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ON THE COEFFICIENTS OF ABSORPTION OF NITROGEN
AND OXYGEN IN DISTILLED WATER AND SEA-
WATER, AND OF ATMOSPHERIC CARBONIC ACID IN
SEA-WATER.

By CHARLES ]. J. FOX.

(4 Paper read before the Faraday Sociely, Tucsday, April 27, 1909,
Dr. V. H. VELEY, F.R.S,, in the Chair.)

The object of the present serics of measurements was primarily the deter-
mination of the absorption coefficients of nitrogen, oxygen, and atmospheric
carbonic acid in sea-water. These coefficients have of late years acquired
some special significance, notably in connection with that group of physical
problems of which Arrhenius’s work on the diathermancy of the atmospheric
gases, particularly carbonic acid, and its effect upon terrestrial temperatures,
is typical, and again in connection with those matters of biological interest
which are concerned with the dynamic processes of pelagic life. In addi-
tion, the absorption coefficients of nitrogen and oxygen in distilled water are
not known with great exactness, and it is believed that the present series of
determinations will be of some interest from that point of view also.

1. NITROGEN AND OXYGEN.

The method employed for determining the absorption coefficients of
nitrogen and oxygen is a modified form of Estreicher's adaptation of
Ostwald’s method.* The gas is admitted to the burette 4 (Fig. 1) through
the tube D ; its volume pressure and temperature are recorded. The bulb B
containing the water freed from air is sealed on to the flexible glass spiral C,
which is thereupon evacuated with a mercury pump and the tap ¢ then
closed. The volume between the three taps a, ¢, b is determined by allow-
ing the gas to enter the spiral from the burette and measuring the resulting
decrease of gas in the burette. The tap b is next opened and the bulb
agitated until equilibrium between gas and liquid has been attained ; the
further contraction again resulting is a measure of the quantity of gas
absorbed by the volume of water taken, at the pressure and temperature
observed. The pressure and temperature are then varied at will, and further
measurements made upon the same quantity of water and gas.

The object of the tube G in the present modification of the apparatus,
which is in diameter and graduation identical with 4,{ is to enable the
measurements to be made at any pressure, within about 30 cm. around atmo-
spheric pressure, instead of having to measure the volume of the gas always
just in equilibrium with the water just at atmospheric pressure. Estreicher
employed the latter method, which is in practice by no means an easy thing
to do exactly. The difference in mercury levels in the two tubes is, of
course, a measure of the pressure at which the observation is made. The
large beaker filled with water and fitted with a thermo-regulator serves as a
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* Estreicher, Zcit. fiir physikal. Chemic, 31, p. 176 ; Ostwald-Luther, Plysiko-
chemische Messungen, 2te Auigabe, p. 274.

+ In linear millimetres. The tube 4 was calibrated for volume by cutting it from
the rest of the apparatus, sealing a tap on at the bottom, and then running out and
weighing quantities of mercury in the usual way.
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thermostat and allows a telescope to be used for reading off the volume,
pressure and temperature. Precautions were taken to eliminate evcry possible
parallax error, by adjusting levels, perpendiculars, &c,

Estreicher, after having determined the volume and weight of the bulb,
filled it with the water to be used (and a few c.c. of mercury to facilitate
subsequent mixing with the gas), connected it directly by rubber tubing with
an ordinary water-pump, and then boiled until about one-quarter of the
water in the bulb had evaporated away ; the tap was at this point closed and
the bulb weighed again. On now shaking the bulb the water hits the glass
in the vacuum with the characteristic crackle. As a matter of fact, however,
an exhaustive trial showed that it is not possible to get complete evacuation
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FiG. 1.

in this way, and the sound alone is not a satisfactory criterion at all. If the
bulb really were air-free, it would be found upon opening under a mercury
surface that mercury would enter and fill it; but a small residual bubble of
air is invariably left, of volume about 0'01 to 0'10 c.c. at atmospheric pressure.
It is difficult to get a water-pump to work quite evenly enough for this pur-
pose ; the water in the bulb bumps badly even when it is warmed gently in a
lukewarm water-bath; a quantity of water condenses in the rubber tubing
above, where it works up and down in effect like a piston, and this, no doubt,
makes it difficult for the last traces of air to make their way out. Itissuggested
that Estreicher’s values may be subject to an error on this account—in the
case of argon of about 0°2 to 5 per cent., in the case of helium of 0'5 to 10 per
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cent. Winkler * as a result of some theoretical considerations, which are,
however, admittedly not quite conclusive, has also suspected that these
helinm values are not quite so reliable as are those accepted for some other
gases. It is therefore to be hoped that these determinations will be repeated.

In the present experiments the bulb was filled as follows (Fig. 2) : By
means of a piece of thick-pressure tubing the bulb 4 was N
connected to the bulb B, and 4 and about one-third of B &
was then filled with the water. The water-pump was 3
applied to the upper end of B, the water in both 4 and
B was kept boiling for 10-15 minutes; 4 was then, of
course, quite full of air-free water. But it is desirable that
it should not be too full, and in practice about 10 c.c. of
air-free space is convenient. It is easily adjusted at that
or any other value by deflecting and inverting the bulb
for a moment during the boiling so that a bubble of steam
instead of rising to the water surface in B may upon
formation collect inside 4. When the bulb is filled with
the water in this way no residual air will be found upon
subsequently opening under a mercury surface ; and upon
shaking, the water will be found to hit the glass in the
vacuum with an intensity somewhat alarming, and much
harder than is the case when the cvacuation is carried out
by the simple method adopted by Estreicher in his work.

The nitrogen used in the determinations was obtained
by several times passing air to and fro over warm white
phosphorus,} soda lime, and P.O,; the oxygen was generated by heating
KMnOQ, in a tube, and passed over soda lime, and P.O,. All the apparatus
was always evacuated and rinsed out with the gas several times before
quantities for use in the actual measurements were finally collected in a
glass gas-holder,] which wasalso connected further to the mercury-pump and
the absorption apparatus. All joins were made with the blowpipe.

It is necessary to ensure that the residual undissolved gas in the burette
is measured saturated with moisture; Estreicher attained this by so mani-
pulating the bulb and the mercury level in the burette, that a drop of water
passed over through the spiral. In the present apparatus the same end was
served more conveniently by filling the fine capillary tubing between the
taps a and d with water, before sealing the tube E on to the gas-holder and
mercury-pump. Then when the gas was admitted through d and « to the
burette, this known quantity of water was swept in before it; all the
measurements were made with the gas moist, and allowance was made for
the small quantity of water (about o015 c.c.), in calculating the resuits.

FiG. 2.
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A. DISTILLED WATER-—NITROGEN.

It must be noted here that to give values for pure nitrogen these measure-
ments must be subjected to a correction dependent upon the fact that
atmospheric nitrogen is a mixture of nitrogen and 1,185 per cent. argon.
The solubility of argon is more than double that of nitrogen; and the result
is that, under the conditions of the present observations, the ratio of their
partial pressures does not remain constant and equal to that found in the
open free atmosphere, and it is different at different temperatures.

* L. W. Winkler, Zeit. fiir physik. Chemntic, 55, p.

t+ Copper gauze was tried too, but it had to be u:duu,d often, and the nitrogen
prepared by passing over phosphorus gave quite the same values. After that hacl

been established the more convenient phosphorus was always used.
1 As illustrated in Travers, * Experimentelle Untersuchung von gasen,” Fig. 121,
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