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5.5: Osmosis

Semipermeable membranes surround living cells and organelles in the cells. The semipermeable membranes allow water and small
molecules but do not allow the passage of large molecules and ions.

Osmosis is the passage of water and small molecules across a semipermeable membrane with a net flow from a less

concentrated solution to a more concentrated solution.

Osmosis helps in the absorption, retention, and flow of water, nutrients, and other molecules required in the biological systems. Fig.
5.5.1 illustrates the process of osmosis.
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Figure 5.5.1: Illustration of osmosis. Osmosis is the passage of water and small molecules through a semipermeable membrane
with a net flow from low solute concentration to high solute concentration. The larger molecules and ions cannot pass the
semipermeable membrane.

Osmotic pressure

Osmosis causes net water flow from the less concentrated to the more concentrated solution across the semipermeable membrane.
Consequently, the water level rises in the less concentrated solution compartment, as illustrated in Fig. 5.5.2. The difference in the
height of water increases and applies pressure, pumping water back to the more concentrated side until the flow of water is equal
on the two sides.
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Figure 5.5.2: Osmotic pressure is the pressure, due to the difference in the height of water in this example, that prevents the excess
flow of water from less concentrated to more concentrated solution side across the semipermeable membrane that separates the two
solutions. Source: WYassineMrabetTalk® This W3C-unspecified vector image was created with Inkscape. / CC BY-SA
(https://creativecommons.org/licenses/by-sa/3.0)
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The pressure that prevents additional water flow to the more concentrated solution side of the semipermeable membrane is
called osmotic pressure.

The osmotic pressure is proportional to the overall concentration of the solute particles. For example, 0.1 molar NaCl has osmotic
pressure about twice that of 0.1 molar glucose because each mole of glucose adds one mole of solute particles, while each mole of
NaCl produces two moles of particles, i.e., one-mole Na* and one-mole CI  ions in the solution.

# Reverse Osmosis

Reverse osmosis is the net flow of water to the less concentrated or pure water across the semipermeable membrane by
applying external pressure more than the osmotic pressure on the more concentrated solution side.

Reverse osmosis is the net flow of water to the less concentrated or pure water across the semipermeable membrane by applying
external pressure more than the osmotic pressure. Note that solvent flow in reverse osmosis driven by external pressure is the
opposite of regular osmosis. Reverse osmosis is used to produce drinking water from seawater sources, as illustrated in Fig. 5.5.3.
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Figure 5.5.3: Tllustration of reverse osmosis —used to produce drinking water from a seawater source. Source: Colby Fisher / CC
BY-SA (https://creativecommons.org/licenses/by-sa/3.0)

Isotonic, hypertonic, and hypotonic solutions

Cell membranes are semipermeable membranes that separate intracellular and extracellular fluids. The concentration difference
across the membrane and the resulting osmotic pressure plays an essential role in cell functions. Intravenous solutions injected into
patients must have the same osmotic pressure as the body fluids.

Solutions with the same solute particle concentration and osmotic pressure are called isotonic. If the two solutions across a
semipermeable membrane do not have the same solute particle concentration, the solution with higher solute particle
concentration and higher osmotic pressure is hypertonic, and the other has lower solute particle concentration and lower
osmotic pressure is hypotonic.

l Remember that hyper- means more and hypo-means less, concerning solute particle concentration in the case of osmosis.
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Figure 5.5.4: A hypertonic solution has a solute concentration higher than another solution. An isotonic solution has a solute
concentration equal to another solution. A hypotonic solution has a solute concentration lower than another solution. Source:
OpenStax / CC BY (https://creativecommons.org/licenses/by/3.0)

Cells placed in an external solution may retain their size, shrink, or swell depending on the relative osmotic pressure of fluid inside
and outside of the cell, as illustrated in Fig. 5.5.4. For example, red blood cells placed in an isotonic solution retain their size
because the flow of water into and out of the cell is the same.
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o Typical isotonic solutions are 0.9% m/v NaCl solution in water or 5% m/v glucose solution in water.

e Red blood cells placed in a hypertonic solution shrink in size due to more flow of water out than into the cell —a process
called crenation.

o Red blood cells placed in a hypotonic solution swell and burst due to more water flow into than out of the cells —a process
called hemolysis.

A similar situation happens in plant cells that are placed in different environments concerning osmotic pressure, as illustrated In
Fig. 5.5.5.
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Figure 5.5.5: Plant cells under different environments concerning osmotic pressure. source: LadyofHats / Public domain
Dialysis

l Dialysis separates colloids from water, dissolved ions, and molecules of small dimention

Dialysis is similar to osmosis with the difference that in dialysis water, small molecules and ions can pass through a dialyzing
membrane leaving behind collide particles like proteins and starch molecules, as illustrated in Fig. 5.5.6.
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Figure 5.5.6: Dialysis separates colloidal particles like protein and starch from water, small molecules, and ions. Source:
Potcherboy at English Wikipedia / CC BY (https:/creativecommons.org/licenses/by/3.0)

Role of dialysis in the human body

Kidneys filter the blood by dialysis process. There are over a million tubular structures, called nephrons, in the kidney surrounded

by dialyzing membranes. The nephrons filter the water, small molecules like glucose, amino acids, urea, and ions from the blood.
Useful products and most of the water reabsorb later on, but urea and other waste products excrete through urine, as illustrated in
Fig. 5.5.7.
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Figure 5.5.7: Schematics of dialysis for blood cleaning through kidney and nephron. 1: Renal cortex. 2: Medulla. 3: Renal artery. 4:
Renal vein. 5: Ureter. 6: Nephrons. 7: Afferent arteriole. 8: Glomerulus. 9: Bowman’s capsule. 10: Tubuli and loop of Henle. 11:
Efferent arteriole. 12: Peritubular capillaries. Source: File:Physiology_of Nephron.svg:
Madhero88File:KidneyStructures_PioM.svg: Piotr Michat Jaworski; PioM EN DE PLderivative work: Daniel Sachse (Antares42) /
CC BY-SA (https://creativecommons.org/licenses/by-sa/3.0)

Hemodialysis

Hemodialysis is used to extract urea and other waste products from the blood when a person's kidney fails to remove them, as
illustrated in Fig. 5.5.8. A hemodialysis system is a kind of artificial kidney in which the blood flows through long cellophane tubes
placed in an isotonic solution containing NaCl, KCl, NaHCOj3, and glucose. Cellophane is a dialyzing membrane that does not let
proteins, other large molecules, and blood pass through it, but urea excretes.
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Figure 5.5.8: Simplified hemodialysis circuit. Source: GYassineMrabetTalk® This W3C-unspecified vector image was created
with Inkscape. / CC BY (https://creativecommons.org/licenses/by/3.0)
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