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structure is viewed along the b axis. This projection 
illustrates very clearly that the external shape of a 
crystal - in this case the prominence of {10T} - is a 
function of the packing of the molecules in the crystal 
lattice. 

We are indebted to Professor R. W. Asmussen, Chem- 
ical Laboratory B, Technical University of Denmark 
for his kind interest and support during the final stages 
of this research. 
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An empirical set of 'effective' ionic radii has been compiled by the use of techniques similar to those 
of Goldschmidt. The actual radius values were derived from: (1) 1000 experimental interatomic dis- 
tances and (2) an approximately linear relationship between ionic volume and unit cell volume of over 
60 isotypic series of oxides and fluorides. These radii take into account electronic spin state and the 
coordination of both cations and anions and have been found to reproduce closely the experimental inter- 
atomic distances in most oxides and fluorides. The choice of absolute values for anion radii and certain 
deviations from additivity are important and must be taken into consideration. 

Introduction 

The traditional sets of ionic radii of Goldschmidt, 
Barth, Lunde & Zachariasen (1926), Pauling (1927), 
Zachariasen (1931), and Ahrens (1952) have been used 
with considerable success by chemists, physicists, min- 
eralogists, and crystallographers alike. Ionic radii have 
been important to the crystal chemist because structure 
types and cation coordination numbers are determined 
principally by cation/anion radius ratios. The ability 
to substitute one cation for another in a particular 
structure is largely dependent upon matching ionic 
radii; thus, good values of ionic radii have been impor- 
tant to the chemist synthesizing inorganic compounds. 
The crystallographer has found radii helpful in com- 
paring experimental interatomic distances with those 

* Contribution No. 1454. 

calculated for other structures.* These interatomic 
distances in turn can help the chemist to infer oxidation 
states. 

There are, however, several deficiencies in these tradi- 
tional sets of radii: (1) they do not reproduce inter- 
atomic distances to the accuracy now possible in modern 
structural analyses; (2)although several papers (Paul- 
ing, 1927; Zachariasen, 1931) present techniques for 
calculating the effect of coordination number on inter- 
atomic distances, no provision is made for determining 

* Goldschmidt's & Pauling's radii and correction factors 
for coordination number (CN):/: VI were included in Volume 
II of Internationale Tabellen zur Bes t immung yon Kristall- 
strukturen (1935). Interatomic distances in numerous inorganic 
compounds were published in Volume III of International 
Tables for X-Ray Crystallography (1962) and in Tables of 
lnteratomic Distances and Configuration in Molecules and lons 
(1958, 1965). 

A C 25B - 8* 
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values of the radii in other than octahedral coordina- 
tion; (3) the effect of variations in electronic spin state 
on radii has not been included. 

This paper presents an extensive table of empirical 
radii that can be used to closely reproduce average 
observed cation-anion distances in most oxide and 
fluoride crystal structures. These radii, which take into 
consideration both anion and cation coordination and 
electronic spin state, were derived from over 1000 aver- 
age interatomic distances. Certain radii were made con- 
sistent with regular plots of effective ionic radii (r) or 
volume (r 3) vs.(l) unit cell volumes for over 60 isotypic 
series of compounds, (2) electron configuration, (3) 
coordination number (CN), and/or (4) valence. 

Background of ionic radii 

Crystal chemists have tried for many years to treat 
atoms and ions as hard spheres and to calculate atomic 
and ionic radii that would closely reproduce inter- 
atomic distances. Approximate additivity of atomic and 
ionic radii was noted by the earliest investigators 
(Goldsch_midt etal., 1926; Pauling, 1927; Zachariasen, 
1931). However, since the additivity of a given set of 
radii was not found applicable to all bond types, sepa- 
rate tables of radii were derived for ionic, covalent, and 
metallic bonding. The history of radii determinations 
for ionic compounds, treated in detail by Pauling (1927), 
Ahrens (1952), Slater (1964), and Tosi (1964), will be 
reviewed here only briefly to point out similarities and 
differences in the methods. 

The first attempt at such determinations was by 
Bragg (1920) who derived a set of atomic radii which 
reproduced interatomic distances in both ionic and 
metallic crystals to an average deviation of about 
0-06 t~. Bragg & West (1927) later revised these radii 
so as to be more in accord with Wasastjerna's (1923) 
conclusion that r(O z-) = 1.32/~.* Bragg & West arrived 
at a value of r(O 2-) = 1"35/~ from close-packed oxygen 
structures. Goldschmidt etal. (1926) derived a set of 
radii to be used only in ionic crystals. Goldschmidt's 
radii were obtained from average interatomic distances 
using Wasastjerna's radii of r(O2-)=1.32/~ and 
r ( F - ) =  1-33 A. Because structural data were scarce, 
Goldschmidt's table was necessarily limited. However 
he was able to extend the able to cover radii for which 
there were no experimental interatomic distances by 
interpolation or extrapolation of unit-cell dimensions of 
isotypic series e.g. In 3+, y3+, and TP + from the C rare 
earth oxide structure type. If his radii are based on 
r(O z-) = 1.40/~, the value generally used by later in- 
vestigators, they agree well with more recent sets of 
radii. Goldschmidt was the first to note that radii 
varied with coordination number and provided a few 
examples of this variation. 

* Throughout this paper a Roman numeral at the upper 
left of the element will be used to designate CN. Thus, XBaZ+ 
refers to the ten-coordinated barium ion. If no symbol for CN 
is present, six coordination is implied. 

Pauling (1927) calculated a set of radii based on an 
inverse variation with effective nuclear charge in iso- 
electronic series of the alkali ions. The radii of the alkali 
ions were determined from interatomic distances in 
alkali halides assuming r(Oa-)= 1.40 A and r ( F - ) =  
1.36 A. Pauling prepared two tables of radii" (1) a uni- 
valent set from which radii of ions of any charge could 
be calculated and (2) a table of ionic octahedral crystal 
radii (ionic radii for multivalent ions). A correction 
factor was provided to allow calculation of interatomic 
distances in crystals where the CN of the cation differed 
from six. However, the coordination of the anion was 
neglected. Pauling (1928) noted that additivity in the 
alkali halides alone was poor and introduced extra 
terms in the expression for interatomic distance to cor- 
rect for cation-cation and anion-anion repulsion. With 
these corrections, calculated and observed distances 
agreed to within about 0.001 A. 

Subsequently, Zachariasen (1931) derived a set of 
radii from the best available interatomic distances, as- 
suming r (K+)=l .33  A and r(C1-)=l.81 A. He cal- 
culated univalent radii using Pauling's (1927) method 
and provided equations with which interatomic distan- 
ces could be calculated if valence and CN of the cation 
were known. Zachariasen's radii differed considerably 
from Pauling's but not from Goldschmidt's corrected 
radii using r(O z-) = 1.40 A. Although Zachariasen's 
radii reproduced interatomic distances quite accurately, 
they seem to have been used less than some of the other 
sets of radii. Ahrens' or Pauling's radii were probably 
preferred because of the simplicity of extracting radii 
directly from a table rather than of calculation from 
univalent radii with corrections for valence and CN. 
However, even Zachariasen's table did not allow 
direct comparison of cation radii when the cation CN 
was different from 6, nor did it differentiate between 
high and low spin ions. 

The next extensive list of radii was prepared by 
Ahrens (1952) who revised Pauling's radii by the use 
of slightly different values for the alkali ions. His meth- 
od utilized the regularities found by plotting radii vs. 
ionization potentials. The regular curves obtained by 
Ahrens were used to estimate the radii of ions for which 
no values previously existed. Ahrens' table was thus 
the most complete table for many years and conse- 
quently was widely used. However, Ahrens considered 
only octahedral radii and made no provision for vari- 
ation of radius with electronic spin state. 

More recently, two further sets of radii were intro- 
duced. Slater (1964) extended the idea of Bragg (1920) 
and published a table of atomic radii in which r(VIO 2-) 
=0.60 A, which reproduced interatomic distances in 
1200 metallic, covalent, and ionic solids to a deviation 
of + 0.12 A. These radii have not proved to be particu- 
larly useful in oxide and fluoride crystal chemistry. 
Fumi & Tosi (1964) derived a set of ionic radii for the 
alkali halides based on (1) a correlation between Born 
repulsive parameters and the ratio re/ra in alkali halides 
and (2) the minimum in the LiF and NaC1 electron 
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density maps. Their most significant conclusion was 
that the ratio re/ra is much larger than that found in all 
the other traditional sets of radii. Fumi & Tosi's cation 
and anion crystal radii are larger and smaller respec- 
tively by ~ 0.2 A than the traditional radii. These radii 
will be considered in more detail in the discussion. 

The advent of accurate structure analysis by the use of 
Guinier d-value data, intensities collected with counter 
diffractometers, and least-squares refinements of crys- 
tal structures has provided a wealth of new accurate 
cell dimensions and interatomic distances. These data 
have been used in our derivation of an empirical set 
of'effective' ionic radii byanextension of Goldschmidt's 
(1926) method, with the further assumption that the 
radii of the anions also vary with CN. This derivation 
uses approximately 1000 interatomic distances in ox- 
ides and fluorides, assumes r(VIO2-)= 1"40 A and 
r(VZF-)= 1-33A, and takes into consideration both 
coordination number and electronic spin state of first- 
row transition metal ions. Low-spin tetrahedrally co- 
ordinated ions and high-spin second-row transition- 
metal ions are not included because of their infrequent 
occurrence. The term 'effective' ionic radii is used to 
emphasize the fact that these radii are empirical and 
include effects of covalence in specific metal-oxygen or 
metal-fluorine bonds. We feel these radii more closely 
reproduce interatomic distances in solids than the 
previous sets of radii and will be more useful to those 
who wish to compare radii rather than interatomic dis- 
tances. 

Methods of determining 'effective' ionic radii 

A s s u m p t i o n s  

It has already been shown that interatomic distances 
(and therefore 'effective' ionic radii) depend on CN 
(Goldschmidt, 1926), electronic spin state (van Santen 
& van Wieringen, 1952; Blasse, 1965), covalency (Paul- 
ing, 1927), and the presence of strong anion-anion or 
cation-cation repulsive forces (Pauling, 1928). Changes 
due to CN variation are of the order of 0.0-0.3 A; those 
due to change in magnetic spin state are ~ 0.1 .A. The 
changes due to covalency effects are unknown but are 
probably reasonably constant for combinations of 
cations with anions whose electronegativities are ap- 
proximately the same. Repulsive forces cause changes 
in the order of 0.0-0.1 A. 

In deriving the set of 'effective' ionic radii listed in 
Table l(a) the following assumptions were made: 

(1) The principle of additivity of both cation and 
anion radii to accurately reproduce interatomic dis- 
tances is valid if one takes into consideration CN, elec- 
tronic spin, covalency, and repulsive forces. (Repulsive 
forces are discussed further in another section.) 

(2) The effect ofcovalency in shortening M - X  bonds 
is comparable in all M-F  or M-O bonds (Phillips & 
Williams, 1965). 

(3) With the exceptions noted in assumption 1, radii 
are independent of structure type. 

(4) The radii of both cation and anion vary with co- 
ordination number. (The variation in anion radii with 
CN is discussed in detail in another section.) 

(5) Although individual cation-anion distances 
vary in a polyhedron, the average cation-anion 
distance over all similar polyhedra in one structure 
is constant. 

(6) With a constant anion, the volume of the uni3, 
cells ofisostructural series is proportional to the volume 
of the cations. 

Assumption 5 is not basically different from 6 in that 
it says an ion can be deformed in any fashion but the 
total volume of the polyhedron will not change.* The 
test of assumptions 1-6 is the consistency of radii de- 
rived from different structures. 

The principle of obtaining radii from relative unit 
volumes for a particular structure type was originated 
by Grimm & Wolff (1926) and Goldschmidt etal .  
(1926). Goldschmidt estimated the radii of numerous 
rare earth ions by comparing cell volumes of rare earth 
oxides with those of Sc203 and Y203 for which inter- 
atomic distances were known. A similar procedure was 
used by others to obtain sets of radii applicable to cer- 
tain structures: Templeton & Dauben (1954) - rare 
earth fluorides, chlorides, oxychlorides, and oxides; 
Geller (1957) - oxide perovskites; Geller &Mitchell 
(1959) - garnets; Roth & Schneider (1960) - rare earth 
oxides; Sasv~iri (1960) - rocksal t ,  rutile, fluorite, and, 
antifluorite compounds; Knox (1961) - fluoride perov- 
skites; and Espinosa (1962)- garnets. 

Procedure  

As a first approximation, anion radii (02- and F-) 
with CN=I I I ,  IV, and VI were determined by sub- 
tracting Ahrens' sixfold radii from interatomic dis- 
tances in simple oxide structures: III - rutile; IV - 
corundum and C rare earth; VI - rocksalt. In a second 
step, cation radii for various CN's were determined. 
These radii were in turn used to obtain anion radii with 
CN=I I ,  III, IV, and VIII. The results are listed in 
Table 2. The values in parentheses represent anion 
radii obtained at a later stage by repeating this proce- 
dure with appropriate refined cation radii, e.g.  in 

I I  2 IV 4+ quartz° r( O -) = Rav(Si-O)- r( Si ) = 1.607- 0-26 = 
1"347 A. The consistency of these values can be taken as 
a measure of their validity. 

* The approximate linearity of radii-volume plots has been 
shown by Bertaut & Forrat (1957) for A3BsOI2 garnets, by 
Whinfrey, Eckart & Tauber (1960), and Brisse & Knop (1968) 
for AEB207  pyrochlores, by Gattow (1963, 1964) for A2BX4 
compounds, by Pannetier & Courtine (1966) for ABO4, by 
Giglio 0963) for ABX6, by Sasvdri (1960) for AX2 and by 
Roth & Schneider (1960) for A203. Sasvdri also corrected cer- 
tain radii of Ahrens to comply with this regularity and derived 
a set of eight-coordinated radii from the fluorite structures. 
Although Giglio, Gattow, and Pannetier & Courtine plotted r vs. 
V, we feel that it is more correct to plot r 3 vs. V or r vs. A 
(cubic). The excellent linearity in simple oxide structures 
(rocksalt, rutile, corundum and C rare-earth) supports this 
view. 
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Table l(a). Effective ionic radii 
ION EC CN" SP A-IR cR tIRt 

AC+3 6P 6 VI 1,18 
A6+I ~010 I I  .81 

IVSe 1,16 
V 1.26 
VI 1,26 1.29 
V I I  1.38 
V I I I  1 , ~  

A6+2 ~0 9 VI .89 
AG+3 ~D 8 IVSG ,79 
AL+3 2P 6 IV ,53 

V ,62 
VI ,51 ,670 

AM+5 5F 6 VI 1,07 1.15 
AM+; 5F 5 VI ,92 

V I I I  1,09 
A5+3 ~S 2 VI ( ,58) 
AS+5 3010 IV . ; 75  

VI , ; 6  , 6 ;  
AT+7 5010 VI ,62 
AU+I 5010 VI 1,37 
AU+3 5D 8 IVSQ , 8 ;  

VI ( , 8 5 )  
B +3 lS 2 I I I  .16 

IV ,26 
VI ,23 

BA+2 5P 6 VI 1,3~ 1.50 
V I I  1.53 
V I I I  1.56 
IX 1,61 
X 1,66 
XZI 1 , 7 ;  

BE+2 15 2 I I I  .31 
IV . ;1  
VI .35 

81+5 6S 2 V 1.15 
VI ( , 9 6 )  1,16 
V I I I  1,25 

BI+5 5010 VI . 7 ;  
BK+3 5F 8 VI 1,10 
BK+~ 5F 7 V I I I  1.07 
BR-1 ~P 6 VI 1,96 
BR+7 3010 VI ,59 
C +;  lS 2 I I I  ,06 

IV ,15P 
VI ,16 

CA+2 3P 6 VI ,99 1,1~ 
V I I  1.21 
V I I I  1.26 
IX 1.32 
X 1 . ; 2  
X I I  1 . ; 9  

C0+2 ;010 IV .98 
V 1,01 
VI ,97 1,09 
VII 1,1~ 
VIII 1.21 
X I I  1 , ; 5  

CE+3 6S 1 V I  1,07 1 .17 ;  
V I I I  1,28 
XII 1 , ; 3  

CE+~ 5P 6 VI ,9 ,9~ 
V I I I  1.11 

CF+3 60 1 V I  1,09 
CL-1 3P 6 VI 1,81 
CL+5 35 2 I Z I  .26 
CL÷7 2P 6 IV . 3 ;  

VI ,27 
CM+3 5F 7 Vl 1.12 
CM+; 5F 6 V I I I  1.09 
C0+2 30 7 VI L5 ,79 

HS ,72 .875 
C0+5 3D 6 VI LS ,665 

HS ,63 .75 
CR+2 30 ~ VI LS .87 

HS ,96 
CR+3 30 3 VI ,63 .755 
CR+; 3D 2 IV ,58 

VI ,69 
CR+5 30 1 IV . ;90  

V I I I  .71 
CR+6 3P 6 IV . ; ~  

VI ,52 
CS+l 5P 6 VI 1,67 1.8~ 

IX 1.92 
X 1.95 

.67 
1,02 
1.12 
1,15 
1 , 2 ;  
1,30 

.65 

.59 = 

. ; 8  
,550 R* 

1,01 R 

.95 

,335 R* 
.50 

.70 

.02 
,12 * 

1.36 
1.39 
1 , ; 2  
1 , ; 7  
1,52 ? 
1,60 

.17 
,27 * 

,99 
1.02 
1 , 1 1  R 

,96 R 
,93 R 

- *08  

1.00 
1.07 
1,12 = 
1,18 
1,28 
1.35 

, 8 ;  
.87 
.95 

1.00 
1,07 
1,31 
1 .03 ;  R 
1 , 1 ;  R 
1.29 

,80 ? 
,97 R 
,95 R 

,12 
,20 

,98 R 
,95 R 
• 65 R 
,735 R* 
.525 R 
.61 
,73 E 
.82 R 
,615 R* 

,55 R 
.350 R 
,57 
.50 

1.70 
1,78 
1,81 

ION EC CN SP A- IR cR t IR t  

CS+I 5P 6 X I I  2.02 1,88 
CU+I 3010 I I  .60 . ; 6  

VI ,96 
CU+2 30 9 IVSQ .76 ,62 

V ,79 ,65 
VI ( . 7 2 )  .87 .75 

Dy+3 ;F  9 VI ,92 1 . 0 ; 8  ,908 R 
VIII  1.17 1,03 R 

ER÷3 ; F l l  VI .89 1.021 . 8 8 1 R  
V I I I  1 , 1 ;  1 ,00  R 

EU+2 ;F 7 VI 1.31 1,17 
V I I I  1.39 1,25 

EU+3 ;F 6 VI ,98 1,090 ,950 R 
V I I I  1.21 1,07 R 

F -1 2P 6 I I  1 . 1 ; 5  1,285 
I I I  1.16 1.30 
IV 1.17 1,31 
VI 1,33 1,19 1.33 

F ÷7 1S 2 VI ,08 
FE+2 30 6 IV HS .77 ,63 

VI LS .75 .61 E 
HS , 7 ;  ,910 ,770 R* 

FE+3 30 5 IV HS .63 . ; 9  = 
VI LS ,69 ,55 R 

HS , 6 ;  .785 , 6 ;5  R* 
FR+I 6P 6 VI 1,80 
GA+3 3010 IV ,61 , ; 7  * 

V .69 .55 
VI ,62 .760 ,620 R* 

GO+3 ;F 7 VI ,97 1.078 .938 R 
V I I I  1.20 1,06 R 

GE+2 ;5  2 VI ( , 7 3 )  
GE+; 3010 IV , 5 ;  , ; 0  = 

VI .53 .680 ,5 ;0  R* 
H +1 lS 0 I - , 2 ;  - , 5 8  

II - . 0 ;  - .18  
HF÷; I F 1 ;  VI ,78 °85 ,71 R 

V i I I  ,97 ,83 
HG+I 6S 1 1 Z I  1.11 ,97 
HG+2 5010 I I  ,83 ,69 

IV 1.10 .96 
VI 1,10 1,16 1,02 
V I I I  1.28 1 , 1 ;  R 

HO+3 ;FIO VI ,91 1o05; , 89 ;  R 
V I I I  1,16 1.02 R 

I -1 5P 6 VI 2,20 
I +5 5S 2 VI ,62 1.09 .95 ? 
I +7 ;010 VI ,50 
IN+3 ;D10 VI ,81 ,930 ,790 R~ 

V I I I  1.063 ,923 R 
IR+3 50 6 VI .87 .73 ? 
IR+;  50 5 VI ,68 ,77 ,63 R 
K +1 3P 6 VI 1,33 lo52 1.38 

V I I  1,60 1 , ; 6  ? 
V I I I  1,65 1,51 ? 
IX 1,69 1,55 ? 
X 1.73 1,59 ? 
X I I  1.7~ 1.60 ? 

LA+3 ;010 VI l o l ;  1,201 1 . 0 6 1 R  
V I I  1.2~ 1.10 
V I I I  1 .32 1,18 R 
IX 1,3~ 1,20 ? 
X 1 , ; 2  1,28 
X I I  1 . ; 6  1,32 ? 

L I ÷ I  15 2 IV .73 .59 
VI ,68 .88 , 7 ;  

LU+3 ~FI~ VI ,85 .988 o8~8 R 
V I I I  1.11 .97 R 

MG+2 2P 6 IV .63 , ; 9  
VI .66 ,860 ,720 R* 
V I I I  1,03 ,89 

MN+2 30 5 VI LS ,81 .67 E 
HS ,80 ,960 ,820 R= 

V I I I  1.07 .93 R 
MN+3 30 ~ V .72 ,58 

VI LS ,72 ,58 R 
HS ( , 6 6 )  ,79 .65 R 

MN+~ 30 3 VI ( , 6 0 )  ,680 .5~0 R 
MN+6 3D 1 IV ,~1 ,27 
MN+7 3P 6 IV . ; 0  ,26 

VI . ; 6  
NO+3 ~D 3 VI ,81 ,67 
MO+~ ;D 2 VI .70 .790 ,650 R 
MO+5 ;0  1 V I  ,77 ,63 E 
MO+6 ~P 6 IV .56 .~2 = 
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Table ](a) (cont.) 

ION EC CN SP A-IR 

MO+6 UP 6 V 
VI .62 
VII 

N +5 25 2 Vl ( .16) 
N +5 15 2 I I I  

VI ,13 
NA+I 2P 6 IV 

V 
VI .97 
VII 
V I I I  
IX 

NB+2 ~O 3 VI 
NB+3 ;D 2 VI 
NB+~ ~D 1 V I  ( , 7 ~ )  
NB+5 UP 6 IV 

VI .69 
V I I  

NO+3 qF 3 VI 1,0~ 
VI I I  
IX 

NI+2 3D 8 VI .69 
NI+3 3D 7 VI LS 

HS 

CR tIRt ION EC CN SP A-IR 

,6~ ,50 
, 7 ;  .60 * 
.85 .72 

,02 - . 1 2  

1,13 ,99 ? 
2.1U 1,00 ? 
1,16 1,02 
1.27 1,13 ? 
2.30 1.16 ? 
1,U6 1,52 ? 

,85 .71 ? 
.8~ ,70 E 
,83 ,69 R 
.W6 .32 ? 
.78 .6~ 
.80 .66 

1,135 .995 R 
1.26 1,12 R 
1,23 1,09 ? 

.8UO ,700 R* 

.70 .56 R 

.7U ,60 E 
NP+2 5F 5 Vl 1 , 2 ;  1,10 
NP+3 5F ; VI 1,10 1,18 1 ,0 ;  R 
NP+; 5F 3 Vl ,95 

V I I I  1.22 .98 R 
NP+7 6P 6 VI ,71 
0 .2  2P 6 I I  1.21 1.35 

I I I  1,22 1,36 
IV 1.2~ 1,38 
VI 1,~0 1.26 1.~0 
V I I I  1 . 2 8  1,U2 

OS+U 5D ~ Vl .69 .770 .630 R 
+3 35 2 Vl ( , ~ )  
+~ 2P 6 IV ,31 ,17 * 

VI ,35 
PA+3 5F 2 VI 2,13 
PA+~ 6D 1 V I  ,98 

V I I I  1,15 1,01 
PA+5 6p 6 VI .89 

IX 1.09 .95 
PB+2 65 2 IVPY 1.08 .9~ 

Vl 1,20 1.32 1,18 
V I I I  1,U5 1,29 
IX 1,~7 1,33 
XI 1,53 1,39 
X I I  1,63 1,~9 

PB+; 5DIO VI ,8~ .915 ,775 R 
V I I I  1,08 .9U R 

PD+Z ~O 9 I I  .73 ,59 
PD+2 ~O 8 IVSQ , 7 8  .6U 

VI ( , 8 0 )  1,00 .86 
PD+3 ~O 7 VI ,90 ,76 ? 
po+~ ~D 6 VI .65 .76 .62 R 
PM+3 UF ~ VI 1,06 1.119 ,979 R 
PO+~ 65 2 V I I I  1,2~ 1,10 R 
PO+6 5D10 VI ,67 
PR+3 ~F 2 Vl 1.06 1.153 1,013 R 

V I I I  1 , 2 8  1,1~ R 
PR+~ UF 1 V I  ,92 ,92 ,78 ? 

V I I I  1,13 .99 
PT+2 5D 8 VI ( .80) 
PT+~ 5D 6 Vl [ .65) .77 .63 R 
PU+3 5F 5 VI 2,08 1.1~ 1,00 R 
PU+~ 5F U VI ,93 ,9~ ,80 ? 

V I I I  1.20 ,96 
RA+2 6P 6 VI 1.~3 
RB+I UP 6 VI (1 ,~7 )  1 .63  1,~9 

VI I  1,70 1,56 ? 
V I I I  1,7~ 1,60 
X I I  1,87 1,73 

RE+~ 5D 3 VI ( ,72) .77 ,63 R 
RE+5 50 2 VI .66 .52 ? 
RE+6 5D 1 VI .66 .52 
RE+7 5P 6 IV . 5 ;  . ; 0  

VI ,56 .71 ,57 
RH+3 ~D 6 VI .68 .805 .665 R 
RH+; ;D 5 VI .755 .615 R 
RU+3 ~O 5 VI .82 ,68 
RU+~ ~O ~ VI ,67 .760 .620 R 
5 -2  3P 6 VI 1,8UP 
5 +~ 3S 2 VI ( ,37) 
S +6 2P 6 IV .26 .12 * 

cR tIRt 

S +6 2P 6 VI .30 
5B+5 55 2 IVPY .91 .77 

V .9~ .80 
VI ( .76} 

SB*5 ~DIO VI .62 ,75 ,61 
SC+3 3P 6 VI .81 .870 .730 R* 

VI I I  1,01 .87 R 
SE-2 WP 6 VI 1.98P 
SE+~ ~S 2 VI ( .50) 
5E+6 3010 IV .~3 .29 

Vl .~2 
SI+U 2P 6 IV .UO .26 * 

VI ,U2 ,5UO .UO0 R* 
5M+3 ~F 5 Vl 1,00 1.10U .96U R 

VI I I  1.23 1.09 R 
SN+2 55 2 VI ,93 

V I I I  1.36 1,22 R 
5N+~ UDIO VI ,71 ,830 .690 R* 
SR+2 UP 6 VI 1.12 1.30 1.16 

V I I  1.35 1.21 
VI I I  1.39 1,25 
X 1,U6 1,32 
XII 1.58 1. ;U 

TA+3 5D 2 VI ,81 ,67 
TA+U 5D 1 V I  .80 .66 R 
TA+5 5P 6 VI .68 .78 .6~ 

VI I I  .83 .69 
T5+3 WF 8 VI ,93 1.063 ,923 R 

VI I I  1,18 1,0~ R 
TB+W UF 7 VI .81 .90 .76 R 

V I I I  1.02 ,88 
TC+~ ~0 3 Vl .78 .6U R 
TC+7 WP 6 VI .56 
TE-2 5P 6 VI 2.21P 
TE+U 55 2 I I I  .66 .52 

IV 
Vl ( ,70) 

TE+6 ~OlO VI .56 
TH+U 6P 6 VI 1.02 1.1U 1.00 

VI I I  1,20 1.06 
IX 1,23 1,09 

TI+2 3D 2 VI 1.00 .86 E 
TI+3 3D 1 VI ( .76) .81 .67 R 
TI+~ 3P 6 V ,67 ,55 

VI .68 ,7~5 .605 R* 
TL+I 65 2 VI 1,U7 1 , 6 ;  1,50 R 

VI I I  1,7U 1.60 R 
XII 1.90 1.76 R 

TL+5 5D10 VI .95 1.020 .880 R 
V I I I  1,1~ 1,00 R 

TM+3 UFI2 VI .87 1.009 .869 R 
V I I I  1.15 ,99 R 

U +3 5F 3 VI 1.20 1.06 R 
U +U 5F 2 VI ,97 

VII 1.12 .98 
V I I I  1,1~ 1,00 R* 
IX 1.19 1,05 

U +5 5F I VI .90 .76 
VlI 1.10 ,96 

U +6 6P 6 I I  .59 . ; 5  
IV .62 .~8 
Vl ,80 .89 .75 
V I I  1.02 .88 

V +2 3D 5 VI ( ,88)  .93 .79 
V +5 3D 2 VI [ .7~) .780 .6UO R 
V +U 30 I VI ( . 5 3 )  .73 .59 R 
V +5 3P 6 IV .U95 .355 R 

V .60 .U6 * 
Vl .59 .68 .5U 

W +~ 50 2 VI .70 .790 .650 R 
W +6 5P 6 IV .55 .Ul * 

VI ,62 .72 ,58 
y +3 ~P 6 VI .92 1.032 .892 R* 

V I I I  1,155 1,015 R* 
IX 1.2~ 1,10 

Y5+3 ~F13 VI .86 .998 .858 R 
V I I I  1,12 .98 R 

IN+2 3D10 IV .7~ ,60 * 
V .82 .68 
VI ,7~ .885 .7~5 R* 

ZR+U UP 6 VI .79 .86 .72 R 
V I I  .92 ,78 
V I I I  .98 .8U 

E C  - e l ec t ron  c o n f i g u r a t i o n ,  C N  - c o o r d i n a t i o n  n u m b e r ,  SP  - e l ec t ron ic  spin,  A - I R  - A h r e n s  ion ic  radi i  ( C N  = VI)  ( A h r e n s ,  
1952), C R  - c rys ta l  radi i  b a s e d  on  r(VrF - )  = 1"19/~,, ' IR. '  - effective ion ic  radi i  b a s e d  on  r(VIO z-) = 1"40/~.  
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Table l(b). References for Table l(a)* 

AC+3 VI 

A6+I IX 
PREWITTeC.T. AND R.O.SHANN~N. TO BE PUBLISHED* A6 IF  O~ 
WYCKOFrtR.~.G*. CRYSTAL STRUCTURES 1.(1963) AGP 0 

AG+I IVSO 
BYSTROM*A* AND L*EVERSe ACTA C~M.~C~NO. 4 . 6 1 3 ( 1 ~ )  A~P P~ 02 
OONOHUE~J, AND L,HELMHOL~, J.AM,CH~M.SOC. 66,29~(194;)  K A6 ~ O~ 
SCATTURIN*V, AND P,L,BELLON* J, ELrCTROCHEM,SOC, l f l f l ,R lBf tq61)  Am 

A~+I V 
~OST,K,H,, AcTA CRYST* ~4,770(1961) tAG P 03)X 

AG÷I VI 
RODE.H.. Z.ANORG.ALLGE~.CHEM. 767.62{1~5|)  AG qR r6  
KIERKEGAARD*p. AND S.HOL~ENe ARKIV KrMI ~3.?13(Ie6~) A~ u~ p 06 
wYCKoFF.R.#.G.. CRYSTAL STRUcTuRES 1.(1Q63) AG F 
ZACHARIASEN,w.H,e Z,KRIST, GP*161(1937) AG? S 04 

AG+t VII 
KIERKEGAARO,p, AND S, HOLMEN, ARKTV KE~I 23,P13(1~65) ~ Un P 06 

A6+1 V I I I  
KRO6H-MOE,d,, ACTA CBYST*tB.TT(lqG~) AG~ BB 013 
W1ELLS*A.E.. Z*KRIST. 95.T4(1036) AR CO (N N3)2 (~ 02 ) ;  

A6+2 VI 

A6÷3 IVS6 
SCATTURIN*V. AND P.L.BELLON* J.EL~CTROCH~M.SOC. ]~R,R|~(1Q6~) AG+I AG+3 02 

AL÷3 IV 
BROMN.P.E. AND SoW.BAILEY* ACTA CRYSv. 17.13~1(1q6~) K ~L qI3 08 
BURNHAM.C.Wo. Z.KRIST. 11B.12T(Iq63) AL2 %I 05 
EULER*E. AND d.A.BRUCE. ACYA CRYST. | 9 . q T l ( l q 6 5 )  M3 AL¢ 01~ 
MACHATGCHKI.ro. Z.KRIST. 94.?22( lq3G) AL AS 04 
MOON1EY.R.C*L.. ACTA cRYST. 9.?26(tqS&) ALP 
SCHWARZENBACH.~.. Z.KRIST. I ~ 3 . 1 6 t ( l o 6 6 )  AL P4~4 

o 

SMITH,J,V, AND S*w.BAILEY, ACTA CRYS?* 16,801(1963) AL-O 
KILLIAMG*P,P, AND H.O.MEGAw* ACTA CRyST, I?*RRI(1RG~) ^LRITES 
LIEBAU*F,t ACTA CRYGT. 1~.39Q(1961) LX AL SI4 oln 
MAREZIO,M,, ACTA CRYGT. lg .396( lqG~)  LT AL 02 

AL+3 V 
BERTAUT*F. AND J.MARESCHAL. COMPT.~ENO* 25T.~67( lo63) V AL 03 
BURNHAM,C,~, AND M,J,BUERGER, Z.KRTST. 1 |S,269( lq61)  AL~ ~ OS 

AL÷3 VI 
BURNHAM.C.W.. Z.KRIST. 118 .337(~6~)  AL2 SI 05 
CROMER.O.T. ET AL,,  ACTA CRYPT, 27.1B?(1067) NA AL (6 ~ ) ? . 1 2  H2 0 
CRONER.D.T. ET AL.,  ACTA CRYPT, 21.3~3(1966) Cq AL (S n4)2.12 H2 0 
EULER.F. AND J.A.RRUCE. ACTA CRYPT. lq.~?1(196S) Mq AL~ 01~ 
FARRELL.E.F. ET AL..  AM. MINFRALO~IS~ 4R.BO4(IgG~) RE AL~ n4 
GIBBS'O,V* AND J,V,SMITH, AM, MI~PALOGIST 50.20~3(1R65) M~3 AL2 S T 3 0 t p  
JACK.K.H. ANO V.OUTMANN. ACTA CRYST. ; . 2 4 6 ( l g 5 1 )  AL F3 
MAREZIO,M, ANO J*P.RFMEIKAe J*CHE~*PHYS. 44 ,3 t43 ( lo66)  L1 ~L O2 
NARAy-SzABO.sT.v. AND K.SASVARI. 7.KRIST. 9g,2?(1Q~R) ~A3 AL F6 
NEWNHAM,R,E, AND Y.M.DEHAAN. ZoKPIGT. 117.23S(19~2) AL~ 03 
PEDERSEN*B*F.* ACTA CHEM*SCAND. 16 . ;?1 ( I~62)  AL NR 04 
PRANDL*W*, Z.KRIST. 123.81{1966) AL2 CA3 (SI 0~)3 
6ADANAGA,R. ET AL.,  ACTA CRYsT, 1~,6~(1~62) AL~ qI  08 

AM+3 Vl 
SHANNON*R,O, AND C.T.PREWITT. TO RE pURLI~HEO, R3 VS V (LA ~3) 

AM+4 VI 

AM+4 V I I I  
wYCKOEF.R.~.G** CRYSTAL STRUcTURE~ 1.(1~63) AM 02 

AS+3 VI 

AS÷5 IV 
~INNEY*d.J.* AN. MINFRALOGISy 4B* l t I q63 )  PR FEP (Aq O;)P In H)2 
FINNEY.J.J. .  ACTA CRyST. 2|e43T(1Q66) CU2 (AS 0 ; )  (0 HI .3  .2  0 
HILMER*w.. ACTA CRYGT. 9.B7(1956) (L I  AS 03)X 
JOST,K,H* ET AL;,  ACTA CRYPT, 21,q08(1966) AS2 0~*S/3 "2 0 
LIEBAU.F.* AcTA CRYST* 9.Rl1(1956)  (HA AS O~}X 
LUKASZEIICZ*K** BULL,ACAD,POLON,RCT.$ER,SCI*CHIM, 11,~61 196~) M62 AG? O? 
MACHATSCHKZ.F*. Z.KRIST. 94.727(1Q36) AL A~ 04 
MOONEY~R.C*L.~ ACTA CRYST. 2.163(1~4~) BI AS O~ 
MORI.H. AND T*ITO, ACTA CRYST. 3.1(1~S0) FE3 AS 04.R H~ 0 
PLIETH.K* ANO G.SANGER* Z.KRIST. 12; .91( lgGT)  ZN~ CU A~? OR 
PoULSEN.S.J. AND C.CALVO. CAN.J.CHEM. 46.~17(196B) CU3 A S 2 0 B  
SCHULZE.G*E.R.e Z.PHySIK CHE~. 24R.215(1934) B A~ O; 
SHANNON.R.D* AND C.T.PRE~ITT. TO 6E PUBLISHEn, R~ VR V (ZIoCON) 

AS÷S VI 
IBERS.J.A.* ACTA CRYGT. 9.qGT(1956) K AS r6 
JOST.K.H. ET A t . .  ACTA CRYST. 21.BOBtI96~) AS2 0S.~/3 ~ 0 

AT+T VI 

AU÷I VI 

AU÷3 IVS6 
EINSTEIN*F*W,B* ET AL*, J*CHEM,SOC, AtgG?e4?B AU F3 

AU+3 VI 

8 ~3 I Z I  
BLOCK.S. AND A.PERLOFF. ACTA CRyST. 19. IqT(1965) PA B; @? 
IHARAeM. AND J.KROGH-MOE. ACTA CRYPT. 20.132(1766) CD m; O? 
KROGH-MOE.J.. ACTA CRYST. 13,BBg(tq6~) CS2 B6 01fl 
KROGH-~OE.J*. ACTA CRYST. 15.1q0(196~1 L I2  ~4 O? 
KROGH-MOEeJ. e ACTA CRYST. 18.TT( tq65)  A62 9B Ol~ 
KROGH-MOEeJ** ACTA CRYST. 16. I f lBBt lg~5) K RS OB 
MAREZIO,M* ET AL** ACTA CRYST* 16,~90(1q63) CA ~2 04 
MAREZIOeM* ET AL..  ACTA CRYST* 16*gTK(Ig63) K2 p4 0 ? . ;  H 2 0  
ZACHARIASEN.w.H. ET ALl .  ACTA CRYST. 16 .1 t ;~ ( tq6~ )  RE2 m o~ (o HI 

B +3 IV 
~LOCK.S. AND A.PERLOFF* ACTA CRYST, 19,2~7(1~65) RA B; n? 
CLARK.J.R** AN. MINERALOGIST 4 9 . 1 ~ 9 ( t 9 6 4 )  SR q~ O~ (0 N)2.3 H~ 0 
HOARD*J.L* AND V,RLAIR, J,AM.CHEM,~Oc, 57,1985( la3~) R a R =4 
IHARA,M. AND J.KROGH-MOE* ACTA CRyST, 2n,132(19661 CO n~ O~ 
KROGH-MOEeJ** ACTA CHEM.SCAN~. 2B*?OsS(Iq64) SR R; OT 
KROGH-MOE.J.* ACTA CRYST* |3.BB9(196~) CS2 R6 010 
KROGH-MOEeJ.* ACTA CPYST. 15.190(1o67) L I2  B; OT 
KROGH-MOE*J*. ACTA CRYST* |8,T7(19651 A62 RB 0|~ 
KROGH-MOE.J*. ACTA CRYST. IB.20BB(19~5) K RS OR 
MAREZIO,M, ET AL** A~TA CRYST. 16.g75( lq63)  K2 R4 o T . ;  M2 
MAREZIO,M. AND J,P,REMEIKA, J,CHEM,P14YS, ;4 '33;B(19661 L~ ~ 02 
PANT,A,K* AND D,W.J*CRUICKSHANK, 7*K~IST* 125.286(196?) CA R ~I ~4"0 H 
PERLOFF,A* ANO S.BLOCKt ACTA CRYST* ~0.2T4(1966) ~R B; ~7 
PREWITTeC.T. AND R.D.SHANNON, ACTA CRYST* B2;*GGQ(I~66) R~ 03 
REMEIKA,J*P* AND M.MAREZIO* J.PHYS,CNEM,qOLIOS 26,~OB3(loG5) L! R ~2 
ZACHARIASEN.~.H.. ACTA CRyST. 16.3R0(2963) H B 02 
ZACHARIASEN~*N.. ACTA CRYST. 16.3RS(IR63) H B 02 

B +3 VI 

BA+2 VI 
~ANI~N.V* ANO S.RAMA~ESHAN* Z*KRIST* 11;.200t196~) RA fCL ~4)2.3 H~ 0 
MIGHELL.A.O* ET AL** ACTA CRyST~ 20eR19(1966) RA R? O; 
SCNN~RING*H,G* ET AL,, Z.~NORG ALLGEM,CHEM, 305,2~I(1960) .A ZN 02 
wYCKOFP*R,W,B*, CRYSTAL 6TRUcTURE5 1,(1963) BAn  
ZACHARIASENew*H.. Z*KRIST. 7U.139(19~0) B~ TI  ~I3 0 q 

BA÷2 V I I  
HILMER,w.* AcTA CRYST. 15.1101( lq62) RAGE 03 
SCHNERINGIH,6,, Z,ANOR6,ALLGEMtCHEM, 31 ; .1 ;~(1962)  RA Cn o~ 
wYCKOFF*R*V.6.. CRYST&L STRUCTURES 3.(196S) RE3 N! 04 

BA+2 V I I I  
BLAND*J.A.. ACTA CRY5T. 14~875{1o61) RA2 TI  04 
HZLMER*W.. ACTA CRYST* 15.1101(1962) B~ GE 03 
LANDER*J.J*. ACTA CRYSY. 4.1;B(1951) BA NI 02 
MANOHAR,H. AND J.RAMASESHAN, Z.KRIST. 219.3S?(1964) 6A (0 H)2.~ H2 0 
NARBELLImN. AND G.FAVA. ACTA CRYGT. 1S.;?T(Ig621 BA 62 03.H2 0 
RAO*R*V,G,S, ET AL.. Z*KRIST. 110;231(1958) CU BA2 (C ~ 0 H)6,4 H2 0 
WYCKOEE*R*W*6*. CRYSTAL STRUCTURES 1.(1963) BA F2 

BA+2 IX 
BLOCK.S. AND A.PERLOFF. ACTA CRYST. 19.29T(1~GS) BA B; OT 
COLBYtM.Y. AND L.d*B*LACOSTE* Z.KRIST 90*1{1935) BA C 03 
FOGS*O* AND O.TJOMSLANO* ACTA CHEM*SCANO* 10.288(19S6) GA ~ ($2 03)2.2 H2 0 
FOGS.O. AND O.TJOMSLAND. ACTA CHEM.SCANO. 12.52( t~56) R~ TF ($2 03)2.2  H2 0 
MIGHELL,A,O, ET AL*, ACTA CRYST, 20.819(1966) RA R2 04 

BA+2 X 
BLOCK.S. AND A.PERLOEF. ACTA CRYST. 19.29T(1965) BA B4 07 
BURLEY*6** J.REG.NATL.~UR.STD. 60.23(195B) ~A H P 04 
NEWNHAM,R,E, ANO H,O.MEGA~* ACTA CRYsT. 13,303(1~60) BA ALP SI2 06 
ROBBING*C. ET AL.* J*RES*NATL.BUR.STo*. 70A*385(1966) BA BE4 09 
TENPLETON*O.H. AND C.H.OAUBEN. J.CHEM.PHYS* 32.1515(1q60) RA T I ;  Oq 
ZACHARIASEN*W*H.* ACTA CRYGT. 1.263(19;8)  R~3 (P 0~)2 

BA+2 Xll 
EVANS. H.Toe,R** ACZA CRYST. 4.3TT(1951) BA TI  03 
HOARD*J.L. ANO W* VINCENT. J.AM.CHEM.SOC. 62.3126(1940) BA SI FG*BA GE F6 
SAHL*K** BEITR.MINERAL*PETR06. 9.111(1963) ~A S 04 
SCflNERING.H.G*. Z. ANORG.ALLGEM.CHEM. 353.13(1967) BA2 M r6 
SHIRANE*G. ET AL.* PHYS.REV. 105.B56t1957) BA TI  03 
ZACHARIASEN.I*H.. ACTA CRYST° 1.263(19;8)  flA3 tP 0 ; t 2  

BE÷2 IX7 
HARRIS,L,A* ANB H,L*YAKEL* ACTA CRYSTo 22,354(196?) Y2 ~E 04 

BE+2 IV 
BEEVERS.C.A. AND H.LIPSONe Z.KRIST* 82.297(1932) BE S ~4 . ;  H2 0 
BURNS*J.H* AND E*K.6ORBON* ACTA CRYST. 20e13B(1966) LI~ BE F4 
FARRELL*E.F. ET AL** AM. MINERALO6IST 48.B04(1963} RE AL2 04 
GOLOVASTIKOVeN.I.. SOVIET PHYG.-CRYST* 6.733(1962) NA "E P O; 
HARRIS*L.A* AND H.L.YAKEL* ACTA CRYST*20*29S(1966) CAt2 BE1? 029 
MROSE*M,E, ANO O*E*APPLEMAN* Z.KRIST. 117.16(1967) AL "E ST O; 0 H 
SEARStO.R. AND J.H.BURNS* J.CHEM.PHYS. ;2.3~78(2964) LT6 BE F~ ZR F8 
SMITHeO.K. ET AL.* J*ELECTROCHEN.SOC. 111.~8(1964) BE n 
ZACHARIASEN,W*H. ET AL** ACTA CRYST* 16,1144(1963) RE2 B 03 (0 H} 

BI+3 V 
ABRAHAMS*S.C. ET AL.* J.CHEN.PHYS. ;T .403 ; (1967)  BY12 R~ OPO 
AURIVILLIUS.B. ACTA CHEM.SCAND. IB*23TS(1964) RI2 02 S 04.H2 0 

81+3 VI 
AURIVILLXUSeB.* ACTA CHEM.SCANO. IB .2375( lqG; )  BI2 02 S 04.H2 0 
AURIVILLIUS.B* ANO I.JONSSON. ARKIV KEMI 19.271(1962} RI 0 H CR O~ 
AURIVILLIUS.B. ET AL.* ACTA CHEM.SCANO. IB. IS55( lq641 ~I2 RE 05 
SEGAL*D.J. ET AL*. Z*KRIST* 223.73(1966) B I ;  SI3 012 
ZEMANNBJ,* HEIOELBERGER BEITR.NINERAL,PETROG.MITT. 5e139(19~6) BI2 NO 06 

B1+3 V I I I  
AURZVILLIUS,8.* ARKIV KEMI 3.1S3(195I)  BI SB O; 
MOONEY*R*C.L.. ACTA CRYST. 1 .163(19;8)  BI AS O; 
MOO~Y'SLATER.R.C.L.. Z.KRIST. 11T*371(lq62) 6! P O; 
BURASHI.M*M. AND W.H.BARNES* AM.MINERALOGIST ~8.489(1953) ~I V O; 
SHANNON*R.D. AND C.T.PREWITT. TO RE P~LISHEO. R] VS V (ZIRCON) 
TONASItPOLtSKZI*Y. [T  AL.. SOVIET PHYS.-CRYST. 9*T15(IqGB) R7 FE 03 

BI+5 VZ 

BK+3 VI 
PETERSON,J*Ro AND B,B,CUNNINOHAM, INORG,NUCL,CHEM,LETTER~ 3t32?(196T) RK2 03 

BK+; V I I I  
PETERSON*J,R, AND B.B.CUNNINGHAM, INORG,NUCL°CHEM.LETTER~ 3.327(1967) ~K O~ 

8R-1 VZ 

BR+? VI 

C + ; I I I  
CHESSIN*HtlW*C.HAMILTON. AND B.POST. ACTA CRYST. 16.689(1965) CA C 03 

C +;  IV 

C +; VI 

CA+2 VI 
BUERGER.M.JI. Z.KRIST. ~08.2~8(2956) CA2 NA H SI3 09 
CLARK.J.R. ET AL*P ACTA CRYST. 15.20T(1962) CA B30S 0 H 
CRUICKSHANK*D.W.J.I ACTA CRYST. 17.685(196;)  CA2 SI O; 
BARD*J.A* AND H*F.W*TAYLOR* ACTA CRYsT* 13.785(1960) CAb (SI3 09) (0 H)2 
HARRIS*L.A* AND H.L*YAKELP ACTA CRYST. 20.295(19661 CA|2 8E17 029 
ITO*Y* ET AL.w ACTA CRYST. 5.209(1952) K2 CAb RE4 AL2 ~ I24060 .H2  0 
RIETVELO*H*M** ACTA CRYST. 20.50B(1966) CA3 U 06 
SMITH.O.K. ET AL.* ACTA CRYST. 18.787(1765) CA2 SI O; 
STEINt:Ihh~*H. ANB F.J.SANS. AN.MINERALOGIST ; ; .679(19S9)  CA MG (C 03)2 
TAKEUCHI*Y. AND G.OONNAY* ACTA CRYST. 12.465(19S9) CA AL2 SX2 08 
WYCKOEF.R*W*6** CRYSTAL STRUCTURES 2m(1963) CA 0 
WYCKOFF.R.W*6.. CRYSTAL STRUCTURES 1.(1963) CS CA r3 
WYCKOEF*R.W.G** CRYSTAL STRUCTURES 1.(1963) RB CA F3 

CA+2 VII 
BAKAKIN*V.V. AND N.V.BELOV* DOKL.AKAO*NAUK SSSR 135.SB?(t~601 CA BE2 (P 0 ; )2  
CHRIST*C.L* ET AL*. ACTA CRYST. 11.T62(1958) 03 CA 0 B~ 04 (0 0 H)3.H2 0 
MEGAW*H.D. ACTA CRYST* 5 . ;TT(1952)  CA3 (SI H)2.2 H2 
POSN[R*A.S. ET AL..  ACTA CRYSY. 11.30B(1958) CAIO (P 0416 r2 
PRANDL*w** Z.KRIS~. 123.B1(1966) AL2 CA3 (SI 0 ; ) 3  
RUMANOVA*I*M** M.N.ZNAMENSKAyA* SOV.PHYS.'CRYST. B.GSO(lq61) CA2 FE (P Oq|2.H2 0 
SWALLOWeA.B* I T  AL.. ACTA CRYST. 21.397(1966) CA3 VIO 02B. IT H2 0 
WEBBmN.C.* ACTA CRYST* 21.942(1966) CA2 P2 07 
ZACHARIASENoW*H** Z.KRIST. T3.7(19~0) CA TI  SI 05 

CA÷2 V I I I  
BERTAUT.E.E. AND P.BLUH* ACTA CRYST. 9.121(1956) CA TI~ O; 
BURBANK*R.O.. ACTA CRYST. IB.8B(196B) CA ~ O; 
CLARK.J.R. ANO C.L.CH~IST* Z.KRIST. 112.213(2964) CA B3 03 . (0  H)S.2 H2 0 
CRUICKSHANK.DtW.J.. ACTA CRYST. 17.6B5(296;) CA2 S~ 04 
DECKERmB*F* AND J.S*KASPER* ACTA CRYST. 20.332(195T) C& FE~ O; 
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Table l(b) (cont.) 
HARRIS ,L .A .  ANO H.L .YAKELI  ACTA CRYST. 20*2q5 (19665  CAt2 BE17 029 
HILL~P.M°  ET AL.e ACTA CRYST. 9~981(19S6)  CA FF20~  
HOHNE.E.I SOVIET PHYS.-CRYST° 7e559 (1963 )  CA S n ;  
JAHNSERG.L.,  ACTA CHEM.SCANO. 17 ,25~8 (1963 )  CA TA2 06 
MAREZIO~M. ET AL.e ACTA CRYST. 18 ,390 (19h3 )  C~ 82 O~ 
MUtLER-BUSCHBAUMIH.~ H.G.SCHNERING. 7oANORG.ALLGFM.CHEM. ~38 ,295 (1985 )  CA SCP O; 
PAVLOV*P.V.  ANO N.V.BELOV, SOVIET PHyS.-CRYRT. ~300 (196n )  CA ~E P O~ 
PEACOR,O,R. AND M.J.~UERGER, Z ,KRIST ,  117 .5~1 (1982 )  CA MN ~12 06 
PRANOL,w.,  Z ,KRIST ,  123 ,81 (1988 )  AL2 CA3 (SI  0 ; ) 5  
VEBB.N.C . .  ACTA CRYST. 21 .9~2 (1966 )  CAP P2 07 
WILHELMI*K.  ANO O.JONSSON~ ACYA CHFM°RCAND. 19~177(~98S)  CA~ 0 H (CR 0~ )3  
WYCKOFFtR.W.G., CRYSTAL ~YRUCTURES 1 , [ 1963 )  CA r2  
ZALKIN ,A .  ANO O,H,TEMPLETONe J,CHEM,pHYS, ~0e501 (198 ; )  ~A W o~ 

CA÷2 IX 
JOHANSSON~G.. ACTA CRYST° 12~522( IRSq)  CA R2 S I2  OR 
POSNER~A,S. ET AL . ,  ACTA CRyST. I I , 3 f lS (19SR)  CA]O [P n~16 F2 
RODI .F .  AND D.BABEL, Z.ANORG.ALLGE M. CHE u,  336 .17 (1~655  CA IR 03 

CA+2 x 
MAREZIO.M° ET AL l .  TO BE PUBLISHEO CA R2 o~ 

CA+2 X l I  
MAREZIO.M. ET AL . .  TO BE PUBLISHER CA R2 o ;  

CO~K~ROS . . . . . . .  D . . . . .  ENTZEPERIS. Z .KRIST .  119 .73  . . . . .  31 CnS  o~ 
SCHNERINGeH.G.. Z.ANORG.ALLGEM.CHEM. 51~ ,1 ;~ (1967 )  ~A Cn o~ 

C0+2 V 
CALVO~C. AND J.S.STEVENSe CAN.J.CHEM. ; 8 , 903 (196R)  A CO 7N2 (o 0~ )2  A 
CALVO~C. AND J.S.STEVENS~ CAN.J.CHFM. ~6 ,g03 (19685  6 C02 7N (p ou )2  

CO+2 V I  
AU~P.K.L .  AND C.CALVOe CAN.J.CHEM. ; ~ . 22~T (19675  C~2 V~ 07 
OEWOLFF*P.M., ACTA CRYST. 21 , ; 32 (1966 )  C0 (o H)2 
LIPSONeH.,  PROC.ROY.SOC.(LONOON)SER.A 1S6e~82[1938)  5C n S ~ *R  H2 
POSNJAK~E. AND T.F.W.BARTH~ Z°KRIST.  8~271 (195 ; )  cn TT ~5 
MYCKOFF,R.W.G.. CRYSTAL STRUCTURES 1 , ( 1965 ]  CO o 
WYCKOFFIR.W.G.. CRYSTAL STRUCTURES 2.(196~) K Cn F~ 

C0÷2 V I I  
CALVOIC. AND d.S.STEVENS, CAN.J.CHEM. ~6 ,903 (196R)  C0 ?N2 (p 0~ )2  
CALVO.C. AND J.S.STEVENS. CAN.J.CHEM. ~6 .905 (196R)  C02 7N (P 0 ; ) 2  

C0+2 V I I I  
BR ISSE ,F . ,  PH.D,THESIS,OALHOUSIE UNIV* *HAL I rAX ,N*~ *  {1o871 C~2 TA2 07 
OONOHUE,P.C. ET AL . *  INORG.CHEM. ~ ,11S2 (196~ )  C02 RE2 ~7 
MATKOVICeB° ET AL l ,  ACTA CRYST. 21eT19 (1966 )  C0 (N 05 )~ .~  ~20 
wYCKOFF~RoW.G.~ CRYSTAL STRUCTURES 1 , ( 1985 )  C0 F~ 

CO+2 x I I  
POSNJAK.E. AND R.F.W.BARTH, Z .KRIST.  R8 ,265 ( | 95 ; )  CO TT o~ 

CE+3 VI  
SLEIGHT*A.W, ,  TO BE PUBLISHED (RF)2 $5 
TEMPLETONIOoHo AND C.H.  OAUBEN, J.AMERoCHEMoSOCo 76 .~P37 ( l q~ )  

CE÷3 V I I I  
MOONEY*R°C.L.I  ACTA CRYST. 3e337 ( l gSn }  CE P O; 
SHANNON.R.D. AND C.T.PREWITTe TO 9E PUBLISHED. R3 VS V fZIRCON) 

CE+3 X I I  
ZALKIN~A. ET AL . ,  J.CHEM.PHYS. 59 .2881 (19835  CF2 MG5 (N 05 )12 .2~  H2 0 

CE+~ v I  
WYCKOFFeR.~oG.e CRYSTAL STRUCTURES 1 , ( 1963 )  8A CE 03 
wYCKOFF*R.W.G. CRYSTAL STRUCTURES I . ( 1985 )  ~R CE 03 

CE÷~ V I I I  
MYCKOFFeR.W.G.. CRYSTAL STRUCTURES 1 , [ I 963 )  CE 02 

CF~3 Vl  
GREENe~°L. AND 8.B.CUNNINGHAM~ INORG.NUCL.CHEM.LETTER5 3 ,3~3 (198T )  CF2 05 
PETERSONeJ.R° AND 8 .~ .  CUNNINGHAMe INORG.NUCL.CHEM°LE TTEo~ 3e327(198T)  CF2 03 

CL-1 V I  

CL+5 I I I  
ZACHARIASEN,W.H.. Z ,KRIST.  71 ,517 (1929 )  K CL 03 

CL÷7 IV  
GOTTFRIED.C. AND C.SCHUSTERIUS~ Z .KRIST.  8~ ,8~ (1932 )  K CL O; 
ZACHARIASEN~W.H.~ Z .KRIST.  75e1~1 (195o )  NA CL 0~ 

CL+7 Vl  

CM÷5 Vl 
PETERSON,J.R. AND B,B,CUNNINGHAM~ INORG,NUCL,CHEM.LFTTER~ ~2?(Iq671 CM2 03 

CM+W V I I I  
PETERSON.J.R. AND B.B.CUNNINGHAMe INORG.NUCL.CHE~.L FTTER~ ~e~2T(1987)  CM O~ 

C0.2  V% LS 

C0+2 VI HS 
BAUR,W,H,, ACTA CRYST. 11e~88(19581 CO F2 
IBERS.J .A .  AND G.W.SMITH, ACTA CRYST. 17 ,190 (196~ )  NA C02.~  M05 01P 
MONTGOMERY.H. ET AL.e ACTA CRYST. 22 ,TTS(1987 )  CO (N H I )2  (~ 0~52o~ H2 0 
RENTZEPERIS.P.J.e NEUES JAHRB.MINERAL*MON AT~H. 2~At lQ585 C~ S o~ 
8CHNERING,H.G.~ Z.ANORGoALLGE M.CHEMo 5S5e13(19875 RA2 C0 ¢6 
SMITH.G.W, AND J ,A, IOERSe ACTA CRYST, 19e28° (198S)  CO uO o~ 
VAN NIEKERKeJ.N. I  F.R.SCHOENING, ACTA CRYPT. 6 .609 ( l q~3 )  NT (C H5 C 00 )P .~  H2 0 
WYCKOFF,R,W.G.~ CRYSTAL STRUCTURES I , ( 1963 )  CO 0 
WYCKOFF,R.W.G** CRYSTAL STRUCTURES 2 , ( 196~ )  M CO ~ 
ZALKIN ,A ,  ET AL , ,  ACTA CRYST, IS ,121q (19621  CO S 0~ ,6  ~2 o 

C0÷3 V I  LS 
8LASSE*G,t J,INORGo NUCLo CHEM. 2T ,7~8 (19655  ~I CO 02 
SHANNONeR.Ooe INORG.CHEM. 6e1~7;(198T) R3 VS (PF~OVSKITE] 

C0+3 v I  HS 
8LASSE,G. .  J.INORGo NUCL. CHE TM, 27 ,T~8119655 K3 CO F6 
HEPWORTH,M,A, ET AL . ,  ACTA CRYST. I 0 , 63 (19S7 )  Cn ¢~ 

CR÷2 V° LS 

CR*2 VI HS 
J&CKeK.H. AND R. MAITLANO, RROC.CHEMoSOCoLONOON ~32($~5T~ rR P2 
SHANNON.R.D. AND CoT. PREWITT. TO RE PUSLISME~e R5 VS V (RUTILF} 
STEZNFINK,H. AND J.H.RURNS. ACTA CnY~Y. IT *823 ( l a~ )  Cm~ ~ 

CR+3 V I  
DOUGLASS,R.M.~ ACTA CRYST. 10~ ;23 (195  ?) M CR 02 
KNOX~K., ACTA CRYST, 13~50T(1960)  C ~ F~ 
NEWNHAMeR*Eo ANO y.E.OEHAANe Z .KRIST.  11 e 35 (1962 )  CR~ 03 
SMANNONeR,D*e INORG,CHEM* 8e1~7~(196T) R5 VS V (PFROVSKIT~) 
STEINFINKIH*  AND J,H,~URNSI ACTA CRYCY, IT ,R~3 ( l q~ )  CR? r~  
WILHELMI,K*e ACTA CHEM.SCAND. 12~198S(1958)  K CR (CR 0~ ]?  
WILHELMI*K., ACTA CHEM,SCAND, 19 ,16S (196~ )  CRS 012 
wYCKOF~,R.W.Go, CRYSTAL STRUCTURES 2~ (198 ; )  CE CR 03 

CR+; ZV 
M ILHELMI .K .A , ,  ARKIV KEM% 26 ,1S? (196T )  SR2 CR O; 

cR~,:~E . . . .  o .  . . . .  soL Io  STATE CO . . . . . . . . .  5 ' , 98  . . . .  O° 03 
CLOUDpW.H. ET AL . ,  J,APPL.PHYS.wSUPPL. 33 r$1Q3( l °62 )  Cq 02 
SHANNONeR.Oo ANO CoT,PREWITTe TO ~r  PURLISHF~. R3 VS V (PU~ILF)  

CR+5 I v  
GREENBLATTeM. ET AL , .  ACTA CRYST. 73 , | 66 (1987 )  CA2 CR ~ ;  CL 
SHANNON,R.O. AND C.T.PREWITTe TO 9E PUBLISHFO. R3 VS V (?IOCON) 
WILHELMI ,K .A .  ANO O.JONSSON, ACTA CHEMoSCANO. 19 , | 77 (198~ )  CAS 0 H (CR 0 ; ) 3  

CR+5 V I I I  
STRONBERGeR. AND C.SROSSETe ACTA CHEu. SCAND. I ; e ; ; l ( 1R60 )  ~3 CR OR 

CR+8 IV 
AURIVILL IUSpB.  AND IoJONSSONe ARKIV KEMI | gp I? l ( l q62 )  QI 0 N CR O; 
BYSTROM,A. AND K.WILHELMIp ACTA CHEM.SCAND. ; , l l 31 ( l q%0)  CD 03 
COLLOTTIPG. ET AL,e ACTA CRYST° 12e~ lS { l qSg )  pn CR q ;  
LUNOGREN~G. AND L .G .S ILLEN,  ARKIV KEuI 1 , 277 (19 ;  o) TH (~ H)~ CR O; H2 
LUNDGRENeG. p ARKIV KEMI 13 ,59 (1958 }  ZR~ (0 H)6 (CR 0~ )~ .~  H2 0 
MILLEReJ°J .e  Z*KRIST.  99e32 (1938 )  CS2 CR 0~ 
NARAY-SZABO,I° AND G°ARGAYw ACTA CHIM.ACAn.SCI.HUNG. ~O ,~R3 ( I qA ; )  aR CR O~ 
GUARENI,S. AND R.OEPIERI ,  ACTA CRYST. 19e287(1985)  PB CR o~ 
wILHELMIeK.e ACTA CHEM.SCANOo 12 ,1985 (195~ )  K C~  OR 
w ILHELMI fK . ,  ACTA CHEM.SCAND. 19w18S(1985)  CRS 012 
WILHELMI,K.D ARKIV KEMI 26 ,151 (19675  L I  CR3 08 
WILHELMIeK. ,  ARKIV KEMI 26 t1~1 (1987 )  C~ CR~ 08 
ZACHARIASEN.W.H. AND G°E.ZIEGLERP 7°KRIST° 80 t18 ; ( IR31 )  K2 CR O~ 
ZHUKOVA.L.A. AND Z.G.PINSKER. SOVIET PHY~.-CRYST. R .~ | ( I ~8 ; )  K2 CR? 07 

CR÷6 VI  

cs;~.~,~ . . . . .  o . . . . .  USING. , ,ORO.C.E . . . .  1 , I 0 , 1 , 8 , ,  CS L , .  
~YCKOFF,RoN.G°, CRYSTAL STRUCTURES l e t l g~5 ]  CS 

CS+I IX 
MILLERed. J . *  Z.KRIST. 99 ,52 (1938 )  cS2 CR 0 ;  

CS+l X 
BYSTROMeA. ANO K.~ILHELMI~ ARKIV K~MI 3 ,373 (19515  C~ Sm~ ~? 
KROGH-MOEeJo AND MoIHARAe ACTA CRYPT. 25*~27(19871  C~ mQ 01~ 
M ILLER~d .d . ,  Z .KRIST.  99e32 (1938 )  CS2 CR o ;  

c s+ l  X l I  
CROMER~D,T, ET AL,~ ACTA CRYST° 21~385 (1966 )  C~ AL (S n ; ) ? , I 2  H2 0 
EVANS,HoT. ,~R° AND S.BLOCK, INORGoCHEM° ~ .1Rn~(1986 )  C~ V3 08 
ROSENZ~EIG~Ao AND O.T°CROMERe ACTA CRYST° 23 ,88S (19~7 )  C~ U r6  
ZALKIN~A. ET AL.~ J.CHEM.PHYS. 3T ,69? (1962 )  CS MN F3 

CU+l I I  9~ I cu r r  o~ PABST,A.e AM.MINERALOGIST 51 ,539 (1  8 
PRE~ITT~C.To AND RoOoSHANNON~ TO Br  P~L ISHEO.  CU FE O~ 
~YCKOFFeR,~,G,e CRYSTAL STRUCTURES 1~($9631 CU~ 0 

CU÷l VI 

CU+2 IVSQ 
BACHMANN~H,Go AND J,ZEMANNe ACTA CRY~To |~e7 ;? ( I q81 )  pm CU S O~ (O H)2 
BRUNTON.G. ET AL . .  ACTA CRYST. l l e lAq ( l gS8 )  CUE ~GR (C 0~ ) ;  (0 H)2~ .n  H2 0 
BUKOWSKA-STRZYZE~SKAeM.~ ACTA CRYST° 19e357(1~85)  CU (H C 0 0 )2 °2  H2 O 
F INNEYeJ .J .  AND T .ARAKI ,  NATURE 197 ,TO( l q85 )  CU3 (R 0~) 0 H;  
FLUGEL-KAHLER~E.e ACTA CRYST. 16e1009 (1965 )  CUT OrS OUt 
GATTO~tG,~ ACTA CRYST, 11e377 (1958 )  CU SE 03 .2  HIcO U 
GATTO~.G. AND J.ZEMANN. ACTA CRYPT. 11 .866 (19585  3 (~ H I2  (C 035~ 
GMOSE~S., ACTA CRyST. 1S~ |105 ( ; 962 )  CU Z 03 0 H 
GHOSE~S.~ ACTA CRYST, 16~12q(1983)  CUS (P 0 ; ) 2  (0 H ) ;  
JAGGI,H.  AND H.R.OS~ALDe ACTA CRYST° l ~ , | n ; l t I 961 )  CU (o H)2 
KIRIYAMA~R. ET ALoe ACTA CRYST. 7~82 (19~ )  CU (H C 02 )2 . ;  H2 0 
PLIETHeK. ANO G.SANG~Re Z .KR IST . I I ; ~ I ( 1  ~ST) ZN2 CU (A ¢ ~ )2  
RAOeB°RAMA, ACTA CRYST. 1~eT58(196~)  HA2 CU (S 0~ )? .2  ~ 0 
TUNELLeG. ET AL . ,  Z .KRIST .  90~120(~93R)  CU 0 
VAN NIEKERK,JtNoe F.R.SCHOENINGe ACTA CRYST. 8 .227 (19555  ~ltp (C H3 C o ~ ) ; . 2  H Io  

CU*2 V 
ABRAHAMS,S.C. ET AL°, JoCHEM.PHYS. ~R~2619(1968) CU MO nu 
FLUGEL-KAHLER~E.~ ACTA CRYST. 16 ,100q (1963 )  CU2 o (~  o~) 
HERITSH,H** Z°KRIST,  99e~66 (1938 )  cU2 0 H AS O; 
HERITSH~Ho~ ZtKRISTo 102~1(19395 CU2 0 H P O~ 
POULSEN,S.J. AND C.CALVO, CAN.J.CH~M° ~6~R I? ( I q6R)  CU3 A~2 08 

Cu÷2 V I  
BACHMANN~H°G. AND J°ZEMANN~ ACTA CRYS T.  1~7~? (1961  ) Pn CU S O; (0 H)2 
R ILLYtC°  A~  N,N,HAE~LER~ J°AM. CHEM,SOC. 7~ IO~O( |R~T )  CU F2 
BUKO~SKA-STRZYZE~SKA~M°e ACTA CRYST. 19e5S?(1965)  CII (~ c 0 0 )2 .~  H2 0 
F INNEYeJ .J .e  ACTA CRYST. 21e ;37 (1968 )  CU2 (AS 0 ; )  (0 H ) .~  .P  0 
FLUGEL-KAHLEReE,~ ACTA CRYST. 16 ,100R(1963 )  CUP o (~  o ;1  
~ INETT I ,Y . ,  8ULL.SOC.CHIM.RELGES 63 .209 t195 ; )  CU ~r  03 
H'£RZTSCN~H.~ Z .KRIST .  99 . ; 68 (19385  CU2(O H I (AS  OU) 
HERITSCHeHo~ ZoKRISTo 102e ] (1959 )  cU2 (0 ~1 (P 0 ; )  
JAGGIeH. AND H.R.OS~ALDe ACTA CRYST. 1 ;~10~1(19615  CU (n H I2  
KNOX~K.~ J.CHEM.PHYS. 50 .991 (19Sq )  K2 CU F~ 

RAO,B,RAMA, ACTA CRYST, 1 ; , 521 (19615  Cll S O; 
RAO,B,RAMAe ACTA CRYST* 1~ ,758 (1~81 )  NA2 CU (S 0 ; ) 2 . 2  ~2 n 
~YCKOFFIR.~.G.~ CRYSTAL STRUCTURE% 2 , (198~ )  K CU F~ 

0Y÷3 V I  
TEMPLETONtO.H. AND CoH°DAUBEN, j .AU.CHEM.SOC. ?SeSP37(19~; )  OY2 ~3 

0Y+3 V I I I  
ABRAH&MS,S.C° AND J.L°BERN~TEINe J.CHEM.PMYS, ~8 ,3778 (19~7 )  OY MN? 05 
EULER~F. AND ~UCEeJ .A .e  ACTA CRYST, 19 ,971 (1965 )  DY5 r r 2  rF5  012 
SNANNON.R.O° AND CeTIPREWITT~ TO ~F PURLI~MFO. R V~ A (PYROCHLORF) 

ER÷3 V I  ~ 
FERTeA.,  BULL.SOC,FRANC,MINERAL,CRIST. 8~ ,267 (1982 )  ER 0 
TEMPLETON,O.H. ANO C.H.DAU~ENe J.AM.CHEM.SOC. 76 t~23T (19~ ; )  ER2 03 

ER÷5 V I I I  
KNOPeOo ET AL . .  CANoJoCHEMo ;3 ,2812 (196S)  ~R2 T I2  o 7 
PATSCHEKEeE. ET AL . I  CHEM.PHYS.LETTERS 2 *~7 ( I 968  ) rR M ~ ;  
SNANNON~R.O. AND C ,T ,PRE~ITT t  TO R~ PURLISHFOo p v~ A tPYRnCMLORE) 

EU+2 Vl  
~YCKO~F~R°~°G.~ CRYSTAL STRUCTURES 1 , (19635  EU O 

£U+2 V I I I  
R&UeR°C,~ ACIA CRYST, 20e718 (1986 )  EU3 0 ;  
WYCKOFF.R.W.G.. CRYSTAL STRUCTURES 1 , ( 1963 )  EU F? 

EU÷3 VI  
RAU*R.C.*  ACTA CRyST, 20 .716 (1966 )  ~U5 o~ 
TEMPLETON.D.H. AND C.H.DAUBEN~ J.A~.CHEM.SOC. 76 ,~237 (19~ ; )  EU2 03 

EU+3 V I I I  
MAREZIO,M. ET AL . .  J.CHEM.PHYS. ; 8 , 109 ; ( 196R)  EL)5 ~E2 GA3 n l 2  
SHANNON~R,D, AND C .T ,PRE~ITT ,  TO RE PURLISHFO. R VS A I~YRnCHLORF) 
TEMRLETON.O*H* AND A,ZALKIN*  ACTA CRY%T. 16e782( ]RS~ l  r l l 2  tW 0 ; ) 3  
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t~ -1  I I  

F - 1  I I I  

F - 1  IV 

F -1 Vl 

Table l(b) (cont.) 

F +7 VI 

FE+2 IV HS 
HANISCH*K,NEUES JAHRB*MINERAL,MONAYSH. 128*362(1q66) H rE2 AL8 GI4 024 

FE÷2 VI LS 

FE~2 VI HS 
BAUReW*H*, ACTA CRYST, 11*~88(1956) FE P2 
2AUR*W.H,* ACTA CRYST* 15,81S(1962) FE S 0~ . ;  N2 0 
BURNHAM*C,W,, CARNEGIE INST,WASH,YEAR BOOR 6S,265(19~6) ~E SI 03 
GIBGS*G.V. ET AL** AM,MINERALOGIST, IN pRES~. ~22 ~I O~ 
HAMILTONeW*C** ACTA CRYST, 15*353(1962) PE SI F6.6 H2 
KESTIGIAN*H, ET AL** INORG,CHEM, S,1;62(1966) Rq FF F3 
RUMANOVA*I.M,* M*N.ZNAMENSKAyA* SOV*pMYS,-CRYST, 5,650(1~61) CA2 FE (P 0~)2,H2 0 
GMITH,O,K. ET AL, ,  ACTA CRYST. 18,767(1965) FE~ S! o~ 
STRUNZ*H, AND M.GIGLIO* ACTA CRYST, 1~,205(1961) FE GE (0 N)6 
ULKU*D., Z,KRIST, 12q,192(196?) ~E W 04 
WYCKOFF*R,W.G.* CRYSTAL STRUCTURES 1,(1963) FE 0 
WYCKOFF,R,~.G,* CRYSTAL STRUCTURES 2,(196~) K FE F3 
ZEMANN*J** NEUES JAHRG. MINERAL.MONATSH, 67(1959) FE GF (0 H)6 

FE+3 IV HS . 
BATT,A, AND G.POST* ACTA CRYST, 15.2268(1962) Y3 FEB 01~ 
BERTAUT*E,F, ET AL*, ACTA CRyST, 12,1~9(1959) CA2 FE20~ 
GERTAUT*F, ET AL** COMPT.RENO, 257,~21(1963) NA FE 02 
EULER*F. AND J.A.BRUCE* ACTA CRYPT, lq,971(1~6S) M3 FE~ 012 
GELLEReS* AND M,A.GILLEO* ACTA CRYST, 10,239(19S?) Y3 =ES ~12 
ROMERS*C, ET ALt* ACTA CRYST. 22,766(1967) HA3 ~25 09 
KEIDENBORNER, J.E.e ACTA CRYST. 1~,1051(1961) GO3 FE5 01~ 

FE+3 VI LS 
BLASSE,6,, J,INORG,NUCL.CHEM, 27,?~8(1965) 
SHANNONeR,O, AND C,T,PREWITT, TO GE PU~LTSH~O. R3 VS V (K3 M I l l  gCN)6) 

FE+3 VI HS 
ABRAMAMS*S.C, ET AL.* J*CHEM.PHYS, 42,39S?(1965) GA FE 03 
B&TT,A. ANO B.POST, ACTA CRYGT. 15,2268(2982) Y3 rES 01~ 
BERTAUT,E,F. ET AL,* ACTA CRyST, 12*1~9(19S9) CA2 FE20~ 
BLAKE*R,L. ET AL,* AM*MINERALOGIST Sle123(1q66) FE2 03 
BLASSE*G,* J,INORG,NUCL,CHEM, 27*7~G(1965) 
COPPENSeP. AND M*EIGSCHUTZe ACTA CRYsT, 19,$2~(196S) G~ FE 03 
EULER*F, AND J.R.BRUCE* ACTA CRYST. 19,971(19657 ~3 FE~ 012 
FINNEY*J,J** AM,MINERALOGIST ;8~1(2963) PB FE2 (AS O;)P (0 H)2 
HEPWORTH*M.A. ET AL,,ACTA CRYST, 10,63(19S77 rE F3 
SHAHNON*R,O.* INORG,CHEM, 6,1~?4(196T) R3 VS V (PEROVSKITE) 
TOMASHPOLeSKIIeY* [T ALe* SOVIET PHYS,-CRYST* 9*?IS( lq6S) qI  FE 03 
WEIOENBORNER*J,E.* ACTA CRYST, 1;.1051(19617 S03 ~ES 012 

FR+I VI 

6A÷3 IV 
ABRAMAMS*S,C. ET AL** J*CHEM,PHYS, ;2,3957(196S) GA F[  03 
EULER*F, AND J,A*BRUCE* ACTA CRYST, 19.971(1965) M3 GA~ 012 
6ELLER,S** J.CHEM.PHYS, 33*6?6(19607 GA2 03 
MAREZIO*M,* ACTA CRYST, 16*461(1965) L I  6A 02 
MOONEY~R*C*L.* ACTA CRYST, 9,728(2956) ~A P O~ 

GA+3 V 
SHANNON,R,O. AND C,T,PREWITT* J,INORG*NUCL*CHEM, IN PRESS, IN GA 03 

GA~3 VI 
BREWER*FoM. ET AL** J*INORG*NUCL,CHE~, 9,SB(|9S9) GA F~ 
EULER,F, AND J,A*BRUCE, ACTA CRYST* 19.971(1965) M3 GAS 012 
GELLER*s,* J,CHEM,PHYS, 33*6?6(19607 GA2 03 
MAREZIO*M. AND J.P.REMEIKA* J*PHYS*CHEM,SOLIOS 26,1277(lq6S) GA2 03 
HOONEY-SLATER*RoC,L** ACTA CRYST* 20,526(29667 6A P 0 ;*2  H~ 0 
MOROSIN*B, AND A.ROSENZWEIG* ACTA CRYPT, 16*G?;(1965) GA NR O; 
WYCKOFF*R.W.G,* CRYSTAL STRUCTURES 2 , (196 ; )  CE GA 03 

GD+3 VI 
TEMPLETON*O*Ho AND C,H,DAUBEN, J*AM*CHEM*SOC, 76 ,$237(19~)  GD2 03.  

GD+3 V I I I  
BRISSE*F** PH,D,THESIS~DALHOUSIE UNIV**HALIFAX*N*S*(1967) G02 T~2 O? 
EULER*F, ANO J.A,BRUCE* ACTA CRYST, 19,971(19657 GD3 AL2 AL3 022 
SHANNON,R,O. AND C,T,PRE~ITT* TO BE PUBLIGH~O, R VS A (PYROCHLORE) 
WEZOENBORNER*J,E** ACTA CRYST, 1~,1051(lq61) 603 FEB 012 

GE+2 VI 

GE~; IV 
ABRAMAMS,G.C. ET AL.,  J.CHEM.P~yGo ~ , ~ 0 3 4 ( 1 ~ ? )  BII2 G~ o~o 
DURIF*A** ACTA CRYST, 9,533(1956) GE U O; 
GINETTI*Y,, BULL,SOC.CHIM,GELGES 63,209(195~) CU GE 03 
HILMER*w,* ACTA CRYST* 1S.1201(1962) BA GE 03 
HILleR*w** SOVIET PHYS,-CRYST, ?*S73(296~) SR GE O~ 
INGRI,N, AND G,LUNOGREN* ACTA CHEM,ScAND* 1T,617(1963) NA4 GE9 020 
JAMIEGON*P*G* AND LoS*O. GLASSER, ACTA CRYST, 22,$07(1967) NA2 GE 03,6 H2 0 
LARSEN*F*K, ET AL** ACTA CH[M,SCANO* 21,1261(1967) NAB SN; GEIO 030 (0 H) ;  
ROBBING*C* ET AL*, J.R~S.NATL,BUR,STo, 70A,3~5(1966) BA3 GE4 09 
SMITH,GoB, ANO P,B,ISAACS, AC?A CRYST* 1?,8~2(196~) GE 02 

GE+4 VI 
BAUR*~.H.* ACTA CRYST, 9,51S(1956) GE 02 
HOARO,J,L. AND W.B,VINCENT* J,AM,CHEM,SOC, 61,28~9(1939) K2 GE F6 
INGRI,N. AND G,LUNOGREN* ACTA CHEM,SCAND* 27,617(1963) NA4 ~119 020 
ROBGINS*C, ET AL** J,RES.NATL,GUR,STD, 70Ae366(1~66) 8A GE; 09 
SHANNON*R,Do AND C,T,PREWITT* TO BE pt~,  R3 VS V (RUTILE) 
STRUNZ*H. ANO M,GIGLIO* AC?A CRYST, 14,205(1961) FE GE (0 N)6 
Z[MANN,J** NEUES JAHRB.MINERAL,MONATSH, 67,(1959) PE GE |0. H)6 

H +1 I C 
ABRAHAMS,S* , ,  d.CHEM*PHYS* 36,$6(1962) CU P2.2 H2 0 
AGRAHAMS,S,C*e J.CHEM,PHYS* ; ; ,2230(1966)  FE3 P2 OG*; W2 0 
CRQMER*O,T* ET AL** ACTA CRYST, 21*363(1966) ALU~ 
KUIPERS* ET AL** J,CHEMoPHYS, 2S,27S(1956) HF 
PIMENTEL,6*C* AND A*L*MC CLELLAN* TH~ HYOROGEN BOND, REINHOL~ (NEW YORK) 1960 

H +111  
ELLISON,R,O, ANO H,A,LEVYe ACTA CRYST* 19,260(196S) K ~ (C2 H 04 CL) 
HAMILTON*W*C* AND J,A,)BERG* ACTA CRyST, 16,1209(1963) H CR 02 
MC OONALO*T*R.R** ACTA CRYST, 13,113(19607 (N H~) H F2 
MC GAW,B*L* AND J.A*IBERS* J,CHEM,PHyS, 39,2677(1963) NA H F2 
PETERSON*S*W. AND H,A,LEVY* J*CHEM*PHYS, 20.T0;(1952) K H ~2 
PETERSON,S.W, AND H.A* LEVY* J,CHEM,pHYS. 29,9~8(1956) K H (C2 H2 0~) 

HF+4 VI 
BRISSE*F,, PH,O.THESIS*DALHOUSIE UNIV**HALIFAXeN.S,(196T) ~2 HF2 O? 
SHANNON,R.D, AND C.T,PR[WITT, TO BE PUBLISHED, R VS A (PYROCHLORE) 

HF÷; V I I I  
KYCKOFF,R,W.G,, CRYSTAL STRUCTURES 1,(1963) HF 02 

HG+I ; IZ  
6RDENIC*O, J,CHEM,SOC, 1312(1956) t'~2 (N 03)2,2H2 0 

HG+2 IZ 
AURIVZLLXUS*K** ACTA CRYST, 9*685(19567 HG 0 
AURIVILLIUS*K** ACTA CHEM,SCANO, 1R*1305(1966) HG 0 
ROTH*WoL** ACTA CRYST* 9e277(1956) HG 0 

HG+2 ZV 
BONEFACICeA*, ACTA CRYST, 1;,116(19617 HG S O;,H2 0 
KOKKOROS*P.A, AND P,J,RENTZEPERIS* Z,KRIST* 119,23;(1963) HG S O; 

HG~2 V) 
BON[FACIC,A,m ACTA CRYST, 14,116(1961) HG S O;,H2 0 

HG+2 V I I I  
SHANNON*R,D, AND ¢,Y,PREWITT, TO BE PUBLISHED, R VS A (PYROCHLORE) 
SLEIGHT*A,M** TO BE PUBLISHED, HG2 M2 O? 
WYCKOFF,R,W,G** CRYSTAL STRUCTURES 1,(1963) HG V2 

HO+3 VI 
BERT*A,, GULL*SOC,ERANC,MIN~RAL,CRIST, 8S,267(19827 HO~ 03 
TEMPLETON*O,H* AND CtH,OAUBENe J,AM,CHEM,SOC, 76,5237(19~;) H02 03 

HO+3 V I I I  
SHANNON,R,O, AND CtTtPREWITT, YO BE PUBLISHED, R VS A (PYROCHLORE) 

I -1 VI 

I ~5 VI 
WYCKO~F,R,W*G** CRYSTAL STRUCTURES 2,(196;7 CS I 03 

• WYCKOFF,RtW*6** CRYSTAL STRUCTURES 2*(296;7 RB I 03 

I +7 VI 

IN~3 Vl 
BERGERHOFF*G, ANO H.KASPER* ACTA CRYST. 62;,308(1966) CU2 IN20S  
JOHANSSON,G,* ACTA CHEM,SCANO, 15,1437(19617 IN 0 H S O; (HI 0)2 
NAREZIO*M,e ACTA CRYST, 20,723{.1966) IN2 03 
MOONEY*R,C*L** ACTA CRYST, 9,113(1956) IN P O~ 
MOONI[Y-SLATER,R,C,L** ACTA CRYST, 1 ; ,11;0(1961)  IN P 0~,2 H2 0 
REIO*A,F,, INORG,CHEM, 6,631(1967) CA IN2 O; 
ROTH*R,S** S,J,SCHNEIOER*J,RES,NATL,BUR,STD, 6;A*309(1960) R3 VS V (MN2 0~) 
SHANNONeR,O, ANO C,T,PREWITT, TO BE PUBLISHED, IN2 03 

IN+3 V I I I  
SHANNON*R,O* ANO C,T,PREWITT* TO BE PUBLISHEO, R VS A (PYROCHLORE) 

IR+3 VI 
HEPWORYHeN,A, [T AL** ACTA CRYST* 10,63(29577 IR r3 

IR~;  VI 
BABEL*O, ET AL,* Z,ANORG,ALLGEM,CHEN, 3;?.282(1966) CA2 IR O; 
ROOf* F, ANO OtBABEL* Z,ANORG,ALL6EM,CH~, 336, I?(1965) CA IR 03 
SNANNON*R,O, ANO C,T,PREWITT, TO BE PUBLISHED, R VS A (PYROCHLORE) 

K +1 VI 
BODE*H, ANO E,VOSS* Z*ANOR6,ALL6EM,CHEM, 26; .14; (~951)  K SB F6 
HOPPE*R, ANO H,SABROWSKY* Z,ANOR6,ALL~*CHEM* 339,1 ; ; (1q65)  K SC 02 
STAIq.EY*E** ACTA CRYST, 9*697(1956) K2 $2 06 
WYCKOFF*R,W,G** CRYSTAL STRUCTURES 1,(1963) K F 

• ZACHARIASEN*W*H** ACTA CRYST, ?*783(19S4) K3 U 02 PS 
ZACHARZASEN*W*H** ACTA CRYST, ?*?92(19S;) .K3 U F? 
ZIEGLER*G,E** Z,KRIST, 9~*k91(1936) K N 02 

K .2 VIE 
BAN[SeE,O, ANO H*N,ONDIK* ACTA CRYST, 1S*1260(1962) LI K2 P3 09.H2 0 
EOWARBS*O,A** Z,KRIST* 60,1S~(2931) K N 03 
LINOeVIST*I, AND M,MORTSELL* ACTA CRYST, 10.;06(1957) K2 $2 05 
MAREZIO,M, EY ALe* ACTA CRYST, 16.975(1963) K2 B; 0~.4 H2 0 
ZACNARIASEN*W*H** J,CHENtPHYS, 5.919(1937) K B 02 
ZH~OVA*L,A, ANO Z,G,PINSKER, SOVIET PHYS,'CRYST. 9 ,31(196; )  K2 ORE O? 

K +1 V I I I  
ANDERSSON*S* ANO A*O,WAOSLEY* ACTA CHEMtSCAND, 15*663(1961) K2 TI2 05 
BELT*R,F* AND N,C,BAENZIGER* J,AM,CNEM,SOC* 79e316(195?) K S 03 (N H 0 H) 
CHRIST,C,L* ET AL,* ACTA CRYST, ?,801(19S;) K V 03,~2 @ 
EAN[S*E,D, AND H*M*ONDIK* ACTA CRYST, 1S*I2RO(1962) L I  K2 P3 09.H2 0 
FORREST[R*J,O* ET A~,* ACTA CRYST, 16,$8(1963) K H2 F3 
LINOGVIST*I, AND M.MORTSELL* ACTA CRYST, 10,406(19S7) K2 $20S  
NORROW*J*C.* ACTA CRYST, 13,4;3(19607 K RE O; 
PALENIK*G,J,* INORG,CHEM, 6*503(1967) K MN O; 
SIEGEL*St* ACTA CRYST, 9*;93(19567 K 8R F4 
SUTOR*O,J, ET AL** ACTA CRYST, 7,1;S(195;1 K2 C2 H N O~ 
WADSLEY*A,O** ACTA CRYST* 17.623(196~) K TI NB OS 
ZACHARIASEN*W*H** ACTA CRYST, ?,783(1954) K3 U 02 P5 
ZACHARIASEN*W,H,e ACTA CRYST, 7,?92(195;)  K3 U F'? 
ZACHARIASEN*W*H, AND H*A*PLETTINGER* ACTA CRyST, 16,376(1963) K BS 0 8 . ;  H2 0 

K ~1 IX K 
ARAVINOAKSHAN*O** Z*KRIST* 112136(19B6) CL OB 
BALI*O, AND K*PLIETH* Z,ELEKTROCHEM, 59*S;5(19SB) K2 NI F~ 
BODE*H, AND 6*TEUFER* ACTA CRYST, 9,929(1956) K2 HF F6 
BROIIN*G,M, ANO L*A,WALKER* ACTA CRYST, 20.220(1966) K2 NB ~? 
OONOH~JE*J, ANO L,HELMHOLZ* J,AM,CHEM.SOC, 66 ,295(19 ; ; )  K AG C 03 
HOARO*J,L,, J,AM,CHEM,SOC, 61,1252(29397 K2 NB F? 
KNOX*K** J*CHEMtPHYS, 30,991(1959) K2 CU F; 
KROGH-MOE*J** ACTA CRYST, 18,1088(1965) K2 610 018 
LOOPSTRA,L*H, AND CtH*MACGILLAVRY* ACTA CRYST. 21,3;q(19S8) K H S O; 
PALENIKeGtJ** INORGtCHEN* 6,507(296?) K2 MN O~ 
SCHNEIDER*W** ACTA CRYST* 1;*78;(1961)  K2 MN (S 0 ; ) 2 , 4  H2 0 
ZACHARIASEN*W,H** SKRIFT*NORSKE VIO*-AKAO, OSLO*ItMAT*NATU~,KLASSE(1928) K BR 03 
ZACHARIASEN*W*H** Z,KRIST, 71,501(1929) K CL 03 
ZACHARIASEN*W*H,* Z,KRIST, 89*529(193;) K2 $3 06 
ZACHARIASEN*W*H, ANO G*E*ZIEGLER* Z,KRIST* 00,16;(1931) K2 CR Oq 

K +1 X 
BYSTROM*A, [T  AL** ARKIV KEMI ; ,175(1952) K SB F;  
CANNILLO*F* ET AL** ACTA CRYSY, 21,200(1966) K NA3 FE2" TI2 (S I ;  012)2 
EVANS*H,T,*JR,* Z,KRIST, 11;,257(1960) K V 03 
KEENeR,C** Z,KRIST, 91,129(2935) K2 $20G 
PALENIK*G,J** INORG*CHEN* 6,507(1967) K2 ~N O~ 
ZACHARIASEN*W*H, ANO G,E,ZIEGLERp Z,KRIST. 80,16;(2931) K2 CR O; 

K ~ 1 X Z I  
BODE*Hi AND H,V,DOHREN* ACTA CRYST, 11,80(1958) K TA F6 
80(~*H, AND H,V,IDOHREN, ACTA CRYST* 11,80(1958) K NB F6 
[LLINGER,F*H, AND ZACHARIASEN*W,N** J,PHYS,CHEM, SB*~OS(195;) K PU 02 C 03 
EVANS*H,T,*JR** AND S,BLOCK* INORG,CNEM, 5*1806(1968) K V3 08 
GOTTFRIEO,C, AND C, SCH~YERIUS* Z,KRIST, 8;*GS(1932) K CL 04 
HEPWORTH*M*A, ET AL,* J,INORB,NUCL,CHEM, 2,?g(1956) K hS F6 
HOARO,J,L, AND W,B,VINCENT* J,AM,CHEM,SOC* 61,28~9(193;) K2 BE F6 
IGERS*J,A** ACTA CRYST, 9,96?(1956) K AS F6 
ITO*T, ET AL,* ACTA CRYST, 5.209(19521 K2 CA; BE; AL2 S I2 ;  060.H2 0 
KATZ*L, AND H*O,ME6AW* ACTA CRYS?, 22*639(1967) K NB 03 
SIEGEL,S** ACTA CRYST* 5,683(1952) K2 TI  F6 
VOUSOEN*P., ACTA CRYST, ; ,373(19527 K TA 03 
wILMELMI,K,* ACTA CHEM,SCAND, 12,1965(19SG) K OR30B 
WYCKOFF,R,W,G,, CRYSTAL STRUCTURES 3,(1965) K AL3 (0 H)G (S 0~)2 

LA+3 VI 
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Table l(b) (cont.) 
5ILLEN,L.G* AND K,LUNOBORG, Z,ANORG,ALLGffM*CMEM, 252.2(1~;3)  LA2 MO 06 
TEMPLETON,O.H* AND C,H,DAUBEN, U.AM.CHEM,SOC, 7 6 . ~ 3 T ( 1 9 ~ ; )  LA20~ 

LA+3 VII 
GUILLENeM, ANO E.F.GERTAU?, CONPT,SENO, RFR,AeR 26~G,~62(1966) LAg TI OS 

LA+3 V I I I  
BRZ55E*F** PH*D*THESIS*DALHOUSIE UNIV.eMALIFAX*N*5*(lq~?) LA2 M2 O? 
5HANNON,R,O, AND C*Y*PRENITT, TO BE PUBLISHEO* R VS A (~YROCHLORE) 

LA÷3 IX 
HUNT,E.B.,JR.* ET AL.* ACTA CRYST. ? ,106(195; )  LA2 (5 ~ ) 3 , 9  H2 0 
ZALKIN*A, ET AL.,  INORG,CHEM, 5,1;66(1966) L A p  3 

LA÷3 X 
LONGO*J,M, ANO A.N,SLEIGHY, INORG.CHEM, T,108(196R) LA~ R ~  019 

LA÷3 X I I  
HUNT,E,B**JR., E? AL** ACTA CRYSY. ? , 1 0 6 ( 1 9 ~ )  LA2 (5 ~ ; ) 3 , 9  M2 o 

LI+1%V 
BURNS*J,H, AND N,R,BUSING, INORGoEHEM, ~,1510{1965) RB LI  r? 
~URNS,J,H. AND ~*R*BU51NG, INORG,CHEN, ~,1510(1965) CS LI  P2 
GURNS*J,H. ANO E,K, GORDON, ACTA CRYST, 20,1~5(1966) LT~ Ra F; 
EANES,E.O, AND H*M,ONDIK, ACTA CRYST. 15,1280(1962) LI  K2 P30~,H2 0 
GALY,J, AND A,HAROY, ACTA CRYST, 19, ;32(1965) LI  V2 05 
KEFFER,C, ET AL,, INORG,CHEM, 6,119(1967) L I3  R O~ 
LARSON,A,C,, ACTA CRYST. 18,717(1965) L I2  S O;*H2 0 
LIEBAU,F.t ACTA CRYST, 1 ; * ]89(1961)  L I2  512 05 
LXEBAU*F., ACTA CRYS?* 1~ .399(1961)  LI  AL S I ;  o ln 
NAREZIO,M., ACTA CRYST, 18. ;61(196~) LI  GA 02 
MAREZIO*M,, ACYA CRYST, 19.396(1965) LI  AL O2 
MAREZIO,M, ANO J,P,REMEIKA, J.CHEM.PHYS, ~ ;e3~;8( |966)  LI  R 02 
RENEIKA,J,P, AND M,MAREZIO, J,PHYS,CHEM.SOLIOS 26,20R~(1q65) L I B  02 
5EARS,D,R, AND J,M,BURNS* J,CMEM,PNYS, ~1,3;?R(196;)  LT6 BF F; ZR r8  
ZACHARIASENIW,H. ANO H,A,PLETTINGER, ACTA CRYST, 1; ,~29(1961) L I2  q o;  
ZEMANN,J,, ACTA CRYST, 13,663(1960) L I3  P O~ 
ZINTL*E, ET AL,, Z,ELEKTROCHEM, ~0.568(193;)  LI2 0 

L%+1VI 
ABRAHANS*5,C, ANO J.L,~ERNSTEIN* J.PHYS,CHEM,5OLI05 28,1~RS(196T) L I  TA 05 
ABRAHAMS,S*C. AND H*J,MILLIAMS, J,CHEM,pHYS. 39.2923(196 ~) LI  CU CL3.2 M2 0 
ABRAHAMS,5,C, ET AL,, d,PHYS,CHEM,SOLID5 27*997(1966) LI  NR 03 
ABRAHAMS,5.C, ET AL*, J,PHYS,CNEM,5OLIOS 26,1693(196~) L I  TA ~3 
BRUNTON,G,, ACTA CRYST, 21,81; (1266|  LI  U FS 
BRUNTON,G,, d*INORG.NUCL*CMEM, 29*1631(1967) L I ;  U F6 
BURNSeJ,H,, ACTA CRYST, 15,1096(1962) LI  SR F6 
CANNILLO*F* ET AL,,  ACTA CRYST, 21*200(1966) K NA3 FE2 TI2 (S I ;  012)2 
GALY* J, ANO A.HARDY* ACTA CRYST, 19, ;32(1965) L I  V2IOSNL 
GELLER,S. ANO ~.L.OURANO, ACTA CRYST. 1~*~2S(1960) M p O; 
MAREZIO,M, ANO J.P,REMEZKA, J.PHYS,CHEN,50LIOS 26,127T(1=65) L I  GA 02 
NAREZIO,M. ANO J.P,REMEZKA* J.CH~M.PHYS, ; ; * 3 1 ; 3 ( I 9 6 6 )  LI  ~L 02 
~YCKOFF,R,N,G** CRYSTAL STRUCTURES 1,(1963) L I r  

LU÷3 VI 
~ARTRAM,5,F.e INORG.CHEM* 5 ,? ;9(1966)  LU6 U 012 
TENPLETON,O.H, AND C,H,OAU~EN, ~,~.CHEM,SOC. 76,5237(19~;)  LU2 03 

LU+3 V I I I  
BRISSE*F** PH*O,THESIS,DALHOUSIE UNIV, ,HALIrAX*N.~,( I967)  LU2 YI2 O? 
EULER*F, ANO J,A,BRUCE, ACTA CRYST, 19,971(196S) LU3 MrR 012 
5HANNONeR,O, AND C,Y,PRENITTe TO SR PUBLTSHR~. R V~ A ~PYROCHLORE) 

NG÷2 IV 
SMITN*J,V,, AM,MINERALOGIST 38,6;3(1953) CA2 NG SI2 O? 

MG+2 VI 
BAUR,~,H,, ACTA CRYST, 9.51S(1956} MG F2 
BAUR,N.H,, ACTA CRYST. 1S,815(1962) FE 5 0 ; ,~  Hp 0 
BRUNTON,G, ET AL*, ACTA CR~ST, 11,169(1958) oTCUR MG6 (C 05 ) ;  (0 H )2 ; .8  M2 0 
CALVO,C,e CAN.J,CHEN, ;3,1139(196S) MG2 P2 
CORGRIOGE,D.E,C,, ACYA CRYST, 9,991(1956) NG H P 05,6 N2 0 
GIBBS*G,V. ET AL,, AM,MINERALOGIST. I N PRESS. M~2 ~I o~ 
KASPER,J*5* AND J,5,PRENER, ACTA C~YsT. 7 ,2 ;6 (195 ; )  MG6 MN 06 
LUKASZENICZ,K,, BULL,ACAO,POLON,SCI,S~R,SCI*CHIM* 11,361{196~t MG2 A52 O? 
RENTZEPERZS*P,J, ANO C,T*5OLOAT05, ACTA CRYST, 11 .686(19~)  MG S O; 
STEINFINK,H* AND F.J,SANS, AM,MINERALOGIST ;~,679(19~q) CA NG (C 05)2 
5UTOR*D,J.* ACTA CRYST, 23e~18(1967) MG H P 0~.3H2 0 
TAKEUCHI,Y** ACTA CRYST. 5 ,57; (1952)  MG2 92 OS 
~YCKOFF*R.N*G** CRYSTAL STRUCTURE~ 1,(1965) MG 0 
NYCKOFF*R.~*G*e CRYSTAL STRUCTURE5 2,(1964) K NG P~ 
ZACHARIASEN,N.H., ACTA CRYST, ? ,T68(19~;)  MG U o ;  
ZENANN,A, ANO J,ZEMANN, ACTA ERyST, I0 . ;09 (1957)  K2 NG# (5 0 ; )5  

NG+2 V I I I  
GIB~S,G,V, AND ~,V.SMITH* ~M,MINERALOGISY S0,2023(1Q6~| MG3 AL2 SI~ 012 
ZEMANNeA. AND J.ZENANN* ACTA CRYST. 1;,63S(3961) ~G3 AL2 SI3 012 

NN+2 VI L5 

MN+2 VI HS 
ABRAHAMS,5.C, ANO J.M*REOOY, J,CHEM,pHYS, ;5,2535(1965) NN NO O; 
BAUR*N,H** ACTA CRYST* 21, ;88(2958) MN F2 
GELLER,5* AND J,L,OURAND, ACTA CRYS?, 23,325(1960) L I  UN P O~ 
MROSE,M,E, AND D,E.APPLEMAN, Z,KRIST, 117,16(1962) (MN,rF) BE (P 0 ; )  (0 H) 
PEACOR*O,R* AND N,J,BUERGER* Z,KRIST, 117t331(1962) CA MN 512 06 
RENTZEPERX5,P*J*e NEUE5 ~AHRB,MINERAL,MONAT~M* 220(1q~8} MN S O~ 
RENYZEPERXS,P,J., Z,KRIST, 119,11T(1963) IN2 NN (OM)2 SI O~ 
SCHNEZDER,N,, ACTA CRYST. 1 ; , 7 6 ; ( l g 6 1 )  K2 MN (5 0;12,~ H2 n 
SHIRANEeG, ET AL,,  J,PHYS,SOC,JAPAM 1;,1~52(1959) MN TT 03 
NYCKOFF,R,W*G** CRYSTAL STRUCTURE5 1,(1963) MN 0 
NYCKOFFeR,N.G.e CRYSTAL STRUCTURES 2 , (196 ; )  K MN F3 
ZALKIN,A* ET AL., J.CHEM.PHYS, 37,69T(1962) CS NN ~3 

MN*2 VIII 
SHANNON,R,O, AND C.T,PREWITY, UNPURLISHE~ OAYA, R VS A (GAaNET) 

NN+3 V 
ABRAHAMS*5,C, AND J,L.BERNSTEIN, J,CHEM.PHYS. ;6.3776(196T) DY MN20S 
YAKEL,H.L. EY AL.,  ACTA CRYSY. 16,95T(2963} y NN O~ 

MN+3 VI L5 
BLA55E*G*, J,INORG,NUCL,CHEM, 27,?;6(196S) 
5HANNON,R*O* ANDC,T,PRE~ITT, TO RE PUBLISH[O, R~ V5 V (K3 N I l !  (C N)6) 

MN+3 VI HS 
COLLIN,R.L* AND W,N,LIPSCOMB* ACTA CRYST, 2 ,10 ; (19 ;9 )  ~ NN 02 
OACHStH.* Z.KRIST. 118,303(1963) M~ o o M 
FERT*A,, 8ULL,SOC,FRANC,MINERAL,CRIST* 85,267(1962) NN~ 03 
HASE,~* ET AL** Z,KRIST. 12;*~28(1967) MN2 03 
HEPNORTH*M.A* AMD K,H.JACK* ACTA CRYST* 10 ,3 ;S( I05  ?) MN F~ 
NORRESTAMeR*, ACTA CHEN.SCAND* 21,2671(1967) MN2 05 
ROTH*R,5,e S,J.SCHNEIOER* J.RES,NATL,RUR,STO, 6;A,309(1960) R3 VS V (MN2 0~1 
SHANNON,R,O,* INORG,CHEM, 6,1;?~(1967)  R3 V5 V (PEROVSKtYE) 
5HANNON,R*O* AND C*T,PRENIYT, TO ~E DUBLTSHED, R V5 A (NN2 03) 

MNABRAHAMS,5.C , ÷ ;  Vl AND J,L,BERNSTEIN, J*CHE . . . .  YS, ;6,37T6(1967) OY MN20S 
BODE*H, AND N*WENOT* Z.ANORG,ALLGEM*CHEM* 269.165(1952) RB2 NN F6 
KASPEReJ*5* AND J,5,PRENrR* ACTA CRYsT, ? ,2 ;6 (19S; )  NG6 MN 08 
5HANNON,R,D* AND C,T,PREWITT, TO BE PUBLISH(O* R3 VS V (RUYILE) 
WADSLEY,A,O,, ACTA CRYS?, 8,165(19551 ZN MN3 0?,3 M~ 0 

MN+6 IV 
PALENIK,G,J., INORG,CHEN, 6.507(1967) K2 Nq O; 

MN÷7 IV 
FERRARItA, EY AL.* ACTA CRYST. 21,681t1966) 5R ¢NN 0 ; ) ~ , 3  H2 0 
JAVANeA, AND A, ENGELBRECNYe PHYS,REV* 96e6;9(19~;)  MN 05 
NOONEY*R*C*L** PHYS.REV, 3T*1306(1931) K MN O; 
PALENIK,G,J*, INORG,CHEM, 6.503(1967) K MN O; 
5ASVARI,K., Z.KRIST, 99,9(1938) AG MN O; 

MN+7 VI 

MO~3 VI 
HEPWOR?HeN.A, ET AL,* AC?A CRYST, 10,63(1957) MO F3 

NO+~ VI 
ANSELL*G*B* AND L,KATZ* ACTA CRYST* 21, ;~2(1966) IN2 M~30~MO 
BRANOT*B*G. AND A,C*SKAPSKI, ACTA CHEM*SCAND, 21,661f1967) 02 
SHANNON,R*O* AND C.T,PRENITY* TO BE PUBLISHE~* R3 VS V (RUTILE) 
NYCKOFFeR,~*G.e CRYSTAL STRUCTURES 2 , (196 ; )  BA Mn 05 
NYCKOFF*R,~,G,, CRYSYAL STRUCTURES 2 , (196 ; )  SR NO O~ 

NO*5 VI 
EDWARDS*A,J* AND R.O,PEACOCKe J,CHEN.50C* 1961,;253 NA MO ¢6 
KIERKEGAARO,P* AND M,VESTERLUND, ACTA CHEN,SCAND, 18,2217(196;)  MO P O~ 

MO+6 I v  
ABRAHANS,S.C,, J.CH[M,PHYS. ~6t2052(1967) 2N MO o;  
ABRAHAMS,5,C, AND J.M, REOOY, J,CH~M,PMYS, ~3.2533(196S) MN MO O; 
ABRAHAMS*S.C, ET AL,, J,CHEM.PHYS, ;R,2619(1968) CI! MO O; 
IBERS,J.A* AND G*~tSMITH, ACTA CRYST, 17,290(196;)  NA C02,3 NO~ 012 
KIHLBORGeL*, ARKIV KEMI 21.357(1965) NO 03 
KIHLBORGeL** ARKIV KENI 21,365(1963) NO~ 011 (MON)eMO; 011 (O-RM) 
LECIEJ~wICZ,J** Z.KRIST. 121,158(196S) PB MO O; 
SELEBORG,N** ACYA CHEM,SCAND, 20.2195(19~6) K2 NO3 010 
5ELEBORG,M*e ACTA CHEM.SCANO. 21, ;99(1967)  NA2 NO2 O? 
SZLLENeL.G. ANO K,LUNOBORG* Z.ANORG,ALLGFM.CHEM, 252*2 ( lq ;~ )  L~2 MO 06 

NO+6 V 
EICK,H,A, ANO L,KIHLBORG* ACTA CI'~M.SCANO* 20.16~8(1966) V2 NO 08 
GATEHOUSE,B.N* AND P,LEVERE?T* CHEM*COMM. 1967,37; K2 ~03 010 
SEL[BORG*M*, ACTA CHEN*SCAND. 20*2195(1966) K2 M03 010 

MO+6 VI 
GATEHOUSE*B*N* AND P.LEVERETT, CH~M.COMM* 1267,3T; K2 M03 010 
KIERKEGAARO*P** ARKIV KENI 18.521(1962) NO P2 06 
KIERKEGAARO*P* ARKIV KENZ |8*553( |962)  NA MO 02 P O; 
KIERKEGAARO*P** ARKIV KEMI 19.1(1963) (MO 02)2 P2 0 ? 
KIERKEGAAROeP, AND S,HOLNEN* ARKIV K~MX 23,215(1965) A~ MO P 06 
KIHLBORG*L,, ARKIV K~MI 21,357(1963) NO 03 
KIHLBORG,L*e ARKZV KENI 21,365(2965) MO; 011 (MOM),MO; 011 (O-RH) 
KZHLGORGeLoe ARKIV K[NI 21* ;27(196; )  NO5 01; 
KIHLBORG*L** ARKIV KEMI 2 1 . ; ; 5 ( 1 9 6 ; )  M016 052 
KIHLBORG*L*o ARKIV KEMI 21 . ;61 (196 ; )  MOB 025 
5ELEBORGeM.* AC?A CHEN*SCAND, 20.2195(1966) K2 NO3 010 
SMITH,G,W* ANt) J*A*IBERSe ACTA CRYST, 19,269f1965) CO MO O; 

MO*6 V I I  
KIHL~ORGeL** ARKIV KEMI 21 . ;27 (196 ; )  NO5 01; 

N *3 VI 

N +5 Ill 
CH[RZN*P* ET AL** ACTA CRYST, 23. ;~5(1967) NAN 03 

N +5 VI 

HAt1 IV 
CORBRIDGEeO*[*C*, ACTA CRYSY, 13.263(1960| NA5 P30 lO  
t~JNOERLXCH,J*A** ACTA CRYST* 10.~62(19S7) NA 0 H,H2 0 
WYCKOFF*R*W,G,'e CRYSTAL SYRUCTUAES 1.(1963) NA2 0 

NA+I V 
H[MXLY*P*M** ACTA CRYST, 10.37(19S~) HA 0 H*;  M2 0 
LARSEN*F*K* [T  AL** ACYA CH[M,SCANO* 22.1261(2967) NA3 SN; GEIO 0~0 (0 H) ;  
MCOONALO*W*S* ANO D*WeJ*CRUICKSHANK* ACTA tRYST, 22*37(1q67) HA2 ST 03 
ONOIK*M,M,* ACTA ¢RYST, 18,226(1965) NA~ P3 09 
ONDIK*H,M,* ACTA CRYST* |8e226(1965) NA3 P3 09*H2 0 
PANT*A,K, AND O,M,J,CRUICKSMANK* ACTA CRYSY, f l2; .13(1968) NA2 SZ20S 
ROMERS*C* ET AL,* ACTA CRYST, 22.766(1967) NA3 F~S 09 

NA*I VI 
BURNSe J.H** ZNORe*CHEM* ~,881(1965) NA NO F;  
CORBRIDGE*O*E*C** ACTA CRYST, 13 .263(1960)  NA5 P3 020 
CROMER*D,T* [T  AL, e ACTA CRYST, 22,182( I067)  NA AL (S 0 ; )2 ,12  M2 0 
CRUICKSHANK,D*W*J*f ACTA CRYSY* 17.672(196;)  NA; P2 07.10 M2 0 
DYER*L*O, ET AL** J,AM,CH[M,SOC, ?6.1~99(195;)  NA NI OP 
GIES[,R,F.*JR** SCIENCE 25;,1~53(1966) NA2 R; 06 (0 H)~.3 N2 0 
KZERKEGAARDeP*, ARKZV K[MI 16.553f1962) NA MO 02 P O; 
MCOONALOeR*R* ET AL** ACYA CRYS?* 17,110;(196~) NA SN2 FS 
Of~)ZK,H.M, E? AL** ACTA CRYST* 1;,555(19611 NA~ P; 012 . ;  M2 0 
SHARMA*B*D** ACTA CRYSY* 18.818(1965) NA H C 03 
MI[ISS*R, ET AL** ACTA CRYST, 20.53;(1966) NA3AHFTIN P8 
MYCKOFF*R.W.G** CRYSTAL STRUCTURES 1,(1963) 
ZACHARIAS[N*W*M** ACTA CRYST, 2.390(19~9) NA TH2 r9  
ZACHARIASEN*W*H** ACTA CRYST, 2.390(19~9) NA2 TH F6 
ZALKIN*A* ~Y AL** ACTA CRYST, 17,1;08(1969) NA2 SI F6 

NA+I VII 
AND[RS$ON,5* ANO A,O,WADSL[Y* ACTA CRYS?, 1; ,12;S(1961)  NA2 T I3  O? 
CANNILLO,F. [Y AL** ACTA CRYSY* 21.200(1966) K NA3 FE2 ?12 ( S I ;  01~)2 
FANG*5*M** ZeKR|ST, 99A,1(1938) NAB 02 
KI[RK[GAARO*P** ARKIV K[MI 18,553(1962) NAW 02 P O; 
KOKKOROS,P.* Z*KRISY, 99A,38(1936) NA AL F AS O; 
MAREZIO*M* ET AL*e AC?A CRYSY* 16,59;(1963) NAB 02 
RAO,B*RAMA* ACTA CRYST* 1;*738(1961) HA2 CU (5 0 ; ) 2 . 2  M2 

NA+I VIII 
MCDONALD*R,R* ET AL** ACTA CRYSY* 1?,110; (196; )  NA 5N2 rS 
MENZER*G., Z,KRIST* 75,265(1930) NA3 L I3  AL2 F12 
RU~qANOVA,Z*M** G,F.VOLOOINAe OOKL,AKAO.NAUK $55R 123,78(1958) NA CU2 0 H (S O;)2.H~ 
WEISS*R, ET AL.e ACTA CRYST. 20.53; (2966)  NA3 H ?I  r6  
ZACHARIASENeW*H** ZeKRIS?* ?3A,1;1(1930) NA CL O; 

NA~I ZX 
ANDERSSONeS* AND A.D,WAOSLEY* ACTA CRYST. 1 ; .12 ;5(1961)  NA2 T ] 3 0 T  

N8~2 VI 
ANDERSSON*G* AND A,MAGNELI* ACTA CHEM*SCAND. 11e106S(1957) NB 0 

NB*3 VI 
HEPWORTHeM*A. ET AL.,  ACTA CRYST. 10,63(195T) NR F3 

NBe~ VI 
MARINOEReB** ARKIV KEMI 19, ;35(1962) NB 02 
SHANNON*R,O, AND C.T,PREWITTw TO BE PUBLiSHeD, R3 VS V (RUTTLE) 

NB*5 ZV 
GAT[HOUSE,B,N* AND A,O,WADSL[Y* ACTA CRYST. IT*15;St196k}  MR2 05 

NB*S V! 
ABRAHAMS,S,C, ET AL.* J,PHYS,CHEN.~OLID5 27*997(]966) LT Nm 03 
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ANDERSSON,S., ACTA CHEM.SCANO, 18,2339(1961) NR~ OT ;6  
BODE,M. AND H, DOHREN, ACTA CRYST, 11,BO(19SR) NB 
6ATEHOUSE,B,M, AND A,D,WAD~LEY~ ACTA CRYST, 17~15~S(19~) NB2 05 
KATZeL. AND H.D. MEGA~, ACTA CRYST. 22pb39(196T) K NB n3 
MOROSINeB. AND A,ROSENZWEIG, ACTA CRyST. 1B,BT~(1965) ~A N~ O; 
PEDERSEN,B.F,, ACTA CHEN,SCANO, 16,421(1952) AL NB O; 
SKAPSKX,A.C. AND D.ROGERSe CPtERtCO~M° (1965)611 SB NB 0~ 
SLEIGHT,A,W., TO BE PUBLISHED, NO2 NB20T 

NB+5 V I I  
BRO~N,G.M, AND L.A,WALKER, ACTA CRYST. 20,2~0(1966) K2 NR a7 
HOARD,J.L.. J.AN,CHEM,SOC. 61,1252(1939) K2 NB ~T 

ND+3 VI 
YEMPLETON,O.H. AND C.H,DAUBEN, J,A~.CHEM,SOC, 76e52~?(19~;) NO2 03 

ND+3 V I I I  
MILLIGAN,~,O, AND L,WoVERNON, J,PHYS,CHE~* 56,115( lqS2) NO V O; 
SHANNON,R,Do AND C,T,PREWITT~ TO BE PUBLISHED, R V~ k (PYROCHLORE) 

NO+3 IX 
BURNS,J.H,, INORG,CHEN, ; ,881(1965)  NA ND F~ 

NI÷2 VZ 
BALZ,D. ANO K.PLIETH, Z,ELEKYROCNEM, $9,S15(19S5) K2 NT F~ 
BAUR,W°H*~ ACTA CRYST. 11,;B8(195B) NI F2 
BILLY,C, AND H,M,HAENDLER, U,AM,CHEM,SOC. TB, lO;9( lqST)  NI F2 
DYER.L.D. ET AL., J.AM.CHEM.SOC. T6.1;99(195~) NA HI OP 
KEELING*R.O.,,JR., ACTA CRYST. 10,209(1957) NI w o;  
LANDEReU,J., ACTA CRYST, ~,118(1951) BA NI 02 
O~CONNOR,B.H. AND O.N.DALE, ACTA CRYST. Et~TOS(1966} NT S n ; . 6  H~ 0 
SCHNERING,H.G,, Z,ANORG.ALLGEM.CHEM* 353,13(1967) RA2 NI F6 
SHIRANE,G, ET AL.,  J,PHYStSOC,JAPAN 1~,1352(1959) NI TI 03 
VAN NIEKERKoJ.N,, F~R.SCHOENING, ACTA CRYST. B,609( lq53)  NI(C H3 C 0 0 ) 2 . ;  H2 0 
WYCKOFF,R.W,G,, CRYSTAL STRUCTURES 1,(1963) NI 0 
WYCKOFF,R.W.G., CRYSTAL STRUCTURES 2,(1961) K N! F3 

HI+3 VI LS 
BLASSE,~,, J.INOR6,NUCL.CHEM, 2T,718(1965) K3 NI F6 
SHANNON,R.D,* INORG,CHEM. 6 ,1 ;? ; (1gOT) R3 VS V (PEROVSKITE) 

NI+3 Vl HS 
BLASSE,G*, J.INORG.NUCL.CHEM. 27,T;B(1965) 

NP+2 VI 
WyCKOFF,R.W.G., CRYSTAL STRUCTURES 1,(1963) NP o 

NP+3 VI 
SHANNON,R,O, AND C.T.PREWITT, TO RE PUBLISHED, R3 VS V (LA F3} 

NP+; V! 

NP÷~ V I I I  
SMANNON,R,D. ANO C,T,PREWITT, TO BE PUBLISHEO, R VS A tFLUORIYE) 
WYCKOFF,Ro~,G,, CRYSTAL STRUCTURES 1,(1963) NP 02 

NP+T VZ 

0 -2 I I  

0 -2 I I I  

o -2 IV 

0 -2 VI 

0 -2 VI I I  

OS+; VI 
SHANNON,R,Dt AND C,TtPREWITT, TO BE PUBL;SHEO, R3 VS V (RUTILE) 

P +3 VI 

P +5 IV 
CRUICKSHANK,D,W,J., ACTA CRYST, 17,671(1961) NAP 03 N N3 
CRUICKSHANK,D,W,J,, ACTA CRYSTo 17,672(1961) NA~ P2 0?,10 M2 0 
CRUICKSHANK,D,W,J,, ACTA CRYST, 17e671(196~) NAS P3 01~ 
CRUICKSMANKeD*W,J~e ACTACRYST, 1T,GTS(196;) (N H I ) ;  P; 012 
CRUICKSNANK,D.W,J,, ACTA CRYST, 17,679(1961) P2 05 
CRUICKSHANK,O,W,J,, ACTA CRYST, 1Te681(1961~ RB P 03 
FEHLMANN,M, AND StGHOSE, J.C~M,PMYS, 11,1910(1961) CU3 P O; (0 H)3 
GELLER,S, AND J,L,DURANO, ACTA CRYST. 13,325(1960) L I  MN P O; 
JARCHOWeO,H*, ACTA CRYST. 17,1253(1961) NA2 H2 P; 012 
KEFFER,C. ET AL.,  INORGtCHEM, 6,119(1967) L I3  P O; 
KIERKEGAARD,P., ARKIV KEMI, 18e521(1961) MO P2 08 
KIERKEGAARO,P,, ARKIV KEMI, 1B,553(I~B1) NA NO 02 P O; 
KIERKEGAARDeP. AND S,HOLMENe ARRIV KEMI 23t213(1965| A9 MO P 06 
KIERKEGAARD,P. AND M.WESTERLUNDe ACTA CHFN*SCAND. 1R~2217(1961) MOP OR 
KRSTANOVIC,I,e Z,KRIST, 121,315(1965) Y P O; 
PAULING,L, AND J,SHERMAN, Z.KRIST, 96 , ;B l (193T)  AL P3 ~ 
SCHWARZENBACH,D,, Z.KRIST. 123,161(1966) ALP O~ 
WEBB~N,C,, ACTA CRYST* 21~912(1966) CAP P2 07 
ZEMANNeU., ACTA CRYST, 13,B63(1960} LI3 P O~ 

P +5 VI 

PA+3 VI 

PA+~ VI 

PA+~ V I I I  
WYCKOFF,R,W.G,, CRYSTAL STRUCTURES 1,(1963) PA 02 

PA+S VI 

PA+5 IX 
BROWN,D, ET AL.,  U,CHEM,SOC. 196TA,1129 K2 PA ~? 

PB+2IVRY 
BOUCHER,M,L, AND D,R,PEACOR, Z,KRIST, 126,9B(1968) PB ~I 03 
BYSTROMeA, AND L,EVERSt ACTA CHEM.SCAND. G,613(1950~ A~2 P~ 02 
KAY,M. I , ,  ACTA CRYST, 11~B0(1961) pB O 

PB+2 VI 
MAGNELI,A,, ARKIV KEMI, MINERAL,GEOL. 1SB, 3(1912} aB SB? 06 
MOLLER,C.K., ACTA CHEM,SCAND, 8,81(1951) PB (N HI )2  (S 0~)2 
WYCKOFF,R.W,G,, CRYSTAL STRUCTURES 2,(1961]  CS PR ~3 

PB~2 VI I I  
FINNEY,J,J,, AM,MINERALOGIST 1B,1(1963) PB rE2 (AS 01)? (0 H)2 
LECIEJEwICZ,Jo, Z,KRIST. 121,158(1965) PR MO O; 
KAYeM,I,, ACTA CRYST, 11,B0[1961) PB 0 
QUARENII5. AND R.OEPIERI, ACTA CRYPT, 19,287(196S) PB CR O; 
wYCKOFF,R.~,G., CRYSTAL STRUCTURES 1,(1963) PB F2 

PB+2 IX 
COLBY,N.Y. AND L,J.B,LACOSTE, Z,KRIST* B;,29q(1932) PB C 03 

PB+2 XI 
NARAy-SZABO,Io AND GtARGAY, ACTA CHIM,ACAO.SCI,HUNG. ;0 ,~B3(196; )  PB CR O; 

Table l(b) (cont.) 
PB+2 XlI 

HAMILTON,W.C,, ACTA CRYST, 10,103(195?) PB (N 03)2 
SAHL,K.~ BEITR,NINERAL,PETRO6* 9 ,111(196] )  PB S O; 

"G;~s~A0.,,., ,R.IV ..I,NI~RAL.SEOL. ESA,. ,*9. ,  .G O* 
SHANNON,R,O, AND C.Y/PREWITT, TO BE PUBLIS~O. R3 Vg V (RUTILEI 
SHANNON,RoD, ANO C*TePREWITTe TO BE pt~BLISHEO. R VS A (PYROCHLORE) 
WYCKOFF,RoV.GQB CRYSTAL STRUCTURES 2o(1961) BA PB 03 

~B*; VIII 
5HANNON*R,O. AND C,T,PREWlTT, TO BE PUBLISHED. R VS A (~'LUORITE) 

PD+I I I  
ROGERSeO.B, &NO R,DoSHANNONp FALL A,C,St MTG.oATLANTIC CTTY(|96B) PD CO 02 

PO+2 IVSQ 
WASERpd, ET AL,~ ACTA CRYST* 6 ,66t (1953)  PD 0 

PD÷2 VI 
BARTLETT,N, AND R,MAITLANO~ ACTA CRYST* 110TqT(19SR) pn ~2 

PD+3 VI 
HEPWORTH,M.A. ET AL*, ACTA CRYST, 10,63(1957) PD F3 

PD+; VI 
SLEZGHToA*W., TO BE PUBLISHED. R VS A (PYROCMLOR~) 

PM+3 VI 
TEMPLETONeD.H* ANO C.H,OAUBENe J.AM,CHEM.SOC. T6,S23T(19%;) PM2 03 

PO+; V I I I  
SHANNON,R*D. AND C.T.PREWITT, TO BE pUBLISHED. R VS A (FLUORITE} 

PO÷6 VI 

PR+3 Vl 
FERT,A*, BULL,SOC,FRANC,MINERAL CRISTo 85~267(19621 PR~ 03 
TEMPLETON,O*H* AND C,HtDAUBEN, J,AM,CHEM,SOC, 76o5237(19~;) PR2 03 

PR+3 V I I I  
SHANNONeR,D, AND C,T,PREWXTT, TO BE PUBLISHED. R VS A (PYROCHLORE) 

PR+; Vl 
WYCKOFFeR.W.G.e CRYSTAL STRUCTURES 2,(1961) BA PR 03 

PR+; VIII 
WYCKOFF~R.W.G., CRYSTAL STRUCTURES 1,(1963) PR 02 

PT+2 VI 

BY+; VI 
BJORLINGeC,O., ARKIV KENI,~INERAL.SEOL, 15B,2(19121 K2 PT (0 H)6 
HOEKSTRA,H,R, AND S,SIEGEL, INORG,CHEM, 7~1~1(1968} TL2 PT2 07 
MELLOR,D*P. AND N,C,STEPHENSONe AUSTR.JuRES. ;A;06(19S1) K~ PT F6 
SHANNON,R.D,, SOLID STATE COMM, IN PRESS* R3 VS V (PT 02) 

PU+3 Vl 
SHANNON,R,D, AND C,T.PREWITT, TO BE PUBLISHED, R3 VS V (LA F3) 

PU+; VI 
WYCKOFF,R.M.G.e CRYSTAL STRUCTURES 2,(1961~ BA PU 03 

PU+; V I I I  
WYCKOFF,R,W.G,e CRYSTAL STRUCTURES 1,(1963) PU 02 

RA÷2 VI 

RB~P:~.R.  AND N.SABROWSKY, Z.,NORG.,LLGEN.CNEM. 339 ,1 , ; (1 "G5)  RR SC 02 
PLYUKHIN,V,V. AND N.V.BELOV, SOVIET pHYS.-CRYSTo 6,685(1~62) RB BE2 F5 
WYCKOFF,R,W,G*e CRYSTAL STRUCTURES 1,(1963) RB F 

RB÷X V I I  
CORBRIDGE,O*E,C,, ACTA CRYST, 9,308(1956) RB P 03 
CRUICKSHANKeO*W,J,, ACTA CRYST. ITeGBl(1961] (RR P 03) 

RB+I V I I I  
ANOERSSONpS. AND A.OQWAOSLEY, ACTA CRYST. 15,191(1962) RB2 T I6  013 
BURNSpJ.H. AND W,R.BUSING, INORG.CNEM, ; ,1510(1965)  RB L I  F2 
CRUICKSHANKeD.W,J., ACTA CRYST. 17eGRI(lq61) (RB P 03) 

RB+I X I I  
ELLINGER~F.H* AND W*H*ZACHARIASEN, J,PHYSoCMEM. 5Bw;OS(lqS;) RB AM 02 C 03 
HOARO,d,L, AND V,BLAIR, J,AMoCHEMoSOC. 5Te1985(1935) RR B F;  

RE+; VI 
SHANNON° AND CoT*PREWITT, TO BE PUBLISHED. R3 VS V (RUI"ILE) 

RE÷5 VI 
DONOHUEpP,C* ET AL,, INORG*CHEM, ; ,1152(1965)  C~2 RE2 OT 

RE+6 VI 
WYCKOFF,R,W°O,e CRYSTAL STRUCTURES 2e(1961} RE 03 

RE+T IV 
KREBS,B. ET AL,,  CHEM+COMM. (1968)263 RE2 07 
MORROWoJ.C,, ACTA CRYST,'13o;;3(1960) K RE 01 

RE+7 V; 
KREBSpB, ET AL.,  CHEM,COMM* (1968)263 RE2 OT 

RH+3 VI 
HEPWORTH,M,A, ET AL., ACTA CRYST. 10e63(195?) RH F3 
SNANNON,R*D.e INORG,CHEM* 6 t l ; T~ (196T)  R3 VS V (PEROVSKITE) 
SNANNON,R,O, AND C,T,PREWITTe TO BE pUBLISHEDt R3 VS V (CORUNDUM) 

RH÷~ VI 
SHANNON, AND CoTQPREWZTT, TO BE PUBLISHEO* R3 VS V (RH 02) 

RU+3 VZ 
HEPWORTH~M.A, ET ALQ, ACTA CRYST, 10e63(1957) RU F3 
SHANNON,R,D, AND C,T,PREWITT, TO BE PUBLISHED, R3 VS V (PEROVSKITE) 

RU+; VI 
COTTON~FtA. AND J,T,MAGUE~ INORG.CHEM, 5 ,317 (1985 )  ~U 02 
DONOHUE,P.C* ET AL,t  INORG,CHEN. ~,306(1965) BA RU 03 
SHANNONoR.D. AND C.TjPREWITT, TO BE PUBLISHEO* R VS A (RYROCHLORES} 
SMANNON,R.D. AND C.T.PREWITT, TO BE PUBLISHED. R3 VS V {RUTILE) 

S -2 VI 

S ~;  VI 

+G IV 
BAUR~W*H., ACTA CRYST. IT~B63(1961) MG S O; ,q  H2 0 
BAUR~*H*~ ACTA CRYST. 17~116T(196;} MG S 01,7 H2 0 
BAUReWtH*e ACTA CRYST* 17,1361(1961) FE S 01*? HE 0 
CROMER,O~T* ET AL~ ACTA CRYST, 21~383(196G) CS AL (S 01)2.12 H2 0 
GRAEBER,E.J. ET AL., AM.MINERALOGIST 50~1929f196S) K Fr (S 0;12 
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Table l(b) (cont.) 
GRAEBER,E,J. ET AL*, AM,MINERALOGIST 50*1q22(1965) MG (N HI )2  (S 0 ; ) 2 , 6  H2 0 
HOHNE,E,e SOVIET PHYS,-CRYST, 7,552(1963) CA S O~ 
KOXKOROS,P,A. AND P,J,RENTZEPERIS, Z,KRIST, 119,23;(Ig63) WG S O~ 
LARSON,A.C,. ACTA CRYST, 18,T17(1965) LI2  S O;,H2 0 
O.CONNOR*B,H, AND D,H,DALE, ACTA CRYST, P1,T05( lg66)  NT S 0~.6 H2 o 
RENTZEPERIS,P,d,, Z,KRZST, 11T,~51(1262) ~N S o~ 
SAHL,K**  BEITR.MTNERAL.PETROG, 9.111(]965} BA S O; 
SAHL,K,, BEITR.MINERAL,PETROG, 9,111(196~) ~B S O~ 
ZALKIN,A* ET AL.,  ACTA CRYST, 15,1219(1962) CO S 0 ; *6  M? 0 

SB÷3 IVPY 
BYSTROM.A. ANO K.WILHELNI, ARKIV KEMI 3,573(1q53) C~ SnP ~? 
ROGERS,D, ANO A,C,SKAPSKZ, PROC,CHEM,~OC, 12 , ;00 ( lq6~)  ~B20~ 
SKAPSKI,A,C, AND D,ROGERS, CHEM,COMM, (196S)611 ~R NB ~ 

SB*3 V 
BYSTROM,A. ET AL,, ARKIV KEMI ~,175(1~52) K $8 F;  
BYSTROM,A, ET AL,, APKIV KEMI 6 ,TT( lq53 )  NA SB ~;  

SB+3 Vl 

SB+5 VI 
AURIVILLIUS,B,, ARKIV KENT 3.153{lq51) BT SR O~ 
AURIVILLIUS*B,, ARKIV KEMI 25,505(1966) K3 SB5 01; 
BODE*H, AND E*VOSS, Z,ANORG,ALLG~M,CHEM, 26~,1~;(1251) K SR F6 
BURNS,J,H,, ACTA CRYST. 15,1098(1962) LI  SR F6 
BYSTROM,A, ET AL** ARKIV KEMTeMINE~AL.GEOL* 15B,R;(19;2)  ZN SB2 O6 
MAGNELT,A,, ARKIV KEMI,MINERAL,GEOL. 15B*13(lq~2} P8 Sq2 06 
ROGERS,D, AND A,C,SKAPSKT, PROC,CHEM,SOC. 12, ;00 (1q6;)  B ~B2 O; 
SCHRE~ELIUS,N.* ARKIV KEMI*MTNERAL.GEOL, 16B,#7(19;5) TL RR F6 
SPIEGELBERG,P., ARKIV KEMT,MINERAL,GEOL, 1;A,~5(1q~O) K SR 03 
TEUFER,G., ACTA CRYST* 9,55g(19S6} NA SB P6 
ZEMANN,J,, NEUES JAHRB,MINERAL,MONATSH, 67,(1959) NA S ~ (0 H)6 

SC÷3 VI 
ABRAHAMS,S.C, AND J.L,BERNSTEIN, J,CHEM.PHYR. W5,27WSt19h6) SC2 (W 0~)3 
CRUICKSHANK*D,W,J,, ACTA CRYST, IS . ;q I (1RG2)  SC2 ST? O? 
GELLER*S, ET AL,, Z,KRIST. 12; ,136(1967)  SC2 05 
HOPPE*R, AND H,SABRO~SKY, Z,ANORG,ALLGEN,CHFM, 35q ,1~(1~65)  K SC 02 
HOPPEeR, E? A L , .  Z,ANORG.ALLGEM.CH~N. 339,130(196S) LT ~C O? 
HORYN,R.* K,LUKASZEWICZ, BULL,ACAO.PoL.SCI,*~ER,SCT,CHIM* 2k, ;99( IR6G) CA SC? O; 
JACK,K,H. AND V,GUTMANN, ACTA CRYST, ; , 2 ; 6 ( 2 g 5 1 )  SC F3 
MZLLIGAN,W.O, AND J.L,MCATEE, J,PHYS,CHEM, 60,273(19~6) SC O O H 
MULLER-BUSCHBAUM,H,, H.G,SCHNERING, Z.ANORG,ALLGEM,CH~N. 556,?25(196S) CA SO2 0~ 
NOWACKI,W,, Z,KRIST, 101.275(1939) SC P3 
RoTH;R,S. AND S,J,SCHNEIOER* J,RES.NATL*RUR.STO* 6;A,309(1260) R3 V% V (MN2 03) 
SCHUBERT,K. AND A,SEITZ, Z,ANORG,ALLGFM,CHE M, 256,226{ Iq ;R)  SC (0 H)3 
SHANNON,R,O,, INORG,CHEM, 6,2;7~(1967) R5 VS v (MN? 03) 

5C~3 V I I I  
NOONEY,R,C*L*. ACTA CRYST, 9,677(1256) SC P O; 
MILLIGAN,~,O, AND L,W,VERNON, J.PHYS.CHE M, 56,1~5( lqS2) SC V O; 
SHANNON,R,O. AND C.T,PREWITT, TO DF PUBLISHED, R v~ A (PYROCHLORE) 

SE'2 Vl 

SE÷~ v I  

SE+6 IV 
FUESS*H, AND G.~ILL* Z,ANORG,ALLGEM,CHEM, 35BeI25(196R) M SE o~ 
NARAY-SZABO,T, AND G,ARGAY, ACTA CHIM.ACAD,SCT.HUN~. 59,RS(Ig63) NA2 SE O~ 

SE+6 VI 

SI÷~ IV 
ABRAHAMSeS.C* AND S,GELLERe ACTA CRYST* 11. ;3T(1958) GnOSSULARITE 
BRO~NeB,E, AND S,W,BAILEY* ACTA CRYST, l ? * I 3 g I ( l g B ; )  K AL 513 08 
BURNHAM*C.W,, Z,KRIST, 118,337(1963) AL2 SI 05 
CRUICKSHANK*D*W,J,, ACTA CRYST, 17*685(226~) SI-O 
GIBBS,G,V. AND d,V.SMITH, AN.MINERALOGIST 50,2023(196S) MOB AL2 SI3 012 
GLASSER,L,S*D, AND F,P*GLASSER, ACTA CRYST* 1R,~S3(lq65) SR5 SI 05 
LIEBAU*F*, ACTA CRYST* 1~,39S(1961) NA2 S I 2 0 S  
LIEBAU,~,, ACTA CRYST, 1~,399(1961) LT AL SI~ Ol0 
MROSE,M.E, AND D.F,APPLEMAN~ Z.KRIST, 117,16{1962) AL mE ST O; o H 
PEACOR,D,R. AND N,d,BUERGER* Z.KRTST. 117.351(29621 CA MN ~12 06 
PRANDL,~*, Z,KRIST, 123*81(1966) AL2 CA3 (~I  0 ; ) 5  
RENTZEPERISeP*J*, Z.KRIST. 12qelIT(Ig63) IN2 MN (0 H)2 ST o;  
SMITH,D,K, ET AL.,  ACTA CRYST. 28,767{196S) CA2 SI o~ 
SMITH,J,V, ANO S,W,BAILEY, ACTA CRYST* 16.801(1965) GI-O 
WILLIAMSeP.P, AND H,D,MEGAW, ACTA CRyST. 1T*B82(196;) ALBITES 
ZEMANNeA* AND J,ZEMANN* ACTA CRYST* 1~,835(1961) MG~ AL2 ST3 012 

S I * ;  Vl 
OEADMORE,D*L, AND W,F,BRADLEY* ACTA cRYST, 15,186(19621 K3 ST FT 
HAMILTON,~*C*, ACTA CRYST. 15.353(1962) F~ SI F6.6 H2 0 
HOAROpJ,L, AND M.8,WILLIAMS* J,AM,CHEM.SOC. 6~b33(1R~2) (N HI )3  ST F? 
STANKO,J,A* AND I,C,PAUL* TNORG,CHEM, b#~G6(I~6T) (CO (N H5)5 CL) ~I F6 
STISHOV,S,N* AND N.V,GELOV* DOKL.AKAD*NAUK S~SR 1;3.9S1( |q62)  SI 02 
VAINSHTEINeB,K. AND M,M,STASOVA, SOVTET PHY%.-CRYST, 1 ,2;1(1q56]  IN HI ]2  SI F6 
ZALKIN,A* ET AL,,  ACTA CRYST, I T e l ; O B I l q B ; )  NA2 ST ¢6 

SN~3 VI 
TENPLETON,D.H, AND C,H,DAUBEN* J,AM.CHEM.SOC, 76,$23?(19K;) SM2 03 

SN+3 V I I I  M M ? 
BRISSE*F** PH,O.THESIS,DALHOUSIE UNIV,,HALTFAX,N*q*(IR67) S 2 2 O 
EULER*F. AND J,A,BRUCE* ACTA CRYST, l q , q ? l ( l g 6 5 )  SM3 Fr2 F~5 012 
SHANNON,R,D* AND C,T.PREWITT, TO BE pUBLISHEO, R VS A (PYROCHLORE) 

SN+2 V| 

SN*2 V I I I  
BRISSE,F,, PH,D,THESIS,OALHOUSIE UNIV**HALIFAX*N,S*(I9671 

SN+q Vl 
8AUR*W*H,* ACTA CRYST* 9,515(1956} SN 02 
BRISSE*F*, PH.O.THESTS*DALHOUSTE UNIV,,HALIFAXeN,S.(l~671 M2 SN2 07 
HOPPE*R. AND W.DAHNE* NATURWTSS, ~g*25~(lQGI) SN F~ 
LARSEN,F*K* ET AL** ACTA CHEM.SCAND. 21.1281(196T) NAB SN; GEIO 050 (0 H) ;  
~yCKOFFeR.W*G,e CRYSTAL STRUCTURES 2e(|96@) M qN 05 

SR+2 VI 
BARTL,H, AND W,SCHUCKNANN* NEUES JAHRB.MTNERAL,NONATSH* 1966.253 SR2 R2 05 
GLASSER,L*S*O* AND F,P, GLASSER. ACTA CRYST* 18, ;~5(1965) SR3 ST 05 
RIETVELO*H*N.' ACTA CRYST, 20.508(2966) SR3 U 06 
WYCKOFF*R*W*G*, CRYSTAL STRUCTURES 1,(1963) SR O 

SR+2 V I I  
BARTL,H, AND W,SCHUCKMANN* NEUES JAHRB.MINERAL.MONAT~H. Iq66,2S3 SR2 R2 05 
SCHNERING*H,G* AND R,HOPPE* Z,ANORG,ALLGEN,CHEM* 312*BT(lq61) SR ZN 02 

SR*2 V I I I  
BARNIGHAUSEN*H* AND J,NEIDLEIN* ACTA CRYSY, 22.252(1~67) SR (0 H)2,H2 0 
SNITH,H,G*e ACTA CRYST. 6 ,60 ; (1953)  SR (0 H)2*G H2 0 
VANNERBERG,N.; ARKIV KENT 1;,17(19591 SR 02.8 H2 0 
NILHELMI*K*A*' ARKIV KENT 26*1;9(126T) SR CR20T 
WILHELMZ,K*A*e ARKTV KENT 26*lST(196T} SR2 CR O; 
~YCKOFF*R.~,G.* CRYSTAL STRUCTURES 1,(1963) SR F2 

SR*2 X 
CLARK*J.R** AN,MINERALOGIST ; g , 1 5 ; g ( l g 6 ; )  SR 86 Oq (O H)2,3 H2 0 
FERRARI*A, ET AL.* ACTA CRYST, 21,68 | (1966)  SR (MN 0 ; ) ~ . 3  H2 0 
ZACHABTASEN,W.H** ACTA CRYST, 1 *263( lg ;8 )  SR3 (P 0 ; )2  

SR*2 X l I  
DONNAY,J,D.H, ET AL** CRYSTAL DATA DETERMINATIVE TABLES(|963) S~ TT 05 
GARSKE,O, AND D,R,PEACOR* Z,KRIST. 121 ,20 ; ( |965)  SR S ~; 
ZACHARTASEN,W,H,* ACTA CRyST. 1 ,265(19;8)  SR3 (P 0 ; ) 2  

TA÷3 VI 
HEPWORTHeN,A* ET AL,,  ACTA CRYST, 10,65(1957) TA F5 
JAHNBERG,L,P ACTA CHEM,S~ANO. 17,25~8(1963) CA TAT 06 

TA*; VI 
SHANNON,R,D, AND C,T,PREWITT, TO RE PUBLISHED R5 V~ V (RUTTLE) 

TA*5 VI 
ABRAHANSeS,C, AND J,L.BERNSTEIN, J.PHYS,CHEM,SOLIDS ?8,16RS(IgbT~ LI  TA 05 
ABRAHAMS,$.C, ET AL.,  J.PHYS.CHEM,SOLTnS aR,1693(IqB?) L! TA 05 
BODE.H, AND H,DOHRENe ACTA CRYST, 11,B0(1958) K TA P6 
BRISSE,F,, PH*D,THESZSeOALHOUSZE UN|V.,HALIPAXeN,S,(lq6?) C~2 TA2 O? 
VOUSDEN,P*, ACTA CRYST, ; ,573(1951)  K YA 05 
WYCKOFF,R.W*G*, CRYSTAL STRUCTURES 2 , ( 1 9 6 ; }  K TA 02 
WYCKOFF,R,W,G.# CRYSTAL STRUCTURES 2 , ( 1 9 6 ; )  NA TA O~ 

TA+5 V I I I  
HOARD,J,L* ET AL,,  J.AM,CHEM,SOC, Tb,3820(125;)  HA5 TA rR 

TB*3 VZ 
TEMPLETON,D.H, AND C,H,DAUBEN, J,AM,CHEM,SOC, 76,5757(Ig~q) T92 05 

TB*3 V I I I  
SHANNON,R,D* AND C,T,PREWITT* TO ~[  PUBLTSHED* ~ V~ A tPYROCHLORE) 

TB*; VI 
SHANNON*R,D* AND C,T,PREWTTT, UNPURLTSHED DATA, R3 VS V (LI2 SN 05) 

TB+; V I I I  
WyCKOFF,R,W.G,, CRYSTAL STRUCTURES 1,(1963) TB 02 

TC+; v !  
SHANNON,R,D, AND C,T,PREWITT, TO RE PUBLISHED. R V~ A (PY~OCHLORE) 

TC*7 VI 

TE-2 Vl 

TE*~ I I I  
HANKE*K,, NATURWISS. 5 ; ,192(196?)  ~N TF 05 

TE+; IV 

TE+; VI 

TE*6 Vl 

TH+~ VI 
RUHeR, AND A.D,WADSLEY, ACTA CRYST, 21,97~(2966) TH TI~ 06 

TH*~ V I I I  
LUNOGREN*G*e ARKIV KEMI 2e535(1950) TH (0 H)2 ~ O; 
LUNDGREN*G. AND L,G,SILLEN* ARKIV KEMI l *2T? t lB~q)  TH (0 H)? CR O; H2 0 
WYCKOFF,R,W.G*, CRYSTAL STRUCTURES 1,(1965) TH 07 

TH*~ IX 
ZACHARIASEN,W,H,, ACTA CRYST. 2 , 3 9 0 ( | 9 ; 9 )  NA TH2 Pg 

T I *2  VZ 

TZ*3 V) 
ABRAHAMS.S,C*, PHYS*REV* 150.2230(1963) TI2 03 
BERTAUT.E,F* AND P,BLUM* ACTA CRYSY* 9,121(1256) CA TI~ O~ 
NEWNHAMwR*E* ANO y,M,DEHAAN* Z,KRTST, I27*255(1963) TI~ 03 
SHANNON,R,D** INORG*CHEN* 6.1~7~(196T) R3 VS V (PEPOVSKTT~) 
SIEGEL*S** ACTA CRYST* 9,6B~(Ig5G) TI  F3 

T I *~  V 
ANOERSSON*S* AND A,O,WADSLEYe ACTA CHEM.SCAND. 15,663(19~1) K2 TI2 05 
GUILLEN*M, ANO E,F.BERTAUT, CONPT.REND,,SER.A,B 262P,262(1966) L I2  ? I O B  
MOOREeP,B* ANO J,LOUISNATHAN* SCIENCE 156.1361(1967) BA2 (T I  O) ST2 OT 

T I + ;  VI 
ANDERSSON*S* AND A,D.WADSLEY, ACTA CRYST* 1 ; * 1 2 ; 5 ( | 9 6 1 ]  NA2 I T 3 0 T  
ANOERSSON,S, AND A,D,WADSLEY* ACTA CRYST* 1B.19;(1962} NA2 IT6 013 
BAUReW*H** ACTA CRYST* 9.515(1956) T I  02 
B R I S S E * F * *  PH.D.TH~SIS*DALHOUSIE UNIV.*HALIFAXeN*S*{I96T) M2 IT2 O? 
EVANS*H,T*,JR,* ACTA CRYST* ; .377(1951)  BA T) 03 
FISCHER,J, ET ALe, ACTA CRYST, 22,33B(1967) CU T) F6 , ;  H2 
KNOP*O* ET AL*, CAN.J*CHEM* ;3,2812(1965)  ER2 TI2 O? 
RUH,R* AND A,O,wAOSLEY, ACTA CRYSY. 21*97;(1266) TH TIP 06 
SHIRANE*G, ET AL** d,PHYS,SOCtJAPAN 1~,1552 (195~) M TT 03 
SIEGEL*S*, ACTA CRYST* 5.683(19S2} K2 TT F6 
TEMPLETON,D*H* AND C.H,DAUBEN* J,CHEM*PHYS* 32,1515(12601 RA T I ;  Og 
WEISSeR, ET AL,* ACTA CRYST, 20,53;(19G6) NA3 H T) F8 
WYCKOFF,R,~*G** CRYSTAL STRUCTURES 2,{196~) SR TT 05 

TL* I  VI 
SHANNON, R.D* AND C,T,PREWITT, UNPUBLISHED DATA. R VS A (NA SB FB) 

TL~I V I I I  
GROSSET,C*, Z,ANORG.ALLGEM*CHEM, 239,301(193B) TL AL F;  
SHANNON*R,O, ANO C,Y,PREWTTT, UNPUBLTSHED DATA, R3 VS V (SCHEELTTE) 

TL* I  X I I  
SCNREWELIUS*N*, ARKTV KENT MINERAL GEOL* 16B,~T( lg ;3)  TL SR F6 
SHANNON.R,D* AND C,T,PREWITT* UNPUBLISHED DATA, R3 VS V (TL SB F6) 

T L ~ p ~  . . . . .  O . . . . .  OHRBORN. Z . . . . .  G, ALLGE . . . .  ~M, 3 . . . . . . .  I . . . . . . . . . .  
JOHANSSDN*G** ACTA CHEN,SCAND* 13.925(19S91 TL 0 N S O; (H? 0)2 ,5  
MOONEY*R.C*L*' ACTA CRYST, 9.115(1956) TL P O~ 
PAPAMANTELLOS~P,, Z,KRTST. 126,1;3(1968) TL2 05 
ROTH~R,S.* S,J.SCHNEIDER, J.RES,NATL.BUR.STD, 6;A,30R(19~O) R3 VS V (MN2 05) 

TL+3 V I I I  
HOEKSTRAeH*R, AND G,SIEGEL* INORG,CH~M, ?*1;1(196R) TL~ PTp O? 

TN*3 Vl 
TEMPLETONeO,H. AND C.H,DAUBEN, J,AM,CHEN,SOC. T6,S23T(19~;) TM? 05 

TM+3 V I I I  
SHANNON,R,O, AND C,T.PREWITTe TO BE PUBLTSHFD, R VS A (PYR~CHLORF) 

U *3 VI 
SHANNON,R,D* AND C,T.PREWITT, TO B~ PUBLISHED, R3 VS V [LA P3) 

u +~ Vl 

U * ;  V I I  
ZACHARIASEN,W,H., ACTA CRYST, T,T97(195~) K3 U r7 
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Table l(b) (cont.) 
u +w VI I I  

BRUNTON,6,, ACTA CRYST. 21,81W(1966| L! U r5 
BRUNTON,G,~ J,INORG,NUCL,CMEM, 29~1631(1~6T) L I 4  U F8 
OURIF~A,, ACTA CRYST. 9,533(1gB6) U GE O ~  
LARSON,A.C. ET AL.e ACTA CRYST. l?,S55(IgGW) U ~4 
WYCKO~F.R.W.6.. CRYSTAL STRUCTURES 1.(1963) U 02 
ZACHARIASEN,W.H,, ACTA CRYST, 2~390[1g~9) NA2 U ~6 

u +4 I x  
ZACHARIASEN~W.H,, ACTA CRYST. 2~390(lq49) U2 F9 

U ¢5 VI 
ROSENZWEIG,A. AND D,T.CROMER, ACTA CRYST, 23,B65(lg62) CS U E6 
ZACHARIASEN,W.H.~ ACTA CRYST. 2,390(19~9) K2 U F6 
ZACHARIASENeW.H.e ACTA CRYST. 2~590(19~9) NA2 U F6 

U +5 V I I  
LOOPSTRA,B.O.~ ACTA CRYST~ 17,651(19G~) U3 08 
ZACHARIA5EN,W.H,* ACTA CRYST. 2~296{1949) II F5 

U +6 I I  
ZACHARZAgEN.W.H.. ACTA CRYST. ?,?83(I~SW) K3 U o~ FS 

U *6 IV 
ROGS,M, ET AL,, AM,MINERALOGIST 49,1603(lq6~) CU (U O2 P O~)2oR H2 0 

u +6 v I  
BARTRAM~S,F.~ INORG.CHEM, 5,7~9(1966) LU6 U 012 
OEBETS,P.C., ACTA CRYST, 21,589(1966) U 03 
RIETVELD,H.M., ACTA CRYST. 20,508(1966) M3 U 06 
SIEGELIS,, ANO H,R. MOEKSTRA~ ACTA CRYST. B2~,g6?t~g6B) CU U 04 
STEARNS,Mr, ACTA CRYST, 23e26~(1967) PB5 U 06 
wYCKOFF,R,W.G,~ CRYSTAL STRUCTURES 2 , ( 1 9 ~ )  U 03 
ZACHARIASEN,W.M,, ACTA CRYST, 7,TSG(I95R) MG U2 o~ 

U $6 V I I  
DEBETS,P,C,e ACTA CRYST. 21,589(1966} U 03 
LOOPSTRA,B.O., ACTA CRYST, 17,6B1(196~) U30B 
SIEGEL,S. ET AL., ACTA CRYST. 20,292(1966} U 03 

V +2 VI 
MONTGOMERY,H. ET AL.e ACTA CRYST* 22,775(1967) V (H H4)2 (q 0 ; ) 2 ,6  H2 0 
NYCKOFF,R.W.G.~ CRYSTAL STRUCTURES 1~(1963) V 0 

v +3 v I  
MEPWORTH*M.A, ET AL.,ACTA CRYST, 10,63(195T) V F3 
NEWNH&M,R.E. AND Y,M,OEHAAN, ZtKRIST, 117,235(1962) V2 05 
SHANNON~R,O,~ INORG,CHEM. 6,147~(1967) R3 VS v (PE~OVSKITE) 
WYCKOFF,R,WoG., CRYSTAL STRUCTURES 2,(196~) CE v 03 

V +4 Vl 
ANOERSSON,G., ACTA CHEM.SCANO, 10,623(1956) V 02 
KIERKEGAARD,P° AND J.LONGO, UNPUBLISHED OATA~ V 02 
SHANNON,R,D, AND C,T,PREWITT, TO BE pUBLISHED, R3 VS V {RUTILE) 
WYCKOFF,R.W.G.~ CRYSTAL STRUCTURES 2~(196~) CA V 03 

V ¢5 IV 
AU~PoK.L. AND C,CALVO, CAN,d,CHEMo 45~2297(lq6T) C02 V~ V 0704 
BAGLIO,J,A, AND G,GASHUROV, ACTA CRYsT, B24,292[1968) Y 
DONALOSON,O.N, AND W.H,BARNES, AN,MINeRALOGIST 40~5B0(19~) PR MN (V 0~) (0 H) 
EVANS,H.T.tJR.~ Z,KRIST. 114,257(1960) K V 03 
EVANS,H.T.,JR., Z.KRIST, l14~2B7(lq60) N H4 V 03 
NILLIGAN~.O~ AND L*W.VERNON~ JoPHYStCHEM, 56~145(19S2) M V O~ 
PATSCHEKEeE, ET AL,~ CHEN,PHYS,LETTERS 2,47(1068) ER V O; 
SHANJION~R,D. ANO C,T,PRE~ITT~ TO B~ pUBLISHEO. R3 VS V (ZIRCON) 

V +5 V 
CHRIST~C.L. ET AL,~ ACTA CRYST, 7~B01(195;) K v 03,H2 o 
EVANS,H.T.,JR,, AND S~BLOCK~ ~NORG,CHEM. 5,1SORt1966) K V30B 
6ALY~J. AND A,HAROY, ACTA CRyST, 19~432(19651 LI V2 0 5  

V *S VI 
CAUGMLAN~C,N~ ET AL,~ INORG.CHEM, B.2131(1966) V 0 (0 C H~)5 
EVANS,H.T.,JR,e AND S.BLOCK~ INORG,CHEM, 5*1ROS(lg66) K V30B 
EVANS,H.T..~R.~ AND S,BLOCK, INORG.CMEM, 5,1808[1966) CR V5 08 
SWALLOW,A,G., ET AL.~ ACTA CRYST, 21,597(19661 CA5 VlO 0~8,17 M2 0 

w +~ v I  
SHANNON~R,D. AND C.T,PREWITT, TO BE PUBLISHED. R5 VS V (RUTILE) 

W +6 IV 
ABRAHAMS.S.C. AND J.L.BERNSTEIN~ J.CHEM.PHY~, 45,2745(19~6) SC2 (W 0~)5 
BURBANK,R,D.~ ACTA CRYST, 18,88(1965) CA W 04 
TEMPLETON,O.Ho AND AoZALKINe ACTA CRYST. 16,762(196]) rU2 (W 04)3 
ZACHARIASEN,W,H. AND H,A.PLETTINGER, ACTA CRYST, 1q,22g(lq61) LI2 W 04 
ZALKIN,A. AND O,H.TEMPLETON, J.CHEM,PHYG, 40~501(196;) CA W o~ 

W +6 V I  
KEELING~R,O,~JR,~ ACTA CRYST, 10~209(1952) NI W ot  
KIERKEGAARDeP,, ACTA CHEM,SCANO. 12e1715(1958) W o P2 07 
LOOPSTRA,B.O. aND P,BOLORINI, ACTA CRYST. 21.158(lg6~) W O~ 
Ul.gUeO., Z.KRIST, 12q,192(196T) FEW o~ 

Y +3 Vl 
BARTRAN,S,F.~ INORG,CHEN. 5,749(1966) Y6 U 012~LU6 U 012 
BERTAUT~E, AND J,NARESCHAL~ CONPT,RENO, 257~867(1q651 Y AL 05 
FERT,A.~ BULL.SOC.FRANC,MINERAL,CRIST, 85~267(1962) Y2 03 
HARRIS~L,A, AND H,L,YAKEL~ ACTA CRYST, 22~55;[1967) Y2 BE O; 
NULLER-BUSCHBAUM~H,~ ZtANORG.ALLGEN,CHEN, 35R~I3R(lg6R) SR Y~ 04 
PATON~M,6, AND E*N,NASLEN, ACTA CRYST, 19,30T(1965) 2 03 w" 
SHANNON~R,O. AND C.T, PREWITT~ TO BE PUBLISHED, R vsYA (PYROCHLORE) 

Y +3 VI I I  ~ ~ Y ' 
BA6LIO~J,A. AND G,GASHUROV, ACTA CRYsT, B2 ,292(1681 V OW 
BATT~A, AND B,POST~ ACTA CRYST, IS,1268(1962) Y3 FF5 012 
BRISSE,F,~ PH.D,THESIS,DALHOUSIE UNIV.,H~LI~AX~N.S.(I~67) Y2 N2 07. 
CUNNINGHAN~J,A, ET AL.~ INORG,CHEN. 6,~9g(1967) Y (C5 H7 02)3.5 H2 0 
EULERtF. AND J,A,BRUCEe ACTA CRYST. 19~971(lg65) Y3 MS 012 
6ELLER,S, AND M,A,GILLEO~ ACTA CRYST, 10~239(1957) Y3 rE5 012 
KRSTANOVIC,I.~ Z.KRIST. 121,31S(1965) Y P 04 
MILLIGAN,W,O. AND L.W.VERNON, J.PNYS.CHE~. 56,145(1952) Y V o ;  
ZALKIN~A, AND O,H,TENPLETON~ J.AM,CHEN.SOC, 75e2453(1953) Y F3 

Y ÷3 IX 
FRICKE,R, AND W,OURR#ACHTERe ZeANORG,ALLGEM,CHEM* 259~30~tle;91 y (0 H)3 

YB+3 Vl 
FERT~A,~ BULL,SOC.FRANC,~INERAL,CRIST, 85~267(1962) YB20~ 
TENPLETON~D,H, AND C,H,OAUBEN~ JoA~,CHENoSOC~ 26~5237(1954) YB2 03 

Y8+3 VI I I  
EULER*F, AND J,A.BRUCE* ACTA CRYST, lg*971( lg65)  YB3 M~ OI~ 
NILLIGAN,W,O* AND L.WtVERNON~ J.PHYSeCHE u. 56~l~B(19B2) YR V O~ 
SHANNON~R~O. AND C~T,PREWITT~ TO BE pUBLISHED. R VS A (PYROCHLORE) 

ZN+2 IV 
ANGELL,G.B. AND L,KATZ, ACTA CRYST. 21~4B2(1966) ZN2 NO30B 
CALVO,C., J,PHYS,CHEM.SOLI~S 24e1~1(19631 ZN5 (P Oq)2 
COREY~R~B. AND R,W~GtWYCKOEF~ Z~KRIST, 86~8tlg55) 2N (0 H)2 
PREWITT*C,T* ET AL,, Z.KRIST, 124,11S(1967) PB ZN ST O; 
RENTZE~ERIS~P,J~, Z.KRIST, 119e117(1~63) ZN2 NN (0 H)2 S! 04 
SCHNERING~H.G. AND R,HOPPE~ ZoANORG,ALLGENoCHEN. 312,87(1961) SR ZN 02 

SCHNERING*H.G, ET AL.~ Z,ANORG.ALLGEMoCHEM, 50S~2; l ( lg60)  RA ZN 02 
SNITH~P, ET AL,~ Z,KRIST. 119~375(196~} ZN4 0 (R 02)6 
SPITSBER~ER~U,, ACTA CRYST. 13.197(Iq60) RA ZN 02 
STEPHENStJ,S, AND C.CALVO, CAN,J,CHEM* qS~2BOS(lgGT) ZN3 (P 0~)2 

IN+2 V 
ABRAHANS,S,C*, J,CHENoPHYS, 46~2052(1967) ZN NO 04 
COCCO,G. ET AL,, Z.KRIST, 123,321(1966) 2N2 (0 H} P O~ 
HANKE,K,~ NATURWISSt 5R~199(1967) ZN TE 05 
MONTGOMERY,H, AND E,C,LINGAFELTER, AcTA CRYST. 16~7~B(1965) 2N (CS H7 02)2 N2 0 
PLIETH~K, AND G.SANGER* Z,KRISTe 124,g l l lgGT)  IN2 CU A~2 OR 
STEPHENS~J,S, ANO C,CALVO~ CAN,J,CHEM, 45~2503(1967)" ZN3 tP 0~)2 

ZN*2 VI 
ABRAHANSoS,C,P J,CHEM,PHYS. 46,2052(lg671 ZN NO 
ANSELL,G.B. AND L,KATZp ACTA CRYST, 21p~2( Ig66 )  OZN2 MN30~ 

4 

BATES,C,He ET AL.p SCIENCE 157,993(lq62) ~2ZN 0 
BAUR,W,H.o ACTA CRYST. 11~488(1958) ZN 
BYSTROM*A, ET AL,w ARKIV KEMIoMINERAL.S~OL, 15B~4(1942} ZN SB2 06 
CALVO~C.~ CAN,J,CHEN, 43~11q7(196S) ZN2 P2 07 
CALVO~C. d,PHYS,CHEN.SOLIDS 2~,141(19651 ZN3 (P 04)2 
GIGLIO~M,e ACTA CRYST, 11e789(1958) NA2 ZN (S 0~)2,~ H2 0 
SCHNERING~H,6*~ Z,ANORGoALLGEM,CHE~. 353e13(1967) BA2 7N F6 
WYCKOFF~R,W,G,~ CRYSTAL STRUCTURES 2,(1964) AG 7N ¢3 
WYCKOFF~R.W,6*~ CRYSTAL STRUCTURES 2,(1964) K ZN F3 

ZR+4 Vl 
BRISSEwF, P PH,O,THESIS*OALHOU$1E UNIV,,HALIFAXpN.5.(1967} LA2 ZR2 07 
JONAoF* ET AL,p PHYS.REV. 105e849(1957) PB ZR 03 
SHANNONfR,D, AND C.T.PREWITTI TO BE pUBLISH~O, R VS A (PYROCHLORE) 
WYCKOFFeR,W,G.~ CRYSTAL STRUCTURES 2p(1964) BA ZR 03 
WYCKOFFwR.W,G,'~ CRYSTAL STRUCTURES 2f(1964) SR ZR OB 

ZR÷~ V I l  
LUNDGREN~G.,'ARKIV KENI 13,59[1958) ZRq (0 H)6 (CR OR)~,2 H2 0 
SMITH,D,K* AND HoW,NEWKIRKp ACTA CRYST, 18.q83(1965) ZR 02 

ZR+~ VI I I  
BODErH, AND GoTEUFERp ACTA CRYST, 9,929(1956) K2 ZR F6 
BURNS*d.H, ET AL,P ACTA CRYST, B2~t230(lg68) NAT ZR6 F51 
KRSTANOVIC,ItR.e ACTA CRYST, 11esq6(19SS) ZR'ST O~ 
LARSONpA.C* AND D.T. CROMER, ACTA CRyST, 1~e128(1961) 7R ( !  05)~ 
SEARSDD,R, AND J,HoBURNSf J,CHEN.PHYS. ~leB~?S(lq64) LT6 RE F~ ZR PG 
SINGERPJ. ANO O,ToCRONER, ACTA CRYST, 12.21q[1959) ZR [S 0~)2,~ ~ 0 
TEUFER*G*w ACTA CRYST* 15,1187(1962) ZR 02 
WYCKOFPBR,W,G., CRYSTAL STRUCTURES 1,(1965) ZR OE 

* This is not intended to be an exhaustive list of references for each ion. For example, there are many references in the litera- 
ture to certain ions in the usual coordinations such as VZA13+ and some of these have been omitted to save space. For those ions 
and coordinations which occur rarely such as IVCrS+ or VZn2+, the list is apt to be more complete. 

Table 2. Anion radii for different coordination-numbers 
02-  F- 

p . -  ^ ^ 

CN Radius, A CN Radius, A 
II 1.35 (1"349 + 5) II 1.285 (1"285 + 9) 
III 1.36 (1"357+10) III 1.29 (1"300+ 12) 
IV 1"38 (1"378+4) IV 1.31 
VI 1"40 (1"396 + 9) VI 1"33 
VIII 1.42 

In the next step appropriate anion radii were sub- 
tracted from average distances in cat ion-anion poly- 
hedra. Approximately 1000 average interatomie dis- 

tances in oxides and fluorides were taken from more 
than 700 structure determinations. Values o f  radii for 
the trivalent rare-earth ions determined in this way 
agreed quite well with those o f  Templeton & D a u b e n  
(1954). Since our method was similar to theirs, the 
Templeton & D a u b e n  values, quoted to three decimal 
places, were used without  revision. Since anion coordi- 
nation is frequently not  discussed in structure papers, 
the fol lowing system (see also Holser,  1959) was used 
to determine the proper values for a compound 
PA:o°,BqRXr: pP+qQ=rR, where P and Q are the 
CN's  of  the cations and R is the C N  of  the anion. 
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Table l(b) lists, by ion according to CN and spin, 
(where applicable) all the references from which data 
were taken to construct Table 1. With most references, 
the source of data is indicated by a chemical formula, 
compound type, or radius plot (see below). Structure 
determinations from 1930 through early 1968 were 
covered in the literature search. In general, many quali- 
tative judgements were made as to the weight given to 
a particular interatomic distance. More recent struc- 
ture determinations not involving film methods, those 
reporting low R values, and those made on well-charac- 
terized crystals were given the most weight. The set of 
values thus obtained was considered to be a first 
approximation. 

The next step was to plot ionic volume, r 3, vs .  unit 
cell volume, V, for more than 60 isotypic series. Ac- 
cording to assumption 6 these plots should be linear. 
Fig. 1 shows the plot for the futile MO2 structure 
(Shannon, 1968). This example is chosen because the 
rutile structure covers a wide range of cation radii, 

I I 

70 

u~ 
Z; 
=, 
0 65 
> 

F- 

60 

55 

Pb I 

80 

~o T M  
Nb /a 

.o Mo os/, 
Pt 7 O l r  Re 

/v 
OCr 

04 
I I I 

0"10 0'20 0"30 
f 3,A3 

I I 
0"40 0'50 

Fig. 1. Cell volume vs. r3 for compounds with the rutile struc- 
ture. Circles represent data from structure refinements, and 
the horizontal lines are for compositions where only the cell 
volumes are known (after Shannon, 1968). 

0.39-0-78/~, and unit-cell volumes are accurately 
known. The radii were adjusted to provide linearity 
and consistency with crystal structure data. The radii 
were further adjusted to be consistent with both crys- 
tallographic data and unit-cell volume data over those 
structures containing common ions. A severe limita- 
tion, however, was found to be the accuracy of many 
reported cell dimensions. Numerous examples which 
first appeared to deviate from linearity were found to 
fall in line with other data after cell dimensions were 
redetermined with least-squares refinement using 
Guinier camera data. 

No structure data are available for many ions. In 
such cases, a reliable estimated value can often be ob- 
tained from plots of radii vs. cell volume (Fig. l), 
radii vs. oxidation state, and radii vs. electron confi- 
guration (Figs. 3 & 4). Examples of radii determined by 
radii-volume plots are Ni 3+ and Co 3+ LS [perovskite 
(Shannon, 1967)], Rh 4+, Pt 4+, Re 4+, Os 4+, W 4+, and Ta 4+ 
[rutile (Rogers, Shannon, Sleight & Gillson, 1969)] 
(Fig. l), and Rh 3+ [perovskites (Shannon, 1967) and 
corundum (Prewitt, Shannon, Rogers & Sleight, to be 
published)]. The accuracy of these values depends on 
the accuracy of the cell dimensions and on the linearity 
of the plot. 

Plots of radii vs.  CN (Fig. 2) and radii vs. oxidation 
state are generally found to be regular. This is consis- 
tent with the equations given by Zachariasen (1931) 
and Pauling (1927). Consequently, when the values of 
radii as determined by structural data appeared to be 
inconsistent with these regular curves, the sources of 
data were investigated; if these appeared questionable, 
the value of the radius was made consistent with the 
radii plots and marked in Table l(a) with an E ,  e . g .  

Nb3+. 
The variation in radii of the first-row transition metal 

ions with the number of eg and tzo electrons has been 
discussed qualitatively by van Santen & van Wieringen 
(1952), calculated theoretically by Hush & Pryce (1958), 
and plotted experimentally by Liehr (1960), Knox 
(1961), Blasse (1965), and Pearson (1968). Similar 
plots were made for our data, Figs. 3 and 4. By use of 
these plots, hypothetical values of radii were deter- 
mined for the low spin ions, Mn 2+, Ni 3+, Fe 3+, Mn 3+ 
and Co 3+. Low-spin radii for Fe 2+ and Co 2+ were taken 
from radii vs.  volume plots for the pyrite structure; 
these radii were consistent with the above electron 
configuration plots. 

As a final step, the anion radii with CN II, III, IV, 
VI, and VIII were recalculated using interatomic dis- 
tances from the simple oxide structures and the final 
refined set of cation radii. These values, given in paren- 
theses in Table 2 with their estimated standard devi- 
ations do not differ significantly from the original 
values. It was not possible to calculate average values 
for v m o 2 -  because of the lack of examples. No cal- 
culations for ZVF- or WF- were made because of a 
problem with highly symmetric structures discussed in 
another section. 



938 E F F E C T I V E  IONIC R A D I I  IN O X I D E S  A N D  F L U O R I D E S  

Results 

Table l(a) presents three sets of radii. The first is that 
of Ahrens (A-IR). The second column contains crystal 
radii as defined by Fumi & Tosi (CR). This column 
was derived from column three but it is based on 
r ( W F - ) = l ' 1 9  A and an assumed difference between 
six-coordinated oxygen and fluorine radii of 0.07 A as 

was found for the ionic radii. The third column con- 
tains the radii obtained in this work for various coordi- 
nation numbers and spin states. Except for the radii of 
S 2-, Se 2-, and Te 2-, which are included in column one 
and marked with P, Pauling's radii are omitted because 
Ahrens' radii are taken from revised values of Pauling. 
Each rowin Table 1 (a) contains theion, the electron con- 
figuration (EC), coordination number (Roman nume- 
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Fig.2. 'Effective' ionic radius vs. CN for some common cations. 
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ral), spin state (HS or LS), three values of ionic radii, 
and finally a symbol giving some indication of the reli- 
ability (?, E, R, *, or no symbol). The values indicated 
by a question mark are considered doubtful because of 
one or more reasons: uncertainty as to oxidation state, 

1"00 

0 "90  

0 "80  

r 

0 '70  

0 "60  

0 "50  

I I I I I I I I I I I 

002+ Ti 2+ V 2+ Cr 2÷ Mn 2+ Fe 2+ Co 2+ Ni 2+ Cu 2+ Zrl 2+ 

NUMBER OF 3d ELECTRONS 

Fig.3. 'Effective' ionic radius vs. number of 3d electrons for 
divalent transition-metal ions. 

0 " 8 0  l I I I I l I 
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0"60  

0 "50  

\ 

Sc 3+ Ti 3+ V 3+ Cr 3+ Mn 3+ Fe 3+ Co 3+ Ni 3+ Go 3+. 

NUMBER OF 30' ELECTRONS 

Fig .4 .  ' E f f e c t i v e '  ion ic  r a d i u s  v s .  n u m b e r  o f  3d e l e c t r o n s  fo r  
t r i va l en t  t r a n s i t i o n - m e t a l  ions .  

1.70 I I I I I 

o<I~ 

LtJ 

- • 

I -  1.65 

° ; 
0 . -  
if) 

1.60 I I I J i 
Z trr ~ ~ ~ -vtr vtrr 

COORDINATION OF OXYGEN 

Fig. 5. Si-O distance vs. oxygen coordination. The dashed line 
represents the variation of Si-O distances reported by Smith 
& Bailey (1963). 

CN, or composition of the compounds studied, or 
deviation from radii vs. CN, or radii vs. valence plots. 
The values estimated from radii vs. CN, radii vs. 
oxidation state, or radii vs. electron configuration plots 
are followed by the letter E. Values of radii taken from 
radii vs. volume plots are marked by R. Finally, those 
values for which at least 5 structural determinations 
resulted in radii differing by no more than + 0.01 ]t  are 
marked with an asterisk. 

Although many different types of coordination 
exist for a given CN, for simplicity we have chosen to 
differentiate only the common types of four coordina- 
tion" square planar (IVSQ), square pyramidal (IVPY), 
and tetrahedral (IV). 

Table 3 compares observed and calculated inter- 
atomic distances in more than 100 compounds with 
the use of radii from Zachariasen, Pauling, Ahrens, 
and Table 1 (a). The first three columns in Table 3 con- 
tain calculated interatomic distances of Zachariasen, 
Pauling, and Ahrens corrected for cation coordination 
using the correction factors listed by Pauling (1960) 
and Zachariasen (1931). The agreement between ob- 
served and calculated distances is seen to be much im- 
proved in most cases where CN of the cation and/or 
anion is different from VI. 

When the distances calculated from Table 1 (a) differ 
significantly from the observed distances, a reason for 
the discrepancy can usually be found. One of these 
reasons is that interatomic distances in highly sym- 
metric structures are generally shorter than expected 
and another is that it is often difficult to establish 
exact coordination numbers for some ions. These 
effects are discussed further in later sections of this 
paper. Other reasons are that some radii are based on 
insufficient data and/or that a structure solution and 
refinement may be, to some degree, in error. In addition 
there are undoubtedly some unexplained departures 
from additivity which are reflected in deviations of the 
order of + 0.01 A. 

Discussion 

Change o f  anion radius with CN 
Although the dependence of interatomic distance on 

CN was noted by Goldschmidt (1927) and the idea of 
increases of cation radii with CN has been mentioned 
by several investigators (Pauling, 1927; Zachariasen, 
1931; Geller, 1957; Sasv~iri, 1960), the possibility that 
anion radii may also depend upon CN appears to have 
been considered by only a few authors (Slaughter, 
1966; Jeffrey & Slaughter, 1963). The effect of CN on 
anion radii is not great, but it is noticeable when com- 
paring interatomic distances in structures containing 
a series of M - O  distances where the CN of 02-  varies 
(Tables 3 and 4). This is probably the principal cause of 
the variations in Si-O distances noted by Smith & 
Bailey (1963) in their survey of silicate structures.* 

* This effect was recently discovered independently by Gibbs 
& Brown (1968). 

A C 25B - 9 
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Table 3. Comparison of observed and calculated interatomic distances in oxides and fluorides 

A@Fe02 

AI2SIO 5 

AIPO 4 

AI203 
LiAIO 2 

LIAIO 2 

BeAI204 

RCalc Rcalc 
Compound Distance Zach. Paulln5 Ahrens S & P RObs Year Compound Distance Zach. Paulln~ Ahrens S a P Robs Year 

IIAg-IVo -- 2.36 2.40 2.05 2.06 68 KF VIK-VIF 2.66 2.69 2.66 2.71 2.673 63 

IVAz-IIIo 1.78 1.78 I. 81 1.75 1.77 63 KMnO 4 VIIIK-ZZI0 2.90 2.83 2.82 2.86 2.89 67 

IRA1-IIo 1.78 1.78 I. 81 I. 74 1.74 66 LI2W04 IVLI-IIIo 1.99 i. 8~ 1.91 1.95 1.96 61 

VIAI-IVo 1.90 ~. 90 i. 91 1.91 1.91 62 LIAI02 IVLt-IV0 i. 99 1.8~ 1.91 i. 97 2.00 65 

IVAI-IV0 I. 78 I. 78 i. 81 1.77 I. 76 65 LiGa02 IVLI-IVo i. 99 I. 84 i. 91 1.97 i. 98 65 

VIAI-VIo i. 90 1.90 1.91 I. 93 I. 90 66 Li2Si205 IVLI-III0 I. 99 I. 8~ i. 91 i. 95 1.94 61 

VIAI-IVo 1.90 1.90 1.91 1.91 1.914 63 LiAI02 VILI-VI0 2.12 2.00 2.08 2.14 2.12 66 

AIF 3 VIAI-IIF I. 77 1.86 i. 8~ I. 815 I. 80 51 LiGaO 2 VILi-VI0 2.12 2. OO 2.08 2.14 2. i~ 65 

As205 • 5/3H20 IVAs-II0 -- i. 78 i. 75 I. 685 I. 69 66 LIP VILi-VIp 2.01 i. 96 2. Ol 2.07 2.008 63 

CdB407 IIIB-IIIo i. 35 i. 38 I. 40 i. 38 1.37 66 LI4UF 8 '/ILl- IIF 2.01 I. 96 2.01 2.025 2.08 67 

CAB204 IIIB-IIo 1.35 1.38 i.~0 1.37 1.37 63 LiUF 5 VILI-IIIF 2.01 1.96 2,01 2.0~ 2.055 66 

LIB02 IVB- IVo 1.42 1.47 1.50 1.50 1.47 65 Mg0 VIMg-VIo 2.10 2.05 2.06 2.12 2.105 63 

7-HBO 2 I//B- I I0 1.42 1.47 1.50 1.47 1.47 63 MgS04" 4H20 VIMg- IV0 2.10 2.05 2.06 2.10 2.076 62 

KBs08 IVB-III0 1.42 1.47 1.40 1.48 1.46 65 MgF 2 V~4g-IIIF 1.98 2.01 1.99 2.02 1.992 56 

BaO VIBa-VI0 2.76 2.75 2.74 2.76 2.76 63 MgHP04.3H20 VIMg_l IIo 2. I0 2.05 2.06 2.08 2.084 67 

BaGe03 VIIIBa-IV0 2.8~ 2.82 2.80 2.80 2.785 62 MnMo0~ V~ HSMn.IIX 0 .. 2.20 2.20 2.18 2.164 65 

BaF 2 VIIIBa-IVF 2.68 2.79 2.74 2.73 2.69 63 Mg6Mn08 VlMn-V0 -- 1.9~ 2.20 1.93 1.928 54 

Ba(OH)2" 8H20 VII~a-IV0 2.84 2.82 2.80 2.80 2.74 6~ DyMn205 VIMn-IV0 -- 1.94 2.20 1.92 1.92 67 

SaGe409 ~a-ZII0 2.90 2.88 2.84 2.88 2.96 66 MoO 2 VIMo-III0 - -  2.06 2.10 2. O1 2.011 67 

BaS04 XIIBa- IVo 2.96 2.94 2.89 2.98 2.95 63 Zn2Mo308 VIMo- IZIo - - 2.06 2.10 2.02 2.02 66 

Ba3 (P0~) 2 XIIBa-V0 2.96 2.94 2.89 2.99 3.01 ~8 MnMo04 IVMo-ZII0 1.82 1.94 1.92 1.78 1.763 65 

Y2Be04 I I ~ e - I V o  1.55 1.47 1.51 1.55 1.55 67 FoMoO~ 

BeO IVBe-IVo 1.63 1.57 1.61 1.65 1.6h9 64 NaF 

Li2BeF 4 IVBe-IIIF i. 53 i. 53 I. 54 i. 57 I. 554 66 Na2S£F 6 

Bi4S13012 VIB£-III0 -- 2.36 2.38 2.385 66 NaHC03 

VIBI-III0 -- 2.36 2.38 2.35 64 Nb205 

vZZZca-ZVo 2.50 2.47 2.48 2.50 2.515 6~ OaNbO~ 

VIIIca-IIIo 2.50 2.47 2.48 2.;48 2.461 65 LiNbO 3 

Bi2Ge05 

Ca2Si04 

Ca W0~ 

c~2% 
o,,~ 2 

OaSO~ 
CdS%, 
CdO 
c%v2o7 
CePO 4 

cop 2 

CoMo04 

CoO 

Cr203 

Cr5012 

C rF3 

PbCrO 4 

LiCr308 

IVMo-III0 1.82 i. 94 1.92 1.78 I. 772 65 

VlNa-VIF 2.31 2.31 2.30 2.35 2.31 63 

V~a-lI~ 2.31 2.31 2.30 2.32 2.32 64 

V~a-IV0 2.~ 2.35 2.37 2.~0 2.~ 65 

VINb-II0 2.00 2.10 2.09 1.99 1.99 64 

V~b-III0 2.00 2.10 2.09 2.00 2.031 65 

v~b-ZVo 2.00 2.10 2.09 2. o2 2.00 66 
V I I I c a - I I I o  2.50 2. ~7 2. ~8 2.48 2.505 63 NIF 2 VINi-IZIF --  2.08 2. o2 2. oo 2. O0 58 
VII Ioa-IVF 2.34 2.43 2.40 2.43 2.37 63 NiS04" 6H20 VlNl-ZZI0 - -  2.12 2.09 2.06 2.06 66 
VIZZca-IZIo 2.50 2.~8 2.~8 2.48 2.46 63 Ba2NiF 6 VINI-VF --  2.08 2.02 2.02 2.01 67 

IVcd-I Io - -  2.28 2.28 2.19 2.168 63 Fo02 VIpb- I I I0  - -  2.24 2.24 2.135 2.16 47 

VIcd-VIo -- 2.37 2.37 2.35 2.348 63 Ru02 VlRu-XII0 -- 2.03 2.07 I. 98 1.971 66 

VIcd-IIIo -- 2.37 2.37 2.31 2.31 67 LISbF 6 VIsb-IIF -- I. 98 I. 95 i. 895 i. 88 62 

VIIIce-III0 ~- 2.57 2.53 2.50 2.50 50 Sb204 VISb-II0 -- 2.02 2.02 1.96 1.97 64 

VI HSco_III F _. 2.10 2.05 2.035 2.0~ 58 K3Sb5014 VIsb-IVo -- 2.02 2.02 1.99 1.98/$ 66 

VI HSco III 0 __ 2.14 2.12 2.095 2.08 65 Sc203 VIsc-IV0 2.16 2.21 2.21 2.11 2.11 67 

VI HSco.VI 0 .. 2.14 2.12 2.135 2.133 63 Sc2(W0~) 3 VlSc-II0 2.16 2.21 2.21 2.08 2.063 66 

VIcr-IV0 -- 2.09 2.03 i. 995 I. 99 62 CaSc204 VIsc-V0 2.16 2.21 2.21 2.12 2.12 65 

VIcr-II0 -- 2.09 2.03 1.965 1.97 65 ScF 3 VIsc-I~ 2.02 2.17 2.14 2.015 2.01 51 

VIcr-IIF -- 2.05 1.96 1.90 1.90 60 ScP04 VIIIsc-III0 2.24 2.28 2.29 2.23 2.23 56 

IVcr-III0 1.65 1.82 1.82 1.66 1.65 65 Si02 IVsI-IIo 1.63 1.71 1.72 1.61 1.607 66 

IVcr-III0 i. 65 1.82 1.82 i. 66 1.65 67 KAIS1308 IVsI-IIIo i. 63 1.71 1.72 i. 62 i. 61 64 

CuFeO 2 IIcu-IVo -- 2.01 2.10 1.84 1.83 68 Ca2Si04 IVsI-IVo 1.63 1.71 I.~'2 1.6/$ I. 6t~4 65 

DY3Fes012 VIIIDy-IVo -- 2.38 2.40 2.~0 65 Si02 VIsi-III0 1.73 1.81 1.82 1.75 1.768 66 

Eu3% VIEu-VI0 -- 2.~3 2.38 2.35 2.340 66 K3SIF7 VIsI~IVF 1.60 1.77 1.75 1.71 1.70 62 

Fe0 VIFe-VIo -- "2.16 2.14 2.17 2.155 63 Na2SIF 6 VIsI-IIIF 1.60 1.77 1.75 1.70 1.695 64 

FeW04 VIFe-IIIo -- 2.16 2.14 2.13 2.104 67 (NH~)2SiF 6 VIsi-IIF 1.60 1.77 1.75 1.685 1.674 56 

Fe2SiO 4 VIFe-IVo -- 2.16 2.14 2.15 2.172 65 Sn02 VIsn-III0 -- 2. II 2. ii 2.05 2.053 56 

FeGe(0H)6 VIFe-III0 -- 2.16 2.14 2.12 2.13 61 SnF 4 VISn-IIF -- 2.07 2.04 1.975 2.14 62 

Y3Fes012 IVFe-IV0 -- I. 94 I. 94 i. 88 I. 88 62 8rF 2 VIIIsr-IVF 2.54 2.56 2.52 2.56 2.51 63 

Na3Fes09 IVFe-IVo -- 1.94 1.94 1.88 1.867 67 Ti203 VITI-IV0 -- 2.16 2.16 2.05 2.0~0 62 

Fe203 VIFe-IV0 -- 2.04 2.0~ 2.025 2.030 66 TIF 3 VITI-IIF -- 2.12 2.09 1.955 1.97 56 

FeF 3 VIFe-IIF -- 2.00 1.97 1.93 1.92 57 Ti02 VIT£-III0 1.96 2.08 2.08 1.965 1.959 56 

GaNbO 4 ~GalTTI0 -- 2.02 2.02 1.98 1.996 65 Er2Ti207 VITi-IVo 1.96 2.08 2.08 1.985 1.955 65 
a-Ga203 VIGa-IV0 - - 2.02 2.02 2.00 2.00 65 Na2Ti307 VITI-V0 i. 96 2.08 2.08 I. 995 I. 99 61 
Y3Ga5012 VIoa- IV0 -- 2.02 2.02 1.980 1.995 65 %'203 VIv- IVo -- 2.14 2.14 2.02 2.01 62 

~=F 3 VZGa-XZF -- 1.98 1.95 1.905 1.89 59 V02 
BaGe409 VIGe-IIIo -- 1.93 1.93 1.900 1.877 66 C%V207 

Na4ge9020 VIGe-IIIo -- 1.93 1.93 1.910 1.907 63 FeW04 

znzo 3 Vlzn-ZVo -- 2.21 2.21 2.17 2.18 66 wo 3 

cazn2o 4 VZzn-Vo -- Z.Zl Z.Zl 2.18 2.157 6~ ~203 
InPO4" 2H20 V I In - I Io  - -  2.21 2.21 2.14 2.16 61 ZnF 2 

Ca2Zr % VZZr-ZVo --  2.04 2.08 2.01 2.01 66 Z rO 2 

VIv-III0 -- 2.00 2.03 1.95 1.937 56 

IVv-III0 1.77 1.89 1.89 1.715 1.717 67 
VIw- III0 -- 2.02 i. 94 1.9~ 67 

VIW-II0 -- 2.02 1.93 1.927 66 

V~-IVo 2.32 2.33 2.32 2.272 2.27 62 
VIzn-IIIF -- 2.10 2.07 2.045 2.03 58 

VIIIzr-IV0 2.21 2.26 2.26 2.22 2.26 62 
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Fig. 5 shows how the average Si-O distance would vary 
with average oxygen coordination in silicates although 
most silicates fall in the range n O ~ v O  as indicated by 
the dashed line which is taken from the Smith & Bailey 
work. 

The change in anion radii with CN is much smaller 
in magnitude [r(VlO2-)--r(II02-)=O'05/~] than the 
change in radii with cation CN [r(VIIICd 2+) --r(IVCd 2+) 

=0"26 A; r(VrnMgZ+)-r(IVMg2+)=0"41 A]. One ex- 
planation for this effect involves electronic polariza- 
bilities of cations and anions. Intuitively, one might 
expect the change in radius of an ion with CN to be 
roughly proportional to its electronic polarizability. 
A comparison of cation and anion polarizabilities 
from various sources made by Tessman, Kahn & 
Shockley (1953) shows generally that polarizabilities of 

Table 4. Comparison of observed and calculated interatomic distances in oxides 
and fluorides with varying coordination 

Distance 
IVAI_ 0 

CN of 02- 

II 

III 

IV 

VIAI-O II 

IIl 

IV 

VI 

VIcd-O II 

III 

Vl 

VIco2+-O II 

III 

VI 

"~Cr3+-O I I  

I I I  

IV 

VIFe2+-O III 

IV 

VI 

VIoa3+-O III 

IV 

VI 

IVoe-O II 

III 

v'~J+_ o 

IV 

lII 

VI 

II 

III 

Compound Robs. Rcalc. Distance 

LIAISI4010 1.720 1.74 Vlsc-O 

AIPO 4 1.739 " 

KAISI308 (mlcrocline) 1.741 1.75 

NaAISi308 (low alblte) 1.737 " 

A12Si05 (sillimanite) 1.770 " 

LIAIO 2 1.761 1.77 

N~l(SO4)2.12H20 1.881 1.88 

CsAI(SO4)2"I2H20 1.882 " 

AI2Si05 (kyanlte) 1.906 1.89 IVSi-O 

Mg3AI2SI3012 1.886 1.91 

A1203 1.91 1.91 

LIA102 1.9o 1.93 

3C~S04.8HZ0 2.30 2.30 

,Cd2V207 2.31 2.31 

CdO 2.348 2.35 

CoSO 4 2.07 2.085 

CoMoO 4 2.082 2.095 

Co(NH2)2(SO4)2"6H20 2.094 " 

CoO 2.133 2.135 

Cr5012 1,972 1.965 

KCr3012 1.97 1.975 

HCrO 2 1.979 " 

cr203 1.99 1.995 

FeW04 2.104 2.13 

FeGe(OH)6 2.14 " 

FeSiF6"6H20 2.140 2.15 

Fe2SiO 4 2.172 " 

FeO 2.155 2.170 

GaNbO 4 1.997 1.98 

8-Ga2o 3 2.00 " 

a-Ga203 2.00 2.00 

LiGaO 2 2.00 2.02 

GeO 2 1.739 1.75 

BaGe~O 9 1.740 1.76 

Na20"Ge02"6H20 1.769 " 

Na8Sn4GelO030(OH)4 1.752 " 

BaGeO 3 1.785 1.78 

NiS04.6H20 2.063 2.06 

NiW04 2.08 " 

NiO 2.084 2.08 

MoPO 4 1.528 1.52 

AIPO~ 1.515 " 

P2o5 1.54 " 

Naz~P~Olz 1.542 1.53 

NaPO3NH 3 1.528 " 

VIsi-F 

VITib'+.O 

CN of 02- Compound Robs. Rcalc. 

II Sc2(W04) 3 2.063 2.08 

III 7-ScOOH 2.10 2.09 

Sc(OH)3 2.08 " 

IV Sc203 2.11 2.11 

V Ca8c204 2.122 2.12 

VI KScO 2 2.12 2.13 

LIScO 2 2.11 " 

RbSc02 2.12 " 

II SiO 2 (quartz) 1.607 1.610 

Si02 (low cristobalite) 1.605 " 

SIO 2 (coeslte) 1.613 " 

AI2SIO 5 (sllllmanlte) 1.615 " 

LiAISI4010 1.609 9, 

III Sc2Si207 1.622 1.620 

ZrSiO~ 1.612 " 

AI2SIO 5 ( k y a n i t e )  1.628 " 

AI2SiO 5 (andaluslte) 1.629 " 

Zn2Mn(0H)2SIO~ 1.626 " 

AIBeSiO40H 1.625 " 

NaAISI308 1.618 " 

KAISi308 1.612 " 

L12S1205 1.631 " 

Ca2NaHSi309 1.630 " 

CaMnSi206 1.623 " 

IV 7-Ca2SiO 4 1.6424 1.640 

MgeSiO 4 1.625 " 

MgFeSiO~ 1.638 " 

Fe2SiO 4 1.634 " 

Ca3Al2(Si04) 3 1.649 " 

ME3AI2Si3012 1.635 " 

ii (~TH4)zSiF6 1.674 1.685 

[Co(NH3)5CI]SIF 6 1.66~ " 

III Na2SIF 6 1.695 1.700 

IV K3SiF 7 1.70 1.710 

(NH4)3SIF 7 1.71 " 

II Na2Ti6013 1.957 1.955 

Rb2Ti6013 1.983 " 

III ThTi206 1.970 1.965 

TiO 2 1.959 " 

IV NiTiO 3 1.99 1.985 

MnTiO 3 1.99 " 

BaTi409 1.98 " 

V Na2Ti307 1.992 1.995 

A C 25B - 9* 
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anions are larger than those of most cations, in distinct 
contrast to the relative change in anion and cation 
radii with CN. However, Ruffa (1964) has shown in 
TiOz and other compounds with high Madelung po- 
tentials that the polarizability of the cation may be 
considerably greater than that of the anion. Thus, the 
possibility still exists that there may be some correlation 
between change in radius with CN and polarizability. 

An alternative explanation for this effect depends on 
the anion-anion repulsive forces described by Pauling 
(1928). In most of the oxides for which reliable radii 
have been determined, the cation/anion radius ratio, 
Q, is considerably less than 1. When this condition 
holds, anion-anion forces can be large. As Q becomes 
small and as the anion CN diminishes from VI to II, 
the nearest neighbor anion interactions become more 
important. The increase in anion-anion forces prevents 
the anion from deforming as much as might be expected 
from polarizability considerations. The cations in such 
structures, however, cannot approach each other closely 
and cation-cation repulsion is probably less than anion- 
anion forces. Consequently, the cation is easily able to 
expand into the void between the anions - thus shorten- 
ing considerably the cation-anion distance. 

Absolute values o f  radii 

The question of absolute values for anion and cation 
radii is still not resolved. Although it has been possible 
to devise sets of radii which are almost additive, the 
values of anionic radii have been determined by approx- 
imate methods. This question of the relative sizes of 
anion and cation radii is very important because it 
determines the physical picture we have of ionic solids. 
Traditionally this has been a picture of anion-close- 
packed solids. 

Values of anion radii have been chosen from: (1) 
molar refractivities of salts in solution (Wasastjerna, 
1923); (2) anion-anion distances in close-packed solids 
(Bragg & West, 1927); (3) Born repulsive coefficients 
determined from isothermal compressibilities and 
thermal expansion coefficients (Fumi & Tosi, 1964) 
and (4) electron density distribution in alkali halides 
(Witte & W/51fel, 1955; Schoknecht, 1957; and Meisalo 
& Inkinen, 1967). The traditional sets of radii were 
based on (1) and (2). The first values of ionic radii were 
determined by Wasastjerna who used the ratio of the 
cube root of the molar refractivities of the free ions to 
determine rc:ra in the alkali halides. He arrived at 
r(V-XF -) = 1.33 A and r(WO z-) = 1-32 A. Bragg & West 
noted that observed O-O distances in silicates were 
roughly 2.7A and concluded that r(OZ-)=l.35A. 
Used with available sets of interatomic distances in 
common oxides, these values led to small rc:ra and 
resulted in the concept of anion close-packed oxides. 
Many solid state phenomena such as diffusion, mechan- 
ical deformation, kinetics of transformations, and 
solid state reactions have been interpreted on this basis. 

More recent evidence, however, indicates that the 
ratio rc: ra may be considerably larger than indicated by 

the traditional sets of radii. Comparative calculations 
of wave functions of free ions and ions in a crystal by 
Petrashen, Abarenkov & Kristofel (1960) showed a 
tightening of electron clouds in anions and a relaxation of 
cation electrons in solids. Analysis of electron density 
distributions in NaCI (Witte & WSlfel, 1955), LiF 
(Krug, Witte & W61fel, 1955) and KBr (Meisalo & In- 
kinen, 1967), indicated anion radii and cation radii 
smaller and larger respectively than traditional ionic 
radii. Fumi & Tosi on the basis of calculations of Born 
repulsive parameters from compressibility and thermal 
expansion data present convincing evidence that re: ra 
is larger than in the traditional sets of radii. They found 
r(VIF-) = 1.15-1.20 A with an estimated error of 0.05 •. 
Assuming a constant difference of r (~O 2-) - r (WF -) = 
0.07 A, then r(VIO2-)= 1.22-1-27 A. These values are 
more in agreement with the shortest nonbonding O-O 
distances in many oxides. As shown in Table 5 these 
range from 2.15/~ in the NaNO3 structure to greater 
than 3 A in the antifluorite structures. Perhaps the 
most surprising distance in this group is that of the 
2.16 A shared edges of the SiO6 octahedra in the rutile 
form of SiO2 (stishovite). Although extremely high 
pressure must be used to synthesize stishovite, it is 
difficult to reconcile this short O-O distance with an 
r(ruO 2-) = 1-36 .~, especially since Fig. 1 shows there is 
nothing unusual about the cell volume of stishovite. 
Furthermore, with smaller anions one is not forced to 
assume negative radii for mc4+ in the carbonate ion 
and rUNS+ in the nitrate ion. Although there is intrin- 
sically no objection to negative radii so long as one does 
not assume a hard sphere model, it is esthetically more 
pleasing to have positive radii. However, even with 
Fumi & Tosi's crystal radii it is not possible to achieve 
a complete set of positive radii. The O-H and F-H dis- 
tances in hydrogen-bonded compounds result in nega- 
tive radii of -0 .04 and -0 .24/~  for nil+ and IH+. 
Although the value for r(rrH+) falls within the estimated 
error of the crystal radii and would still allow a com- 
pletely positive set of radii, this is not possible for 
~H +. One is forced to the interpretation that an ~H+-O 
bond results in a highly deformed oxygen ion in which 
the proton penetrates the electron cloud of the oxygen 
ion. On the basis of the above considerations, the 

Table 5. Shortest oxygen-oxygen distances in some 
simple oxides 

Compound Structure type O-O 
NaNO3 calcite 2.15 
SiO2 rutile 2.16 
CaCO3 calcite 2.22 
AlzSiO5 andalusite 2.25 
B203(II) BzO3(II) 2"36 
8309 $309 2.37 
B203(I) B203(I) 2"38 
A1203 corundum 2.52 
SiO2 quartz 2.60 
BeO wurtzite 2"70 
MgO rocksalt 2-98 
Li20 antifluorite 3.27 
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Fumi  & Tosi crystal radii (CR) are probably  more  
satisfactory than the tradit ional sets of  radii. 

Pauling (1928) noted a correlation between radius 
ratios and the relative stability of certain structures. 
Values of Q for structures with tetrahedral cation co- 
ordinat ion were generally of the order of  0-2-0.4 where- 
as values of Q for octahedral cation coordinat ion were 
of the order of  0.4-0.7. There were exceptions, but in 
general the radius ratio was found to provide some indi- 
cation of the type of prevalent coordinat ion of anions 
about the cation in ionic crystals. Phillips & Will iams 
(1965) noted that the critical radius ratios were not 
satisfactory in predicting CN changes but their analysis 
involved highly covalent rather than ionic crystals. 

It is clear that any new set of radii should provide a 
correlation between radius ratios and CN at least as 
satisfactory as Pauling's  table of ionic radii. Table 6 
gives values of  e calculated by means of an average 
radius of 1.38 A for oxygen for numerous cations with 
CN III, IV, VI, and VIII. As long as ~ falls within 
+0.02 of the limits defined by Pauling (1960) the 
radius ratio is in boldface. It will be noted that  values 
of  p calculated from ionic radii (IR) do not fall within 
the expected limits for most  of  the small ions, e.g. 
VIA13+, VlAs5+, IIIB3+, IVB3+, IvS6+, IvSi4+, and vlSi4+, 
whereas values of Q calculated from crystal radii (CR) 
give poor agreement for IVGa3+, IVLi+, VlMn2+, 
IVZn2+, and IVM06+. Since ions with strong covalent 
mixing (Ga 3+ and Zn z+) prefer four coordinat ion via 
sp 3 hybridization,  even though 4>0.414,  it is felt that 
crystal radii predicts CN on the basis of radius ratio 
as well as effective ionic radii. 

Perhaps the most important  conclusion to be drawn 
from the above arguments is that  specific values from 
this or any other set of  radii should not be used too 
rigidly to derive a physical picture of ionic solids. 
Currently available informat ion on electron density 

distributions in solids is not sufficient to establish ab- 
solute values of radii. Fur thermore,  if  one assumes 
that  the radius of an ion, say oxygen, is the distance 
from the oxygen nucleus to the m i n i m u m  in electron 
density between the oxygen ion and a cation, this radius 
may  vary depending on the type of  cation, i.e. on the 
covalency of the bond. If, however, the crystal radii in 
Table l(a) are more accurate than  the ionic radii, cer- 
tain concepts of the structures of ionic solids are no 
longer valid. For example, oxides should not be thought 
of  as close-packed arrangements of  anion spheres whose 
interstices are partly filled with cations. Instead, the 
ca t ion-anion  bonds should be considered as the im- 
portant  factors determining crystal structure and close- 
packed anion arrangements  as merely the result of  the 
structure at taining a lowest-energy configuration. 

lnteratornic distances in highly symmetric oxides and 
fluorides 

Agreement between observed and calculated dis- 
tances from Table 1 (a) over a wide variety of compounds  
with varying cation and anion coordinat ion was shown 
to be quite good. However, the compounds  with rock- 
salt, fluorite, and perovskite structures show rather 
poor agreement (Table 7). A possible source of error 
could be the cation radii. However, the value of 
r (VmCa z+) taken from more than 15 Ca -O  distances 
which agree to within 0.02 A results in Reale -- Robs = 
0"06.3, for CaFv  Therefore, it is felt that the lack of 
agreement of  interatomic distances between symmetric  
and unsymmetr ic  structures is significant. The effect 
appears to be greater for the fluorides than for oxides 
and greater for smaller cations than  for larger cations. 
The smaller observed interatomic distances are quali- 
tatively explained by minimizat ion of an ion-an ion  
repulsive forces. The regular polyhedra result in the 
m a x i m u m  distances between all cations and anions and, 

Table 

Ion CN IR 
AI 3+ IV 0.28 

VI 0.38 
As 5+ IV 0.24 

VI 0"36 
B 3+ III 0"02 

IV 0"09 
Be2+ III 0.12 

IV 0"20 
Ca 2+ VIII 0.81 
Ce 4+ VIII 0"70 
Co 2+ VI 0"53 
Cr3+ VI 0.44 
Fe 2+ VI 0.56 
Fe 3+ IV 0.36 

VI 0.47 
Ga3+ IV 0-34 

VI 0.45 
Ge 4+ IV  0.29 

VI 0.39 
In 3+ VI 0-57 
Li + IV 0.43 

VI 0"54 

6. Radius ratios for  oxides 

CR 
0.42 
0.54 
0.38 
0.52 
0.12 
0.21 
0.25 
0.33 
1.01 
0-90 
0.71 
0.61 
0.73 
0"52 
0-63 
0"49 
0"61 
0.44 
0"55 
0"75 
0-59 
0.71 

Ion CN IR CR 
Mg 2+ VI 0"52 0"69 
Mn2+ VI 0.59 0"79 
MO 6+ IV 0"30 0"45 

VI 0"43 0"60 
Ni2+ VI 0"51 0-66 
ps+ IV 0"12 0"25 
S 6+ IV 0"09 0"21 
Sc 3+ VI 0"53 0"70 
Si 4+ IV 0" 19 0"32 

VI 0"30 0"43 
Sn 4+ VI 0"50 0"67 
Ti 4+ VI 0"44 0"60 
W6+ IV 0"30 0.44 

VI 0"42 0.58 
y3+ VI 0"65 0"83 

VIII 0"74 0"93 
Zn2+ IV 0.43 0"60 

VI 0.54 0.71 
Zr 4+ VI 0.52 0.69 
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therefore, the least repulsion interactions. The greater 
polarizabilities of the oxide ion and larger cations 
result in deformation of these ions into voids and con- 
sequent reductions in repulsive effects. 

Table 7. Calculated and observed interatomic distances 
in highly symmetric oxides and fluorides 

Rocksalt 

MO Rcalo ~-0 RObs M-O dR 

VI-VI 
NiO 2"10 2"084 0"016 
MgO 2"12 2"105 0"015 
CoO 2"135 2"133 0"002 
FeO 2.17 2.155 0.015 
MnO 2"22 2"222 -- 0"002 
CdO 2"35 2"348 + 0'002 
CaO 2.40 2.405 - 0.005 
SrO 2.56 2.58 -0 .02  
BaO 2.76 2-762 - 0.002 

MF 
VI-VI 
LiF 
NaF 
AgF 
KF 
CsF 

2"07 2"008 0"062 
2-35 2"31 0"04 
2"48 2"46 0"02 
2"71 2"673 0-037 
3"03 3"00 0"03 

MO2 
VHI-IV 
CeO2 
UO2 
ThO2 

Fluorite 

2"35 2-34 0"01 
2"38 2"37 0"01 
2-44 2"42 0"02 

MF2 
VHI-IV 
CdF2 2.38 2.333 0"053 
CaF2 2"43 2.37 0"06 
HgF2 2.45 2"40 0"05 
SrF2 2.56 2.51 0.05 
BaF2 2.73 2.69 0"04 

MB03 Perovskite 
VI-VI orX II-VI 

BaCeO3 2.25 2.198 0.052 
SrCeO3 2.25 2-135 0"115 
CeCrO3 2.015 1.933 0.082 
KNbO3 3"00 2.84 0"16 
KNbO3 2.04 2-011 0.029 
BaMoO3 2.05 2.02 0.03 
SrMoO3 2.05 1.987 0.063 
BaPbO3 2.175 2.136 0.039 
BaSnO3 2.09 2.058 0.032 
CaSnO3 2.09 1.96 0.13 
SrSnO3 2-09 2.016 0.074 
BaZrO3 2.12 2.096 0.024 
SrZrO3 2.12 2.05 0.07 

MBF3 
VI-VI or XII-VI 

KCoF3 2.065 2.035 0.030 
RbCoF3 2.065 2.03 0.035 
TICoF3 2.065 2.064 0.001 
CsMnF3 2-15 2.13 0.02 
CsMnF3 3-25 3-13 0" 12 
KFeF3 2.10 2.06 0.04 

Table 7 (cont.) 
Rcale yl-o Robs M-O AR 

RbFeF3 2.10 2.087 0-013 
KMgF3 2.05 1-986 0.064 
KMnF3 2.15 2.095 0"055 
KNiF3 2.03 2.006 0.024 
CsPbF3 2.51 2.405 0-105 
KZnF3 2.075 2.027 0.048 
AgZnF3 2-075 1.99 0"085 

Unusual and irregular coordination 
When the distances in polyhedra are almost equal, 

it is easy to determine the coordination. In this case 
there is usually a clear cut-off point for which periphe- 
ral anions may be considered as bonded to the central 
atom. However, in many cases there is a gradual in- 
crease in near-neighbor distances up to very large inter- 
atomic distances for the large alkali and alkaline earth 
ions in network structures such as silicates; consequent- 
ly, the CN of these ions is frequently uncertain. The 
curves of radii vs. CN reflect this uncertainty [Figs. 2(a) 
and 2(b)]. For  the purposes of this paper a break of 
0.02-0.05 A was sought as the cut-off point in the 
interatomic distances. When there was no such break, 
the distances were tabulated as questionable values. It 
seems likely that the slopes of radii vs. CN plots should 
be regular. The deviation from regularity is particularly 
noticeable for Na +, Ag +, K +, Cs +, Pb 2+, Sr z+, and 
Ba z+. The lack of regularity is attributed either to an 
insufficient number of examples of a particular coor- 
dination and/or to the difficulty in determining the CN. 

Several other groups of ions exhibit irregular coor- 
dination which frequently does not result in consistent 
interatomic distances. Also, the radii derived from 
these distances do not fall on the regular curves of 
radii vs. CN. These are the ions with the following 
electron configurations: 

d 4 -  Mn3+HS, Cr2+HS 
d s - Ag3+, Au  3+, Pd 2+, pt z+ 
d 9 - -  C u  2+,  Ag z+ 

d t 0 - A g + ,  Au +, Hg z+, Cu + 
sZ-As3+,  Sb3+, Bi 3+, Pb z+, Te4+ 

A detailed discussion of the stereochemistry of d 4, d s, 
d 9, and d 1° ions is given by Orgel (1960). Ions with d s 
configuration frequently occur in square planar coor- 
dination. This coordination is usually clearly recog- 
nized, e.g. PdO, AuF3. The ions with d 4 and d 9 con- 
figurations have the familiar Jahn-Teller distortion 
exemplified by Cu 2+. These ions are characterized by 
four ligands at one distance and two ligands at a dif- 
ferent distance, either closer or further away. When the 
difference is slight, the coordination is pseudo-octahe- 
dral; when the difference is large, square-planar or 
two-coordinated structures result. In the cupric oxides 
and fluorides the distances of the fifth and sixth neigh- 
bors range from just slightly larger than the other four 
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to distances almost outside the bonding sphere. In the 
case of cupric compounds we have calculated the aver- 
age distance of all six neighbors for octahedral coordi- 
nation and the four near neighbors for square-planar 
coordination and have listed the radii in Table I as 
both IVSQ and VI. 

Ions with the dlO configuration have been observed 
with linear two coordination. Orgel has related this 
behavior to the small separation in energy of the 
d Io and d9s states and predicts linear coordination of 
Cu +, Ag +, Au +, and Hg 2+. Two-coordinated radii are 
tabulated for Cu +, Ag +, and Hg 2+. 

Another group represents the ions with a lone pair 
of electrons: As 3+, Sb 3+, Bi3+, pb2+, and Te 4+. The 
oxides formed with these ions are considered to be 
highly covalent. For example in PbO the lone pair acts as 
a ligand and results in a coordination of four neighbors 
m a plane on one side of the Pb 2+ ion and the lone pair 
on the other side at the apex of the pyramid. This con- 
figuration has been designated in Table l(a) as IVPY. 

Summary 

The goal of this work has been to provide radii which 
will be useful to anyone interested in the structures of 
oxides and fluorides. The set of empirical radii derived 
here is primarily intended to be used in calculating 
expected interatomic distances in oxide and fluoride 
crystal structures. Although the absolute values of radii 
were considered, one cannot reliably assign specific 
numbers to specific ions. Certain effects such as anion- 
anion repulsion, irregular coordination, and metal-  
metal bonding cause deviations from predicted inter- 
atomic distances wich have been largely ignored be- 
cause these effects are difficult to include in a simple 
table of radii. These 'high-order' effects probably are 
of greater importance in structures with larger anions 
than in those containing oxide or fluoride ions and 
must be left to future work. 

Note added in proof." - Prof. B. Reuter, who has just 
completed a refinement of the structure of the ordered 
spinel, MgV204, has suggested a value of r(IVMg2+) 
=0.58A.  Because the original value of 0.49 A came 
from a single structure refinement and because this new 
value is more consistent with Fig. 2(b), the new value 
is preferred. 

We would like to acknowledge the interest of Pro- 
fessor M. J. Buerger whose encouragement in the early 
stages of this work provided much of the incentive for 
its completion. We would also like to thank Professors 
W.H.Baur  and A.Pabst  for critically reviewing the 
manuscript prior to publication. 
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Stereoehemistry and Crystal Structure of a Cobalt(III) Sulphito Complex: 
trans-Sulphiteisothioeyanate-bis(ethylenediamine)eobalt(III) Dihydrate 

BY S. BAGGIO AND L. N. BECKA 

Facultad de Ciencias Exactas, Universidad de Buenos Aires and Facultad de Ciencias, 
Universidad Central de Venezuela, Caracas, Venezuela* 

(Received 14 May 1968) 

The crystal structure of Co(en)2SO3NCS. 2H20 has been determined from three-dimensional X-ray 
data and refined by the full-matrix least-squares method to a residual of 0-078. The compound crystal- 
lizes in the monoclinic system, space group P2a/c with four molecules in the unit cell of dimensions 
a= 9.13 _+ 0.02, b = 6-59_+ 0-02, c =22.88 + 0.06 A, p= 95.5 + 0.5 °. The coordination around the metal 
atom is octahedral, the sulphito group being bonded through sulphur to the metal and in trans configura- 
tion. The Co-N(NCS) distance is not significantly different from the Co-N(en) distances. Some impor- 
tant dimensions are: Co-S, 2.203+0.006A; mean Co-N(en), 1"962+0.010A; mean S-O, 1.485+ 
0.012 A; mean O-S-O, 110.3 + 0.7 °; Co-N(NCS), 1.974 _+ 0"018/~. 

Introduction 

Recently, the infrared and visible absorption spectra 
of a series of sulphito-bis(ethylenediamine)cobalt(III) 
complexes were measured by Baldwin (1961). These 
spectra, together with measurements of conductivity in 
aqueous solution and a study of chemical reactions, 
were interpreted by Baldwin in terms of possible struc- 
tures for these complexes. For Co(en)ESO3NCS. 2H/O 
it was postulated that the sulphito group is bonded 
through sulphur, the bond possibly involving dn-dn 
bonding, and that the compound had the eis configura- 
tion. Kinetic studies of sulphito complexes of Co m 
have also been made recently, indicating that the sul- 
phito group has a marked trans labilizing effect (Tewari, 
Gaver, Wilcox & Wilmarth, 1967). 

We undertook the structure determination of this 
compound in order to establish whether the postulated 
structure was correct, and, if so, to compare the di- 
mensions of the sulphito group coordinated to Co m,  
with the dimensions found for this group in 
PdSO3(NH3)3 (SpinNer & Becka, 1967). Furthermore, 
we considered that a comparison between the different 
Co-N distances in this compound would be of interest 

* Present address. 

in relation to the kinetics of reaction of sulphito com- 
plexes. In an earlier communication (Baggio & Becka, 
1967) we described the main features of the structure 
as obtained from least-squares refinement with indi- 
vidual isotropic temperature factors. In this paper we 
give the details of the structure and structure deter- 
mination with individual anisotropic temperature fac- 
tors for Co, the atoms of SO3, and the atoms of NCS. 

Experimental 
Preparation 

Co(en)2SO3NCS. 2HEO was prepared by the method 
reported by Baldwin (1961), and crystals suitable for 
X-ray studies were obtained by recrystallization. The 
chemical and physical properties of the sample were 
in good agreement with those reported previously. 
Chemical analysis of a sample gave the following per- 
centage composition for C, N and H: C, 17.37; N, 
19.21; H, 5.75, the theoretical composition being: 
C, 16.59; N, 19.83; H, 5.66. 

Crystal data 

Name of substance: trans-sulphiteisothiocyanate- 
bis(ethylenediamine)cobalt(III) dihydrate. Chemical 
formulae: structural, Co(en)2SO3NCS. 2H20; alpha- 


