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There are forty-five simple binary suboctet non —transition-metal compounds A B
(8~E ~ 6) which crystallize in six crystal structures belonging to two broad families.
We show that although these structures cannot be differentiated using isotropic atomic
coordinates, successful topological separation is achieved using anisotropic bond-charge
coordinates with cr and vr symmetry. Anisotropic bond-charge coordinates were previously
used by St. John and Bloch to separate the five structures of 59 compounds of the proto-
typical A~B8 " octet family.

The prediction of crystal structures has long
been considered a difficult problem. The differ-
ences in energy between competing structures
are of order 0.1 eV/atom, while in general quan-
tum-mechanical calculations of cohesive energies
are accurate only to 1 eV/atom (or more), even
when use is made of the largest computers.

Moreover, the number of possibilities is very
large. With -10' elements and more than 200
space groups, the number of possible combina-
tions of simple binary compounds AB in different

&04structures is of order 10" .
The problem of predicting crystal structures

may be made more tractable by confining it to
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observed stable compounds and by grouping com-
pounds into homologous families with the aid of
the periodic table. An example of such a chemi-
cally homologous family is simple binary non-
transition-metal compounds A~B' ", the "octet
compounds, "with eight s-P valence electrons per
formula unit. There are about eighty such com-
pounds, which crystallize in five different struc-
tures. Even in this case there are more than 10'
combinations of compounds and structures.

Progress on this problem requires reformation.
One must replace prediction of structural energy
differences by classification of different struc-
tures in a schematic coordinate space. This was
first done for intermetallic-alloy solubilities at
small concentrations by Darken and Gurry, ' who
were partially (75%) successful using entirely
classical atomic size and charge-transfer coor-
dinates (more specifically, Goldschmit-Pauling-
Zachariasen atomic radii and Pauling electro-
negativities). However, the first major break-
through in classification of crystal structures
was made by Mooser and Pearson. ' They re-
stricted their attention to simple binary com-
pounds AB. Their coordinates were Pauling
electronegativity differences (a classical varia-
ble based on heats of formation) and the semi-
classical average principal quantum number n
= —,'(n„+n~). With these coordinates they were
90-95% successful in separating fourfold- and
sixfold-coordinated octet compounds (10"com-
binations). They were also successful in separat-
ing many TB compounds (where T is a transition
metal and B" is a nontransition metalloid with
3 &N& 5). An exact quantum treatment of the
4-6 coordination separation of the octet com-
pounds was given by Phillips and Van Vechten'
using the dielectric method, but their method is
restricted to fully bonded cubic structures with
no lone pairs.

In this Letter we report an exact classification
of fractionally bonded suboctet non-transition-
metal compounds A"B "with 3 ~P & 6. We con-
sider forty-five compounds which belong to two
broadly different structural types: twenty-three
metallic structures derived from "bcc" CsC1
structures and twenty-two anion valence coordi-
nation structures (open and solid symbols, re-
spectively). The former belong to the crystal
classes B2 (cP2), Ll, (tP, ), and B32 (cE16);
the B2 and B32 structures are compared by Pear-
son' (Ref. 4, p. 572). The valence coordination
compounds form in the anion zigzag chain (cf. Se
and Te) B33 (oC8) structure, with P —2N=N~/cV,

E(n, l) = —2Z 1n+l —lj.

For the simple binary octet compounds A"B
St. John and Bloch showed' that a successful clas-
sification resulted, using the coordinates

A B A 8
re' rp +re' p rg rg rg (3)

where r„=r, -ro" and r, =r, +r, . The co-
ordinates r„and r correspond to n and 4X
(Mooser-Pearson) or E and C (Phillips-Van Vech-
ten), respectively, but are more precise because
of their orbital content.

Figure 2 shows that the Simons-Bloch-St. John
map successfully separates not only the two broad
classes but also the six crystal structures as well,
including the two distorted-boundary phases.
There is a small circle of confusion just below
the Ll, (tP4) phase which is not successfully re-
solved with these coordinates. A successful sep-
aration in this neighborhood only can be achieved
with normalized coordinates r, /r»", where r»
is the standard close-packed atomic radius. '

There are a number of interesting conclusions
which can be drawn from these results. Most
important is that the St. John-Bloch coordinates'
are equally successful for A"B" "with P =8 and
P-4. This suggests that these are the proper co-

=2 anion-anion bonds per anion, and anion (per-
fect, tI64, and imperfect, cP64) tetrahedral
clusters with P —2N= 3. Both I.lo (tP, ) and cP64
can be considered as distorted-boundary phases,
just as wurtzite is a distorted-boundary phase for
octet compounds.

We first attempted to classify the suboctet
A"B compounds using the semiclassical Moos-
er-Pearson coordinates. The results are shown
in Fig. 1. Because of the digital character of the
Mooser-Pearson coordinates eight compounds oc-
cupy joint sites, and five compounds violate the
optimal domain separation. The classification is
generally unsuccessful, with overlap between the
two broad classes of bcc structures (open sym-
bols) and anion valence structures (solid symbols).
The fine structure associated with the three dif-
ferent classes is not resolved.

The unsuccessful attempt in Fig. 1 led us to
utilize the orbitally dependent radii r, of Simons
and Bloch, '

r, = l(l+ 1)/Z, (1)

which are the classical turning points of the non-
integral angular momentum l determined from
free-ion term values E„,by the Fues relation:
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FIG. 1. Mooser-Pearson plot of electronegativity difference, ~x, vs average principal quantum number, n = ~(n~
+mz). Crosses, (1) NaTl, (2) NaIn, (3) LiIn, (4) LiCd, (5) LiA1, (6) LiGa, and {7) LiZn; open circles, (1) LiTl,
(2) LiHg, (8) LiPb, (4) MgHg, {5) MgTl, {6) BaZn, (7) BaCd, {8) BaHg, (9) CaCd, (10) CaHg, (11) CaTl, (12) SrCd,
(13) SrHg, (14) SrT1, (15) BiT1, and {16)CaIn; open triangles, (1) LiBi and (2) NaBi; solid diamonds, (1) CaSi,
(2) CaSn, (3) SrSi, (4) CaGe, (5) BaPb, (6) SrGe, and (7) SrSn; solid circles, (1) KPb, (2) RbPb, (8) CsPb,
(4) CsSn, (5) KSn, (6) RbSn, and (7) NaPb; solid triangles, (1) GeK, (2) KSi, (3) GeRb, (4) CsSi, (5) CsGe, and

(6) RbSi.

ordinates for almost all non-transition-metal
structures for a wide range of P. Exceptions
may be extreme values of I' such as I' =2, where
exchange and correlation (the Wigner-Seitz
"hole" ) are especially important; this would ex-
plain the usefulness of y» as a normalizing factor
in a few cases.

The apparently universal significance of r, and

y, as structural parameters for non-transition-
metal compounds has important implications for
pseudopotential theory. Several recent papers
have employed nonlocal pseudopotentials with
striking success, '~ e g , in .G.aAs to Predi ct'0 the
Lr y conduction-band energy with an accuracy of
0.03 eV (compared to the total valence+ conduc-
tion bandwidth of 20 eV!) or to calculate transi-
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FIG. 2. St. John-Bloch coordinates (Ref. 6). Symbols same as in Fig. l.
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tion-metal surface-state energies self-consis-
tently. " The Simons-Bloch radii can be used to
reduce greatly the number of adjustable parame-
ters in nonlocal pseudopotentials. "

The mathematical interpretation of the elemen-
tal coordinates r, and z, is that they corre-
spond to (s+p)-hybridized orbitals and (2p-s-p)-
hybridized orbitals, respectively. (Note that r„"
measures the residual strength of m interactions
after subtraction of the more stable 0 interac-
tions. ) A physical interpretation of the bonding
coordinates y, and y „can be given in terms of
bond charges, "which have been shown to play a
decisive role in the tetrahedral-octahedral tran-
sition of octet compounds.

The fact that y, and y, are powerful structural
coordinates suggests that the (lumped) bond
charge may be decomposed into 0 and m compo-
nents. Then the signs in Etl. (3) suggest that the
n charge is shared (+sign) while the o bond
charges are transferred. This could correspond
in real space to an effective bond potential be-
tween atoms A and B which has a triple camel-
back structure. The w-bond charge would be as-
sociated with the central well, while the two wells
near the effective 0 turning points y,"' ~ competed
for the 0 charge. All of these effects are small
and are superimposed on the nonbonding charge
density which, to lowest order, is simply a super-
position of atomic charge densities. However, it
would appear that these small effects are the ones

responsible for structural phase transitions.
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We show that the transient temperature response of a freely suspended sample to heat
impulses and to heat pulses of varying duration may be interpreted to yield values of the
thermal-boundary (Kapitza) resistance to heat flow into He I and He II. Our results show
that in He II the thermal flux is carried by first and second sound, each of which has a
characteristic Kapitza resistance,

We have developed a new heat-pulse technique
for investigation of thermal-boundary (Kapitza)
resistance in both He I and He II, which yields
evidence for the contributions of first and second
sound to the thermal flux in He II.'~ Accurate
measurements can be made in He I since the data
do not require the large corrections which limit
the usefulness of conventional steady-state cell

measurements. '
The injection of a heat pulse into a test body

immersed in liquid helium produces a transient
temperature response at a point on the surface of
the test body. Analysis of this transient provides
a direct measurement of the thermal radiative,
or Kapitza, relaxation time, T„=RKC„, where
C„ is the sample heat capacity per unit area and
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