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The following research upon the electrolysis of copper sulphate in
vacuo was commenced nearly two years ago, at the suggestion of
Dr. Schuster, and the experiments were made in the Physical
Laboratory of the Owens College.

The electrolysis of copper salts is interesting, not only theoretically
as affording a verification of Faraday’s Law of Electrolytes, but also
practically on account of its constant use in the graduation of current-
measuring instruments, such as tangent galvanometers and ammeters.
It is known that copper sulphate in solution does mot conform
rigorously to the simple form in which Faraday’s law is generally
expressed. Gray,* who made a detailed examination of the electrolysis
of copper sulphate, found that the weight of the deposit is very
variable in neutral solutions for the same current and the same
interval of time; and he also showed that, in solutions containing a
little free sulphuric acid, this inconstancy was removed, but that the
weight was a function of the temperature of the solution and of the
current density at the cathode. His results with acid solutions are
graphically represented by curves (partly reproduced at the end of

* ¢ Phil. Mag.,” vols, 22 and 25 (1886-88).
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this paper), an inspection of which shows that the deposit is heavier
the higher the current density and the lower the temperature.
(* Current density "’ is defined as the ratio of the value of the current
in ampéres to the total immersed surface of the cathode plate.) A
very possible explanation of this anomaly is furnished by the work
of Gore* and Gray,t who independently found that copper dissolves
to a very appreciable, though variable, amount in solutions of copper
sulphate. .

The secondary chemical reactions which follow—chiefly the forma
tion of basic salts—complicate the electrolysis. This corrosion of
copper plates in the sulphate solution is much diminished if a little
free sulphuric acid is present, with the result that the electrolysis of
acid solutions yields more consistent results than are obtainable with
nearly neutral solutions. Now, Schuster} found that the loss in
weight of copper plates in a solution of copper sulphate does not
occur if the air be removed from the solution. It is therefore very
probable that it is the oxygen of the air present in the solution that
causes this chemical corrosion; and hence it was of interest to
examine if any difference could be found between the weights of the
deposits of two copper voltameters, one of which would be placed in
vacuo. Schuster and Crossley§ showed that the silver deposit is
slightly greater 4n vacuo than in air; and the experiments tabulated
in this paper point out, with certain limitations, a similar result.

The plan of these experiments was simple. The same current
passed through two voltameters connected in series, one being under
the ordinary atmospheric pressure and the other in a partial vacuum.
The voltameters, in most of the experiments, consisted of ordinary
glass beakers, containing the solutions of copper sulphate, into which
dipped three parallel copper plates of the same size, the centre one
acting as the cathode, and the side ones forming a double anode.
The plates were held in position by means of German silver clips
pressing against vertical brass supports which were attached to an
ebonite framework. One voltameter was placed in an inverted bell-
jar, into the meck (lower part) of which was fitted an india-rubber
cork, Through the cork, which was coated with Faraday cement,
passed three glass tubes, one connected with an exhaust pump and
the remaining two containing the leads. In some of the experi-
ments another tube was introduced, through which was passed into
the jar a stream of nitrogen gas previous to exhaustion; but as this
did not give any better results, it was discarded. At the bottom of the
bell-jar inside was a support for the beaker, and on the latter rested

* ¢ Nature,” vol. 25, p. 473.

+ ¢ Phil. Mag.,” vol. 22, p. 400, 1886.

T See “Note” at end of this paper.

§ “ Roy. Soe. Proc.,” vol. 50, pp. 344—358.



68 Mr. W. Gannon.

the framework with the three plates. In addition to the voltameter,
the jar contained a small mercury gauge. The upper rim of the jar
was ground, and previous to exhaustion was coated with grease,
upon which pressed a ground-glass plate. 'I'he current was derived
from storage cells, and was measured by a tangent galvanometer or a
Thomson’s magnetostatic centiampéremeter ; it was adjusted to the
proper value, and kept constant throughout an individual experiment
by having in circuit a carbon rheostat and a set of specially prepared
resistances of different values. The copper plates were made of
commercial sheet copper (24 B.W.G.): they were cleaned with
emery paper, nitric acid, caustic potash, tap water, and, finally, dis-
tilled water, and a deposit was laid on them before being weighed
for an actual experiment. The deposit was treated in the way
recommended by Gray ; I found it advantageous to have the distilled
water hot, as on removing the plate the deposit dries more quickly,
and consequently the possibility of oxidation occurring is diminished.
The plates, after being in the balance case for a variable period—
never less than three hours, generally over night—were weighed on a
16-in. Oertling balance, which weighed accurately to 1 tenth-milli-
gram. The solutions were made by dissolving ordinary commercial
sulphate in distilled water and filtering ; the solutions with no free
acid added were used immediately, so as to conduct the electrolysis
before the formation of basic salts; the acid solutions contained 1 per
cent. free sulphuric acid. When all the joints were air-tight, by
being closed with cement, no difficulty was experienced in retaining
the partial vacuum constant throughout each individual experiment.
Leakage of the current at either voltameter was tested for throughout
the experiments, and this point was considered satisfactory when,
both voltameters being under atmospheric pressure, the deposits did
not differ by more than 1 or 2 tenth-milligrams. Particular atten-
tion was paid to the handling of the plates before and after each
experiment, especially in the replacing in, or removal from, their
clips. By means of a small rod, acting as a lever, friction was pre-
vented between the clips and plates, and hence the slight danger of
loss of copper prevented. Immediately after the current was
stopped in each experiment, the framework holding the plates was
quickly removed from the solution and plunged into distilled water
8o as to remove all solution from the plates—oxidation occurs very
rapidly if any solution remains on the plates, even for a very short
time.

My first object was to ascertain if any difference in the weight of
the deposit was caused by placing one voltameter in wvacuo, without
any special regard to the current density (which throughout all the
experiments was the same at both cathodes). The experiments
arranged in Table I show an appreciable, though inconstant, differ-
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ence. In ten experiments, with the sulphate solution containing no
free acid, nine gave a greater deposit ¢n vacuo than in air, one giving
a negative difference. In this experiment (February 18) the deposit
was not of the usual colour, and it is possible it was oxidised. Great
care was necessary in washing the vacuum deposit, as often the
copper was deposited in a loose form at and near the edges; in the
experiments of March 17 and 18 a little of the vacuum deposit was
lost in drying between the folds of blotting paper. It was not to
be expected that the experiments in this table would show very con-
cordant results; as, even presuming that the deposit in wacuo is
constant, the inconstancy of deposits in air from neutral solutions
would cause an inconstant difference.

In order to get a constant deposit in air, I next added acid to the
air solutions and compared the deposits from these with the deposits
from a mneutral solution ¢n wacuo. Table II includes experiments
conducted in this way: in the experiments of February 24 and 29
some of the vacuum deposit adhered to the blotting paper and was
lost. I cannot account for the negative result of February 25. The
remaining experiments show fairly concordant differences. It will be
observed from Tables I and II that, with the exception of those
experiments in which some of the deposit was mechanically lost, the
percentage difference is greater with acid solutions in air than with
neutral solutions, which agrees with Gray’s observations that the
deposit (in air) in neutral solutions is generally higher than in acid
solutions.

I have brought together the experiments included in Table III,
although the results are very inconsistent and puzzling. It will be
seen that, if the neutral solutions have been used in previous experi-
ments and acid added to them. for a fresh experiment, the difference
between the weights of the two deposits varies not only in amount
but also in sign. An explanation of this may be that electrolysing a
neutral solution changes its chemical constitution, and that adding
acid afterwards does not remove all basic salts. Accepting this possi-
ble explanation, I abandoned for the present using neutral sulphate
in either voltameter. In all the remainiing experiments described in
this paper, both solutions were freshly prepared, not previously used
in any experiment, and contained 1 per cent. free sulphuric acid.
The results I have obtained in this way are more concordant and
very interesting. A deposit obtained from a neutral solution un vacuo
shows the same looseness in deposition as in air; but the addition of
a little free acid causes the copper to be deposited in a compact form,
which is not liable to be lost in the washing or drying.
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The following tables are not arranged in the order in which the
experiments were made.

Table IV includes four experiments in which the current density
was approximately 0°007 ampére per square centimetre of ‘““active”
cathode, or 1 ampédre to 135 sq. em. All the experiments gave the
vacuum deposit higher than the air deposit, and the percentage differ-
ences agree fairly. The mean value = 016 per cent. at a mean tem-
perature of 18°1.

Table V includes three experiments in which the current density
was 0'006 ampére per square centimetre. It will be seen the vacuum
deposit is higher than the air deposit in the three experiments. Mean
value of difference = 0'10 per cent. at a mean temperature of 16°5.

Table VI includes four experiments at a current demsity of
0:005 ampére per squarve centimetre. Again the vacuum deposit is
higher than the corresponding air deposit. Mean value of difference
= 014 per cent. at a mean temperature of 17°5.

Table VII includes five experiments at a current density of
0-004 ampére per square centimetre. All the vacuum deposits are
higher than the corresponding air deposits. Mean value of the
difference = 0-17 per cent. at a mean temperature of 19°.

Table VIII includes five experiments at a current density of
0'0033 ampére per square centimetre. Again deposit in vacuo is
higher than the deposit in air. Mean value of difference = 0'14 per
cent. at a mean temperature of 15°5.

Table IX includes seven experiments at a current density of
00027 ampére per square centimetre. The same results obtained
here as in the preceding tables; but the experiments of April 12 and
13 do not agree very well with the others. Mean value of difference
= 016 per cent. at a mean temperature of 16°6.

Table X includes nine experiments in which the strength of current
was approximately 0'01 ampére per square centimetre. This table is
very interesting, as showing that mnear this particular current
density the previously observed differences cease to exist. The nine
experiments never gave a greater difference between corresponding
deposits than 1 tenth-milligram., The voltameters were carefully
tested for leakage before and after these experiments; and the
experiment of April 7 (Table IX), in which there was a percentage
difference of 012, follows that of April 5, without any alteration in
the arrangement of the apparatus. In addition, the experiments of
December 2 and 3 were made with a different bell-jar and a different
arrangement from that used in the previous experiments. It may be
fairly concluded that at this density no difference in the deposit exists.

Table XI includes three experiments at a density of 0:02 ampére
per square centimetre. It will be seen that there is practically no
difference between the deposits.



Mr. W. Gannon.

74

“proe 9oy *queo xod T pourejuoo pue ‘Guownedse yoss ur parsdesd Lysexy o1os SUOKMIOS oY,

” [ |
‘JIp | | ‘durey
L+ Aw UB Y m m L wHA“, weo Y
4+ 9000-0 | 9298-0 | 6198-0 | ¢ g, | el es1l | (1 99 | 9490 |o0g
| ,, _ ‘uo *bs zod _ «
L+ 9000-0 . 4¥98.-0 | T¥98-0 _ 9L 69 | 681 8211 oxgdwe 200. 0 9- 96 949-0 | 63
| , r I0 “wo *bs egT 3 «
6+ 4000-0 | 2998.0 | 6998-0 | ¢4 69 | &8I €zq1t % 07 exgdwe T _ 9-96 949-0 | 83
9+ €000-0 | 2180 , 4180 S 9 1 LA eg1T |J f 9-96 919.0 | 9g *Say
| i ,, "€68T
| | i ,
| *soajaT
.mu«.%m . ary TNWIBA *Lmnozow (xoxdd woor | “worynos Auﬂeo ' sorgdure
OOWUWW ur Mu&ﬂm w meawmﬁ gy | S 30 30 ‘Kyisaop quoampy | mwwﬂamumm ur o98(]
-LOPI ’ ” wnnoe A ‘ Ul ouLy, dwoy, | dyweq | 0 goae | YHOTMD
‘qisodo(T i m QANPOY _
| ' 1
AT SI9%L




795

On Copper Electrolysis in. Vacuo,

5108 90U 1ues 1od T PeuTeju0d pue ‘usmiredxe ypee ur parederd ATYsalF oI9M SUOTINTOS Y
I 33 T ! 1 T Ty &

‘gp . { -dutey
or+ % UBIAL m & wﬁﬁ aBoy
w - <
0T+ | 4000-0 | 01840 | 418L.0| - S0 | €8 291 TeTT ) oo bsqoeooy || Ok g0 | g5 “
i _ sxodwe 900. 0 M , “
1+ 6000-0 | %99L.0 €99L-0 gL 0 _ 86 9. 9T BFIT |1 10 fwo bs 991 a4 €70 | @8
_ | ~ 03 oxdure T l <
L+ 9000.0 | &T94-0 | 81940 €40 | 16 8- LT gFIT |J L 4/ €7-0 | 08 Anp
. | ‘@681
*$3130U
.mmﬁ& ) ATy wnnorp | CAINOIeW (-xouddv) | ‘moox | -mormios oﬁmwwmoﬁ: ‘soxadure
OOWQWW uar MMMMH ! mmswwH oy | SoymI 3 30 -{315u8p fuemIN) mw@oam.mo. ar -aje(L
e : ! wnoey | O oy, | -duwrey, | Lysue(y 70 vore JuoLIn)
qsodo( < A1V

|

‘A PIqEI




*pro® 9913 *jued zod T pourejuoo puw ‘Juewiitodxs yowve ur poredoxd A[ysoa] oroM SUOIINTOS OTT,
Pr e T pour P I T Ip TqsoaF i

w | | !
BP “dwoy |
YL+ A UBOTA g Sﬁ aBOT ! “
{45 T100-0 | 96€8-0 ; L0¥8-0 ¢L.0 60T 7. LT WL ) 88 | o | Ir °
[ i
| o bs | «
g €I+ | TI00-0 | ZIE8.0 €2€8-0 | 9.0 70T 8- 4T TFIT _T_& ssedwe £00.0 8 | W0 |0
, a0 "wo “bs | «
z oI+ | €100-0| 0038.0 EWS.0 9.0 | &1 | &I | T _ yove o) oredite T @ | 0 |6
(@ gL+ | 6000-0 | 62€8-0 86€8.0| €L.0 01 9- LT It |J | 88 | 10 |8 Suy
W. V w ‘€681
E
= i V ‘SITOT |
WY wWnnowp | e o ! -1JTI99
*spaed . ﬁ A 0.55 (‘xoadds)- -woox | ‘woynjos | aaenbs ut ' -saxedure
0000T T P i moqwﬁ o | Somumm 3o 30 “{ysuep quorany | seporged ut 9gR(]
AOUBIOPI(L : | umnoe 4 | ULOWLL | dwog, Aysuo(p 3O BAIB | JURAIN))
1soda(p | A M m 0ATJOY
ﬁ .

76

‘TA °198L




1~
I~

‘proe 901y Jued od T pourejuod pue ‘quatarrodxd yoes ur paredead ATiysaiy oxom suoyn[os I,

IIp i-duray
4T+ % UBd Y 0-61 A“ waaoz

S :
g €T+ | 2100-0 | ¥86L0 | 9660 | €0 1, LST 2011 ) ( osa ' o620 2 “
< 1
>~ 8T+ S700-0 | 6€48-0 | F5.8.0 | ¢L-0 031 | &SI PIL % -wo bs 9-96 ; 98¢0 ¥ “
=) | ! aod exgdure j
o 9T+ €100-0 | 2998.-0 | 9998.0 | ¢L0 0gr | 9-61 oFIT | ¢ $00.0 10 w0 bs 3| 9-96 | 98¢.0 | €&
z " I'| o0gg 03 expdwe | _ o«
D ASy €100-0 | 9818.0 | 6180 | ¢L.0 eIt ¢ 0-08 eIIT | 9-96 | 986.0 | T2
IS i i
< : i !
3 8T+ 9100-0 | 0$68-0 | 9968.0 |  @9-0 921 - ST zert J U 996 | 98e.0 |12 Suy
=~ .
) _ €681
§ M o
W “ *sadjou
) . ary wmnoep |, ~1j190
QO mﬁﬁﬂm oot %.EM.SS .A.woa&mmvw ‘TWOOI | "uomn{os jexeubs ur | “soxgduwe ﬂ
I %mWoWW R .Bo T o so wE wr| Semum Jo Jo *£318U9p qUALIN) | sopoyjeo ut oye(r |
= : Ha Sﬁso.m ‘L urouyy, | cdwey, | Lysueq . J0 BAIR | juAAIN)) <

-IOPI(T ‘qysodo(q A “ w Ay m

‘TIA °I9%L



Mr. W. Gannon.

78

“proe oouy ques xod T peurejwos pur Guemmmedse yowo ur porederd Lqysery eres suommyos oY,

i

I

i | ~ | ! w
gt i ! { ; *dwoy |
P+ % cs%g | | g mHLM uBIIY !
- | “,. * ; - i
g1+ 6000- 0 “ €128-0 | &Ee8.0 €L 0 | 09T | £91 SFIT _ o 0.3L $2-0 | 8T 4Amp
! » m .
er+ | 2100-0 10880 | €188.0 €40 | 9T | 65T | EITT ) [ o%s %o |g
! . ” w0 bs aod _ «
¢+ | I00-0 F6IS-0 | 9038.0 940  T9T 2-91 UL | arpdure £600.0 0%, | $2.0 | ¥
. i : i I 20 “wo *bs 0og 3 £
9T+ €100-0  9818-0 ' 6618.0 €40 91 | eVl EITT | _ 03 azgdute T _ 0-FL 7.0 | ¢ 4®W
P+ | T100-0 PIe8.0  €egs-0 €0 O | 0.gT | @Il L o#s | 120 |6z -y
W, | W 2681
| H
Iy | wnnoe s ! w v *80030W
.muﬂﬁ&. . g w *AINDIdW |, .NO.H@Q@VM ‘oo “uornyos -13U99 -soredwme
000°0T 00U | 70 i : . axenbs ur < .
sonuru | Jo J0 £y1suop Juaamy) COPOUTED ut e
ureowo | -IFIq (SOUM UL oy oy, | cdwey, | Aysueq | £opot} JueaIny)
-0 wnnoeyp | mH , 70 BoaB
gisodo(T | | oAty
| | ~ v

TITA °19%L




79

Vacuo.

48 10

On Copper Electrolys

*p1oe 9943 "jueo od T peurvuoo pug ‘Guowttodxe yoes ur pexedead L[yse; ozom sUOTNOS AT,

FIP _ *dwoy “
91+ % LRy g ! 9 3% UBITAL i _
9T+ | I100-0 | 9290 | 9849-0 | L0 | OST M 69T | %2II | (%, | zo ¥ “
g1+ | 6000-0 | 2¥89-0 | 1989.0 | €40 | OST | ¥4 | %aIT . % 20 |z imp
i i |
g+ 9100-0 | 8804-0 | %0T4-0 ¢L-0 g1 | gl Ge0T ‘ ¥, . &0 et “
! ‘wo be zod ! _
g+ ¢T100-0 | 626S-0 | ¥¥62-0 cL-0 i208 0-91 egoT | ¢ owdwe £z00.0 ¥L &0 g1 ¢
a0 “wo *bs o8 :
a1+ %000-0 | 199%.-0 | %L9%S-0 <0 2ct @ L1 60T 03 axpdus T i72 | @ 0 m “
BT+ | 8000-0 | ¥94S.-0 | 8928.0| @9-0 | L¥T g1 | @80l L%, 8o 6 ¢
i
8T+ 8000-0 | 86€9-0 | 90%9-0 ¢L-0 291 0-ST 2e01T |J U FL 2.0 Ly
,M 2681
i
‘sqred v WMITA L £ oot .mwameq
o *90Td ¥ o | (=oxdde)| -woor | ‘wormos opa.wwm ur | serdwe
000°0T 3 soqnuim Jo Jo .%&ﬁwgvﬁ juazIn)) : ur .Oﬁ.ﬁﬁh
ur eouo | - soqour wy | T -doo o ; SOPOYIED | o
-1091( wnnoey | T OURL oL seed jowore | 7 Y
aungoy

‘qsoda (L

i
t

XTI °I9%L




Mr. W. Gannon.

80

‘proe saay queo xod [ peurejuos pue ‘yuowtredxe yore ur pesedoxd ATyseay oxom suoynyos oY,

M |
HP |
00.07F A uBS Y ﬁ
00.0F 0000-0 | 9819-0 | 9819.0 gL 0 o7 02T | 2901 | [ 8 180 g
10-0+ T000-0 | 90€L4-0 | L0€L 0 €L.0 Vi 0-T1 £901 ¥8 780 g 0oL
00. 0F 0000-0 | T469-0 | T.469-0 29-0 <ia 0- 41 0211 6. 6.0 e “
10-0— T000-0 | 6%19-0 | S¥19-0 | 39-0 ov e 81 02TT o bs 64 640 | ¥ “
10.0+ tod exdwm® 1.0 . s«
-0 1000-0 | ¥809.0 | 9879-0 29-0 or ¢ 91 eTiT 10 “wo *bs 00T 6L 8L-0 4
10.0— _ 03 axedme T X «
0.0 T000-0 | 89€9-0 | 19€9-0 €0 ¥ 0- 9T 08TT 08 640 g
10-0+ 1000-0 | T489-0 | 2L&9-0 ¢L-0 o¥ 6- o1 0€1T 08’ 840 | g “
10- 0— T000-0 | 0829-0 | 6429-0 29.-0 ov L- ¢ 0€TT 08 08-0 1 ¢
00.-0F 0000-0 | 8489-0 | 8.89-0 29.0 474 481 oert |J L 08 64-0 1 ady
7681

. mH ..ﬂmdﬂ ‘wnnoe A % .ww.NWQMH

owﬂw I . .:Wwawﬁ ("xoxdde)| -woox M "ToTINTOS -(~xoxdde) o.ﬂ..m‘w_ww - ‘saaxedus
ULe0Ud | -I0FI([ soyour ur Mwﬁmﬂ_m - MMB i bawmoﬁ Aytsuep quorany) sopoTes unom.w:o ora
ey WNNoBA S : 3o waIe

qisode( W oAngoy
i
X 919BL




81

in Vacuo.

ysis In

Flectrol

On Copper

P19’ 0047 *Juoo dod T pourejuod pue ‘uswiredxs Yored ur paredead A[ysery a1om sUOTINOS oY
P! ¥ T pout P I T Ip [qso13y i 1L

_ .
10- 0+ | FIp UL |
00-0F | 0000-0 | ¥1€8.0 | ¥1e8-0 | €40 | 08 941 0811 |] ‘w0 ‘s od eagdme 9.96 | ¢-1 |¢r ¥
10-0+ T000-0 | 9628-0 | L628-0 L0 | 0¢ Ve L1 08TT | €10.0 20 “wo ‘bs 996 | g1 | VI
00-0F | 0000-0 | 3838-0 | ©&3S-0 29-0 | 08 g 91 08TT |J ¢/ o}ordwe 1 9-96 | ¢G1 |€I “gdog
_ | 68T
t *soqjoTL
-sjaed Ty ‘mnnoep | cAmoreut ! b . -1Jueo |,
0000T ur | *00uo 30 _ xoxdde) EMO.H SoS%HOm Crenon atesn oavubs ur mmamm.h@ o
Qoud ernig soT[our Ul | . mw > 5 ﬁw o | HSUIP JUOLMY | saporges omn a
~ToJI(] . WANoEA | oL ysueq | 30 BaIB fuoLmy
’ ysodog , | | eamp
* » |
IIX °l9BL
*proe doaz gueo 1od T peurejuod pue ‘quemrredxo yoes ur paredord ATyseIy oI SUOIINOS O,
| |
10-0— | "FIp UTAIL
T0-0— | T000-0 %¥68.0 | €768-0 29-0 Vg 0-91 0811 ‘wo bs aod oagdue 6-9Z -1 T ¢
00-0F | 0000-0 | 9%06-0 | 9%06-0 0¢-0 82 8- 91 0811 6T0- 0 70 “mo *bs 6-9L ¥ 1 er
00-0°F 0000-0 | ©948-0 | ©9.8-0 0¢-0 | jtd 0-£1 0811 €g 09 aagdure T 6-94 1 g1 'urf
N 8681
q , . *Saqout
‘s ary | wmnouy | Lmozeur | 4 . . nueo ||
000°0T Ut} "92ud “ 30 Amw%hﬁw%ﬂv ﬁwﬂg zowa% 18 *£}18Udp JueIIn eenbs wr m@.ﬁwﬁwﬁﬁ 9%
90u0 RCTi1 g i soyour up ot 1 | -dwmeg bﬂ.m«no ISTOp Juaany) SOPOYFBD | o on ed
-3BPII M “qrsodo( wnnoep | suweq Jo vaxe FIOEND
! ATV

IX PI9BL

Ly.

VOL,



82 Mr. W. Gannon.

Table XTI includes three experiments at a density of 0013 ampére
per square centimetre. The deposits show no difference in weight.

It would thus appear that, at current densities above 0-01 ampére per
square centimetre, there is practically no difference in weight of the
deposits obtained from solutions of copper sulphate (made acid), one
of which is under ordinary atmospheric pressure, and the other under
reduced pressure; but at densities below this there is a very appre-
ciable difference, the deposit in a partial vacuum being always
greater than the corresponding deposit in air. No ewperiment with
acid solutions ever gave the vacuwm deposit less than the air deposit.
‘Why this difference should exist at certain densities and not at
others is not very clear. The chemical corrosion abave referred to
will be more marked in the air solutions at weak current densities,
where the duration of the experiments is three to four hours, but it
would not be expected that it would be altogether missing at densi-
ties where the duration of the experiments is less than forty minutes
and less.

My experiments do not completely reveal the cause of the relations
existing between the deposit and current demsity. They clearly
show, however, that the oxygen present in the solution has a certain
diminutive action on the weight of the deposit, and that this action
is prevented (partly or wholly) by conducting the electrolysis in
vacuo. The removal of the oxygen of the solution prevents the
copper plates, and more particularly the copper deposit, from dis-
solving in the solution; but it does not prevent (apparently) what
some physicists speak of as an electrical corrosion, which occurs only
when the current is passing through the solution. v

It is of interest to draw a curve representing the deposits obtained
in vacuo with different current densities. This I have done by
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means of the data in Table XIII. In this table I have collected the
chief results of my experiments. By means of Gray’s values I have
reduced the observed differences to a temperature of 15° C., and then
calculated the values vn vacuo. The curve thus obtained is more
uniform in its course than the curves for air.

Table XIII.—Summary of Experiments with fresh Acid Solutions.
(Tables IV—XII.)

Current density. Gray’
Mean pr:;;}(,)rs- Propor
i Difference| Difference| ¥. v
Table.| Ampeéres Squ?e temmp. of in 10,000 reduced tionate | tionate
per square| SNV | OXPOTI b e | t0 15° C. values | values
conti- metres | ments. (in air) | in vacuo.
motre per at 15°
* | ampere.
XTI 0019 53 . + 0 4= 00 9997 9997
XII 0°013 75 e + 0 + 0°0 9992 9992
X 0010 100 . + 0 &+ 00 9986 9986
1v 0007 135 18%1 + 7 + 575 9979 9984
\4 0006 166 166 +10 + 9°0 9974 9983
VI 0005 200 175 + 14 +11+0 9971 9982
VII 0004 250 190 +17 +13°0 9967 9980
VIII | 00033 300 1545 +14 +13°0 9964 9977
IX 0°0027 370 16 -6 +16 +13°0 9961 9974

The results of my experiments may be briefly summarised :—-

1. With two copper voltameters containing freshly made neutral
solution of copper sulphate, one of which is under reduced pressure,
the copper deposit in the partial vacuum is higher (for the same
current, current density, and temperature) than the deposit under the
atmospheric pressure; but the percentage difference is not constant.

2. If a little free sulphuric acid be added to the air solution, the
percentage difference is more constant and higher than in 1.

3. The addition of acid to both voltameters causes the percentage
difference to be constant within experimental errors. The experi-
ments conducted under this condition show that—

i. For current densities above 0°01 ampére per square centimetre
of active cathode, there is no practical difference between the
two deposits.

ii. For current densities below 0'01 ampére per square centimetre,
the vacuum deposit is very appreciably higher than the air
deposit.

iii. A curve drawn representing the deposits obtained in vacuo at
different current densities is more regular than the air curves,
and for densities below 0'0l ampére per square centimetre is
approximately a straight line.
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