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Osmosis

Solvation & Water

A so lutio n typically co nsists o f a so lute disso lved in a so lvent

Water is a very go o d so lvent because it is dipo lar

The hydro gen side o f the mo lecule is slightly po sitive while the o xygen side is slightly

negative

This enables water mo lecules to  fo rm hydro gen bo nds  with o ther po lar so lute mo lecules and

io ns

Hydro gen bo nding between water mo lecules is also  co nsidered at the start o f the co urse, the

no tes can be fo und here

The interactio n between a so lvent, such as water, and a so lute is kno wn as so lvatio n

Hydrogen bond and elect ron arrangement  in wat er diagram

Water molecules are dipolar because electrons are distributed unevenly between the hydrogen and

oxygen atoms

Po lar so lvents, such as water, can o rientate themselves to wards po lar so lutes and io ns to  fo rm

hydro gen bo nds o r io n-dipo le fo rces

This creates hydratio n shells  aro und each so lute particle
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Dipolar nat ure of  wat er diagram

The dipole nature of water molecules allow them to form hydration shells around polar solutes and ions
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Water Movement in Solutions

All cells are surro unded by a cell membrane which is partially permeable

Water can mo ve in and o ut o f cells by o smo sis

Osmo sis is the di�usio n o f  water mo lecules  fro m a less co ncentrated (dilute) so lutio n to  a

mo re co ncentrated so lutio n acro ss a partially permeable membrane

In do ing this, water is mo ving do wn its co ncentratio n gradient

The cell membrane is partially permeable which means it allo ws small mo lecules (like water)

thro ugh but no t larger mo lecules (like so lute mo lecules)

Part ially permeable membrane diagram

Osmosis and the partially permeable membrane.

Osmo sis can also  be described as the net mo vement o f  water mo lecules  fro m a regio n o f

lo wer so lute co ncentratio n to  a regio n o f higher so lute co ncentratio n, thro ugh a partially

permeable membrane

Movement  of  wat er diagram
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The water moves from the region of lower solute concentration (dilute solution) to the region of higher

solute concentration (concentrated solution)

If a cell is placed in a so lutio n with a lo wer so lute co ncentratio n (i.e. mo re dilute) than the

cyto plasm o f the cell, then there will be a net mo vement  o f water into  the cell by o smo sis

So lutio ns like this is referred to  as being hypo to nic

If ho wever, the so lutio n o utside the cell has a higher so lute co ncentratio n (i.e. mo re

co ncentrated) than the cyto plasm o f the cell, then there will be a net mo vement  o f water o ut  o f

the cell

These so lutio ns are said to  be hyperto nic

If the so lute co ncentratio n is the same o n bo th sides o f the cell membrane, there will be no  net

mo vement o f water into  o r o ut o f the cell by o smo sis

An so lutio n with a similar co ncentratio n as the cyto plasm o f a cell is referred to  as an iso to nic

so lutio n

Tonicit y of  solut ions diagram
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The net movement of water is determined by the relative solute concentration of the solution outside the

cell
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Exam T ip

Take no te that water mo lecules are always mo ving into  and o ut o f cells due to  the kinetic energy

that the mo lecules po ssess. It is therefo re inco rrect to  say that there wo uld be no  mo vement o f

water if a cell is placed in an iso to nic so lutio n. There wo uld be no  net mo vement o f water in a

particular directio n in that case.

Osmosis in Cells

Water Movement & Cells

The directio n o f the net mo vement o f water will depend o n whether a cell is placed in a

hyperto nic  o r hypo to nic so lutio n

In a hyperto nic  so lutio n there will be a net mo vement  o f water o ut  o f the cell, as the

cyto plasm is mo re dilute than the o utside so lutio n

In a hypo to nic  so lutio n there will be a net mo vement o f water into  the cell because no w the

o utside so lutio n is mo re dilute than the cyto plasm

In an iso to nic so lutio n, the mo vement o f water into  the cell will be balanced o ut by the mo vement

o f water o ut o f the cell

There will therefo re be no  net mo vement  o f water into  o r o ut o f the cell

The cell is no w in dynamic equilibrium with the iso to nic so lutio n

It is especially impo rtant fo r animal cells to  maintain their o smo tic co ncentratio n as any

deviatio n fro m this equilibrium may either cause the cell to  shrink o r burst
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E�ects of Osmosis on Cells Without Cell Walls

Animal cells  lo se and gain water as a result o f o smo sis

As animal cells do  no t have a suppo rting cellulo se cell wall, the results o n the cell are mo re

severe than o n plant cells

If an animal cell is placed into  a hyperto nic so lutio n (mo re co ncentrated than the cyto plasm o f

the cell), it will lo se water by o smo sis and beco me crenated  (shrivelled up)

This may lead to  the fo rmatio n o f blo o d clo ts as crenated red blo o d cells may beco me

stuck while mo ving thro ugh capillaries

If an animal cell is placed into  a hypo to nic so lutio n (mo re dilute than the cyto plasm o f the cell), it

will gain water by o smo sis and, as it has no  cell wall to  create turgo r pressure, will co ntinue to

do  so  until the cell membrane is stretched to o  far and it  bursts

Multicellular o rganisms must therefo re maintain iso to nic tissue �uid  aro und their cells to  prevent

these harmful changes fro m happening

Osmosis in animal cells diagram

The e�ects of water movement on animal cells

So me unicellular o rganisms, such as the pro to z o an Amoeba, live in freshwater aquatic habitats

that is hypo to nic  to  their cyto plasm.

There will be a co nstant net in�ux o f water into  the o rganism by o smo sis, which increases  the

internal pressure 
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To  prevent these o rganisms fro m bursting, they co ntain structures called co ntractile vacuo les  in

their cyto plasm

Excess water will be co ntinuo usly co llected in the co ntractile vacuo le and pumped o ut o f

the o rganism to  maintain the o smo tic co ncentratio n o f the cyto plasm

The contractile vacuole is responsible for removing excess water from Amoeba to prevent them from

bursting

E�ects of Osmosis on Cells With Cell Walls

If a plant cell is placed in a hypo to nic so lutio n, water will enter the plant cell thro ugh its partially

permeable cell surface membrane by o smo sis, as the so lutio n has a lo wer so lute co ncentratio n

than the plant cell

As water enters the vacuo le  o f the plant cell, the vo lume  o f the plant cell increases

The expanding pro to plast  (living part o f the cell inside the cell wall) pushes against the cell wall

and pressure builds up  inside the cell

This pressure is kno wn as turgo r pressure

The inelastic cell wall prevents the cell fro m bursting

The pressure created by the cell wall also  sto ps to o  much water entering and this also  helps to

prevent the cell fro m bursting

When a plant cell is fully in�ated with water and has beco me rigid and �rm, it is described as fully

turgid

This turgidity is impo rtant fo r plants as the e�ect o f all the cells in a plant being �rm is to  pro vide

suppo rt  and strength fo r the plant – making the plant stand upright with its leaves held o ut to

catch sunlight

If plants do  no t receive eno ugh water the cells canno t remain rigid and �rm (turgid) and the plant

wilts
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The net movement of water into a plant cell will increase the turgor pressure and result in a turgid cell

If a plant cell is placed in a mo re co ncentrated so lutio n, water will leave  the plant cell thro ugh its

partially permeable cell surface membrane by o smo sis

As water leaves the vacuo le  o f the plant cell, the vo lume o f the plant cell decreases

The pro to plast gradually shrinks and no  lo nger exerts pressure o n the cell wall

As the pro to plast co ntinues to  shrink, it begins to  pull away fro m the cell wall

This pro cess is kno wn as plasmo lysis  – the plant cell beco mes �accid  and is said to  be

plasmo lysed
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Plasmolysis of a plant cell that has been placed in a solution with a lower water potential than the cell

itself

Exam T ip

Remember – plant cell membranes are co mpo sed o f a pho spho lipid bilayer and are partially

permeable (o nly certain mo lecules can cro ss), whereas plant cell walls are made o f cellulo se and

are freely permeable. Thus, in a plasmo lysed cell, the external so lutio n will be exerting pressure o n

the pro to plast, that is, there is no t an empty space between the cell wall and pro to plast.
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Application of Isotonic Solutions in Medicine

In so me cases, patients may require an intraveno us (IV) drip  to  treat dehydratio n o r to  deliver

medicine directly into  the blo o dstream

It is impo rtant that the so lutio n in the IV drip is iso to nic  in relatio n to  blo o d plasma

The so lutio n is usually a 0.9%  sterile saline so lutio n (saltwater) 

If the so lutio n was hypo to nic  then there wo uld be a net mo vement o f water into  red blo o d

cells causing them to  burst

This wo uld result in a decrease  in the o xygen carrying capacity o f blo o d

A hyperto nic  IV so lutio n wo uld result in a net mo vement o f water o ut o f the red blo o d cells

causing them to  shrivel and beco me crenated

This wo uld increase  the risk o f blo o d clo ts fo rming as these red blo o d cells canno t

mo ve freely thro ugh capillaries

Ano ther impo rtant medical applicatio n o f iso to nic so lutio ns is in the preparatio n o f do nated

human o rgans  fo r transplant surgery

These o rgans must be kept in an iso to nic saline so lutio n to  prevent damage  to  the cells due

to  the net mo vement o f water by o smo sis
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Osmosis: Skills

Changes in Plant Tissue due to Water Movement

Experimental design; accurate quantitative measurements in osmosis
experiments are essential

Planning is an essential part o f experimental bio lo gy, it will help ensure that valid co nclusio ns can

be made

Preliminary  (meaning "to  co me befo re") research must be co mpleted to  ensure the experiment

design co nsiders:

The results  that will be co llected

Quantitative data allo ws mo re valid co nclusio ns to  be made

Qualitative data (descriptive) can be useful to  suppo rt the co nclusio ns

Ho w measurements  will be made so  they are as precise and as accurate  as po ssible

The cho ice o f apparatus  and techniques  sho uld be based o n the science  surro unding

the issue being investigated

Ho w many repeats  will be undertaken to  ensure the data co llected is reliable

The variables  that will be tested  and need to  be co ntro lled

Once the preliminary research has been co mpleted then preliminary studies  can be co nducted

to  further aid the experimental design

These studies are very impo rtant fo r:

Identifying additio nal variables that a�ect the experiment

Finding the best way to  co ntro l these variables

Deciding o n the quantities and vo lumes o f substances that are needed so  that yo u do  no t

run o ut o f reactants/reagents

Any experiment co nducted witho ut preliminary research o r studies is likely to  be invalid as the

o ther variables that a�ect the results in the experiment will no t have been identi�ed and

co ntro lled

Estimation of osmotic concentration in tissues by bathing samples in
hypotonic and hypertonic solutions

The o smo tic co ncentratio n (o r so lute co ncentratio n) in tissues can be estimated by bathing

samples o f plant tissue in so lutio ns o f di�erent to nicity

A hypo to nic so lutio n has a lo wer o smo tic co ncentratio n than the tissue being bathed in it (so

the tissue will increase in mass o r length) whereas a hyperto nic so lutio n has a higher o smo tic

co ncentratio n (so  the tissue will decrease in mass o r length)

An iso to nic so lutio n will have the same o smo tic co ncentratio n as the tissue (so  the mass o r

length will remain unchanged)

It is po ssible to  investigate the e�ects o f immersing plant tissue in so lutio ns o f  di�erent

o smo tic co ncentratio ns and to  use the results to  estimate the o smo tic co ncentratio n o f  the
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plant tissue  itself

The mo st co mmo n o smo sis practical o f this kind invo lves cutting cylinders o f  po tato  and

placing them into  so lutio ns with a range o f  di�erent o smo tic co ncentratio ns

Usually sucro se so lutio ns o f  increasing co ncentratio n – at least 5 di�erent co ncentratio ns

are usually required

Apparatus

Po tato  x 2 (same variety)

Co rk bo rer (e.g. 5mm)

White tile

Scalpel

10cm ruler o r vernier calipers

Weighing balance (2dp)

10 cm³ sucro se so lutio n (0 mo l/dm³, 0.25 mo l/dm³, 0.5 mo l/dm³, 0.75 mo l/dm³, 1.00 mo l/dm³)

5 test tubes (in test tube rack)

10 cm³ measuring cylinder

Paper to wels

Method

The required number o f po tato  cylinders are cut

At least 5 fo r each o f the so lutio ns yo u are testing to  ensure yo u have su�cient repeats

They are all cut to  the same length and, o nce blo tted dry to  remo ve any excess mo isture, their

initial mass is measured and reco rded  befo re placing into  the so lutio ns

The po tato  cylinders are left in the so lutio ns fo r a set amo unt o f time (e.g. 30 minutes), usually in a

water bath (set at aro und 30 )

The so lutio ns are prepared by serial dilutio ns o f a speci�c so lute co ncentratio n determined

during the preliminary research/trials)

The cylinders are then remo ved and dried

This is do ne to  remo ve excess liquid

The �nal length and mass o f each po tato  cylinder is then measured and reco rded

o
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Yo u will need to  use apparatus appro priately to  measure o ut the vo lumes o f  yo ur so lutio ns and

reco rd yo ur measurements

Analysis

The percentage change  in mass fo r each po tato  cylinder is calculated and then plo tted
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To �nd the percentage change in mass, the change in mass must be divided by the initial mass and then

multiplied by 100
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A positive percentage change in mass indicates that the potato has gained water by osmosis

A po sitive  percentage change in mass indicates that the po tato  has gained water by o smo sis

(net mo vement o f water fro m the so lutio n into  the po tato ) meaning the so lutio n had a lo wer

o smo tic co ncentratio n than the po tato

The gain o f water makes the po tato  cells turgid, as the water exerts turgo r pressure (o r

hydro static pressure) o n the cell walls – the po tato es will feel hard

A negative  percentage change suggests the o ppo site, that is, the so lutio n had a higher o smo tic

co ncentratio n than the po tato

The po tato  cylinder in the stro ngest sucro se co ncentratio n will have decreased in mass  the

mo st as there is the greatest co ncentratio n gradient  in this tube between the po tato  cells

(lo wer o smo tic co ncentratio n) and the sucro se so lutio n (higher o smo tic co ncentratio n)
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Mo re water mo lecules will mo ve o ut o f the po tato  cells by o smo sis, making them �accid  and

decreasing the mass o f the po tato  cylinder – the po tato  cylinders will feel �o ppy

If lo o ked at underneath the micro sco pe, cells fro m this po tato  cylinder might be

plasmo lysed, meaning the cell membrane has pulled away fro m the cell wall

If there is a po tato  cylinder that has neither increased no r decreased in mass, it means there was

no  o verall net mo vement o f  water into  o r o ut o f the po tato  cells

The so lutio n that this particular po tato  cylinder was in had the same o smo tic co ncentratio n as

the so lutio n fo und in the cyto plasm o f the po tato  cells, so  there was no  co ncentratio n gradient

and therefo re no  net mo vement o f water into  o r o ut o f the po tato  cells

The co ncentratio n o f sucro se inside the po tato  cylinders can be fo und if a graph is drawn

sho wing ho w the percentage change in mass changes with the co ncentratio n o f sucro se

so lutio n

The po int at which the line o f best �t cro sses the x-axis  is the co ncentratio n o f sucro se inside

the po tato  cylinders

Calculating the standard deviatio n and standard erro r fo r the results o f this experiment wo uld

allo w the reliability o f the length and mass measurements to  be co mpared

Standard deviation

It is impo rtant to  have su�cient repeats when co nducting experiments, like the o ne abo ve, in

o rder to  ensure reliable results

These repeat values can be used to  calculate a mean mass fo r the po tato  cylinders in each

sucro se co ncentratio n

The mean is a mo re info rmative statistic when it is pro vided alo ngside standard deviatio n

Standard deviatio n measures the spread o f  data aro und the mean value

This is very useful when co mparing co nsistency between di�erent data sets during data

analysis

The standard deviatio n can be calculated using the fo llo wing fo rmula:
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Standard error

The standard erro r gives an indicatio n o f ho w clo se the sample mean is to  the true po pulatio n

mean

A large sample siz e results in a smaller standard erro r and the clo ser the sample mean will be

to  the true po pulatio n mean

Standard erro r (SE) can be calculated by dividing the standard deviatio n (S) by the square ro o t o f

the sample siz e (n):

SE =
S
n

When graphs o f mean values are drawn, the standard erro r can be sho wn as erro r bars  added to

each plo tted value

This demo nstrate the deviatio n o f the sample mean fro m the true po pulatio n mean

Erro r bars will extend abo ve and belo w the data po ints to  indicate variability

If erro r bars o verlap  then it suggest that the di�erence  between the mean values is no t

signi�cant while no n-o verlapping erro r bars indicate a signi�cant di�erence  between the means

Page 19 of 23
For more help visit our website www.exampaperspractice.co.uk



Water Potential (HL)

Water Potential

Water po tential (Ψ) can be de�ned as fo llo ws:

T he po tential energy o f  water, per unit  vo lume, relative to  pure water

Po tential energy is the energy sto red in an o bject due to  its po sitio n in relatio n to  o ther

o bjects

In this instance it is the energy sto red in water mo lecules  due to  their po sitio n in relatio n to

o ther mo lecules, e.g. mo lecules o f  a so lute  in a so lutio n

The unit o f water po tential is usually kilo pascals, o r kPa

Water po tential is always stated  relative to  pure water at atmo spheric pressure and 20 °C:

The water po tential o f pure water is given a value o f 0 kPa

No te that the water mo lecules in pure water do  technically have po tential energy, but it is

impo ssible to  determine, and this designated value o f z ero  allo ws fo r a simple

co mpariso n with so lutio ns

As so lutes are added to  a so lutio n, the water po tential decreases  into  negative values;

so lutio ns with a high so lute co ncentratio n have a lo wer water po tential

Energy is sto red in hydro gen bo nds between so lute mo lecules and water mo lecules in a

so lutio n, meaning that less energy is available as po tential energy

Water mo lecules in a so lutio n with a higher so lute co ncentratio n therefo re have less

po tential energy

Water Movement & Water Potential

Water po tential describes  the tendency o f  water mo lecules to  mo ve  fro m a dilute  so lutio n to  a

so lutio n with a high so lute co ncentratio n

So lutio ns with a high water po tential co ntain water mo lecules with a greater po tential

energy f o r mo vement , and therefo re a greater tendency to  mo ve

So lutio ns with a lo w water po tential co ntain many hydro gen bo nds between water mo lecules

and so lute mo lecules, reducing the po tential energy f o r mo vement  o f the water

mo lecules, and therefo re their tendency to  mo ve

Water mo lecules mo ve f ro m an area o f  high water po tential to  an area o f  lo w water po tential

It can also  be said that:

Water mo lecules mo ve fro m an area o f higher po tential energy to  an area o f lo wer

po tential energy

Water mo lecules mo ve fro m an area o f lo w so lute co ncentratio n to  an area o f high so lute

co ncentratio n
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Water Movement in Plant Tissue (HL)

Solute & Pressure Potential in Plant Cells

Water po tential measures the po tential energy o f  water co mpared to  pure water

we use the symbo l ψ o r ψw to  represent water po tential 

Pure water has a water po tential o f z ero  at standard temperature and pressure

Pressure po tential is the hydro static pressure to  which water in a liquid phase is subjected

it is also  referred to  as turgo r po tential o r turgo r pressure and represented by ψp

Pressure po tentials are generally po sitive  inside cells, altho ugh negative pressure

po tentials o ccur in xylem vessels where sap is being transpo rted under tensio n

So lute po tential, also  called o smo tic po tential, is a co mpo nent o f water po tential and is

represented by the symbo l  Ψ
So lutes reduce water po tential by co nsuming so me o f the po tential energy available in the

water, this results in a negative so lute po tential

So lute mo lecules can bind to  water mo lecules using hydro gen bo nds, this allo ws them to

disso lve in water

The energy in the hydro gen bo nds between so lute mo lecules and water is no  lo nger available

elsewhere which is why the water po tential is reduced, in o ther wo rds the po tential energy

that was available in the water is transferred to  the hydro gen bo nds

Therefo re so lute po tentials can range f ro m z ero  do wnwards as the co ncentratio n o f

so lutes increases

The equatio n ψw = ψs + ψp  can be used to  summarise the interactio ns between so lute po tential,

water po tential and pressure po tential

Water po tential is directly pro po rtio nal to  the so lute co ncentratio n and pressure po tential

Wat er pot ent ial diagram

w
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The water potential is a�ected by the solute potential and the pressure potential
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Water Movement in Plant Tissue

When plant tissue is bathed in either a hypo to nic o r hyperto nic so lutio n so me changes o ccur

In a hypo to nic so lutio n plant cells will gain water and will have a higher water po tential (clo ser

to  z ero )

Plant cells will lo se water in a hyperto nic so lutio n and will have a lo wer water po tential (mo re

negative)

The reaso n fo r these changes is 

In a hypo to nic so lutio n

Pressure po tentials increase  because there are a greater number o f water mo lecules

present in the cell and therefo re mo re mo lecules to  exert pressure

With mo re water mo lecules co mes greater po tential energy meaning mo re energy fo r

mo lecules to  mo ve and and exert pressure o n the cell membrane (the cell beco mes

turgid)

So lute po tentials decrease  (be mo re negative) because the number o f so lute

mo lecules relative the number o f water mo lecules is less

In a hyperto nic so lutio n

As water mo lecules mo ve o ut o f the cell the pressure po tential is decreased

There are fewer water mo lecules in the plant cell and so  decreased po tential energy

o f water to  mo ve and exert pressure o n the cell membrane (the cell beco mes

�accid)

So lute po tential increase because there are greater numbers o f so lute mo lecules

relative to  water mo lecules

Exam T ip

The terms hypo to nic and hyperto nic can be co nfusing, here's a silly tip to  help yo u remember

Hypo to nic - think hippo  (as in the animal!) which really like lo ts o f water; hypo to nic

(hippo to nic) so lutio ns have lo ts o f water mo lecules

Hyperto nic - think hyperactive, this is ho w so me peo ple can get after lo ts o f sugar, which is a

so lute, so  hyperto nic so lutio ns have lo ts o f so lutes (e.g. sugar)
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