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the dissociatlon constant© of weak acids ©an
b© determined fjpQR th&rri©dynamic data obtained from
Odin Without liquid jimetton* I|b© mothod was
developed by Earned and hi© students.*]

ft* applying the method to acetic acid, Honed
and Shlcsra”™ used a cell of the type:

Pt, Hjg/toAO”, HtDA”, HaO~/AgCI/Ag

Consideration of the ionisation reactions ocourting in
the cell electrolyte ©hows that the electrolyte acts
as though it is a dilute solution of hydrochloric
acid in a sodium acetate—noetic acid buffer mixture*
Ttm value derived Sbr the dlssoeio.tion constant of
acetic sold at 2o° from, the potential of the cell was
1*754x10*"*

fhc purpose of this study is to examine the
silver-silver lodide electrode in a similarly buffered
acetic acid solution, and to test the reliability of
the electrode by comparison of the values of the dis-
sociation constant calculated from the observed potentials
with that obtained from the highly reproducible measure-

ments node by Earned*
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According to th® method of Hamad3 and his
associates, th® dissociation constant for aootic acid
can he calculated tmm purely therm oynanic measurements

using a cell without liquid junction of the type.

Pt* 2 (J»1)/toA0(ral), le*>A°(B2), naJn™Asl.Ag U)

Hi® reaction for this cell 1st

I +ml * ~ T*+m (%)
If the pressure of the hydrogen is on© atm sphere, th©
following equation expresses the potential of the colli

ss Tp-J|in (%f m3r~r) (3)
Where S i® th© observed e.ia.f.* IP the stand-jrd reduction
potcatid* H the molar gas constant* T the absolute
teaperature, F the faraday constant* n th© respective
aolallty* and Jro f the -indicated ion* the activity
coefficient in acidity unite* lhe ionization of acetic
acid my be expressed:

HDAO f H20 Hjpf i OA<r, (4)
and the ionization constant my be expressed by the fal-

lowing equationt
*I®@AO* (5)

Whme [Hjp~J* jOAffJ @ and (lsoac) represent th® activities

of tho hydronium, acetate ion* and the acetic acid



respectively, toe thermodynamic equation tor the dis-

sociation of acetic acid is

(6)
Where ICis the dissociation constant of the acid, or,
rearrangingt

(7)
Substituting this value for in equation 13)

(8)
©iis my be rearranged to give toe following:

(9)

©I© values of | are measured at various values of m{0 Xc,

m-, and m * Si dilyte solutions, the total conoontrotion
* OAfir

of the acetate ion, a QAtf, is the sumof the acetate ion
formed by the dissociation of acetic acid, and that from
the sodium acetate, the value is obtained by sub-

tracting from to© analytically determined molality of the

acetic acid, to© molality of toe hydronium ion,
%» . Hhie Is obtained by toe us© of toe equation
%+ 7 <n*HOAO> U.78X10-5) (10)

whore (1,7°DU>~> represents m assumed value for toe



dissociation constant of acetic acid* those corrections
remain small .in the presence of excess sodium acetate*
'lie vain® of n» is known from the concontration of the
Bodlvm iodide* assuming complete dissociation and no
hydrolysis*

tho values of the quantities in the left side of
equation (9) are all knownl and so the value of toils
side of the equation is plotted again®t the ionic strength,

the ratio of the activity coefficients, g

is equal to unity whon/*e* 0o* me same i® true for
/ldac” the first tern on the right side of equation
(e)» * ™ n , varios with ionic strength
while the second, RE in K, is constant, the equation

is of tho straitt line ibra, and so a noarly straight
line should result from the plot of the left side of the
equation against™-* Extrapolation of the left side to
a«®o ionic strength eliminates the tern involving the

activity Coefficients, and toie intercept will be the value

of - In K* Urns, ne surer.cnt of the e.n.f. of tho

/
cell indicated leads to a direct evaluation of the

thermodynamic dissociation constant*
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Jlallinlnrodt’e 99,5# Analytical Reagent
acetic acid wan used without further purification,
file ©odium iodide was Golenaa 4 Bell*© ‘c.P.
Analyzed product, and the .sodium acetate was
del«nan and Bell*s C,P, Analytical Reagent grade.
Neither was further purified,

SILVER OXIDEi silver oxide was prepared
by addins a hot solution of Mallialm>dt*s Analyt-
ical Reagent sodium hydroxide to a hot solution
containing an excess of Morels*& C.P, silver
nitrate, the precipitated oxide was washed
twenty-six times by decantation, dried in a vacuum
deesicator, and stoged in a brown bottle*

SILVER JDM{Si tb a hot Solution of Cole-
man and Bell’s C.P, sodium io&ato was added a
solution of Merck’s C,P, silver nitrate, the white
precipitate was washed by decantation twenty—five
times, dried for eight days in,an oven at 6CPG, and
stored in a brown bottle,

HTDHEOXE* Oommercial tank hydrogen was

passed over copper shavings at about 450°C and

then through a chain of four gas saturating, bulbs



containing suoeesstvely sodium hydroxide, potassium
permanganate {2), and redistilled water# Bio gas was
load through a Bichowsky ana ¢»torch3gas saturating
bulb ana finally through the cell, those being to-
»«wed in a constant water bath# Connection© con»
sistod mainly of Coming’s standard taper glass joints#
Opalings through which the various solutions were
Jpoured into their respective vessels were covered
with paper and sealed with wax, Cork surfaoes were
entirely paraffined*
mnmmm

ACETIC ACID: The stock solution of acid
was standardized by titration against a aodlwa
hydroxide solution, the strength of which mo
determined by titration against a carefully prepared
potassium acid phthalato solution# Calibrated
burette were usod in all titrations# The nolality
of the solution represents the average of several
determinations which agreed to 0#1$ of the total
acetic acid,

SODIUM ACETATE: A sample of this salt was
carefully weired and added to the original acetic

acid solution#



SODIUM IDDIMi  An accurately weired sample
of sodium iodide ms dissolved into the acetic acid
solution.

SSUL ODISmORS: The stock solution con-
sisted of the standardized acetic acid solution
containing the weired amount© of sodium iodide
and sodium acetate, 'HO density of this solution
and also of successive solutions was determined by
weighing at 25° a pycnometer filled with tho
solutionj the exact volume of the pycnometer had
been determined previously at the .sane temperature.
The equation used for tho determination of tho

density was*

A * &$sgg [0%999-4-4* i)
Hhere dt is the density of the liquid, a»a the
apparent total weight, Qg tho apparent weight of the
pycnometer, and V the volume of tho pycnometer.
Other' factor® in the equation correct for the
buoyancy effect of air, The equation used to

determine the volume of the pycnometer was:

v o* eg? (0*999B61&SEE.) 12)

Where Ga is tho apparent total weight, Gg the ap-
parent weight of the pycnometer, and. dw the density

of water at the temperature of the experiment, other



factors oorroct ibr the buoyancy of air, Suocosaivo
ablutions of lessor raolallty t;«ro proparod by pro-
gressive dilution of the original solution* Aux-
iliary solutions were nad© for each of the various
cell solutions.
APPARATUS

A Leeds and Korfchrup Typo "K® potantiomotor
reading to 0*01 aUliw Xt was used* The galvanoraotor
was a Leeds and Morthrup «Type H* SDVIn@-oo0il instru-
mast* The circuit wee standardised with a standard
Weston coll*

OF Ll YSSSKfci Th® ooll vosoel used 1© dl-



All part® of the cell were made from Pyrex brand
glassware. In each experiment, the m& saturating
bulb was filled with the auxiliary solution. Both
the sell and the gmii saturating bulb were brought
to oonstant temperature in a Sergeant constant
temperature bath at 25*0, )Z°C.

KLISCTBOng: Iha hydrogen electrode
was prepared according to the method of Ibpoff,
ICtiis, and Staow™ modified a©cording to the ibllowling
procedure suggested by Kmniar. and Scteelsle5. 1h©
hydrogen electrode was sad® by sealing a piece of
perlbrated platinum foil into the end of a soft glass
tub®. The exposed end measured 3X3anv while the
fused end was fcept in contact with mercury to form
an electrical connection* The ibil was cleaned by
successive trcata&ent with hot concentrated nitric
acid and potassium bichromate in concentrated sulfuric
acid, and final rinsing in running redistilled water.
It was electrolysed as the cathode in a dilute solution
of sodium oynnlde and gold chloride fox one-hf,If hour
at a current of six milllampares. The electrolysis
eolation was prepared as follows: After 0,7g of gold
chloride was dissolved in 50 ml of water, the asld was

was precipitated as gold hydroxide by addition of
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sufficient oaoniua hydroxidei an excess was avoided#
the precipitate was washed by decantation and dis-
solved immediately in a solution of I#5g of sodium
cyanide in 100 ml of water# the ammonia was driven
‘'off by boiling* After gold plating the electrode,
it was electrolysed as the cathode in the following
solutions; a chloroplatinnie acid solution for five
minutes at 20 mill iorapore© (then rinsed), a dilute
solution of sodium hydroxide for five seconds at
10 milldamper©a, and finally in a dilute solution
of sulfuric acid for on© minute at 10 milliamperee#
the platinized electrode was kept in redistilled
water until ready for use#

Bwrm~&wrm iddiest wjmmmt the ©iivor-
sliver lodide electrode was of the type described by
Owen6. A platinum'wir© 3cm long was coiled and
sealed into the end of a soft glass tube; the fused
end contacted mercury to afford an electrical con-
nection# the coll was cleaned with concentrated
nitric acid, heated to redness in a non-luminpus
flame, and immersed in a hot solution of potassium
bichromate dissolved in concentrated sulfuric acid#
the electrode was rinsed with running redistilled

water, and dipped into a paste made by the addition

of water to a mixture of nine parte of silver oxide



and on© part silver lodate ground in onagate mortar*
Hi© electrode was heated in a Bari®ipr Electric
Furnace at 600°C for ten minutes, cooled, arid kept
dry until ready for use*

All solutions were stored to glass-stoppered
Pyrex bottles, and transferred by means of vacuum
technique* At least fifteen minutes were allowed
far the cell vessels to reach constant temperature;
the thermometer used to the constant temperature bath
was calibrated against a standard thermometer. HI©
hydrogen electrode was so immersed that half of It was
below the surface of the liquid—the electrode was
placed one-fourth inch above the hydrogen inlet* Tm
silver-silver iodide electrodes were used throughout
toe axporinent, oach for one half of toe readings.
After purified hydrogen was passed through toe cell
for five minutes, the first reading was taken; further
readings were taken at three minute intervals* Hi©
length of each run varied from tore© to 'thirty hours
depending upon how quickly the electrode reached
constancy* The tip of to© outlet tube was kept Just
wider water so that the gas within toe cell ms at

atmospheric pressure.
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‘Uio value of th© standard potential of the
silver-silver iodide electrode, used In file cal-
culations was -0,1522 volts; this was obtained from
Owen’ s* equation which expresses the normal potential
of this electrode ov r a range of temperature:

27" -0.1521 "»«BUT6 {"-25) -3.6XL0*6 ("~-25)2 (13)
A correction was mde for th# standard Heston cell by
use of th© following equation:
S27«l,-)ia3~*Q63a0*5K-20)-9.5X10*7K-20) 2+10*3f~-20)3  (14)

In liable | are Hated the «tperimcntal data.,

Hie concentration 1® expressed in mole® /1000 grans of

water, le ionio strongth,”, is based upon th© 100#

dissociation of salts, and the 1,34# dissociation of

acetic acid* Hi# percentage dissociation of acetic

acid is detemined by us© of the following equation:

$e< m[IOO KjT (15)

(jher® represent© th© lonised pert of th® acetic acid,

& the dissociation constant for acetic acid, *md S the

concentration in moles /liter* The molality of acetic

acid was determined by use of th© equation:

%)AC * m HuAO  HAC &.IW * » (16)
ere & }OAC is th© analytically determinved molality of



TABL& .1

A*p«rtacotal Date Used in DetnarnSalng tho

Dissociation Constant of Acati© Acid at ?5°C

Sd*

n,

%0OA0

0*110466

0*099

0*0«?8S6

0*079066

0.069809

0.059367

0.04937

0.036399

0.026775

0.0157

0.00785

W

0.1108544

0.0**752

0.086767

0.075724

0.066856

0.056364

0.047284

0.036484

0.026758

0.016096

0*00823?

*r

0.11 858

0.099525
0.08445

0.07951

0.070266

0.059307

0*049849

0.037191

0.027426

0.016227

0.008236

~bas

0.17590

0*19095

0.19401

0.19799

0.20823
0.20679

0.21072

0,22149

0.22576

0,24065

0,25916

13

0.110407

0,0 9193
0,08826

0.077973

0.068623
0.058603

0*04909
0,037245
0.027402

0.016432

0,008458
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acetic acid, ~g)AC the final molality of the acetic acid,
A*73X10*5] the assumed dissociation constant for acetic
acid, and (mMAKIAO0) (1,75X10*”5) the part of the original
acetic acid that dissociated, Uie equations used for
determining the molality of the acetate ton were; for
dilute solutions,

*W e *W>A. *J (b "hoao> U .7«*|0-5), (X?)
and tor very dilute solutions,

where JAMA<r is the total molality of the acetate ion,
and the molality of the sodium aoetate, Other
terms are defined in equation (16),

The molality of the iodide ion is expressed by
mthe following equation;

Vo Wl | «»

where Sj~ is the molality of the iodide ion, and
~Nal »lality of the sodim iodide*

The values for the electromotive fbree represent
the maximum values for each experiment} these values were
reached within a half hour, 2a all experiment# a drift of

potential was encountered; tills drift was not thought to

be due to the loss of acetic acid in the hydrogen stream



TiHa*

because of the low vapor pressure at the concentration

employed*

Fluire 11

Plot of S - aP *fS2 in Against S' In tho

N act

Determination of the X of Acetic Acid at 25°

15
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In Figure 21# the valu®® obtateod for th© left
®ldO© of équation (9) are plotted agatest the tenic
strcngth”™“-e tha extrapolated valu© to o0 wa© usod
to daterais© th© dissociation oon©tant of acetic acid#

A ohang®© te sign of the rotontial of the sllvor-silver
i0aid© ©lectrode a© reported by le&rc© and ibrtsch”
m® not observes, sine© te overy rua th© concentration
of the hydrogen tedide was alwaye les© thon 0*0$ siolal,
Ui© largo déviation of solution #11 frora the root of
th© data rooorded w&s probahly du© to the extension of
tho solution ooncontration boyond the limite of reliablo
raeoartiroriiont* &>r thls reason it «me exolutiod from th©
grafti* It was assuraod tbat loft hand sid© df ©quation
(9) I© a straight lino funetlon of tho ionlo strsngta,
*£* 1h© bset etralcsht lino for the date was calculated
by th© octhod of least square©, Value® for th© constants
"a" and *»bwwere fbim& to b© 0,2807$% and 0,11039 rospeotivoly;
th© ©quation waployed took the fbrmi

y * 0,2807% + 0,11039 X (20)
ehere x représente te© tenio straneth,/**', At/**» Q,
th© extrapolatod valu© ia 0,2809*

teble Il liste th© values fbr th© left aide of
équation (9) and the oorreepondteg ionie strength* thooe

values ar© usad te Figure I,



table ||

Values far a » jP * 8£ la

an8 tibmrsfipoa&l&g

Values of the lento Strength for Various Concentrations
N
Solution w i£>ET in %0OAont

1 0.2715 0,110607
2 0.29427? 0,099193
3 0,28976 0.08826
X 0.28567 0.077973
5 0,29333 0.068623
6 0.29672 0.058603
7 0.28701 0,06909
8 0,2 139 0.037265
9 0.28561 0.027602
10 0.28045 0.016632
11 0,28668 0.008658
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Hio val»® of Km computed from th© data la
1*7? )XX0*5 at 25°8 *1» la good with the valu©
of 1*754X10*5 obtained by Hamed and ov/on™ from
thermodynamic data «.ploying cells without liquid
junction but using tho silver-silver chloride electrode*
According to Vosburghv mQG his associates, no single
electrolyte has bean found which did not affect tho
silver-silver iodide electrode.

As a general conclusion, the silver-silver
chloride does not so« to be as reliable as the silver-
silver chloride electrode in 'the determination of the
dissociation constants of weak acids. Since, however,
the value of the dissociation constant of acetic acid
obtained by use of the'.silver-silver iodide electrode is
very close to that obtained fbr the sea* solution by us©
of the silver-silver chloride electrode, the silver-
silver iodide electrode undoubtedly Me son© use in

determination® of this kind*



SUMVARY

fthe dissociation constant 6f acetic acid has
toon determined from electromotive fore© racasw ««ts
of cells of th© type*
Pt* ~2{r)si) ~*°Ao» HaOAc» Hal /.Agl /AR
Hi® there» dynamic dissociation constant of this weak

acid ms found to h© I*??93ULO*5 at 25°C*
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