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ABSTRACT

lJsing the data for Tutton's salts" and other pur€
synthetic conrpounds, new constarrt$ $tere derived
tor 106 constituents. For the constituents derivecl
from Tutton's salts, the new constants are more
accurate than those given by Larsen.

SorvrrvreRs

De nouvelles constantes ont 6te 6tablies pour 106
constituants i I'aide des donn6es sur les sels de
Tutton et autres compos6s synth6tiques purs. Ces
constantes sont plus justes que celles de Larsen.

(fraduit par la R6daction)

INTRoDUCTIoN

Many mathematical expressions relating re-
fractive index, density, and chemical composi-
tion have been derived. It is not the puqpose
of this paper to compare these different rela-
tionships. In fact, the writer is extremely biased
in favor of the Gladstone-Dale relationship be-
cause: (1) it involves a very simple calculation
and (2) it affords a fairly reliable check on
mineralogical data-

The Gladstone-Dale relationship was formu-
lated by Gladstone & Dale (1864). It was intro-
duced to mineralogists by Larsen (1921) who
also derived many of the constants currently in
use. The relationship is best explained by the
equation
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culated some of Larsen's constants, but found
that most of them required no revision' New
constants for CuO aud ScuOs were proposed by

Mrose (1965). Faust & Schaller (1971) gave a

new constant for SnOz. More recently Trzcienski
et al. (L974) proposed a new constant for PzOs'
The writer'firsi becum" aware that some of

Larsen's constants probably were in error while
working on some tellurites and selenites in
1961. i-arsen's * values for SeO: and TeOz
seemed to be in error, and the ft value for TeO"
seemed incredibly high. In fact, this last con-
stant was calsulaied from the very sketchy data
for the poorly-defined mineral "montanite"' It

is not suiprising that Larsen's constant for TeO"
is about four times the value of the constant
calculated in this study. Several other constants
given by Larsen obviously were calculate$- from
insatisfactory data. Larsen (L92I) hirnself
pointed out the unreliability of some oq F"
density values and the inadequate knowledge
of the chemical compositions of certain min-
erals. In a preliminary study, the present writer
found that a number of the constants were rn
error, and some of these were reported (Man-

darino 1964).
The present writer decided that a complete

recalculation of k values for all components
should be undertaken. In order to avoid poor
sets of data the following approach was taken.
Calculations would start with a group of com-
pounds which had been thoroughly studig{ and
ior which the data seemed most reliable. If
possible, these compounds should be pure sy:r-
ihetic materials to avoid the impurities usually
present in most minerals. A group of compounds
whictr tits these requirements is 'oTuttonns salts".
Between 1893 and 1928 Tutton studied 75
compounds of the general formula fti',"R't(XOe)z'
6[LO, where R' is K, N]I4, Rb, Cb, or Tl; ftrr
is Mg, Mn, Fe, Co, Ni, CtJ, Zn, or Cd; and X
is S, Se, or Cr. For specific references to Tut'
ton's papers see Winchell et al. (1964). These
compounds provided data for the calculation
of constants f.or L7 oxide components.

To begin the calculations it was assumed that
Larsen's k values for SOg and HzO were sound.
The other constants were calculated by a trial

*:+
In the equation: K is the specific refractive

energy of a substanceo z i$ its refractive index,
d is its density, kr, k, ete. are the specific re-
fractive energies of its various components,
pt, pz, etc. are the weight percentages of its
componenxs.

In applying tle relationship to optically ani-
sotropic substances, the mean refractive index
Z should be used. The value of 4 is Qa*e)/3
lor uniaxial substances and (a*F*y)/3 for
biaxial substances.

Larsen's constants for various components
have been in use since I92L laff.e (1956) recal-
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and error method. After they were calculated,
they were refined by recycling the calculations
until the standard deviation for each constant
was relatively small. These constants were then
applied to other pure synthetic compounds
which contained additional components in or-
der to calculate & values for those components.
Eventually, constants for all of the usual com-
ponents of ninerals and for many rare com-
ponents were derived. The relationships which
exist among the various constants will be dis-
cussed in another part of this series.

CotsreNrs nnou Turtor*'s Serrs

The constants derived from the data for
Tutton's salts are given in Table 1. The diffe-

TABLE 
'I. 

COMPARISON OF /( VALUES OF THE COMPONENTS OF
TUTTON'S SALTS

component o (.n,lu]rrorl u,tJli re2r) A& (bn)

0.340

0 . 1  9 6

0 . I  23

0 . t t 9

c . l 1 5

0.?25*

0.1 97

0 . 1 3 8

U . ] T Y

0 . 1 7 6

0 . 1  7 0

0 .153

0 . 1 3 0

4 .177

0 .164

C .  l l 3  +0 .0C1

* This value for MgO should be used only for sulfates..

rences between Larsen's constants and *rose ob-
tained in this study are apparent. A test was
carried out to determine which set of constants
gave better results. The test consisted of cal-
culating tlte specific refractive energy (^f of
each of Tutton's salts three different wavs.
First, the .I{ values were calcr:lated from Tur-
ton's measured refractive indices and densities

TABLT 2. CoflPA[tsotd 0F .( vAt uEs FoR Turloil's sAlrs

Coupound Calculated X LX AR
R'rR"(xo^)).5tto 

-GJ--------fbl-fil- 
(a-+) fml

Tutton frcD k, frcB
f' . .r obs. data tj|ls stqdy Larsen I

fig
Fe
Co
lfi
Cu
Zn
tilg

Nn

Fe

Co

N I

LU

I N

tlg
fin
Fe
Co
lfi
Cu
Zn
cd
Hg
ll!
Fe
Co
N I
LU
Zn
cd
llg
lln
Fe
Co

L U

0.2297 0,2299
0.2235 0,2235
0,2214 0.22't7
0.22't3 0.2212
0.2200 0,2197
0.2169 0.2173
0.275a 0,275't
0.2651 0.266,.
0.2648 0.265
0,2612 0.2623
0.2511 0.2618
0.2586 0.2594
0.2558 0.2565
0.2375 0.2383
0.1980
0.1962
0.1940
0.1926
0.1926
0.1923
0.r89s
0,1822
0,1827
0 . 1 8 1 7
0.180t
0 .1793
0.1786
0.1779
0.  I  761
0.  r693
0. 1 638
0.1623

0.1625
0. I 632

0.2091
0.2076
0.2063
0,2057
0,20u
0.248t
0.24i 5

0.2090
0.2076
0.2073
0.2060
0.2M0
0.2479
0.2123

0,2669 0.0003 -0.0021

0.2659 -0.@ll -0.0047

0.2659 -0.m07 -0.0048

0.2662 -0.0008 -0.0076

0.2542 -0.0008 -0.@?4

-0.@02 0.0039
0.0000 0.0002

-0.0u'3 0.0004
0.0001 0.0(E3
0,0003 -0.0m0

-0.0004 0.0020
0.000t 0.0004

-0.00t3 -0.0029

-0.0005 -0.0M0

0.0001 0.001 7
0.0004 0,0010

-0.0005 -0.0008
-0.0006 -0.0017
-0,0002 -0.00t5
0.0005 -0.0021

-0.0001 0.0004
0.0011 -0 .0001
0.0003 -0.00c1
0.0004 -0.0012

-0.0002 -0.002.1
-0.0001 -0.0029
-0.0003 -0.0035
-0.0002 -0.0052
-0.0004 -0.0019
-0.0006 -0.0035
-0.0M0 -0.0055
-0.0051 -0.0073
-0.0006 -0.0032
-0.0033 -0.0066
-0.0022 -0.0058
-0.0015 -0.0065

0.2258
0.2233
0.2210
0.2210
0,2220
0.2't49
0.279
0.2680

Hzo
(NH4)20

Kzo

Rbz0

csro

Tl20

+0.0e0

-0.007

2418

I 952'i948
'r 943
1 2
to( ,'1894

le3c
rB29
t825
1822'1821

1831
r780
17?3
1693
r696
1693't691

1690
1699

0,
0 .
0 .
c .
(J.

0 ,
0 .
0 .
0 .

0.

0 .

0 .

0 .
0 .
0 .
0 .

l,|H,

NH,

ltH,

NH,

Nli,

ilH,

NH.

ilH,

Rb
Rb
Rb
Rb
Rb
Rb
Rb
Rb
Cs

Cs
Cs
l
TI
T l
T I
TI
T I

0.340 average

0 .503

0 .  1 e 9

0 . 1 2 4

0 .  i : 0

0 .?0J

0 . 1  9 I

0 . 1 8 7

0.1 84

0 . t 8 4

0 .1  91

0 . 1 5 3

0 .1  34

0 .177

N ? A

u . l o c

Fe 5e 0.24:7 0.24C3
Ca 5e 0.?392 0.2391
Nl Se 0.2398 0.2fi7
Cu Se 0.2392 0.2372
Zn se 0.2349 0.2350
cd 5e 0.2152 0.2217

0.2440 -0.c008 -0.00:i

4,2433 0.0008 -0.00i,
0.?q?6 0.0c01 -0.0i3.1

0.2425 0.0011 -0.0027

0.2132 0.0020 -0.0040

0.2367 -0,000t -0.0018

0.2245 -0.0065 -0.C093

+0. 005

- U .  U Z !

-0.006

-0.001

+0.005

+0.008

+0 .021

-0.005

+0.004

+0.025

+0.001

K((
K
K
uH,

I i : i ,

NH,

NH,

NH,

l{H,

0.2080
0.2075
0.2075
0.2082
0.2026
4,248r'.

te 5e
co Se
Nl Se
LU 5e
Z! S€
fig 5e

l:n Se

0.
0.0000

-0.0005
-0.0003
0.0001
0,0002

0.0001
-0.0007

c. !018
-0. c003

I ' r  a

Mn0

Fe0

Co0

N i0

Cu0

Zn0

cd0

Rb l. lg Se 0.1888 0.1890 0.1880 -0.00m 0,ct08
Rb l ' ln Se 0.1871 0.1875 0.1876 -0.0004 -0. ,;J5
Rb Fe Se 0.1864 0.1866 0.1871 -0.0002 -0.c007
Rb Co Se 0.1857 0.1855 0.1868 0.0002 -0.00i1
Rb Nl 5e 0.1850 0.1852 0.1868 -0.0002 -0.0018
Rb Cu Se 0.1837 0.1843 0.'1877 -0.0006 -0.0040
Rb Zn Se 0.'1832 0.1A27 0,1827 0.0005 0.0005
cs Ms se 0.1768 0.1769 0.1779 -0.0001 -0.001'
Cs Mn Se 0.1757 0.t761 0.1778 -0.0004 -0.0021
Cs Fe Se 0.1756 0.1753 0.1775 0.0003 -0.0019
Cs Co Se 0.1748 0.1745 0.1772 0.0003 -0,0024
Cs N i  se  0 .1751 0 .1741 0 .1771 0 .0010 -0 .0020
Cs Cu Se 0.1734 0.1735 0.1780 -0.0001 -0.0046
Cs Zn Se 0.1720 0.1719 0,1738 0.0001 -0.0018
Tf Ms se 0.1702 0.1649 0.1664 0.0053 0.0038
Tf lt ln se 0.1674 0.1646 0.1668 0.0028 0.0006
Tl Fe Se 0.1646 0.1639 0.1666 0.0007 -0.0020
Tl Co Se 0.1631 0.1632 0.1663 -0.0001 -0.0032
Tl Nl Se 0.1624 0.1630 0.1665 -0.0006 -0.004',
T l  cu  Se 0 .1665 0 .162s  0 .1671 0 .0040 -0 .0006
T l  Zn  se  0 .1647 0 .1614 0 .1637 0 .0033 0 ,0010

Rb Mg Cr 0.2562 0.2554 0.2632 0.0008 -0.0070
Cs I' lg Cr 0.2344 0,2322 0.2409 0.0022 -0.0065

tu , "u ,  r - r  *
values of thls studyi (c) calculated frcm Larsen's (1921) & values.

using the relationship, K : n 
; 

I 
where a is

a

the mean refractive index. Then, /{ values were
calculated using the ft values of this study and

the relationship, K : 1+ + 4+ +100 ' 100

J

0.1979
0.19 !8
0. 1 945
0.1932
0.1 928
0 . 1 9 1 7
0. r899
0. l8 t  l
0 .1824
0 . 1 8 i 3
0.1803
0.1794
0.1789
0. t781
0.1765
0. t699
0.1678
0.1674
0.t 667
0.1658
0.r654
0.1649
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b J ,

ffi 
. Finally, Larsen's ft values were used in

the last equation to calculate K values. Table 2
compares the tbree K values for each compound.

A quick examination of Table 2 shows that,
in general, the K values calculated from Lar-
sen's cotstants depart from tle 'oobserved" K
values more than do the tll values calculated
from the constants derived in this study. This
is'not surprising since the latter constants were
calculated from the data of these particular
compounds. However, to continue the com-
parison, in 67 of the compounds (89/o) Larsen's
constants gave K values farther from the "ob-

served" K values than did the constants from
this study. The average "error" using Larsen's
constants is 0.0027 compared to 0.0010 using
the constants of this study, If all the figures in
Table 2 are expressed to only three decimal
places, as is normal, Lars€nos values still give
a greater 'oerror" in 58 compounds (77%). The
average 'oerror" for Larsen's constants is 0.003
compared to 0.001 for the constants of this
study.

Figure f. illustrates some pornts that are not
readily apparent from Table 2. In Figure 1,
Larsen's ooerrors'o have been plotted against tle
"errors" from this studv. Of the 75 K values

z
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6

Y

-o.orcr -0.@30 -oo@ -G@40 - O.@aJ C-XA +q@rc +o@O

K(ossenveo) - K(lansrx)

Frc. l. Comparison of X(Observed) - l((Larsen) anil K(Observed) - K(Mandarino) for Tutton's sdts.
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Lt  2a
(r1r4)20

l{a20

K,O

Cu20
Rb20
Agzo

Cs20

lla^0

HSo 12 40.30

Cao 20 56.08
1r0 23 66.94
cro 24 68.00
l.fno 25 70.94

Feo 26 71.85

Coo 27 74.93
r' lr0 28 74.71
cuo 29 79.55

Znj 30 81.37

Sr0 38 103.62
cdo 48 128.40
Sno 50 134.69
Bao 56 153.34
Hqo 80 216.59
Pbc 82 223.19

0.200

0.225

0.19.l conpounds
0.224 otlde
0 . 1 8 7

0.  t84

0,184

0. 1 91 conpounds
0.235 (L l )  ox lde
0.153 cmpounds
0.183 ox lde
0.  I43

0.1  34

0.127

0 .  t 8
0.137 conpounds

0.265

o . t + t  J

0.397

0.147

0.201

o.  t45  o . I  32F
0.200 (L l )  ox ide

0 . 1 2

'|18.02

3 29.B8
-  52 .08

l 1  6 l . 9 8
19 94.20
29 143.09
37 

',I86.94

47 231.74

55 2B l .B l
80  417. lB

81 424.74

0.340

0.307

0.483

0 . 1 9 0
0 . 1  9 6
0.234

0 . 1 2 8

0 . 1 6 8
0 . l t 9

0 .144

0 . 1  1 5

0.200
0.225 sulfates
0 . ? 1  0

(0 .207)

(0.202'

0 . r 9 7

0.188

0.1  79

0 . t 7 6

0 . 1 7 0

0.1  58

0.1  45

0 . 1 3 0
(0 .  r40)
0 . I 2 8

0.123

0 . 1  3 3

0.340 average
0.3355 water & lce
u .J54 a tunsr  e tu .

0 . 3 1
0.503

0 . 1 B i

0 . 1 8 9
0.250

0 , 1 2 9

0 .  t 5 4

0.124

0 . r 6 e  ( L t )

0 .1  20

Nd203 60 336.4i] 0.137

hzog 61 342 (0.133)

Smr0, 62 345,70 0.130

Eu203 63  351.92  0 .126

Gd203 64 362.50  0 .123

Tb203 65  365.85  0 .119

Dy20: 66 373.00 0.115

HoZ03 67 377.86 0.112
Err03 68 392.52 0.108
Tm203 69 385.87 0.1 04
Yb203 70 394.08 o.l0l

1u203 71 397.94 0.097

T1203 81 456.74 0.053

8 i203 83  465.96  0 .153 0 .163

slo, 14 60.08 0.208 0.207
sOz 16 64.06 0.262
Tt02 22  79 .90  0 .393
voz 23 82.94 0.393

Cr02 24 83.99 (0.394)

14n02 25 86.94 0.394
GeoZ 32 104.59 0.167
Se02 34  110.96  0 .203
Zr02 40 123.22 0.211
sn02 50 I 50.69 0. I 43
Te02 52 I 59.60 0.' l  83
Hf02 72 210.49 0.115
Pb02 82 239.'19 0.105

' 2 - 5
cl^0-
v^0-
As-0-
Br^0-
Nb^0-

sb^0-

TI

c2ol 6 72.02
N203 7 76.01
41203 t3  101.96

P20l 15 t09.95
Sc203 21 137.91
Tt203 22 't43.80

v20g 23 149.88
Cr203 24 157.99
tln203 25 157.87

F"203 26 '159.69

CoZ03 27 165.86
ili203 28 165.42
Ga203 31 187.44
Otroa 33 197.84

In^0-
sb-0^

La^0^

Ce203

0.270
(0 .325)

o.207
0.242 sulfates

(0 .315)

0.257
(0.267)

(o.279)
(0 .2e0)

0.301

0 . 3 1  5

0 .268 s l l i -
cates

(0 .3?9)

(0 .339)

0 . 1 7 0

0.235

0. I  93
0.214 feldspars, ar6.

0 , 2 7

0.300 @mpounds
0.304 (Ll) oxlde
0.308 compounds

0.36  (L l )  ox lde

0,149

0 .  1 6

j

0.202 lsom. oxlde
0.225 mnocl. oxlde
0.  r44  o . tzoJ

0.209 ison. oxJde
0.232 ortho. oxlde

90 264.04 0. t67

0 . 1 9 0

0.218
0.43

0.1  59

0 . t 8 3

0,295

0 . 1 5 2
0.222 (? l

tzaS 53 333.81 0.195 0.177
TaZ05 73 441.89  0 .151 0 .133
81205 83 497.96 (0.139)

Cr03 24 99.99 0.335 0.36
Se03 34 126.96 0.164 0.165
tloO, 4? 143.94 0.237 0.241 (Ll) 0.234J
Td: 52 175.60 0.157 0.607
[0 :  74  23 t .85  0 .152 0 .133
u03 92  286.03  0 .1  18  0 .134

c12o7 17  182.90  0 .  t82
iln207 25 2?'1.87 0.348
9?207 35  27 '1 .80  (0 .156)

tz9l 53 365.80 0.',168

t 9

23

J 5

41

5I

I41 .94

I  50 .90
181.88

229.U

239.81

265.81
323.50

0 . 1 7 6

0.220
0.340

0 . I 6 2
0.1  80

0.268
( 0 . 1 5 3 )

0.24d
0.264"

o.zgoJ
sl  l  lcates

o.: toJ
hyd. qu1f.
0.404" oxl

39 225.81 0.170
49 277.64  0 .130
51 291.50  0 .203

57 325.82 0.148
* 329.24 0.',t44
59 329.81  0 . t41

9 19 .00  0 .047 0 .043
17 35 .45  0 .318 0 .303
35 79,90 0.217 0.214

o.t  qzJ

o. r4gJ
o. r4oJ

IEirli"l"ilil!' riilirl"'9 ll;3?li.Xi'!,olil"ii't;iiniP,:H

TABLE 3. GLAISTONE-DALE CCI.ISTAI.II5*

i !4 - lilrcse
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calculated from Larsen's constants only t9
QSVo) ate withi! -f 0.001 of the observed val-
ues,37 (49Vo) are within -10.002, and38 (5lTo)
differ from the observed values by more than
0.002. Of the K values salculated from the con'
stants derived in this study, 58 Q7/o) arcwfib'
in 10.001 of the observed values, 64 (857o)
are within -F0.002, and only tt (1,5Vo) dttfer
by more than 0.002.

The data for the thallium compounds show
much greater errors than do the data for the
other compounds. Ana\sis of these data in-
dicated that some of Tutton s observed data
for ttre tlallium compounds might be in error.
This is discussed in another part of this series.

TlrB Nnw Consrer.lrs

In addition to the 17 constants derived from
the data of Tutton's salts, numerous other con-
stants were calculated. Most of these were cal-
culated from the data of pure synthetic com-
pounds. Several constants were determined by
interpolation and extrapolation after certain
relationships among constants became ap-
parent. A total of 109 constants for 106 consti-
tuents is given in Table 3. Of these, 15 con-
stants lrere derived by interpolation ol extra'
polation. In addition to the constants derived in
this study, Table 3 contains the following addi-
tional data: the atomic numbers of the elements
of the components, the molecular weights of
the components, Larsen's & values and the k
values proposed by other writers.

In subsequent parts of this series, the follow-
ing subjects will be covered: the relationships
which exist among various constants, the evi-
dence which supports the greater accuracy of
the new constants, and some special applica-
tions of the Gladstone-Dale relationship'
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