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A Stresuing Mercury Cathode ‘ ’
Mercury cathodes in the form of & Jet are‘used for preparative purposes in
electrochemistry, for preparing metal amalgams [1] for the electro-reduction of

organlc compounds [2], for studying the mechanism of cation discharge [3] and in
oscillographic polarography [4].: ' : L

The setwup which we have constructed, whichincludes a streaming mercury cathode, -
is deplcted in Fig. 1. Chemically gure mercury 1s contained on the bottoms of the
three connected vessels 1,2 and 3.%) 1l is connected via.a tap 10 t0.9; 9 csn be
evacuated by meens of a water jet pump, connected to tube 5. . Mercury from the

Fig. 1. Set up for streaming mercury cathode.. .M
1) electrolyzer; 2) partition for decomposi~
tion of the emalgem; 3) mercury receiver; 6)
tube for leading mercury into 9; T)T-piece
with velve 8'for leading in nitrogen; 5) -
‘connecting tube to water pump; 10) tap;-

11) bulb, for paseing mercury to the electro-, -
lyzer; 13) capillary tube; 15) anode; .4)
electrolytic switch for electrede compari-

son., , : :

bottom of 3 rises in tube 6 up to the T-pilece junction at 7. By the actiqn of &

stream of nitrogen, sucked through valve 8, the mercury column in tube 6 breaks.
up into separate parts and is sucked into 9. After filling 9 with suffiéient
mercury, the vacuum is switched off and tap 10 is opened; the mercury flows in
1l and from there along capillagry tube 13 in & Jet into 2 (the,electrolyger);

The set-up subsequently works automatically by switching on.the vapdum,
The amalgam formed by cathodic polerization of the mercury jet flows from 1 -
into 2, where it is decomposed by means of acid and 1s mechanically stirred

- with a glass stirrer 16, The mercury goes from 2 to 3,,from‘which it agéin
rises into 9, etc, : AR

N

Thue in the appﬁratus.desaribeduths«same mercury 1s used over and over agalin <
for obtaining & continuous Jet of mercury, which serves as a cathode for an - ' :
~indefinite time. : ‘ ,

1) For methods of purifying mercury see [5]. ' | . _ . ’ 1"j;
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} The negative pole of the current supply source 1s connected to the platinum.
contact 1%, while the platinum anode is fixed in the side tube 15.  The potential

a 4 of the streaming cathode is measured during polarization by ref-
-erence .to a saturated calomel electrode by the usual compensating
system. The distance of the end of the electrolytic switch from
. the mercury surface is fixed because the switch and the capillary
tube 135 are fused into the cover.

It wes observed that with incregsing current density the Jet
does not remain constant but increases. Under the action of the
current the Jet breaks up into small drops, the place at which
the bresk up occurs however cannot be established even under
strong magnification. In some essential cases (e.g. for calcu-
lating current density) the lower end of the Jet can be confined )
€ with the help of a 1ittle shaft, fused into the cell wall (Fig.2)¥,

‘TFig; 2 An_Apparatus with a Renewsble Flat Cathode

\

sttiiciizgr : Of all the apparatuéesfdescribed hitherto which have &
. d ; the reneweble mercury cathode [5,8],the Hildebrand cell is the most
"‘ggt ° often used in electroanalysis [9]. We found that during the

electrolysis of weak solutions of metals which can form amal-

- gams, this apparatus does not always emsure good results in the

o sense that the separation of the metal is complete and pure.

- This can be explained by a) an insufficiently intense exchange of mercury be-:
tween the two separation cells, which leads to & change in the deposition po-

- ‘tential of the metal as the result of an increase in its concentration in, the

emalgem located in the cathode compartment; b) the pengtration of undecompozed.
electrolyte into the compartment used for the decompogition of the amalgam.

: These drawbacks have been eliminated in @ '
the apparatus depicted in Fig, 3. The mercury |

"~ 18 located at the bottom of the two vessels

1,2 vhich are doubly connected, 2 serves as
the electrolyzer in which the mercury on the
bottom serves as a cathode; the anode 1s sep- =
arated from the catholyte by a porous dia~
phregn 5. ‘When the stirrer 6 in the form of

' ‘& corkscrew. 18 rotated, the mercury in tube

T is pumped up into 1, in which its level be~
~comes higher than that in 2, so thet there is

- a flow from 1 into 2 via 8. The renewal of
the cathode surface in 2 1s also assisted by

" stirrer 9 driven by the motor 12 by a pulley % A pm— T
attachment. The length of the yertical parts Fig. 3., An epparatus with'a ' -
of tubes T and 8 is sufficient to hinder the - - renewsble flet cathode. 2)

- penetration of the electrolyte from 2 into electrolyzer; 3) platinum conw
1, vhere the smalgem is decomposed. The tact; 4) anode; 5) porous dia= -
-decomposition velocity of the emalgem can phragnm; 1) compartment for de-

“ be increased by anodlc polarization from composition of amalgem; 6) cork=
an independent D.C. supply (e.g. & dry 1l.5= screw stirrer; T-8) tubes for ‘
2 volt battery); a platinum-tin electrode mercury flow and emelgem; 9) glass
immersed in the electrolyte in 1 serves as stirrer; 11) electrolytic switch;

the cethode in this case, 10) standard electrode; 12-motor,

1) The streamin% mercury cathode has the following advantages over a flat cathode
a) the possibil t{ of polarizing with a large current strength without n?preciable
heating of the solution as-a result of Joule heatingb) lower concentration $?lari-
zation because of the vigorous stirring of the solution by the mercury Jet [ 1.
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'The cathode potentisl is standardized against gn'electrode\suitéb;e for
any particular set of experimental conditions.' A suitable form is shown in
Fig. 3. _ , :

!

Fig., 4. Cell for polarographic‘analysis. . Flg. 5. Cell for potentiometric

1) tube on a rod for strerngthening the titration. 1) working volume
capillary electrode, 2,3,4)inlet and - (comstricted part); 2) water
outlet tubes for hyérog@n; electro-" ' Jacket; 8) ground gless cover 3
lytic switchy6) outlet tap for mercury; - with tubes; 4,6 inlet and out-
7) water Jjacket let tubes for nitrogen; 3)

| ‘ - reference electrode; 55 elec~ ‘
-, : trolytic switch; T micrcburstta. :

Fig. 6. A cell for pH determination
by meens of a hydrogen electrode,
1,3) inlet and outlet tubes for
hydrogen; 2) platinum electrode;

" 4) saturated calomel alectrode

_pparatus for Polarog;aphic and Potentiometric Analysis 1 Q,

a) A cell is shown in Fig. 4 which can be used for polarographic analyses -
- with both external end internal anodes. In the latter case the, potential of . the
mercury drop 1s measured by reference to a saturated calomel (or some other
reference electrode) by means of the electrolytic switch 5. Capillary 2 is o
fixed on to a rubber cork, which is separated adequately from the solution in ”.“
the cell. This separation is important in order to avoid contemination of the
solution and deformation of the polarograph wave by the action of surface active ;
materials. [10]. The cell is thermostated by means of a jacket fused on to it, - 7}

through which water heated to- the required temperature in & Heppler thermostat e
is clrculated. \ s
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b) Normally for potentiometric titration in an inert atmosphere all the
detaills are mounted on the cork on a support [11]. Buch a method is extremely
inconvenient, particularly when working with very small volumes of solution;”
since it leads to accidents to some of the parts, and mlso to contamination
- from rubber connections, etc., when working with he&ted solutions etc.

An apparatus is depicted in Fig. 5 in which all the details are mounted on
a ground glass cover. 1-2 ml solution can be dealt with in the constricted
lower part of the cell. In order to measure the potential accurately, two
‘platinum electrodes are fixed into the cover, from the readings of which the
average values are taken, / ' R

The apﬁar&tus 1s thermostated in the same way as described in apparatus (a).

c) When a pH isvdétermined by means of a hydrogen electrode (Figo6).there
.is no need to thermostat the apparatus since the -temperature corrections can be
- calculated from a well known formula [12].

| The author wishes to thank G. S. Tyurikov, P. N, Palei and I. A. Novikov
for their help in constructing the apparatus, o

Recelved October 21, 1950.,
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