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Trial calculation of relating the equilibrium state of
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Statistical calculations have been carried out on the volumes of the asymmetric unit of
minerals. This treatment is related to the origin of the symmetry and periodicity of the crystals,
and to the equilibrium conditions of these crystals. From the view point of the cohesion energy,
if the crystals were grown under the condition of nearly perfect equilibrium states, then all
the volumes of the asymmetric unit of each crystal structure will be approximately equal, and
if the volume of the asymmetric units of a certain mineral is larger than the average value,
this mineral is considered to be grown in a metastable condition. The calculation of the cell
dimensions of minerals have been carried out by the use of data from previous investigations.
The statistical consideration of the volumes of the asymmetric unit of minerals is considered to
be an appropriate criterion to relate the stability of minerals to their descriptive mineralogy.
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1 Introduction

A crystalline substance is a state of mat-
ter with constituent atoms arranged in a
structure so that the atoms have a mini-
mum cohesion energy. Further, there can
be only one arrangement of atoms of min-
imum cohesion energy for a given PTC
(Pressure-Temperature-Composition) con-
dition, provided that the crystal is grown
in an equilibrium state. As a result, there
arises in the crystal structure an innumer-
able repetition of this simular arrangement
of atoms. This repetition of the groups of
atoms corresponds to the symmetry and
periodicity existing in the crystal struc-
ture.

If the way of arrangement of atoms hav-
ing the minimum cohesion energy is only
one, then the group of atoms must have a
small volumes, approximately three to five
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times as large as the interatomic distances
of the constituent atoms. The unit of these
repetition is confined to one or two atoms
in the case of very simple metals or ox-
ide compounds. But in the case of rather
complex compounds, such as rock forming
minerals, the unit of these repetitions cor-
responds to some group of atoms. This
group of atoms coincide with the asymmet-
ric unit of the unit cell.

It is also considered that the volume of
the asymmetric units of ordinary inorganic
crystals, including minerals, must be ap-
proximately equal, on the assumption that
these crystals have approximately the same
complex compositions and were grown in
equilibrium conditions.

In this case, if the volumes of asymmet-
ric units are large, in spite of the fact that
the inside of these volumes have minimum
cohesion energy, then these large volumes
must be split into smaller volumes having
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the same minimum cohesion energy, proba-
bly at the time of the formation of the crys-
tal nucleus. Accordingly, in the case that
there exists some asymmetric units having
much larger volumes than ordinary crys-
tals, these are considered to be grown un-
der non-equilibrium conditions. In other
words, these are thought to be grown in
metastable states.

According to the idea mentioned above,
the present author thought it is worth con-
sidering to examine statistically the vol-
umes of the asymmetric unit of miner-
als. Silicates, phosphates, arsenates, vana-
dates, halogenides, oxides, and hydroxides
have been examined accordingly and the
results are presented in the following para-
graphs.

2 Historical remarks on statis-

tics on minerals

The statistical treatment of the data of
crystal structures has been carried out by
several authors, especially on the distri-
bution of space groups among the struc-
tures both organic and inorganic struc-
tures.  (Fujiwara, Itoh, Matsumoto and
Takeda, 1993, 1994, 1996; Mackay (1967);
Matsumoto, 1969); Nowacki, Matsumoto
and Edenharter, 1967; Itoh (1986), Itoh
and Matsumoto, 1991).

On the other hand, the volumes of unit
cell dimensions were considered implicitly
by many researchers, in that the volume of
the unit cell of triclinic crystals are small,
while on the other hand, the volume of
crystals having higher symmetries, for in-
stance, that of cubic symmetry have large
unit cells. But the discussions were con-
fined to the volume of unit cells and no
consideration of the volume of the asym-
metric units has been discussed so far.

Under these circumstances, the present
author considered it worth carrying out
a statistical treatment of the volumes of

asymmetric units of minerals. Some signif-
icant results were obtained, and these will
be discussed in the next paragraphs.

3 Sampling and Calculation

The data for each mineral specimen were
taken from the text book by H. Strunz:
"Mineralogische Tabellen” (1978). The
samples are classified into the following:
silicates, phosphates including arsenates
and vanadates, halogenides, oxides and hy-
droxides. The data for phosphates are de-
ficient in the case of minerals, so the syn-
thetic specimens were also sampled from
the text book by Corbridge: ”The Struc-
tural chemistry of phosphorus” (1974).
Each data were put into the computer files
and used for the following calculations.

Firstly, the unit cell volumes of each min-
eral were calculated. These volumes were
then divided by the numbers of the equiv-
alent points of the space groups to which
the samples belong. The results obtained
were sorted according to the range of vol-
umes. The results are shown in the folow-
ing: Tables 1 (silicates), 2 (phosphates, ar-
senates and vanadates), 3 (sulphides and
sulfosalts), 4 (halides) and 5 (oxides and
hydroxides).

The data from these tables are graphi-
cally shown in Figs. 1 (silicates), 2 (phos-
phates, arsenates and vanadates), 3 (sul-
phides and sulfosalts), 4 (halides) and 5
(oxides and hydroxides) corresponding to
the same numbers of Tables, respectively.

In the case of statistical treatment, there
always arises a problem of weight assigned
to each specimen. In this case, the miner-
als having the same crystal structures are
considered to be a unit weight. For exam-
ple, minerals having the range of same solid
solutions are considered to be one mineral
species and assigned to one unit weight in
the calculation.

As shown in each of the Tables and Fig-

ures, the volumes of the asymmetric unit
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are divided into the ranges of 40 A3 for
each class and the central values were as-
signed to a class mark.

Each class is followed by the number of
specimens belonging to these ranges (fre-
quencies). Mean values, medians, modes
and standard deviations of each groups are
given below of each Table.

The mineral data used for these calcula-
tions are listed in the Appendix.

4 Discussions and Results

In the case of silicates, as shown in Table
and Fig.1, the range of volumes from 40 to
80 corresponds to 32 frequencies, and from
80 to 120, 31 frequencies, which are the
largest. The frequencies decrease slowly
according to the augmentation of the vol-
umes. Species having more than 400 A®
are rare.

In the case of phosphates and vanadates,
(Table Fig. 2) the same tendencies as those
of silicates are observed. The fact also re-
flects the rather complex chemical compo-
sitions of these species.

The group of sulphides and sulfosalts
have a maximum frequency in 0 ~ 40 A3.
This tendency reflects the simple chemical
compositions of these species.

The same tendency is observed in the
case of halides (Table and Fig. 4), oxides
and hydroxides (Table and Fig. 5), which
also corresponds to minerals with simple
chemical compositions.

These discussions on the distribution of
the volumes of asymmetric units are con-
sidered to connect the equilibrium states of
minerals to the descriptive mineralogy.

As for the microperiodicity principle and
the problems of geneses of symmetries,
these were discussed briefly by Vainshtein
(1981). He discussed these problems on the
basis of thermodynamics. The discussion
on the interrelation between the mineral
data and the stability problems were not
carried out.

5 Conclusions

In the course of the studies mentioned
above, the following conclusions have been
obtained.

1. Mineral species having complex chem-
ical compositions like silicates, phosphates
and vanadates have maximum frequencies
in the range 40 ~ 120 A3, while sulphides,
sulfosalts, halids, oxides and hydroxides,
whose compositions are rather simple, have
maximum values in the range 0 ~ 40 A3,

2. As the volumes of the asymmet-
ric units increase, the frequencies decrease
rapidely in the first place and the small fre-
quencies continue into larger volumes.

3. The small frequencies in larger vol-
umes in each of the Tables and Figures are
considered to correspond to the metastable
phases of each mineral species.

4. Further studies including large num-
bers of synthetic inorganic compounds
would be informative. In this case, the
forms of curves are supposed to aproach
to some significant statistical ones. Above
all, in order to make the mean values, me-
dians, modes and standard deviations sta-
tistically significant, the augmentation of
the numbers of each species will be abso-
lutely necessary. The calculations in this
line are now in progress.
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7 Appendix

Contents of the file used for the present
calculation are listed in the last pages.

From left to right: Serial numbers,
names, numbers of equivalent positions in
space groups, not used, numbers of Z, not
used, a, b, ¢, a, 3, 7.
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Table 1. The frequency distribution of the vol- Table 2. The distribution of the volumes of asym-
umes of asymmetric units of silicates. First, metric units of the unit cells of phosphates, arse-
second and third columns indicate the classes (the nates and vanadates.
range of the volumes), the class marks (central val-
ues) and the frequencies (Number of specimens). Range(AS) Center Numbers
(Class Class mark Frequencies)
Range(A?) Center Numbers 0.0 ~ 40.0 20.0 26
(Class Class mark Frequencies) 40.0 ~ 80.0 60.0 42
0.0 ~ 400 20.0 5 80.0 ~ 120.0 100.0 45
120.0 ~ 160.0 140.0 32 200.0 ~ 240.0 220.0 16
160.0 ~ 200.0 180.0 21 240.0 ~ 280.0 260.0 15
200.0 ~ 240.0 220.0 21 280.0 ~ 320.0 300.0 9
240.0 ~ 280.0 260.0 16 320.0 ~ 360.0 340.0 3
280.0 ~ 320.0 300.0 6 360.0 ~ 400.0 380.0 9
320.0 ~ 360.0 340.0 4 400.0 ~ 440.0 420.0 3
360.0 ~ 400.0 380.0 0 440.0 ~ 480.0 460.0 2
3288 : 2;88 3288 g r=146.8, M.=100.0, M,=180.0, ¢=101.6
r=156.3, M.=240.0, M,=100.0, ¢=100.5 o
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Fig.1 The graphic representation of the fre- TN NN e e
quency distribution of the volumes of the asym- Fig.2 The graphic representation of the distri-
metric unit of silicates. bution of the volumes of the asymmetric unit of

the unit cells of phosphates, arsenates and vana-
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Table 3. The distribution of the volumes of asym- Table 4. The distribution of the volumes of asym-
metric units of the unit cells of sulphides and sul- metric units inside of the unit cells of halides.
fosalts.
: Range(A3) Center Numbers
Range(Aa) " Center Numbers (Class Class mark  Frequencies)
(Class Class mark Frequencies) 0.0 ~ 40.0 20.0 29
0.0 ~ 40.0 20.0 39 40.0 ~ 80.0 60.0 9
40.0 ~ 80.0 60.0 14 80.0 ~ 120.0 100.0 5
80.0 ~ 120.0 100.0 7 120.0 ~ 160.0 140.0 1
120.0 ~ 160.0 140.0 13 160.0 ~ 200.0 180.0 2
160.0 ~ 200.0 180.0 4 200.0 ~ 240.0 220.0 1
200.0 ~ 240.0 220.0 9 240.0 ~ 280.0 260.0 1
240.0 ~ 280.0 260.0 3 280.0 ~ 320.0 300.0 0
280.0 ~ 320.0 300.0 3 320.0 ~ 360.0 340.0 0
320.0 ~ 360.0 340.0 2 360.0 ~ 400.0 380.0 0
360.0 ~ 400.0 380.0 3 400.0 ~ 440.0 420.0 1
400.0 ~ 440.0 420.0 1 440.0 ~ 480.0 460.0 1
440.0 ~ 480.0 460.0 2

£=69.6, M.=240.0, M,=20.0, ¢=93.8
z=116.8, M.=240.0, M,=20.0, ¢=115.3
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Fig.3 The graphic representation of the distri-
bution of the volumes of the asymmetric unit in-
side of the each unit cell of sulphides and sulfos-
alts.

Fig.4 The graphic representation of the fre-
quency distribution of the volumes of the asym-
metric unit of halides.
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Table 5. The distribution of the values of the vol-
umes of asymmetric units of oxides and hydrox-

ides.
Range(A®) Center Numbers
(Class Class mark Frequencies)
0.0 ~ 40.0 20.0 67
40.0 ~ 80.0 60.0 21
80.0 ~ 120.0 100.0 13
120.0 ~ 160.0 140.0 6
160.0 ~ 200.0 180.0 3
200.0 ~ 240.0 220.0 3
240.0 ~ 280.0 260.0 3
280.0 ~ 320.0 300.0 0
320.0 ~ 360.0 340.0 2
360.0 ~ 400.0 380.0 0
400.0 ~ 440.0 420.0 0
440.0 ~ 480.0 460.0 2

£=69.3, M.,=240.0, M,=20.0, 0=85.3
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Trial calculation of relating the equilibrium state of minerals to the descriptive mineralogy
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