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Ga(l)-4 Pu  3-23+003 A
-1 Ga(l) 2-54+0-13
-4 Ga(2) 2-58+0-05

-4 Ga(2) 3-06+0-02
-1 Ga(2) 3-15+0-07
-2 Ga(2) 3-19+£0-10

The mean value Pu-12 Ga=3-18 A is considerably larger
than the distance Pu-13 Ga=3-08 A observed in PuGas,
and suggests that the effective valence of plutonium is four
in PuGag and closer to five in PuGaa.

In gallium metal each atom forms seven bonds, one of
length 2:44 A and six in the range 2-71-2-80 A. Short Ga—-Ga
bonds of 2-45 A also occur in PuGa, (Ellinger, Land &
Struebing, 1965).
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The authors are grateful to V. O. Struebing for prepara-
tion of the alloys, to M. Gibbs and P. Vigil for aid in obtain-
ing the X-ray data, and to D. T. Cromer for the PuGay
intensity and interatomic distance calculations.
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Hybrid solid solution. By GaBRIELLE DONNAY, Geophysical Laboratory, Carnegie Institution of Washington, Washing-

ton, D.C., U.S.A.

(Received 5 January 1965)

The purpose of this note is to draw the attention of crys-
tallographers to the existence of an unusual kind of solid
solution, which was discovered by Kushiro & Schairer
(1963). Forsterite, Mg,SiO4, an orthosilicate (isolated tetra-
hedra), forms a limited solid solution in diopside, CaMg
Si,O¢, a metasilicate (chains of tetrahedra). Such a solid
solution, which not only involves the usual topological
rearrangements of the crystal structure of the solvent, but
also requires changes in the anionic building blocks them-
selves, is here called a Aybrid solid solution. In the three com-
mon types of solid solution, substitution, addition and
omission, minor structural rearrangements accompany the
variations in composition; no strong linkages, such as Si-O
bonds, are broken. In the present case the ratio of tetra-
hedrally coordinated cation to oxygen changes from 1:3
in diopside towards 1:4 in forsterite. Drastic structural
rearrangements must take place, which will be shown to
involve more than one type of solid solution. The three
most likely hypotheses will be discussed in turn. A fourth
one, involving cation vacancies at the centers of oxygen
tetrahedra will be presented by Kushiro & Schairer in the
forthcoming publication of their phase-diagram study.
Above 1300°C and up to the melting point, forsterite
can amount to about 5 weight per cent of the solid solution

in diopside, so that the composition can be written in moles
per cent: Dig3Fo,. For reference in the subsequent discus-
sion we write:

CaMgSi, O+ 0-08 Mg:Si04=CaMgi.16Si2.0806.32 .

1. If the number of silicon atoms is considered constant,
the formula becomes Cag.gsMg.12Si2.0006.08 Or, for x moles
of forsterite to one mole of diopside, (Ca;-yMgy) Mgi, 2y
Siz O¢.2y4, Where y=x/(2+ x).

The Si/O ratio is now less than § and some of the silicon
tetrahedra must share only one corner instead of two. This
would result from breaking one Si-O bond in the Si,O%-
chain, and adding one oxygen atom to the depleted tetra-
hedron. The broken ends of the chain must move apart and
one of the added magnesium ions would fit between them.
Moreover, for every two such magnesium ions, one more
magnesium ion is added, which substitutes for calcium.
The cells where the breaks occur must be randomly distri-
buted. Since there are four diopside formula units per cell,
the maximum number of chain-breaks is 4 x 0-08=0-32, or
about one in every three unit cells.

2. If the number of oxygen atoms is considered constant,
the formula becomes Cao.osMg1.10S11.97056.00-

Table 1. Calculated densities of diopside-forsterite solid solution in the three structural interpretations

Type Formula Formula Density,
weight calc.
End
member Diopside CaMgSi;0¢ 21656 3-275% g.cm™3
([ Substitution and
double addition: CarosMeoo)Meros 51918 3315
broken chains 2608
Hybrid Double substitution y
solid and addition: Eg“"'”MMgO'O;)MgI'OZ 216145 3-269
solution Si-Mg chains 1-97M80-03)06
Double substitution
and omission: E(SZiao-S!T\I/}/lgo-o;z)Mg 214-88 3-250
crosslinked Si-Mg chains 1-96V180-04)%)5-96

* Observed densities for diopside, quoted from the literature by Deer, Howie & Zussman (1963), range from 3-22 to 3-38
g.cm~3, No densities have been determined for the solid solutions.
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For x moles of forsterite to one mole of diopside, we can
write the structural formula,

(Caj-2:Mg2:) Mgy, (Siz-:Mgz) O¢, where z=2x/(6+ 4x).

Magnesium must substitute not only for calcium but also
for silicon. In addition magnesium must occur interstitially.
Random replacement of silicon by magnesium has not been
reported in silicates. Magnesium has been found in tetra-
hedral oxygen coordination, in structures such as spinel
(Bacon, 1952) and melilite (Smith, 1953), but the Mg-O
distance (1-87 A) in melilite exceeds that of Si-O (1-63 A)
by 15%. It is also difficult to see where in the structure
interstitial magnesium could be placed.

3. If the sum of the metal ions is considered constant, the
formula becomes Cag.04,Mg1.09,5i1.96;05.06 or, for x
moles of forsterite to one mole of diopside,

(Cay-3uMg3,)Mg(Siz—2uMgru)O6-2u, Where u=x/(4+3x).

In this interpretation magnesium must again substitute for
calcium and for silicon, but it is not necessary to postulate
interstitial magnesium. Instead there is a deficiency of oxy-
gen atoms, so that we are dealing with an omission solid
solution. Structurally this means that some oxygen tetra-
hedra share more than two corners, so we must expect ad-
jacent single chains occasionally to cross-link by sharing
one oxygen atom. These amphibole-type cross-linkages
would have to occur, on the average, once in every six cells
for maximum solid solution. (One formula contains 5-:96
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oxygen atoms, which is 0-04 short of the 6 oxygen atoms in
diopside. Per cell the number of deficient oxygen atoms is
0-16).

Table 1 summarizes the three interpretations and shows
how very difficult it will be to find the correct one from
density determinations, even if good single crystals should
become available. Powder data of the maximum solid sol-
ution lead to a cell volume (439-03 A)3 (Kushiro, private
communication) equal to that of pure diopside (439-08 A)3,
which was determined by Clark, Schairer, & de Neufville
(1962). These values were used in the density calculations
(Table 1).

It is a pleasure to thank Dr J. F. Schairer, who drew my
attention to the phenomenon, and also Professor J. D. H.
Donnay and Dr Hatten S. Yoder, Jr., who critically read
the manuscript and made many pertinent suggestions.
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Anomalous dispersion in LiGaO, By M. Marezio, Bell Telephone Laboratories, Incorporated, Murray Hill, New Jer-

sey, U.S.A.

( Received 17 November 1964 and in revised form 25 January 1965)

The anomalous scattering of Cu Ko radiation by a single
crystal of lithium metagallate, LiGaO,, is reported in this
note. The structure of this compound has been determined
recently by the writer (1965a). It is orthorhombic (a=5-402,
b=6-372, ¢=5-007 A) with space group symmetry Pna2,
and four molecules per unit cell.

The atomic scattering factor is a complex quantity f'=
fo+Af +idf”=f+idf"*, so that in general in acentric
structures Ini: is different from Jzz;. This effect, known as
the anomalous dispersion effect, has been used increasingly
in the last few years for determining absolute configurations.
In a recent paper Zachariasen (1965) has shown that this
effect can be conveniently expressed by the dimensionless
quantity Xu defined by:

In—Ig
X = ¥ Ip)
4
- ' __ 5% _ i _
FIE+1PR 5% |Fsl|Fx| (65— 6x) sin (ax — a5)
where:

Iz =intensity of the hkl/ reflection
Iz =intensity of the kk/ reflection

© .
sin sr . .
* fo= So u) o dr, namely the atomic scattering factor

as ordinarily tabulated. 4f” and 4f" are the real and imaginary
dispersion corrections.

F =structure factor corresponding to the f’s

¥ =structure factor corresponding to the 4f""’s

o =phase of F

& =Af"|f, where f=fo+Af’

F; (or Fe)=contribution to the scattering amplitude due to
the atoms of the jth (or kth) chemical species.

For LiGaO; we have:

Xu {(66a— 60)| Fcal| Folsin (eo — #Ga)

T IFR+1PR
+ (0ca— SLi)l Faal| FLi] sin (otLi— otGa)
+ (00 — dr)l Fol| Fri| sin (et — o)} -

Xy is a function of the difference 6;—dx, but for this com-
pound dca and do can be obtained independently if one
sets dri=0, since the latter is negligible with respect to
dca and do. Furthermore, |¥| is small with respect to |F|
and therefore one can neglect |¥|2 with respect to |Fj2.
The above equation then becomes:

Xu = —“:T dca(AcaB— BcaA)+ 60(AoB— BoA)
where A=|F|cosa, B=|F|sina, Aca=|Fcal COS %ca, efc.
The observation of this effect does not require the use of
special apparatus for measuring X-ray intensity or the use
of unusual wave lengths. For instance, values of |Xx| up
to 50 % can be observed for some reflection pairs in quartz



