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ABSTRACT 

Crystals of potassium chloroplat.inatet studied by means 

of spectral and taue photographs~ are shown to have the pota.ssium 

chlo1'ostannate structure with .a
100 

.: 9. 73 i and £ ; 0.240 :. 0.005 .. 

The reported value of ~ .:- 0,.18 is shown to be ineorre.ot, and the 

theoretical treatment of J ones and Dent which s1;1pported :this latter 

value is thereby depriv·ed of its supposed agre0ment with experiment •. 

The parameters in diaspora are redetermined,, and the 

st ructure is discussed tron:t the standpoint of the coordination 

theory. The exis•tenee a.nd l ocation of hydrogen bonds in the 

struotu re are established, and represent~tive f o:rmulas are propo sed. 

The unit of s tructure" spa.ce grou.p symmetry~ and detailed 

atomic arrangements of lepidoc:roe:ite are det ermined f rom x .. r ay 

data.,. and the existence and l(lCation ef hydrogen bonds in the 

structure are established from considerations of .interato...,nic dis ... 

tanees. T'ne relationship between t he diaspore and lfpitoc.rocite 

structures is discussed from the standpoint of t he coordination theory, 

and found to dapend on t wo alternative ways of satisfying t he 

electrostatic valence rule. 
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Introduction. 
It has been reported 1), without publication of substantiating experi­

mental information, that crystals of potassium chloroplatinate, K2PtCl6 , 

have the potassium chlorostannate structure, and that the parameter u 
determining the position of· the chloride ions has a value of about 0,16. 
On tlie other hand, the carefully prosecuted study 2) of ammonium chloro­
plalinate, (NH4)2PtCl6 , led to a value for u for this substance lying 
between 0,22 and 0,24-. The discrepancy in results reported for these 
two related substances has been pointed out by Wyckoff3), who wrote 
"Inasmuch as u has the same value for both the potassium and the 
ammonium chlorostannates 4) it might be anticipated that u = + 0,24-
for K2PtCl6. A more detailed investigation is hence to be desired". 

Lennard-Jones and Miss Dent have recently 5) developed a theory 
designed to predict parameter values for crystals of this type, and have 
obtained results agreeing with Scherrer and Stall's work on potassium 
chloroplatinate and disagreeing with Dickinson's on potassium chloro­
stannate. This attached still greater interest to the reinvestigation of 
the structure of this crystal, and especially to the accurate determination 
of the value of the parameter. The research described in the following 
pages leads definitely to the conclusion that Scherrer and Stall's para-

l) P. Scherrer and P. Stoll, Z. anorg. Ch. 121, 319. 1922. 

2) R W. G. Wyckoff and E. Posnjak, J. Am. Chem. Soc. 43, 2292. 1921. 

3) R. W. G. ·wyckoff, "The Structure of Crystals", Chemical Catalog Co., New 
York, 1924, p. 344. 

4) R. G. Dickinson, J. Am. Chem. Soc. 44, 276. 1922. 

5) J.E. Lennard-Jones and B. M. Dent, Phil. Mag. 3, 1204. 1927. 
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224 F. J. Ewing and Linus Pauling 

meter value is incorrect, and hence that Lennard-Jones and Miss 
Dent's theory disagrees with experiment for potassium chloroplatinate 
as well as for potassium chlorostannate. 

Experimental methods. 
Potassium chloroplatinate, prepared from chloroplatinic acid and 

potassium chloride, was recrystallized from distilled water. The crystals 
obtained were small isotropic octahedra. 

The standard method of investigation with X-rays involving the 
preparation and interpretation of Laue and spectral photographs was 
used in order to avoid as far as possible any chance of introducing 
serious error in the structure determination. Spectral photographs were 
made of the molybdenum K-radiation reflected from the face ( 111) of 
a crystal about 2 mm. on an edge and simultaneously from ( 100) of 
calcite. Laue photographs were then taken with the incident beam of 
X-rays at various small angles with the normal to ( 111) of a perfect 
crystal about ·o,7 mm. in its largest dimension. A tungsten anticathode 
Coolidge tube operated at a peak voltage of about 52 kv. was used. 
Indices were assigned to the Laue spots with the aid of gnomonic pro­
jections. 

Determination of' the structure. 
The spectral data of Table I lead to d100 /n0 = 9,73 A, in which n0 

is the order of reflection of the first line reflected from ( 111 ). Values 
of n), calculated on the basis of the unit with n0 = 1 for over 200 
spots arising from planes of over 75 different forms on a Laue photo­
graph were in every case larger than 0124 A, the short wave-length 
limit of the incident radiation. There is accordingly no evidence requir­
ing or indicating the existence of a larger unit of structure than that 
with d100 = 9,'i3 A. The density calculated from this unit containing 
4K2PtCl6 is 3,50, in acceptible agreement with the directly measured 
values, 3,58-3,69. 

No odd order reflections were observed from any planes except those 
with all indices odd, so that the structure may be assumed to be based 
on a face-centered lattice. A Laue photograph taken with the incident 
beam normal to ( 111) showed three planes of symmetry in addition to 
the three-fold axis; the crystal hence has the symmetry of one of the 
point-groups Td, 0, or Oft, The only space-groups 1) satisfying these 
requirements and providing atomic positions for SK, 4 Pt and 24 Cl are 

l) R. W. G. Wyckoff, "The Analytical Representation of th,3 Results of the 
Theory of Space-Groups", Pub. Carnegie Inst., No. 31 s, l 9i2. 
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Table I. 

Spectral data from potassium chloroplatinate. 

Order 

I 
no 

no 
2n0 

3n0 
3no 
4no 
4n0 

4n0 

5no 
5no 

Angle of 

I 
d111 

I 
Intensity -

reflection no 

3°14' 5,59 } strong 
3 37 5,63 
7 H 5,64 med. weak 

10 52-} 5,62 } medium 
10 58 5,6i 
12 56 5,65 

} H 35½ 5,61 strong 

14 42½ 5,61 
18 22 5,61 }. medium 
18 26 5,62 strong 

Mean dut = 5,63 A. 
no 

I 
s I (foru=0,240) 

0,827 

0,60 2) 

0,577 

2,105 

1,073 
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S (u=0,16) 

1,300 

0,034 

0,228 

0,499 

1,073 

s .,.,... ___ _,,__--,....,...._~_.....,,.. ______ -+-_.,,....-~~---..,.._,,____. 

t 2 

100 

0 0,1 0,2 
u ---

O,J o,q. 

Fig. 1. Structure factor curves for the first five orders of reflection from ( 111 ). 

1) p signifies MoKfJ, A= 0,6311 A; a1, MoKa,, A= 0,7078 A; a2, MoKa2, ). = 
o,7121 A; a, mean of a1 and a 2, A= 0,7100 A. 

2) Increase in the relative reflecting power of platinum would decrease this 
value of S further, giving better agreement with the observed intensity. 

5. 



226 F. J. Ewing and Linus Pauling 

Ti, 03 and Oh5. Of the several alternative structures provided by these 
space-groups all but one must be excluded, since they are in pronounced 
disagreement with the observed relative intensities of reflection from 
different planes 1). 

The allowed structure, obtainable from all three space-groups, is 
the following: 

4Pt at 4b: (0 0 0); 
81( at Se: + (¼ t t); 

2i Cl at 24a: + (u 0 0, 0 u, 0, 0 0 u), 

in which each indicated position represents one point of a face-centered 
lattice. 

The parameter u defining the chloride positions can be determined 
from the relative in_tensities of reflection with the use of only qualitative 
assumptions regarding intensity factors other than the structure factor, 
for if of two planes the one with the smaller value of d/n reflects more 
strongly than the other its structure factor must be the larger. Curves 
of structure factors calculated for the small orders of reflection from 
( H 1) are given in fig. 1. In making this calculation the relative reflect­
ing powers of the various atoms were taken proportional to the atomic 
numbers of the atoms. This is very nearly correct so far as potassium 
and chlorine are concerned, and error in the case of platinum will have 
only the e!Tect of changing the origin somewhat; in limiting the para­
meter exact values of the relative reflecting powers need not be assumed. 
The observed intensities of the various orders from ( 111) (Table I) require 
that the structure-factor for n = 4 be larger than for n = 1, 2, or 3, 
for n = 3 larger than for n = 2, and for n = 5 larger than for n = 3. 
These requirements are seen to be satisfied only if u lies in the region 
between 0,18 and 0,250. The upper limit 0,250 does not depend on 
the assumption of definite reflecting powers. 

The parameter u can be further limited with the aid of Laue data. 
Planes giving useful Laue spots may be divided into three classes, with 
the following structure factors: 

Class 1 : all indices odd. 

n = 1, S = 4-Pt + 8 Cl(cos 2nhu + cos 2nlcu + cos 2 n lu). 

Class 2: one index even, 
n = 11, S = 0; n = 2, 

S = 4Pt + 8.K + 8 Cl (cos 4 7fhu + cos 4-n ku + cos 4n l u) . 

1) The detailed argument involved has been presented before; see, for example 
R. G.Dickinson, J.Am.Chem. Soc. <l<I:, 276. 1922; R. W.G.Wyckoff, "The Structure 
of Crystals", Chemical Catalog Co., New York, 1924 , pp. 334-337; etc: 
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Class 3: two indices even, 
n = 1, S = O, n = 2, 

227 

S = !i,Pt - 81( + 8 Cl (cos Ii, nhu + cos Ii, n:ku + cos hclu). 

Table IL 

Selected Laue data for potassium chloroplatinate. 

hkl 
I 

Class 
I 

d/n 

I 
). 

I 
Estimated s s 

A A intensity u = 0,240 u=0,16 

221 3 1,62 0,37 0,9 2,122 0,524 
551 1 1,36 0,36 0,9 2,973 3,446 
553 1 1,27 0,36 0,6 2,723 0,617 
733 1 1,19 0,38 0,4 1,492 1,037 
322 3 1,18 0,35 0,4 2,184 o,s11 
4H 2 1,1 5 0,44 0,5 2,300 2,369 
751 1 1,12 0,37 0,4 2,238 3,866 
4 21 3 1,06 0,44 0,5 2,029 0,074 
755 1 0,978 o,36 0,3 2,484 3,639 
430 3 0,973 0,35 o,a 2,122 2,958 
430 a 0,973 o,42 0,3 2,122 2,958 
431 2 0,954 0,37 0,3 2,362 3,764 
951 1 0,941 0,35 0,3 3,200 . 2,207 
951 1 0,941 0,42 0,3 3,200 2,207 
773 1 0,941 0,38 0,1 1,253 2,758 
773 1 0,941 0,42 0,2 1,253 2,758 
520 3 0,903 0,42 0,2 2,336 0,730 
432 3 0,903 0,41 0,2 2,091 2,595 
521 2 0,888 0,3 7 0,2 2,576 1,536 
971 1 0,873 0,36 0,2 2,465 2,627 
530 2 O,H34 0,37 0,1 2,669 4,568 
5ao 2 0,834 0,44 0,2 2,669 4,568 
433 2 0,834 0,46 0,25 2,424 5,159 
973 1 o,s25 0,36 0,2 2,!!15 1,099 

11 ·3·3 1 0,82~ 0,38 0,1 1,281 0,371 
11·5•1 1 0,802 0,38 0,1 2,027 3,200 
11 ·5·1 1 o,so2 0,40 0,1 2,027 3,200 

532 2 o, 790 0,44 0,2 2,638 2,931 
6H 2 0,790 0,47 0,2 2,153 3,432 

11 ·5·3 1 o,782 o,36 0,05 1,777 1,672 
975 1 0,782 o,38 0,1 2,7H 2,400 
443 3 o, 760 o,4 o 0,1 1,998 1,771 
621 3 0,760 0,37 0,1 1,882 0,989 
621 3 0,760 0,41 0,1 1,882 0,989 
541 2 0;750 0,41 0,1 2,483 1,986 

11•7•1 1 0,7 44 0,37 0,05 1,292 3,620 
11•7•1 1 0,744 0,42 0,05 1,292 3,620 
H•7•3 1 0,727 0,39 o,oo 1,042 2,on 

977 1 0,727 0,41 0,05 1,976 2,820 
542 3 0,725 0,43 o,o5 2,212 0,457 
631 2 0,718 0,4 1 . 0,05 2,2i5 4,827 
631 2 0,718 0,38 0,05 2,215 4,827 
995 1 0,712 0,39 0,15 3,673 0,741 

1 3.3.3 1 0,712 0,40 0,1 2,647 1,184 
13•5•1 1 0,697 o,39 0·,1 3,393 4,013 
H•7•5 1 0,697 0,38 o,oo 1,538 3,393 
13.5.3 1 0,683 0,38 o,o5 3,143 2,485 

641 3 0,668 0,39 0,04 1,789 1,439 
721 2 0,662 0,38 0,05 2,748 2,408 

7. 
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In comparing relative intensities of two planes of the same class only 
qualitative assumptions need be made regarding relative reflecting powers. 
Values of S as a function of u for various planes of Class 1 are shown in 
Fig. 2. From this figure it is seen that the experimental observation 
that the form {951} reflects more strongly than {755} at the same 
wave length limits u to the region between 0,196 and 0,250. The 
inequality {975} > { 11.5.1} requires similarly that u lie between 0,211 
and 0,250, and several other such inequalities given in the Lau_e data 

0,15 u-- 0,20 0,25 

Fig. 2. Structure factor curves for planes of Class 1. 

in Table 2 limit u to about this same range. A closer lower limit is 
provided by the equality in intensity of {"3.3.3} and {975}, which 
requires that u be not much less than 0,24-. On the other hand the 
very small intensity of {-11. 7.3} requires that ii be not much greater 
than 0,24-; so that the parameter value can be safely given as 

u = 0,24-0 + 0,005. 

Verification of this value is provided also by planes of Classes 2 
and 3. For u = 0,25 their structure-factors are 

Class 2: n=2, 8=4-Pt+8K-8Cl; 

Class 3: n=2, 8=4-Pt-8K+8Cl. 

g_ 



The Crystal Structure of Potassium Chloroplatinate. 229 

These values are only slightly changed (by a maximum of 1 0% for 
u = 0,2i) as u is changed, for in each case the slope of the curve is 

zero at u= 0,25; i.e., (ddS) = 0,25. Accordingly the observation that 
U "= 0,25 

no intensity inequalities are observed between planes of Class 2 or of 
Class 3 substantiates the conclusion that u must be close to 0,25. In 

611 

l 
St--------------------, 

l 
0,20 0,21 
u-

0,22 0,23 o,2q 425 

Fig. 3. Structure factor curves for planes of Class 2. 

particular the equalities {611}n=2 ,._,, {532}n=2 and {i33}n=2 = {530}n=2 
require that u be considerably greater than 0,23 (see fig. 3). 

It was also found that no intensity inequalities between a plane of 
Class 2 and one of Class 3 exist. This is explicable on the assumption 
that K = Gl1). The ions J{+ and or have the same number of electrons, 

1) Similar observations and conclusions are reported by Dickinson for potas­
sium chlorostannate. 

9. 
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and may hence be expected to have the same reflecting power for small 
angles of reflection; at large angles of reflection, however, the reflecting 
power of er should fall off somewhat more rapidly than that of K+, 
on account of its larger size. This effect is not sufficiently great to 
appear in the visually estimated intensities of Table IL 

The intensity inequality { 13.3.3} > {54-1 }n=2 again substantiates the 
value decided on for u. With K = cl this requires u > 0,230, and 
if if is slightly greater than cl, as is reasonable, the lower limit for u 
is increased. If if were more than 25% greater than at no value of u 

would account for the inequality. 
In the sixth column of Table II are given values of S calculated 

for u == 0,2m, and in the seventh column for u = 0,16. It will be 
seen that the value u = 0,16 is in very many cases definitely at variance 
with the observed intensities, while the value u = 0,24-0 is in complete 
agreement with them. 

It is probable that in ammonium chloroplatinate the chlorine-platinum 
distance is nearly the same as in the potassium salt. If this is assumed 
to be true, and our parameter value is accepted, . ammonium chloro­
platinate should have u = 0,237 + 0,005, which is within the region 
0,22-0,24- reported by Wycko tt. 

Interatomic distances in the crystal are given in Table III, together 
with those for related substances. 

Table Ill. 

Interatomic distances. 

Crystal dioo 

I 
it 

I 
M-Ol Ol-K or NH41M-K ~r'NH4 

I 
1 A A A 

K 2PtOlo 9,73 0,2 40 2,33 3,4 5 . 4,!! t 

(NH4l2PtOl6 9,84 o,2s1 2,33 3,48 4,26 

K2SnOl6 9,96 0,245 2,44 3,52 4,31 

(Nlltl2Sn Cla 10,05 0,245 2,46 3,55 4,3 5 

Summary. 
Crystals · of potassium cbloroplatinate, studied by means of spectral 

and Laue photographs, are shown to have the potassium chlorostannate 
structure with dioo = 9,73 A and u = 0,24-0 + 0,005. The value 
u = 0,16 reported by Scherrer and Stoll is shown to be incorrect. 

Pasadena, California, February, 1928. 

Received March 27 th ,1 928. 
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The Crystal Structure of Diaspore* 

F. J. EWING, Gates Chemical Laboratory, California Institute of Technology 

(Received J anuary 21, 1935) 

The parameters in diaspore are redetermined, and the structure is discussed from the 
standpoint of the coordination theory. The existence and location of hydrogen bonds in the 
structure are established, and representative formulas are proposed. 

INTRODUCTION 

T HE mineral diaspore, AlHO2, is described as 
• forming orthorhombic crystals, with the 
axial ratios a : b : c= 0.9372 : 1 : 0.6039, ac­
cording to Groth. Its composition, symmetry artd 
axial ratios suggest its isomorphism with the 
goethite modification of FeHO2, and with 
manganite, MnHO2. A second modification of 
FeHO2, lepidocrocite, also exists and forms 
orthorhombic crystals. The existence of a second 
modification of AIHO2 corresponding to lepido­
crocite is indicated by the x-ray studies made by 
Bi::ihm1 on certain bauxites. 

Work begun by the writer in 1929 had disclosed 
the structure of diaspore and suggested a 
probable structure for lepidocrocite. The com­
pletion of this work was unavoidably delayed 
until recently, and in the meantime the structure 
of diaspore was derived by Deflandre2 and 
independently by Takane,3 and Goldsztaub4 

found that the goethite structure was essentially 
that of diaspore. 

In the present paper the diaspore-goethite 
structure is discussed from the standpoint of the 
coordination theory, with particular reference to 
the distribution of the hydrogen atoms and their 
relation to the existence of a second modification. 5 

The results of a more accurate determination of 
the parameters in diaspore are given, and the 
interatomic distances thus determined are shown 
to establish the existence and location of the 
hydrogen bonds as suggested by the coordination 
theory. 

* No. 456. 
1 J. Bohm, Zeits. f. anorg. Chemie 149, 203 (1925). 
2 M . Deflandre, Bull. Soc. Franc. Mineral. 55, 140 (1932). 
3 Takane, Proc. Imp. Acad. Tokyo 9, 113 (1933). 
4 S. Goldsztaub, Comptes rendus 195, 964 (1932). 
5 The structure of the second modification as typified by 

• lepidocrocite will be described in a future publication. 

THE UNIT OF STRUCTURE, SPACE GROUP SYM­

METRY AND THE GENERAL POSITIONS 

OF THE ATOMS 

The unit cell of diaspore was determined from 
oscillation and Laue photographs to correspond 
to the axial lengths 

a=4.40A, b=9.39A, c=2.84A. 

These values give the axial ratios 0.469 : 1 
0.302, in good agreement with the crystallographic 
ratios 0.4686 : 1 : 0.3020 obtained by doubling 
the b-axis. The observed density of diaspore, 3.4, 
indicates that a unit of these dimensions contains 
4 AlHO2. 

The space group of diaspore was determined 
from Laue data to be V,.1 6 - Pbnm, as found by 
Deflandre and Takane. 

The observed even orders of reflection from 
(001) were found to decline ~ormally in intensity, 
indicating that all the • atoms are situated in 
planes perpendicular to C: at a distance c/2 apart. 
To place the oxygens anywhere except on the 
reflection plane m would give O - 0 distances of 
1.42A or less, which is impossible. All the atoms 
therefore lie on the m reflection planes, the 
general positions, referred to a center of sym­
metry as origin, being as follows: 

4 Ala tu, v,-¼ ;½-u, ½+v, -¼ ;½+u,½-v, ¼ ;ii, v, ¼. 
4 0 1 at u1, v1, - ¼; etc. 
4 0 11 at u2, V2, -¼ ; etc. 

THE DETERMINATION OF PARAMETERS 

Oscillation photographs were taken of Mo Ka 
radiation by reflection from (010), ten even 
orders of reflection being observed. Using the 
usual methods it was found that the observed 
intensities of reflections at large angles serve to 
fix v, the aluminum parameter, at +0.144±0.003 
irrespective of the oxygen positions. By using 

203 



204 F. J. EWING 

values of the aluminuni parameter within these 
Jimits it was then found possible on the basis of 
observed intensities to fix the oxygen parameters 
within the ranges -0.216<v1 < -0.190 and 
-0.062 <v2 < -0.042. The parameters were then 
adjusted within these limits to give the best 
quantitative relation between observed and 
calculated intensities. The values thus obtained 
are 

v= +0.146±0.001, 

and 

in which the probable limits of error as given 
correspond to the minimum displacement causing 
disagreement between observed and calculated 
intensities. The extent of the agreement between 
observed and calculated intensities of reflection 
from (010) using these values of the parameters is 
shown in Table I. 

TABLE I. Observed and calculated intensities of reflection on 
oscillation photograph from (010) with[00l] as axis. 

Intensity Intensity 
{hkl} Obs.• Calc.b lhk/l Obs.• Calc.b 

(020) 4.0 5.4 (021) 2.0 1.7 
(040) 10 7.3 (041) 4.5 4.0 
(060) 6.0 4.7 (061) 25 17.5 
(080) 0.25 1.2 (081) 4.0 3.0 

t0.l0.0) 3.0 2.1 (0.10.1) 0.7 0.15 
(0.12.0) 0.7 0.15 (0.12.1) 1.4 0.79 
(0.14.0) 1.1 0.48 (0.14.1) 0.85 0.22 
(0.16.0) 0.0 0.03 (0.16.1) 0.5 0.16 
(0.18.0) 0.25 O.D7 (0.18.1) 0.0 0.04 
(0.20.0) 0.7 0.15 (0.20.1) 0.0 0.03 

a Estimated visually , and corrected in the case of side spectra for 
varying time of reflection. 

h Based on Bragg and West's f values. 

The relative shortness of the a-axis limits the 
amount of diffraction data obtainable by re­
flection from (100), so that an exact determi­
nation of the parameters along a by rigorous 
methods is difficult. By assumptions which will 
be discussed in the next section it is possible to 
predict values of these parameters, the predicted 
values being 

u= -0.036, 

These values give excellent quantitative 
agreement between the calculated and observed 
intensities of reflection, as is shown in Table II. 
A shift of 0.\)1 in any of these parameters some­
what impairs the quantitative nature of the 
agreement. 

TABLE II. Observed and calculated intensities of refl,ection on 
oscillation photograph from (100) with [001] vertical. 

Intensity Intensity 
{hkl} Obs.• CaJc.b {hkl} Obs. • Calc.b 

(200) 0.2 0.13 (101) 0.8 0.81 
(400) 5.0 3.4 (301) 1.7 2.2 
(600) 0.0 0.00 (501) 0.5 0.57 
(500) 0.0 0.08 (701) 0.3 0.28 

• Estimated visually, and corrected in the case of side spectra for 
varying time of reflection. 

h Based on Bragg and West's f values. 

The parameter values determined by Deflandre 
are, restated in our convention, u= -0.042, 
u1= +0.25, u2 = -0.25, v= +0.144, v1= -0.20, 
V2= -0.05. His values for v, v1 and V2 are in close 
accord with ours, but his values for u, u 1 and u2 
do not ac~ount quantitatively for reflections from 
(100) as well as do ours. This is illustrated, for 
instance, by the reflection (701), which is 
observed 0.6 as strong as (501); the calculated 
ratio is 0.5 using our parameters values and 0.2 
using Deflandre's values. Takane's parameter 
values differ more widely from ours, and lead in 
some instances to calculated intensities that are 
in qualitative disagreement with our data. 

DISCUSSION OF THE STRUCTURE 

The diaspore-goethi te structure can be regarded 
as built of aluminum or iron centered octahedra 
arranged in the manner shown in Fig. 1. The 
octahedra share edges in such a way as to form 
one-dimensionally infinite aggregates which may 
be called "double rutile strings" running parallel 
to the c axis. These strings are joined by sharing 
corners, as shown in the figure. Each anion is 
common to three octahedra: 

This type of structure is readily predictable on 
the basis of the coordination theory6 if a distri­
bution of the hydrogens is assumed giving all the 
anions the form (OH½)-!, such anions being 
required by the elec.trostatic valence rule to be 
shared between three octahedra.7 The only 
alternative distribution of the hydrogens gives 
the anions o= and OH-, and the electrostatic 

6 Linus Pauling, J. Am . . Chem. Soc. 51, 1010 (1929) . 
7 With the character of the polyhedra and their method of 

sharing defined, the number of structures fitting the unit 
cell is greatly limited, and the structure shown in Fig. 1 is 
the only one that is immediately apparent under the condi­
tions given . 

13. 
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FrG. 1. The ideal structure of diaspore, showing the 
"double rutile strings" formed by the aluminum-centered 
oxygen octahedra. The relationship between the octahedra 
and the close packed arrangement of the oxygens is a lso 
shown. The aluminums are represented by the small 
spheres. 

valence rule requires that o- and OH- anions be 
shared between four and two octahedra, re­
spectively. This latter type of sharing is actually 
that found in the structure of the second modifi­
cation of FeHO2, lepidocrocite. 5 

The coordination theory not only gives the 
ideal structure successfully, but also indicates the 
degree of distortion to be expected . Edges shared 
between octahedra, according to the rule for 
distortion, should be reduced to 2.S0A, with 
other edges being compensatorily lengthened. 
The lengthened edge is given in the case of 
diaspore by the c identity distance, 2.84A. By 
fitting the distorted octahedra to the unit cell 
values for the entire set of parameters can be 
obtained, and v, v1 and v2 thus obtained are 
within 0.02 of the values derived rigorously from 
intensity measurements. 

Starting with the rigorously determined values 
of v1 and v2 the requirement that shared edges be 
2.S0A long leads directly to the values of +0.27 
and -0.21 for u 1 and u 2 , respectively. As previ­
ously shown arguments based on quantitative 

agreement with intensities serve to confirm these 
values, but equally important is the fact that 
they . introduce into the structure the 2.S0A 
shared edge which appears in many accurately 
known structures such as ru tile, anatase, brooki te, 
and corundum, and which has been shown to 
correspond to a minimum of crystal energy in 
the case of rutile and anatase. 8 

The value of -0.036 for the aluminum 
parameter u is calculated by making the reason­
able assumption that structurally similar Al-O 
distances inside the octahedron are equal, i.e. 
that the aluminum is equidistant from the three 
oxygens in the center of the double rutile string, 
and likewise equidistant from the three oxygens 
at the corner of the string. These two conditions 
lead to slightly different values for u, the average 
of which is given by - 0.036. 

The formal existence of (OHi)-½ anions is most 
readily explained by postulating hydrogen bonds 
between pairs of oxygens. Hydrogen bonds, 
forming collinear OHO groups, have been found 
in certain crystals containing oxygen and acidic 
hydrogen, namely · H 3BO3,9 NaHCO 3,10 and 
K2HPO 4,11 and in ice12 and the crystalline 
hydrates H2C2O4• 2H2O 13 and Li2SO4 • H2O.14 The 
hydrogen bond has also been shown to exist in 
gaseous (HCOOH)2 by means of electron diffrac­
tion methods.15 

In diaspore the location of the hydrogen bonds 
can be expected to be between oxygens in 
different octahedra because of the effect of 
Al - H repulsion; their exact location is finally 
determined by a comparison of the interatomic 
distances concerned. 

li1teratomic distances calculated from our 
values of the parameters are shown in Table III. 
With the exception of the shared edges (which 
are 2.S0A long), the 0-0 distances within each 
octahedron lie in the range from 2.73 to 2.84A, or 
somewhat in excess of 2. 70A, the sum of the ionic 
radii. Between different octahedra the 0-0 
distances are 3.10A or greater with the important 

8 Linus Pauling, Zeits. f. Krist . 67, 377 (1928) . 
9 W. H. Zachariasen, Zeits. f. Krist. 88, 150 (1934) . 
10 W. H. Zachariasen, J. Chem. Phys. 1, 634 (1933). 
11 J. West, Zeits. f. Krist. 74, 306 (1930). 
12 W. H. Barnes, Proc. Roy. Soc. (London) 125, 670 

(1929). • 
13 W. H . Zachariasen, Zeits. f. Krist. 89, 442 (1934). 
14 G. E. Ziegler, Zeits. f. Krist. 89, 456 (1934). 
15 L. Pauling and L. 0 . Brockway, Proc. Nat. Acad. Sci. 

20, 336 (1934) . 

I Y. 
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Atom 

Al 

TABLE III. Interatomic distances in diaspore. 

Neighbors in 
same octahedron 

2 0, at 2.84A 
4 0 1 at 2.78 
2 Ou at 2.78 
2 On at 2.73 
1 On at 2.50 

2 Ou at 2.84A 
2 0 1 at 2.78 
2 0 1 at 2.73 
2 On at 2.50 
1 0, at 2.50 

1 On at 2.0lA 
2 Ou at 1.98 
1 0 1 at 1.86 
2 0 1 at 1.82 

Neighbors in 
other octahedra 

2 On at 4.11A 
2 On at 3.92 
1 0 11 at 2.71 

2 0 1 at 4.llA 
.2 0 1 at 3.92 
2 On at 3.10 
1 0 1 at 2.71 

2 Al at 3.10A 

exception of the 2.71A distance. This distance of 
2.71A is not only characterized by the fact that 
it is much the shortest of similar distances, but 
also by the fact that it is inexplicably so unless 
it is assumed to correspond with a hydrogen 
bond. 

The location of the 2. 71A distances in the 
diaspore structure is shown by the small tubes in 
Fig. 2. This figure perhaps makes it clear that by 
slightly twisting the double strings about their 
points of contact the distances corresponding to 
the tubes can be lengthened and brought into 
equality with other 0-0 distances between 
octahedra. The only apparent explanation for the 
structure having a twist which differentiates 

these distances is that the tubes correspond to 
hydrogen bonds. 16 

The allocation of one hydrogen to each tube 
gives the correct stoichiometric composition to 
the crystal, and hence accounts for all of the 
hydrogens. 

The value of 2. 71A found for the OHO distance 
in diaspore is in agreement with the values 2. 71 
and 2.67A found in I-i3BO3 and (HCOOH)2, 
respectively, and lies somewhat above the values 
2.54 and 2.SSA found in K2HPO4 and NaHCOs, 
and below the values 2.77 and 2.96A found in 
H 2O and Li2SO4•H2O. This indicates that the 
strength of the hydrogen bond in diaspore is 
considerably greater than that . in ice or in the 
hydrate Li2SO4• H2O, and is approximately the 
same as in H 3BO3 and (HCOOH)2. 

The Al - 0 distances in diaspore correspond 
closely to the Al-O distances of 1.99 and 1.85A 
found in corundum, since in diaspore the 
Al-On distances average 1.99A and the Al-Or 
distances average 1.84A. The slight deviations of 
0.01 to 0.02A from these average Al-O distances 
shown in Table III are within the error of the 
parameter determinations, but on the other hand 
they are in the proper direction to be related to 
a distortion produced by the hydrogen bond. In 

16 This differentiation of distances is not seriously af- · 
fected by variation of the parameter values over ranges 
considerably greater than their probable error. Deflandre's 
values of the parameters might have been used to deduce 
the hydrogen bond, obtaining an OHO distance of 2.60A 
in comparison with a next smallest distance of 2.80A. 

FIG. 2. A pictorial representation of the diaspore structure, with the hydrogen bonds shown as tubes. 
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both corundum and diaspore the shift of the 
Al -0 distances from 1. 90A, the sum of the radii 
concerned, is evidence of the effect of Al -Al 
repulsion. 

The formula for diaspore we have written 
AlHO2, the HO2 group so indicated being taken 
as representing hydrogen-bonded oxygens. The 
formula HAlO~ would be equally correct as 
indicating that both H and Al cations formed 
coordinated structures with the oxygen cations, 
and the chemical inference in this latter formula 
that diaspore is meta-aluminic acid is borne out 

by the existence of meta-aluminate salts such as 
the spinels. Either formula would be more 
correctly written in the polymerized form 
(AlHO2)n or (HAlO2)n to admit the known 
coordination number of 6 for Al. The usual 
formulas for diaspore, AbO3• H2O, Al2O2(OH)2, 
or AlO(OH) are wrong in indicating a distinct 
existence of water or OH- ions. 

I am gratefully indebted to Professor Linus 
Pauling for his original suggestion as to the 
probable structure of diaspore and for his 
interest and advice during the work. 

H, . 



17. 

The Crysta l Structure -0f tenidocroeite. 



The unit of stru ct,ure, spaee group symmetr-y't and dc:rtailed 

atomic arl'angement of lepidocroci te are dete:nni11ed f :rom x-ray data, 

and t he existence and location of hydrogen bonds in the st.rueture are 

es·tablished from considerations of intera.tomic distances·. The 

orthorhombic lattice is end centa:red on ( 100) 1 and has the axes 
0 0 

• 12. 51 A. and c • 3. 06 lb The s pa.ee group is 
• -◊ 

'i'he paralllet-ez-s are: determined as u • -o. 3 32., u s .. --:We • -0 

The. structure is described as consisting 

o.f iron-centered oxyg-en o.etah.edra. joined by the sharing of edges: into 

t wo•di mensiona11y- infinite layers., with. the su·ccessive layers held 

together by hydrogen bonds. The :relat .ionship between t he die.spore-

goathit.e structure and the Wtmi.ite-.lepidoc:rocite structure is dis­

cussed from the standpoint o.f the coordination theory, and f oun.d to b 

depend on t wo alte:ma'tive ways of satisfying the electrostaitio vale.nee 

rule. 

l 
t epidocrocite,. F-it!Q (OH), i s des·cribed by Posnjrut and Merwin 

a.s foming orthorhombic crystals with iihJJ axial ratios 0 . 64 : l : 0.43. 

The e:rystals a.re :red and transparent, and fonn thin plates tabular on 

( 010), -slightly striat ed in the direction of t he o- axis . 

The monohydrates of iron and aluminum oxide., with the general 

formula MH0
2

, exist in two modifications. The structu re of the modifi­

cation correspondi ng to di aspora, A1H02• a.1'icl geethite .• FeH0 2, is known2 , 

18 .. 



but no previot.H:i investigati o11 of the structure of the s econd modifica-
" 3 

tion cor r esponding to lepi doeroeite, FeO(OH), and 1::lohmite ,1. Al O.( OH). 

has been made. 

!n the present investi gation t he unit of !:rbruct ure , space. 

group symmetry,. ~nd detailed atomie at-rangement of lepidocroc.ite are 

determined from x-ray dat a., and existence and loca tion of hydrogen 

bonds in t he structure are established from consi deTa.tions of inter-

atomic distances . The 1-e:pidoo.rocite structure and its :relation to 

t he diaspore, .. goethite structure ia' diset1ssed f rom the standpoint of 

the eoordi nation theory . 

le.ti.on photographs of Mc K a r adiation x·eflect.ed h•om or t .ran•smi'tted 

through ( 010) viith ( OOl) as the a.xis gave the valtie 3. 0$ i for e on: 
.... 0 

the basis of the· intervals between 8ide s0pectra; and gave a as l. 9:35 
"""O 

n , and 'b as 6.255 11 on t he basis of the pinaeoidal reflections. 
7. -0 ~ 

Calculated valu EHL of M f o:r obs·ertred Laue reflections Te~uire - "• 

'tha~_ !li : !l2 : 2. ~!.'he co<rreet unit cell is ther eto.r e given by the 

orthorhombic axe,s,. 
0 

!, : 8. 87 A., 
0 

0 
b • 12.51 A, -- ... • 

0 

0 
and £ : 3 .• 06 .lh 

0 

No first order Laue reflec'tions were observed in which ( k + L) 
0 

was odd , and the lattice is therefore based on L 
0 

, end centered on 

(100). Assuming holohedra.l symmet:cy fo:r the crystal , the possible 

space groups · ar~ t;7 t 0 v22 • 
- -h h . 

No evidence was found in support of 

19. 



4-
the statement by Goldsztauh that lepidocreeite possesse·s the spaoe 

l 
group symmetry V • Ohserved first order Laue reflections such as {520) 

h 20 22 
and ( 580) elim:inate ~

1 
and ¾ . riumerous first order prism. :reflections -on t he oscillation photographs., such as {Oll)" (031) ., (051) ,, etc. ,, also 

18 21 
e.limi:na:t.e the spa.c.e group$ lh a nd Vh .• Oi' the t wo remaining space 

l'i 19 - -
groups ~ and ~ , the former allows only t wo prism zones to refl·ect , 

while t.he latt!3.r penits reflections from all tt1ree. No fir st order 

reflections from planes of the type (h.w wer e observed in any of the 

photographs, although a nmrrhe:r of such pla.ne.s. were in a posi-tion :favor-

able fo~ reflection. 
17 . 

to be V • Amara. 
-,..i -

'!'he space group of lepidoc:rociie is t hus i ndicated 

'l'he as signment of f our formulas of Feo (OM) te the unit eell 
.r 
t 

gives a eal011lated density of 3. <.38 ~s/cwJt. ,, which is i n a~reemen:t wtth 

t he ohserv·ed density of 4 . 07 . 

The eight oxygen a.toms in the unit cell must be placed on the 
0 

inte:reeotions of t he symmetry planes to av-oid o .. o distances of 1 . 93 A 

The f rn1r iron atoms cannot be at centers of .syrro:n.etry ,. 

because the intensity of t he r eflecti<rn ( 200} is observed n,:-a,ch stronger 

than iha:t of ( 400) . The general positions of t he at oms t referr ed to a 

center of symmetry as origin, a re therefore: 

4 Fe 

4 0 
I 

4 0 
II 

a.t 

at 

at 

1/ 4;,.;u,.O; eta . .: 
l 

l/4J..u ,O.; etc . 
2 

The four hydrogen a:toms a re loea ted subsequently f rom consider~­

tion of interatomie distances . 



A structure may be predicted for lepidocrocite f ram considera­

tion of the following ar gumerrts + wh:i.ch are derived :from t he roles gtven 
5 

in Pauling• s c-oordination t heory of t he struct ure of ionic c:rys 'tals .. 

l.. The elements of the stru.c·tu:re are iron- centered oxy·gen 
·o 

oetahedra.,. in: which t he Fe-o distane.es a:r-e clo se to 2. 00 A, and the 
0 

0 ,..0 distances have values in t he neighborhood of 2. '10 A. 

e.;nions a:.:re eff eetua.l.ly neutralized by ad jacent c,ations. The t wo 

f o.rmal ways <>f di~rt:ributin~ the hydrogen ions in !reHO are indicated 
2 • • -

by ,,riting (Oli½),..312 ani(;Jns i n one in:starice.- and dist inct O~ and (OM) 

It has been :Shown 6 tlilat t he assumption that all 

. 3/2 . . 
foni (OH½) le,ads -t-o- the dia$-pore~g0e:{fhite 

e.xists as a se0ond .modifieatiot! of F-eHb by virtue of having ·bhe 
2 

alternative distribution of hydrogens. The r/· and (OH} .. atiions 

co rresponding to this second alternative are r-equ.ired by t he eleet.ro• 

0 
2. 50 A, with othe:r ed~es being cou1pensator:tly lengthened. 

The length of the a and o a.~es suggest t he probable orients:d:. ion ..... ~ 

Q 

of the oct.ahedra ,._ since t he val ue 3. 87 A for a is close to t he leng,th 
-0 

0 

3. 82 A of t h e diagonal of an undist orted oc'.ta-hedro-n, and s i nce t he _g_ 
0 

axis, 3. . 06 A, can :re~dily be associ.a.t ed only with ~ lengthened edge of 

a.n octahedron. 

With t he eha,raeter of t he sharing and t he orientation of the 

octahedr.a defined, and with the additional restri ction that an identity 

21. 



0 

pei~i od of 12. 51 ;\ be maint a i ned in t he di;rectlon of the }l ax-iS--t t he 

l ayer st ructu.re i ndicat;ed i n Fi i;tir e l i rmnedi at el y suggests itself' . The 

laye:rs are fo rmed by the sha:ring of ed:ges between ootaJ.1.edra in such a. 

'!tay t hat t he oxygens OI nea r t h e m;11dle of ·the l ayers are cottimon to 
.. 

four octahedra and corre$p-ond to O i while the o:eygens 0- on the 
II 

out-er ridges of t he l ayers a.re co.1'fimon to two octahedra. and co:r:te$pr1.md -to (OH) . 

between 1td0uble rutile s t rit1gs"' the:t were found e.s cha :ra.cteris tic 

The Ii and ! ident i t;r distances a:r·e conta:i.ned in "the plane of 

t he l ayer and corr espond to F.~ body diagonal and an edge of an octa­

hedr on, :respeetivel}"• The l a:1tls is pe-:i:·pendieular to t he 1.ayers ,, and 
0 

itis val ue of 1'2 .• ,51 A su.ggosts the:t 1t repre$el'1ts t r;no l ayer, j.n'te.rvals. 

'ieh.e most .apparent way 'ho satisfy this pe·r'it>dieity is to tra:nsli1,,te every 

othtir l ayer by 'Sf 2. 

The s t ructur e p:i-edie~ed in this ma.'11ier has t he same space 
17 

g..roup synm,e-t :r-y- ~ t hat is found f.or l epidoo:rocite~ which is a s-t r ong -ind.:catio.n that tbe correct s tructur e has been obt ained. -. 

I n this structure t -he pa-r ameterS. for t he o~ygens a re fixed 

at !! c:: +o• 267 and .9. ·=- +o. 067 by the requirement t hat sha-red edges he 
¾, 2 

2. 50 X long, while t .he iron pa.rai'.lleter 2, is ca lculated as -Q. 332 on the 

assumption that t he Fe dista.ne-es a r e a s nearly equal a.s possible. 

These par am.ete-r val ues differ only by G.. 008 to 0. 015 f r om the vaJ.ues 

t .o be d-eriverl from tntensi ty dat a, i n t he uext section. 

Verii'$.cat ion of t he Atomic A:t;rangement . 

Spect ra up to t he t wentieth order were photographed by 

reflecting Mo K°' r adiation f rom t he pinaeoidal pl ane (010) of a 

22. 



c rystal oscilla·ting about ( 001) as an a.:x:ls .. The obseX'Ved in'tensit:i,.es 

of :refleetion were :related t.o t h.e atomio arr~.ng-&nent by means of the 

formula 2 
I 2 t + cos 

w "'i'2 - 2B ( sin G/'>.) 2 
! ·• C J. e 

2 sin 2 e 
i.n which C is a c-onstant-, 

l ... oos 2 2 8- . is t he pol arization f actor , w i s t he Qtt fact.or for 
-2-s'in 2 9 - . ,2B { sin e/ ;,i ) 2 

tra.:cy"ing ti,:ne of refl ect ion., e is t he terr,pe:rature . f actor ,. 

and F has the usual fo:rm 
21T i ( hxJ.- .- kyJ· +·J.. z.3) 

F :. >-:.t e 
3 j 

The value of B was esti nw.ted as 1. 00. Values 0£ f were t,a.ken -

writing the intensi\y f o;rmula..s concerned fo ;r a given. o:bswrved in-equality , 

assigning values to 'h.he oxygen parameters most f avorable to the obs erved 

inequ-altty , and solving graphicall y for iermitted values of 'the i~on 

The solution o.f t ;en inequalities ove-r t he r ant c • 0 . 50 < 

while- the iron parar eter was varied ,;,r.tt.hi n its abo,:-e limits; ·the 

i n't-cnsities therewith calculat ed were f ound to a.gre·e \.wi th o bfH31'Ved 

-f.. 
~ .: ... 0 . 322- .,. 0. 00l; 

a
1 

: 0 . 2&2 ~ o. oot5:; 

23 . 



The probable e-rr ;t".s a.s given correspond to the minimum dis.­

placements giving qualita tive disagreement between obsert1ed and 

calculated intensities.. The eztent of the agreement .obtained between 

observed and calculated i n-tensities using these. values of t he para-

met ers i s shown i n Table I• 

The atomic arranr;ement as oalculat,ed fr om intensities differs 

from the predicted arrangement only by shifts of (h00-8 to 0-.012 in 

the para.1nete.r vrdues.,. a.nd the p:redi-cte-d structure fo:r- lepidocro-cite is 

struc--tu:re have the (OH) €\nle.ns on theit> ou.te.r su.:rf aces., and .i't is 

110w possible to show that these a.nio-nec give rise to OHO groups,1 or 

hydrogen bone's- , holding t he l ayers together-. 

Hydrogen bonds are postulated i.n lepidocroeite •. as in di aspore. 

ror the explanation of certain 0,,.0 distances .. 

the i ute?"at0:1llic distances in l epidoe:rocita-. 
0 

dis·tance.s alo·ng she.Ped edge-s are 2 . 59 A, and the other 0- 0 
0 

distances., 
0 

along the lengthened octahedral edges, are 3 .. 05 A and 3. 06 A. 13et~een 
0 0 

t he l ayers t he Q .. O di.stances are 2. 70A~ , 3. 10 A, a.ncl greater. -- The 0-0 
0 

dis-tance of 2 .. 70 A hetween t he layers is not only the shortest unshared 

o.o distance in t he structure, but is inexplicably so unless it is 

re garded as a hydrogen bond. Alternatively the only forces holding 

the layers together would be the relatively weak ones a.ris i ng from 

dipole interactions, against which the repulsive force between the 

6 



Table I. Observed and Calculated Intensities of Reflection qn' -Oe~illation Photrigraph 25. 
from (010) with (0011 as axis. 

(h~l) ~ (hkl) • (hkl) 
Observed Calcula ted 

~ 
First 

line) 

O'bserved Calcula ted 

~ 
Second ~Observed Calculated 

(Equator)Intensity lnten~;i ty layer Intensity Intensity layer line Intensity Intensity 
PinaoQ1g P[i§IDi . Prisms 

0 2 0 1;. 153. 0 1 1 5. 14.4 

0 4 0 1. 1.23 0 3 l 30 , 157. 0 4 2 0.8 0.60 

0 6 0 10. 9.40 0 5 1 20. 84 -o· 6 2 4. 4.68 

0 8 0 20. 23.9 0 7 l o.o 0.02 0 8 2 8. 9.86 

0 10 0 0.7 0.81 0 9 1 2.5 2.12 0 10 2 0.2 ,o;i6 

0 12 0 2. 2.14 O 11 l 3. 2.62 0 12 2 1. 1.18 

0 14 0 1.3 0.91 O 13 1 0.7 0.73 Q 14 2 0.5 0.52 

0 16 0 0.4 0.27 O 15 l o.6 o.68 O 16 2 0.1 0.19 

0 18 0 o.o 0.09 O 17 l o.8 0. 90 ' 0 18 2 o.o 0.07' 

0 20 0 0.7 o.86 0 19 l 0.01 0.10 0 20 2 o.6 0.60 

Prisms 0 21 1 o.o 0.001 ~ il 

1 4 0 5. 9.35 ,tu·amids 1 8 2 1. 2.01 

l 6 0 0.7 1.67 1 5 1 2(l. 35.6 110 2 8. 7.3, 

1 8 0 2. 4.9 1 7 1 · 10. 19.3 112 2 o.8 1.36 

1 10 0 4. 16.45 1 9 l 0.2 0.82 l 14 2 o.o o.oo; 
1 12 0 1. 2.33 1 11 1 o.o, 0.16 116 2 0-5 0.34 

1 14 0 o.o 0.009 113 l 3.0 3.33 l 18 2 1.0 0.78 

1 16 0 1.0 0.49 l 1; 1 1-, 2.20 l 20 2 o.o 0.09 

1 18 0 1.4 1.07 1 l'l 1 o.o 0.02 

1 20 0 o.o 0.12 119 1 0.1; 0.10 

~ Estimated visually. 1 21 1 0.3 0.23 



G 
o:s.y-ge1.1 would he ef foctiv,e in r a ising t he distance e.bave 2,.7.0 A•- ru.e 

0 
value of 2. 70 A for t he OHO dirrtane.e in lepiaoc:rocite is,; ,.oreove:r-4, 

0 

e.qus.1 vdthh1 experim0ntE1J. error to ·the valu-'1 2. '11 A found in diaspo:re. 
0 

The a ssociation of one bydroge-n with each 2. 70 A (listance 

gives t he cor r ect stofuehionrn'tric cetnposi -tion to the eryst al. :u the 

F'i gu~e l , is a pictorial representati-crn of the lepidoerocite 

s·t:ructu:re, with the hydrogen bonds d1·awn as small t1;ibes between the 

layers . 

The o-crtahedral units Hi the l ayers a:te considerably cUstort@d: 

mar lt<;,rl, howErve '.i? 1 a s in certain o"bhe:r at::ru-ctnrecs, notably t hose of 
8 

bixbyH.e and the C modification of the se-squioxid-e$. 
0 

The ◊•Fe distanc:'6-s of 2-.. 00 to 2.0l J'i. are eqtuiJ. to the sur11 of 

-Che r adii. eonee:rnetl and do not 0$:M.bit t he eff e(rt of F"e•Fe r epulsion 
0 

shown in hematite. The val ue of 2 .. 59 A fen: the length of the shares 
0 

edges in lepid-0croci t e is in good c-0rr esp-011dene0 with the v2.l u0 2. 55 A 

The four Fe-0 bon.ds a.round O hav-e directions differing by 5° 
I 

to 20° from regular tetrahedral directions-; the directions of the foul' 

bonds a.rou-nd O , two to Fe and t wo t o ff,. differ by only 3. 5° to 9° from 
I! 

tetra.hedrs.l directions. \lfuile t his a.pproximli.!>te orientation of the 

hydr ogen bond along a tetrahedral d.i:rec'tiion is probably depet tdent on 



Atom 

l;"e 

0 
I 

0 
II 

Table II,. lnteratomic Distances- in Lepidocroci·M 

Neighbors 
in the same 
oetahod:ron 

2 0 at 2. 00 
I! 

2 0 at 2.00 
I 

2 0 at 2. 01 
I 

2 0 at 3. 0:& 
I 

4 0 i.:rt 3. 05 
II 

4 0 at 2. 59 
I 

l 0 at 2. 59 
II 

2 0 at 3.,06 
I .I 

4 0 at 3. 05 
I 

1 0 at 2. 59 
I 

0 

A 
0 

A 
0 

A 

0 

A 
0 

A 
0 

A 
0 

A 

0 

A 

0 

/1. 
0 
A 

N'eighbors 
i n 0ther oeta­
hedra of ·the 
S01.'1e 1aye·r 

0 

3 Fe at 3. 06 A 

Nei ghbors 
in ·l:.he next 
l ayer 

0 
2 0 at 3.97 A 

!I 

q 
2 0 at 3 .• 97 A 

I o 
4 0 at 3 .• 10 A 

II 0 

2 0 at 2.70 A 
!I 



the specific structur e of the crystal.,: it nevertheless admits t he tIOS:• 

sibility t hat t h e hydroget1 bond is in part covalent . 

In co-nnec·tion with the problem of corr.elation between the micro­

scopic structure and macro$COpic propertie·s of CT'jsials i t may be 

pointed out t hat t he tabular habit of lepidocrocite is such t hat t he 

structural layers run pa.Tal'lel to t he tabul fa :r faee, t hat the ex.cellent 

eleavage on ( 010) corresponds to ·the breali:ing only of the relativa weak 

hydrogen hond.s , and that t he striations on the t abular f ace mn 

pa;:i:~a11el ta t he "double ru.ti1e stringsn in the l ayers.. The parallel 

relation between the double :rutile string and striations on developed 

f aces. is likewise noted in di a :sporet and in :rut ile the stria:t:i.on.a ran 

parallel to the single rutile strings . 

!he structural fomule. Fev{OH) hg.s bean chosen for le-pidoerooi:te: 

as r eflee-t:iug il1 s:oi~e de-g:ree the .clla:raet.e1~ of t he structure. althou.ih 

the {OM) anions do not ac,t ually exi:rt as sueh. but ra.thet as strings of 

( •• HOHOHON •- ). 

I wish tone.xpress my indebtedness to Profes sor Linus Paulil)i 

for t he interest and he.lpftu. adviee that h€) has extended to this wo:rk. 



Figure 1. A portion of two layers of lepidoerocite , showing tne 

iron- centered oxygen octahedra joined to foim layers, 

and the l ayers tied together with hydrogen bonds 

( drawn as tubes. ) 
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