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I. Introduction

Under presumption that there should lie come regularities bet‘ween atomic numbers and Clark’s
numbers of the elements, several attem_ t; for finding some relation between these numbers have
been made since Mr. W. D. Harkins 2 first pro;osed it. He stated its general tendency in his
well known rule named after him thus : #The element of even atomic number has, as a rule,
larger Clark’s number than the neighbouring element of old atomic number.”

On the way to systemaitc research®) on the elcments dissolved in the sea-water, the writers no-
ticed some regular relation between the quantities of dissolved elements and their atomic numbers,
even in taking up only the h drosphere. Persuing further, the writers found surprising regulariti%.
in the case of. the sea-water. As shown in Table 1, by

the elements of the same family, the quantity of the 3
elements dissolved in the sea-water decreases as the 2 g
position of the elements in the reriodic table becomes / \5< Alomic
lower. This rate of decrease, as shown in Figurel~ 3, 0 Huer
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gives almost a straight line in the case of the already quantified aklali elements, alkali earth_
elements and halogen group elements. But by the elements of highast position in the same group,
such as Li, F(Be is not yet found), they show cuite exceptional c(uantities, just as they do in
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their chemical and physical property.
quantity of the elements
differs from weight 2 method which has been employed by Mr. Clark. Instead, the writers used
the quantity pro;ortional to the atom number, that is, millimol

As seen in the above figures, the writers’ method of indicating the

(m.m.) . And moreover, they

took its common logarithm as its vertical axis, and atomic number as its horizontal axis. -ln
doing so further exposition was faciliated, and more satisfactory result was obtained than by the
use of weight 9; method.

Owing to the enormous effort of chemical and physical researches of the past century, wek now

that the atomic number represents all the essential qualities of atom itself, both chemical and

.physical. Considering that the quantity of elements dissolved in the sea-water is dependent on the

degree of facility of their delivery from land by the water 4, it is assumed from Iafge point of
view that the periodioal character of chemical and physical property of atom itself is found, as
one of its manifestations between the quantity of the elements in the sea-water and their atomic
numbers. Especially in dealing with such great source as the ocean, statistical law of great
numbers (Gesetz der grossen Zahlén) would be applied rather satisfactorily. Moreover, in the
totality of each individual

lineage of strong uniformity such as the sea-water, analysis value is

far superior to that of the cases on land. This fact, too, is the main cause of regurality recogn-
ized by the writers. Thus congidering, in geochemical arguments, its fundamental quantity of the
elements should rather be dealt from the stand point of the quantity rational to their atom num-~

bers (m.m.) than from weight %. And the)writers intend to maintain this view point henceforth

in this kind of researches.

Table 1
elements | atomic numbers g/L m.m. /L log m.m. \
F 9 0. 000822 0. 043 —1.367 Carnot
0.0014 0.74 —0.131 Wattenberg
Cl 17 18. 42 519.6 2.71567
Br 3b Q.063 0.79 —0.102
1 53 0. 00005 0. 00038 —3.420
Ecal 85 — — —

Li 3 0. 0002 0.029 —1.538
Na 11 10. 16 432.0 2.635
K 19 0. 37 9.4 0.973
Rb 37 0. 0000035 0. 0004 —3.398
Cs 55 nx10-9" nx10-# —T~-8

EcaCs 87 — — —
Be 4 — —
Mg 12 1.24 51.0 1.708
Ca 20 0.40 10.0 1.000
Sr 38 0.013 0.15 —0.824
Ba 56 0.0002 0.0015 —2.824
Ra 88 nx10-13 nx10-13 —12~—13

II. Consideration on the Experimental Value

Since former ages there have been enormous number of researches made on the quantities of the

elements dissolved in the sea-water. And there have by no means been a few cases where fairly

(32)
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varied analysis values were obtained. However, the values réferred in this thesis are taken from the
generalizing thesis of Mr. T. G. Thompson® and Mr. H. Wattenberg 8 which are considered
except by the elements Li, Rb, Cu, Au which have been determined at the
writers’ laboratory. But only in case of Ra, as Mr. C. S. Piggot and Mr. W. D. Urry? recog-
niz;:d, the writers considered the most recent analysis|value of Mrs. R. D.Evans, A. F. Kip and
E. G. Moberg to te correct, and it was employed. Thus Table 1, Table 2 and Figurel'v‘i were

most reliable today,

made according to the above said values.

Assuming that the salts in the cea-water have been carried in mainly by rain water and rivers
and accumulated during a long period, it i3 easily presumed that especially in lithophile elements
such as alkali metal, alkali earth metal and halogen group which are widely distributed near
the earth surface mainly, relation Letween their cuantity and atomic numbers-is regular; and
that in cases of the elements not so well distributed on the earth surface s'ch as chalcoptile and
siderophile elements from the third A group to the fourth B group:-:--..----the sixth A group in the
periodic table, it is somewhat irregular.

As there lies great difficulty in this kind of research, analysis value of the elements existing in
the sea-water is at present very insufficient and imjerfect. Therefore it is impossible to ascertain
the above stated presumption yet. Neverthless, as an e:ample, the following Table2 and Figure
4 will show the relation between dissolving concentration and atomic numbers of the elements
such as copper group elements Cu, Ag, Au of which analysis is considered almost completed.

| Atomic number

BEALERIR 2, 2

Table 2 0 ;
020 30 ¥ S0 & 70 §o0
. =t
atomic N e
elements Huribers g/L m.m./L log m.m. 3 1 -
E
Cu 29 3%10-5 0.0047 —2.3928 & g
Ag 47 2x10-7 0. 00028 —3.553Wattenberg 4 /
(3x10-7 0.00020 —3.699Thompson -5
Au 79 4x10-9 2x10-8 —7.699 -6
2
1. On the Elements of Halogen Group. 3 u
As shown in Table 1,Figure 1, and in the above exposition, Figure. 4

it is clear that the writers attempt has been fulfilled. The (Coppst Group Elements)

analysis value of F varies by different people more or less, and its position on the figure, accor-

dingly, is not decisive. However, it matters little in the present argument.

2. On the Elements of Alkali Group.
It explains from itself by Table 1, Figure 2, and the above stated consideration.
erning Cs, its existence, of course ‘was anticipated, but its qualification and cuantification have.not

Only conc-

been cuite sufficient. But-it has become possible to presume the cuantity of Cs dissolved in the
sea-water by extending the binding 1line of alkali elements and accuiring the crossing point with
the vertical axis of t'e atomic number 55 of Cs, which is shown in Figure 2.

This value is thus acquired from Figure 2. If the required concentration of Cs is C millimol :

dog C = ~-7.5
.. C = 3x10-8 millimol
=4x10-"g/L

The writers invented a micro-analytical method enabling the identifying of Cs (4x10-2g/L) to

the above said degree, and by applying it on the natural brine prepared from sea-water, the

(1987) (33)
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quantity of Cs in the sea water was indirectly measured. Thus the above stated presumption was
f)roved correct. That is to say the quantity of Cs in the sea-water, according to the writers’ exp-
eriment, is nx10-3millimol (nx 10-g/L), and within the limit of experimental error, it coincides
well with the presumed value. )

3. On the Elements of Alkali Earth Group.

On Table 1 and Figure 3, detailed consideration on the regularity of the second A Group, that
is alkali earth group will be made. First it is noticeable that Ra which is dishibuted to high
degree all over the earth surface, exists in the sea-water only as an exceptional case, remarkably
deviated from the extended line of Mg—Ca—Sr—Ba. And while the cuantity of Ra obta_ined. from
outside by Figure 3 ahould be 1x10-¢ mijllimol, that is2 X 10-7g/L, the cuantity of the same in the

sea-water obtained by actual measuring is far smaller,nx 10-!3millimol, that is nx10-13 g/L."®
The Writers thought out of the following two reasons as its main causes,and attempted quantitative
explanation with them which Brough} satisfactory result. The iack of actual quantity of Ra, as
stated above, comes from : )
. 1. Decrease_of the c,uantify by natural disintegration caused by radioactivity of Ra.
2. Decrease of the quantity by precipitation and deposition of Ra to the sea bottom.
And the writers calculated the first case to be far greater than the second (about 100 times as
much). It will be stated further on this.
At first, the explanation will be made on the decrease by disintegration. On Figure 3, the me-

“aning of the crossing point R of the straight line binding Mg-Ba ; and the horizontal axis of the

atomic number, 83, of Ra is considered. This indicates the concentration of Ra with assumption
that Ra, delivered from various sources? into the sea-water ever since pirmeval ages, has, like
other stable elements, been accumulated without being disintegrated. As the theory of disintegration
of Ra is wellknown, by its application,‘ R is acquired theoretically from the actual quantity of
Ra in the sea-water. Thus : .

If quantity of Ra delivered into 1 L of sea-water per.year be No millimol, the age of the
ocean be T year, tfxe actual quahtity of Ra in sea-water of 1 . be Ny millimol, and the disinte-

gration coefficient of Ra be.r ( year unit ), then

Nr = Noe AT+ Noe-MZ-1) 4 NoeMT-2 4 ......... +- Noe-2A + NoeA -+ vvr oos )
The above formula is geometrical progression of e"AT as its first term and e~* as-its common ratio.
= er(eMr—1) | _ ere M e ) e
B e B s

And T is the age of the ocean, to which various different values have been given, and is considered
to be between 1 to 100 hundred million years. Formerly it has been taken as around 1 hundred‘ mi-
llion years, but recently its value tends to increase, and especially the value acquired by radioactiv-
ity is considered to be from over 10 hundred million.years to several 10 hundred million years.

Therefore in the formula (2) e~*.e~* may be ignored against e~*. Thus

Np= N0<_:£*_.\, =N,/

eA-1 ¢ \1—e? J
When e=2.71828, A=4.38x 104 is substituted in the above formula
o e 438 x10-¢ \ _ 0. 99956 e G0 TOBIN s nmu vomes sssmusansase
NT‘N°< Toe T8 % 107t / X 50004 227 103N ©)

On Nr, that is the actual quantity of Ra in the sea-water, there have been great number of de-
termination made following the research of Mr. Joly, Mr. Eve. And also it has been known that
its quantity varies somewhat according to the depth of the sea-water. However, the writers take 1.5

%x10-18g/L, that is 7x10-13 millimol, as the quantity of Ra representing the whole ocean. The rea-
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son of which will be stated later.
Thus if Np=7x10"18
according to  the formula (3), 7% 10-1342,.27 X 103N,
. Np=3x10-1¢ millimol
Therefore Ny, the quantity of Ra delivered into 1 L of sea-water in a year, is 3x10-1¢ millimol.
And if the concentration of Ra on the imaginary point R is N millimol :
N=NoxT=3x10"16T
Therefore if T=10° (that is 10 hundred million years)
N=38x10"16x102=3x% 10-7 millimol
And the characteristic is log 3X10-7= —6.52
Also if T=5%109 (that is 50 hundred million years)
N=3%10"16x 5% 10°=1.5% 10-8 millimol
And the characteristic is log 1.5%10-6 = 5. 824
As the characteristic acquired by Figure 3 is —6, the above stated value becomes slightly greater
if T is taken as 10 hundred million years, and slightly smaller if it is taken as 50 hundred million
years, Even today it still is hard to know the exact age, T, of the ocean, and it is very hard to
make accurate calculation. However, as stated above, if thd age of the ocean is assumed to be be-
tween 20 to 30 hundred million years, concentration of Ra at the point R would be - well explained.
Although correction is necessary for the decrease of Ra by its precipitation and deposition to the sea
botton, it seems so small avalue that it could be ignored, comparing with the decrease by disinteg-
ration on which will be stated later.
Next, the writers will make consideration on the above said seconid cause, the decrease of Ra by
precipitation. The experiment value of Mr. Evans and others (1930) seems to show most clearly
the manner of ‘precipitation and deposition of Ra in the sea-water. Referring it from his thesis,

it is shown in Table 3 as follows :

Table 3
Ra content in the sea-water at various depths.
depth (m) quantity of Ra (g/L)
0 (0.3+£0.1) x10-13g
0 (0.5+£0.2)x 7
600 (1.5£0.1) X 7
600 (1.3£0.3)X
1, 300 (3.2%£0.2) x
1, 300 (2.60.3) x
sea bottom deposit (1, 300m) (8.00+£0.05) x10-12g/g
” (3.17£0.05) X

It is found there that Ra content in the sea-water increases rational to the depth fairly straight
lineally, and that in the sea-bottom soil deposit on the same place, enormous amount of Ra is de-
posited and condensed (comparatively speaking, of course). Here, the quantity of Ra is 3x10-12g
Ra/g, in other word 3x10-°g Ra/kg. It wi'l not be mentioned here ot various statements 11 on
the subject of the mechanism of this condensation. It is found here by the experiment that Ra alone,
un'ike othere elements, is precipitated and concentrated to unusually great quantity. Of course all the
elements dissolved in the sea-water are also precipitated more or less by various causes, but compa-
ring with that of Ra they are too far smaller degree. he writers have taken this up quantitatively

wBELENE 2, 2 (1987) (35)
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as follows. Table 4 shows the quantity of the elements of each alkali earth group in the sea-water
and in the red clay 1® of the deep sea bottom, and the ratio of the quantity of these. As for the
quantity, the ratio of the atom number, that is m.m. is taken.
Table 4.
The quantity of the elements of alkali earth group in the sea-water and in the deep sea bottom.

2

sea-water red clay
- io, i . - . ,ratio, th -
millimol ﬁh&;hzsqllmnmy weight 95 | 9 /atomic weight nlt?tyo:)f i’l?;u:sl

Mg 51.0 1 1.99 8.2x10-? II

Ca 10.0 200x 101 1.42 3.5x%10-2 4.3x10"1

Sr 0.15 2.9x10-3 0.045 5.1x10-% 6.2%10-3

Ba 0. 002 3.8%10°5 0.18 1.3%x10-3 1.6X10-2

Ra 7x10-18 1.4x10-14 1x10-° 4.4x10-12 5.4x10-11

As seen in Table 4, 51.0 millimol of Mg existing in the sea-water is 1.99 2% in the red clay.
Therefore, if the rate of its precipitation and condensation in the red clay from the sea-water is taken
as 1, Ca should be deposited as much as

1 x _4.3x1071 2= 2 multiple of Mg

2x10-1
And ‘as to Sr, similarly
6.2x10-3 .
1 x e 2 multiple of Mg
Similarly this relation whth Ba and Ra are indicated as follows.

Table 5. According to this, Ba must be
The ratio of ‘the quantity of the elements of precipitited to the sea bottom about
alkali earth group in the sea-water precipitated 400 times as much as Mg, and as
and condensed to the sen.bottom. to Ra, about 4,000 times as much.

Therefore the decrease of Ra by this

f;ethrﬁns"m"fb(ﬁ‘fmﬁmmy precipitated phenomena could also be considered
Mg 1 as one of the causes of the afore
Ca 5 said deviation fro_m the straight line.
Sr 9 The writers calculated the quantity
Ba 400 of Ra deposited by this cause as
Ra 4, 000 follows. The result show, as men-

tioned before, the influence of this
cause to be comparatively smaN. The value employed in this calculation is by no means without dou-
bt, and the reliability of the acquired value is not always decisive. However, trusting this mothod to
be logical, it suffices to know a approximate vailue.

As shown in Table 3,according to the afore said experiment of Mr. Evans, Ra content in the sur-
face soil deposit of the sea bottom of 1,300m depth is 3x10-1%g Ra/g. Assuming a water pillar to
be made on 10cm square of this soil, its water volume will be 1,300 10=13,000L. Therefore, con~
sidering that Ra comtained in this 10cm square of the sea bottom soil is precipitated and condensed
from 13,000L of the sea-water above, the loss of Ra from 1 L of the sea-water per yeas by preci-
pitation is acquired as follows.

By 2nother method, !3) tke spced of precijittion of the depositicn in the deep sea Lottom is cale-

(36) M LERE 2, 2 (1987)
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ulated as approximatcly 0.07cm per 1,000 years, 14> Therefore, by obtaining the number of years for
the production of 1g of the deposition on 10cm square of the sea bottom, and by dividing 3x10-12g
Ra with'it, the quantity of Ra precipitated from the sea-water in a year is acquired. If 1g of the
deposition is spread evenly on 10cm square, its thickness h would be as follows. The specific gravity
of the deposition is considered here as 1.5, temporarily.

1.5h x 10* = 1

s h = 0.007cm
As it takes 1,000 years for 0.07cm of deposition, for 0.007cm of it, is should take
1,000 x —2%97 = 100 years
0. 07

And from 13,000L of the sea-water pillar, 3x10-12 g of Ra is precipitated in 100 years. Therefore
the quantity of the deposotion from 1L of it in a year will be

3x%x10-12
. 3X10°1 . 9y 10-13g Ra/L
100 % 13, 000 X & -Kaf

And its sum total from the beginning of the ocean (assumed as 10 hundred million years) is :
2x10-18gx 109=2x10"? g Ra/L
=1x10-8 millimol Ra

Comparing this with the afore said decrease 10-¢ millimol by disintegration, it is very small (about
1/100). Therefore the loss of Ra from the sea-water by precipitation "and deposition, comparing
with that by disintegration, may well be ignored when the writers take up the problem of deviation
of Ra from the s&aight line.

The following fact should de noted. At seen in Table 5, deposition of Ba is greater than that of Mg,
Ca and Sr and accordingly its value should be somewhat below the straight line. But in reality it is

as above. It is not known yet whether this comes from insufficiency of analysis value or from some

other reason.
4. On the Elements of Copper Group.
In Table 2 and Figure 4, the relation between concentretion of Cu,
water and. their atomic numbers is snown, which approves the writers’ proposition well. As the wri-
ters’ view on chalcophile elements and siderophile elements is already outlined in chapter II, conside-

ration on experimental value, it will be omitted here. Further research on this subject is expected in

Ag, Au content in the sea-

the future.
M. Another New Improved Method for the Determination
of the Age of the Ocean

By the above exposition it ir known that the elements distributed all over land, when they are in
the same family, keep straight lineal relation between their quantity dissolved in the sea-water and
their atomic numbers, unless there is some special cause to hinder it. By the application of this
relationship, the writers propose a new method of determination of the age of the ocean.

The application of the phenomena of disintegration of radio-elements to the determination of geo-
chemical age has been attempted often lately. And various ages have been determined which are com-
paratively accurate. In the writers’ laboratory this sort of mecthod was already applied to the ocean,
and a new method has been proposed-lﬁ)N;)w, although it is based on the theory of radioactivity,
it differs entirely from the already known methods in its conception and content.

As already statad in Chapter I, formula(8), when the age of the ocean T is large enough compa-
ring with A the fixed number of disintegration of Ra (and in fact it is s0), between Ny, the actual
quantity of Ra in the sea-water, and N, the quantity of Ra delivered in a year, the relation

BELFERFE 2, 2 (1987) 37
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Nr = 2.27 x 103N,
is establishcd, with no connection with T. As shown in Figure 3, when the crossing point of the
straight line binding Mg—Ba and the horizontal axis of the atomic number 88 of Ra is indicated as
R, and the characteristic of the vertical 4xis of R as N, the relation

N=N,T
is established. Consequently combining this with the former formula it becomes
T = N _ N - 2.27%x103N
- TN, Nr Nr

2,27 %108
And as N, Np are known in the above formula, T, the age of the ocean is obtainable. That is, by
substituting N=1 x 1079, Nr = 7 x 1013

2.27 %103 x-10-°
7%x10-13

Thus the age of the ocean becomes approximately 30 hundred million years. In this calculation,

T = = 3x%x109 years

the decrease of Ra by precipitation and deposition to the sea bottom is ignored for the afore said re-
ason. However, the value employed there is not entirely reliable in the present situation, and if the
amount of decrease is found actually great, it then would no more be ignored. In such case, the
value of N of the above formula might become smaller, and accordingly the age of ithe LoCeaix,’ T,
might also become smaller. However, the above said value could be considered expressing the appro-
ximate age of the ocean, and the age acquired by this mothod coincides with that of the other meth-
ods based on the phenomena of radioactivity. And also it supports the former proposition of Ishiba-
shi, that the age of the ocean should be between 10 to 50 hundred million years.15)

Iv. Conclusion and Suggestion for the Future

Based on the analysis value already quantified by other writers and on that determined by the wri-
ters’ research, regularity of the relation between the quantity of the elements dissolved in the sea-
water and their atomic numbers has been stated hereto. Recognizing such regularity, the following
notable facts are found.

1. The above said regularity should exist not only in the sea-water but also in the hydrosphere of
the earth, because the sea-water occupies 989 of the hydrosphere, while the rest occupies merely
29 of it. Moreover, it seems to suggest the regularity of the existing elements on the whole
earth,

2. As stated in the paragraph of the estimation of the quantity of Cs, the quantity of the elements
dissolved in the sea-water either from within or without can be estimated by that of the neighbour-
ing elements. Consequently, the quantity of Eka Cs and Ek: I, the only two elements which at
present in nature are left blank in the periodic table can be presumed approximately. ’

On Figure 1 and 2, concentration of No. 85, Eka I and No.87, Eka Cs are, from without, 10-8
m.m/L and 10-14 m.m/L resjectively. However, as these elements seem to possess radioactivity,
similar to Ra in Figuie 3, even if they! exis‘ted in the sea-water, their quantity must be much less
than the value stated above. If so, it seems almost impossible to obtain these two elements from the
sea-water, as it is too small a quantity fo1r the present analytical method.

3. Consideration has hereto been made on the e'ements dissolved in the sea-water. In enlarging
this view point and applying it to the elements of the whole earth, the following facts are found.
When the graph is drawn by taking common logarithm of the number which is Clark’s number divi-
ded by its atomic weight as vertical axis, and by taking atomic numbzr as hoiizontal axis, regulari-

ty is not very well found in all the families of ordinary elements. But in rare gas elements, as
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shown in Table 6 and Figure 5, excepting Ar and Rn, fairly regular relation is found between the two.

Atomic number

Table 6. _;1”’ P I
clements | atomic | Clark’s number | Clark’s nurr}ber Sla e
number | “atomic  weight atomic weight T .
He P 2.00x 107 — 6.699 o Xe
Ne 10 2.47x10-8 — 7.607 "
Ar 18 8.77x10-0 — 5.057
Kr 3 2.41%10-10 — 9.618
Xe 54 2.32x10-11 ~10.635 .
Rn 86 4.54x10-18 —~17.343 v A

Figure 5. Rare Gass Elements

In this case, the reason for the deviation of A1 is not known. But marked deviation of the quan-

tity of Rn could be, just as in the case of Ra, explained as the decrease by disintegration.

4. As shown hereto, by the homogeneous system such as hydrosphere and atmosphere, relation

of straight line is éstablished betwcen the quantity of the elements and their atomic numbers; and by

the heterogeneous system such as the elements of the earth crust, no regularity is found 16), While

each analysis value of the homogeneous system is sufficiently reliable for the argumeut of the whole,

the average Clarks’ numbers have insufficient analysis value for their basis,and also the object of ana-

lysis is limited to a portion of the carth in this case, that is, only 15 km underground. Hence

comeb such declination to the argument of very general prospective as above.

From this point of view, the writers intend in the future to make correction of Clark’s numbex

itself and apoly the hereto stated consideration on it.

In conclusion, the writers express their hearty thanks to the Department of Education for bestow-

ing the fund for the scientific research for a part of this researdh.
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