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CHEMICAL FEACTIONS AND EIRCTRICA CONDUCTIVITY
| IN TOU-AQUEOUS SOLUTIONS.

The first obsérved electricsl phenomens on récord’are
those made by Thales, when he}nbtioed the”property;possessed
by amber of‘attfsoting such light bodies’as*psper and feath-
ers under certais conditions. In the‘seventeenth‘centﬁry,
Gilbert showed that a great many substances become electrl—
fied upon being rubbed but that the metals do not possess
this property. A centurv leter Galvanl observed the con—
traction of frog's 1egs When in connectlon W1th some source

of electrlciuy. VoltaI Wasjthe flrst to f£ind that thnever
| $wo metals and a liquid sre combined to somplete a cifbﬁitv
‘an olectric current is produced. He prdbably nofibéa the ’
chemical action which may be produced by passing an eiestricl
current through water, but did not appreciate its‘signifi—'
cance since he makes no mention of it. ‘In-IBOO Nicholson -
and Ca rllsle observed this qecompos1t10n of water into oxy-
- gen and hydrogen by the passage of the elecurlc current from
the terminals of a voltaic plle. Thus 1t became known that,
under proper conditions, chemleal energy is cnanged 1nto
electrical energy an@ vice versa. Later Faraday made im-
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portant advénces by showing‘that.When an eleetrie current

is passed through an electrolyte producing & chemical change,ﬁ
there is & cohstant ratio between the quantity of electrici-
ty passéd and the resﬁlting chenge, The first electro-chemi-
cal theory proposed dates back to Sir Humphrey Davy. Accord-
ing to this theory the atoms contain no electric charges, bub
by contact with other atoms becomekcharged positive or nega-
tive, giving charges of opposite sign to these other atoms.

In a very short time this theory was followed by éne suggest-
ed 5y Berzelius. This duaiistic theory of Berzelius gained
considerable prominence. ts asswmptions were that every
aton is chafged by Both kinds of electricity. These charges
were supposed to exist on the atom in poler arrangement and -
to hold the atoms in the molecule on account of their'attract%
jon for each other.

Next Grotthusl presented the theory that when a current

passes through on electrolyte the molecules arrange themselves

with the negatively charged end turned toward the positive
eléctrode and the positively charged>toward the negetive elec-
trode. Thé attraefion eﬁerted on the atoms nearest the‘elecé
trode causes the decomposition of the respecﬁi#e molecules.

Bach attracted atom moves to the electrode attracting it and

is meutralized by the Chargé on the electrode, then disehargeﬂ‘

I
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- as an eleetrically neutral substgnce. Each atoh>thﬁs left
free in the solutlon then eomblnes Wlth one oarxylng an ap-
pOSlue charge from an adjacent moleeule thus causing the |
aecomp051t10n and recomblnlng of every molecule. Thus eaeh'
time = charge is neutralized. at the electrode every at om-
- must be moved up one place‘an& also each molecule thus fcpm-
ed ﬁust turn around to take the.positionIOf therpfeoediné.

| The above'théory was destined to be discarded since
by its aséumption a potentiel 1arge eﬁough to éffeet the de-
éompositionvof the terminal molecule would be necessary to
ecarry on electrolysis. This dbes not correspond to'facté
és'it is known that a véry‘low potential Will‘decompose a
cépper sulfete solution with coPperveleotrodes. In order
' to meet such conditions, Cleusius® advanced the theoiy thﬁt
when any electrolybe is dissolved in watér'a portion of it
is immediately broken up into simpler molecules. Uhen the
current passes, it is not‘neoeSSary for it to Dbresk up the
molecules but siﬁp1y direct the dissociated particles to the
-velectrodes containing an opposiﬁe chérge. Thls theory is
still accepted Dby some of the 0pponents of the modefn theory_
proposed by Arrhenius.

 According td’thié‘“ﬂheory of Dissociation” as‘pre—’

‘sented by Arrhenius®, a lerge proportion of the electrolyte

I ' . o
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is dissociated into smallér fragments celled ioné,}each frag-
ment from & molecule carrying an electric charge, éither pos~
itive or negative. These charges exist in equel amounts in
) solution, thus meking the whole solution electrically neu-
tral. The percentage of the substence existing as;jdns in
the solubion incresses with dilution unbil ab infinite dil-
ution the electrolyfe is supposed to be completely ionized.
The conductivity of an.electrolyte depends on the extent to
which the solutioh is ionized and the speedvﬁith which thé
ions travel. Hence,by taking ﬁhe‘fatio of the equivalent
conductivity of a given solufion o0 the conductivity‘of,in~
finite dilution, it is possible to determine the proportion
of ionized electrolyte. It is in regard to the proportion
of ionized particles that brings in the principal difference’
between this theory and the older one of Clausius. The var-
ious aégﬁmptions made by this dissocistion theory mey be
Tound in numerous text-books. It is of perticular interest,
however, to note that the rapid rate with vwhich many chem-
ical reactions take place is considered aé beiﬁg due to in-
teraction eamong the ions. It ié the apﬁlicaﬁion of the theo-
- vy in the explenation of chemical reactions that_will be don—
sidered in this paper. | |

Like other theories that represent such great advance-
ment, it met with strong opposition for meny years. However,

it soon stimulated inguiry into the nature of solutions and



the relatidn of chemioél reactions to electrical conductiv-
ity. TFirst, squeous solutions were studied almost exclu-
gively., ZFrom the results thus dbtainéd many facts have been.
observed that 1end»st}ong support o the‘théory. Naturally,
the investigations were extended to non—aqueous'solutibns
héﬁingAthe purpose in view of ascertaining the nature of chem-
ical reactions occurring in such, also the correspondiing e-
lectrical conductivity. ﬁuring recent yearé such investiga-
tions have becbme guite extensive. Especisally has a large
amount of work with non-agueous solutions,conducted by Kﬁh- |
1enberg1and others in his laborabtory, been done. The results
of,ﬁhis work have 1ed these men to set forth reasons for not
aeceptiné the dissociation theory. Fbr instance,,Kahlenberga
con&ﬁcted double decompqsitions in nbn—aqueous solutions and
states that instanfaneous reactions occur without eny conduct-
ivity, hence no ionization. It is with a view of studying
similer double decompositions thet this investigaetion has been
undertakeﬁ. He chooses benzéne as & solvent and copper,nickél
and c&balt oleates as the‘solutes. Afber drying the benzene
very carefully, he finds the conductivity to be practically
negligible. After drying tﬁe oleatés over phosphoric andydrid

and sofium, their solutions in benzene also were found to be

II ,
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: non~60nductors. He then pasgses dry Hydrochloric Acid into
this sblution and observes that a large precipitete forms and
$t11l no conductivity is observed. From this he draws the con-
kclusion that instantaneous double»&edomposition has occurred
without the presence of ions. |

| Sincé the above work was done Professor H.O.AllenI,

-of this~University, hag repeéted the experiments and found al-
: so‘that the dry bénzene was pracfically & non~-conductor. How-
‘ever, Whén he introduced the dry oleates into the benzene, &
merked increase ﬁas observed in the conductivity end when hy-
drogen chlorid was passéd in this solution, & precipitate form-
ed, but by no mesns instantaneously.' Prom the‘moment the hy-
drogeh chlorid was added, the conductivity increassed until
'reaching g maximum at the instant the precipitate appeared:
when it became so great as to deflect the galvanometer off the
: scale.; As the precipitation became complete, this deflection
grew-much smaller. The apperatus used was 81mllar %0 that de~
soribed by Kshlemberg in the above reference and corresponds in
most respects~tb the description, which will follow, of the
appafatus used in this’investigation.

In addition to the above knowledge concerning the sol-

utions of salts of unsaturated acids, it was thought desirable
to learn whether salts of the saturated acids would give similar

I .
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‘reactions, also to study saltsvof unsatufated ecids with two
double Bon@ings as Welllas others with one double bonding be-
sides tﬁe oleates.

One of the first difficult;es encountered was in find-

ing ‘salts which are soluble in hydrocarbons. twas found that

benzene, toluene and petroleum ether can equally’wéll be used -

as sblveht, being almost perfect insulstors. The following
selts were found to be soluble in one of the above:- Silver

' b 4
.melissinatel, Copper melissinate , Lead stearste, Barium lino-

3

leate”, ‘Lead erucate an@ copper oleate®.

‘These salts were prepared from the fespective acids
obtained from Kahlbaum or Schuehardt; A gslight excess of sod-
ium hydroxide wes 8dded o the scid First forming the sodium
galts. The calcuiated emounts of sulphates or acetates of the
' resPeetive‘metals were then added to these sodium salfs giving
the desired,products; These precipitaﬁes were carefully Waéh—
ed with veter énd}dried'in a water oven for several days.
They were theﬁ dissolved in benzene or toluene snd rlsced in
bottles with a liquid alloy of metallic potassium and sodium,

and leff there for several weeks until'beeoming'perfectly dry.

I ‘ ' 2 ‘
Archiv.d.Pharmecie 246,170 . Ann.der.Chem.I83,354

5., o .
Lewkowitsch p.I32 . ‘“inn, 244, 266(Ises).



-8~

It was found that such an alloy of potassium end sodium.serves
very well to dehy&r&te the solutions. In order to obtain such
en alloy thet would remain liquid et ordinary température, the
metals were heated togethér in proportions of at least 50 per
centApotassiumI. Such & liguid alloy continually keeps a clean
metallic surface exposed to the solution.

The hydrogen chloride was prepered in a Eipp generator
by concentrated sulphuric acid and ammonlum cnlorlﬂe. The gen-
eratsor Was.connected'to a gas washing bottle(A) containing con-
centrated sulphuric eacid. After passing throﬁgh this, the Hydro-
chloric Acid was conducted through two towers ( B and BI),aHout
40 cm. in height. These towers were filled with alternate layers
of pﬁmice stone aﬁd phosphoric anhydride. Erom.the tower the
Hydrochloric Acid was led through an electric resistance heeter(C)
and into the cell (D) used to messure the conductivity. -

The cell was enclosed in a-larger jaecket (E) in which
vphosphorﬁs pentoxide was placed to keep the outer portioﬁ of
the cell perfectly dry. It was one of the same type as the
Arrhenius resistance cell. The electrodes(F) were of platinum
and placed sbout one millimeter apert. Theykwefe connected
by platinum wires (G) sealed through the bottom of the cell, to

lesad Wires connected to the galvanometer and current. These

Landolt - BSrnsteln D 504

BLetters used in the descrlpulon of apnaratus refer to the draw-
ings on farst psage.



lead wires passed through openings in the rubber stoppér (B)
which closed the casing around the cell. Sulphur was used to
insulate the wires from thé rubber. In the top of the cell was
placed & three-holed rubber stopper through vhich three glaSs
tubes entered the cell. Through one of these tubes was admitt-
~ed the Hydroéhloric Acid. One (X) was used to oarry‘in'the air,
used to dry the cell, also to introfuce the solution. The third
(L) was connected with & phosphorus pentoxide tube in series
with a celeium chloride tube. The escaping gases from the cell
pessed oub fhrough'this,last tube. TVhen conductivity measurements
were taken, the cell was connected in series with a direct curr-
ent generaﬁorfof II0 volts and with & sensitive gelvenometer.

Ho other resistence - except that of the lead wires and of the
gaelvanometer - was introdiuced except in instances that will be
mentioned later. The sensitiveness of the gelvanometer was de-
termined by‘conﬁecting it with e potentiometer and measuring

the deflection when the E.li.P. was varied, but always at known
Value.l It was found that when en electromotive force of one
volt was applied, it would require 86,547,000 ohms resistance

in order that the galvanometer would show a deflection of I
divigion (m.m.). The resistance of fhe galvanometer coil was
found to be I24% ohmg. The gelvanometer cell and entire system -
were insuleted by placing them on‘sulphur. This proved to be
the best insulator that was available. It was used to insulate

every place where there was a chance for leakage of current.
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Herd rubber and other substences were tried, bubt in every case
Where»they were used the instrument showed merked effects of
leakage. |

Before meking cbnductivity measurementé, dry eir was
~ pessed through the cell until the deflection of the gelvanomeber
was negligible. A flask of liguid air wes connected in series
with o wash bottle (M) Ffilled with sulphuric acid and a tower ()
fi1led with pumice stone and phoéphorus pentoxide similar to the
~one méntioned gbove. ZFrom this tower the air was led through
the electric resistance heater, then through the cell. Thus, the
cell was thoroughly dried by passihg this hot air through each
time before use. The tower connected with the Hydrochloric Acié
generator and the one through which the air was passed connected
to the seme glass tube (0) by a two way stop-cock(P), thus en-
‘<abling the operator to pass in either Hydrochloric Acid or aiw
at will, |

- The solutions used were centrifuged whenever neceséary
- in order to settle out'any’particles. They were then placed in
& tube (R) fitted with a two-holed rubber stopper. These connect-
ed with a tube (S5) passing to the conductivity cell and one (7)
comected with the dryins tower through which the air passed.

By means of a two way stop (U) cock the air could be passed
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through the tube thus forcing the solution into the cell.
Before teking readings of the conductivity of the
' gsolution, the cell was in each insfance dried so thoroughly
that when'the II0 volts was spplied the,galvanometer would
show & deflection of only about one divisioh or less. The
( toluene and benzene, dried over sodium-potassium alloys,the
seme as were the solubtions, were placed in the cell and Showed
scarcely any deflection - & small part of & scale division,
The Hydrochloric Lcid was 2lso tested and did not conduct
scarcely any better than the =air. This was again swept out by
air before using the cell further. |
Then e toluene solution of coppef oleate was introduo~i
ed, the conduofivity was so great that the gélvanometer was |
throvn off the scale ( 40 divisions) . A shunt of’.zooy oms vas
“placed across the gélvanometer, thus carrying approximatély
one-seventh of the current through the instrument - and-the
reading wés fopnd to be about 9 divisions. Hyﬂrogen chlofide»
was then sdmitted and the deflection wasbsoylarge as to again‘
pass off the scale, with only this portion of the current. A
rather rapid precipitaﬁion of copper chloride occurred.
The deflection soon began to decrease and finally became negli—
gible. The shunt was then discpnnegted from the galvanométer
end still the deflection was less then a. division after the

precipitate hed settled. Instead of drying the copper oleate
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used here by the method described sbove, it wés pleced in the
toluene with potessium,then heated in an Erlemmeyer flask |
fitted with a condenser tube. This was found to'dry the solu-
tion in & short time wWhen heated to boiling. This method wes
used because it was found when dried by the slowér process
nearly all the copper was throvm out of solution forming a
dark layer just sbove the sodium-potassium.

With a benzene solution of lead erucate the deflection
was again so great as to throw the galvanometer off the scale.
When a shunt of 40 ohms was pleced scross the instrument, the
deflection was I4 divisions. Whén introducing Hydrochloric
Acid, it went off the scale but gradually lowered to 2 hégli-
gible deflection. In this case; also, a precipitete was observ-
ed. Another sample gave similar results. |

The first of the saturated salts used were the melligi-
nates. The copper salt was dried in same way as the copper
oleate for the same reason. The silver salt was kept in a
dark piace while drying. ¥hen & benzene solution of the cépnef
melliéinate was used the deflectlon\was again great enough so
that it was necessary to put in a shunt of 300 ohms. It now
‘read 34 divisions. Vhen Hydrogen chlorid was passed, the de-
flection at first was too great to read on the scale, but soon
came down to a few divisions. Io precipitate was observed.

The silver mellisinate gave similar results, except that the
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confuctivity was less. A toluene solution of leed stearate -
was ﬁsed end it gave a deflection of sbout I3 divisions. Omn
passing Hydroohloric Acid, this was incressed to I7 divisions.
No precipitete formed. | |

Barium linoleate wes then,ﬁried in = benzene solution.
This salt Was used because it contains two double bondings.
When dried in the air,as mentioned above,the sdlution was found
fo give a deflection of gbout 7 divisions, whigh increased to
21 divisions when Hydrochldric Acid Was.introduced} However,
no precipifate was’fOrmed. Upon suggestion, this salt was again
prepared but instead 6f drying in the air before final dehydra-
tion over sodium and @otassium, it was dried zs well as possible
between filter paper and imﬁeaiately placed in solution over
sodium and potassium and heated as the above salts. Then in-
troducing this solution into the cell the deflection was so
great that it was necessary to insért e shunt of 200 ohms
across. galvanometer. The reading on the scale was then 7 div-
isions. When Hydrochloric Acid was admitted the deflection. -
was too large to read st first. A large precipiteate repidly
formed and after this settled the deflection decrecsed to B
divisions. The difference in the results obﬁained with this
selt suggest thet when dried in sir it becomes saturated - the
two double bondings becoming éatisfied by oxidetion - end under

these conditions one would expect results as above which were
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gimilar to those with the saturated salts.

- It is seen from the sbove that in no instence 4id pre-
cipitation occur betweehvfhe Hydrochloric Acid and the saturated
salts - melissinates and stearates . Howéver, their benzZene and
toluene solutions showed some conductivity which increased when
Hydrochloriec Acid pessed through the solution. The salts with
dne double bonding - oleates and erucates = precipitated~in
every instance and showed considerable conductivity. DILikewise
with the linoleate where We have two double bondings.

An increase in cbnductivity was observed in each sol-
ution when hﬁdrogen chlorid was added, showing jonizetion to
some extent at least. After saturating the solution with hy-
drogen chlorid, it was partly swept out by peassing air through
the cell. By thus diluting the solution the deflection increas-
ed for some time, thenAdecreaseﬂ, thus showing meximum conductiw-
ity when‘not completely saturated with the acid.

In no instance was the reaction found to be instaentane -
ous although rether rapid, especially with the linoleate.

The decrease in the conductivﬁty soon after the sol-
utions were introduced suggested that the polarization was
quite appreciable. In order to: test for this, Wé pe.ssed the
current of IIO volts through the cell conteining the solution
for o short time. . Then, by means of a specially constructed

switeh set in sulphur, the current was broken and at the same
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time, the cell was connected to a condenser with a capacity of
one microferad, thus charging the latter. The cdndenser was
also connected - through é condenser key - to the galvanometer.
By this condenser key the condenser was discharged through the
ihstrument. It gave considerable deflection. Onvcomparing

this deflection with that given by the charge stored in the con-
denser by a standard Westén cell, it was found that the solutions
gave rise to a black E.M.F,iof a large fraction ofva volt. This
polarization again shows that the solutions have electrical pro-
‘perties similar to those of any ordinery electrolyte.

Kehlenberg stétes that reactions like the =bove cannot
be éxplained by ﬁhe dissociation theory. *“hile the conduétivity
With_the abbve unsaturated salts is perhaps insufficient to
account for the rspid reactions, it is great enough to indicate
that the resctions may be due to ionization. ZProfessor H.P.‘Oady
has suggested another explanation.whioh would seem very rezson-
able and is strengthened by the above results. Thisvexplanation
assumes that the reactions with the salts of the unsatﬁrated
acids take place in two.steps. Mirst, the salt would oombiné
with the hydrogen chloiid and form addition products. Second{
intramolecular rearrangemeﬁt oécurs'with the precipitation of
the chlorid and the formation of the acidy If such addition
products are formed.with éalts of unsaturated acids, we would

expect results such as were obtained, since they would not be
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formed in'éaturated salts. Ié;this is’ﬁrué; we would then don;
clude that ionization in the lé%ﬁer was insufficient to causef
precipitation, while,in thevunsaturated,.the precipitation did
occurldue'to the combined effects of ionization and.the forma-
tion of addition products. | |

In view of the apprebiabie conductivity observed with
each solution that gave a precipitate, every one of the above
reactions is iﬁ accord with thé-dissociation theory, especially
if, in addiﬁion, the exblanation,which-has just beeﬁ mentioned,
is ‘accepted. ‘ | |

This work was suggested and éarried out under the di-
rection of Professor H. P. Cady. This obportunity is teken to

thank him for the guidance he hes given me throughout the work.



