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ABSTRACT

The compatibility index (l - Kp/Kc), applied to
834 sets of data from Winchell & Winchell (t964),
characterizes 406 sets (49Vo) as superior, 179
(2lVo) as excel lent, 93 ( lLVo) as good, 39
(SVo) as fair and ll7 (l4%a ) as poor. Revised
constants are proposed for WOs (0.171), PrOr
(0.183), SeO, (0.195), TeO, (0.201) and TeO3
(0.172\. Constants are presented for twelve or-
ganic constituents as yell as for SO (0.335), PdO
(0.190), PtO (0.118), PO! (0.236), PtO, (0.151)
and ReOz (0.130). Among the organic constituents,
CeOa has its value revised from 0.270 to 0.267.
Additional constants to be used only for neso- and
inosilisates are AlrO' (0.176), Ti2O! (0.227), V2Os
(0.237), CrzOs (0.M7) and Mn2O, (0.256).-Appli-
cation of the compatibility index to other sets of
data. (garnets, axinites, scapolites and new min-
erals) allows assessment of the data and com-
monly points out errors, Individual & values should
be called Gladstone-Dale constantg not specific
refractive energies.

Keywords; Gladstone-Dale constants, compatibility
index, synthetic compounds, silicates, new species,
organic, inorganic.

Sorvrrvrme

L'index de compatibilit6 ( I - Kp/ Kc) a €t6 c,al-
cul6 pour 834 groupes de donn6es tir6es de Winchell
& Winchell (1964); 406 de ceux-ci (49Vo) s'avC'-
rent sup6rieurs, 179 (2lVo) excellents, 93 (llVo)
bons, 39 (57o) passables et 117 (147o) pidtes. On
propose des constantes r6vis6es pour WOs (0.171),
PrO! (0.183), SeO, (0.195), TeOs (0.201) et TeO'
(0,172), On pr6sente des constantes pour douze
composants organiques ainsi que pour SO (0.335),
Pdo (0.190), Pto (0.118), POo (0.236), PtO,
(0.151) et ReeO? (0.130). Pour un des composants
organiques, CgOe, la valeur de la constante passe
de 0.21A t 0.267. Des constantes i utiliser pour
n6sosilicates et inosilicates sont les suivantes: AlrOe
(0.176), TizOa @.2U), VrO' (0.237), CrrO,
(0,247) et MnrOr (0.256). r-application de I'in-
dice de compatibilit6 i d'autres ensembles de don-
n6es (grenats, axinites, scapolites, min6raux nou-
veaux) permet l'dvaluation des donn€es et, dans
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plusieurs cas, le d6pistage d'erreurs. Les vdleurs
individuelles de & devraient s'appeler constantes de
Gladstone--Dale et non pas "6nergies r6fractives
sp6cifiques".

(lraduit Par la R6daction)

Mots-clis: constantes de Gladstone-Dale, indice de
comptabilit6, compos6s synth6tiques, silicates, mi-
n6raux nouveaux, organique, inorganique.

INrnoouctroN

In Part III of this series, and using Kr = (n-
l)/D and Kc - k'p'/l}O * kzpz/l00;, * k"p^/
100, Mandarino (1979) proposed that the quan-
tity (l - Kr/K.) be used as a measure of the
compatibility of the mean index of refraction,
density and chemical composition. This quantity,
henceforth called the compatibility index, was
used to set up a scale by which the internal con-

compound could be
adjectives. The scale

sistency of data for a
characterized by certAin
proposed is:

Compatibility Index
-+0.000 to J0.019
-f0.020 to -f0.039
-+0.040 to -+.0.059
-f0.060 to -rO.079

> -f0.079

The limits for'these categories were selected
quite arbitrarily; a few words are in order to
explain what they represent in terms of actual
values of the mean index of refraction and
density. In each of the following examples, it
is assumed that the value of Kc is correct. In
other words, the chemical formula and the in-
dividual & values used for the constituents are
assumed correct. Therefore, any deviation of
Kt/K" from unity is due to an error in Kr
which, in turn, is caused by errors in 

-n 
or D

(or both). For a compound with Kc = 0.200,
7 = 1.600 and D - 3.0@ g/cm8, the data will
fall into the superior category if the errors in
fr and D do not exceed -r0.0O2 and :!O.O70,

Category
Superior
Excellent
Good
Fair
Poor

441
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respectively. A compound with Kc : 0.300, n
: 1.6@ and D - 2.000 g,/cms will have data
that fall into the superior category if the errors
in D and D are less than :L0.002 and :!0.047.
respectively.

TEsr or rHE CoNcEpr oF A Corrpetrstt-rty
INPnx

To test the concept of a compatibility index,
it was decided to carry. out calculations with data
from a large number of compounds. The com-
pilation of Winchell & Winchell (1964) pro-
vided data for numerous synthetic compounds;
this selection should keep errors in chemical
composition to a minimum. The sole criterion
for selection of a particular compound was the
completeness of the appropriate data (i.e., chem-
ical formula, indices of refraction and densitv).
In a few instances, compounds known to be of
doubtful validity were rejected. Data from
834 compounds were used to calculate Kc, Kr
and 1 - Kp/ Kc. Table I shows that this resulted
in 406 sets of data (49% ) being characterized
as superior, 179 (21% ) as excellent, 93 (l l,%)
as good, 39 (SVo ) as fair and 117 04Vo\ as
poor.

Because data for synthetic compounds were
used to minimize errors in chemical compo-
sition, large values of 1 - Kp/ Kc are probably
due to errors in fr or D (or both). Although one
should not discount the possibility of errors in
individual values of fr, the overwhelmingly large
percentage (8lVo) of compounds falling within
the superior, excellent and good categories tends
to support the concept of the compatibility
index.

An attempt was made to check the data for
the 117 compounds that were placed in the
Poor category. Data for 85 of these compounds
were found in the compilation of Donnay &
Ondik (1973). Of these, 12 showed no signifi-

TABLE 1. DISTRIBIITION OF THE COMPATIBILITY INDEX
FoR THE 834 CoMP0UNDS FR0M T,ITNCHELL & WINCHELL(1964)

Compat lb i l i ty
category

Superi or
Excel I ent
Good
ta t  r
Poor
Total s

cant changes, two had different chemical com-
positions, one had new optical data, 68 had
new density data and two had all three sets of
data different from those given earlier. In addi-
tion, three of the compounds not listed by
Donnay & Ondik (1973) have densities that
are obviously incorrect. Comparison of the
densities given by Winchell & Winchell (1964)
with densities of related compounds shows un-
reasonable discrepancies. Indeed, two of these
may be typographical errors (i.e., 3.80 g,/cm3
instead of 2.8O g/cms). Among the 68 sets of
new density datao several "new" densities are
really corrections of typographical errors.

T\e 73 sets of revised data were used to
recalculate values of | - Kp/ Kc, with the fol-
lowing results: seven compounds are now in
the superior category, eight are excellent, six
are good, five are fair and 47 remain in the
poor category. The revised data are compared
with the original data in Table 1. It should be
emphasized that of the 91 compounds that
remain in the poor category, no data are given
by Donnay & Ondik (1973) in 32 cases, the
data for l2 compounds were unchanged and the
data for 47 did not result in reclassification.
The latter remain in the poor category; even
so, the recalculated L - Kp/Kc values were bet-
ter for 35 and worse for 12.

CovrertsoN oF THE CoNcEpt AuoNc
Drnrunnur CHrurcel Cr-esses

The 834 compounds discussed in the preced-
ing section include most of the chemical classes
found in minerals as well as some others. The
results of the calculations by chemical class
(Table 2) indicate that the silica glasses,
selenates, halates, sulfates, silicates and nitrates

TABLE 2. COMPATIBILITY INDEX DISTRIBUTION OF REVISED
ITIINCHELL & IIINCHELL (1964) DATA FoR VARIoUS CHEIIICAL cLAsSEs

Chsnlcal Nunber
C l a s s  5  E o F P  x

Percentage
S E O F P  X

5 3  4 2 0
1 4  0 2 0
2 5  6 1 2
7 8 3 1 7 5
9 3  3 4 2 1  6
t 2  6 1 1
2 3 L 4 8 2
i 0  9 3 0
1 ?  7  q  1

2 5  1 9 1 1  6
r  0 0 0

40 32 19 11
2  L t 0
1 2 0 0

23 2215 I
o  0 3 2

413 187 99 M

406 49 413 50
179 2L L87 22
93 t1 99 t2
3 9 5 M 5

1.17 L4 91 11
834 100 834 100

s l l l ca  g lasses
sel enates
halates
sulfates
sl I icates
n l trates
carbonates
borates
arsenafes
phosphates
vanadates
ha l ldes
molybdates
chronates
oxides
tungstates
ALt

6 0  8 8  7  3  0  2 1 0 0
L 7  8 2  0 1 2  0  6 1 0 0
3 4  7 3 1 8  3  6  0 1 0 0

r 3 0  6 0 2 4  5  4  7 t 0 0
Lst s9 22 Le .4 2 too.,
2 L  5 7 2 8  5  5 _ 5 1 0 0
49 47 29 t6' 4 4 LlO
2 3  4 4 3 q 1 3  o  4 1 o o  

'

30 ., M 2l .r7:: '3 iur.100
69 36 2T t6 I 1,2 L00
3  3 3  0  0  0 6 7 1 0 0

V4: t 3a26,i15,. 9 18 100...
..7 -,. . 29 14 14 0 43 100

. 4" ...?5 50-rtii\10:,i5 100:r ..
i00. 23 22 ts I 32 r00

6  - 0  q 5 0 1 3 3  1 7  1 0 0
834 50 22 12 5 11 100

d

2
22

1
32

T
9t

trSllllttt 
data; B revJsed data from Donnav & 0ndik

S .  S u p e r l o r '  E .  E x c e l l e n t ,  G .  G o o d ,  F .  F a i r ,  P .  P o o r
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all have over 50Vo of their data in the superior
category. The carbonates fall just short of this,
with 47 Vo of their data classed as superior. The
percentage of data classed as superior drops in
the other classes from 44Vo in the borates to
O% in the tungstates.

The chemical classes were further investi-
gated to determine whether I ) better constants
for the particular anionic components could be
calculated and 2) application of these constants
would change the overall distribution among
the categories. Results of such calculations show
that most of these new constants are very close
to those given by Mandarino (1976), and only
the constant for WOs is significantly different.
It is suggested that the new value for WO, of
0.171 should replace 0.152 given by Mandarino
(1976). The new phosphate constant is 0.183,
but the frequency distribution of the calculated
values of /c for P:Or indicates two "peak" con-
centrations at about 0.175 and 0.190, which are
close to the values given, respectively, by Man-
darino (1976) and Larsen (1921). Attempts to
correlate the two constants with specific kinds
of phosphates (i.e., "normal" versus "acid",
hydrous uersas anhydrous) failed. Although the
application of the new constant to the phos-
phates of Winchell & Winchell (1964) results
in only a slight change of distribution among
the categories, it is suggested that this value
of 0.183 be used in place of 0.176 given by
Mandarino (1976). Trzcienski er a/. (1974)
derived a constant equal to 0.170 for PzOs
from a fluorapatite. However, they did not
actually derive it from the data that they pre-
sented. If they had, the value would be 0.166
based on their measured density, or 0.184 on
their calculated density. In fact, because of some
errors in their calculated formula, their molec-
ular weight and density are incorrect. If the
correct calculated density is used, /c for PrOs
is 0.179. If their data and the constants pro-
posed by Mandarino (1976) are used, the k
values of PrOr from D(meas.) and D(calc.)
are, respectively, O.188 and 0.200. Using k
(PzOs) as 0.183, the data of Trzcienski et al.
(1974) fall into the superior category if D
(meas.) is used and into the excellent category
if D(calc.) is used.

Oxides

The 1O0 sets of data for oxides given by
Winchell & Winchell (l9U) enabled oxide
constants to be calsulated for 35 oxide con-
stituents. Some of these were calculated from
simple oxides (i.e., the oxide of a single cation,

such as MgO), others were calculated from
multiple oxides (i.e., the oxide of more than
one cation, such as MgAlaOo), and still others
were calculated from both kinds of oxides.
Table 3 gives the results of these calculations
and compares the new "oxide" constants with
the general constants proposed by Mandarino
(1976). Over a third of the oxide constants are
identical or very close to Mandarino's general
constants (f.e., within -+SVo). There does not
seem to be any clear relationship between the
general constants and the corresponding oxide
constants. Therefore, it does not seem reason-
able to suggest that any of these oxide constants
should be used when working with oxides. This
is particularly true in that many of the oxide
constants were calculated from very few sets
of data, and thus are more likely to contain
significant errors. On the other hand, use of
these oxide constants in the calculation of I -
Kp/ Kc dramatically changes the distribution
among the categories. The largest changes are
in the superior category (from 23 to 4l%o)
and in the poor category (from 29 to lOVo).
Ten of the oxide constants were calculated from
single sets of data and, among these, seven
u,ere simple oxides. Consequently, the value of

TABLE 3. CONSTANTS CALCULATED FROM OXIDES

Constl.tqent Regular k oxlde /< g Difference from' 
Mandarlno Regular I to oxide k

(1e76)

Hzo
Ll  z0
Na20

* Cu20
Be0
M9o
Cd0
liln0
Fe0

r  N io
Cu0
Zn0
sr0
cd0
8a0

r H90
Pb0
Bzo:
A1203
C1203
Mn203
Fe203
G a r 0 I
Asioi
Sb203
st 02
Ti02
Ge02

t 7102
r Sn0z
* Te02
r Th02

Pr 0.
!10;
uog

0.340
0.307
0.190
0,234
0.240
0.200
0.210
0.197
0.188
0.176
0.170
0.158
0.145
0.130
0.128
0.123
0.133
0.215
0,207
0.290
0.301
0.315
0.170
0.235
0,203
0.208
0,393
0.167
0.211
0.143
0.183
0.167
0,176
0.152
0.118

0. '335 -1.5
0 .312  1 .6
0.232 22.1
0.?77 18.4
0.222 -7.5
0 .197  -1 .5
0 .233  11 .0
0 .215  9 .1
0 .192  2 .1
0.186 5.7
0.204 20.0
0.125 -20.9
0.163 12,4
0.164 26.2
0.1i18 15.6
0.135 9.8
0.168 26.3
0,241 l2,l
u .  r v c  - 9 . o

0.220 -24.1
0.304 1.0
0.317 0.6
0.104 -38.8
0.210 -10.6
0.210 3.4
0.207 -0.5
0.379 -3.6
0.166 -0.6
0.209 -0.9
0.1118 3.5
0.200 9.3
0.124 -25.7
0.207 17.6
0.157 3.3
0.126 6.8

*These oxides are those for which constants were calculated
from a slngle slmple orlde (i..e. the oxlde & ls the KD of
the  ox lde . )
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Kr is automatically equal to Kc for these com-
pounds, the value of I - Ke/K" is zero, and
the data are placed in the superior category. If
these seven sets of data are deleted from the
distribution, there is still a substantial change
in the superior category (from 23 to 36Vo)
and in the poor category (from 29 to lL%o).
With constants for only 35 constituents, it is
doubtful whether these oxide constants will be
of much use. Also, since many oxides are
opaque, the Gladstone-Dale relationship is not
applicable; many others have such high indices
of refraction that large errors of measuremenl
may be present, adversely affecting the appli-
cation of the Gladstone-Dale relationship to
these oxides.

Until a major study of a large number of
reliable sets of data for a wide selection of
oxides becomes available, we must face the
unsatisfactory conclusion that the Gladstone-
Dale relationship is not applicable to all oxides.

Silicates

Special additional attention was given to
silicates becauses they represent the single largest
chemical class among minerals (about 25Vo)
and because for many years the author has been
aware of the nonconfornance of certain sili-
cates with regard to the Gladstone-Dale rela-
tionship. The most notable example of silicates
that do not conform to the relationship is the
garnet group, discussed in a later section.

Deer et al. (1962r, b, c, 1963) provided 505
sets of data for which values of Kr and Kc can
be calculated. The distribution of the compati-
bifity indices (l - Kp/Kc) for these data is
given in Table 4, where a comparison is made
with the revised results for the silicates from
Winchell & Winchell (1964). It is apparent that
more of the data from Deer et al. f.all into the
superior compatibility category than do the data
from Winchell & Winchell (1964). This is
probably due to the fact that calculations of &
for the compounds given by Winchell & Win-
chell (1964) were carried out for the ideal for-

TAts.E 'I. DISTRIBUTIOil OT I-KP/t FOR SIIICATES

Cat€gor?
505 slllcates frm 157 slllcates from
Dee" at aL. ll962a, ltlnchell t tllnchell

D' a' 1963) (1964)

mulae given by them, although the compounds
are probably not that pure. On the other hand,
the values of Kc for the minerals given by Deer
et al, (1962a, b, c, 1963) were calculated from
actual analyses. Table 5 shows the distribution
of the data from Deer et al. among the specific
types of silicate structure; it is clear that the
nesosilicates and phyllosilicates have far fewer
sets of data in the superior category than do
the other types of silicates. Much of the poor
compatibility among the phyllosilicates prob-
ably results from poor physical data It is com-
monly extremely difficult to measure all the
principal indices of refraction of the many mi-
cac€ous species.

Since it is more difficult to understand the re-
sults among the nesosilicates, they were ex-
amined more carefully. One of the first ob-
servations made was that minerals with high
amounts of FerOa generally show better com-
patibility than do minerals with high amounts
of AlrOr. When the new constants given by
Mandarino (1976) were first derived, it was
found that certain compounds gave a k value
for FezOg of 0.315 whereas silicates gave a
value of O.268. Jaffe (1956) gave the values
of 0.310 for FezOg in hydrated sulfates and
0.290 in silicates. In the present study, the
author theorized that special constants were
needed for the other trivalent constituents in
silicates; thus new & values for AlzOs, VrOa,
CreOs and MneOa were derived by multiplying
the old constants by 0.851, which is the ratio
of the "silicate' FeeOa constant (0.268) to the
other FerOg constant (0.315). The "silicate"
constants derived in this way are: Alros 0.176,
Ti2O, 0,227, YzOs O.237, CrzO. 0.247, Mn'O"
0.256 and FerO, 0.268.

Values of Kc and of the compatibility index
were recalculated for each of the 505 sets of
data given by Deer et al. (1962a, b, c, 1963)
using the foregoing trivalent constants. The per-
centages in the various categories are: Superior
48(70), Excellent 33(21), Good l3(7), Fair
5(1) and Poor l(l). The figures in brackets
are the percentages from Table 4 using the
constants given by Mandarino (1976). lt ap-
TABT.E 5. DrsrRtBnllox 0r r-ry't An[o stLtctrE sIrugruRE-TrPEs'

Sll lcate
!tructure.typ€

CrtegorY
superlor orc€l'lont good frlr poor

M tcl ast L1 s,
8 1 1 6 3 0 0
7 8 1 8 2 0 2
7 2 m 6 l t
5 5 2 6 1 1 4 4
9 1  9 0 0 0

59t
22
TJ
4
2

100

7M
2l
7
I
t

Totnl 100

llasosl I I cates
Somslllcates
Cyclosl l'lc.tos
lnosll lcates
Phyllosll lcates
Tectosl llcates

Superlor
Ercall ent
0ood
Falr
Poor

rData fru Oeer et aL, (1962a, b, or 1963).
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pearc that the new trivalent constants give
poorer results than did the old constants. How-
ever, if the results in the various structure types
are examined, a different picture evolves. Table
6 lists, by silicate structure type, the distribu-
tion of values of the compatibility index deter-
mined from Kc values that were calculated
using three sets of ft values. Those marked M
were calculated using the constants given by
Mandarino (1976). Those marked MR rep-
resent those calculated with the same constants
except that the revised constants for the tri-
valent constituents were used. For further com-
parison, data are included for calsulations car-
ried out with the constants given by Larsen
(1921) and revised by Jaffe (1956); these are
marked I-lkJ. For each structure type, the
highest percentage in the superior category is
italicized. The highest percentage of superior
data in the nesosilicates is the result of calcula-
tions using the revised (MR) constants. The
same is true of the inosilicates, although there
the difference between the results from the
revised constants (MR) and the original con-
stants (M) may not be significant. In all the
other structure types (sorosilicates, cyclosili-
cates, phyllosilicates and tectosilicates), the re-
sults obtained from the original Mandarino
constants give the highest percentages in the
superior category. In the tectosilicates, however,
there may not be a significant difference be-
tween the results using the Larsen-iaffe con-
stants and those using the Mandarino constants.

It is recommended that the revised constants
for the trivalent constituents be used for only
the nesosilicates and inosilicates; the constants
given by Mandarino (1976) should be used for
all other silicates. That the Mandarino constants
place more of the data from Deer et al. (1962a,
b, c, 1963) in the superior category than do
the Larsen-Jaffe constants is evident from
Table 6.

The superiority of the constants proposed by
the author over those proposed by l.arsen
and revised by Jaffe has already been dem-
onstrated for the silicates (Table 6). For
the data taken from Der et aI. (1962a, b, c,
1963), 73.5Vo fall into the superior category
using Mandarino's constants compared with
5l.3Vo using the Larsern-Jaffe constants. Similar
results were found for the silicate data given

by Winchell & Winchell (196/'): the Mandarino
constants placed 74.l%o of the data in the su-
perior category compared with 57.9Vo for the
Larsen-Jaffe constants. For nonsilicates the
differences are not so striking; the use of either
set of constants gives similar statistical results.
For the 834 sets of data from Winchell & Win-
chell (1964) the Mandarino constants give a
slightly better distribution among the various
categories than do the Larsen--Jaffe constants.

One of the main advantages of using the
Mandarino constants instead of the Larsen-
Jaffe constants is the greater number of son-
stituents covered by the former.

New CoNsrANTs AND ttrn RpLtlnnrtv
or CoNsreNrs

During the course of this entire study,
numerous constants for the Gladstone-Dale re-

TASLE 6. DISTRIBIITIoI{ OF TllE C0llPATlBltITY lqq! NOIIC THE'SiiicEie 
srnucrune-rrprs FoR DATA TAKEN FRol'l DEER @ /r-f

Slllcate C@Prtlblllty (L & ,r) (tt) (|e)
Structure-typ€ Categoty

s 3 0 { r 5 4
E 2 8 3 9 3 0

!{esosillcatos g 29 20 1l
F t 2  1 4
P l 0 l

100 1@ 100
16 81 24
52 16 55
3 2 3 1 6
0 0 5
0 0 0

100 t00 100

CoupenrsoN oF MANDARINo
cottst.tNrs eNo LnnsrN-J$re coNstAxrs 

Phvlloslllcates

5
E

Sorosll lcates 6
F
P

s 4 5 7 8 2 0
E 4 5 1 8 5 0

C y c l o s l l l c l t e s G 8 2 2 5- F 0 0 5

P _ 3 2 0
100 l@ lfl)

Inosll lcates

Tectosll icates

s
E

F
P

s
E
G
F
P

s

F
P

51 72 7d
3 4 n 2 0
1 2 6 3
2 t l
l l 0

rql t(p l@
:n 6' ./ti,
41 26 38
l l l l 6
6 4 9
4 _ g J

100 100 r(X)
88 91 25
u 9 4 0
1 0 2 6
0 0 9
0 0 0

100 100 r00

tq yalues calculated frcn: Lrlsen's constatlts ss revised by
,J;ffe (L & J)' l,landarlno's constants (l{)' and llandarlno's
revised constants (l'lR). Itillclzed n(&bers rePresent the
hlqhest percentases of data ln the superior category for
eaih stricture-type. t Deer et a7.. 17962a' b. a, 1963).
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lationship have been derived; 119 constants for
I 14 constituents were published by Mandarino
(1976, 1978). Several other constints, derived
from data not previously available, are included
in Table 7 along with the constants previously
proposed by the author. Revised constants are
given for SeOr, TeOz and TeOa; information
concerning these constants will appear in a
paper being prepared by the author. It is sug-
gested that the constants in Table 7 should re-
place all former constants.

The reliability of a k value for a particular
constituent depends on several factors. The first
of these, and the most obvious. is the accuracv
of the physical data (indices of refraction and
density) for the compounds used to derive the
constant. Because of the empirical nature of
the Gladstone-Dale relationship, the reliabilities
of the constants also depend on the number of
compounds used to derive them and the con-
sequent statistical spread in the values for a

TABI.E 7. REVISM GLADSTOI{E.DALE C!ilSrA|ITS

143.80 (0.2671
(0.227) nesosllicates &

lnoslllcates
14e.88 (0.279)

(0.237) nesoslllcates &
I nosl llcates

151.99 (0.290)
(0.247) nesoslllcates t

lnosl I lcates
157.87 0.301

0.255 nesoslllcdtes &
lnosl llcates

159.69 0.315
0.268 sillcates

165.86 (0.329)
165.42 (0.339)
t87.44 0.170
197.U 0.235
225.81 0.170

(0.1e5)
277.64 0.130
291.50 0.203
325.82 0.148
328.24 0.144
329.81 0.141
336.48 0.137
342 (0.133)
348.70 0.130
351.92 0.126
362.50 0.1?3
365.85 0.119
373.00 0.115
377.86 0.112
382.52 0.108
3S5.87 0.104
394.08 0.101
397.94 0.097
456.74 0.053
465.96 0.153
44.01 0.211
60.08 0.208
62.97 0.236
64.06 0.262
79.90 0.393
82.94 0.393
83.e9 (0.394)
86.94 0.394

104.59 0.167
110.96 0.195
123.22 0.217
150.69 0,143
159.60 0.201
172.12 (0.205)
210.49 0.115
227.09 0.151
239.19 0.105
264.04 0.167
270.03 (0.100)
108.01 0.242
r4t.94 0.183
150.90 0,220
t81.8tl 0.3i10
229.U 0.162
239,81 0.180
265.81 0.268
323.50 (0.153)
333.81 0.195
rt41,89 0.151
497.e6 (0.139)
80,06 0.177
99.99 0.335

126.96 0.164
143.94 0.237
175.60 0.t72
231.85 0.171
285.03 0.118
),76.12 0.133
182.90 0.182
22t.87 0.348
27t.80 (0.156)
365.80 0.168
484.40 0.130
19.00 0.047
35.45 0.318
79.90 0.2t7

126.90 0.227
16.00
32.06

Tl20 3

Vzo:

Cr20s

Mn203

Fe203

Co203

il;3:
eslol
Y16, '

23

24

26

27
28
11

JY

H
H

H
H

H
H

H
H

H
H
H
H
H

Conponent Atomlc llolecular
. [unber Helght

Remarks Rellabll lty
Indlcator

ln r0r
sb;o;
La;0;
ce;o;
eriol
lu2v3

:ri3:
Gd;o;
Tb203
Dyzo3
Ho203
Er203
Tm203
Yb,0?
LU2U3
I  r 2 v 3

Bl 203
coz
Sl02
Po2
so2
Ti0z
Voz
Cr0z
Mn0z
Ge0z
Se0z
ZrXz
SrOz
Te0z
Ce0z
Hfl)z
Pt!z
Psz
I!oz
uoz
l{z0s
PzO s
! r 2 v 5

v,0.
li,{u
Er,U<
riuioi
sb205
lzos
Ta20 s
81205

W r
cd:
SeOs
MoO:
Te0:
K)r
UO;

s:0t
e t 2 w 7
l4n20z
Br,0'
!16r '
Re20?

c l -
! r
I -

0z-
S2-

49
C I

57
58
59
60

62
OJ

64
65
oo

68
6 0

70
7L
81
83

o

t4
15
16
22
23
24
25
32

40
9U
52
6A

72
78
a2
90
92

L7
23
??

J!

4t

aa
q?

M
tl
t

H

t l
H
H
H
H

7

H
H
H

M
M

H
H

M . :
it

H
H
H
H
H
H
H.

Hzg

tifrh.o
Na20
Kz0
Cu20
Rb20
Ag20
Cs20
Au20
Hgz0

I

11
l9
29
37
47
55
79
80

8l
87

L2

18.0? 0.340
29.88 0.307
52.08 0.it83
61.98 0.190
94.20 0.196

143.09 0.234
x86.94 0.128
231.74 0.168
281.81 0. tx9
409.94 (0.r52)
4t7. t8 0.144

(0.134)
424.74 0.11s
462 (0.115)
25.01 0.2q0
40.30 0.200

0.225 sulfates &
selenates

H
H
H
H
H

u
u

M
H

?
M . H
I

H
H
H

t4
H
H

M
1
M

L
t4
M

Tl20
Ff20

Bd)
Mgo

s0
ca0
v0
CrO
MrO
Fe0
Co0
Nl0
Cu0
zm
Pd0
cd0
Sn0
Ba0
P@
Hgo
Pb0
Ra0

Br0q

N;o;
n r 2 v 3

16 48.06
20 56.08
23 66,94
24 68.00
25 70.94
26 71.85
27 74.93
28 74.7L
29 79.55
30 81.37
38 103.62
46 122.40
48 128.40
50 134.69
56 153.34
78 21t.09
80 216.59
82 223.19
88 242,00

n ziE

0.?10
(0.?07)
(0,202)
0.r97
0.188
0.L79
0.176
0.170
u .  l &
0.145
0.190
0.130

(0.140)
0.128
0 .118
0.123
n  1 1 1

(0.120)
0.215
0.267

(0.325)
0.207
0.242

0.176

(0 .315 )
0.257

H
H
H

L
H

t

H

H
t'l
I

H
ll
?

M'- H
H

M
14
il

H

tl
t'l
M

lil

M
t'l
M
M

l o

24
34
42
52

92

L7
25

53
75
9

t7

I

5 69.62
6 72.02
7  76 .01

13 101.96

P:0a 15
Sc203 2L

M
M
t

H
H

7
H
Hsulfates &

selenates
nesosll lcates &
lnosl I I cates

0.203 H
0.628 sulfur-bearing H

sl I tcates

109.95
137.91

Constants ln brackets were derlved by dtrapotaHon or

i " t i i f fJ:rt- .  
Rel labl l l tv indlcstois: L ( iow), t{  (medru),
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particular constant. For example, a constant
derived from ten compounds may give a mean
value with a very high standard deviation. The
reliability of this constant is obviously lower
than that of a constant with a low standard
deviation, assuming that it has been derived
from a similar number of compounds. Another
factor that affects the reliability of a constant
is the reliability of the constants of the other
constituents in the compounds used in deriva-
tions. If constants of low reliability are used
to calculate a constant, the low reliability will
be passed on to the new constant.

Because of the foregoing factors, it is diffi-
cult to express the reliability of constants quanti-
tatively. Instead, each of the constants in Table
7 is characterized by a reliability indicator ex-
pressed as L (low), M (medium) or H (high).

AppLrcarroll oF THE CovperrsrLrry INDEx
To SoME Srrs or MtNrnelocrcel De,t,r

Garnet group

As stated earlier, the members of the garnet
group do not yield highly compatible sets of
data when the Gladstone-Dale equations are
applied. However, the new constants for the
trivalent constituents greatly improve the results.
Because only 43 complete sets of garnet data
are given by Deer et al. (1962a), a comparison
of the compatibility using the two sets of con-
stants for trivalent constituents would not be
meaningful. Instead, data for 92 garnets were
selected from Mineralogical Absnacts Volumes
16 to 28 (1967 to 1977). Of the 92 sets of
data, all give chemical data and 88 give the
index of refraction. Of the 88 sets with chemical
data and the index of refraction, only 59 in-
clude measured densities. However. unit-cell
edges are available for the calculation of densi-
ties in 80 cases.

Values of the compatibility index were cal-
culated for the garnets nsing measured and cal-
culated densities. For the three sets of constants
used. Table 8 shows that the MR constants. as
defined in the footnote to Table 8, place more
garnet data in the superior category than do
either of the other sets of constants.

Prior to the derivation of the new RzOs con-
stantsn the garnet group seemed not to conform
to the Gladstone-Dale relationship. Applying to
the garnets an "end-member" approach, similar
to that ueed by Pabst (1975) for carbonates,

Kp values were computed for each of the pure
end-member garnets using values of r and
D(calc.) taken from the literature. These values
(Table 9) were applied as fr values to tle weight
percentages of the garnet end-members to cal-
culate values of Kc for the previously noted
garnets. These Kc values, with the Kr values
calculated from n and D(calc.), were used to
derive values of I - Kp/ Kc. The distribution
among the categories of the compatibility index,
in Vo, is: Superior 70, Excellent 25, Good 2,
Fair 0 and Poor 3. This is significantly better
than the corresponding data in Table 8 and'
indicates that, for a group like the garnets,
higher compatibility is achieved if constants
derived from the data for the end-members are
used. However, this should be tested more fully
before end-member constants are used in pref-
erence to the individual constituent constants
given in Table 7. One obvious drawback to
using end-member constants is the lack of good
data for some end-members that may be present
in significant amounts in the compound under
study. For example, what end-member data
would be used for garnets with high TiOr con-
tents.

'TABLE 8. DISTRIBUTION OF THE COI.IPATIBILITY INDEX
AMONG CATEGORIES FOR OARNETS

t distributlon of l-Kp/t

us lng  a  (neas . )  us ing  a  (ca lc . )

Superlor

E)(cel l ent

Good

Fair

Poor

Total

L-il

1 0 1 9 4 6 0 1 1 5 1

2a 34 44 19 32 41

4 5 4 0 7 5 1 4 4 4

1 4 7 3 2 0 8 0

3 0 0 1 0 5 4

100 100 100 100 100 100

l-Kp/Kc (mean)

number of sets
of data

0.046 0.038 0.020 0.053 0.046 0.023
0.022 0.018 .  0.015 0.021 0,029 0.029

58 59 59 79 80 80

L-J: t calculated from l-values given by Larsen (1921) and ,Jaffe
(1956). ! l: k-values glven by l4andarlno (1976) were used,
MR: &-values glven by Mandarino (1976) were used except for the
tr' lvalent constltuentsi for these &-values see text. Because
nelther Larsen nor,Jaffe gave a /<-value for V203, one garnet with
a large i lount of thls constltuent could not be lncluded ln the
Larsen-Jaffe data.

TABLE 9. END-MEMBER CONSTANTS FOR PRINCIPAL GARNflS

End-member Kp

pyr0pe
grossul ar
spessart i  ne
alnandi ne
uvarovl te
andradl te

0 .  199
0.204
0.191
0.192
0,223
0.230
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Another problem lies in the quality of the data
for a given end-member. The density calculaled
by Skinner (1956) for pyrope is 3.582 g/cme
and has been used in compilations of garnet
data for about 25 years, but a routine check
showed that the density calculated from Skin-
ner's unit-cell edge (11.459 A) and cell con-
tents of 8(MggALSigOra) is 3.558 g/cme.

Axinite group

Lumpkin & Ribbe (1979) presented dara for
39 members of the axiniie group. These in-
cluded indices of refraction f.or 12 samples,
measured densities for 28 samples and calculated
densities for 12 samples. In addition, they
provided equations that enabled the mean
index of refraction and density to be calculated
from the transition metal ratio, TM, defined as
weight percent (MnO*FeO*ZnO) /weight per-
cent ( MnO*FeO*ZnO*CaOf MgO).

These data and equations enabled Kp to be
calculated in several ways. I chose the following
pairs of 7 and D: (1) F(obs.) and D(obs.),
(2) n-(obs.) and D(calc. UC), (3) D(calc. TM)
and D(calc. UC), and (0 n@alc. TM) ana
D(calc. TM.). D(calc. TM) and i(calc. TM)
refer to values calculated from the'equations
given by Lumpkin & Ribbe (t979r. D(calc.
UC) is the calculated density given by Lumpkin
& Ribbe (1979), calculated by them from the
unit-cell contents and parameters. Kc was cal-
culated from the constants in Table 7 and the
analyses given by Lumpkin & Ribbe. The results
of the compatibility-index calculations are sum-
marized in Table 10. Note that all the values
of the compatibility index fall into the superior
category. The greater superiority of the data
calculated from the TM values over the other
sets of data is further proof of the applicability
of the eguations of Lumpkin & Ribbe (1979)
to the axinite group.

TABLE 10. THE COMPAT1BILITY INDEX APPLIM TO THE AXINITE
DATA OF LUMPKIN & RIBBE (1979)

Scapolite group

Another example of the assessment of data
is provided by the chemical analyses of scapo-
lites given by Evans et al. (1969) and the op-
tical and crystallographic data of Ulbrich (1973)
on the same material. Densities were calculated
from the unit-cell volumes given by Ulbrich
(1973) and the unit-cell contents given by Evans
et al. (1969). The values of | - Kp/ Kc are
given in Table ll. The first five sets of data
represent scapolites that were analyzad by "con-
ventional" means (i.e., "wet" chemical meth-
ods); the twelve other scapolites were analy'zed
by electron microprobe. Consequently, no valtres
for COr or HeO were determined for the latter,
and their analytical sums are significantly lower
than those for which complete analyses weri:
performed. Four of the first five sets of data
fall into the superior category and one falls
into the excellent category. On the other hand,
none of the sets of data in the second group
is characterized as superior, three are excellent,
three are good and six are fair. The second
and third columns show that the compatibility
index of a sample is directly related to the
deviation of the sample's analytical sum from
100.

New mineral descriptions

Perhaps the most important use of the com-
patibility index is its application to the evalua-
tion of data for new minerals. In well-established
mineral groups, it is usually possible to assess
the data of a member by comparing them with
the data of other group members. For new
species, however, the data are often totally un-
related to those of other species. To illustrate
the application to new species, calculations were

TAELE II. COI.IPATIBILITY OF THE DATA OF SOME SCAPOLITES

0.25 conventlonal
0.09
0.15 "  r  0.012
0.26 "  o 0.009
0,24

0N8
0N7
q26
M730
0N471 1

Sanple l-Ko/K. Devlatlon of l'lethod of Statlstlcs
No. Analysls Sm Analysls of l-G/Kr

fM 100.00 Values 
-

0.005
0.005
0.005
0.024
0.019Nunber of sets of data

Ranse of l-Kp/t

Mean value of I-KP/KC

Standard devlatlon of l-Kp/Kq

0.000 0.005 0.005
to to to

0.014 0.019 0.014
0.007 0.010 0.010

?o

0.000
to

0 .010

0.005

$9t22
17t22
L7LzO
17139
17134
L7L4L
17151
17126
t7\54
17161
17136
17138

0.072
0.049
0.029
0.033
0.038
0.058
0.058
0.063
0.063
0.063
0.063
0.063

o . 1 0

1 . 0 9
1.81
t o a

2.43
4.08
4.O7
4.23
4.29
4.21
4.18
4.42

N 1 2
f 0.054
c 0.014

prcDe

0.005 0.005 0.002 0.002

The following data f,ere used to calculate Ko: A,7 bbo,) and
D bbo.)i B,i bbe.) and D (@La. ac)i C,-n (elo. w) and
D (oal.a. uc)i O, i (qta. TM and D (alo. rM). r/r, indlcates
values calculated fron the equatlons glven by Lmpkln & Ribbe
(1979); UC refers to denslty calculated from unit cell contents
and oarmeters. fota: Sarnple nunbefs are those assigned by Evans a, aL. (1969).
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carried out with the data for 34 new species
published in The Canadian Mineralogist from
1973 through 1980. The results are given in
Table 12, where they are compared with the
revised data of Winchell & Winchell (1964). It
appears that the data for new minerals pub-
lished in The Canadian Mineralogist are gen-
erally of high quality.

CoNsreNrs FoR ORcANIc CoNsrrtuENts

In addition to the constants for inorganic
constituents, constants for several organic con-
stituents were calculated and are listed in Table
13. The first nine constituents are presented in
oxide form and bear little resemblance to their
original forms. Their constants are used in
exactly the same way as most of the constants
of the inorganic constituents. The last three
constituents (CNS-, CN- and CNO-) are Pre-
sented in ion form. and their constants are used
the same way as are the halide constants: an
oxygen equivalent must be calculated and used
in connection with the & value for oxygen
(0.203). For a complete explanation, see Man-
darino ( 1979 , p. 74) .

The constants in Table 13 were calculated
from the data given by Winchell (1943). Man-
darino (1976) presented a constant for oxalates
(0.270), but the present constant (O.267) is
considered more accurate because it was cal-
culated from many more sets of data. The
constant for formates calculated from the data
given by Winchell (1943) is not considered as
good as that calculated from the more accurate
data given by Pabst (1978).

. CoNcrusroNs

The calculation of 1 - Kp/ Kc provides a
measure of the compatibility of the mean index
of refraction, density and chemical composition.
Kp should be calculated from the mean index of
refraction, and the density calculated from the
empirical formula. Kc is calculated from the
chemical analysis using the individual ft values.

Donnay et al. (198O) pointed out that the
term specific relractive energy is a misnomer
because ft (or K) does not have the dimensions
of an energy unit. They suggested that a better
term, used by physicists, is specilic refractivity,
Their objection to the first term is quite valid.
However, the second term is misleading be-
cause it implies a strong dependence on the
index of refraction. In view of the uses to which
I have suggested the various quantities be put,
the following nomenclature is proposed. The

TABLE 12. COMPATIBILITY OF DAIA FROM NEII I'IINERAL DESCRIPIIONS

cqu&ia Mt.rerulog:i,t Revlse Data of
[ lnche l l  &  t l lnche l l

(1964)

category Nunber Percentage Perentage

Superlor
Excel lent
Good
Fa l r
Poor

Total

TABLE 13. GLADSTONE-DALE CONSTA$TS FOR ORGANIC CONSTITUENTS

Nme Ususl oxlde Fom Molecular k
Radical t,lelght of
Fom oxide

ethyl czH!

fonnate Hcoi

acetate cH3coi
prcprlonate CH3cH2C0i

stearate C17H35C0i

or(alate C20a2-

succlnate CHzC0i

tartrate CaH1052l

cltrate C5H5073-

50
22
12

1t

100

19 56
9 2 6
0 0
3 9
3 9

34 100

(CzHs)20

(cH)203
74,12 0.s00
74.04

(CzHg)z0g 102.09
(caH5)203 130.14
(C1sH35)203 550.95

CzOg 72.02

(CzHz)zO: 100.07
(cH)qos 132.07
(C5Hs)2011 330.20

0.296
0,294t
0.358
0.400
0,522
0.267
0.270.t
0.340
0.305
0.318

th l ocyanate

cyanlde

cyanate

58.08 0.461
26.02 0.391
42.02 0.283

cNs-
cN-
cN0-

*from 
data glven by Pabst (1978)

tMandarlno (1976)

individual A values for various constituents
should be called the Gladstone-Dale constants.
Because the K values calculated from the chemi-
cal composition and from the physical data
ar€ Kc and Kr, respectively, no other terms are
necessary.
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