Comments and Communications

The 1950 Silly Season

PaRT of an editorial in the Saturday Evening Post
for November 18, 1950, entitled “The 1950 Silly
Season Looks Unusually Silly,” is here quoted:

One of the most astonishing episodes of the summer
idiot’s delight was the effort of American scientists to
suppress a book, Worlds in Collision, by Dr. Immanuel
Velikovsky. The scientists did succeed in forcing the Mac-
millan Company to withdraw the book, according to Doc-
tor Velikovsky, by threatening to boycott Macmillan text-
books. Fortunately, another publisher, Doubleday and
Company, took over the publication of the book, which
is still going great guns. Doctor Velikovsky’s offense
seems to be that he writes better than most scientists and
in his book expounds a theory of astronomiecal activity
which differs widely from orthodox theories. . . .

So the orthodox scientists, forgetting about Galileo, and
the long, woeful struggle of scientists, or even pseudo-
scientists, to be free of dogma, acted like the authori-
tarians with whom they are continually in conflict. In the
course of the struggle they managed to get an able book
editor out of a job which he had had for many years, and
the effect on the sale of the book was probably just the
opposite of what the misguided book burners hoped for.

Fortunately for the publishing business, specialists in
other fields are less easily hexed than astronomers. Other-
wise professors of history might take an attitude toward
the publishers of Forever Amber as stuffy as that of the
scientists toward Doctor Velikovsky, his reversible sun
and his capering comet. But seriously, not even a silly
season ought to excuse scientists for book burning. After
all, they are always the chief victims of this kind of
mtolerance

We need recall only in outline the extraordinary
events that attended publication of World in Collision
last spring. First Harper’s, then two other magazines
with wide distribution, printed advance summaries of
the sensational book, with impressive appraisals of the
author and his ‘“scholarly” produect. Reader’s Digest
prefaced its short version with the estimate, by a
literary ecritie, that Velikovsky’s creation might well
attain the distinetion of Darwin’s Origin of Species.
The publisher then advertised the book as a scientific
contribution, listing it in the Maemillan spring cata-
logue under the heading “Science,” along -with new
books in several scientific fields. This obvious build-up
of a best seller by an old and reputable publishing
house brought strong protest from many of Mae-
millan’s authors, who felt that the advertising methods
violated the publisher’s clear responsibility to them.
Within a short time the Velikovsky book was taken
over by another publisher.

First, a newspaper columnist and, later, the Satur-
day Evening Post accused “the scientists” of “ganging
up” on Velikovsky and Maemillan, ‘with unworthy
motives and the use of strong-arm methods. According
to the confident diagnosis in the Post. editorial, the
motives ranged from base jealousy of Velikovsky’s
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superiority (!) as a writer to blind dogma that would
curtail freedom of expression on scientific subjects.
At least by implication,:scientists as a group were
held guilty of collusion in unworthy behavior.
Doubtless there will be differences of opinion in

selecting the most conspicuous exhibit from “the 1950

silly season.” The Post editorial quoted above may
prove to be a strong contender.

CHESTER R. LONGWELL
Department of Geology
Yale University

Inaccurate Report

I seoULD like to call to your attention that the report
in Science (113, 341 [1951]) on the isolation of a
new compound, TPN, is incorrect, due, no doubt to
an erroneous newspaper report that appeared in the
New York Ti¢mes on February 2. The Times science
reporter got the story quite wrong.

What was isolated in this laboratory was not TPN
(which has been known for years) but a new enzyme
which needs TPN for activity. The enzyme seems to
play an important role in the biological assimilation
of carbon dioxide by animals and plants and, prob-
ably, in photosynthesis (S. Ochoa, J. B. Veiga Salles,
and P. J. Ortiz, J. Biol. Chem., 187, 863 [1950]).
When the enzyme is added, together with TPN, to
chloroplast preparations from green spinach leaves, in
the presence of pyruvie acid and CO,, and the mixture
is illuminated, pyruvic acid takes up CO, and is con-
verted to malie acid. Thus a photochemical assimila-
tion of CO, has been obtained in a cell-free system.
A report of these experiments, carried out in col-
laboration with Wolf Vishniae, will shortly appear
in Nature.

I would appreciate it very much if you would take
the necessary steps to have the report in ScIENCE
properly corrected at the earliest possible time. Also,
please note that my name was misspelled.

SevEro OCHOA

‘Department of Pharmacology

College of Medicine
New York University—Bellevue Medical Center

The Significance of pH, Ion Activities,
and Membrane Potentials in
Colloidal Systems

IN A recent paper in this journal Jenny et al. (1)
have presented a new theory to explain the cause of
the potential that arises across an electrically-charged
colloidal membrane separating two solutions of differ-
ent salt activities. They assume that the relative
diffusion rates of, e.g., K+ and Cl- for a KCl solution
are affected by the immobile charges in the membrane,
the potential which arises across the membrane being
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simply a liquid junction poténtial. In order to check
their theory they first determirned, by a standard
method, the transference numbeér of K+ and Cl- id
systems comprising KCI solution and eation exchange
material and found that the transference number of
Cl- was a function of the salt activity in the solution.
They then described this function by an empirical

equation and used this in the general equation for the

ligquid junction potential. This enabléd them to com-
pare data from experiments with the same membrane
separating two solutions of different KCl activities
with data calculated. from their equation (Table 1,
their paper). This procedure is not really a check on
their theory, but a check of the validity of the equa-
tion they used for the liquid junction potential.

It is of interest to compare their theory with the
theory for the potential across charged membranes
worked out independently by Teorell (2) and Meyer
and Sievers (3). This theory, -which is based on the
assumption of a Donnan distribution between the
solution and the membrane, ‘was later extended by the
writer (4) to‘cover also the diffusion of salt mixtures
through membl‘anes, and the effect of the charge of
the membrane on the diffusion rate§ and directions of
the individual ions.

According to the Teorell-Meyer and Slevers theory,
the potential across a charged membrane separating
two solutions of the same monovalent salt (the trans-
ference numbers of the ions being the same) but of
different concentrations is

pBI[ VX TECE+X | VXTHACI+ X )
F 2C, 2C, ’
which at 25° C ean be written

X
— -1 - -1
E=25.6 [smh 5C; sinh 202] (2)

where E is the potential in mv and C, and C, refer
to the concentrations of salt in the two solutions.
X is the apparent charge concentration in the mem-

brane and has to be found by trial and error. From |,

the data presented by Jenny et al. for the membrane
with Ton-X exchanger in their Table 1 (substituting
concentration for activity), X is found to be 0.25.
(The E-value for a,=2.323 is not considered in the
estimation of X.) The potential across the membrane
can then be expressed by

=256 [3 99 — sinp1 2129 iz“] , (1)
2
where a, is the activity of KCI which was varied dur-
ing their experiment. Table 1 gives the comparison be-
tween the measured F-values taken from their paper,
the E-values calculated from their equation, and the
E-values calculated by the writer from Eq. (I).

The agreement between the data caleulated from
Eq. (I) and the experimental values is very good ex-
cept for a, = 2.323. The agreement is apparently better
than between the measured values and those caleu-
lated by Jenny et al.

There is also another theory that can be applied
to explain the source of the potential, namely, the
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TABLE 1
Calculated
potential
Mean activity =
in the : ]
solutions .\;5
separated Ly S & —~ =
by the 2 3% 2 B
membrane: FH' BT B B
832 =g Eg FE 2 S =
S8 B2 &2 F8 L T T
@ e (0 (B (@ @ £ &
0.00463 0.00902 18.0- 17.7°16.9 174 0.3 1.1 0.6
.0441 53.7 53.7 57.1 552 0.0 -34 -15
296 917 85.2 91.6 917 65 0.1 0.0
0.432 96.5 89.3 94.8 97.0 7.2 15 -05
2.323 113.0 102.0 101.2 1132 11.0 11.8 —0.2

theory of the diffuse double layer of ions at a charged
surface. The potential difference between a charged
surface and a point in the solution far from the sur-
face can be derived from the Poisson-Boltzmann dif-
ferential equation and reads (7 =298° C).

512 a Z_ i ;
E — St inh- v (3)
where Z is a constant linearly dependent on the charge
density of the surface, » is the valency of the ions
neutralizing the surface charges, and ¢ is the molar
concentration of the salt solution. The potential cor-
responding to. the system given in Table 1 is then
expressed by

E =512 [ sinh™ %H —sinh™ Z_,] . (4)

_ va, Va, '

The constant Z has to be found by trial and error

and, for the data given in Table 1, is 0.39. For com-
parison, the data calculated from the equation

E:51.2[2 46 — sinn 1232 39] (I1)

Va,
have also been included in Table 1. The agreement be-
tween these and the observed values is very good for
all valus of a,.

There is a fundamental difference between the theory
of Jenny et al. and those applied by the writer. In the
first theory the properties of the membrane are de-
seribed by a quantity t_, the transference number of
the anion; this quantity is not a parameter but a func-
tion of the activity of the salt solution. In the alterna-
tive theories, the same properties are described by a
quantity X, the apparent charge activity of the mem-
brane, or Z, which is linearly dependent-on the charge
density of the membrane surface; these quantities are
real parameters, independent of the activity of the salt
solution. From this point of view the Teorell-Meyer
and Sievers theory and the writer’s theory are to be
preferred, and they have also the advantage of en-
abling the magnitude of the potential at each
boundary surface to be calculated, which is not possi-
ble from the Jenny theory.
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Jenny et al. then apply their theory to the determi-
nation of pH in colloidal suspensions of charged
particles by regarding the suspensions as membranes.
It is well known that the pH measured in such sus-
pensions differs from that measured in the filtrates.
This effect has been attributed to the influence on the
reversible electrode of the ions in the swarm around
the charged particles, and has been called the sus-
pension effect by Wiegner and Pallmann (5). From
the theory of Jenny et al. and their further experi-
ments, two alternatives can be given: (1) There exists
a. suspension effect, and as a consequence of this no
appreciable “membrane” or liquid junetion potential
can oceur at the point of contact between the KCI
bridge and the suspension. (2) There is no suspension
effect; the difference in pH between the suspension
and its filtrate is due to the liquid junction potential
at the pomt of contact between the KCl bridge and
the suspension.

They seem to prefer the second alternative which,
however, ‘is really disproved by their data on “the
transference number of Cl- at different concentrations
in the Ion-X exchanger membrane. From Fig. 1 in
their paper it is seen that 7_ increases with inereasing
concentration of KCI.

According to the alternative theories presented here,
the “membrane” potential at the point of contact be-
tween the KCl bridge and the suspension must be
comparatively small (insignificant according to the
Teorell-Meyer and Sievers theory), provided a con-
centrated solution of K(Cl is used in the bridge. Differ-
ences in the pH of the suspension and its filtrate must
accordingly be attributed to a suspension effect, an

explanation that is more satisfactory from-a kinetic -

point of view.

The problem of the determination of ion activities
in eolloidal suspensions has recently been treated in a
paper by the writer (6). and can be summarized briefly
as follows: In any system of ions subjected to thermal
motion, the electrochemical potential of an ion at

equilibrium is the same at every point in the system.

This is a thermodynamic prineciple from which the
Donnan equation, for example, can be derived. The
principle can be interpreted in. this way: If, in a
system -of ions at equilibrium; the osmotic activity of
an ion at point a differs from that at point b, then
the electrical potential at a must.differ from that at b
in such a way that the work done in transporting an
ion from @ to b must be equal to the work gained in
transporting the corresponding charges from a to b.
The ratio of the osmotic activities of an ion at ¢ and at
b can then be calculated from the difference in the
electrical ‘potential between the points. From this it
can be shown that, provided the liquid junetion po-
tential is negligible, the pH measured in a colloidal
suspension of charged particles in the ordinary way
represents the pH at the point of econtact: between
the KCI bridge and the suspension, and not at the
point of contact between the rever51ble electrode ‘and
the suspension.

Of course the practical. 1mportanee of this con-
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clusion rests on the assumption of a suspension effect,
which has also been discussed by the writer (6). If the
ions neutralizing the charges at the surfaces of the
colloidal - particles are subjected: to thermal motion,
thus forming a swarm, a suspension effect will occur,
especially as the particles themselves are also subjected
to thermal motion. There are many indications that
a swarm, or a diffuse double layer, as it is also called,
exists around charged particles. (This, of course, im-
plies that the concept of matter is based on mass,
charge, ete.). It is, for example, well known that most
exchange reactions on colloidal particle surfaces take
place rapidly. If, in addition to the electrical forces,
the ions at the particle surfaces were also held by other
and much stronger forces, their thermal motion would
be practically zero and. the exchange reactions very
slow.

There are also many phenomena in colloid chemistry
that have been -successfully explained by theories
based on the assumption of a diffuse swarm of ions
around the individual particles. The stability of
lyophobie eolloidal suspensions, for example, is very
difficult to explain without assuming the existence of a
diffuse double layer that creates repelling forces be-
tween the particles (7). The negative adsorption of
anions in clay mineral suspensions, treated by Scho-
field (8), and the relation. between the water content
and the “osmotic” pressure in a bentonite gel re-
cently derived by the writer (9), are both experi-
mentally verified theories based on the assumption of
a diffuse double layer.

If, on the other hand, it is assumed that the thermal
motion of the ions neutrahzmg the charges at the
particle surfaces is insignificant—i.e., they do not
influence the potential of a reversible electrode—it
would be extremely difficult to explain the variation in
the apparent transference number of Cl- with the
concentration of salt in the experiments by Jenny

et al.
i ErIK ERIKSSON?

Institute of Pedology
Royal Agricultural College of Sweden
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Errata

Through an accident that occurred while the issue was on
the press, in some copies of SCIENCE for March 30, page 361
is misnumbered 261. The article by R. J. chkey and P H.
Hidy begins on this page.
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