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The Reducticrn of Teak Loiis =t the Dromnins Yeveovry Ca*hafs
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In the mejority of cases the discharge of hydrogen -~ Zons at a dropping
zmercury cathode from solutions of different acids is accompanied by the
formation of well defined diffusion waves on the ¢,mf, current intensity
OLIVE Oy

Tre diffusien current of hydrogen, I, depends on *the rate of movement
of rycércgen ions towards the electrode and also of undissociated molecules of
acid wrich, on the surface of the cathode, are broken down into ions:

I = xﬂ[’:“j + I%x;.ﬁ‘b‘-? ()

XHere, /qu/ ang /}'LQ; are the concentrations of ions of hydrogen and aeid
reszectively, in the solution, whilst and K, are constants depending on
b ¥

the value of the diffusion coeffisient of hydrogen and ol molecules of the
acid,

If solutions of strung acids underge reduciion, asuch aecids being
practically completely icnised, the component X /HA/ is small in comparison .

with K& ,_H"‘] and may be neglected, The &J“usion current will then depend
lincarly on the coucentration of }\ydrogen ions in the solution, or on the
conoentration of the corresponding acid,

For weak acids, the dissociation of which in polarograph.c solutions is
substantially less than 100%, the second cormonent of equation (1) is
comparable ir magnitude with the first and clearly cannot be discarded,

In the present investigations, the authors were concerned with “he
problem of preserving the linear relationship between the diffusion current
and the total analytical concentration of acid in the solution, FPFurthermore,
it was desirable to ascertain the dependence between the value of the
diffusion current of any weak acid and the wvalue of the dissocation constant of
the latter,

In a number of organic acids, it is possible to cbserve the presence of
such atomic groupings which can be reduced at the dropping mercury cathode
and so give diffusion cuarrents, For such acids, the appearance of two
diffusion waves may be expocted on polarograms, one corresponding to the
rciucvion of .ydrogen and the othor being associated with the reduotion of
en acad andon,

The authors have examined the reduction of a comparatively large rumber
of weak aclids with a view, in doubtful cases, to having sufficient experimental
data to decide which of the waves on the polarograms made refers to the
reduction of hydrogen and which to an anion of the acid.

Experimental Method

For mcking the polarograms, a visual apparatus was used and a galvanoms ter
9

wvith & current sensitivity of 0,58 x 107 4 my/M, All measurements were made
at a temperature of 25 ¥ 0,2° C,

~3 anode, a saturated calomel half~eclement wns omployed, the potential
of waich was assumed to he zero,
K, 10799 .
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In the worx diffcrent capillaries were reguired, bdui 2ll the mcasured
diffusion currents viere converted for .o capillary tne characteristic of whi~n

&3 4
was equal to 1 mg se.

Wren irvestipating the reduction of acids soluble in water the suthors
used aqucous solutions. For acids with poor scolubility in water, initial
e.lconolic solutions were prepared which, before rolarogrophing, were mixed in

we electrolyser with 2 sol\.tlon of ‘1eu+ral electrolyte.

In the majority of cases it proved unnecessary to remove dissolved O‘fyéunl,
since the rcduction waves of hydrogen from acids were situated in the very much
more negative region of potentials than the waves for oxygen reduction.

Results of experiments and their asses~sment

The reduction of aliphs "ic monobaric acids,

The authors submitted to polarography solutions of formic, acetic,
isobutyric, isovaleric and chlorocacetic acid in the presence of G, 1N }Eﬂ
0, 1N Lic1 , and LlZSOL.. 0.1 N KOH and 0,05N (CH ) NI, The hydrogen wave f‘or all

the acids war not discernible in hydrochloric acid and in a solution of
poetassium hydroxide, :

In the first case, it is probable that hydroger waves of weak acid are
nasked by the wave for the reduction of the base, and in the second case the
cencentration of hydrogen ions is liminished to a very small value as a
consequence of neutralisation reaction,

In a base eleotrolyte comprising lithium chloride, lithiwm sulphate or
tetramethylammonium iodide, farmic, acetic, chloroacetic, iscbutyric, and
isovaleric acids, give well defined diffusion currents which are
proportional to the content of acid in the solution provided that the concen-
tration of acid is not tooc low.

The calculated values of the proportionality coefficient between the
current ‘and tne concentration of the acid are shown in Table 4, The same
Table gives the half-wave potentials of hydrogen reduction for solutions of
the above-menticned acids,

The half-wave potential depends fairly markedly on the ccncentration of
the acids, being displaced by approximately 0,1 volt when the conrentration
of the acid is increased tenfold, The absence of diffusion currerts in the
reduction of formic, acetic, isobutyric, isovaleric and chlorcacctic acids in
alkaline and strongly acid media indicates that in neutral solutions the
diffusion currents are associated with a discharge of hydrogen ions, In the
case of trichloroacetic acid, it is possible to observe the appearance of a
further diffusion wave at 0,90 - 0,95 volt in all vrobability not -asscciated
with hydrogen reduction. Anions of aliphatic acids, therefore, are not
reduced at a dropping mercw y cathode,
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Toble 1, Hillewove potentials and values of Id/C for

-

monobasic alivhotic acids with
letremethylarmonium Zodice as base clectrolvie

—— - — e
, ! 5 Range of : '
| ﬁ Disge i investipated - © Limits of
o ., | osiation ! concentra- : I’.‘/ N ! varjation
No, . Name of acid ! tions in - i
i Censtent . millimols B mol -Rq/2V
i 5 ! per litre '
1 Pormic v,... | %477 % 100 1-10 2,42 1,74 = 1.85
2 | hcetic heid 1,75 x 10 2 - 15 1.95 1,76 - 1,86
3 . Isobutyric ., | i 4k x 4072 3 w25 1, 6L 1,81 = 1,87
L Iscvaleric . 1,7 x 1072 4 - 27 1.35 1.75 - 1,82
5 | Chloroacetic | 1.4 z 107 1 =10 3,10 1,65 = 1,71
6 Dichloro- :
acetic ..., | 5.0 x 1072 1.5 W25 1,55 = 1,64
7 Trichlorg- ’
acetic ... 1,3 x 107 1 - 8 4, 55 1.57 - 1.68

Reduec™isn of dicarboxylic aclds

Virlrel ond Proake (1), investigating the reduction of oxalic acid, showed
that, nev only this acid, but all dicarboxylic saturated acids fail to reduce
at o dropping mercury cathode, The authors mentioned discovered that oxalie
acid reutralised by lithiwn hydroxide is not reduced and so does not enabls
diffusion waves to be obtained, In an O ZN solution of hydrcchloric acid,
reduction takes place, btut it ceases of a 0,04N solution is taken, The
present authors carefully srmudied the behaviour of oxalic acid in solutions
cf hydrochilorie acid, the concentration of which was veried from 0,01 - 0,1N,
and did not oYtain hydrogen diffusion currents of oxalic acid,

The absence of ciffusion waves under these conditions is quite natural,
Hydrogen ions from hydrochloric acid, present in considsrable excess, cause
the dissociation ~f the weaker oxalic acid and, becoming reduced on the
rercury cathode, give on the polarograms only the current of the base
electrolyte,

Clear diffusion currents were obtained by the authors - with a base
electrolyte of lithium chloride end sulphate, and also of tetramethylammonium
iodide, Similar reduction waves of hydrogen icas arising as a result of '
dissociation of molesules of the acids were obtained for solutions of malonic,
succinic, adipic, tartocic, pyrotartaric, malic and citric acids,

For all these acids the hydrogen diffusion current is directly
proporivional to the concentration of molocules of acid in the solution.

For oxalie, malonic, tartaric, malic and citric acid~, the reduction
potentiala ere almost equal tu one another and depend on t. » concentration of
X vhe acid., It ia interesting to note that the half-wave potential of succinio
acid does not depend on its concentration and waounts to -1,8 volts,

2.2 cyperiments of the present suthors on the reduction of a rumbor of
Glcarvoxylic acids lead to “he conclusien that the dirrusion currents of the
latter are nssociated with the discharge of hydrogen ions prescnt in the
soliizicn, owing to ths electrolytic dissociation of rolecules of the said acids,
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Teble 2, Half-wave potential eni valteg of I / > for
dicarboxylic acids witi zetrmmeiviorzionivn
iodide as ba~ CLOoUTOLIYVIE
‘ ; Range of ‘ ¢ Limits of
! Dissociation ! concontrations 'f I/C 1 varialic,
Ne. Name of acid | SCona'c; L studied 4 lifre
. {first i in millimols ! miilimol - %40V
i | per litre '
! . |
} . , 2 i
1 Cxalic | 5.90x 1077 1 - 8 | 445 1,66 - 1,80
2 Malonic 1,49 x 107 % ! 2 =13 | 2.70 4,69 - 1, Th
R D 4.0L x 107 1 4 R L 3,40 Poa a7y
4 | Citric I 8,40 x 107* g 1 - 6. ! 3,30 1,6 = 1,77
5 ‘Malic . | 3,88 x 1074 | 1.5- 10. 2.85 1,66 = 1,74
6 | Pyrotartaric { 8,7 x 1072 { 1 - 10 2.4k 1,80 - 1.86
7 | -Succinic 6.89x1077 | -1 - 9 | 2.6 1,80
8 | adipic | 3T x 107 | 2 -1 2.0 ] 1,76 - 1,80
— ! § {

with a double wave,

Reduction of aroratic acid'-'

Benzoic, mandelic, gallic, salicylic and acetylsalicyl c acids give well-
pronounced dlff‘uszon waves from neutral sclutions of lithir:i chloride and
sulphate and of tetrametihylammonium iodide, Phthalic acid gzives polarograms

With a tenfold increase in the concentration of the acid

in the solution, the half-wave potential of the first stage is displaced by

0.1 volt and of the second by 0.15 volt in the direction oi more negative
values,

In strong acids, and in alkaline media, ail these acids do not give

diffusion currents,

Ta‘ble 3 shows the numerical values ¢l potentials of the acids mentioned

above, and the diffusion current constants Ky = Iy

C
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Toble 3, E2lf-wave potentinls and values of Ia/C for
aromatic acids wi . n tetramethyi~mmornium icdide
as baie alectrolvic

; ' ' Ranre of i '
f s © dnvestie | Limits of
AO.; Name of acid Diﬁggg:iﬁlon %gnted_congen- | {S | variat.on
! (first) : tration 13 7 pA" _ - v

- ndllimols pea m, mod *4/2
: 1itre
1 | Benzoic 6.3x1070 | 0.9~ 6 1,90 | 1.56 = 1.72
2 ! vapdadie tlxock |2 L3 2,20 | 1.70 - 1,78
5 | Gallic 3.8x1072 | 2 - 6 2,33 | L71 =17
L | Phthalic 1.5 x 102 | 1 - 11 3,22 | 1,60 - 1.85
5 | Salicylic 1,01 x 10~ i =9 2,80 1,66 = 1,83
6 | Acetylsalicylic - 5 1 - 7 2,00 1.52 - 1,65
7 | Anthranilic 1,07 x 10 3 =20 1,40 1,60 = 1,52
8 | Sulphanilic .02 x 107 | 2 - 1.5,

5 | Naphthionic 2x10° | 2 -10 - 1,42 = 1,52

Anthranilic (C6HLNHZCOOH), naphthionis (C1OH6NHQSO3H) and sulphanilic
(C6H;NH2805H) acids are not easily soluble in water, and for this reason the

authors used alcoholic solutions. .. the presence of tetramethylarmonium
iodide, all these acids give.diffusion currents proportional to the
ccacentration of the dissolved acid, It should be noted that, at a
concentration of about 8 - 10 millimols/litre, higher maxima occur on the
current intensity voltage curves which are not suppressed by gelatine and
so render difficult the reliable mcasurement of the half-wave potential,

scen that the numerical values of the

From Tables 1, 2 ard 3 it will be
= for acids differ., This difference is not

1
.L
diffusion current constants Kd 1

1
o

C
associated with variation in the diffusion coefficient, since these differ

only very slightly,

The value of the diffusion current constant of an acid is influenced by
tle dissociation conatant of the acid: the greater the latter, the greater
also X

da

For the acids investigated, it was possible to discover a simple
relationship between these two values, exrressed by the equation:

I3 = a - bpkK,

where 3K is the docimal logarithm of the first dissociation conatant of the
acid with the sign reversed (for polybasic acils the subsequent dissocistion
constants were not iaken into consideration since they are considerably less
than tre first); a and b are constants depending on the composition of the
reutral electrolyte,
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For O, 05N solutions of tetramethylommonium iodide, the equation hus the
forg: : - '

Iy = 5,25 - 0,725 pK, (2)
c

for a solution of C.1 I lesou
Iy = 4,65 - 0.642 pK, (3)

a—

C

T D e

I Pigure 3 the e'xperimental data are shown graphically with the
ocoordinates Ig

E_—ande.

It will be scen from the graph that acids for which the first disscciation
‘43 less than 5 x 10-8 should not give hydrogen reduction diffusion currents.

Table l;.. - Half=-wave potentlals and values of I /C for sulphamide

compounds with tetramcthylar om.um iodide
as base electrol

i ; Potential
’ i .K Of. Id/c ' voito
No, Name of substance | dissocia- ’ |
! tion 4
{ . o -X V
f p[%n. mol /2
;
1 n-acc .ylsulphanilamide | 4,2, 10“6 2,3 = 13,4 2,16 - 2,20
2 Sulpha*hiazol~ 76,108 | 20-104 | 1.66 - 1T
3- | n-Sulphanilyl-sulphan- | 6 |
. ilamide [ 1.4 . 10 2,00 -~ 7.9 | 1,70 - 4.86
L ! Sulphadine [ 3,7, 1077 does not reduce
5 I Sulpha.nilamide ‘ 3.7 . 10—10 . " " "
1 ' —

Txble 4 shows the experimental data for a rumber of sulphamidc compounds
characterised by low dissociation con stants obtained by the present authors
during the pomographic mvestigation i neacetylsulphandilamide
(N,CgH, SONHOOCH; ) , nxlphat ™ 2201 (WHCgH; SOpNH , CyH &F), n-sulphanilyl-
sulphanilamide (NH,. CSHLSO21€rC6HI+SOZNH2),sul;Md.me ,(NHQCGHLSOZ‘ . mcsxhx)
and sulphanilamide (NH.C thsoznmz).

It is only for the first compounds that it is possible to give the
hydrogen diffusion currents,

The molecules of the remaining sulphapide compou..is and alseo boric acid,
the first dissociation constant of which is 5.7 x 10'10, do not give hydrogen
aiffusion waves.

The empirical rclictionship obtalined makes 4t possidble to solve tre pixilon;
of the reduction mechanism of a number of molecules possessing acid charucicr-
istics and having in eddition reducibic atomic groupings.

The diffusion currcnt constan’. ccourring at a potential of -*,6 to - . &V
éuring the dischorge of hydrogen ions ~nd absent in solutions orf .,tronc, acils
and alkalis, should agree witn equaticn (2) or (3). It is clear that, in the
reduction m the anion, the diffusion wave can te observed in acid and
alkaline solutiors, In addition, I/C, deter-ined by the diffusion
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coclliciert of the anion and by the nwwer of clectrons participating in the
process, sreald not depend on the dissociation constant of the acid.

Ziuations 12) or (3) can be used for the deternination of the unkmown
N .

disscciation constant of arny 2cid

For the value of the JilTusicn current censtunt we can write the equation:

FJ
o

5C5 n D1/2m ?’/51:1/6

(&)

cn the cendition that the diffusicrn current is measured iIn ;:A and the
concertration in m mol/litre,

|

For the discharge of Hydrogen ions n =1, and for cur capillary
1

25 1/6

nT 7T = 1,whence

I

3 Y 1/2
d = 605, nD/“}\“1 (5)

C = mol
ine dirIiusion cugiiicae. | T Urirezen ions 9n oo aquesma egl ."‘.:‘2'. 3u1.1~,ulateu
from the equivalient electrical conductivity equals 3,34 x 1 ~dcx sew '*
q

Comparison of this value with the values of IC-/C found for the acids
invesvigated makes it possible to assess the anproximate value of the separate
components of eguation (1), Thus, in acetic auld almost .he whole of the
hidrogen currern’ Is asscciated with the trans-ert of undissociated molecules
to the surrace of the mercury cathode, in chloroacetic aclid apgproximately

C.3 of the aurrent is transported by hylrosen ions and 0,7 by undissociated
rmolecules and in the casc cor dichloroacetic acid the correspording figures

are G,6 and 0.4, ete, However, the change in lie numerical values of the
separete components of this equation Jocs rnot Jdestroy the linear relationship
between the diffusion current anld the anclytical concentration of the acid,

~ R
COnCLUSLons,
L

1. Tre reduction of a rnumber of weak acids at a mercury cathode was
investigated,

v
re
6]

gen from solutions of weax

a. It was established that th e e
" iectroiyte proceeds at a
. .

c
2cids with a neutral base of indifferent
nalf-wave potential varying frem - 1,6 t

2 hydroger
.

3 an empirdeal relaticnshin was found tetween the diffusien current of
nydrogen and the dissociation t of the acid,

3
o
o
5
17,1
4
b
5 ¢

1. A Wirkel and G, Proske, Ser,, 13, U, £33 13517,
rizures
Pig. *: Polarcoram of acids with O, 07N (CH:j. ng hose clecincivis
Curve 1 - decetic ecild, coene. *L,¢ momeL/iitre beginning frem - t,L V.
Curve 2 - Oxalic acid, conc. w3 = mal/litre, lesinning frem 1,2V,
Curve 3 = Citric ecii, conc, 7,55 momel/iitre, beoginning fren 1,2V,
Curve !, ~ Phthalic rcil, cone, 7,30 m mol/litre,tesinning fram =0 V.




1 « Oxalic; 2 - phthalic; 3 -~ adinic; 4 - 2cctic; 5 = anthranilic
— e s . - /A litre
rig, 3: Relationship between - loz K and T/C o

0 - Zxmerimental values for acids investigated,
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