pressor component of sodium chloride,
and that chloride merely permits the
kidney to reabsorb more sodium than it
otherwise would, Liebman and Langford
do not appear to allow for the possibility
that dietary chloride might induce hyper-
tension through a mechanism other than
the renal retention of sodium. It is of
course possible that the anion of a di-
etary sodium salt could affect blood pres-
sure by affecting only the renal reabsorp-
tion of sodium. However, in rats given
DOC and in Dahl salt-sensitive rats, the
finding that dietary sodium chloride in-
duces hypertension, but equimolar
amounts of nonchloride containing sodi-
um salts do not, could not be related to
more positive external balances of sodi-
um or to greater weight gain in the rats
given sodium chloride (2-5). These ob-
servations do not support the notion that
anions other than chloride block the
blood pressure-raising effects of sodium
simply by decreasing tubular reabsorp-
tion of sodium. The fact that provision of
supplemental potassium chloride can at-
tenuate the severity of hypertension
does not exclude the possibility that
some effect of chloride contributes to
sodium chloride-induced hypertension.
Liebman and Langford state that it
may be difficult to reproduce the finding
that the anionic component of the sodi-
um salt consumed can be a determinant

of blood pressure. This finding, howev-
er, has been consistently observed in
studies of the DOC model of hyperten-
sion in three separate laboratories (2, 3,
5, 6). The phenomenon occurs in the
absence of impairment of weight gain (2,
3, 5).

Studies conducted thus far suggest
that all sodium salts do not have the
same potential to induce increases in
blood pressure (2-8). If dietary sodium
salts were shown to vary widely in their
hypertensinogenic capacities in the hu-
man, the finding would have consider-
able relevance to the pathogenesis of
‘‘sodium-dependent’ hypertension.

THEODORE W. KURTZ
R. CurTIS MORRIS, JR.
General Clinical Research Center
and Department of Medicine,
University of California School of
Medicine, San Francisco 94143
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Electron Density Distribution in the Organic Superconductor

(TMTSF),AsFg: Fact and Fancy

In arecent report, Wudl et al. (1) claim
to have obtained experimental evidence
from x-ray analysis for bonding electron
density between selenium atoms belong-
ing to different molecules of tetramethyl-
tetraselenafulvalene (TMTSF) in the or-
ganic metal (TMTSF),AsFg. The crystal
structure is built from stacks of TMTSF
molecules and sheets of AsFg anions.
The evidence for bonding density con-
sists of various features seen in an elec-
tron-density difference map. Peaks oc-
curring between molecules of the same
TMTSF stack are considered to be ‘‘a
microscopic view of electron density dis-
tribution along a one-dimensional con-
duction band,”” whereas peaks between
selenium atoms belonging to different
stacks show that ‘‘there is a continuum
of density from one molecule to the other
that may represent a conduction
band”’ (I, p. 417). Apart from the ques-
tion why peaks in the difference map
(regions of excess electron density)
should be considered to represent a con-
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duction band associated with removal of
electrons from the neutral TMTSF mole-
cules, the claims put forward in the Sci-
ence report (I) are so remarkable that
they can hardly avoid drawing specially
critical attention to the evidence on
which they are based.

A careful evaluation of the evidence
seems all the more necessary because
the high proportion of heavy elements in
the crystal implies that bonding effects
will be very small compared with the
sum of the core densities and hence very
difficult to detect experimentally. In-
deed, the suitability factor of the com-
pound (TMTSF),AsF¢ for a charge-den-
sity study, as defined by Stevens and
Coppens (2), is only 0.11, compared with
about 3 to 4 for a light-atom structure. A
value as low as 0.11 requires extreme
accuracy in the x-ray measurements and
in the parameters describing the promol-
ecule (3), if the difference map is to mean
anything at all (4).

Unfortunately, the full experimental

details of the work have not yet been
disclosed (5). Yet, from the limited infor-
mation provided, there is no indication
of any claims for extraordinary accura-
cy. In fact, the main conclusions are
drawn from difference maps based on
room-temperature data containing only
(I, p. 416) ‘‘minimal high-angle scatter-
ing, presumably due to a 1/3-2/3 rota-
tional disorder observed in the AsFg
groups.”  Although low-temperature
(—113°C) measurements were also made,
the resulting difference maps were con-
sidered to be inferior to those from the
room-temperature study for reasons that
appear to depend on the authors’ a priori
judgment about what the residual elec-
tron density ought to look like: ‘‘some
common sense is required in the inter-
pretation of what is an artifact of the
experiment and what is ‘real’ electron
density’’ (1, p. 417). _

We are left with the internal evidence
of the electron-density difference maps,
which constitute figures 1 through 4 of
the report (7). Of these, figure 1, showing
the difference density in the plane of the
TMTSF molecule, is the most revealing
for an assessment of the quality of the
maps. Although the site symmetry of the
TMTSF molecule in the crystal is only
C,, its electron density can be expected
to correspond closely to the D5, molecu-
lar point group. In fact, density features
corresponding to chemically equivalent
parts of the molecule are of quite differ-
ent shapes, sizes, and strengths; for ex-
ample, one selenium atom is accompa-
nied by a strong peak in the molecular
plane, in the sp? lone-pair region, but the
other three selenium atoms lack this fea-
ture. It is also apparent that all the
atomic centers are in regions of strong
negative density, pointing to a slight er-
ror in the scale factor. Since the integral
of the difference density over the unit
cell must vanish, this negative density
must necessarily be compensated by
positive density in other regions of the
crystal. Thus, many features of the dif-
ference density in the molecular plane,
where it can be checked to some extent,
do not seem particularly meaningful and
are almost certainly due to errors in the
measurements and in the parameters. It
therefore seems prudent to reserve judg-
ment about the significance of features of
the difference map in the other regions
where no such checks are possible.

The importance of accurate charge-
density maps for studying chemical
bonding can hardly be denied, but at the
same time the experimental difficulties
involved in obtaining such maps, partic-
ularly for heavy-atom compounds,
should not be underrated. The experi-
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mental uncertainties in the x-ray analysis
reported by Wudl ez al. are so great that
very little confidence can be placed in
the details of the difference maps. Of
course, as in any distribution marked by
a high noise level, there are peaks,
troughs, ridges, and valleys, and there is
a language of electron-density concepts
only too ready to be projected onto
them.

Jack D. Dunitz
Organic Chemistry Laboratory,
Swiss Federal Institute of Technology,
CH-8092 Zurich, Switzerland
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Comments on our report (/) by Dunitz
(2) demand a reply. Dunitz’s comments
can be reduced to five specific state-
ments:

1) Although conduction electrons
would be “‘invisible’’ in an electron den-
sity determination experiment, regions
of orbital overlap (essential for band
formation) would be visible. What we
meant in our report (/) was that the
buildup of electron density between te-
tramethyltetraselenafulvalene (TMTSF)
molecules is indicative of the orbital
overlap necessary for band formation.
As we pointed out (1), the features of our
maps are in remarkable agreement with
the results of Grant (3), particularly in
view of the fact that neither Grant nor we
were aware of each other’s work while it
was in progress.

2) The second paragraph of Dunitz (2)
contains an allusion to the fact that the
suitability factor for (TMTSF),AsFg is
“only 0.11. . . . ** The suitability factor
as defined by Stevens and Coppens (¢)
was not proposed for use as a criterion
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for ruling out an electron density study.
In fact, there is a study on the supercon-
ductor VSi in which the suitability fac-
tor was 0.05 (5).

3) We agree with Dunitz that high
accuracy and the best possible data
should be used for electron density stud-
ies. In our study extensive data sets were
collected on ten crystals at high and low
temperatures and the best refinement
and electron density map were reported
).

We do not feel that the ‘‘experimental
uncertainties’’ are so great as to discredit
our result. In the various refinements
and electron density maps produced dur-
ing this study, various chemically rea-
sonable bonding and lone-pair electron
density features were found to be com-
mon to all data sets and crystals. The
reported electron density maps clearly
showed these features. The internal con-
sistency and the agreement of electron
density with current bonding theory in
our opinion is too good to be fortuitous.
In this respect even Dunitz and Seiler (7)
must allow flexibility in what is suitable
for an electron density map as shown by
their examination (7) of a material that
decomposed upon exposure to Xx-rays.
To generate maps, data sets of two dif-
ferent crystals with different degrees of
decomposition and different data treat-
ment were jointly used for the study;
positional and thermal parameters were
determined from one data set, and the
electron density calculations were car-
ried out with the use of a different set. It
is apparent that ‘‘extreme accuracy’’
could not be achieved by the above
treatment and apparently was not a limit-
ing factor for the generation of electron
density maps.

4) A statement regarding our rejection
of the low-temperature map was made in
paragraph 3 of Dunitz (2). We contend,
and have observed, that electron density
information is only enhanced (not creat-
ed) relative to background at low tem-
perature. In (TMTSF),X (X = AsFg,
PF) at low temperature, large regions of
electron density were observed around
selenium atoms; these regions were not
observed at room temperature. This was
explained as the result of a solid-state
phase transition at low temperature. The
creation of this density at low tempera-
ture has to be due to factors other than
true electron density, or some evidence
of this density would have appeared at
room temperature as well; hence, our
statement (/) about ‘‘common sense.’’

S) Apparently our point about hybrid-
ization (/) was missed [see paragraph 4
of Dunitz (2)]; the unusual feature of the
map in question is that sp® lobes of one

selenium have extended more into the
TMTSF plane than those of the remain-
ing selenium atoms and not that one has
density and the others do not. In our
studies we have not restricted ourselves
to the examination of niolecular planes
only but have looked for features in all
other regions near the molecules in ques-
tion (although the publication of all maps
is not feasible). The implication that all
the positive density features in the mo-
lecular plane are meaningless because of
the negative density at the atomic cen-
ters is unwarranted. Although it is true
that ‘‘negative density must necessarily
be compensated by positive density in
other regions of the crystal’ (2, p. 353),
this applies only to the summation of the
density over the whole unit cell and there
is no corresponding restriction to an indi-
vidual plane. More importantly, the esti-
mated errors in charge density are not
uniform throughout a unit cell, as point-
ed out by Stevens and Coppens (4). Near
the nuclear positions errors in the differ-
ence densities are relatively large and are
dominated by uncertainties in the atomic
parameters and the scale factor, whereas
away from the nuclear positions experi-
mental errors in observed densities dom-
inate. Coppens has noted that, even
when a relatively heavy atom is present,
acceptable errors away from the atomic
positions are achievable (8).

Qualitatively, all expected bonding
and lone-pair densities are present and
those intermolecular electron densities
that were calculated to be absent are
absent in the reported study (/). It seems
unlikely that this consistency is acciden-
tal. Therefore, if we believe the intramo-
lecular features for which we know the
answers are qualitatively correct, we
must also believe similar, intermolecular
features.

J. M. Troupr, M. W. EXTINE
Molecular Structure Corporation,
College Station, Texas 77840
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