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Arsrnect

From a consideration of interionic radii and coordination it is shown that delafossite,

CuFeOs, is probably to be considered cuprous metaferrite. That is, the copper is present as

cuprous ions and the iron as ferric ions.

Eight years ago I reported to the societyl on a comparison of spacing
measurements derived from powder patterns of delafossite with spacings
calculated for the structure of artificial CuFeOz which had been briefly
described by Soller and Thompson. It was concluded that delafossite
probably has the same structure as SoIIer and Thompson's artificial mate-
rial.2

The density calculated from this structure, 5.52 (using the same value
of Avogadro's numbdr used by Siegbahri, since it is assumed that Soller
and Thompson used Siegbahn wave-lengths), greatly exceeds the value
5.07, then current in the literature, or the highest values I had then been
able to obtain from the material used. A few years ago the late Dr. Ber-
man reported to me that the value 5.41 had been obtained on an 8 mg.
crystalline sample and thisvalue is now incorporated in the seventh edi-
tion of Dana's System oJ Mi,neralogy and credited to Frondel.

Table 1 shows the spacing measurements and intensity observations
on powder patterns of delafossite from various sources compared with
theoretical spacings corresponding to the lattice of Soller and Thompson.
The discrepancies between the several sets of spacings, especially be-
tween the records taken from other publications and those obtained
during this work, give an indication of the sort of departures that are
often met in r-ray identification work. These are probably not due to
variations in the delafossite. The smaller difierences are"near the limits
of accuracy of measurement, or may be due to differences,in the manner
of handling the data, but the absence of any line near 1.253 and the
presence of a line at 1.080 reported by Harcourt are strmewhat disturb-
ing. It seems unjustified to attribute the 1.080 line to contamination
when there is no suggestion of other such lines in the range of the larger
spacings where they would be more likely. It seems probable that Har-
courtts report on a delafossite pattern leaves something to be desired in
the way of careful observation and reporting.

I Crystal structure and density of delafossite (abstract only), Am. Minera.l.r23rl75.176
(1e38).

'It had earlier been assumed by Ramdohr (Zentralbl. J. Mineral,.,Ar 289-303 (1937))
that such is the case.

539



540 A, PABST

T,lsln 1. INrnnpr-.qNll Specwcs ol Dtrnrossrrr
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t For a cell of dimensions a,:5.96, a:29"26'; an:3.03, cn:17'09.

I Mo radiation. fntensities recorded in heights of peaks on photometer curves in centi-

meters. Difiraction patterns obtained through the courtesy of Mr. W. H. Dore, Division

of Plant Nutrition, University of California.
* A. W. Waldo, Identification of the copper ore minerals by means oI x-ray diffraction

patterns: Am. Mi.nera!.,2Or 575-597 (1935). Radiation not indicated, s-strong, m-me-

dium, w-weak, vw-very weak, ex'-exceptionally weak.
+* G. A. Harcourt, Tables for the identification oI ore minerals by x-ray powder pat-

terns: Am. Mineral,. 27r 63-113 (1942), Radiation not indicated.

The technique of r-ray identification of crystalline materials, after
many years of slow growth has been making more rapid progress in
recent years. Unfortunately such failings as that just indicated are likely
to be a hindrance. More crystallographic indexing of films and more
checks against the literature of crystal structure wherever possible by
those who use and especially by those who publish powder data for
identification purposes seem to be called for. There are, of course, many
cases where such indexing or checking is not feasible, but it has often
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been omitted for no better reason than that the authors found it too tedi-
ous.

Delafossite was first reported from America by Professor Rogers when
he described crystals from Bisbee in 1913.3 At that time Professor Rogers
considered the chemical constitution of the mineral and tried to deter-
mine the valence of the copper and iron. After several chemical experi-
ments which were not fully decisive it was concluded that "delafossite
is probably cuprous metaferrite, Cu'Fe"'02."

Various methods not available thirty years ago might now be used to
discriminate between Cu"Fe"O2 and Cu'Fe"'Oz. The method most
appropriate to the present case depends on determination of interionic
distances in the crystal lattice.

Tlinrn 2. Suuulnv ol INrnNsrtv Celcurlrrors lon Drr,lrossrrE wrrrr Cu nr 0. 0. 0
Fe ru |, *, * ero o t" ",?;;T?"rih?fl"_*rENsrry ossnwartoNs
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I Calculated with ionic/q values. AII other intensitiescalculatedwithatomic/o values.
See text.

* Observed intensities measured by heights of peaks on photometric curve in centi-
meters.

3 Delafossite, a cuprous metaferrite from Bisbee, Arizona: Am. fow. Sci.,35, 290-294
(1e13).
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542 A, PABST

Before proceeding with this it seemed best to check the observed
intensities of delafossite powder patterns against intensities calculated
from the structure. Table 2 gives all pertinent data. It is seen that the
observed intensities of lines on two patterns agree well with the intensi-
ties corresponding to the structure given by Soller and Thompsona with
one CuFeOr in a rhombohedral cell (4,:5.96, a:29o26'; an:3.A3, cn
:17.O9) Cu in 0,  0,  0 Fe in l /2 ,  l /2 ,  I /2and O in I /9 ,  I /9 ,  1/9 andS/9,
8/9,8/9. It is to be noted, however, that the l ines observed all have
h+k+I:2n. The intensities of these lines would be the same if any
parameters are altered by l/2, t/2, I/2. Hence there is no difference in
the intensity of these lines for O inl/9 (8/9) etc. i.e.,2f 18 (16/t8) etc.,
or in 11/18 (7 /18) etc. The intensities of l ines for which hik*l*2n are
afiected by such a parameter change, but no such lines are observed in
powder patterns.

Most of the intensity calculations recorded in Table 2 have been made
rvith/0 values for the neutral atoms as given in the Internotional Tables

Jor the Deterrni.nation of Crystal, Structures, vol. If, pp. 571 and 572. It
may seem that it would have been better to use the scattering factors
for the appropriate ions, especially since one of the objects of this work
is to check on the valence state of the metals in the structure. Unfortu-
nately tables are Iacking for copper or iron ionic scattering factors. The
difierence in calculated intensities would be slight except for the first line
or two, since the scattering power of O and O-2, which difier by 25/6
at zero scattering angle, differ by only 4.7/s at the angle lor 222 of dela-
fossite and even less for other lines. For iron and copper the proportional
difference in the scattering factors would be much less. Nevertheless, a
calculation with improvised ionic scattering factors for Cu+l and Fe+3
and the accepted values for O-2 has been made for the first ten lines
to show that no discrimination as to valence state of the ions is possible
on this basis. Comparing the calculated intensities in the first three
columns of Table 2 one can conclude that the efiect on the intensities of
diffracted beams due to change of internuclear distances attending va-
lence change outweighs the efiect due to change in scattering power.

Figure 1 shows the variation in intensities of the first ten possible
powder lines with variation in the oxygen parameter from 0 to f. It is
seen that Soller and Thompson's choice of parameter is well justified, if
we take into account that reducing it below 1/9 is excluded by atomic
radii, but that 7 /18 gives equally satisfactory agreement of observed and
calculated intensities. Our diagram shows also that observation of 100

a Soller, Walter, and Thompson, A. J., The crystal structure of cuprous Ierrite: Phys.

Rer. ,47,644 (1935).
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and/or 111 or, best of all, a pattern on which the odd orders of. hhh
could be compared would make possible a choice.

Accepting for the moment the oxygen parameter oI l/9 we may draw
a picture of the structure and also determine interatomic distances and
coordinations. Figure 2 shows such a structure in clinographic projec-
tion and 2o shows a section through it on a symmetry plane.

o,2 0.3 0.4 o.:

Frc. 1. variation of intensities of the first ten possible powder lines of delafossite
with variation of the oxygen parameter from 0 to |.

In Fig. 2a the radii of the circles representing the ions are made
proportional to the ionic radii of Cu (0.96), Fe (0.67), and O (1.32)
given by Evans.s It is seen that there is overlap of O on adjoining O and
on Cu in this case.

If O is given the parameter 7/18, which is in equally good agreement
with observed intensities, the configuration shown in the section in Fig.
2D results. In this case the overlaps are similar. The coordination, how-
ever, is quite different in the two cases. With the parailreter 1/9 Cu has
a twofold coordination of O about it and Fe a sixfold coordination of O
about it. If the oxygen is at 7/18 these coordinations are interchanged.

5 Evans, R. C., Cryslal Chemisl,ry, Cambridge (1939), p. 171.
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STRUCTU KE OF DELAFOSSITE

It is possible to find an oxygen position in which the distance from
oxygen to both Fe and Cu is fully that required by ionic radii. If O is
given the parameter 0.23, as in Fig. 2c,both Cu and Fe have sixfold co-
ordination and there are no overlaps. If thisparameter is decreased the
O-O distance and the Fe-O distance are decreased, whereas the Cu-O
distance is increased. Since parameters in this range are, however, ex-
cluded by intensity observations they will not be further considered no
matter how reasonable the corresponding structures.

Tlnrc 3. CowouNos HevrNc rnn Cnvste.r Stnucrunr Tvpp F 5r

Formula 1a Strukturbericht
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NaHFs
CaCNz
NaNa
CsIClr#
CuFeOz
NaFeOz

400 2'
43 50
38 43
70 42
29 26
31 20

5.0s
5 . 1 1
5.48
5.46
5 . 9 6
5 . 5 9

0 .41
o .37
0.42
0  .31
0 .  1 1
o .22

Vol. I
Vol. I
Vol. I
Vol. I
Vol. III
Vol. III

# In Strukturberidrt I, CsICb is referred to "Idealfall II" under type F 5r. Wyckoff,
on the ottrer hand, makes this the type, his d of the RX3 compounds, and refers the first
three of this list to it.

In Volume III of the Strukturbericht CuFeOr is referred to type F 51
for which NaHF2 was taken as the example in volume I. Table 3 lists the

structures which have been referred to this type. It is seen that NaFeOz
is the only one whose lattice dimensions approach closely those of

CuFeOz. The structure of NaFeO2 was determined by Goldsztaub.G He

assigned Na to 0, 0, 0; Fe to lf 2, l/2, tl2 and selected 2/9 tor the value

of the oxygen parameter. This is close to the value just considered for

CuFeOz and discarded because of intensities, and gives both the Na and

the Fe a sixfold coordination.

Tesr,E 4e. IxrenroNrc Drsrlxcns exo Coon-otxl:rrorv tN Drr.elossr:rr

O in l /9,1/9,t/9
and 8/9,8/9,8/9

O in 7 /18,7 /18,7 /I8
and 11118, l l /18,11/18

Distance Coordination Distance Coordination

o-o
Fe-O
Cu-O

2 .583
1.991
1.899

J

a

6

3
6
2

2 .583
1.899
1.991

6 Goldsztaub, M. S., Etude de quelques derives de I'oxyde ferrique (FeO'OH, FeOzNa,

FeOCI); determination de leurs structures: Bull. soc. fron. mi.n., 58, 6-76 (1935).
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Referring to the structure of delafossite, interionic distances and co-
ordinations ior u:l/9 and u:7 /18 are tabulated in Table 4A. A choice
between these two parameters cannot be made from the r-ray data avail-
able to me and I am unable to say just how Soller and Thompson made
their choice, or indeed, whether they considered 7 /18 as a possibility. A
comparison with known metal-oxygen distances and coordination num-

Ta.sln 4e. INrsRroNrc Drsr,txcr,s rN Srupr-r Oxroes or Cu ,qNo Fe

Interionic Coordi-
.lvlatenaI

Ilstance nauon
Reference

Cuprite 1.843 2
CurO Cu'-O

Tenorite 1.95 4
CuO Cu"-O

Wustite 2.14 6
FeO Fe"-O

Hematite 2.06
Fezog 1.91

Fe/rr_O

Niggli, Zeits. Krist., 57, 253 (1922).

Tunnell, Posnjak and Ksanda, Zei,ts. Krist., 9O, 120
(1e3s).

Wyckofi and Cr ittenden, Z eit s. Kr i s t., 63, IM (1926) .

Pauling and Hendricks , J .A.C.5., 47, 781 (1925): ) '

bers in the simple oxides of iron and copper is some help in this connec-
tion. The pertinent data with references are given in Table 48. From this
it may be seen that with the parameter lf 9 we may interpret delafossite
as being cuprous metaferrite, CutFe"'O2, as surm;sed by Rogers, and
that both copper and iron will then have the coordination and nearly
the same metal-oxygen distances which have been found in the cor-
responding simple oxides. ff we choose the parameter 7 /18 and/or con-
sider delafossite to be Cu"Fe"Oz there is no way of obtaining such an
agreement. Pending the availability of better x-ray data we may accept
Soller and Thompson's choice of oxygen parameter and conclude that
delafossite is indeed cuprous metaferrite as supposed by Rogers.




