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_ ISOTOPIC OXYGEN EXCHANGE BETWEEN WATER. AND. CARBON DIOXIDE

_[Following is a translatlon of an artlcle by M Ye Kats
... and F..S. Lapteva in Zhurnal Fizicheskoy Khimid (Journal
o of Phy31cal Chemistr; ) Vbl XXXII No. 4, Moscow, April
-J;ﬂ1958, pages 864~868 : s

" Abstract

"An investigation has been made into the reactlon kinetlcs of

* -isotopice exchange between’ water anid GO, ‘when thé predomlnant quantities
of reactants {* 99%) ave in different Phases (water in the 1liquid phase
and CO, in the gaseous), depending upon the CO, pressure (0.5-60 atm)
~%uthe temperature (0--900 C)-and the deuterium concentratlon.":A =

The 1sotop1c ;exchange- of oxygen in the system H20-002 has been

’w:ﬁstﬁdzed by.a number of authors (1-4). “However 1n-connect10n ‘with the

development ‘of &.method. for the 1sotoplc analysis of’ water, -it became
| -necessary to study this reaction in case of high COy- pressures and dif-

. ferent temperatures both in the system Hp0-CO2 as well &s in the System

D>0C0p, when the bulk of the COg is present in a gaseous state and not
in solution, -
e In our experlments a standard 2.1liter cylinder was. uSed as. ‘the

reaction chamber, : Standard carbon dioxide (see Note) and water, enriéhed
with the heavy oxygen isotopes 0-17 and 0-18 and deuterium, were fed-into
this chamber, - The latier was. then Placed into a water thermostat (Figure
1) and was ‘rotated with a” “gpeedof 0.5 rpm; © the area "of ¢tontact between
_water and cerbon-dioxide was approximately equal: to 1,000 sg.em.,’ “After
a certain period of time, the water was drained from the chamber ahd
was subjected to an isotopic analysis. Since the original carbon diox-
ide was’ present in'a state f isotopic equlllbrium w1th natural water,
as a result, of” the exehange a-pc tvon ef “the- 0-17-and 0-18'isotopes
- g transferred frbm water "to’ 002 “and a‘teduction ‘in the: water density
“is observed: (Note'* Theé" carbon ‘dioxide used in these tests, supplied
by a dry ice manufacturing plant, did not contain any hydrogen-contaln-
ing admixtures.)

The density 1ncrease, (see Note)-of water is equal to the sum of

the density, inerease " ecaused by the presence of excess deuterlum,
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(Note. The dens:xty 1ncre‘ is ﬂqe “magmtude A Vi
where p, 1is the ‘density of standard” (natural) Water
~density of the water being. tested ) ,
cLo oL iiAsla result, of‘lso’qopq.c {exch, ge,
cess deﬂsztx) of water is.redu d’ phly ét the
-, ,Onthe bas:,s of ‘the fact that
. the exeess: _amoxmt.,of,!o.l'?"
..of .oxygen in-water. ’APD/%L
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Whereby 1
na‘aural water,‘ , 86871 i
A r,/_) at 25 Cc. o
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- ean; assum; the het, in. case, of Jov detiteriug iff‘ cent ,‘rj.v,,(,. :
the follow:.ng maln react:x n takes place 1n “the chamber'.

R Accordmg to Yurd (Urey °) (see’v[ 7) and measu,rements peri‘ormed
;;by us a%.909.C., the following value of Xy ior ‘the ‘system HgO-COg can
be assumed during calculationS' ‘ . R
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Relatlon (1) 1s appllcable only in ecase’ an’ iso*oplc equlllbrium -
is estab ished in the chamber. If, on the other hand, the duration of -
the reaction is shorter than’ the tlme requlred ‘for the establishment
of an.isotopie¢ equlllbrium, fornula (1) will yield. lawer APy,
density incredse values., By determining [,p / ‘values corresponding -
to different reaction t:mes we will obtain saturaﬁlon curves, with the
ald of which it is. possible ‘to determlre thetime at which an isotopic
4”equllibr1uu was ‘established in the chamber under given conditions Ex-
perimental- results are shown in Figures 2-4

- Density increases fyb and AKF) were measured by a dlffer-
ential pscnometrlc method.

Effect of C02 Pressure.’ In plottmng the curve shown in Figure .

2, about 50 ml of water-and the necessary amount of €O, were fed: 1nto
the chamber under a correspondlng pressure. "An examinatlon of this -
‘curve shows that, within the error range during measurements, the time
at which an 1sotoplc equilibrium is ‘established in the chamber at €0° €.
does not depend upon the CO, pressure within a 15-60 atm range.

At low pressures the relative error occurring during measurements
of the difference Qﬁf\ ). @ﬂf}’y } . is large; and for this reason the
method of multiple washings was used for the same purpose. Preliminary
tests have established that, at 90° C., a CO; pressure of €0 atm and
about 50 ml of water, an 1sotopic equilibriud is established in the
chamber after approximately 1.3 hours (Figure 4). : ‘

About 50 ml of water and CO, under a small pressure were fed into -
the chamber. The reaction tock place at 90° C; durlng a-period of 1.5
hours,” The reactéd gas was then removed, and the seme amount of fresh
€0, .was introduced into the:chamber, . After several such rezctions, the .
| .oxygen density increase in the water ‘drained from the chamber was de-’

- ternined. - Tests wePe conducted at a CO, pressure of 6 atm (2 tests),
3 atm (4 tests), 1.5 atm (7 tests) and §.5 atm (10 tests)..

Within the measurement error’ llmlts, the oxygen densmty increase X
in water was found to be equal to the calculated ‘density increase, assum-
ing the establlshment of an isotopic equlllbrium in each reaction, Thus,
the velocity of the 1sotoplc exchange reaction in the system H20-002 is
not reduced when the .COp pressure is reduced from 60 to 0.5 atm; i.e,
the process of oxygen isotope exchange is a reactlon 6f the first order.’

Effect of Temperature. In plottlnv the ‘curves shown in Figure
3, about 100 ml of water and about 600 g of 002 were fed into the chamber.
At 90, 60 and 40° C., the bulk of the CO5 in the chamber was present in
& gaseous state at a pressure of about 120 110 and 100 atm (only 1% is
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dissolved in water). At lower temperatures, a portion of the CO, in the
chamber was also present in a liquid state (ebout 30% at 24°, about 58%
at 12.5° and about 70% at 0°); the density of this liquid CO, is smaller
than the density of water, _

Effect of Deuterium Concentration. In plotting the curves shown
in Figure 4, epproximately 50 ml of water and about 300 g of CO, were
fed into the chamber. The reaction was conducted at 90° C, The pres-
sure in the chamber was:equal to approximately €0 atm. Curve 1 was

- obtained with samples of water, in which the concentration of heavy
oxygen isotopes was equal to-0.9 and 1,1%, while the deuterium concen-
tration was respectively equal to 99.3 and 99.8%, i.,e, this curve actu-
ally refers to a Dp0-COp system. In this case, the isotopic equilibrium
sets in after about 2 hours. Curve 2 was obtained with a sample of
water, in which the concentration of heavy oxygen isotopes was approxi-
mately equal to 1%, while the deuterium coihcentration was also egual to
about 1%, i.e. this curve actually refers to a Hy0-COp system. In this
case, the isotopic equilibrium is established after about 1,3 hours.
Thus, the velocity of the isotopic reaction in the system Do0-C0p 1is
approximately 2 times smaller than in the system Hy0-COp.

It is known (3) that the veloecity of the isotope exchange reac-
tion between water and dissolved carbon dioxide is limited by the hydra-
tion and dehydration of carbon dioxide. In solutions with a pH<S,

‘the exchange is due mainly to the reaction: o ’

.COZ'dissv+ HZQ%ffHQCOBI s - (2)
whiie:in’801Qtionsiwith_ij> 10, iﬂAié due to the reaction:

00y gje * OHE=2 HCO; . (3)

At 259 C., the half-period of reaction (2) is equal to about 17
minutes (the half-period of CO, dissolution in water is equal to 1 sec,).
In our tests, the isotopic exchange was also influenced by reaction (2),
but- the exchange velocity must be smaller, since the bulk of the reacting
media was present in different phases (water in the liquid phase, and
€0, in the gaseous phase), and diffusion phenomena in both phases must
have played & considerable role, In studies (2, 6), the isotopic ex- v
‘change between 1.5 ml water and 16 ml COp (or 5 mlL water and 20 mi 002)
at 259 C. and 1 atm was established by shaking the empoule during a
period of about 5 hours. In this case, 15-20% of the CO, was present
in solution. 1In our tests (about 50 ml water and 300 g 802) at 24° C.

'and about 60 atm, the isotopic equilibrium was established in the course
of 10-12 hours (Figure 3), which, apparently, is due to the fact that
only about 2% CO» was dissolved in water.




In conclusion, in order to illustrate the fact that the density
of water in our tests was reduvced only as a result of an isotopic oxygen
exchange, two washing curves might be mentioned. In plotting the curve
shown in Figure 5, ebout 60 ml water and 300 g CO, were fed into the
chamber during each test. As can be seen from Figure 5, the density in-
crease of water drops sharply after the first washings, and then drops
very slowly and in a linear manner as the number of washings was in-
creased, Apparently, this linear section of the curve is due to the
fact that the highly concentrated heavy water sample becomes diluted
with natural water during the course of all manipulations performed
during the weshing process. The density increase, obtained by extrapoe
lation towsrds the original sample in the linear portion of the greph,
is caused only by the presence of deuterium, Figure 6 shows a similar

.washing curve obtained with a sample of water having e deuterium con-

centration only approximately 2 times greater than the deuterium con-
centration commonly found in nature, and in case of considerably higher
ratio between the number of moles of water in the chamber and the number
of moles of 002 in each reaction, :

Conclusions

1. A study was made of the isotopic exchange reaction between
water and CO,, when the bulk of the reacting compounds is present in
diffegent phases (water in the liquid phase, and co, in the gaseous
phase

2, It was established that the velocity of the isotopic exchange
reaction in the system H50-C05 is independent of the 002 pressure within
& range of 0.5-60 atm.

3. The relation between the time at which an isotopic equilibrium
is established in the system Hp0-COz and the temperature in an interval
of 0-90° C. was measured,

4. It was established that the velocity of the isotopic exchange
reaction in the system D20-CO2 is approximately 2 times smaller than 1n
the system H;0-CO5.

5. It was demonstrated that an isotopic oxygen content in heavy
water, even up to an ultimate (maximum) deuterium concentration, can be
reduced to a normal oxygen content by means of an lsotopic exchange reac.
tion with CO, without the use of a catalyst.
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Figure Appendix
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Figure 4
1 - For the system D,0-C0,

2 . For the systen H,0-00,
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Figure 5
Relation between the dewsity iuncrease ot 20° ¢ and the muwiber
of waghings, in & sample of waler with an original deuterium
concertraticn of 69.9%.
Abselssa:  Nurber of waehlngs
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igure 6
Vor a deuberlum concentrat
Abseisza:  Nuwber of washi

an of aboub 0.03%4.
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