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Favre

Cd | HCI | H,, Pt

P. A. Favre, Compt. Rend., 68, 1305 (1869).

M. Dole, Principles of experimental and theoretical

Electrochemistry, McGraw Hill, New York (1935)
Chap. 16.

Gibbs

EQUILIBRIUM OF HETEROGENEOUS SUBSTANCES. 345

and sometimes eold is produced® When neither is prodused, of coursa
the cleetromotive force of the eell is exactly equal to its diminution
of energy per unit of electricity transmitted. But such a coincidence
is far leas significant than the fact that an absorption of heat has been
observed.  With acid containing about seven equivalents of water
{HNO, 4+ THO) [HNO, + 33 H, 0], M. Favre has found
(V"= V)Ar=46T81", Ae=—418247, AQ=4D5T™;
and with acid containing about one equivalent of water
(HNO,+HO) [HNO,+ FH,0,
(P = Flar= 408475, Ae= —52T14™, AQm —2867%1,

In the first example, it will be observed that the quantity of hest
absorbed in the cell is not amall, and that the electromotive force is
nearly onc-sighth greater than can be accounted for by the diminution
of energy in the cell.

This absorption of heat in the cell he has ohserved in other cases,
in which the ehemical processes are much mors simple.

For electrodes of cadmium and platinom in hydrochlorie acid his
experiments givet

(V"= V" )he=D256%L, A= — 82587
AWy= =200, AQw=1288L,

In this case the electromotive foree is nearly one-sixth greater than
can be accounted for by the diminution of energy in the cell with the
work done against the presure of the atmosphere.

For electrodes of #ine and platinum in the same acid one series of
experiments gives |

(V"= F)lde= 16950, A= — 16189,
AWpm — 200t AQ=1051=";
and a later serics, §
(V"= V)le= 167358, Ag= —=17T02%,
AWpm — 2005 Al = =674,

In the electrolysis of hydrochloric acid in a eell with a porous
partition, he has found ||
(¥ = F")he = 34825 AQ= 2118,

* Mém Sarants Etrang., Ioo, eit, p 83; or Comptes Rendus, L lxiz, p. 37, snd
t. Dxxiii, p. 05

+ Compiea Remdus, t, laviil, p. 1305 The total heat obitained in the wheole srouit
{imetuding the oell}) whes all the electromotive work is tarned inte heat, was ascertained
by dirsct experiment. This guantity, 7088 calories, s evidently represented by
[F" = F' e - &0, also by - e AWy,  (Beo (0910} The valueof ("= F')deis obtained
by adding &, asd that of =Ac by adding - AWy, which i casily estimated, being
determined by the evodution of one kilogramme of kydroges,

+ . .

§ Mém. Savanis Evamg., loc. oit, po 145

BB, po 142
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J. A. V. Butler, Electrocapillarity, Methuen, London (1940), Chap. 1.



W. Nernst, “Die elektromotorische Wirksamkeit der lonen,”
Z. phys. Chem., 4, 129-181 (1889).

P
E = 0.8607T In — x 10~4 Volt
p

“Es sei nun E die Potentialdifferenz
zwischen Metall und Elektrolyt

und p der osmotische Partialdruck

der lonen dieses Metalls im Elektrolyt”

“der elektrolytischen Loesungstension P’



Phase-boundary potential
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E = A

“Das Zusatzglied A soll einer etwaigen
Elektromotorischen Wirksamkeit der
Beruehrungsflaeche der beiden

Elektrodenmetalle Rechnung tragen.”

“Wahrscheinlich ist dieselbe Null oder
wenigstens sehr klein.”
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where
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Standard ion-transfer potential
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RT = Adnp+
W, _ W,0 R

W. Nernst, “Ueber die Loeslichkeit von Mischkrystallen,”
Z. phys. Chem., 9, 137-142 (1982).

R. Luther, “Elektromotorische Kraft und Verteilungsgleichgewicht,”
Z. phys. Chem., 19, 529-571 (1896).
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E = 0.860T In = x 10~ Volt

P

Ad'¢ = const. + —1In
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E = Eo! i RT In [Rd]][OXQ]
nF  [Ox{][Rd;]

Nernst

“Nernst’s theory of the origin of the potential difference at the junction of metals and their

salt solutions, which, though it did not touch the question of the metal contanct, served to
focus attention more closely on the electrodes as the more important part of the Galvanic cell.”
J. A. V. Butler, “Electrocapillarity,” Methuen, London (1940), p.6.
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Henderson-Hasselbalch

[A7]
H=pK, +1
p p Og[HA]

or

pH = pK, + logci
CHA



1enderson-Hasselbalch Equation

The central equation for buffers is the Henderson-Hasselbalch equation, which is
merely a rearranged form of the K, equilibrium expression.
RS
© [HA]
[H*][A7] [A7]
= log|H*| + lo
HA] g[H*] + log HA]

log K, = log

e . [A~]
-loglH"| = —log K, + log
pH pK

Henderson-Hasselbalch equation: pH = pK, + log (10-16)

[HA]

D. C. Harris, “Quantitative Chemical Analysis,” 6! ed., (2003), p.190.



Letters

clearly related to the degree of disorder of the chain (4). Fur-
thermore, as Nash says, “partial straightening of chain seg-
ments is an ordering process reflected in an entropy decrease”
(5). Lambert has not included this point when citing the same
reference. I do agree that energy is more “spread out” in re-
laxed than in stretched rubber chains; however, this leads to
an increase in the molecular disorder in the relaxed state.

The Gibbs free energy, AG, was selected in the rubber
band activity (6) in lieu of the Helmholtz free energy, A4,
since general chemistry texts do not ordinarily mention the
latter. It was noted that the assumption of constant pressure
was an approximation. I agree that using A4 is more rigor-
ous. Howevet, even in applying the Helmholtz equation, the
assumption of constant volume is not necessarily true, espe-
cially if one notes that rubber bands contract laterally when
stretched (4). Regardless of which form of free energy is used,
it is clear from the activity that the temperature in the 7AS
term is not perfectly constant so that this term is also ap-
proximate. Nevertheless, in my view, making these approxi-
mations does not invalidate the conclusions the student ob-
tains from performing the activity.
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The Henderson-Hasselbalch Equation:
Its History and Limitations

In 1864 Guldberg and Waage first formulated the mass
action law (1) and refined it to its final, present form in 1879
(2). This law is one of the basic laws of chemical equilib-
rium and was crucial to the subsequent development of both
physical and analytical chemistry. All three early Nobel lau-
reates recently featured in this Jowrnal (3-5), van't Hoff,
Arrhenius, and Ostwald, specifically mentioned Guldberg and
his work in their Nobel acceptance speeches (6). Guldberg,
its longer-surviving author, died in 1902, a century ago; his
law remains one of the foundations of modern chemistry and
is an essential part of all chemistry curricula.

Unfortunately, the names of Guldberg and Waage
have all but disappeared from U. S. chemistry textbooks
and have been replaced by those of Henderson and
Hasselbalch. Henderson (7, 8) contributed an approximate
result, useful over a limited range of conditions for a single
buffer mixture of a monoprotic acid and its conjugate base,
but it is unfortunate that his name (and that of Hassel-
balch, whose contribution is even more peripheral) is now
replacing those of Guldberg and Waage. Regrettably, a recent
paper in this Journal (9) perpetuates this misconception
and the associated confusion.

Henderson never claimed to have formulated the mass
action law. At the time of his papers on buffer action (7,
8), this law was well-established and, by 1908, had already
found its way into both U.S. textbooks (10) and history
books (71). Moreover, ten years before his papers on buffer
action, Henderson had reported on an application of the
mass action law (12), which already at that time needed no
more reference.

In view of the above it is regrettable to read that “The
Henderson—Hasselbalch equation is, of course, the mass
action expression cast in logarithmic format” (9). It isn’t.
Instead, the Henderson approximation, a term he used
himself in this context (8), is an expression that, by re-
placing actual concentrations by their total analytical
equivalents, retains the form of the mass action law but
with an entirely different meaning and of a much more
restricted applicability (13).
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@y, = —11.276 eV

J. Farrell and P. McTigue, J. Electroanal. Chem., 139, 37-56 (1982).

H"(g) + e (g) = H(g) -13.613 eV
|
H(g) = EHZ(g) -2.107 eV

El =444V



EM = o> /F
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