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A graduated cylinder filled with NO is placed under water. The water level in the cylinder slowly increases, 
until (after ≈ 1 month) it is practically filled with water. There appears to be a steady transfer of oxygen from the air 
through the water and NO is consumed in a chemical reaction with O2. The experiment is a nice demonstration for 
gas-through-liquid osmosis (water is semipermeable to oxygen), and an effective example of marathon experiments. 
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INTRODUCTION 

Marathon experiments (or marathons) are 
known [1] as long-period (yet, often attractive) 
experiments. Whether they should be considered as 
demonstrations or just experiments is mainly a 
matter of choice, for if a demonstration is an ex-
periment that is to serve during (at most) a lesson 
period then obviously marathons are just lengthy 
experiments. If the previous restriction on the dura-
tion is cancelled and a 'relaxed' definition of a 
demonstration is adopted, marathons might be con-
sidered as corridor demonstrations or exhibition 
demonstrations. 

Marathons are by no means unimportant, de-
spite that the time period needed for a completion 
of such an experiment might vary from few days to 

many months or even years (like in supermara-
thons [2]). In the general and physical chemistry 
courses many important phenomena (diffusion and 
osmosis [3, 4], spontaneous distillation [2], effu-
sion in liquids [5], chemical waves [6, 7] etc.) can 
often be presented as long-period (i.e. marathon) 
experiments. 

The present demonstration deals in fact with a 
transport of oxygen through water, which is possi-
ble due to the fact that oxygen is slightly soluble in 
water (≈ 3 parts of oxygen gas in 100 parts of liq-
uid water, at room temperature), and may therefore 
be considered as a peculiar type of gas→liquid 
osmosis. 

THE DEMONSTRATION: FIRST IDEAS

In one of our earlier papers [8] NO gas was 
used for a fast and simple determination of the 
oxygen content in the air. Precisely measured vol-
umes of NO and air were mixed under water, and 
after few minutes the final volume was read, thus 
enabling a surprisingly accurate method for deter-

mination of the oxygen content. Historically, part 
of the credit for that demonstration should go to J. 
Priestley, for it was he who used NO gas in a so-
called "goodness-of-air" test (i.e. in a qualitative 
test whether a gas sample contains oxygen). Any-
way, the offered method [8] was really simple, ef-
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fective, and in few minutes everything was com-
pleted (accurately, as mentioned). 

What if the NO gas was to be kept for a 
longer period under water? Water, it is known, al-
ways contains some dissolved oxygen. Is it possi-
ble that this oxygen could react with NO? If yes, 
what will the duration of the experiment be: hours, 
days, months? 

That is how the very idea for this marathon 
was born. A graduated cylinder filled with NO gas 
should be placed (mouth down, of course) under 
water and the gas volume will be read in a certain 
period. The result will indicate whether the first 
idea was correct or wrong. The experiment will 
therefore be a research experiment, because the 
results are not known in advance (but also the 
demonstration seems to be a novel one). 

EXPERIMENTAL SETUP

A water-filled graduated cylinder was 
clamped on a stand, its open end (‘mouth’) being 
immersed in a pneumatic trough filled with water. 
The cylinder is then almost filled with NO (a fast 
method for generation of pure NO gas is given 
elsewhere [8]). This is actually the setup for the 
experiment (cf. Fig. 1). The value for the volume 
of water here is considered as a 'zero value'. 

The water level in the cylinder was then 
monitored during ≈ 1 month period. The results 
and conclusions are summarized in the following 
heading.  

Fig. 1. Experimental setup  
(the 'zero value' volume of water is seen) 

RESULTS AND DISCUSSION

Water slowly enters the graduated cylinder 
(cf. Fig. 2) and after ≈ 1 month the cylinder is al-
most filled. The quantitative results are given in 
Fig. 3. 

These results are in complete agreement with 
our a priori expectations, and can be interpreted in 

the following way: oxygen from the air is dis-
solved in water. This dissolved oxygen reacts with 
NO and, in the presence of water, gives HNO3 and 
HNO2: 

2NO(g) + O2(aq) + H2O(l) =  
                            =HNO3(aq) + HNO2(aq) (1) 

  

Fig. 2. After eight days, water level in the cylinder  
is much higher 

Fig. 3. Variation of volume of water in the cylinder 
with time 
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Since both acids are water soluble, the water 
level in the cylinder increases. The steady in-flow 
of oxygen from the atmosphere prevents depletion 
of the dissolved oxygen. The process continues at 
practically constant rate (the minor attenuation 
trend seen in Fig. 3 might easily be explained as a 
result of the increasing water level in the cylinder, 
thus affecting the time necessary for diffusion of 
the dissolved oxygen). The minor scatter of (some 
of) the points may be easily explained as result of 
experimental errors and/or temperature variations. 
Indeed, since the experiment was not performed 
under isothermal conditions, one understands that 
the higher the temperature, the less oxygen is dis-
solved in water. 

A parallel experiment in which freshly boiled 
distilled water was used (allowing for virtually no 
dissolved oxygen in the very beginning of the ex-
periment) gave practically the same result. The 
process, however, was slower in the start (some 
time is needed for the air oxygen to dissolve in the 
water in the trough and to diffuse to the NO/H2O 
boundary surface). 

Isn’t it possible that another explanation is 
also feasible? NO which is slightly water soluble 
might simply ‘escape’ from the cylinder (due to its 
slight solubility) in the water and from here in the 

atmosphere, where it will eventually react with 
oxygen? 

To give a proper answer to this question, we 
used the same experimental setup, but the cylinder 
was filled with C3H8/C4H10 mixture (used for ciga-
rette lighters). There is no chemical reaction possi-
ble in the latter case. However, this mixture could 
also escape due to its slight solubility in water, if 
the alternative mechanism was feasible. After one 
month, the water level in the cylinder filled with 
the alkane mixture was exactly the same, thus 
strongly suggesting that in the case of NO too this 
alternative based on ‘gas-through-water escaping’ 
is much less probable. 

We are, thus, left with the first alternative as 
the only feasible one. However, one must agree 
that in this case we are dealing with a gas transfer 
(i.e. oxygen) through a semipermeable medium 
(i.e. water). The process can, in short, be described 
as an example of a gas→liquid osmosis (this is the 
basic mechanism) followed with chemical reaction 
at the boundary surface in the cylinder (cf. Eq. 1), 
which eliminates some NO. Consequently the 
quantity of NO gas reduces, thus decreasing its 
volume and giving rise to a nice marathon demon-
stration (and we also believe, a novel one) of 
transport phenomena. 

SAFETY TIPS

Nitric oxide is poisonous gas! Gas genera-
tion should preferably be done in a hood. It might 
be a good idea to the first fill bottle reservoir with 

it, and use the gas later. All details concerning 
generation and handling of NO gas (including few 
more safety remarks) are given elsewhere [8]. 
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Graduiran cilindar poln so NO se postavuva pod 
voda. Nivoto na vodata vo cilindarot bavno se zgole-
muva, dodeka (po okolu eden mesec) cilindarot ne e 
prakti~no celosno ispolnet so voda. Se poka`uva 
deka doa|a do postojan transfer na kislorod od voz-

duhot preku vodata, {to doveduva do tro{ewe na mo-
noksidot na azot pri reakcija so kislorodot. Ova e 
ubava demonstracija na osmoza od tipot gas→te~nost 
(vodata e semipermeabilen medium za kislorodot) i 
efekten primer na maratonski eksperiment. 

 


