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Molecules have kinetic energy so they move randomly and collide with each other. There are more colligiong in a

region of high concentration than in low concentration,
Concentration gradient ig the difference in concentration of a particles subgtance in one region compared to another

region.

Definition of diffugion

Diffuion ig the process by which molecules, atomg and iong spread from a region of higher concentration to a region
of lower concentration down a concentration gradient, until the molecules, atome and iong are evenly distributed.

They are gaid to be equilibrium if the molecules are evenly digtributed. \
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Celle i eurrounded by a gelectively permeable cell membrane. Thig meang that the composition of the membrane allows

gome moleculeg to crogs with eage, but otherg not at all S, oo
e
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Factorg that are influence diffugion

+ Surface area

The larger surface area the quicker the rate of diffusion will be, because there ie more space to diffuse into.

+ Temperature

The increaged of temperature ,will increage the energy , which will increage the movement. So rate of diffugion will
be quicker .

- Concentration gradient

the greater difference in concentration , the quicker rate of diffusion will be.

+ Diffusion digtance

amaller or shorter digtance reaults in faster diffugion and larger digtance regulte in slower diffugion rate.

[mportance of diffugion

Diffusion helps living organismg to obtain many of their requirements, get rid of many of their watse producte and
help

[mportance of gageoug diffugion

- COZ uged by plants for photosynthegie diffuses from the air into leaveg, through the stomata. There ig a lower
concentration of COZ2 ingide the leave, ag the cellg are uging it. OZ, which is a waste product of photogynthegis
diffuges out of the leaf in the same way

+ Flowering plante uge diffusion to attract pollinators. They
attract by fragrance , which diffuseg from high concentration
in the petalg into air for ingects to emell.

G5 s x . . . . .
Dign vate: DI @0 @B - Diffusion oceurg in alveolar in the lungg, which separates the

vaporconlent ». 22

carbon dioxide- rich blood from oxygen-rich air.
The capillaries around the alveoli have a high concentration of
carbon dioxide and low concentration of oxygen. The alveoli

low water high CO,
) : po;.cont:meoms el - have a high concentration of oxygen and low concentration of
( ,D/q\ S ;/?V and out carboh dioxide. Oxygen dlffugeg from high concen’rra\.‘lor.\ in the
Y/, g alveoli to a Low concentration in the blood. Carbon dioxide
‘ i ( CO, | jw diffuges from a high concentration in the blood to a low
Y \;‘, O, g ot concentration in the alveol.



Importance of golute diffugion

Some of the producte of digestion are abgorbed from ileum of mammalg by diffusion. Solutes like glucose and amino
acide can diffuge from ileum where there ig a high concentration, into the bloodstream where there ig a low

conecentration.

Amino acide & glucose in
low concentration in the
epithelial celle of the vill

NICROVILL

Amino acide & glucoge in a high
concentration in lumen of ileum

SINGLE (AYER
5 (PIHEUUM

Amino acide and glucose move
down concentration gradient into

epithelial celle of vill

LACTEAL BRANCH

Oamogig

Water potential of a solution

A cimple solution ig bagically two or more substances that are mixed together. One of them ig called the solute and
the other ig the golvent. A golute ie the eubstance to be diegolved (e.q. qugar or ealt). The golvent ie the one doing
the diegolving (water). ¥

Water potential ig the relative tendency of water molecules in a solution to move from one area to another. Water
potential is commonly represented by the Greek letter .

If there are many free water molecules in a golution becauge there are fewer golutes, water molecules can eagily
move from one area to another. The golution then hag a high water potential. The colution ig gaid to be dilute and
weak. Such a golution ie degcribed ag being hypotonic. Distilled water hag a high water potential. Water with a high
4 hag a high force driving it to move from one area to another.

When a golution hag fewer free water molecules becauge there are more golutes, water molecules cannot eagily
move from one area to another. The solution then hag a low water potential. The golution ie said to be concentrated
or strong. Such a solution ie degeribed ag being hypertonic. Sugar water or ealt water hag a low water potential.
Water with a low ¥ hag a low force driving it to move from one area to another.
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Osmosis

Movement of solvent from low
to high solute concentration
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Hypotonic solution

A hypotonic olution referg to a golution that containg lese diegolved eubgtances (golutes) and more water (lote of
free water molecules).

When a golution i hypotonic it hag many free water molecules - it hag a high water potential. [t ig a dilute or weak
golution. Digtilled water ig dilute, weak and hypotonic and hag a high water potential.

When a cell is put in a hypotonic solution, the water will move into the cell through ogmosis (endogmosis)

Hypertonic solution

A hypertonic golution refers to a solution that containg more disgolved eubgtanceg (golutes) and lesg water (fewer
free water moleculeg).

When a golution ie hypertonic it hag fewer free water molecules - it hag a low water potential. [t ie a concentrated
or gtrong solution. Salt water is concentrated, strong and hypertonic and hag a low water potential

When a cell i put in a hypertonic solution, the water will move out of the cell through oemogia (exoemogia).

[gotonic golution

[sotonic golutions refer to two solutiong having the game water potential. Thig meang that the two golutions have the
game amount of water moleculeg and the game concentration of golutes. [+ is when a cell hag the game concentration
of golutes outgide ag well ag ingide the cell.

isotonic solution

N Isotonic Hypotonic Hypertonic
hypotonic solution hypertonic solution e e
P . /A "’ Solution Solution Solution
” 0g 0o ©
less solutes o ¢ » wt A o o 0" ol 91 o solutes
/@ -] 2 \\ = . % ,° o [
more free water / f o same solutes °° e -\d\\ less free water

molecules ) o | same free water molecules | o °° | ® ° molecules - @

Nomal Cytoplasm shrinks
turgid cell from cell wall

Nomal cell



Effecte of immersing plant tigsues in solutiong of different concentrationg

Definition of oemogie

Ogmogig i¢ the movement of water molecules from a high water potential to a low water potential through a partially or
gelectively permeable membrane down a water potential gradient.

Selectively permeable membrane: Some gubgtances move through the cell membrane while other subgtances cannot pagg
through. [n other wordg, the cell membrane ig "picky" about what it let into and out of the cell.

high water potential - low water potential -
dilute solution with many free water concentrated solution with few free water
molecules and few or no solutes molecules and many solutes

water molecules

| solutes

selectively
permeable
membrane

Turgor pressure

Olant cellg are very much like your own cells, except they are surrounded by a cell wall. This cell wall i part of what
gives plante uch a rigid and sturdy structure. Plant cells need acertain amount of preseure to make gure that the

cell walle stay rigid. Preseure from fluid within the cell pushing againet the cell wall is called turgor preseure. Thig gives
rigidity to the cell wall and the entire plant. Turgor preseure ie maintained by ogmogie.

Turgor pregeure ig the pregsure exerted by water ingide the cell againgt the cell wall. Turgor pregeure ie cauged by the
cytoplagm presging againgt the cell wall and pushing the cell membrane againgt the cell wall of plant, bacteria and fungi
celle, ag well ag thoge of protoctiet celle which have cell walls.

When the plant logee o much water that the turgor preceure falle towards zero, the celle become plasmolyced and
flaceid and the cell membrane ig not presged tightly against the cell wall anymore. This causeg wilting of the plant.

rigid upright plant wilted plant -
the plant loses rigidity
when turgor pressure falls,
causing drooping leaves




Effects of ogmosie on plant cellg

Olant celle in hypotonic solutions

+ [f aplant cell ig placed in pure (distilled) water (a hypotonic, weak, dilute golution), water moves into the cell by
endogmogig. The pure water hag a high water potential and the cell eap (eytoplagm) of the cell hag a low water
potential (it ig hypertonic, etrong and concentrated).

+ The plant cell will expand and the vacuole swells, so the cell becomes turgid. The rigid cellulose cell wall only
expands slightly, which prevents it from bursting. This occurg becauge osmosis takes place. There ig higher water
potential outside the cell than inside the cell gap, causing water to enter the cell

partially permeable vacuole gains water
cell membrane and swells and cell
becomes turgid

l

vacuole

cell wall prevents
cell wall bursting

Plant cells in hypertonic golutiong

- [f aplant cellie placed in a concentrated salt solution (a hypertonic, strong, concentrated solution), water moveg
out of the cell by exogmogie. The galt water hag a low water potential and the cell sap (eytoplasm) of the cell hag a
high water potential (it ie hypotonic, weak and diluted).

+ The plant cell's eytoplasm and vacuole shrink, so the cell becomes flaceid. A flaccid plant cell ie one in which the
plasma membrane ig not pressed tightly againgt the cell wall. The cell membrane eventually tears (peele) away from
the cell wall and the cell will undergo plagmolysic. Thig occure because ogmosis takes place. There ig higher water
potential ingide the cell than outside the cell gap, causing water to leave the cell.

partially permeable the cell surface
cell membrane membrane tears
I away from cell wall
vacuole ) ]‘
cell wall the cell cytoplasm
and vacuole shrink

Hypertonic

Water is transported
out from the cell

plant cells in a hypertonic plant cells in an isotonic solution plant cells in a hypotonic solution
solution — plasmolysis become turgid

Solute concentration

inside the cell is LOWER Plasmolyzed



Effecte of oemogie on animal celle

Animal cellg in hypotonic golutions

« Animal celle do not have cell walle. [f an animal cell is placed into a hypotonic solution, water will move into the cell
by endogmogie. The cell ewelle up and will eventually explode or burst (lyse) ag it cannot become turgid, becauge
there i no cell wall to prevent the cell from bursting. When an animal cell i in danger of bursting, specific structureg
will pump water out of the cell to prevent this.

partially permeable —> - ;: -
cell membrane D,

Animal celle in hypertonic golutiong

animal cell swells
and eventually
bursts, because
there is no cell wall
to prevent it from
bursting

* [nhypertonic solutiong, water diffuges out of the animal cell due to exosmogie and the cell ehrinks. Thug, the animal
cell hag to always be surrounded by an igotonic solution. [n the human body, the process of osmoregulation
requlates the concentration of water and mineral ealte in the body.

animal cell shrinks

a.red b'f’Od cel! inan ared blood cell in a ared blood cell in an

isotonic S°|U“|°" - hypertonic solution - hypotonic solution -

same water 90(9”"3| inside higher water potential inside higher water potential outside
and outside of cell than outside of cell than inside of cell
(stays same size) (shrinks) (larger and bursts)

[mportance of water potential and ogmosig

Osmogig facilitates the movement of water acrosg the cell membrane, go it causes the migrating of water into and out of
cells and maintaining the water balance. Thig ig vital to all living thinge. Organiemg are made of billiong of celle and every
one of those celle neede materiale like water to move in and out. Ogmosig i¢ the control by which celle maintain just the
right amount of water. Thig ig important for two reagons. Firgtly, water ig important for many biological procesges and
gecondly, it algo regulates

the water potential of the cell.

Plante gain water through osmogis into their roote from the goil. Without a water potential gradient, water will be logt
from. the roots. Osmogie makes the plant abgorb water from the goil or the groundwater to uge it in photogynthesis. The
plants that do not receive enough water wilt, becauge there ie not enough pregsure in their celle o support the structure
of the plant. Conversely, celle that fill with too much water begin to burt, causing brown gpote on plant leaves.

Many nutriente and esgential moleculeg that animalg need are diggolved in water. So if water doeg not move by ogmogig,
our bodieg won't get the esgential molecules to stay alive. Metabolic waste products like urea algo disgolve in water,
which ig trangported to the kidneys to be excreted



Active trangport
Definition of active trangport

Active trangport ig the movement of particles (moleculeg, atome or iong) through a cell membrane, from a region of
lower concentration to a region of higher concentration against a concentration gradient, using energy from regpiration.

: : . against a concentration gradient
-4 \
high concentration . .
(X
. . . . low concentration
oo e

The importance of active trangport

Uptake of mineral iong by root hairg through active trangport

Mineral iong like iron, magnesium, phogphates and nitrateg are absorbed from the goil info the root hairg of plants.
E.g. root hair cellg in plante take in nitrate iong from the goil. Their concentration are often higher ingide the root hair
cell than in the goil, o a diffusion gradient ie from the root hair to the oil. Degpite thig, the root hair celle still,can
take nitrate iong in, by active trangport.

The iong move from a low concentration in the goil to a high concentration in the root hair cell against a
concentration gradient.

Active trangport requires energy ag ATD to drive thege iong uphill. Large number of root hair cells give a large
surface area to the root. Mitochondria are present to provide energy for active trangport.

The active trangport ig carried out by “carrier proteing’ in the membrane, which bind to the golute molecule, change
ghape and carry the molecule acrose the membrane. [t then revertg back to ite original position

mineral ions move from a low concentration
in the soil to a high concentration in the root
hair cell against a concentration gradient
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Hydrogen ions are actively transported out H* ions displace minerals from clay particles,
of the vacuoles of root cells and into the soil which diffuse into root (move along gradient)



Uptake of glucose by epithelial celle of villi through active trangport

Abgorption of glucoge by villi entaile trangport from the intestinal lumen, acrose the epithelial and into blood. There are
many occagiong when celle need 1o take in substances like glucoge, which ie only pregent in emall quantities around
them, and pregent in large quantities ingide them. Glucose i¢ therefore required to be move against the concentration
gradient, from a region of lower concentration to a region of higher concentration, uging energy releaged during
regpiration. The active trangport ie carried out by ‘carrier proteing in the membrane, which bind to the golute molecule,

change shape and carry the molecule acrosg the membrane. %
s O Fatty acids and mono-
lycerides (resultin,
o e R /

epithelial cell

Fatty acids link to

epithelial cells of villus
’I form triglycerides

Fatty globules combine
with proteins to form
chylomicrons (inside
Golgi apparatus)

Chylomicrons are
extruded from the
epithelial cell and
enter a lacteal
(lymph capillary)

high concentration of glucoses
inside epithelial cells

Lymph in the
lacteal transports
chylomicrons away
from intestine

Re-abgorption of glucose by kidney tubuleg entailg trangport from the lumen of the tubule, into the epithelial. There are
many oceagions when celle need to take in subgtances like glucoge, which is only pregent in small quantitiee around
them, and pregent in large quantities ingide them. Glucose is therefore required to be move against the concentration
gradient, from a region of lower concentration to a region of higher concentration, uging energy releaged during
regpiration. The active trangport ie carried out by ‘carrier proteing in the membrane, which bind to the golute molecule,

change ghape and carry the molecule acrose the membrane.

high concentration of
glucose in epithelial cell

kidney tubules

low concentration of glucose
inside lumen of tubule

Role of protein molecules in active trangport

Protein moleculeg move particles, e.g. mineral iong and glucoge, acrose a membrane during active trangport.



glucose molecule enters carrier protein

carrier protein in cell membrane

energy is needed

for active transport carrier protein changes shape
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