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INTHODUCTION

A preliminary investligeation of the activities
of tin in tin amslgams has shown that a more conmplete
study would be worth while. 7This work has pointed out
methiods by which moat of the experimental dirficulties
could be overcome.

In sddition, the present problem is to inolude
the determinstion of the potentisl of purs tin against
the saturated tin amalugsm and the elesctrode potential
of pure tin.

The slectrode potential of tin has beson calcoulated
by means of an sequlilibrium messuramant, but has never
been successfully determined by a direot measuwrement.

in this problem 1t has been accomplished by
using the saturated amalgam and a hydrogen slestrode.

The E2 obtained in this manner is then correctsd for the
potontial found for purs tin against the saturated amalgam.

While these three goals are very closely inter-
related, it seems best to sub-divide each part of this
paper into three partsy namely, (A) the actlivities of tin
in tin amelgems, (3) the potential between pure tin and
1ts saturated smalgam, and (L) the electrode potentiel of
tine.



TN SRR SAYETTS % PRI DWTITI YN
DISVIKE OF THX LITLHATULRE

Ae Mleotromotive Force of Tin imelzamse

The slectromotive force of tin smalgams have
been detsrmined on several occasions but in only one
case have thay been successful. Hiehards and ¥%Wilson (1),
in a series of investigatlions of the electromotive foree
of 1iquid emalgams, mado & limited astudy of tin amsel;sms.
This work while highly preclise included only a very flew
meassurementses., Thelir objeot in these studlies was to
determine the deviations of the observed potential from
that calcoulated by the Hernst sguation for the slectro-
motive foree of concentration cells. They found in the
case of tin that the ovnserved potentials were always lower
than those calculated from the Hernat equation.

Lewis and iandall (2) have devised a mothod by
which the activitlies of a metal in its amalgoms may be
calculated from the electromotive force of suoh amal ams.
if motlvitlies are used instead of mol fractlona in the
Hernst equation the observed veluss agree very closely
with those caleulated. Lewis and Handall (2) first used
this method for oaleulating the sctivities of thallium
in thalllum adalgams by employing the dsta obtalned by
iilchards and Danlels (3).



B. Potential Detween rure Tin and ita Satursted Awalgams

The only wvalue reported in the literature for
the potential of pure tin egsinst its saturated amalgam
has besn by Vanbetaren (4). il determined the potentisl
uaing stannous chloride as the elsctrolyte and electrolytie
tin &8s the tin electrode, and found it to be .80 millivolits
as an aveorage of about five messurements, which had an
sverage deviation Irom the mean of sbout .70 of a milli-
volt. This at least shows that the s0lid phase ig not
pure tin and that the potentisl between the ssaturated
amalgam and pure tin 18 in the neighborhood of & milli-
volt. It also shows the difficulty in obtaining a
reproducible value for the tin electrode.



Ce Hlectroede Potential of 7in

The socepted value for the electrode potentisl
of tin at the present time 18 based upon the electrode
potentiasl of lead and an equilibrium study made by Noyes
and Toabe (5). They studled the equilibrium bhetween lead,
tin, lead perchlorate and tin perchlorate and found that
the slectrode potential of tin should be 0.0140 volts
more negative than the electrode potentlal of lead. At
present the accepted value for lead is given as -0,188
volts, which has been caloulated by lLewls and Handell (&)
from deta obtained from several different sources. In
this caloulation seversl assumptiocns were made whieh
limits the sccuracy of the value. Carmondy (7) has
obtained 0.126 voltes for the value, while otheres hmave
obtained values all the way from O.1280 to 0.180. At
the present time a resesrch 1a belng conduoted in this
laboratory by Hatflield (8) on the electrode potential
of lead. The method which he 1as using was developed LY
Linhart (9) in his determinstion of the electrode potential
of meroury. iIn this method the indefinite liquid Junction
potential has been avolded.

¥hile several attempts have been made to determine

tﬁe elaoctrode potentisl of tin directly, none have besn



susceasaful,. Hoat of these have involved indefinite liguid
Junection potentials.

Linhert's (0) method for determining the electrode
potentlial of & meta)l without an appreciable ligquid jJunction
potential seems appliceble to our problem. Details of this
method will be given later.



THEORBTICAL LILCUESION

oy

Ao sotivities of Tin in Tin Amalyams

It has been shiown that when oconsentrations are
use:d in the Hernst equation for the electromotive force
of concentration cells the csleculeted values do not aygree
with the observed valusea excepﬁﬁwhsn the concentrations
are very dilute. The deviatlon bhecomes larger as the
soncentration increases and may be elther positive or
negative since 1t depends upon the metal in qguestlon,

This Qifficulty is not limited to the lernst
equation alone, but is the case iu practically ell of
the physical chemlstry equations which depend upon
concentration. HHany attempts have been mede to develop
eguations which will hold for consentration other than
at infinite dilution. The majority of these have only
been corrsction factors for specific cases.

(e Re Lowis (10) has developed s concept which
he calls the activity. it can, in 8 most general way,
bs defined as "that quantity wihich when substituted
for the concontkation of & given subatance in the mass
action expression will give & constant value for the

expression over the entire range of coucentration®. In
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other words, the activiiy of a substance is 1ts
"afrective concentration” in a glven solutione.

Thus, 1f the activities of a metal in its
amalieams are avallable the potentlal between sny two
amalyems may be calculated and should agres very closely
with the observed potential.

Lewis and nandall (2) have developed a method
whereby such activities may be c¢alculated Irom the
elesctromotive forece of thelr amalgams.

in order to make such & determinstion we must
first study the type of cell whioh 1s to be used. Iif
two electrodes of the same metal and identical in states
ere immersed in en electrolyte containing their lonas,
no potentlial difference ean be obsgerved, furthernmore,
if an infinitesimal amount of current 1s allowed to pass
through the cell s transfer of metal wlll occcur from cne
eleoctrode to the other. Iliure aleso no potentisl differencs
can be detected for no change in free sneryy AF has teken
place, for the concentration of the metel has not been
changed at sither electrode. Since AF = <Hil", the reveraible
electromotive force of the eell would also be gero. if a
finite amount of current had beer allowed to pass there
would have been & potential difference esatabllished by

concentration polarigation. .uwucin & roecess would be



irreversible. [ belng the laradsy equivalent, N che
number oi such eguivalents passing through the cell
and i the electromotive force ol the cells, Thus, if
the concentration of the two electrodes are the same
the sctivities of the metal will slso be the aame at
both electrodes.

tfiowaver, 1f the two electrodes differ from esech
other in sores way, such as different states of strain,
or 1f one electrode 1s the pure metal and the other 1z the
same motal but contalning some lrpurities there will be am
differenee in the sctivities of the metal in the two
eloctrodens. 48 & result of this inequellty of sctivities
there wlll be a tendency for the metal whose activity 1a
the highest to be transferred to the elsctrode at which the
metal is at & lower activity. 7The transfeor cannot take
plece unless s current 1z allowed to flow, but the
potential which would ceuss such a flow can be messured by
moans of a sensitive galvanometer and potentiometer. If
this potentiasl is measured during the prasing of an
infinlitesimal amount of ecurrent, it may be considered ps
the reverasible electromotive force of the cell.

It is evident then, that 1f the potentials of such
calls are moasured under reverslble conditions, that we will
have & direct meesure of the ratio of the sotivitlies of the

metals in the two elootrodes. This type of cell is well



1llustrated by one which has smalgems of different
goncentrations as its electrodes. This type of electrode
is free from strelns and 1s very reproducibls.

The electrovotive force of cells composed of
amalgam slectrodes with the corresponding metalllic ifous
838 elactrolytes are dependent only upon the concentrations
of the metals in the smnl ams. The changs in free energy
AF in the transfer of metal Irom one electrode tu the
other is 8 function only of the mol fraction Hg of the
metal in the amalgem. This is expressed in the following
esgquations

A¥ = 8T 1n 2 (1)

=

iz
“here i 48 the gzas constant, 7 the absolute temperature
and 1n the natural logarlithm. &Since the mol fraetion can
only be used in very dilute amalgams we shall employ the
activity whieh holds over the entire range of congentration.
“hen the activity is substituted for the wol iraction

aauation {1} baaomea NAF = 3T in aa(9) whar a. 4n +#ha
quatian {1) becomes AF = 1T 1in 'mr(2) vhen ap, is the

€ o e o e e e o e = S .

and né the activity of the mstal in the nore dliluts smalgam,

The two egquations become identical when 22 _ 4
Since this is only the case in very dilute amalgfma we shall
turn our attention to equsation ().

semntion {2) becomes, on the substistutlin of



RT ap
F = -NEF, E = =§F— 12 e (3)

Introducing the numerical values of K and F and using

common logarithms, equsation (3} becomes for tin at 25°¢ ;

hat
E= = ,0290868 log ... (4)
ag
R = 1.,988b0 calories per degree, F = 23874 calorilies per
volt egquivalent and N for tin is 2.

From this equation it is readlily seen that the
electromotive force of a cell composed of two tin amalgams
depends solely on the actlivity of tin in the amalgams, and
is independent of the concentration of the electrolyte so
long as stannous lons are present.

The equation es 1t stands permits only the
calculation of the ratio of the activities of tin in the
smalgams from the electromotive force of such a cell., The
activities of the metal in each amalgam can be calculated
for the electromotive force between such amalgams by a
method developed by Lewis and Randall (2). This method
follows:

Equation (4), on rearrangement becomes:

Log ag = -0752535 - log ag (5)

If now we let Ng and ag be the mol fraction and activity of
tin in any amalgam and H; amd l%
in some particular amalgam chosen as a r eference, E will

the corresponding values

be the electromotive force of & concaentration eell in whieh
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one electrode 1s the smalgem of fixed mol fraction K}
and an emalgam of any other mol fraction Hg.
Ir the log of Ny 1s subtracted from both sides

of equation (&%) we get:

- log Ng) + log aé

log mgg_*.
2
“hen the guantity in the parenthesis is plotted
sgeainst ﬁg. ag shown In Figures IV, we see that when
Np = 0, we have by definition that %ﬁ_ = 1, and the
log ;5* = O, The value of the ﬂrdinafa when the curve cuts
the vﬁrticsl axis ls therefore equal to - log a%. This
givea at onece the activity of the reference amalgem whose
mol fraction is ﬁé e« The value of this limiting ordinete
subtracted from the ordinste at any other value of HNg
glves the value of log 22._. , from which ay is resdily
calculated, "2
™is is the method by which we shall calculate
the activities of tin in tin amalgem from the electromotive

force between such amali ams.
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B. Saturated Tin Amalgams

Saturated amalgams are nosrly slweys used in
place of the pure metal in esteblishing the electrode
potential of that metal sgalnast aore reforence electrcde.
in such a measurement it is essentisl that an olectrode
be used which quickly resches oquilibrium and that this
equilibrium wvalue be reproducidble. This is seldom found to
be the case when solld metal electrodes are used. 7The
electrodes themselves may be of the purest metal dut when
thelir potentlals are measured sgasinst some reference
aleatrode, reproduclbleo values are 4difficult to obtain.
This variation in poteutisl can be sscribed only to
variastion in the physlcal state of the metal,such s beling
under different stages of strein. Thls varletion le less
pronounced in soft metale end mey be minimized by using
the metel in & very finely divided state or by electrolytie
deposition of the metal on & sulitable surlace.

Bven with sueh preceutions equilibrium is very
slow in beling attained and not as reproducible as is
desired. For this reasson the satureted amalgems are used
wherever posslble for they are not only essily prepsred but
reach an equilibrium value that ig very reproducible, snd

in & very short time. Furthermore, this type of emalgem
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electrode requires no ansalysis.

if such an amalgam 1s to be used in determining
the slectrode potentlel of the metal sgainast some reflerence
g¢lectrode, the potential of the saturated smalygem against
the pure mstal must be determined. This potential should be
gero unless the metal forms & solid solutlion with meroury.
This is wery difficult to show by anslysis but is relatively
easy Ly electromotive force moasurementa., In such a aell as
this 1t 1s not essentisal that eguilibrium be sattalined at
onee as in the cmae of the other cells. Therefore, it
would not be ss diffieult to obiain reproducible valuee as
in the 6Gase where the potentisl 18 mossured against some

reference electrode.
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Ce Zhe Standard Iledtrode rotential of Tin

™™e standard electrods potentiel of & metal l1ls
defined as the potential of the metal in its standerd
astate against 1ts lone in a solution in which they are
at unit activity. This potentisl is symbolized by o
and represents the tendency of s metal to detsch elsctrons
and go into solution as wmetallle lons.

This potentisl of e slngle electrode is determpined
by reference to the normsel hydrogen slectrode. The
potential of the hydrogen eleoctrode at atmospheric pressure
ageinst an agueous solution contalning hydrogen lion at
unit aectivity is considered as gero &t all tewperatures.

In an exy.vession for a cell resction the hydrogzen electrode
i1s placed arbitrarily st the lefi and combined with the
other sleoctrode in question st the right. Jince the voltage
of the hydrogsen electrode is considered to vbe zero, the
voltage of such a gell la a dlrect meassure ol the single
electrode potentlal of the metsl In question.

The sign ol such & single electrode potential ls
determined by the direetion in whiech negative olectriclty
moves within the cell. he voltage L8 positive 1f negative
electriclity moves from right to left within the cell ss

written. Thus 1f the cell i3 writien as followa:
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na/a”‘l/.f-*/ He

it indicated that the potential of the jJunction Me* He
is positive and therefore the voltage of the entire cell
as written is positive. But if negative electricity
within the cell moves from ileft to right as written the
single electrods potential is negative as is the sign of
the eomplete cell.

Getman and Daniels (17) have established a
convention to show the relationship between the wey &
cell is written and the chemieal reactlion which takes
pluace in the cell. It is "the echemioaml reaction of &
eell 1s written as that resctlon which would cause
negative electriolty to flow from right to left within
the cell"., The voltage of a cell so reacting lis
arbitrarily taken to be positive. Iince a positive voltsge
means that the work, NEF, is likewlise positive and therefore
the cell does work on its surrounding, sand uses up the free
energy, or in other words, AF is negative and the reaction
12 spontenecus.

“he potential of the junction between s metal and
its fons is positive or negative depending upon whother
the metsl has & greater tendency to lose eleetrons and
become ions or whether the ions have a greater tendency to
gain electrons and become the metal again. The former would

have a positive potentiml for the junction He®/ie® while the



latter would have & positive potential for the Jjunction
He /He®.

The relationship betwesn the standard eleetrode
potential Ea and the potentiasl of the electrode ¥ in a
solutlon in whieh its ions are other then st unit sotivity
is best shown by the following egquations. lor any reasction,
ai + bB = ¢C + 4, the change in free energy J7 1is

represe:ited by the following egquation

_pp=srimk-irin %88 )

vhere K is the equilibrium conatant. snd a the activity
of each substance. LI both the reactants and the products
are at unit sctivity or if activity quotlient ia unity - 4F
becomes = ) F° and the last term becomes equal to zero. Ye
hsve as & result the equation
-47° =RTIn Kk (%)

snd since ) F = «NEF and AF? = «HE®F we can obtain the
equation &° = %%f_ 1n K and by subtrsction in eqguation (1)
we get the more gensral equation in whleh all) the asubatances
are not et unit sctivigy.

EmE® <R 1n a af

of o}

1f now we spply this squation to the particulsr

(3)

caze in vhiel tin 18 uvemed as an eleoctrode in & solution

of sn** tons of activity ag,++ and measured against & hydrogen



olectrode in & solution of H* of sctivity ap+ we get the
following equation for the electromotive of the cell

ng [ * // su*+ [ sn
and whose shemical resction is

+
ﬁg * ﬁa*‘:: 84 + Sn

(4)

if we measgure the potential of such a cell we
cen calculate the &i° vaiue for tin provided the activities
of the hydrogen fona and stannous ions are available.
Linhart (9) hes used a method in his determination
of the electrode potentiasl of morcury vy which the ususl
indefinite liquid junotion potentiasl hes been esvoided.

His cell is represented by the following expression

;12/ ﬁ{zwgims//mm;(m) + Hgg(aw.‘lg(éml/ Bg
If y i8s made smell in comparison with x the solution
becomes almost ldentleal throughout end hence sny lliguld
Junotion potential would be vory small. The &° osloulated
for sueh & eell would be praotically fres of any srror
csused by & liguid junction potential.

. It should be possible to use this type of cell to
determine the electrode potential of various motals above

mercury in the b.i.l"s seriss b: the use ol thes satwrated
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amalgams. ‘e shall usze 1t for determining the potentiagl
of the saturated tin emslgam from whloh the standard
electrode potential of tin can be calculatsd by correcting
for tie potentlial betweon pure tin and the sstursted amalgam.
Thiis cell would bhe vowmposed of the hyidrogen eleotrode
in x @alai hydrocihloric acld and the saturated tin mmalgam
in x molal hydrochloric seid and y molal stannous chloride.
It may be expressed as follows:
Hg { 37161(:@)” HC1(xm) + SnClg(xm) (Eg;{ﬁn)aaﬁtz.
The reactlion taking place in the cell would be

ﬁ; + sn**t - 2H* + s&n®
and the electromotive force of such a cell would be piven
by the egquation (4) above.

Hofore an E® value can be calculated the activity
of the individusl ilons must be availadble. 7The activities
of the ions are caleculeted by mltiphying the molaelity of
the ions by thelr activity coefficlents corresponding to
the ionic strength of the aolution in which they are used.
ihe mctivity cosfficlent i1s defined &8s the thermodynamic
deygree of dlssoeciation. These values are constant in
asolutions of the same lonle strength, provided the concentra-
tions are not too great. Ifonic strength is defined as one-

half the sum of the stolchiometriecal molallty of each ion

multiplied by the square of its velence. Thiha the activity
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of an lon is given by the equation
a, = Y. m, or a- = (em-
Zgquation (4) becomes,upon substitution of the
numoericsl values for the constants and changling to
ordinery logarithms,

a By, O
4w B® - 02958 log e oon

‘ﬁg 8+ 4
the K° value caloulated by this squation would be that
of tin in the saturated amamlgam. Since both the tin
and the hydrogen gas are in their standard states ag,
and a;, become equal to unity. Heplasing a by |'m we
got thes following equation for E° of tin in the
gaturated amalgam.

g
e 5® -.02088 iog (Yu+ Mu+)

Van++ Mgp++

To obtain E° for pure tin in its standard etate
it 1s only necesssry to add the potentiasl between pure
tin and its satursated amal;am to the ﬁo value csloulated

by the above sguation.
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EXPLHIMINTAL DETALILS
Ae Apperatus

AB8 tin in its smalgam is vmr& supceptidble to
oxyien such amalgems must be prepared and kept in a
complete abasence of sair. This has been sccomplished
by the system shown in the dlagrammatic sketch, shown
in Figure 1. It was constructed entirely of Syrex
glass fused together into one unit. Iy proper eontrol
of stopcocks the entire system could be evacusted to
8 pressure of less than & millimeter of mercury by means
of & Cenco iyvae pump, after whisch 1t could be filled
wlth hydrogen at atmospherio pressure. This oycle wes
repeated st least five times in order to insure complete
aboence of oxygei.

sraviously distilled werocury waes placed in a
distilling flask not shown in the figure and after the
fleak was sealed off the morcury was distilled under a
reduced pressure and in the jresence of hydrogen into
the air condenser A from which it ran directly into the
atorege flask 1, The distilling flask was heeted by
means of a Cenco iotocone heater, the current through whioh
was controlled by means of a water ccoled resistance in

order to rejgulate the amount of heating.



FIGURE I




The moreury in B eould be removed in & complete
gbsence of alr through the ground glass Jjoint at C by
means of suitable pipettes. The ground gless Joints at
¢ and & and on the two types of pipettes were of standard
taper and could be used interchangeably. 7The refersnce
amalzum was prepared and stored in flask O which was
equipped with e side arm X closed with s well fitting
rubber stopper. The rubber stopper st the top of the
flask was fitted with two tubes ¥ snd Z, both equipred
with stopeocks, one reaching to the bottom of the flask
and ths other Jjust through the stopper. This stopper wase
sealed in place with plecein cements The long caplllary
tube I dipped into a few centimetera of merecury and
served both to indlcate the pressure in the system and eas
a safety valve in case of excesa pressuwe. The two stope-
cocks et & served to connect the system with any other
system in which 1t was necessary to remove ell traocea of
air. The system was connected at 1 to & hydrogem bomb
from which the hydrogen passed through the tube H, which
contained copper gauge heated to 450° - 500° by means of
an electrically heated furnace. The ¢oil J peimitted the
hydrogen gas to be cocled befure it passed Into the rest
of the system. The lyvae pump was connected to the system
at K.

The pipette ¥, slown &n Figure 1II, was used in



FIGURE II
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transferring a weighed portion of mercury from B to

U in the absenece of air for use 1ln preparing the
reference amalyam. This same pipette was used in
praparing the electrolyte used in filling cell 0. It
was aquipped at the bottom with a caplllary outlet tubdbe,
closed by a stopeosk. At the top was a tube flitted with
a ground glass Jjolnt, and & side arm fitted with a stop-
cock.

The pipette N was used in diluting the reference
amalgam and in introdusing both the reference smalgam and
the dilute amelgems into cell O. It was eguipped with a
capillary outlet tube closed with a stopeock and a ground
szlass Joint as an inlet tube which was also fitted with a
stopconk.

The saturated amalgems were prepared in the flask
P shown in Figure IXl, It was connected to a caplllary tube
and stopcock by meuns of a ground glase Jjoint.

The funnel Q was used in trensferring the saturated
amalgam from the flask P to the ecells. The capillary outlet
was closed by means of a stopeock.

The cell 0O, shown in Figure Il,was used in measuring
the potentiasls between the verious smelgams as well as the
potentiala bDetween the saturated amalgem and the pure tin
eleotrodes. With the ¢ell so constructed, it was possible

to measure the potentlal between thres palirs of amalgams in
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one £1lling of the cell. iHlectrical contact between

the amalgems and the externsl leads were made by use of
platinum electrodes. These were mnade by fusing a short
plece of platinum wire in the end of a soft glass tube.
These tubes were then filled with meroury in order that
gontaoet could be mpde with the leada to the potentiometer.
These electrodes were held in place by rubber sllip Jjoints
whioh also served to seal the cell off from the alr. The
two side arms were used in removing air from the celil and
in edding thw electrolyte.

The cell in which the potentisl between the saturated
amalgamas snd the hydrogen electrodes were measured is shown
in Figure I{l. This type of cell made it posaslible to obtaln
the potentlial of two saturated amalgams agalinst two hydrogen
olectrodes in one f£1lling of the c¢ell, The construction of
the half cell in which the amali ume were placed is shown
by the disgram. The buld A was connected to B by means of
a ground glass Joint which permitted its removal during
the introduction of the saturated amslgams. This luntroduction
was sccomplished in exactly the ssme manner used in flliling
cell O« Hubber alip Jjoints were used in closing the two
vartical tubes on B

The construction of the hydrogen halfl cell £ is
clearly shiown in the figure. [Hydrogen was bubbled through

the cell by way of an inner sesl at the bottom of the cell.
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The two hydrogen eleetrodes of platinized platinum and
the bubbling tube F were fitted in & rubber stopper which
closed the top of the tell. The hydrogen was saturated
with the electrolyte to be used by passing through the
seturator G. The tube U served aa a bridge in connecting
the two half cells. ‘The stopcocks h and {1 were uniubricated
and then could be kept closed to prevent diffusion of the
alectrolyte which would be ‘accentuated by the pumping setion
caused by the bubbling of hydrogen through the ocell.

A thermostat oconstructed by the American Instrument
Company was used toc hold the cells at a constant temperaturs.
This bath was operated at 25°C and was constant to ¥ 0.02°,

The potentials of the cells were measured with a
Leeds and Horthrup Type K Potentiometer. iAn Hppley Standard
Cell, with an alégaremotiva foree of 1.01388 volts wes used
as a standard. A4 ieeds and Horthrup Type H Galvanometer,
with a sensitivity of 7.5 microvolts per millimeter with
an extarnal ecritical damping reslistance of 2000 ohm in
series, was used as a null instrument. The deflection of
the galvanometer was determined by means of & lamp and secale
reading device manufactured by the same company.

Zach eslectrode in & ¢ell hed a separate lead to a
switoh bosard, fr;m which, by a sultable arrangement of jacks,
the potential of any pelr of electrodes could be messured by

the potentiometer.



The welpghts used in thils work were calibrated
and only in the case of the BO gram weight was it necessary

to apply a correction.

Be Haterials

The mercury used in the preparation of &ll amalzams
was washed, dried and distilled twice. The first distlillae-
tion was cerried out under reduced prossure with a fine
stream of alr bubbling through the mercury to oxidise any
metals which might have been present. The segcond
diatillation was carried out in the system descridbed above
in the presence of hydrogen and under a reduced preasure.
The mercury was distlilled directly into the yeservoir B
after the distilling flask had been sealed off from the
atmosphere,.

The tin used in thils work was prepared by
elesctrolyzing a hydrochlorle acid solutlion of stannous
chloride at a hizgh current denslty. A platinum wire wasas
used a8 a cati:ode and & tin rod as the anode in the
alactrolysis. The stannous chloride solution was prepared
by dissolving Ce.Pe tin in comnsatant boliling hydroochloris
acid. The fine noedle~like corystals of tin obteined by this
rothod were first waeshed free of scid with dlstilled water

and then treated with alceohol Lo remove the excess water,
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and dried in a desiccator over concentrated sulfuric amcid.

The water used in all ceses was twice diatilled,
the sscond beling carried ocut using a block tin condenser.
The water was freshly prepared Jjust before use.

The hydrogen was obtalined from a bomb and was
freed of oxygen by passing over copper gauze heated to
480° - 500°C.

The stannous chloride used in this research was
Herok's reagent quality.

“he hydrochleric acld solutions were all prepared
from the constant boliling acld,
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l. Electromotive Foree of Tin Amalgams

in determining the ectivity of tin in tin amslgeams
from their electromotive forece it is necessary to have the
potential difference between each smalgam. As more than
one cell of four amelgams were measured 1t was necessary
to have one amalgam of the same eoncentration in esch eell
that waes assembled. This permits the caleulation of the
potentisl between many two amalgams or one in reference to
8ll the others. As & reference amalgam we have chosen one
whose concentration 1s near the concentration of the
saturated amalgzem, first, because small changes in
concentration due to oxidation would have no appreciable
ef fect upon the potential of that amalgem and second,
becauge this amalgam is to be used in preparing all of the
other amalgams by diluting wlth mercury.

This reference amal;am was prepared as follows:
the pipette K was ussd in transferring a welghed amount
of mercury from ths reservoelr B to flask D in a complete
absence of alre. 7The alr wes removed from the system sand
the pipette by the method of evacuatlion and £illing with
hydrogen. The mercury was run ouf of the pipette into D

by way of X, while a stream of hydrogen was escaping. This

hydrogen entered the flask D by way of ¢ and Z. The welghed



amount of tin was added in the same way, alter which the
analgam was completely mixed by bubbling hydrogen through
it by way ol the tube ¥ and G.

It should be mentioned here that the air in the
bore of any of the stopcocks could be removed by having
the system under a pressure of hydrogen sligntly more than
atnoepheric,and then by momentarily opening the stopcock
two or three times the alr would be replsced by hydrogen.

Sinca this reference amalgam was to be used both
es a reference potentisl and in preparing the other amalgam,
it was necessary to analyse it at the time essch cell was
fillied. %“he concentration was found to ochenge very slowly
during the interval between the filllng of each cell. e
This change was very small, but the potential of the reference
amalgam was corrected for thls change. It was no more than
«02 millivolta between any two cells.

This reference amalgam was analyzed for tin as
follows: a weighed sample of 10 « 30 grams of the amalgam
was placed in a sillimanite orucible of 35 - 40 e¢ capacity
and concentrated Hi0s added a few drops at a time with
constant stirring untii all of the mercury had dissolved.
The cruclble and its contents were then heated on & water
bath until) dry, after which it was corefully hested over a
free flsme until &ll)l of the mercury was distilled =f{, and
then finally ignited to constant weilght. The tin: was

wel hed es Snlge All of the above operetions were carrled
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out in a strong draft and under & hood. Duplicate
anaslyses were made on each sample. Thene always oheoked
within the limits of error in welghing.

Call O wes used to meassure the slectromotive force
between the tin amal;ame. The amalgams were placed in the
coll by means of the pipette ¥ This pipette was used
both in transferring the reference amalgam to the cell
and in diluting the reference amalgam wilth mercury and its
subsequent introduction into the cell.

The plpette was firet welghed and then Jolined to
the flask D by means of the ground glass Joint at i, then
sftor all of the air in the system and pipette had been
replaced by hyirogen the reference amalgam was run into
the pipette after which it was welghed and this time Jjoined
to B by means of the ground gless Joint st C. The alr was
replaced by hydrogen in the seme way as before and the
deslired amount of mercury run in with the smalgsm. After
thhis the pipette was weighed and then introduced ints the
cell O by way of & sllp Joint on the vertical tube directly
above the ocup in which the smalgem was to be placed., During
thias operation hydrogen was allowed to esscape tlwough the
tube in which the plipette was belng inserted in order to
prevent the entrance of any air inte the cell. The cell
was connected by way of cne of 1ts side tubes to the system

snd could be evacusted snd f1llled with hydrogen just ss in



the ceme of the pipettess. These vertlecal tubes above

the cups before the smalgams are introduced are closed

by mesns of & glass plug Iin the rubber slip Jolints. The
caplillary tube of the plipette was inserted until the tip
was Just inside the cup at the bottom of the eell. The
system was then subjected to the oyole of evaecusntlion and
£11ling with hydrogen in order to replace any air thet
might have entered and to remove the air whiech was trapped
in the caplllary tube of the pipette. “he amelgom wea then
allowed to run into the cell after wiileh: the pipette was
removed and replaced by the platinum eleotrode.

Thiis same procedure was repeated for the Luntroduction
of the other two diluted samalpgsms and the reference amalgam.
In the lattor case it was not necesssry to weigh the pipette.
The amalgans rﬁﬁ#&ﬁ&ﬁ bright indefinitely when allowed to
stend in the gell. It usually required the best part of
a6 dey to fill 2 cell, since only one plpette waa avellable,

The electrolyte used in the call was prepared by
dissolving SnlGlgeZHg) in 06 M HC1 from which all oxygen
had been removed by bolling uwnder s reduced pressures and
subssgusesnt bubbling of hydrogen through 1t.

The pipette ¥ was used in preparing this solution.
The welghed portion of inClg wag»plaaad in the plpetis whieh
was then oonnected to the aystem and also to the flesk contalning

the aly free 1ICl. After the sir haed been ramoved from the
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pipette, hydrogen was sllowed to pase through it and

into the flask contalining the iHCl, where it was allowed

to bubble through the solutlion for some time. Then the
required amount was run into the pipette by reducing

the pressure in the system. 7The pipette was then evacuated
until the solution bolled,and then 1lled with hydrogen

to recove the last traces of eire. After this the pipette
was welghed and connected to one of the side tubes of

the cell C. The tip of the eapillary on the pipette fltted
wael. inslde thia tube so thaet the solution did not eome in
contact with any of the rubber connectlions. The air between
the stopcocks was replaced by the usual method and then with
the cell undesr a reduced pressure the solutlion was sllowed
to run into the cell until it was about two-thirds full.

The solution in the cell was bolled at reduced pressure for
& fow minutes and then filled with lig and placed in the
thermostat. The potentisl between sach palr of amal;ema

was then measured at short intervals for several hours

and then at larger intervals for seversl days.
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2. The Potentisl Hetween rure Tin and its Seturated Aralgmms

The saturated amalgams used in all cazses were
prepared and introduced into ths cells by the followling
mathod: The necesasry weight of mercury and tin with a
fow gc. of 06 H HC1 were placed in the flask P. The acld
removad any oxlide film. that might be formed. The flask
and its contents were heated in s besker of boilln; water
wlith frequent shaking to insure complete mixing. After
the contents had reached the temperature of the water,
the caplllary tube with stopeoek and ground glass joint
woere fltted to the flask. The one-phase amalgam was then
run out throush the capillary to remove the oxide and excess
solid phase, and into a caplllary funiel which had previously
besn inserted in the cell. The stopeock on the funnel was
then opened to let the amamlyam run into the cell. Thir
technique was the same as wlth the more dilute amalgams.
These two-phased amalgams showed no signs of oxidation and
would remein bright es long as they were kept out of contsct
with air.

The pure tin electrodes were prepared by electrolyti-
cally depositing tin on a platinum wire electrode at varlious
current densitles end in various electrolytes. Ihese

electrodes were prepared jJjust before they were to be put Iinteo
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the cells. They were carefully washed with the same
electrolyte that was to be used in the cell. The tin
electrodes were introduced into the ¢ell in the same
manner as the platinum electrode used to make contact with
the amalgems.

Ghe same elecirolytes that was used in the amalgam

eolls were used in these cells.

3. The Potentlal ULetween the Sstursted Ammlgam and the

livdrozen ileoctrode

The oells used in determining the potentials
hetwesen the saturated emaslgams and the hydrogen electrodes
wore assembled in the following manner. The olectrolyte
that was to be used in the hydrogen electrode half-cell
was placed in the bulb D from which it eould be run either
into the ©ell s or to the bridge C. Aifter the hydrogen
electrodes and the bubble tube were put in thelir pleces
the electrolyte waaz allowsed to run into the cell until
the elsctrodes were just coveted. Ilydrogen, after first
passing through the saturstor (G waes sllowed to bubble
through the electrolyte in the cell. Thls was necessary
since the electrolyte and electrodes must be completsly

satureted with hydrogen before any messurements can be made.



The ssturator G and the bubble tube F were both fillled
with the ssme electrolyte as used in the hydrogen
alectrode half-cell,

The satursted amelgams were introduced into the
other half cell in the same wanner &s they were in the
preceding cells. The half-cell could be evacuated and
filled wilth hydrogen in the same way ss usual dby connecting
to the system by way of the tube whileh connscted B with the
bridge Ce The electrolyte of stannoum chloride and
hydrochloric acid was added to buld A while a straam of
hydrogen was ifasulng from the stopeock k. After the
hydrogen had bubbled through the sclution for some time
the cell was evacuated and the solution allowed to run in.
After the cell was filled the side arm was filled with the
solution by opening the stopcock J.

The two half-cells were then placed in position so
that they were connected by the tube C., The solution in D
was allowed to flow inte C until it was sbout two-thirds
full and then a few cc. of the solutlon in 4 was: zllowed
to run into the same tube.

The complete cell was then placed in the thermostat
at 25°C and the potentisls beiween the ssturated amalgsms
and the hydrogen electrodes messured at frequeat Latervals
during the first few hours, and at longer intervsls for the

rest of the daye. The potentiel usually reached & constant
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value veory quickly and remalined constant for several hours.
The barometer was read each time the potentials were
moeasured. The depth to which the inner tube in F was

submersed was determined for eash cell.



DATA AND DISCUSSION OF HRLLULTS

A. The rotentisles BSetween the Varilous Amaliems and

the Heference imalgzam

The potentiels between the reference smalgem
and twelve different amalgems were determined. The
concentrations expressed in mol fraction renged from
lig = 0.0002897 to By = 0.00995.
The eslectrolytes used in these cells were
sypraximately 0.015 molsl in stannous chloride and 0.08
normal in hydrochloriec ascid. It was found that 4f the
acld was any stronger tin was dlssolved from the amalgam,
thereby giving a changing potentlial to the amelgsm. IF
the scid was any weaker excessive hydrodysis took place.
Thus the concentratlion of the acld used was e sort of
a8 moan between the two diffloulties. In the solution
used only slight hydrolysls took place and since the
potentlials were constant for at least 24 hours very little
tin could hsve been dissolved by the acid.
in Bll,five cells wore filled and their potentiels
moasureds. In esch was the reference amal; asm and three other
amaliamsee. In some of the cells two of the electrodes werse

of the ssme auncentration. This showed that the potential



- 37 -

of the amsl;ams were very reproducible,for their potentials
varied no more than .02 of a millivolt.

in each ¢ell six different potentisls were messured.
Tnis afforded a valuable ocheck on esch of the potentials
since any three vaslues would give all the wvalues needed.

In Table I are given the measured values for a
typical cell. The first column gives the time at whieh the
potentisls were measured and in eamch of the other ocolumms
are glwven the potentlal of the partiocular pair of amal; ams
indicated at the tops

In Tsble 1II we have tabulated the potentiaels of all
the amalgems referred to the most dilute amalgam. The first
golumn gives the mol fraction and the second the potential
of the smeliams sagainst the wmost dilute. These potentlals
have been calculasted from the potentiels of each of the
amalyams against the reference amalgam. This table also
glives the potential between the saturated tin smalgam and
the most dlliute amalgam, This was obtained by mesasuring the
potentlial between the saturated amal;sm and the reference

amaliam.



‘w'

Teble I
Time 1 -2 1 -3 1 -4 2 -8 B~ 4 3 -4
0:36 00218 «O3759 = 00878 «O3IVTO « 00152 «04131
0:80 219 3768 370 970 161 4130
1:40 220 3769 369 398Y 148 4128
L2145 221 J769 368 3981 147 4128
3:086 221 37585 388 369681 146 418786
4:00 282 3769 S68 =908 145 4128785
4:565 223 37685 366 3962 144 4127
H:40 2R3 37685 368 29825 144 4187
6:50 223 3768 368 J08886 144 4127
3:35 224 3768 38856 J06256 144 4187
93130 224 3768 369 36825 144 4187
228:156 284 3765 ST3 3980 148 4129
28:00 284 3766 373 3981 148 41g9
24:00 224 3766 I7R 3981 148 4130
288:30 224 X786 Ly 4] 3681 149 4130
2731458 22e 3756 374 981 180 4131
28:00 224 3T7H6 374 3981 150 4131
468300 223 3756 > 3980 153 4133
495300 283 375656 3T7B 3580 163 4133
58300 223 3766 3775 3979 154 4134




Table II

Hg B
0.0002997 0
0.0008459 0.00761
0.0008256 0.00933
0.001264 0.01824
0.002246 0.02804
0.003207 0.02926
04004209 0.03238
0.006012 0.03433
0.0068086 0.03594
0.008760 0.03780
0.008436 0.03981
0.009442 0.04084
0.009950 0.04124

0.01263 mﬁﬂﬂc ) 0.04345

The concentration of the liguid phase of the
saturated amslgam as determined by Vaniieteren has been
glven as 1l.21 mol percent. ?ﬁwwuuu during this yreseerch
has shown this value to be low and thet it should be 1.263
wmol percsnt, or w& w 0.,01263.

The concentration of tin in the solld phase ce&n he
calculated roughly by means of the Hernat equation by
uging mol fractions lastesd of asctlvity. UJuch a
caloulation gives 92.5 mol percent of tin in the solid phaseo.
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B. The rotential Between Pure Tin and ita Saturated

. o

Consideradble difficulty was encountered in obtaine
ing reproducible potentisls botween the aamturated emel ams
and pure tin. Approximately thirty tin electrodes were
prepared by elsctroplating tin on platinum eleetrodes from
a number of different solutions and at several current
densities. I this number only eleven gave anything like
a conatant potsntisl. Dut praectically all of the slectrodes
that gave a constant value were within t L0001 of a volt
of the average value. Ihile the others varied over a large
range of potentlals, some even belng positive agaminst the
saturated amalgam. The elsotrodes that gave a constant
value were not prepared from any particuler solution or
at a definite current density. The following solutlons
were used in depositing tin on the pletinum elsgtrodess
NaOH end SnClg at 80°, 6 N iCl and cons. 5nlly, and a
dilute HCl and dilute ZnClg bath. The latter appesred to
sive the best results, It is very probable that the beast
electrodes are prepared at s high current denasity.

The average of the eleven values which were fairly

conatant wes 0010 volts : +O00) of 8 volt.
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C. Zhe rotential ietween the Ssatursted imslyems and

the lHydrogen Rleoctrod

in all, a total of aoeventeen cells were {filled and
thelr potentials measured, which meant thet 34 values were
obtained for the cell expressed as follows:

tig [ G2 (xm) [[snc1g(am) + e (xm) [ugon(sat.)

A few of these velues must be discarded for various reasong.

in cell i both the hydrogen electrodes and the
saturated amal ams were rather erratic. It wes also noted
that some diffusion took place., while & value thaet wes
falrly constant for about three hours was obtalined, the
E° value calculated from 1t was 10 millivolts higher than
sny of the other wvalues.

In cells 1, 2, & and 4 in whioh the most dilute
acld was used, no constant values wore obtained. VWhile
the potentisls of the two ssturated amalg ams in the cells
wore practically the same they slowly increased. In view
of the fact that in all the other cella constant values
wore found almost from the time the celle were plsced in
the bath, the first few values were averaged and used in
calculating EQ. Little welight oan be given to these values,
but most of them were very close to the avereyge value that

was calcujated from the other cells.
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In only two cells did the potentials of the
saturated amalgams very by more than & tenth of a
millivolt, these being the smmigams in cell H mentlioned
above and in ¢ell 3, one of the dilute aoid cells. In
most casaes they varied no more then a few hundredths of
a8 millivoit. These potentlals remained counstant in most
cases for at least 3 hours, varying only with atmospheric
Pressure.

The data obtained for a particuler c¢ell are ahown
in Table 1ili. The time at which the potentials were taken
ere given in column one, the potentisls between each
amalgam end the two hydrogen elestrodes in the next four
columns and the beromoetric pressure in the lsst colummn.

Table IV givee concentrations of the inCly end
HCl, the average of the potential botween each amalgem and
the two hydrogen electrodes, the barometric pressure and
the depth to which the inner tube in the bubble tube was

submorsed for esasch ¢cell.



Table III

Hmelgam A Amalgam B Submersion
, 1.3 om

Time in slect- lig eleot- IHp elect~ Hy elect- Barometrioe
Hrae. rode A rode B ryode B rode A pressure
0:10 « 18387 218382 « 18396 « 18393 TT7 0 mme
Q15 183863 «183886 18363 18392 7.0 "
0:26 «18387 «18388 «18393 «18392 Ti7.0 "
11086 18387 « 18388 «18305 « 18393 777.0 ¢
2:00 «18389 «18300 «183986 «18386 768 *
2:20 «18389 18390 18396 183986 776.7 ¢
£2:80 » 18390 « 18391 « 18397 « 183986 7768 *
5145 18388 «+183809 «183986 « 18594 TI6,1 %
5:10 « 18388 «18390 «18396 18304 T76.6 "
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Table IV
¥ Measured
Cell Holality Molality Amelgem Amalgem Barometric Submer-
of Snﬁ;g: of HCL F 7y B Froassure sion

® « 001280 OBE9 «18075 « 18078 767 .8 1.5

G « 0009485 0059 «18980 «19010 TE2.0 1.4

H « 000800 «0059 « 19608 « 197861 767 .2 1.1

I «001338 « 037886 «18166 « 18185 777 «6 1%

1 «0003084 «OBHIB «18808 «185618 764.2 1.5

g2 000078 «DH536 «17040 «17040 T62.9 1.5

3 +001012 05536 «17020 «17085 TH8 .6 1.6

S 2001153 0B7886 « 18410 «168410 764.0 l1eB

6 «Q0L703 08788 «17528 o 17938 T64.6 1.5

7 «001450 «B87886 « 18088 e 13082 T680.3 1.6

B «D008B9B 0033 «18928 <1882 768.4 1.2

* 000088 O3B «18768 « 18754 769 .0 2.0
10 « 001369 « 0933 « 18388 « 18393 TT7 .0 1.3
11 «O0LBUH «OD33 « 182856 «182838 754.6 1.3
12 +00182) D3 «180456 » 18045 TEG8 .0 1.9
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CALCULATIONS

Ae The setivity of Tin in Tin Amalcams

The method which we will use in cslculsting the
aotivity of tin in tin amelgams from the electromotive
force of such emalgsms has been developed in the firat
part of this papere.

ihe most dilute emalgam. wes selected as the
seforence and 1ts actlvity and mol fraction are

reprasented by Aé and Ké. Then «~i in the sgquation

H

log -fﬂ%-‘ a i&fm - log Ng) + log 8, will

be the electromotive force bstween the reference amalgam
and any other emalyam, whose mol fraction and setivity
are respectively Hg and B

If we plot the quentity in the parenthesis against
the mol fraction Ng as in Pigure IV, we can extrapolate
the curve to whers it ocuts the verticsl axis at which Hg
is egual to zero. The value of this limiting ordinate
must be equal to -log aé, for when By 18 sero §§ = 1,
and the log.gg is equel to zero. This gives st once the
activity of tin in the most dilute amsal;sm or the so-callsd
refoecence amslgum. Murthermcre, 1f the value of this

limlting ordinate is subtracted from the ordinste of any
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other value of ﬁg, it gives at oncs the corresponding

value of the log é}g;. s from which the sctivity is

saasily caleulated.

Jinge this oalculation depends upon an extra-
polated value 1t 1ls essentisl that both ths concentration
and electromotive Iorce of the very dllute amslgams be
securately knowne 4 small error in the concentration of
these amalgams would cause much larger eorror in the
potentisls than would the same error in the more concentrate
el amaliams. In vlew of this fact it seemed advisable to
ineorporeate with owr values those obtalined by idchards and
“ileson {(1)e This would serve both to add welght to the
extrapoleted value and as & means of comparing the two
determinations. ¢hile liehards and Wileon only established
the potential between four different amsl .sms these were
all in the dilute portion of our curve and therefore are
in the region where they would be wmost useful.

Thelr measursments were oarried out at 30°C. but
by use of their temperaturs coefficlents we heve calculated
the electromotive force of their values at 25°C. These
values,referred to the most dllute amalyam are given in
Table Ve

in relating thelir values with our own we have used
the Hernst squetion for the eleetromotive forve of a concene
tration cell & = ,02068 log ggu in caloulating the potential

between thelr moast dilute amelgem and ocur most dilute amelgam.



Table V

Ry -
«O002738 O
«0004469 « 00628
«001031 «01670
005584 «03160

S8ince these two analgams are vory dilute and

their concentrations very close together it 1s reasonable

to assume that the ratio of their mol fractions sre not

appreciably different from the ratio of thelr asctivities.

Thersfore, we have csleulsted the potentisl between the

two amalgams by the above equation using their mol

fraotions. This walue i85 found on the third: line in
the third eolumn of Teble VI,
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Table VI
Bg -log N i - ] 8 8o
2 . Eg
log Hg

o — &L 0 3.5688 1 0
0008738 3.6626 0 5.5628 <878 0002708
< 0002967 B.5233 00116 8.56L6 <870 .0002958
- 0004469 5.3498 00626 2.5614 <9845 0004400
0005469 3.26290 00877 5.5604 LT B340
0006266 3.2037 01048 35683 <9799 «0006116
001031 2 IHET 01670 2.5612 -D618 0009918
.001284 2.5014 01940 B.5472 9528 .001224
.002246 2.6486 .02620 3,543 0249 002077
003207 2.4940 03041 3.5221 BY03 .002883
003624 2. 4830 .03180 3.5218 8978 003164
004209 2.3759 03354 3.5008 8742 003679
008012 2.35000 03549 5.4998 8548 .004281
005805 2.5362 03710 F.4904 .8360 .004853
006760 241701 03876 5.4801 8164 005618
008436 2.,0739 04097 3.4890 TV 006560
009442 2.0249 +O04200 3.4448 7527 007107
00985 2.0022 04244 S.4369 <7591 007554
.01263 1.8986 .04461 3.4067 .5894 008704

In Tsble VI are gliven the mol fractlons Hgp of the

amalgams, log Ny, the potentlals betwsen sach amslgam and

the most dilute amalgam, the value of (~ﬁ§§s§ - log Ng),

the rstio of 282

Wg~

and the sotlivity of tin in each amalgam.

At the top of column four is gilven the extrapolated value

obtained from the curve in Filgure IV,

The walues indicated

by red eircles are those obtained from itichards and wWilson'dl)

data.

hese points show the very zood agreement of the two

determinations, as well as to decrsase the uncertainty of the

extrapolated value.
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In Pilgure V the activities of ¢tin in tin amslgsms
have been plotited asgainat their mol fractions with the
exception of tho saturated smalgem. The polints enclosed
in the red clreles are those obtained Irom the dsta of

ftehards and vwilson (1)

B. The Standard Ilectrode rotential of Tin

The potentisl of the hydrogen electrode ias considsred
to be zeroc only when the pressure of the hydrogsn gas 1s at
one stmosphere. Thus 1f the pressure of thes hydrogen is at
eny other pressure ths potential of the cslil must be

corrected for pressure by means of the following eguation:

i = 02958 log 3%2,,

where Y is the preasure of hydrogen in any oceil. “his
pressurd i1a obtained in the cane of our cells by subtrscting
tha vapor preasure of water ac 25°C, from the bsrometric
mressure and adding the presgsure csused by the depth of the
liquid in the bubble tube. This potential 1s subtrascted
srom the nsasured valus.

The equsticn whiech 18 to be used in calcoulstion of
the Ea velues was developed in the first part of this paper

and 1s as follows: '
Ew B - .0B9BS log (Vi my+)®

r*gn** Mgy b




The activity coefficlents of the hydrogen ion

at various ionic strength as given by Lewis and handall {(11)
appear to be inconsistent,for when the activity coefflclents
Y+ are plotted against the ionic strength M as shown by
the curve A of Filgure VI, several of tihwe polints do not fsll
on the eurvee. For this reason the activity ecefficlants
of the hydrogen lon have been ceiculated Ifrom Lo wobivii
coafficlents of hydrochloric acid obtalined by Handmell and
Young (12 These values for the activity coefriclent of
hydrochlorie acid at various ionle strengths ere shown by
the curve C of Figure VI. These valuea appear to form a
vory smooth curve with all the polints fulling on the curve.
in order to obtain the y, of the hydrogen ion from the mean
activity coefficlent yﬂt of hydrochloric scid, it 1is
necessary to have the . for the chloride ion. Yo obtain

Y - for the ehloride ion we must mssume that |y, for the
potassium lon and (_ for the ehloride Lfon in potasaium
ehlorlide are equal and therasfore equal to yi for potapsium
chiloride. This is very nsarly correct sinca the transfersnce
numbers of the potassium ion snd the chloride ion are very
close tozether. e have plotted the V% of potessium chloride
as determined by tcatchard (13) at various lonie strengths.
This eurve 18 shown in Figure VI and indieated by the lestter

De The |4 for the hydrogen ion was caiculated at verious
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fonle strengths by squaring the Y& of hydrochloric acid
and dividing by the y% of potessium chloride at correspond-
ing lonie strengths. The results of such s caleulation are
shown by the ocurve B in Figure Vi. 7The caloculated velues
of |4 for the hydrogen lon are somewhat lower then those
of Lewls and resndall (12). The values from which the four
curves were plotted are glven in Table VII.

fisndall and Muraksmil (l4) have detormined the activity
coefficlient Vi of the stannous ion in stannous chilorids in
the presence of hydrochloric acld. Using these activity
coanfficlents in celeulsting % we got a value that 1s feirly
constant but which is only a few millivolts higher than B°
for lead.

Since lead chloride and stannous chloride are both
weak salts and both divalent metals their activity cocefflelients
should be very neerly the same. Lewis and kandall (15) have
calculated the activity coefflolents of lead chloride from data
obtuined by Bronsted (16).
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Table VII
Ionic strength Vi IlCl V. KCl Yi+cale. Vu+ Lewis
= - & Randall
.002 .9526 .9508 0544 .97
006 .9286 .9260 .9311 .95
.010 .9040 8990 .9080 .92
.020 8740 .8674 .8806 .90
.035 <8477 8372 .8585 -
+050 .8203 8150 8441 .88
.O?S 08096 .7875 .8320 -
<100 7955 .7640 .8285 .84
ionic

These values at various/strengths are as follows:
A 0.003 0.006 0.005 0.03 0.06 0.117
Y+ 0.81 0.74 0.63 0.55 0.47 0.39

The V} values were plotted against the ionic strength
as shown by the curve in Flgure VII,

We have calculated the E° values of the cells by
using activity coefficients | of lead ions which were
obteined by cubing the y of PbCly, and dividing by the
square of the Y - of the echloride ion taken from the
curves at the loniec strength of the solution used in each cell.

By the same method as above we have calculated E©
values for each of the cells by employlng the activity
coefficients of PbClg obtained by Carmondy (7). The results
of his values were also plotted agalinst the ionic strength
in Pigure VII. As a means of comparison the (4 values of

SnCly obtained by iandall and Murakami (14) are also plotted
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against the ionie strength.

he £°

values obteined by these three serles of
calculations are given in the last three columns of Table
Viiie The first columm gives the number of the cell and
amalgam. Column two is the mesasured potential corrected
for presaure.

Any value that differs from the sversge value by
more than four times the averege devistion is not ineoluded
in the finel everage. 7o the average velue in each case
must be added the potential between the saturated amasliam
and pure tin, thus increasing the potentlial of ali three
by one militvolt.

The 1° value obtained by use of sSandsall and Wurakem® (14’
values for the asctivity coeffliclent of stamnous lons seoms
unreasonable in view of the value which loyes and Toube (5)
have obtained for the equilibrium between lead and tin, which
indicates that the standard electrods potentiasl of tin should
ba «0140 volts higher than the standard electrode potential
of lesd.

The prosent sccepted value for lead calculatod by
Lewis and Kendsll (6) from several sources is 0.122, whioh
would make the value for tin 0.136. Ilatfield (8) in this
laboratory has just completed a determination of the electrode
potentlial of lead by the same method whioh we have used for tin,
using the following cells

32/ HC10g (xm) //E’bi(}lﬁg}giymﬁ + iiﬁlﬁ.ﬁm)/f}ig;?b (Bat.)
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Table VIIIX

50
Cell Amal geam i Heasur- handall Bronsted Carmondy
Ho ed

i & 0% Xt ) &) «1291 1 O7H «13986
B «18030 1202 «1378 « 1396
F A 18054 <1294 « 18579 - 1598
B « 18037 <1295 «1379 « 1399
Q A «18946 21204 2 1377 » 1387
B « 18964 12066 <1379 1309
H & «19660 1361 w1443 1463
B « 19726 + 13568 « 1440 «1469
I A «18147 1280 1371 <1392
3 e 13147 <1280 «1371 «1382
1 A 18477 0 1309 «1378 « 13596
B «1848% +1310 « 1379 « 1397
2 A « 17008 1306 « 1366 +1304
B « 17006 «1306 « 1366 <1394
3 A « 18977 « 1307 « 1368 1396
B «17024 «1312 1378 + 1400
4 A o 17044 «1303 o178 «1401
B 17084 «1304 «1874 « 1402
5 & «18878 12856 1374 » 1396
B « 18378 «1290 « 1874 » 1386
é A 17897 «1295 «135756 « 1397
B « 17897 « 1205 « 1378 3
7 & «1B8044 ~1283 e 1373 <1398
b} « 18044 « 1283 1373 « 1306
8 A «18898 <1294 « 1376 « 13596
2 A 18736 « 12809 1372 13882
B 183738 « 1289 «137) « 1397
10 A «1lu37% «1804 1376 « 1307
B « 15384 «1204 1377 « 1397
11 A «18177 1288 « 1375 13986
B 181886 « 12093 «1376 » 1300
12 & «18003 «1281 « 1374 e 1304
3 « 18008 +1891 1374 «1304
Average « 1283 « 1376 « 1386
° « 0010 «0010 « 2010
4 « 1303 «13858 « 14086
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He obtalns .1249 volts for E° for lead. If .0140 volts
1a sdded to this we get 1389 whieh l1la in pood agreement
with the value that we get using [Bronsted's astivity
goafficients.

Carmondy (7) has determined the electrode potential
of lead to be 1284 if to this 1a addod the walue of Noyes
and Toabe (6) we get .1404 for tin which compares very
€losely to the value that we gebt when we use his motivity
coefficients for lead lon 1astead of Hronsted's {(16..

These resultes Indleate that while the messured
potentials are sstliesfesctory the calculstion of an exmot &°
value must await the determination of more sceurate actlvity
coofficients. They further indlecate that the sctivity
coafficilents of tin must not be far removed from those of
leed snd that those found for stannous lon must De in error
in some way since they ere approximately only halfl those
wi:leh have been obtalned for lesd.

In view of the value of 0.1249 volts that Hatflield (8)
has found for the electrode potential of lead, which on
adding the enuilibrium wvelue of Hoyes and Toabe, gives
0.1389 volts for the electrode potential of tin, we shall
consider the E° valus that has been cslculated from
Bronated's (18) setivity coefficlents to be wore nearly the
grue valus. The average deviation of his value i1s ¥ 0004
volte, thus our value of Q.1385 1s within this deviation of

the value caleulated from his wvelue for lead.



DISCUSSIOR QF HRRORS

A. The Aptivity of Tin

The mol fractions of tin Iin the tin amalgams have
& preclsion of 0.2 of one percent as determined by
analyses, Such an error would cause & difference of 0,03
millivolts in the potentisl of any smalgem. The potentials
as determined for nearly all of the amaligems were constant
within this valuee.

The potentlals of the amsal ams could be meassured to
Z 0.01 of a millivolt by means of the type K Potentlometer.
4 ohange in temperature of a tenth of a degree produces only
a change of 0,01 of a millivolt In the potential of the
amalgama,. Sinece the temperature of the thermostat was
constant to within 2 .02°, no error would result from thils
source.

Any error caused by oxidation should be very smell
since the potentials remsined constant for & long period
of time.

The error in the activitles of tin should therelfore

be Iln the same order of magnitude as that in the mol {ractions,

namely .2 of one percent.
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Be. The Potential Between Pure Tin and its Ssturated /imalgam

The only source of error in the determination of the
potential between the saturated smalgam and pure tin that
needs to be consldered 1s that dus to the diffieulty in
ettaining an equilibrium value. 7The error from this source
far overshadows any other error that might be present.

8ince the tin in eact electrode is of the smame purlty
the difficulty in obtaining en squilibrium value must be
ascribed to a difference in physicel states of the metal.

In other words the metal muat be under difrferent degrees of
straine.

That tiis 18 true 1a resdlly seen from the fact that
out of a totel of thirty slectrodes prepared and measured
only eleven geve anything llike en equilibrium.value. Their
potentlals varied over & wide range and did not resch an
equilibrium value.

The eonastant values of esch of the eleven elsctrodes
wore averaged and the average deviation from the mean was
asbout & tenth of & millivolt, Thus the potentiel between the
saturated tin amalgem and pure tin has been determined to

¥ 0ul of a millivolt.



Ce The Standard Zlectrode Fotential of Tin.

The average deviation from the mean of the
calculsted values for E° 8 = 0.2 of & millivolt. his
error is slightly more than can be accounted for consider-
ing the vairous feotors which influence the caloulation.

The measured potentiasls themselves cen be
detormined to within £ 0.01 of a millivolt by means of
the potentiometer, and need not he considored, as it
would heve no effect on the final result.

The potentials of the saturated smalgams themselvas
do not vary more then a 0.1 of & milliivolt, as shown by
the two amalgems In any one cell.

The wmolalities of the hydrogen ion are in srror by
no more than 0.2 of one percent. The same is t rue fop
the activity coefsficlents for the hydrogen ions. Sueh an
error in either case would make a dlifference of less than
0.1 of & millivolt in the caleulated E° value.

The molalitiesof the stannous lon sre precise only
to about GC.H of one porcent as are the sotivity coefificlents
of the astannous ion, but since neither of these values are
sqgquared in the equation for calculating Eu sueh &n error in
elther would tause & difference of leas than 0.1 of a millivolt

in the o value.
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We can, therefore, readlly see that without
conasldering any error due to oxygen being presont that
the average devistion of the mesn: of 0.2 of a millivolt
is as well as could be expected. The values that deviate
more than this average can readily be explained by the

presence of OXyiyohe
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CONCLUSION

The motivities of tin in tin amalgams at 26°C. have

been caleoulated from the electromotive force of the
analgams. These values are for the entire range
from ﬁg = O to ﬁg = 01263, the saturated emalgam.
The concentration of tin in the liquid phase of the
satureted amalgam at ngc has been found to be
1.263 mol percent instead of 1l.21 mol percent as
found by Vanileterene.

The potential between pure tin and its saturated
amalgam at 26°C. haes been determined es .00M0 volts
f «0001 volts.

ihe atandard electrode potential of tin has been

found to be 0.1385 volts * ,0002 volts.
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