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The Reducticn of Theak :-A the >onin: 2 nrr -CI.

I. A Korshuiov, Z.:. Vuznetsoya -7 K. c..k..

fiz. kh"'. , 23(-', 1292- i253, 19L9. U.S.2.-R

in ti-4 majority of cases the discharge of hydrogen - ions at a dropping
:-nrcuriy cathod.e from solutions of different acids is accompahied by the
fo=rration of well defined diffusion waves on the c.mf. current interity

Tho diff'usion current of hydrogen, T, depends on the rate of movement
0 of hydrogen ions towards the electrode and also of undissociated molecules of

acid whdch, on the surface of the cathode, are broken down into ions:

JYcre, /j and /HJ are the concentrations of ions of hydrogen and aji
reacctivoly, in the solution, whilst F and K are constants depending on

the value of the4 diffusion coeffioient; of hydrogen and o' molecules of the
acid.

if solutions of strung acids -udrgo reduction, such aoids being
practically completely ionised, the component Y, /'W is small in comparison

HiA
vitn xjit- and may be neglectedl The diffusion curr ent will then depend
linr-.y on the concentration of hydrogen ions ii t- solution, or on the
concentration of the corresponding acid.

For weak acids, the dissociation of which in polarographic solutionz is
substantially less thai 100%, the second comnonent of equation (I) is
comparable ix, magnitude with the first and clearly cannot be discarded.

In the present 'x.vestigations, the authors were co:zerned with ':he
p. b~iz of preservng the linear relationship between the daffusion c.rrent
and the total analytical concentration of acid in the solution. 'urthermore,
it was desirable to ascertain the dependence between the va).e of the
diffusion current of any weak acid and the value of the dissocation constant of
the latter.

In a number of organic acids, it is possible to observe the presence of
Iuch atomic groupings which can be reduced at the dropping mercury cathode
and so give diffusion currents. For such acids, the appearance of two
diffusion waves may be erpocted on olxarograms, one oorrespondini; to the
re.Iction of .ydrogen arvl the othor being assooated with the reduction of
an ao l anion.

The authors have examined the reduction of a comparatively large mnber
of weak acids with a view, in doubtful cases, to 'having sufficient experimental
data to decide which of the woves on the polarograms made refers to the
reduction of hydrogen and which to an anion of the aci"

Ex-perimental Yethod

For mz-king the polarograms, a visual apparatus was used and a galvanameter

vith a current sensitivity of 0.58 x 10-9 A VM. A.l measurements vxrt made
at a temperature of 25 t 0.20 C.

anode, a saturated calomel half-element was employed, thw potential
of wvich was asmumed to be zero.
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In the work diffcrent capillaries vmre rccuired, b all thc recsred

diff'usion currents ,crc converted for a cadiliary the characteristic of which
2/3 4

was equal to I - se

When irN.esti-ating the rceuction of acids soluble in water the thor
used arucous zolutions. For acids vith poor iolubility in wator, i-i Lial
alcoholic solutions were prepared which, before rolarographing, were sixed in
the elocc' olyser urith a bolution of neutral electrolyte.

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

Results of exceriments and their assessment

The reduction of aliph 'ic monobasic acids.

The authors submitted to polarography solutions of formic, acetic,
isqbutyrio, isovaleric and chloroacetic acid in the presence of O. IN IP,
O.lN icI, and Li SO, 0.1 N KOH and 0.05N (CH ) NI. Th- hydrogen wave for all

34
the acids wa- not discernible in hydrochloric acid and in a solution of
potassium hydroxide.

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

in a base electrolyte comprising lithium chloride, lithium sulphate or
tetramet.hylammonium iodide, formic, acetic, chloroacetic, isobutyric, 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 too low.

The calculated values of the proortionality coefficient between the
current and the concentration of the acid are shown in Table 1. The same
Table gives the half-wave potentials of hydrogen reduction for solutions of
the above-mentioned acids.

The half-wave potential depends fairly -- rkedly on the concentration of
the acids, being displaced by approximately 0.1 volt when the con-entration
of the acid is increased tenfold. The absence of diffusion currerts in the
reduction of formic, acetic, isobutyric, isovaleric and chloroacetic 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 6f triohloroacetio acid, it is possible to observe the appearance of a
further diffusion wave at 0. 90 - 0.95 volt in all nrobability not associated
with hydrogen reduction. Anions of aliphatic acids, therefore, are not
reduced at a dropping mercuiy cathode.
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l;-' .f-wve otentials nnd values of Ia/C for

monobasic aliihatic acids with
Ctr,=m thyla,-oniuz iodide as hase Olectrolvte

RaLi it o)rs ss - Iinvestigated Li*:its of -

i ociation concentra- variationNo. N ame of acid itosi

censtant millimols m. r /2V

per litre

I Formic 0' 1 10 2.42... i 1 -77 x 1- -51o4 1.85
2 i cetic 1cid 1.75 x 10 2 - 15 1.95 1.76 - 1.86
3 isobutyria . . x I0- 5  3 - 25 .64 1.81 - 1.87
4 Isovaleric . 1.7 x 10-5 .  4 - 27 1.35 1.75 - 1.82
5 Chloroacetic 1.4 x 10-3  I - 10 3.14 1.65 - 1.71
6 Dichloro- 1 2

acetic .. 5.0 x 10-2  I - 5 4,25 1.55 - 1.64
7 Trichloro- I  -

acetic .... 13x - 8 4. 55 1.57 - 1.68

RPeuc' on of' dicarboxylic acids

T5:el and Proake (I), i.vestigating the reduction of oxalic acid, showed
that, no ,r-y tlhis acid, but all cicarboxylic saturated acids fai. to reduce
at a dr~onpir rrercury cathode. The authors mentioned discovered that oxalio
acid u.ztrali sed by lithium hydroxide is not reduced and so does not enable
diffusion waves to be obtained. In an 0 YN solution of hydrochloric acid,
red~ction takes place, but it ceases of a O.O01 solution is taken. The
present authors carefully svdied the behaviour of oxalic acid in solutions
cf hydrochloric acid, the concentration of which was varied from 0.01 - O. IN,
and did not o&tain hydrogen diffusion currents of oxalic acid..

The absence of ciffusion waves under these conditions is quite natural.-
Fyrdrogen ions from hydrochloric acid, present in considerable excess, cause
th-2 lissociation -,f the weaker oxalic acid and, becoming reduced on the
merury 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 and sulphate, and also of tetramethylammonium
iodide. Similar reduction waves of hydrogen icis arising as a result of
dissociation of molecules of the ,,cids were obtained for solutions ef malonio,
sucoinic, ainPic, tarta.oic, 2yrotartaric, malio and citric acids.

For all these acids the diffusion current is directly
proportional to the concentration of molecules of acid in the solution.

Fo'., oxalic, nalonic, ta1rtriJc, malic and citric acid- , the reduction
potentiala are almost equal tu one anotbO and dlpend on t. - concentration of
t.he acid. It is interesting to note that the half-wnve potential of succinjo
acid does not depend on its concentration and aznounts to -1.8 volts.

,;p,)erLmcnts of the present authors on the ruduction of a numb r of
dicabrloxylac vaids lead to the co.nclusion that the diff'usion currents of the
latter are associated with the discharge of hydrogen ions present in the
soluzi..c:, owinfg to the electrolytic dissociation of molecules of the said acids.



Table 2. Half-wave potentials . v.'.s c- I f or
dicarboxylic acids wit:. ztro::,vl--:2. rZ

iodide as base c. olv-e

Rinr-cO of
Dissociation conc entraitions 'I V'I,I

N*. Ncme of Aoia (Const$ studied , A litre
kfirst in millimols 'fr ol . / 2 V

1 ai c per litre

2: A .6i8I Cxalic 5.90 x 10 - 8 45 .%66 - 1,80
2 Mrlonic 1.49 x 10-  2 -13 2.70 1.69 - 1.71+
S.Oh x 10- P .3.19 - '.77

4 'Citric 8.40 x 10-+ 1 -. 6 3.30 1.64- 1.77
5 'aic I 3.88 x 10"4  1.5- 10 2.85 1.66 - 1.7.
6 yrotartaic ' 8.7 x 105  1 - 10 2.44 1.80 - 1.86
7 *Succinic 6.89IX !0- 5  -1 - 9 2.63 1.80
8 Apic 3.7 x 10-5  2 -11 2.07 1.76 - 1.80

Reduction of aromatic acids

Benzoic, mandelic, gallic, salicylic and acetylsalicy3 c acids gve well-
pronounced diffusion waves from neutral solutions of lithi : chloride and
sulphate and of tetrometiylammonium ioVde. Phthalic acid gives polarogramri
with a double wave. 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 el more negative
values.

In stron3 acids, and in alkaline media, all these acids do not give
diffusion currents.

Table 3 shows the numerical values of potentials of the acids mentioned
above, and the diffusion current constants Kd = Id

C
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"bl -b..o nctentfj,: s nd values of IaC for

oa-omatio aoc:s vw t tn___ramcthv( =on-,u iodide
as b e ectrot .

Rnre of
Lnve S I. Is Limits of

eD Conss~ tin gated concen- d variationNo.! Name of acid Consttrio n,
I ~(first) trt ;nz~

litre

I Benzoic 6.3 x 10- 5  0.9 - 6 1.90 1.56 - 1.72
:.L x !o- 2 - 13 2.20 1.70 - 1.78

3 Gallic 3.8 x 10 "5  2 - 6 2.33 L 71 - 1."
. Phthalio 1.3 x 10 - 3  1 - 11 3.22 1.60 - 1.85

5 Salicylic 1.01 x 10- 3  I - 9 2.80 .66 - 1.83

6 Acetylsalicylic - 5 - 7 2.00 1.52 - 1.65
7 Anthranilic 1.07 x 10 3 - 20 1.40 1.60 - 1.52
8 Sulphanilic 6.02 x 10 2 --3 2
9 Naphthionic 2 x 10 -  2 - 10 1.42 - 1.52

Anthanilic (C6 H4 NH 2 H2H), aphthionic ( H6 NHsO3H) and sulp )hanilic

(C6:-: is03 H) acids are not easily soluble in water, and for this reason the

authors used alcoholic solutions..... the presence of tetrmethylan=onium
iodide, all these acids give. diffusion currents proportional to the
concentration of the dissolved acid. It should be noted that, at a
concentration of about 8 - 10 milliols/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.

From Tables 1, 2 and 3 it will be seen that the numerical values of the
d&iffusion current constants Kd = i d for acids differ. This difference is not

F

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
tl dissociation constant of the acid: the greater the latter, the greater
also Kd .

For the acids investigated, it was possible to discover a simple
relationship between theae two "-alues, exrressed by the equation:

Id  a - bpK,

where -,K is the docima. logarithm of the first dissociation constant of the
acid with the sign reversed (for polybasic acids the subsequent dissociation
constants were not taken into consideration sirce they .re considerably less
than the first); a and b are constants dceendiing on the ccnposition of the
reutral eleotrolyte.
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For G.O5X solutions of tetramethyl monium iodide, the equation has the

d = 5.25 - 0.725 pK, (2)

for a solution of 0. 1 N Li2So :
24'

I = 4,65 - 0.642 pK. (3)

n F'iguro 3 the experimental data are shown graphically writh the
ooordinates I d

0 and 1K.

Itswill be seen from the graph that acids for which the first dissociation
.is less than 5.x 10 - 8 should not give hydrogen reduction diffusion currents.

Table 4. Half-wave potentials and values of Ia/C for sulphamide
compounds with tetramethlamz, onium iodide

as base electrolyte

K of I/C Potential

No, Name of substance dissocia- Volta

tion 1 .- /2 V

m.-ol

1 n-acc.ylsulphanilamide 4,2 . 10 2.3 - 13.4 2.16 - 2.20

2 Sulphathiazol> 7.6 . 10 8  2.0 - 10.4 1.66 - 1.74
3 - n-Dulphaniil--sulphan-

ilamide 1.4 . 10 2.00 - 7.9 1.70 - 1.86
4 Sulphadine 3.7 10- 9  does not reduce

5 SulPhanilaiae 3.7 . 101 ,, ,, ,

Table 4 shows the experimental data for a n=mber of sulph%-.rdc compounds
characterised by low dissociation constants obtained by the present authors
during tho polarographic investigation 3' n-acetylsulphaniLamide
(NH2 C 6 H4 S02 NT1OCH3), "p -' 3-.1 (:ii 2 C6HOs2NH . C3 H 4 ), n-sulphanilyl-

sulPhanlamide (:,.i. c6 'sO3& 6x 4  NH2 ),slrha (M2C6 H4 S 2 . Ni 5H4N)

and sulph i'ride (NVACHojnY)

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

The rzlecules o: the remairuinZ sulphaide coou.is and also boric acid,
the fIirst diszociation constant of which is 5.7 x 10-1, do not give hydrogen
cgjffusion waves.

The empirical relationship obtaih&Ad mnakes 't possible to solve te -
of the reduction nechanism of a num.ber of rr-oleculcs possessing acid chaz.nrc c-
isticz and having in addition reducible atormic groupings.

The di.Lfusion current constav. cccuarring at a potential of -I.6 to -

during the discharge of hydrogen Ions -rnd abscnt in solutions of strong .icids
S and alkalis, anou!A agree with equation (2) or (3). It --s clear that, in the
reduction of the anion, the diffusion wave can 'te obser.ed in acid and
a2.ftlline solutiors. In addition, IIC, detc: runed by the diffusior.



coc_f icio-,r~ Luf t'ie anion =and by the num-ber of electrons participati% in tChe
procuazs z;Q&,,l 1.ot denend on the dissociation constant of the acid.

,,.at-ions :'2) or (3) ca.n be -used for the doten.-ination of the imnown
dissociation constant of any acid.

For the valuie uIf the _'i fusicn cu_-rnt ocrstut we can write the equation:

= 65. . 1/2 213 ,16

on tecsn dition that the! diff usior. current is measured i.n ;_A and the
conccentration in - mol/litre.

For the dischar-e of F4,ydroj;Ln ions n I.~, and for our capillary
213 1/6 1we

Id-605. n D1/2 (5)

L..e c:tsaonu- rjn ions ~r- .- ul.atea
fro,-, the equivalent electrical conductivity equals ).1 x 1,-czeJ%'

Cnoently the diffusion current constant for h1ydrogen ions is

mol

Comrarison of this value with th-e values of I-1/C found for the acid 2s

nvesti~atea makces it nossible to assess the a- roxiziate va'-ue of the separate
compcnonts c' equation (i. *hus, in acetic a,-d a.iz.ost :-e 7fi-ole of th-e

cydroger. cu.re : s associated Nv th the trans-,ort of undissociated1 molrecules
to the surface of the mercuary cathode, in chirroacetic acid' a-pproxinately
0. 3 f the current is transported b-y hy9.ro,0r ioGns and 0. 7 by ur 'disscciated
moiecoues and in the case of' -ihooa ,i cid the corresporng, figures
arc 3.6 8and U.4p. etc. How.,evor, techan,-e in t.e n=,erical values of the
separate componernts of this tequation 1ioeS r.01, dcestroy the linear relationship
betwseen' the d-iff'usior. current aJtheC analytical concentration of the acid.

Concluoz-ons.

1. Trhe rce"cti'n of a rnuber of xuak acids at a mercury cathode was
invc st iatcd.

2. It Nva establishe ,d that, thw re Iu .. of 'nydrogen from solutions of wea~k
ac:s ith a neutral blase of i-rlife-ert electrolyte proceeds at a

half-wNave otential varying from - . o '.37.

3- An. emirical relationship was foun; . wccn thie _ ffusion current of'
hydroger and the dissociation cons'lr~n oll the acid.

1. A. Wixnkel oxd 'I. P-r'oske. i cr.,1 , 693 , I-7.

Pig ?lro ;.-r=m -of -a c i .s *- i C., e' c-t. ar 3:s e1e-;-a1'

Cuv1 - Ace tic aci,c. - c''' I ..r. :c-- .. ~

2 - Oxalic ao~ccz **ronc'-~ 12V

Cre3 - Ci-tric aciid, ccno. 7.5; m mg/litrve, rc,- -1.2 V.

Curv 4 ?hhali acd, ono 9.3 - 4/ ,bennig :rcm-'.0 V.



Fig. 2: (7-:-duat~: straiz',ht 1Lnres of wucak ~(

I - Oxalic- 2 - phrthalic; 5-a~~;4 ctc

Fig. 3: Relationship between - lco- IK /C tl T J A t

0 - x-nr-mrntal values f'or ac-.cds investigated.
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