ELECTROLYSIS AND ACIDS
TRISTRAM DE PIRO

ABSTRACT. We makes some observations about Faraday’s First
Law of Electrolysis, different definitions of acids and applications
to biochemistry.

1. FARADAY’S LAW OF ELECTROLYSIS

In [1], Faraday makes three claims;

(704) The chemical decomposing action of current is constant for a
constant quantity of electricity.

(783) The chemical power of a current of electricity is in direct pro-
portion to the absolute quantity of electricity which passes.

(732) With regard to water. The quantity of it decomposed is ex-
actly proportional to the quantity of electricty which has passed.

The last claim has become the basis for Faraday’s first law of elec-
trolysis which is now interpreted as saying that the mass m of elements
deposited at an electrode is directly proportional to the charge p;

m _ 7
P
where Z is the electro-chemical equivalent of the substance.

However, the claims (704), (783) seem to make a stronger statement,
which implies the claim (732), namely that the rate of chemical reaction
is proportional to the electricity passed or p = It, for a direct current
I, (). The Nernst equation in a generalised form, without error terms,
see [3], Lemma 8.4, states that;

AF(B(Ty, PO)=E°(Tv)) = (3)r.p(Ty, P)—=(58)r.p(Th, PY)—RTn(Q(T1, 1))
(%)
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for the reaction 2H50 + 4e~ (R) — 2Hs + O9 + 4e~ (L), (x). If we
multiply the charge p by a factor of A, then, according to the formula
p = CFE, treating the electrode/cathode assembly as a capacitor, we
change the potential £ by a factor of A as well. We can also multiply
the equation (x) by a factor of A, changing the stochiometric coeffi-
cients by a factor of A, without changing (xx). We have that;

(8_(5;)T,P = Z;o Vi ki

see Lemma 2.5 of [3], so that the change in stochiometric coefficients
is equivalent to changing (%)1 p by a factor of A as well, if the chem-
ical potentials u;, 0 < ¢ < ¢, are unchanged. It follows that, for the

equation (xx) to balance, In(Q(T}, P;)) must be changed by a factor A,
and @ changes to Q. We have that;

Q= Hogz’gc ;"

and, if o ~ 1, where substance 0 is the solvent H,O, we can obtain
Q*, by altering o to a7, ng to ny, with a small alteration in the other
substances i, 1 < i < ¢, and n changed roughly to n*. It follows that
the rate of change of concentration;

(x)) = My ol ~ M),

changes roughly by a factor of A\. If we assume that A ~ 1, so n is
roughly unchanged, we obtain that, n{ changes roughly by a factor of
A as well, giving (7).

We then have that, for 2 different quantities {py, p2}, that;

!
p2 _ Mo2 _

— I

I

/
P1 To,1

SRy

so that, observing the rates {ng,,ng,} are constant;

Anoz _ Moot _ It _ po

An0,1 né}lt — It P1

so that the amount of substance formed &, proportional to the mass
m formed at the electrodes, is proportional to the amount of electricity
passed, which is (732). Faraday makes no claim about the electro-
chemical equivalent Z as the constant of proportionality.
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2. AcIiDS AND BASES

Definition 2.1. We define the ph of a substance X by;
Ph(X) = —logio([H™])
= —50910(%)
= —10g10(0.001) — logio(5F)

=3 —logio(§)

where [HY] = Vﬂd = % is the concentration of hydrogen ions in
moles/litre, n is the number of moles of hydrogen ions, V is the volume
in m® and Vy is the volume in litres. We have that ph(H,0) = 7.
We call substance X an acid if ph(X) < 7, an alkali if ph(X) > 7
and neutral if ph(X) = 7. We call substance X a Bronsted acid if
it disassociates in a neutral substance Y to form H™ ions, and an
Arrhenius acid if it increases the concentration of H™ ions, when added

to water.

Lemma 2.2. If an acid X with ph(X) = z is added to water, to form
substance Y, with ph(Y) =y, then;

r<y<T

In particularly, Y is an acid. If an alkali X with ph(X) = x is added
to water, to form substance Y, with ph(Y') =y, then;

T<y<zx
If a neutral X with ph(X) =7 is added to water, to form substance
Y, then ph(Y) = 7. A substance X is an acid iff it is an Arrhenius

acid. An acid or an Arrhenius acid is a Bronsted acid. Water is a
Bronsted acid but not an acid or an Arrhenius acid.

Proof. If X is an acid, we have that;
x = —logio(7}) <7

—lOgl()(?‘l/—;) == 7
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where {n, ny} are the number of moles of hydrogen ions in the alkali
X and water, {Vi, Vo} are the volumes of the alkali and water respec-
tively, measured in litres. Then,;

y = —logio(P172)

1422
= —logio(}) — 10910(1+%)
_ L+
=r— loglo(H%)

We have that;

1422
_ ni
lOgl()(l—l-%) > 0
) 1472
iff loglo(HV; ) <0

Vi

ng
AT

L+2

iff 1422 <142
ni 1

Va

F n2
11CJ?m<V1

iff 72 < 3
iff lOglo(%) < lOglo(%)
iff —logio(72) > —logio(F})

7>z

which is true by the definition of an acid, so that x < y. Similarly;

_ ni1+n2
y = —logio(P-572)
ny

1+
= —l0910(%) - loglo(Hgi)
2

n1

1421

7 _ ng
=7 lOglo(lJr%)

We have that;
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n1

1+—
+”2)<0

1+v

—10910(

1+
iff lo =2) >0
910<1+%)

Y
iff
1

’;j>1

Va

iff1+2>14 3

TN |43
1ffn2>v2
MF Lo N2
1 V1>V2

iff logio(71) > logio(72)
iff —lOglo(%) < _l0910<%)
iff e <7

again, so that y < 7. The proof is virtually the same if X is an
alkali, reversing the inequalities. If X is neutral, with ph(X) =2 =7,

n2

1+
then just use the first part of the proof, noting that loglo(HT‘};) =0
i

iff z = 7. For the next claim, if X is an acid, with ph(X) = z <17,
then, by the previous results, if X is added to water to form substance
Y, then ph(Y) = y < 7 as well. In particularly, we must have that
_loglo([HJr]Y) < _loglo([H+]water)7 so that [H+]Y > [H+]water and
the hydrogen ion concentration is increased, so that X is an Arrhe-
nius acid. Conversely, if X is an Arrhenius acid, then adding water
to form substance Y, we have that the hydrogen ion concentration is
increased relative to water, so that ph(Y) =y < 7. If ph(X) =2 > T,
then, by the previous results, ph(Y) = y > 7, which is a contradic-
tion, so ph(X) = z < 7 and X is an acid. For the next claim, if X
is an acid with ph(X) < 7, then % > 1077 = [H | yater- For fixed
01 ~ 0, 09 ~ 0, corresponding to the removal of some H* ions and cor-
responding molecules/ions from X, with a corresponding volume, we
can assume, for sufficiently large Vx and corresponding ny, obtained
by increasing the volume of X, that;

91

s 1-2 _
B = ) = > 107 = [ e
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With the smaller amount of substance X’ and ph(X’) < 7, suppose
we have a substance Y with ph(Y) = y > 7 that does not react with
X', then ny = 107%Vy and nxs = 105 "V, with € > 0. We have that;

nxr+ny\ _
_lOglo<VX/+Vy) == 7

’nX/+10_yVy ) — 7

lﬂ _loglo( Vyr+Vy

iff ny + 107¥Vy = 1077 (Vs + Vi)

it Vy = Ny =107V,

10—7—10—v
:;X: _10—7
R X
- VX’(1077—10*y)
_ 10¢-7—10—"7
- VX’( 10-7—10—¥ )
=cVx >0

where ¢ > 0. Choosing the volume of Y to be cVx/ and adding it
to X', we obtain a neutral mixture Z with ph(Z) = 7. Adding the
moles of HT ions with corresponding volume dy to Z, we clearly get
a disassociation of X in a neutral substance Z, with a formation of
H™ ions, so X is a Bronsted acid. For the final claim, we have that
ph(water) = 7 but it disassociates in the neutral substance water to

form HT ions.
O
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