium reacts with sil-
ver iodide eccording to the equation
Na 4 Agl — Nal + Ag ,
This agrees with the conclusions drawn by Xraus and Kurtz—.
The enelysés of the solid residue, however, do not
indicate taest it 1s composed of nure silver. The heat loss
ig assurmed to be due to the expulsion of zdsorbed ammonia gas”
which 1s driven off comvwletely by heating to 100°C, Small
guentities of sodium end iodides are also nresent. This may
be due either to incomplete washing to remove sodium iodide
or to adsornticn or occlusion of sodium iodide by the nre-

cinitate. Since the latter forms in large lumss, it is most
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orobable that some sodium iodide is enclosed mechanically,
snd cannot be removed by the ordinary washing process., In
this connection it is worthy of note that in exveriment 194,
where the silver ver cent. is the highest, the nrecipitate

was much more finely divided than in any other case.
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The ratio of
ways greater than unity, in soite of the fact that the sil-
ver iodide may be added in slight excess due to the metihod

of obtaining an end point for the reaction. It was first
thought that this was due to a slight reaction between sodium
‘and ammnonia according to the eguation

B

;v

N

Q)

'

Hy —> He YH, + i,
A secondary reaction of this sort could be catalyzed oy the
glass wells of the container or by freshly reduced silver,
This would exolain the high ratio since some of the sodium
would be used in forming sodium amide, &nd consequently less

silver iodide would be needed to react with the remaining so-

dium.
In order to check these possibilities, the follow-
ing exveriments were nerformed,. 5.017 milli-atoms of sodium

were dissolved in liocuid ammonia, the awnaratus well sealed
with peraffin, and allowed to stand for twenty-four hours.
4.,86% milli-mols of silver iodide were then necessary to dis-

charze the sodium color. This corresocnds toc e retio cf so-

(0]
ct
O

dium to silver iodide of 1.032, which is cuite comdarcbl

L s . . . . e e s . ks .
those retios obhtained when cilver iodide rezete with frechly

-
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nrevared sodium solution. It was concluded thet a negligible
guantity of sodium formed sodium amide due to the catalyzing
action of the walls of the containing vessel.

A second experiment to determine the catalytic ef-
fect of freshly reduced silver was performed. 4,004 milli-
atoms of sodium were dissolved in liguid awmmonia, and 1,652
milli-mols of silver iodide added. The spparatus wes again
sealed with paraffin and allowed to stand for eight hours,-
2.0L7 milli-mols of silver iodide were then necessary to dis-

charge the blue color, The'total aguantity of silver iodide

3

s 3,699 milli-mols.,  The corresmonding ratio is 1,03,

!

used w
vhich indicates that a slight amount of sodium had reacted
with ammonia to fogﬁ sodiﬁm amide., Since it usually requires
only about fifteen minutes to verform an experiment, it was
concluded that a negligible acusantity of sodium formed sodium
amide due to the catalyzing action of the silver.

These two experiments disvoroved the hypothesis of a
gecondary reaction between sodium #nd ammonia. It was neces-
sary, therefore, to look for otiher nossibilities whereby the
nigh ratio of sodium to silver iodide may be exvlained, The
ammoniea used as the solvent and the silver iodide were showm
to be practicelly anhydrous. Tne method of weiching the so-
dium introduces an error due to a slight oxide formation.

The silver iodide used mey neve contained small gusntities of
the nitrete radical or some silver chloride as immuritiees,

All these errors are in the same direction resultingin

-25_
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a high ratio of sodium to silver iodide. It is Dbelieved
that the predominating error is due to impurities in the sil-
ver iodide. |

In the reaction between so@ium and,silygr iodide,
the end ﬁoint can ve obtained very accurately. This sug-
‘Qestsvthat 2 silver salt can e used to "titrate" the sodium
content of a solution. Such a nrocess can be @pplied readi-
ly to numerous reactions, It has already been used in de-
termining the catalytic effect of glass and freshly reduced
silver. Another simple adantation would be the determina-

from the wresence of mois-

o

tion of errors which would aris

The reculte obtained in

]
3}

tu

n

T 2ir within the 2none
T 21> witnly he anne

[l
o

B
[§]
)

this study indicate that silver iodide can be used when an
error of 3% is »nermissible,

Since this 3% error is too large for accurste cuen-
titative work, and as doubt has already been thrown on the
purity of the silver iodide, another silver salt was tried.
At the writer's suggestion, ¥r. EHooper Linford, employing the
same enperatus and nrocedure, used silver chloride with re-
mnarkenvle success, In four runs, in wnich only the ratio of
soCium to silver chloride was determined, it was found to be
14 .00L. Tuls indicates thet silver cinloride cen be used
to titrate sodium in liouid aramonia solution with on error of
only 0.1, It #lso confirms the conclusion nreviously drawm

tort immurities in tae silver iocdicde are the most nrovsble
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source of error, Further study and asvvlication of tais

method will oe carried out in the ammonia laboratory.

-27-
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SUKHMARY -- SILVER IODIDE ZXPEZRINENTS

1. Silver iodide and sodium react in licguid ammonia

solution according to the equation

Na 4+ Agl — Nal + Ag

2. The orecipitated silver contains treces of am-~
monia and sodium iodide. The former may be removed complete-

1y by neating to 100°C, The latter is mechanically enclosed.

3. Tone reaction ratio of sodium to silver iodide

averages 1,017 with a maximum deviation of 2% from this value.

I, The catalvtic effects of tie reaction tube and
metallic silver on the reaction
Ya + NHz ——» NalH, - 3Hs

are negligible,

5. Impurities in the silver iodide are tuoe most
nrobeble cause of tne high retio.
6., Silver iodide may be employed to titrate sodium
~ai

in liquid ammonie solution when an error of not more than 3%

is nermissible.,

7. Preliminary determinations show tnet silver
cnloride may e ennloyed to titrate sodium in licuid emmonia

with an error of 0.1%, Furthner study of this nethod is ad-
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IV, REACTICN BEIVWEEN SCDIUM AND KANGAFROUS ICDIDE,

Ho references to the reducing action of sodium on
e manganese salt can be found in the literature. Consequent-

1y, no information as to the course of the reaction was avail-

able at the beginning of tihis research.

STARTIZNG LATE lTALS. The same reasoning winich governed the
hoice of silver iodide led %o the selection of manganous lod-
ide as the menganese salt. A guantity of this compound, ob-
tzined from ¥ehlbeoum, analyzed 90.5% of the theoretical man-
znese convent, and a guar rom Colemen and 2ell gnalyzed
‘'ne snnearance of the substance, 28 well 28 these re-
sults, indicated the »resence of considerable weter. It was
therefore necessary to dehycrate the mangenous iodide before
‘use. Since the compound decomnoses into its constituent ele-
ments at about 50°C, driving off the water by heat is impos-
gible. The method finelly edonted wes to let the mangrenese
iodicde stand over nnosniaorus oentoxicde in an evecuated desic-
cator for several weeks. Lfter sucn treatment the results

of analvses of varicus semnles indicested between 9% and 99,5%
of the lheoreiicel mangenese content, and slightly less vel-
unes for tie iodine content. Tnrou~hout ell the exnerinments,

the mengenese icdide nrovably conteined o smell cuantity of
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In the face of such facts, it might be inguired why
manganese iodide was used rather than some other manganese
salt. As previously shown, iodides or cyanides are prefer-
able for this type of work in liquid ammonia. Since the
solid cyanide is practically unknown, the iodide was used
ough it is exceedingly delicuescent and very likely
unobtainabie in a strictly pure state.

The ammonia and sodium used in these exoeriments

were the seme as that previously employed.

EXPERIHENTAL PROCEDURZ,  The procedure outliined in part II
was changed in several respects. Since manganese iodide
sbsorbs large quantities of ammonia ges, the weight added to
the sodium scolution cannot be obtzined as in the case of sil-
ver lodide, After numerous modifications, tihe reaction was
carried out e&s follows. A ouantity of manganous iodide was
weighed and transferred to the reaction tube, using all pre-
cautions to »revent contact with moisture. The tube was
ouickly closed and connected to the remainder ol the appar-
atus. Ammonia cas was 2llowed to stream slowly over the
manganese iodide until the reaction, which generates consider-
able heat, wes couplete. Then liquid ammonia was nlaced in
the cooling bath znd condensation nerformed as usual,

Yhen ready to carry out the reaction, the side arm
& was onened end a weiched vniece of socium placed just inside.

“he stopver wes then renlaced and any sir vresent driven out

~30-
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by & stream of ammonia. Tapoing the side arm caused the so-
dium to fall into the solution of manganous iodide. The re-

mainder of the procedure is identical with that outlined in

vart II.

ANALYTICAL HETHODS, Analyses for heat loss, manganese, 80~
dium, emide, and.hydrbgénTWere madé. Heat loss was deter-
mined in the same way as in the silver experiments. |

After muchlexperimentation the following method for
manganese analysis was developed and proven to give excellent
results. The sample for analysie wee dissolved in hydro-
chloric acid, according to the method described by Rose,35
made un to 100 c.c., and aliguot v»arts chosen for duplicate
analyses, After adding one crem of ammonium chloride, am-
monium aydroxide was added until a slight vermanent precipi-
tate formed. his was dissolved in just sufficient hydro-
chloric zcid, 5 c.c, of 1N ammonium hydrogen ovhosnhate added,
and . the solution hezated to boiling. Then ammonium hydroxide
wa.s added dropwise until distinctly alkaline to litmus. A
curdy precipnitete formed, which, unon continued boiling, soon
changed to 2 crystalline one. After settling this »Hrecini-
tate was filtered, washed, ignited fo 300®C on an air bath
for a half hour, cooied in 35 desiccator, anc weighed as men-
ganese nyronnosrvaste, Some eerlier menzanese analyses vere
nade according to the method described oy Scott.37

Tne method of analvzing for sodiun differed from

-31-
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that employed in the silver experiﬁents, in that the sample
wes dinested with 1N ammoniumjhydrpxide‘instead of distilled
‘water, This wes done‘to'remove asfhydroxide any meanganese
which might De present in the water solution. The sample
analyzed for sodium was usuzlly not analyzed for any other
constituent.

Aliquot vortions of the solution in which manganese
was determined were used for amide analysis, Since the anm-
ide was present as ammonium chloride, the amount of the latter
wag esbimated by o simplification of the'Kjeldall process;

In a few ceses the ammonia was determined by the sodium hypo-

zd
Jt.l

bromite method.
Geses collected in the eudiometer I during a reac-
tion were analyzed for nydrogen by the common combustion

39
method.

EXFERIMENTAL RESULTS. In carrying out these exvneriments,
numerous qualitative observations proved to be of importance,
and consequently are descrived in some deteil, Then licuid
ammonia is condensed on manganous iodide, the system consists
of a colorless solution and a voluminous white residue.

Upon the addition of sodium, a vigofous reaction occurs in
wvhich gas is evolved, a shiny black vrecinitate forms, and
the white suspension disappears. A8 long as the niece of
sodium is present, tiae blue color is visible in the immediate

neighbornood and the vigorous reactlon continues, Ordinarily

-32-
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all the sodium disappears within fifteen minutes, but in an
extreme case, in which the ratio of sodium to manganese i0d-
ide was 30, two hours were required.

In all cases in which the ratic is considerably
greater than 2, a secondary reactlion is evidsnt after the so-
dium has disappeared. This“feactidn is characterized oy
very slow but steady gas evolution, and requires approximately
two days for cqmpletion. - | |

ﬂheh the precivnitate settles, the color of the
supernatant liquid veries between golden vellow and colorless,
The‘intensity and persistence of the yvellow color during sub-
sequent washing increases with increasing ratio of sodium to
manganous iodide. In some experiments in which the ratio
was less than 2, no yellow color wes visible at any time,

The precipitate formed is exceedingly reactive
toward air. Wnen suddenly exnosed, sparking ococurs and the
solid changes in color from a shiny black to medium brown and
come dark green,

Since the complete reaction occurs in two stages,
two distinct tyvves of experiment were verformed. In the
first, hereafter referred to as Tyoe I, gas collection was
diecontinued andé washin: begun immediately after 21l the so-
dium nad disapveared. In the second, hereasfter referred to
as Tvpe II, ges was collected and the reacting system not
disturbed until the secondary rezction wes comvlete. The

cuentitetive date on the exveriments of Type I are given in

-5%
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Tables I, II, and III. The quentitative date on the experi-

ments of Type II are given in Tables IV, V, and VI. As in

‘the case of silver iodide, the results of all experiments

mr
L]

hich have been verformed without accident are shown.

-3l
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Ratio of Reacting Substances and Volume of Gas Zvolved

Type I
Expt. Na:, - ¥nIg  Fa - ¥nI Retio B

No. grams ~ grams m.atoms m.mols ¥a/MnIp 0.8.

o S.T.P.
131 .1545 6290 6.717 2.038  3.297. 35465
132 .2265 L1781 9.848 577 17.07 106.8
137 L1645 Leu7h 7.152 2.097 3,410 39.94
139 2776 1.1455 12,07 3.711 3.253 71.84
1L5 .1820 .8770 7.913  2.8U41 2.785 34,69
146 21k 1,2837 9,322 4,158 o,2k2 13,97
147 .3105 J7H6L 13,50 2,418 5.583 105.9
158 6359  2,0178 27.65 6.536 4,230 185.1
166 .3203  1.3703 1;: 3 4,439 3.137
169 .1750 L7791 7.609 2.524 3.015
170 L3022 1.3512 13,14 L.377 3.002
174 2832 1,U4917 12.32 L. g32 2.549
208 .2803  1.,4832 12,19 I, 805 2.5%6
210 .2228  1.3910 0.687 U.506 2.150
211 2118  1.576L 9.209 5,107 1.203 0.0
2iz L2193 1.4632 5.535  4.740 2.012 10.98
215 2U39  1,6L66 10.60 5.334 1.9388 20.90
216 3570 2.390€6 15,52 7. 74 2.004 4.0

_35_
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TABLE II.

Analyses for Sodium

Type I
Exnt.. | Sample Na NaCl

Yo. - grams aligquot grams % Na
14 .1 .2114 L0119 1i.4
° 733 | L1745 .0100 11.2
116 .2470 \1791 © L00WE. T - 4.1
i 1796 .0ol7 4,1
14 1728 . 1868 .0233 28 .4
! ! . 1847 .02%0 28.%
158 L0659 o731 .0100 15.0
? ° . 3944 .0098 15.3
169 .0590 1. .008L 5.6
170 .0824 . 4038 .0052 6.1
| L1157 .0057 6.5
174 0750 1. .0105 5.5
208 .060k 1. L0067 T

210 L0754 1. .0051 2.
215 L1104 .5 .0011 0.8
216 .154%0 1. .0026 0.6

-36-
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TABLE III.

Analyses for langanese, Heat Loss, and Amide

Tyoe I
Txpt, Sample  ¥n  MnpPpCy % ¥n Heat . % % NH,
¥o. grems  Aliquot grams' * Loss Heat
' grams  Loss
N7 Yok SRR ) NnNaIE cd £ NN27 a 0 14 N
LoL el f s LTz VI D pleyye] PAVAS D ¥ e J e T
18,0
132 .0975 .3 .0112 14.8  ,0004 oL 26.3
3 L0094 12,k 27.3
137 L1452 .2 .0507 67.6 003k 2.3 10,7
.2 .0511 68.1 8.8
129 .281L .1 .0L39 £0.2 22.%
1 .0ul>  Zo.s 1.5
15,1933 .25k ,0910 72,2
146 2470 .2 .1206 9&.2
.2 L1179 92.
147 1728 .2 .0320 35.8
.2 .0327 36.6
.2005  .0233 54,2 . L.9
166 .0980 .2hkoz  ,oke 7.6 ,0010 1.0 3,32
270  .ok23 67.5 . 3.3
169 .0710 L2uls 0337 75.1  .0006 0.9 6.1
.2Lgg  ,0337 73.9
170 1436 .2063  ,05L6 71.2  ,0015 1.1 bb
2085  .0R/4S 70.8 3.5
174 .1290 2524 L0580 69.0 11.1
2125  ,okgo 69.2 11,0
P08 L1762  .,2L77  .0911  £0.7  .001% 0.8 6.4
2198 0916 £0.5 7.1
210 L1758 Lhs6  ,o9kz g8 L&
2h59 L0962 gL.7 .2
_37_
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TABLE III. (Cont'd)

snalyses for langanese, Heat Loss, and Amide

Tyve I
Txot. Semple ¥n  InoP50; % kn  Heat % % NHp
No. grams Aliguot gTams Loss Heat
: ' grams Loss
211 2534 .2U430 L1370 86.1 1,9
2500 .1h21 86.8 1.8
212 .2678 L2U79  L1hs 8l 2 g.g
215 .1501 2455 0854 %9.7 4.1
.2Ug3 L0863 89.2 4.5
216 .2952 Louly 1680 90.0 2.7
.2507 .1709 894 2.7
TABLE IV,
Ratio of Reacting Substances and Volume of Gas Zvolved
Type II
mxnt, Na inis Nea =nl Ratio Time Ho
Yo. grams grams w.atoms .m.moﬁs Na/lénI2 run c.C

hours S.é.é.
161 ook 1.43%21  17.50 5.935 2,948 Lg 175.4
162 .3096 1.2205 13.46 3,954 3,405 b8 148.0
167 L2954 11,2317 12.&4L L. 314 2,977 60 139.¢
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Expt.
No.

161

162

167

TABLE V,

Analyses for Socdium

- Type II
Sample | Na
grams glicquot
L1049 . 361
706

e ./
L0766 .2508

L2426

. 2804

TABLE VI,

for Monganese, Heat Loss,

Type II
Sample ¥n kmpPpO7 % Mn
grams  aliquot grams
.1930 .2020  ,0B&7 58.3
.2003  .0576  57.7
L0746 uh96  [0k03 6.5
ols 0352 45.1
1215 .2022  ,0308  47.7
.2036  .0311  U7.§
-39.

NaCl

grams
.0056

NNELD
PRYAY L O ad

.0072
~.0077

.0h12

-.0133 -

and Amig

Eest
Loes
grams

.0073

L0156

e
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In Table I, reading from left to right, the col-
umns represent the number of the experiment, grams of sodium
used, graﬁs of manganese iodide used, milli-atoms of sddium
calculsted, milli-mols of mangenese iodide calculated, ratio
of milii-ztoms of sodium to milli-mols of manganese iocdide,
and the c.c. of hydrogen evolved, measured at standard condi-
tions. The columns in Table II are the number of the experi-
ment, grems of sample chosen for analysis, aliquot parts for
sodium, grems of sodium chloride obtained, and the ver cent.
sodium calculzted. In Table III the columns are the number
of the experiment, grams of sample chosen. for anslysis, ali-
quot »arte for menganese, grams of manganese nyronhosnhate
obtained, ver cent. mangenese calculated, heat loss in grams,
oer cent. heat loss calculated, and the vper cent., amide cal-
culated, In Teble IV the first six columne represent the
saxne facts as analogous columns in Table I. Column 7 repre-
sents the time in hours reguired for the reaction to go to
comnletion. Column eight is similar to column seven, Table I.
In Tables V and VI, the columns are analgous to similarly
placed columns in Tables II and III respectively.

Various narts of the Tables will be exnleined at
greater length. Tone term "milli-mol" of manganese iodide
means ,3087 grams. In Table I, the time during which gas
was collected corresponded to tne time recuired for comnlete
disannearance of the sodiuy, varying from seven to sixty min-

utes. In éxneriments 1H5, 146, and 147, the same sampnle wes

-bo-~
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enalvzed for both sodium and manganese. This was done by
digesting the sample with 1N mmmonium hydroxide and filter-
ing. The filtrate was analyzed for sodium and the residue
for manganece in the usual manner. In Teble III, experi-
ments 131, 132, 137, and 139,Ithe ammonia content of the

samples was determined Dy the sodium hypobromite methoed,

3 -
<

In
Table III, exoeriments 132, 137, 139, 145, =nd 146, the man-
ganese content of the ssmples was determined by the method
described by Scott. All of these vzlues are believed to be
too high and are not considered in the discussion. In Table
I1II, experimzent 211, the precipitate wes found to contain

€.7% iodide. The method of aneslysis was identical with the

o

iodide analysis described in the silver experiments.

DISCUSSION CF RESULIS, The quelitative zné quentitative re-
sults obtained pnermit no simple internretation of the course
of trhe reaction between sodium =znd menganese iodide. The
following oertinent facte all emphasize that the reaction is
cduite complex. Firset, the blue color of socdium diseappears
regerdless of tne amounts of sodium and manganese iodide
nresent, Therefore, nc constent reaction ratio is wnossible.
Second, the rete of gas evolution decreases abruntly when the
blue color disappears. Third, a slow evolution of gas con-
tinues for a consicerzble length of time. Fourth, analyses
of the »srecipitate skhow it to contain mengenese, sodium, and

~rmide in wicely verving »nronortions,

Yy
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~ As the simplest explanation of these facts, the
following theory is proposed. At least three separate re-

actions are taking place which can most easily be renresented

(]

by the equations:

2Na -+ hnIe-—>21aI + ln (1)
Wa 4 NHy — HaNHy + -2—1-12 (2)
¥n #—QNHB — hn(nH2)2-+ Ho (%)

~Jqum',lon (1) represents the'Llrst step in the re-
duction of any halide by sodium in liquid zmmonia, It oc-
cure rapidly and is complete within thirty seconds. Zgua~
tion (2) does not occur in the absence of a catalyst. The
mznoanese freshly reduced in (1) acts as the catalytic égent.
The time required for the completion of (2) is of the order
of magnitude of fifteen minutes and corresnonds to the first
stage of the reaction. Tquetion (3) represents a hypotheti-
cal reesction which can be considered as the sum of a series
of reactions involving maengenese, ammonia, end sodium amide.
Since the nart »nlayed oy sodiua amide is not known, (3) rep-
resents tne reaction in the simplest, but in all probability
not the correct wey. Reaction (3) is by far the slowest and
extends over a period of days.

The experimental evidence which supports this the-
orv will be discussed under two heeads; first, the short ex-
neriment nreviously designated as Tyne I, and second, the
long exoeriment called Type II.

Three methods for checking the threory nresent them-—

~Lo.
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selves in the reactions of T&pe‘I which have been stooped af-
ter the first stage. The volume of hydrogen evolved here
should be determined by the mass of sodium reacting to (2).
The niecipitate should consist of free menganese snd sodium
The ver cent. of mangenese in the precipitate should
sing ratio of sodium to menganege iodide.
The relation of the zmount of hydrogen obtained to
the mess of sodium not required for reaction (1) is brought
out in Table VII. The experiments are arrsnged in order of

decreasing cuantity of hydrogen obtained according to (2).
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TABRLE VII,

Comparison of Hy Calculated and Obtained.

vape I

EET?)t ) m, elftaéms 4 mh.nrrnlg s :;515? :é-é I{;Tgl 3?5
M. 0Ll8 . M,mOLS

158 27.65 - 6.536 7.289 g.263
132 9.848 577 h.347 b,768
147 . 13.50 2.u1g8 L.332 L, 728
129 12.07 3,711 2,32l 3.207
137 7.152 2.097 - S 1,479 1.783
131 .77 2.038 1,221 1.592
145 N 7.913 - 2.841 1.11€ - 1.549
w6 9.322 k158 0.503 . o.62h
212 9.535 4,740 0.028 0.490
P16 15.52 7. 744 0.016 0.180
215 10.60 5,334 0.93%0
211 9.209 5.107 0.000

Thue columns, reading from left to right, are the
nuanber of the exoeriment, milli-atoms of socium used, milli-
mol8- of manganese lodicde used, the celculeted milli-mols of
hydrogen equivalent to sodium not required fér reaction (1),
snd the willi-mols of aydrogen obteined. The term "milli-
mol" of h&drogen means 22,4 c.c. at stancdard conditions.

Columns ivo nd three are obtained from colwins four and five

Y ID IS
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of Table I. To illustrate the method of calculating the
values in column four, exveriment 158 will be used. 6.536
milli-mols of manganese i1odide require 13.072 milli-atoms of
gsodium to react according to (1). The remaining sodium,
14,578 milli-atoms, then reacts according to (2) giving

e Ml 2 o
A ERE U oy

lb

figure 1
column four. In éXperiments 211 and 215 the amounts of
sodium eﬁployed were less than that required for equation (1).

Table VII shows that the hydrogen not only decreas-
es regularly, but also is nearly equivalent in practically
211 cases to the hydrogen calculated on the basis of the
TREOTY. In every case it is to be noted that the volume
of hydrogen is slightly lerger than the calculated value,
The formation of this excess indiceates that resction (3) is
occurring simultaneously With'(l) and. (2). Some hvdrogen,
therefore, comes from this source.

That the nrecipnitete contains mengeanese, sodium and
smide is epvarent from the analyticzl date. However, in
tne eight experiments in vhich comnlete analyses were made,
(158, 169, 170, 174, 20%, 210, 215, znd 216), these three
constituents =zccount tor from 75.0% to 9i.6% of the total,
Toe remoinder is »robsbly oxides or hydroxides cue to the
impurities in the menganese iodide or faulty wmeniosulation.
The composition of tie precinitate tells little sbout the

normal course of the reaction.

~5a
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The relation between the vner cent, of manganese in
the precinitate and decreasing ratio of sodium to manganese
iodide is shown in

TABLZ VIII,

Relation of Ratio znd % lenganese

Type I
Exot. No. Retio Fa/inl, % Mn
147  5.583 36.2
158 4,230 55.1
131 3,297 58.6
168 3.137 67.5
169 3.015 7h.5
170 3,002 71.1
174 2.5u49 £9.9
208 2.536 - €0.6
210 2.15 gh.h
212 2.012 - 8h.2
216 2.004 89.7
215 1.938 89.5
The columns, from left to right, are the nuuber of

the exneriment, ration of milli-atoms of sodium to milli-mols
of menganese iodide, end oer cenmt. of mangenese in the vre-
cinitate. Column two is obtained from Table I, column six,
walle tue figures in column three are found in Table IITI, col-

uun five.
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‘Table VIII shows fhat, with a few exceptions, the

per cént. of manganese increases with a decreazse in the ra~-
tio of 'sodium %o mangéneée iodide.  This agrees with the
theéry because & high ratio céuses increased importanée of
reaction (2).

Tne experimental results of Type II will De used
chiefly to give further »nroof of}the existence of reaction
(3), and the extent to which it occurs.  Any hydrogen in
excess of that demanded by (2) esteblishes (3). The amount
of the excess hydrogen is a measure of its extent. ‘ The to-
tal hydrogen odbtained from experiments of Type II, and the

extent of reaction (3) are given in

TABLE

1~
P

[

Totel Eydrogen and Zxtent of Reaction (3)

Expt. Ho col- Hp from Ho from ¥n % un

Mo, lected Ve, in m,zatoms to amide
n.,mols m.,mols m,rols

161 7.831 2.815 5.016 5.935 &5

1562 6.609 2.776 3.833 3.954 97

167 6.241 2.106 b,135 4,314 96

The columns in Table IX are the number of the ex-
neriment, milli-mols of hydrogen collected, millimols of ny-
drogen calculated from eguation (2), milli-mols of hydrogen
due to reaction (3) calculated, milli-ztoms of mangenese used,
ané »ner cent, of mangenese changed to zmide, or extent of re-

action (3) celculeated. The term "milli-atom" of mancenece

-L7-
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means 05493 grams.  Column two is determined directly from
column eight, Table IV, by simnly changing from c.c. to milli-
mols, Column five corresponds.to column five, Table IV,
since of milli-mol of mangenese iodide contains a milli-avom
of manganese,

Experiment 161 will be used to show how columns
three, four, and six are calsulated. According to Table IV,
17.50 milli-atoms of sodium react with 5.935 milli-mols of
manganese iodide. The latter will require 11.870 milli-
atoms of sodium to react according to (1).v Consequently,
5.6% milii-atoms of sodium can react according to (2), gener-

i laced

0]
w3

cting 2.%15 milli-mels of hydrogen. Thie fipure
in column three. The difference between total hydrogen and
nydrogen generated by sodium must be formed by manganese ac-
cording to (3). Hence, the value 5.016 apnears in column
fTour. Since 5.016 milli-mols of hydrogen are generated by
an equal number of milli-atoms of manganese according to (3),
5.016 millrafoms of mengenese must have fermed manganese am-
ice. Taerefore, column four divided by column five gives
the wer cent. of menganese which nas formed amide, end is re-
corded in column six.

teble IX shows, first, that a considerable excess
of hydrogen over thet recuired by (2) is evolved taereby. de-
finitely estaolishing reaction (3). It also shows taat (3)

coes neerly to completion wnen sufficient time is allowed.

~LE-
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That resction (3) also takes place in the experi-
ments of Type I is indicated by two facts. First, as cshown
in Teble VII, more hydrogen is found in these experiments
than can be accounted for by equation (2). Second, in ex-

oeriments of both types, in which the retio was large, a deep

2V e mnT Aam APk An nAmaiatin~. ofter coveral achings wag ob-
_\,'c.z. QW CULULDL VUl vlil UL DLLuLbig aIter geveral wacsnl pd wols QU

tained. According to Bergstrom such a color is obtained
vwnen mancanese thiocyanate reacts with potassium emide in li-
cuid ammonia. Since the other substances oresent form color-

less solutions, the color described by Bergstrom is nrobably

due to mengenese eamide. A quelitative analysis of the resi-

due from this vellow solution showed the nresence cf mangan-
ese. These results indicats thzt reaction (3) occurred in
experiments of tyne I,

Since freshly reduced manganese catalyzes the re-
action between soGium and liculd ammonie, end also reécts
slowly in thie oresence of sodium amide to form manganese am-
ide, the manganese thus »repared possesses unusual dronerties.
In exneriwents 210, 211, 212, 215, end 216, attempnts were

nmade to nrenare npure mancanese by using a2 ratio as nesr as

M
L]

o am oY ——— e i R .~ = -_— > 2 - - N I Iy S Rt - -
and washing tne orecipitetve immediately aite

n

possible o

(1) was comnlete. Zince reactions (2) and (3) occurred to

-

some extent, &s shown by the formetion of a smeall cuantity of

N
nyarofsen an

|

DJ
[q\]

gliznt yellow color, tre »recivitate was not’

-

nure dut consisted of ap»nrorimately GO@ men¢genese and small
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quentities of sodium and amide (see Tebles II end III).  The
solid, When suddenly exposed to aif, gparked vigorously and

chengad in color from shiny black to medium dbrown. In the

only case measured, the precipitate gained 13% of its origih—
al weight on exmosure, dﬁe to oxide formation, These facts
indicate that the solid consists mainly of a pyrophoric vari-
ety of mangenese. Further research on the proverties of

nanganese so prevnared seems advisable,
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SULLIARY

1. Sodium and manganese iodide react in ligquid

ammonia solution according to thie following equations:

¥a + EnI, —> 2Fal + In | (1)
Na + NHy —>NalHp + 3% - (2)

-

[N 2= JN W, 2 4
/ akd \

-:Il "‘t' 22‘7253 — I‘{":n\l\'u.kg 2 .

{z)
s

[

2. Reaction (1) occurs rapidly and is complete

within thirty seconds,

%, Reaction (2) is catelyzed by manganese fresh-
1y reduced in {1). It is slower than (1) and requires be-
tween seven and sixty minutes for comvnletion, denending on

the ratio of sodium to manganese iodide.

4, Reasction (3) is a hypothetical one, ond may
be considered as the sum of a series of reactions involving
sodium amide, menganese, &nd ammonia. It is by far the

slowest, anc¢ is nearly complete in two deys.

5. These three resctions occur simultaneously at

their different sneeds.

6. Rezction (2) mey be nrohibited to a large ex-
tent oy veshing the dSreciniteted with licuid exmcnia as soon

es resction (2) is comnlete.

feoctions (2) 2nd (3) may be nrohibited to a

~
L 2
'

e ratio of codium conege iodicde is
g

)

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



&. The orecinitate consists of manganese, sodium
amide, end manganéée amide in varying oroportions, depending
on the ratio znd the time of reaction. This preciniteate
snarks vigorously when eqused to air. The menganese soO

prevared is a vpyrovhoric variety.

=
~50-
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