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INSTANTANEOUS CHEMICAL RhAulION% IN BENZENE AND TOLURNE.

Until quits recently the study of chemical reactions in sclutions had
been confined almost sxclusively tb thosse in which water was used as 8
solvent,and the phsnomena exhibited have led to the advancement of
many and varied theories by differant men.

Most conspicuous among these phenomena'are the differences in ths
conducbivities of different solvtions,and varistions in the conductivibty
of the same solutton with varying dilution;and abnormsl variations in
the vapor przssurs with chandgs of concsnbrstion as shown by the abe
normal depression of the freezing point,rise in ths boiliqg'point or
change in the osmotic prsssure;also the fact that the heat of nsubtreli=
zat@on of the strond acids and strong basss is a consfant in dilute
solutions.,

Shortly after the spoch making discoveries of Galvani and Volta(1)
Davy(2) began his expsriments with the electric pile which finally re-
sulted in bthe saparation of the alkali mstals from their cxides.The
result of his studiss is bthe slectro-chemical thsory that besrs his
name.This theory,howsver,navar dz2insd much prominence bubt soon dave
place to ths thsory of Berzelius which differsd from it fundamentally
in that,while Davy believed that the atoms as such are electrically
zero,and becoms charded positives or nedative by contact with other
atoms, that take a charde of the opposite sign;Berzslius(3) elaimed
that evsry atom is charged with both kinds of zlectricity.These exist

upon the atom inm polar arranﬁemant and the electrical and chemical
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natura of the atom d2pands apon which kind of elsectriciby is present in
3KCESs,

The thsory of Grotthuss(1)to aczount for the glesetrolytic decomposibion of
water was very satisfaeﬁory for a time.8robbthuss brousht forward the

view that the molscules of an elsctrolyte arrande themselvss polarly 50
38 to form a chain:according'tm bhis Hyyothesis,which was beliefed for &
some btime;and even‘yet finds a place in many text books,all the dissolved
molecules in a solution take up such a position that their positively
charsed sides are towards the nedative slsctrode,and the nedativrly
chardéed ones bowards the positive electrods.During the electrolysis the
positive atom next the nsdative clectrode,and ths nsgative ons mext the
posibive elsctrode,are separated.The nedative atom of the firsf mole-
cule now combinss with the positive atom of the molacule next it,and

this new molecule now bturns round so ag to take up a position similar &o
that of the original molsculs. |

A step in the right dirsction was made by Williamson(2) who dixcarded
these theorisesjealled statical because each atom was supposed to be at-
tached to a particular atom of opposite sign in the solutdon;and belisved
"that in ah agéragate of the molecules of svery ssdwkimm compound,s consfa
ant interchangs between the elements contained in them is taking place,!
or that there is movement amond the atoms.:

Clausius, however,did not think it necessary to go as far as Williamson
but also rscodénissd that the theory of Grotthuss was deficient.Accordinsly
he proposed what might be ealled a compromise,which supposed that under
ordinary circumstances only a portion of the molacules of an elestrolyte

were brokea down.Undar the 1nfluen of an °lectr10 current these nart-
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molscules will be abtbtracted to the slsctrode of opposite sign.

Thié assumpbtion of a partiasl breaking down of the molecules before
the passase of a current accounted vary satisfactory for the fact that 2 v
very weak curremnt could effect the dscémpmSitibn of water containing a
little acid.This will be recodnized at once as combaining the fundamental
proposition of the'Dissociation Theory'as proposad by Arrhenius in 1884,

According to this theory the solute is partially;pr in dilute solut=-
ions snbtirely;broksn down into a cabtion and an anion,earrying a positive
and a nesative charse of electricity.Upon the passage of an eslesctric ¢
eurrant bhroush a solution containing these ions they will move towards
the electrode of opposite sig¢n.The conduetivity of the solution will de-
psnd upon the extent to which this dissociation tales place.Bo far as bhe
eff'ect upon the vapor pressure of the solvent is concerned,each éf these i
ions will act the same as a molecule and consequently will produce ab-
normal results when measured gy’eibhar‘the depression of the freezing
point,rise in the boiling point or variations im the osmotic pressure.

The elsctrical conductivity and the variation in the vapor pressure
furnish two distinet and independent methods for measuring the degrse of "
dissociation of a substance in solution.Phess have been determined for
2 Sdreat many substances and in nearly every case found to adrse within
the limite of the experimental error,

Ancther faet,also,that halldlong been obssrved but never before satisfacte-
orily accounted for ig that thzs hsat of neutralization of a strong acid
with asgggggﬁase in dilute solutions is a constant.Phis is necessary
according to this theory,as in any case the only'ohangé taking place is
the combining of the hydrodgen.cof the asid with the hydroxyl of the base

to form water while the ramaining ions remain in thsir oridinal conditione.
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It misht alsc be added that this thsory proposss that most chenrical
raactions,and sspecislly instantaneous ones,are reactions bstwsen thase
ions.

These facts alons with many obher onss,have lad chemists in deneral
to accept this explanation as the one that approaches nearest ta the
condition of =2 salt that is in solutionjamd while it is recosgnized a8
being,nob the widest generalisationsit is at least believed te be an
approximation,

Kahlenbers has collected data and published papers at various bimss
sebbing forbth his reasons for nob accejbing this theory,and it is in a
line sugdested by ons of these papers(1)that the presemt work has been
dons.

Hs chooses a hydracarbon,benzsne,as the solvent and finds that its
elsctrical conductivity is practically nothing,whem thoroughly dry.
Then 2 solubtion of copper,nickel or cobalt oleate is made and dried
over sodium and the conductivity found to be no bebter than the benzene.
These salts are chosen as they are practically the enly salts of the
heavy metals that are soluble in benssne.Vext perfectly dry hydrachloric
acid is passed into the solut@on and immediately thers is formed a
heavy,brown precipitate of the chloride of the metal.

Here,then is a case where we have no ionization as shown by the
d8lestrical conductivity method bubt upon passing in the hydrachloric
acid a heavy precipitate is formed;which shows that thers must be ions
present according to the same theory,and this is the disceepancy shown
ihx!iuxgl‘!ullilxtiimlwtlxtlii#!ﬁlni!huﬁlﬂiihﬂblkxinkxxxxxxxxxxxxxx

in the paper and whleh _we will abtbempt to account for.
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Our chisf work was done with and our conclusions drawn from substan=
ces mentioned in the paper menbioned above:the solvents used being
benzéne and toluene while the solutes were copper and cobalt oleata,

The salts were made substantially as described in the paper,the
godium salt being made first from sodium hydroxid and then the sodium
was replaced by the copper or cobalt bu adding o slight exeess of a
solution of the sulfate of tha haa#y metal.The sedium hydroxid was made
by allowing Qlaan metallic sodium,placsed under a bellejar to react with
water vapor from a dish of wabter plsced under the same jar.The precipi-
tatesydhick, tarry substances with the characteristic eolor of the
copper and cobalt salbs,were then obtained by filtering off the liquids,
They were them thoroughly washed and dried in an air bath heated to
100°, through whieh air waz deawn.

These salbts wers then dissolved in benzene and tolusne atd‘ftrghnr
dried by allowing %o stand for several wéeks over metallis sediam,We
observed, however,that the sodium soon became coated over with a very
thin layer of what was probably sodium oleate and would not act upon
the waber even when it was added tc'tha.éolutiOngThis protective layer
was very bthin and the sodium hed the appearance of a freshly cut uetale
lic surface.On sceount of the difficulty'sxpsrianceﬁ in obtaining an-
hydrous solubions in $his way we tried another which seemed to give ke
better satisfaction and by means of which the solutions could be thore
cughly dried in less than an hour.

This method was 0 boil the solutions,using a reflux eondenser,over
metallic sedium or pobtassium(Ths toluens over sodium'ana the benzene
solution over pobassium).The metals are fused at thié temperature and

by agitation new,bright metallic surfaces will be exposed ab all times.
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fie sought to obtain bthe same condibion by using the fluid sodium-potas-
sium alloy but found bhis less sabisfactory.

The solutions when dried in this manner,become dark brown in eolor
and considerable quantities of a dark brown substance,whish is probably
of the nature of a lake,are formed.This wixture was then'centrifuged®
and within an hour after commencing to dry the solution was ready for
bhe conductivity deterwination and precipitations

Qur hydrachloric acid was first generated as deseribed by Kahlenberg
but later we found it more convenient &® and as reliable to denerate ik
by means of an ordinary Kipp apparatus charded with ammonium chlorid
and sulfuric'aeidaiﬁiS“showed s decided tendsney bo get through our
drying apparatus and retain &races ol moisture and s we passed ib
through sulfuric scid and them bthrough two drying towers in series.
Phese towers were 40 centimeters in height and about € in diameber and
wore filled with alternate layers of pumice stone and phosphorus pent-
oxide

Phe hydroden used in displacing the air was also gemerated in a
Kipp and dried in a trainm similar to the above,except that only a sindle
tower was used.This tower was conmnected to the last ome of the hydra-
chloric acid train by means of the double arm of a two way sbop cock
while the single arw went to the oell used for measuring bhe conduche
ivity of the solutions,In all cases the hydrogen and hydrachloric acid
were passed slowly in order to allow ampls time in the towsrs for
thoroudh drying,We had some trouble ab, first with e single tower for
deying the hydrachloric scid and this lead 50 bthe use of bthe bwo towers,

The cell was what practically amounted to an Arrhenius resistance
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cell wibth bhe electrodes less bthan 2 millimsber apart and with an ares
of 3.2 sq.cm.The lead wires were fused into the bottom of the cell.
fiach time before using,the coll was cleaned with sulfuric acid and
washed with sksekei water,alcohol apd ether.It was then placed in posibs
ion and strongly heated while dry hydroden was passed through it.It
contained a three hole,rubber stopper;ene hole being used for imtroduc~
ing the solution,another the hydrogen and HOL while the third was an
exit and connected with a phosphorus pentoxid tube to keej the interior
of the cell dry.The exterior was kept dry by a casing,larger than the
eell and containing Pe0s and the laad wires were passed oub throush
the top and insujated by means of sulfur.The conduetivity of this esll
way be judded from the fact that hhe double deflection of a galvano-
mebter with 2 sensibility of 300 megohms,with a differsnce of potential
of 110 volts,only smounted to from 0.2 0 0.5 of a smsli(mm) scale
division when hhe eell contained air and would remain practically con~
stant for a peried of twenty four hourse

. Our solubtions wers introduced by placing hke small Erlenmeyer in
which the deying and centrifuging had been done upon a two hole rubbér

stopperthat had been praviously thoroughly clesned and dried.One of thef
holes connected to the hydroden drying tower,while the other eontained

% glass btubethat dipped below the surfaee of the solution and comnscted
with the cell.By turning on the hydrogen the solubion could bs forced
into the cell without its being removed or any of the_aonnactiogs being
broken.In faot‘gothing“was removed from the measurement of the conduct-
ivity of the empty cell till the eclose of the experiment.

The resisbtance of Lhe galvanometer was 1300 ohms and it was con-

necbed in series with the cell and a reversing key and Aryton shunt
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No other r:sistance was in the cireuit except the slisht resistance of
the lead wires and it was subjected to the full 110 volts.It was insulat
ed from the possible leakage effects by being mounted upon a stapd
insulated by means of sulfur,which proved to be bthe best insulator for
the purpose that we could find,

Invariably before measuring the conductivity of a solution the cone
ductivity of the empby cell was taken and brought down by repeated heab-
ing to a double deflsction of less than a small scale division.lo at-
tempt was made to measure this conductiviby exactly as it was not con=
sidered necessarye.

At the moment of introducing the solubtion with connections made we
nobiced a slight movement of the galvanometer which seoon subsided and
the conductivity returned to practieally the conductivity of the empty
cellbhough slightly better,Thinking to test whebher the conduction was
a well defined phenomena or only the result of accident we used a gal-
vanomeber about ten btimes as sensidive as the former and found that the
golution showed decided conduchbivity.With the dilubte solutions with
which wi were workind this would somebtimes throw the galvanometer off
the scale.

The fact that the conductivity guickly diminished after introducing
the solution led us to suspect polarigmtion and we accordingly set
about to measure it.For this purpose ge vsed quite concentrated solution:
to increase the effect and measured the polarimation by charding a
condenser and then discharging through the more sensitive galvanometer.
The calibration was made by mesns of both standard Clark and Weston
cells.When measured in bhis way a concenbrated solubtion of copper oleate

in benzene gave a back H.M.F.of 1,9 voltgyshowing polarisabtion to that
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sxtent.In the toluene solutions ths polarisation was mob so great bub
this may have been due to the Fact that the solubions were not so cone
cenbrated.In redard to the conductivity of these'edncentrated solubions
they would frequently throw the mirror off the scale,even when shunted
down till only ome thousandth of the current was passing through the
insbrument.This would diminish very appreciably after a few minutes
and would qsually remain on the secale with all the current acting.lIn
addition to the back R.M.F.we believe that there is a resistant film
formed that increases the resistance but have not had bime to imvesti-
gabte as yetb,

Upon passing throush the HUL the conductivity was again igaraased
which might be dué to the bresking down of the film msnbioned above;-
however at the moment of precipitation the conductivity decreased and
so markedly that the person at the belescope could teli to a nricsby
the moment the precipitate was formed by the movements of the galvano=
meter,lt must be remarked that the formation of the precipitatejwhile
guite rapid was by no means instantanecous,and it eventually collscted
between the electrodes of the cell and increased the conduativity.

The solutions of copper and cobalt oleate in benzene and toluene
are conductors of the second class because during conduction they ex=-
hibit the phenomena of polarization.Henss in these sclubtions ionization
to an easily apprecisble extent exisis and the reaction between the
HCl and the oleate is exactly what would be expeeted from the stand-

point of the DISSOCTABION THEORY.
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