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Amount of Water Photochemically Decomposedl in the
' Upper Atmosphere
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Abstract

Water molecules are photochemically decomposed to-oxygen and hydrogen ioms in
the upper atmosphere. ~ These hydrogen and oxygen ions diffuse into the intersteller space
with the specific escaping rates respectively.  Both from the abundance ratio of protium
and deuterium in the earth’s crust and oceanic water and from their escaping ratios, the
amount of water decomposed since the born of the earth can be calculated. This amount
is in the functional relation with the content of deuterium in the sprimordial earth. The
oxygen thus formed has played an important role in oxidation of primordial atmosphere and
the earth’s crust. It is also suggested that existénce of ferric iron in the Pre-Cambrian rocks
is probably due to such oxygen atoms.

Introduction

The amount of water decomposed by photo-dissociation in the upper atmos-
phere? can be calculated. Some dissociated hydrogen atoms diffuse into the
interplanetary space from the earth’s gravitational field. Protium atoms diffuse at a
higher rate than deuterium atoms. It is assumed that almost all oxygen atoms
have remained in the earth’s atmosphere. =~ The present calculation. shows that
10* grams of water, corresponding to 1095 of the mass of the oceanic water,
have been decomposed and the oxygen atoms thus released are equal to that of
the present atmosphere. These oxygen atoms must have played important roles
in the development of the atmosphere and earth’s crust.
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Calculation

The present calculation depends on the assumption that the concentration
of deuterium ‘in the oceanic water®*® which constitutes almost all the entire
hydrosphere has resulted from the slower rate of deuterium than protium in the
above-mentioned diffusion. R : , . ‘

- The diffusion velocity of each isotope, is expressed by the next equation
(1),
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Here, m is the mass number of each isotope. m is 1 in protium and 2 in deu~
terium. ' ’

n is the number of each isotope which presents in the atmosphere above

the unite square.of the earth’s surface.
R is the radius of the earth.
R. is the distance between the earth centre and the place from which
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each atom diffuses into the interplanetary space.
Then, the ratio of both diffusion rates is given by the next equation (2).
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Furthermore, dP and dD, the values of protium and deuterium atoms
" respectively, which have diffused from the earth’s grav1tat1ona1 ﬁeld into the
interplanetary space, are expressed as follows.
dP= 4R ¢ protiomy X V(protiumy X (Geological ages)

dD 4 ﬂRc euterium) X V(deuterium) X;(Geological ages) (3 )
From equatlons (2) and (3), _
dP/dD__ Rc (protium) % - V(protium) — 105 (4)
Rc (deuterium) V (deuterinm)

The following assumptions are made in the above calculat1ons ;

(1) The diffusion rate of each isotope has remained constant, because
the increase of the earth’s gravity by the fall of meteorites is negligi~
ble through the geological ages, at least after the appearance of the
“ proto~ocean ” which could supply enough water to the upper atmos—
phere.

(2) Temperature is assumed conveniently to be 1000°K for both hydrogen
isotopes, although closer attention should be pa1d to this.

(3 ) Rc (promum)*—Rc (deutenum) ‘

This assumption is not serious, as understood in equation (4).

(4) wn(protium) /a(deuterium) in equation (2) is assumed to be equal to
the isotopic composition of the presént atmospheric moisture, ®~4 "

The gains and losses of hydrogen isotopes on the earth’s surface expressed

by the term dP/dD can be also obtained from an independent calculation, i.e.,
from the concentration of deuterium in the oceanic water. The present deute—
rium molar content in the entlre oceanic water, D (presenty is obtained from
equation (5).

.D (present> =1.4x10* ><12—8X D(p)VX 102 ' ( 5 )
Here, 1.4x10* is the present amount of the oceanic water, expressed in gram.
D¢y x107% is the molar concentration of deuterium in the present oceanic

If the water volume that has undergone photo-dissociation is assigned to A
- X10* grams, (1.4+A)x10* grams is the total mass of the original or juvenile
water which has appeared on the earth’s surface and the average deuterium
content of which is assumed as Dyx 1072 Then, deuterium contained in the
original water, D coriginany -is

D(ongmal) = (1. 4+A) X1024 X = 18 XD(O)XIO —2 ’ ' (6)
From equations (5) and (6), gain or loss.of deuterium is expressed as follows.
dD=—§ X10°{(1. 4+A) X Dy~ 4x D} | (7

From the same calculations, dP is
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dP=—§17>< 10%2{(1. 4+ A) X (100— Deoy) —1. 4 X (100— D)} (8)

From equations (7) and (8), dP/dD is given.
_100 A+1. 4 X (D@py~Dcoy) —AD¢o
| L Rt | 9
Finally the value of A is expressed by combining equation (9) with equation (4).
1. 4% 10°X (Dpy— Do .
A= ‘103X§)®‘)"’_1 "? (10)
Equation (10) means that the value of A is solely a function of Doy,
because Dy is a constant value. That'is, if the accurate D¢y value is known,
the volume of water that has undergone photo-dissociation and the number of
generated oxygen atoms can be cdlculated. = Numerical relations between the
deuterium concentration of the original water and the photo-dissociated water -
volume are presented in Table 1. The smaller the molar concentration of
deuterium in the original water is, the larger the amount of water requires to
have undergone photo-dissociation. = Negative values in Table 1 mean that the
earth has obtained much exogenous hydrogen enriched by deuterium.

Table 1 Relation between the deuterium concentration of the original
water and the amount of the photo-dissociated water

D(o) A

%) . (10%gr.)
0.0255 —0.56
0. 0200 ©—0.33 ¢
- 0.0155 0. 00
0. 0150 +0.05
0.0145 +0.10
0. 0100 +0. 85
0. 0055 +3.8

Doy in question may be made clear by the statistical investigation of P/D

values in rocks, magmatic waters and especially meteorites'®*", even though
the data available at present are not sufficient. ~ P/D values in thermal waters
have been investigated by many authors. - Thermal waters, except for oil field
brines*®**, have usually smaller values in P/D than the oceanic water. Typi-
cal post—-volcanic activity at Noboribetsu in Hokkaido*®~*®, - Japan discharges
more than 10* tons of water daily and the temperature of which is as much as
200~230°C. P/D value in this hydrothermal water, which is considered to
have a close relation to the volcanic activity, is smaller than that of the oceanic
water and even of the fresh water when the activity is strong*®. Furthermore, -
T. Chitani and his co-workers have found that more than 70 % of hot spring
waters have lower P/D values than the fresh waters®®.  These facts seem to
show that thermal waters from volcanic sources have lower values in P/D.
But the writer can not get any information of the true Dy value from these
data. It is considered to be most essential that P/D values in meteorites are
“determined. If an intermediate P/D value among those reported is applied in
the present'calculation, it is estimated that 10* grams of water have undergone
photo~dissociation, although this estimate necessitates more data of meteorites.

In the present calculation, P/D values of materials in the biosphere and
in glaciers®?~% are neglected, together with those introduced to the earth’s
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surface by cosmic rays®®.  But these could not~change effectively the average
of the present P/D values on the earth, i.e., P/D value of the oceanic water.
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