Letters

Soviet Scientific Publications

The member organizations of the Na-
tional Federation of Science Abstracting
and Indexing Services are very pleased
that through the excellent and informa-
tive editorial “In perspective” [Science
130, 7 (1959)], the attention of the en-
tire scientific community has been drawn
to the improvements in the communica-
tion of science information that have
been brought about during the past 18
months. However, lest some readers
ascribe to Russia more scientific dili-
gence and industry than is justified, I
should like to correct one point.

My estimates of the annual abstract
and citation coverage by abstracting and
indexing services in the United States
and Russia referred to the scientific and
technical publications of the entire
world, not the publications of the Soviet
Union alone. The total annual Soviet
output of such literature probably rep-
resents about 10 percent of the world’s
total; certainly it is no more than 15
percent.

G. MiLes ConNRAD
Biological Abstracts, Philadelphia

Titration Curves

The report “Linear titration curves of
acids and bases,” by N. R. Joseph
[Science 129, 1493 (1959)] calls for
comment. A transformation is proposed
consisting of the substitution of the oper-
ator p for the operator “-log” in the
standard Henderson-Hasselbalch equa-
tion. The resulting straight-line plot,
pA-pB against pH, does not differ ex-
cept in labeling of the axes from a plot
of log B/A against pH. This plot has
undoubtedly been used often to show
roughly the goodness of fit of an experi-
mental set of points on a titration curve
of a monovalent acid, or of polyvalent
acids with widely separated proton donor
groups. The transformation per se does
not avoid the use of a logarithm table,
for how else can one obtain the p val-
ues? If semilogarithmic graph paper is
used, it is the logarithmic scale which
makes a logarithm table unnecessary,
not the “transformation.” When such a
graph is used, division is needed to ob-
tain A/B instead of the subtraction of
the two logarithms that is necessary
when regular grids are used.

In the particular illustrative example
used, four reactions involving H* are
stated and “four transformed mass ac-
tion law equations” are given. It is ap-
parent that A,=B,, A;=B,, and 4, =
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B,. The author’s statement that his Fig.
1 “clearly indicates the distribution of
electrical charge over the molecule as a
function of pH” is misleading, because
of the failure to make these identifica-
tions (I). The figure indicates that the
four mass action law equations are in-
dependently solvable when in fact they
are simultaneous equations and only if
the pK’s are far apart is it possible to
make the necessary approximations to
solve them independently. The lines
given end-arbitrarily at pA-pB=%2 and
give.a discontinuous appearance to what
is in fact a smooth continuous titration
with only a slight “break” between the
third and fourth group as given in the
original paper (2).

A very important feature of tradi-
tional titration curves is lost in Joseph’s
transformation.” It is difficult or impos-
sible to “add” the segments of titration
for the four pK’s in the transformation,
whereas this is a simple matter with
traditional plots. Thus, it is awkward to
obtain a valid comparison between ex-
perimental and constructed curves in the
form used by Joseph for any polyvalent
acid when the groups are not widely
separated.

The usefulness of the d’Ocagne nomo-
gram proposed is not apparent. Most
people would find it easier and more
accurate to do the simple subtraction
necessary to determine the difference be-
tween pH and pK rather than to use the
nomogram. The same is true for the
other possible combinations for which
the nomogram might be used. D’Ocagne
nomograms are useful when relationships
are complex, but not when the arith-
metical relations are as simple as the
one demonstrated.

MirtoN LEVY
Department of Biochemistry,
College of Dentistry,
New York University, New York
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In his letter Levy has criticized some
of the procedures and results described in
my recent report. The questions raised
are of two kinds, mathematical and
chemical, and will be discussed in that
order.

A glance at the earlier report [Science
128, 1207 (1958)] would have shown
Levy that the symbols pA4 and pB were
used to explain the construction and op-
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eration of a semilogarithmic pH calcula-
tor. This yields the term (pA - pB) in
place of the usual log B/A4; in all subse-
quent equations or graphs the terms may
be used interchangeably. The usage was
retained in the second report in formulat-
ing two nomograms for glycyl amino-
tricarballylic acid. If the pH range of
the straight lines of Fig. 1 be extended
beyond four pH units, the apparent dis-
continuities noted by Levy do not appear.
When, as in the d’Ocagne nomogrem
(Fig. 2), the pH scale runs from 2 to 10,
no breaks occur.

The physicochemical questions con-
cern the number of ionic species required
for a given polyelectrolyte. Since each ti-
trable group involves two forms, a pro-
ton-donor A and an acceptor B, the
number of mathematically possible spe-
cies s is 2", where n is the number of ti-
trable groups and pK’s. For glycyl ami-
notricarballylic acid, n is 4 and s is 16.
When n is 10, s is 1024; when n is 20, s
exceeds 108. Proteins may contain 100 or
more titrable groups; when n is 100, s is
about 103¢, This is more than 106 moles;
if a molecular weight of 10° is assumed,
the weight is about 108 kilograms. Obvi-
ously, only an infinitesimal fraction of the
mathematically possible species can or
should be considered.

The number of equations necessary to

represent a complex polyelectrolyte is
much nearer to n than to 5. For glycine,
n is 2 and s is 4. One of these is the un-
charged neutral molecule present to the
extent of about one molecule in 10%. The
curve requires two equations, relating
three ionic species. When n is 4, s is 16.
If these are tabulated for glycyl amino-
tricarballylic acid, 8 or 10 of the 16 forms
are found to be of very low probable oc-
currence, as for example the uncharged
neutral molecule. The curve may be de-
scribed by four pK values relating five
ionic species. For higher values of n, s be-
comes successively 32, 64, 128, and so on.
For most purposes the distribution of
charge is given by n equations and pK
values, relating (n+ 1) ionic species. A
generalized nomogram is derived on this
basis.

Levy, apparently well content with
algebraic formulations, considers nomo-
grams superfluous. Others, seeking ele-
gance, find nomograms useful and re-
warding. In a system containing several
polyelectrolytes, algebraic formulations
and curvilinear diagrams become inade-
quate. In biological systems there are
large numbers of simultaneous reactions
involving not only hydrogen ions but
also other cations and anions. There are
also numerous oxidation-reduction reac-
tions which depend on pH. Algebraic

formulations consist of numerous simul-
taneous equations. When the number ex-
ceeds five or ten, it is difficult for one
not using visual aids to coordinate all
the simultaneous processes. Geometrical
transformation to curved polydimen-
sional surfaces is difficult and does little
to clarify the relations. Formulation of
the equations as straight lines and con-
struction of nomograms go far toward
simplifying these problems. This is a
well-established procedure in many
branches of science. At certain levels of
complexity two-dimensional linear nom-
ograms become preferable not only to
alegbraic formulations but also to curved
polydimensional surfaces or their projec-
tions.

I find no statement in either of my
reports asserting nonexistent advantages |
over standard methods. In the second,
the entire emphasis was placed on the
construction of a simple linear d’Ocagne
nomogram illustrative of general meth-
ods for complex problems. By these
methods diagrams based on three rec-
tangular coordinates are easily trans-
formed to nomograms with three or
more parallel coordinates.

NormaN R. JosepH
Department of Chemistry,
College of Pharmacy,
University of Illinois, Chicago
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