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What isosmosi® It is the phenomenon of water flow through a semi-pdrlmeaembrane that
blocks the transport of salts or other solutes througbsinosis is a fundamental effect in all
biological systems. It is applied to water purificatamd desalination, waste material treatment,
and many other chemical and biochemical laboratoryirahgstrial processes.

When two water (or other solvent) volumes are sepalate@dsemi-permeable membrane, water
will flow from the volume of low solute concentratioto the volume of high solute
concentration. The flow may be stopped, or even reverse@dying external pressure on the
volume of higher concentration. In such a case thegrhenon is called reverse osmosis.

If there are solute molecules only in one volumehefgystem, then the pressure on it, that stops
the flow, is called the osmotic pressure.

The thermal movement of a solute molecule withiolaent is over damped by the solvent
molecules that surround it. The solute movement is lwldetermined by fluctuations of thermal
collisions with nearby solvent molecules that vibratél@wever, the average thermal velocity of
the solute molecule is the same had it been fregas @phase, without nearby solvent molecules
[1-3].

Whenever a solute movement is blocked by the membrarik ttamsfer momentum to it and,
therefore, generate pressure on it. Since the velsdhe same as that of a free molecule, the
pressure will be the same as the pressure of an ideaf g@ssame molecular concentration.
Hence, the osmotic pressurgis given byan't Hoff formula[4], which is identical to the
pressure formula of an ideal gas:

0=cRT
where c is the molar solute concentration, R is tlsecgastant, and T is the absolute

temperature. The osmotic pressure does not depend soltite type, or its molecular size, but
only on its molar concentration, as the formula states
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Figure-1 shows connected vessels separated by a semi-permegbrane. If there is only
water in the device, the level will be the same ahlaoms. When solute molecules are added to
one arm, water will start to flow into it, so theg level will go up at this arm, and down at the



other arm. The system will stabilize when the osmpt@ssure is balanced by the hydrostatic
pressure generated by the difference h in the water levels

cRT =ph
wherep is the water specific gravity.

The conservation laws of energy and momentum requateathenever particles collide with a
moving wall, they will change direction and increase or desgréheir speed. Thus, they transfer
both momentum and energy to the wall. Therefore, thegss of elastic collisions with a
moving wall is the mechanism by which the microscopietmenergy of the particles is
transformed into macroscopic mechanical widik

The conservation law of momentum requires that soluteculgle, that generate osmotic
pressure on the semi-permeable membrane, must generate vadume of the solution, the
same osmotic pressure on all the solution boundaries, inglitdifree surface. In this respect
the osmotic pressure acts accordin@ascal law

When water flows through the membrane the pressureeomalking free surface of the solution
is pushing it upward, and thus it is responsible to water jgrfppm the water arm to the
solution arm. This discussion of the flow mechanism uswhs not appear in textbooks that
deal with osmosis. The effect of the osmotic pressorhe free surface of the solution was first
suggested by Hulett in 1902 [5], but received little attentisseems to have only few
proponents since then [6 - 15].

Osmosis is a reversible thermodynamic process. i$htte direction of water flow through the
membrane can be reversed at any moment by proper comtinel @xternal pressure on the
solution. Contrary to that, mixing a teaspoon full of suga cup of tea is an irreversible
thermodynamic process of sugar diffusion within watéere is no way to reverse the process at
any given moment and un-mix the sugar back to the spoon.

Reversibility is a fundamental idea of thermodynamicsn@ss is a reversible process, while
sugar diffusion in water is not. Diffusion is an irresible process.
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