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Movement Of Substance

The movement of substances refers to the processes by which molecules and ions travel
across cell membranes or within organisms.
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molecules moving about become evenly distributed

This movement 1s essential for maintaining cellular function, nutrient uptake, waste removal,
and overall homeostasis.

Diffusion

Diffusion 1s the process by which particles spread from an area of higher concentration to an
area of lower concentration. It occurs in gases, liquids, and even solids, but is most
commonly observed in gases and liquids
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Characteristics of Diffusion
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Concentration Gradient: Diffusion occurs down a concentration gradient. Substances move
from areas of high concentration to areas of low concentration until equilibrium is reached.

Passive Process: No energy is required for diffusion; it is driven by the kinetic energy of the
molecules.

Examples of Diffusion
Oxygen and Carbon Dioxide Exchange:

In the lungs, oxygen from the air in the alveoli diffuses into the blood because the
concentration of oxygen is higher in the alveoli than i the blood. This 1s essential for
respiration.

Blood Capillary

Blood cells

Glucose 0, Co, | Diffusion of Tissue fluid
molecules

Tissue cells

Conversely, carbon dioxide, which is in higher concentration in the blood, diffuses into the
alveoli to be exhaled, thus maintaining gas exchange.

Factors Affecting Diffusion

Concentration Gradient: A steeper gradient increases the rate of diffusion. The greater the
difference in concentration, the faster the diffusion will occur.

Temperature: Higher temperatures increase the kinetic energy of molecules, speeding up
diffusion. Molecules move faster at higher temperatures, resulting in quicker spreading.
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Surface Area: Larger surface areas allow more molecules to diffuse simultaneously,
enhancing the rate of diffusion. For instance, alveoli in the lungs have a large surface area to
facilitate gas exchange.

Size of Molecules: Smaller molecules diffuse faster than larger ones because they encounter
less resistance as they move through the medium.

Osmosis

Osmosis 1s the diffusion of water molecules across a semi-permeable membrane from a
region of lower solute concentration to a region of higher solute concentration.
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Characteristics of Osmosis

Semi-Permeable Membrane: A semi-permeable membrane allows only certain molecules
(like water) to pass through while blocking others (like salts and sugars).

Water Potential: Water moves toward the area with a lower water potential (higher solute
concentration), balancing solute concentrations on both sides of the membrane.

Types of Solutions

Hypertonic Solutions: These solutions have a higher solute concentration outside the cell
than inside. In this case, water moves out of the cell, causing it to shrink (a process known as
crenation in animal cells).
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Hypotonic Solutions: These solutions have a lower solute concentration outside the cell than
inside. Water moves into the cell, causing it to swell and potentially burst (lysis in animal
cells).

Hypertonic Isotonic Hypotonic

Isotonic Solutions: These solutions have equal solute concentration inside and outside the
cell. There is no net movement of water, and the cell remains the same size, maintaining its
shape and function.

Examples of Osmosis
Plant Cells in Different Solutions:

In a hypotonic solution, plant cells become turgid (swollen) and firm due to the influx of
water. This turgidity is vital for maintaining the plant's structure and supporting its leaves.

In a hypertonic solution, plant cells lose water and become flaccid (limp), leading to wilting
and loss of structural integrity.

Importance of Osmosis

Regulation of Cell Volume: Osmosis helps maintain cell turgor pressure in plants, which is
essential for structural support. Turgid cells keep plants upright and enable them to capture
sunlight effectively.

Homeostasis: In multicellular organisms, osmosis is crucial for regulating fluid balance and
nutrient transport, ensuring that cells maintain proper hydration levels.
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Active Transport

Active transport is the movement of substances across a cell membrane against their
concentration gradient (from low to high concentration) using energy, typically in the form of
ATP.
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Characteristics of Active Transport

Energy Requirement: Active transport requires cellular energy because it is moving
substances against their natural tendency to diffuse. This process is essential for maintaining
concentration gradients within the cell.

Transport Proteins: Specific proteins in the cell membrane facilitate active transport. These
proteins bind to the substance being transported and change shape to move the substance
across the membrane.

Types of Active Transport

ACTIVE AND PASSIVE TRANSPORT

mevowow  MemmmD _ce
o 0O Q 0 @)

O O 0O O 0 O @)
Q O © O Q

R

(')i('? (‘) (’)i(') (‘} (‘)i(* (‘? (‘) (')

(’J’(') (?) (!) (9) (!) (!) (‘)
o (0) QO (t) QO (t) )(l) .-=.')

(‘) (') (')i(*)i
1@@@@@

| JOOO




Eclassopedia

Live Online Learning
Primary Active Transport: This involves the direct use of ATP to transport molecules. A
prime example is the sodium-potassium pump, which moves 3 sodium ions out of the cell and
2 potassium 1ons into the cell. This process is vital for maintaining the resting membrane
potential in neurons.

Secondary Active Transport (Cotransport): This type uses the energy from primary active
transport to move other substances. For instance, in the intestines, the sodium gradient
created by the sodium-potassium pump is used to transport glucose into the cell against its
concentration gradient.

Examples of Active Transport
Sodium-Potassium Pump:

This pump is essential for maintaining the electrochemical gradient across cell membranes.
By moving sodium out and potassium into the cell, it helps regulate cellular functions, nerve
impulse transmission, and muscle contraction.

Absorption of Nutrients:

In the intestines, nutrients like glucose are absorbed against their concentration gradient. This
process ensures that the body effectively extracts and utilizes necessary nutrients from food,
especially when their concentration in the intestinal lumen is low.

Importance of Active Transport

Nutrient Uptake: Active transport allows cells to uptake essential nutrients even when they
are present in low concentrations in the surrounding environment. This is crucial for cells that
require specific 1ons or molecules to function properly.

Maintaining Concentration Gradients: Active transport is vital for maintaining
concentration gradients necessary for various cellular processes, including nerve impulse
transmission, muscle contraction, and the overall metabolism of the cell.

Comparison of Diffusion, Osmosis, and Active Transport

Diffusion

Movement from high to low concentration.

Passive process; no energy required.

Examples include gas exchange (oxygen and carbon dioxide).

Influenced by concentration gradient, temperature, surface area, and size of
molecules.

Osmosis
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Movement of water from low to high solute concentration.
Also a passive process; no energy required.

Key for maintaining turgidity in plant cells.

Involves hypertonic, hypotonic, and isotonic solutions.

Active Transport

Movement from low to high concentration.

Energy-dependent process; requires ATP.

Examples include the sodium-potassium pump and glucose absorption.
Crucial for nutrient uptake and maintaining concentration gradients.

Conclusion

In conclusion, the movement of substances encompassing diffusion, osmosis, and active
transport 1s fundamental to the proper functioning of cells and organisms. Diffusion allows
for the passive exchange of gases and solutes, while osmosis specifically regulates water
balance, crucial for maintaining cell structure and function. Active transport, on the other
hand, enables cells to intake necessary nutrients against concentration gradients, using energy
to sustain essential physiological processes. Together, these mechanisms ensure that cells can
adapt to their environments, maintain homeostasis, and support overall biological activity.



