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ELECTROLYSIS OF WATER IN A

COPPER
SULPHATE SOLUTION,



Electrolysis of Water in a Copper Sulphate Sclution.

It wés originally proposed to find the relations between
Rirst. Density of sclution and electromotive force¢ to produce electro-
lysis of water,when the current is constant,

Second. Density of solution and current density when the electromotive
force is constant.

Third. Current density and electromctive force to produce an electro-
lysis, when the density of solution is constant.

Fourth. Distance between termirals and difrerence of potential hetween
them when all other quantities are constant.

As the work progressed,it was soon apparent/that the difference of
potential or the elctromotive force used ,had practically no influence
on the current required to produce the electrolysis of water,but that
the current varied with the density of solution,the temperature of the
electrolyte, and the percentage of sulphuric acid in the solution,

Professor Timmerman under whose direction the work was done,has
galso found that the differsnce of potential between the coprer plate and
hydrogen, and between hydrogen and oxygen may be obtained by experiment-
ing with different densities of current,and different distances between
the electrodes for each,and plotting the intercept of the linesobtained.
Inhonsequence of the results first obtained, II was modified to find
the relation between density of solution and current required to produce
electrolysis when temperature of solution and proportion of sulphurie
lo copper <
acld, were constant,

IV was modified to fird the difference of potential between the
copper plate and hydrogen,and hydrogen and oxygen,

Other experimemt s were made to determine the relation between V
Temperature of Solution and current required to produce electrolysis,

when density of wolution and percentage of sulphurie acid were constant.
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VI percentage of Sulphuriec Acid and current required to produce
e8lectrolysis,when density of solution ard temperature weere constant.

The final determinations in II,IV.and V were made with my assistancé
by Professor Timmerman who has also been engaged in transforming He
results of the experiments into formulae.

Appratus,

The experiments involving difference of potential were made in a
wooden trough with the following inside dimensions: Length 3,05 milers
width .077 siidiemeters, depth .98 mitiimeters,

The other experiments were made in glass jars of circular cross

sections and about 800 c.c. capacity.

The cathodes were made of sheet copper .75 mm. T

i
thick,and of dimensions given in figure,having ﬁzp%y
on each side a surface area equal to 50 square Cm. L

They were hung from brass rods seven mm diameter to which the conducting
wires were attached,.

The anodes had a similar shape of & little larger dimensions but
no pains were taken to make them of an exact size,the sheet c¢opper used
for them was 3 mm thick.

For the experimente in the wooden trough which was coated with
asphalt the anodes were hung from the same kind of brass rods as the
cathode. one on each side at an equal distance,

For those in the glass Jars the anodes were soldered to a bent
copper wire 3 mm thick at a distance of 5 em from each other, the
cathode being put in between them,taking deposits on both sides.

The copper sulphate was commercial,it was dissolved In distilled
water and Tiltered berore use,

The current was for densities below 2 amperes generally taken from
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a storapge battery,but some times as well as all these stronger currents
from & dynamo of 5 Horse Power compcund system, which was driven by

a 15 Horse Power Otto Gas Engine,this latter current was at first con-
siderably unsteady,owing to the fBas Engine being new but improved aftér
some time when the regulations of the engine worked smoother.

The current for the highest density and potential in the trough were
taken from the city lighting plent.

Two volt me*ers were used,one for intermittant reading and 15 volts
capacity for the smaller poterntial,and the other for reading to 150
volts.

Two ammeters were alsc used,one rcading to 1.5 amperes,the other
to 50 amperes.

The current was regulated by using several sets of lamps connected
in parallel,and also some German silver resistance coils.

The density of the solutions was determined ty first determining in
air the weight of a small glass hall filled with shot then in distilled
water and filnally in the solution whose density was then calculated.
The welght in air was 8061 mgm,,its volume is 1.959 ¢.c.,it was hung by
a fire silk thread from a chemical baliancs. |

The first determinations were made with a solution of 1.20 density
to see if small currentsup to 4 amperes woudd produce electrolysis of
wvater when the electrodes were up to 150 em distance &rom each other,
No acid was added,but the solution showed a slightly acid reaction on
litmus paper,and no electrolysis was obtaired with a difference of
potential up to 100 wvolts.

The solution was then diltued te down tco a density of 1.037 and the
geries of experiments given in Tdable I was run. |

A comparison of the different determinations will show,that each
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day in starting in, when the solution was cooled down it required not
only less distance between the elctrodes to produce the same potential
as with the solution heated up to the current, but that alsoc the current,
at which hydrogen was given off at the cathodes was lower with a Jower
temperature,only the closest values are given in the tables.

With these nearly reutral solutions the deposit was very poor
consisting with current density enough to give up hydrogen of loosly
adhering small brownish grains,the bubbles of which came off very
sluggishly and for the potential below 10 volts the electrodes had to be
put so near together that it was impossible to observe well anough in
the wooden trough,which was near a window at each end only,while the
cathode where the observation had to be made was at the middle.
Artifical illumiration was reflected from the surface to the greater
part,and the determinations are of necessity not very accurate,

To overvome the diffieulties one percent by volume was added of
Sulphurie acid to giwe greater conductivity to the electrolyte,alsc a
glass jar was substituted for the torugh and a solution of 1,20 density
used.

The difference in the appearance of the deposit was very striking,it
being firm and of a beautiful salmon pink color,the upper edges only
were browning, with a moderate evolution of hydrogen,while a consider-
able excess of current was recessary to get a loose brownish deposit
ail over the plate. As the high qurrent required to electrolyze a
nearly saturated solution caused a rapid increase in temperature the
trough was again used, with the same solution of 1.03 density to which
one percent by volume of sulphuric acid was added.

m5b1e 11 shows that the addition of one percent of sulphuric acid

decreased the current required to produce the electrolysis to nearly 1/4

its valie in an approximately neamtral sclution.
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These experimemts show the same change(due to temperature’d in the
current required to produce electrolysis ol water as Table I but proves
also that this current 1s dndependent of the difference in potential
between the electrodss.

Table IIT gives the data of a seriss of experiments again made in
a8 plass jar to find the effect,of poldrization and shows that the
difference gfmpotential first rises rapidly owing to polarization and
then sinkérﬁéarly its former valuse,the current being kept constant,

Tab le IV gives the variation of the difference of potential with
the distance between the elecSrodes and on plotting the intercepts,
the curve showing the difference of potential between the copper plate
and hydrogen. On the first part of the curve only point .7 disagrees
with it,and 1t was taken at 7 degrees C. less temperature than the
greater part of the rest,while ahove 4 amﬂ%?es the curve 1is veryvun-
certain,on account of uneaveness of temperature Iin the trough,which'was
heated up near the cathode,by those deuser currents to several degrees
C. above the temperature near the ends,causing a relatively higher
dirfference of potential for longer distarces between the electrodes,
than for shorter ones,for which the conductivity in the electrolytes
of higher temperature was higher., Also the slope obtained in the
plotting distance for higiher currents,;are large as compared to the
intercept, and make} a preclse dstermination of the latter difficult.

A second curve has been plotted in blue on the same sheet from
calcula ted intercepts. For the current was between 1.4 and 6 ampires,
the potentials at the distance of 10 and and 50 cm. between the terminals
were used ohly,and for currerts hetween 6 and 10 at distavcescof 10 dod
20 cm. bscause they seem less interferred by unequal temperatures,but

the Intercepts beyiyed'S.S are still very unreliable,
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The same difficulties but magnified by the still higher surrents

"l

used,appear in working with a saturated solution,\ngiSO4 ol 1.24
density,from which a considerable amount of copper sulphate crystallizad
out on adiition of 1 percent of sulphuric acid.

No electrolysis of wa ter was obtained in these experiments because
when the 1arger surrents were tried,the solution rose so rapld in
temperature,that the currents,required for the electrolysis were
beyond what the dynamo could furnish with the B.M.F., obtainatlse under
the present arrangement of pullies, The determinatious made are given an
Table V and have not been plotted,

Table VI glves another series of experiments with a solution of
1.1 density and l/b percent of H2304 , the cruve obtainred on plotting
the calculated intercept is given on sheet II.Unfortunately the importanc

of keeping a constant temperatiure throughout the trough during all the

2
experiments involving potential was not fully recognized until after
working up the results ,while lack of time,and facilities to regulate
the temperature prevenied another more accurate determination,

Table VII gives two determinations on the relations between density
of solutlon, and curreut required to produce electrolysis of water

when proportion of H2504t0 CUZSO is constant,

4
Tor the second determination a solution containing three times as

much HZSO was taken as for the former $he—formeyr,producing a lower

4
saturation point and reducing the currenrt required for the same dewsity
as is obvious from the plot on sheet ITII, which have both the same
scale. It is thoughtthat the points would have plotted as a straipht
line ,1f the percentage of H2804 ir the solution had bLeen kept constant

instead of making it proportional to the density,but there was not

sufficient time to verify such a conclusion.
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In experimenting with solutions nearly or quite saturated, the

hydrogen came from the cathode for a few minutes only,then w

simultaneous dropping of the current by ahout 2 amperes,grea

ith a

t masses of

very small bubbles came from the anocdes,but did not beeak through

M
the 1liquid,sinking down instead of being absorbed by the solution as

fast as they were formed. Attenpts were made to determine the pas

qualitatively but failed. Tt did not give the smell ozone.

i , ssur t? ne cu 't required to produce elec ysis
It may be assumed that the current required to odu lectrolysi

varies directly with the deusity,of the percent of sulphurie

volume,of the solution is constant.

acid by

Table VII gives the data for the determination of the relation

between temperature and current,density of volume aud percevt of Sulphurk

acid being constant. The first experiments were made with usingwa strong

electric current to heat up the solution,but gave no good results and

are not recorded, Those given were made by heating the solution in

a flask or beaker -over a gas burner,letting it cool after the

first

determinations,in air,then by surrounding the jar by cold water,by ice,

and finally a freezing mixture of salt and ice.
The lower lines on She$t V was obtained from a soluation

one-half percent of Sulphuric Acid but the currert required

containing

had too

miach heating:effect s0 more acid was added to the others to reduce the

surrent required to liberate hydrogen. The density for the first

determinations was 1,1 for the last 1.6. !

The curve was assuwmned to be a rectangular hyperbdboela
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— e 1

i along the vertical and y along the horizontal

gives the straight line on sheet V with - 1 — - 1.57, a = 6,36

29;-—‘3»- 2 x 6,36 a
.12 b = =" — 125
a .102

Transforming the assumad equation ~;E:JL“§ a to x-x, 2y ..
y X -x b -y

JC"X-+<:$Z and putting I and I for x and 38 and

t f{) y Je ha e / i i

values of a,b and I the equation becomes i- 1.4 + —‘”@i"g’
/ —

1.94 and Tor 60 degrees C,

1. 1.4y IXC0 _ 7 gxkaq

7385 — 60
for 40 degrees C i=;1.4f-4:76 W 4,4
/5= F0

i-1.44 6361/
35 =70

which agrees with the obtained

values in the experiment., The formula may therefore be assumed to be

sorrect.

Io, a and b are constant for counstant perceutage of sulphuric

atid and constant density of solution only. Table IX gives the data Jor
the variation of the current with the amount of sulphurie¢ acid in the
solution. All the determinations whose data are given were made wvith a
solution of 106 density,but the first one plotted in red circles had
about 10 degrees C less tamperature than the other three.

The plotgon Sheet VI are in cc of H2504 per 800 ce¢. and the ome iu

black in cc. of H,80, per 900 cc of solution,they do thersfore not
b
exactly correspond. All the different determinations are plotted in

T sgal nd the last. ag seeming the most reliable has
tggegi,iggg¥§ds§o %?ﬁ% a %o Au%a to it.
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