380

Acta Cryst. (1957). 10, 380

SHORT COMMUNICATIONS

Comments on the structure of KBrF.* By Stanvey SieceL, Chemistry Division, Argonne National Labora-

tory, Lemont, Illinots, U.S. 4.

(Received 12 February 1957)

Sly & Marsh (1957) have suggested an alternative struc-
ture for the compound KBrF, (Siegel, 1956). These
authors propose a square configuration for the BrFy ion,
whereas I report a tetrahedral arrangement.

I agree with Sly & Marsh that the planar configuration
is the one to be expected. However, it is not possible to
distinguish between the two cases with certainty even if
one places considerable reliability on the few isolated
discrepancies.

In order to determine the fluorine positions, it is ne-
cessary to consider reflections hkl with [ odd. Unfor-
tunately, only a limited number of such reflections are
observed on the powder pattern, and these generally
suffer interference. Only a few reflections of this class
(211, 213, 215) are observed in a single-crystal oscillation
pattern, but interferences arise here from powder lines
of decomposition products. Contrary to a statement by
Sly & Marsh concerning the ability to resolve intensities
from the powder pattern, the fact remains that it has
been possible, with only a few exceptions, to evaluate
intensities with reasonable consistency from line profiles
in the microphotometer tracings. The agreement between
observed and calculated sin? 6 values certainly indicates
some measure of resolution.

The 215 reflection, when corrected for the effects of
224, has an [ ;5 value of 33. Since this value includes the
intensity froin a non-resolvable neighboring impurity
maximum, the true I} value must be less than 33 and
is so indicated. However, it is doubtful that the interfering

* Based on work performed under the auspices of the
U.S. Atomic Energy Commission.

Acta Cryst. (1957). 10, 380

line has a high enough intensity to make up the difference
between my observed and calculated intensities. Hence,
the value given by Sly & Marsh appears to be reasonable.
The 415 reflection is distinet. My calculated value of I ?
(1-2 and not 12 as given) is obviously low. The planar
configuration also gives a low calculated value, but it is
certainly a more reasonable one.

The 413 reflection is poorly resolved from its neighbors.
However, the intensity is sufficiently high to permit its
position and intensity to be determined. The tetrahedral
case accounts for this reflection. However, the intensity
calculated for the planar configuration is low, and, for the
intensity scale used, the line would show near-zero in-
tensity on the film. The only other discrepancy arises in
the 114 reflection. Here, the planar configuration also
gives a low calculated intensity. Data at the larger angles
are not too reliable for evaluation. Finally, if we restrict
ourselves only to the 215 and 415 reflections, major
changes in the z coordinate of the tetrahedral fluorines
will be required in order to improve intensities. Such
shifts would, of course, modify the entire set of calculated
intensities. Presumably, only minor changes in coor-
dinates would be required for the planar fluorines in order
to effect better agreement for the two reflections.

The discrepancy warrants a review of the structure
under conditions of improved resolution. Accordingly,
a new structure determination has been initiated.
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Comments on Pauling’s paper on effective metallic radii for use in the g-wolfram structure.
By S. GELLER, Bell Telephone Laboratories Incorporated, Murray Hill, New Jersey, U.S.A.

(Received 16 March 1957)

The author’s determination of a set of effective co-
ordination number (12) radii for compounds 4,8 having
the B-wolfram structure (Celler, 1956) was recently
criticized by Pauling (1957), who states that by the
application of his resonating-valence-bond theory he ob-
tains different radii which not only lead to better agree-
ment with the measured cell edges but also are nearly
the same as his R(L12) metallic radii formulated in 1947.

In the following we discuss Pauling’s criticism under
three headings:

(1) Has it been demonstrated that the resonating-
valence-bond theory applies to compounds with the
B-W structure ?

(2) If not, has a new and justifiable technique been used
to obtain a set of metallic radii?

(3) Are the new results, judged merely as an empirical
correlation, an improvement on those of this author ?

(1) The set of radii for the 32 compounds 4,B was
obtained by Pauling by weighting the contributions to
the interatomic distances in accordance with the relative
numbers of atoms of each kind in the compound, i.e. 3:1.
As he points out, the resonating-valence-bond theory
requires a recognition of the coordination and valence
of the atoms and the strength of bonds. However, be-
cause the 3:1 weighting alone suffices to give a seemingly
good set of radii, these considerations, ordinarily a basic
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part of the theory, are ignored. This procedure is equiv-
alent to finding that the theory does not apply to these
compounds.

Pauling thus excludes the theoretical considerations*;
he derives his final results by neglecting the valency as
a correction on the weighting. If valencies were con-
sidered, the proper weighting of the contributions to the
A-B distances would be as dissimilar as 5:1 for V,As
and 2:1 for TiIr. By using the value 3:1 for all com-
pounds in the group, he abandons the underlying theory.

The importance of the short (4-4) interactions should
not be overlooked in attempting to determine the nature
of the bonding in these compounds. In fact, these are
probably just the bonds that cause the difficulty in
applying the resonating-valence-bond theory. It is, how-
ever, not necessary to consider these 4-4 bonds in
establishing that a certain constancy of the radii exists
in the 4-B interactions in these compounds, and as a
result it is possible to reproduce the lattice constants of
this structure type with unusual accuracy. (The same
could not be done for intermetallic compounds with the
CsCl structure, for example.) Pauling suggests that he
has included these short bonds by his weighting in ac-
cordance with the number of atoms of each kind in the
unit cell. Actually each 4 atom has effective CN(14),
each B atom effective CN(12). Even if the longer (4A-A4)
distances are neglected, there are 4 B atoms and only
2 A atoms coordinated to an A.

Thus far, we have seen that the principal features of
the resonating-valence-bond theory have not been ap-
plied by Pauling in his explanation. Nor does his new
criterion for the test of the theory, namely the agreement
of his B-W set of radii with the R(L12) radii (Pauling,
1947), show the validity of the theory in the case of com-
pounds with the 8-W structure. A mean deviation is useful
as a measure of agreement only when individual devia-
tions are not significantly different from the mean. The
agreement of many of Pauling’s f-W with R(L12) radii
is extremely good, but individual deviations for those
which do not agree well are very large. Out of twenty
listed radii, eight have deviations > 0-024 A. The mean

* Pauling’s theory (1947) is usually applied on an atomistic
basis, i.e. one considers the coordination of the crystallo-
graphically different atoms. Bond numbers are assigned to the
bonds in a logical manner; the weighting which occurs is in
accordance with the relationships:

R4(n) = R4(1)—0-300 logn , (1)
Rp(n) = Rp(1)—0-300 log n , (2
R4(n)+Rp(n) = D, = D(1)—0-600 log n , (3)

where 7 is the bond number, R 4(n) and Rp(n) are the observed
radii of atoms 4 and B associated with bond number n, R4 (1)
and Rp(l) the single-bond radii and D(1) the sum of the
single-bond radii. (It is seen that (3) is an expression of the
simple additivity rule.) The sum of the bond numbers assigned
to bonds from a given atom must equal the valence of the
atom. In more complicated cases, it is necessary to assume
various bond numbers, solve for the single-bond radii and show
that these check well with the theoretical values. Thus, for
example, when an atom distributes its d character differently
among the orbitals in bonds to different atoms, the single-
bond radius may be different for different bonds. This type
of application is illustrated by the case of Nb,Pt in the author’s
earlier paper (Geller, 1956). In some cases, the possibility of
electron transfer from one atom to another producing a change
of valencies and single-bond radii is also recognized.
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deviation of these eight is 0-045 A; the largest listed
deviation is 0-077 (for As). The mean deviation for the
other twelve (range 0-001 to 0-018 A) is 0-008 A. (In-
cidentally, the overall standard deviation is 0-031 A, but
this also is not too meaningful because the type of distri-
bution function for the deviations is not known.) The
large deviations for Ti and Zr are explained, but some
other differences, notably for As, Si and Ge, are neglected.

There now exists an even more extreme example of
such unexplained deviations. In a paper by Matthias,
Wood, Corenzwit & Bala (1956), the compounds Nb,Sb
and V,8b with 8-W structure are discussed. The lattice
constants of these compounds are 5-26 and 4-92 A respec-
tively. The radius derived for Sb, 1-504 A, using Pauling’s
formula [a, = 1-7888 (3R, +4Rp)] is about 0-09 A dif-
ferent from his R(L12) radius (Pauling, 1947). This
discrepancy is even larger than that for As. It changes
the overall mean deviation to 0-03 A and that of the nine
with largest individual discrepancy to 0-050 A. (The
overall standard deviation now is 0-036 A.)*

(2) The second question—is the new technique given
by Pauling in his present paper a justifiable one?—
centers around the point as to whether the 3:1 weighting
is valid. This type of weighting is new and requires de-
tailed justification by theory and by application in other
instances. Although the rule of simple additivity leaves
much to be desired, it is in general use (see first foot-
note). In The Nature of the Chemical Bond (p. 418),
Pauling discusses briefly structures involving packing of
atoms of different sizes, for example, MgZn, in which
Zn has CN(12) and Mg CN(16). However, when dis-
cussing distances in this compound he employs the simple
additivity rule. He also follows this procedure in treating
AlBa. In the V;Au case, Pauling says ‘The fallacy in
Geller’s argument is, of course, that of giving the radii
of the small atom V and the large atom Au the same
weight’. Now suppose, as he suggests, that the £(L12)
radii of the 1947 paper and the 3:1 weighting were used.
The values obtained for several compounds are shown in
the following tablet and compared with the observed
values:

Pauling’s

method  Observed 4
V,Si 4767 A 4722 A 0045 A
V,Ge 4-812 4-769 0-043
V3As 4-834 475 0-084
Nb,;Sb 5337 5-26 0-077
V3Sb 5-012 4-92 0-092
TigIr 5-148 5-007 0-141
Ti,Pt 5-175 5-033 0-142
Ti;Au 5-223 5096 0-127

Perhaps one might accept the argument for the contrac-
tion of Ti, but the discrepancies for the others are rather
large, especially by Pauling’s own criteria. Thus, although
this kind of weighting of the R(L12) radii gives a satis-

* It should be pointed out that I was not attempting, in my
earlier paper, to stress the similarities between my radii and
the CN(12) radii of Pauling, but rather the differences. Thus
it would not matter what the mean deviation between my
radii and the R(L12) radii would be.

1 The differences between this table and Pauling’s Table 2
(which shows almost perfect agreement for the titanium
compounds) arise because of the large difference between the
R(L12) and his new §-W radii for Ti, As, Ge, and Si.
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factory result when applied to V,Au, it does not do so
for many other compounds.

(3) Finally, are the new results, judged simply as an
empirical correlation, an improvement on those of this
author ? The mean deviation in lattice constant obtained
by the author for the 32 compounds is 0-01 A, the range
is 0-00-0-03 A; for 31 compounds it is 0-00-0-02 A. In
this case, therefore, the mean deviation may be given
as a meaningful measure of agreement. It was pointed out
(Geller, 1956) that the accuracy of the measured lattice
constants would not seem to warrant an attempt to
obtain better agreement of predicted with measured lat-
tice constants. Pauling has obtained a mean deviation
in lattice constant of 0-004 A. However, the range is
0-000-0-030 A. Four of the deviations are greater than or
equal to five times the mean deviation. Thus, the ac-
curacy claimed by Pauling is illusory, and the results are
really no better than those originally obtained by the
author.

It is therefore necessary to conclude in answer to the
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three questions put at the introduction (1) that Pauling
has not demonstrated that the resonating-valence-bond
theory applies to the compounds with the 8-W structure;
(2) that the technique used to obtain his 8-W radii is
new and has not been justified in detail; (3) that the new
results are no better than those of this author. The latter
have the advantages that (1) they adhere to the generally
accepted idea of simple additivity of radii for prediction
of interatomic distances, and (2) they recognize the short-
comings of the experimental data.
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Some pyridine-N-oxide derivatives.* By Epcar L. Ercarorn and Karst HoOGSTEEN, Gates and Crellin
Laboratories of Chemistry, California Institute of Technology, Pasadena, California, U.S. A.

(Recetved 9 January 1957)

A survey was undertaken some months ago of pyridine-
N-oxide derivatives with a view to obtaining cell .data
of crystalline specimens to aid in a diligent choice of
compounds for complete X-ray analysis. Two such com-
pounds have meantime been so analyzed to furnish bond
data for theoretical chemists (Eichhorn, 1956, 1957;
Jaffe & Doak, 1955).

Table 1 reproduces the data of the eight crystalline

Table 1. Crystallographic data

d; and d; are the densities, measured respectively by
flotation (usually with the aid of an electrically driven centri-
fuge) and determined by calculation from the molecular weight
and the cell volume. The translation distances were deter-
mined from oscillation photographs (Cu Ko = 1:-5418 A),
and their precision should be of the order of 0:02 A. The axial
angles should have a precision of about 0-1°; the d; value for
the last compound in the table is not very reliable.

4-Nitro-PNO
Pmna; Z = 4; dy = 1-520, d; = 1-550 g.cm. ™3
a=1253, b =604, c =793 A

4-Chloro-PNO
Fddd; Z = 16; dy = 1444, dy = 1-440 g.om,™8
a = 1969, b = 12-87, ¢ = 954 A

4-Cyano-PNO
P2,/c; Z=4 with sub-cell ¢’= }c; dy=1-355, d;=1-360 g.cmm.™3
asinf = 1131, b= 590, c = 7-89 A

4,4'-trans-Azo-PNQ
P2ijn; Z = 2; df = 1497, dy = 1-504 g.cm.™3
a =456, b= 1275, ¢ = 975 A, f = 114-6°

* Communication No. 2064 from the Gates and Crellin
Laboratories.

4,4’-cis-Azo-PNO

P2)ja; Z = 4; dj = ?, d; = 1-237 g.cm.™3

a = 1544, b = 22-01, ¢ = 3:76 4, B = 114-9°
4-Hydroxy-PNO

Pl or P1; Z = 2; dy = 1:536, d; = 1-541 g.om.™3

a=385, b="1.10, ¢=13-10 A, x=116:5°, =121-0°, y=93-7°
4-Pyridyl-NO-carbinol

P2)fc; Z = 4; dj = ?, dz = 1:233 g.cm.™3

a= 1389, b = 393, c = 12:33 A, § = 90-0°
X Dioxane. Y 4-pyridyl-NO-carbinol

P2lc; Z = ?; df =111, dr = ? g.cm.™3

a =758, b = 595, csin f = 12-74 A

compounds investigated. The authors have to thank Dr
H. J. den Hertog of the Wageningen Agricultural In-
stitute and Dr E. Ochiai of the University of Tékyo for
the many samples placed at their disposal. The carbinol
was first prepared by synthesis at C.I.T. by Dr R. L.
Bixler, who was good enough to let us have a sufficient
quantity for our experiments. Great difficulties were
initially experienced with the purification of this com-
pound since it would not properly dissolve in many of
the commonly used organic solvents. With dioxane, how-
ever, the carbinol combines to give a molecular compound
of uncertain dioxane content, yielding beautiful silky
needles which will lose dioxane after some standing; the
needles finally revert to powder.

The authors are very much indebted to Dr Linus Paul-
ing and Dr Robert B. Corey whose interest stimulated
this research.
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