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Solvation & Water

= Asolutiontypicallyconsists of asolute dissolved inasolvent
= Wateris avery good solvent because itis dipolar
= The hydrogenside of the moleculeis slightly positive while the oxygen sside is slightly
negative

= This enables watermolecules to formhydrogenbonds withotherpolarsolute molecules and
ions

= Hydrogenbondingbetweenwatermoleculesis also considered at the start of the course, the
notes canbe found here

= Theinteractionbetweenasolvent,suchas water,and asolute is known as solvation

Hydrogenbond and electronarrangementin waterdiagram

Watermolecules are dipolar because electrons are distributed unevenly between the hydrogen and
oxygenatoms

= Polarsolvents,suchas water,canorientate themselves towards polarsolutes andions to form
hydrogenbonds orion-dipole forces

= This creates hydrationshells around each solute particle
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Dipolar nature of waterdiagram

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

= Allcells are surrounded byacellmembrane whichis partially permeable
= Watercanmoveinand out of cells byosmosis
= Osmosisis the diffusionof water molecules fromaless concentrated (dilute) solutionto a
more concentrated solutionacross a partially permeable membrane
= |Indoingthis, wateris movingdownits concentrationgradient
= The cellmembrane is partially permeable whichmeans it allows smallmolecules (like water)
throughbut notlargermolecules (like solute molecules)

Partially permeable membrane diagram

Osmosis and the partially permeable membrane.

= Osmosis canalso be described as the net movement of water molecules fromaregionof
lower solute concentrationto aregion of higher solute concentration, through a partially
permeable membrane

Movement of waterdiagram
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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 acellis placed inasolutionwithalower solute concentration(i.e. more dilute) than the
cytoplasmofthe cell,thenthere will be anet movement of waterinto the cellbyosmosis
= Solutions like thisis referred to as beinghypotonic

If however, the solutionoutside the cell has ahigher solute concentration(i.e.more

concentrated) thanthe cytoplasm of the cell, then there will be anet movement of waterout of
the cell

= Thesesolutions are said to be hypertonic

If the solute concentrationis the same onbothsides of the cellmembrane, there will be no net
movement of waterinto orout of the cellbyosmosis

= Ansolutionwithasimilarconcentrationas the cytoplasmofacellisreferred to as anisotonic
solution

Tonicity of solutionsdiagram

Page 4 of 23
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

The net movement of wateris determined by the relative solute concentration of the solution outside the
cell
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O Exam Tip

Take note that watermolecules are always movinginto and out of cells due to the kinetic energy
thatthe molecules possess.ltis thereforeincorrectto saythat there would be no movement of
waterifacellis placed inanisotonic solution.There would be no net movement of waterina
particulardirectioninthat case.

OsmosisinCells

Water Movement & Cells

= Thedirectionofthe netmovementofwaterwilldepend onwhetheracellis placedina
hypertonic orhypotonic solution
= |nahypertonic solutionthere willbe anet movement of waterout of the cell, as the
cytoplasmis more dilute than the outside solution
= Inahypotonic solutionthere will be anet movement of waterinto the cellbecause now the
outside solutionis more dilute than the cytoplasm
= |nanisotonic solution,the movement of waterinto the cell will be balanced out by the movement
of wateroutofthecell
= There willtherefore be no net movement of waterinto orout of the cell
= The cellis nowindynamic equilibriumwith the isotonic solution
= |tis especiallyimportant foranimal cells to maintain theirosmotic concentrationas any
deviationfromthis equilibrium may eithercause the cellto shrink orburst
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Effects of Osmosis on Cells Without Cell Walls

= Animalcells lose and gainwateras aresult of osmosis

= Asanimalcellsdo not have asupporting cellulose cellwall, the results onthe cellare more
severe thanonplantcells

= |fananimalcellis placedinto ahypertonic solution(more concentrated thanthe cytoplasmof
the cell),it willlose waterbyosmosis and become crenated (shrivelled up)

= This maylead to the formationofblood clots as crenated red blood cells maybecome
stuck while moving through capillaries

= |fananimalcellis placed into ahypotonic solution(more dilute thanthe cytoplasm of the cell), it
willgainwaterbyosmosis and, as it has no cellwallto create turgor pressure, will continue to
do so untilthe cellmembraneis stretched too farand it bursts

= Multicellularorganisms must therefore maintainisotonic tissue fiuid around theircells to prevent
these harmful changes from happening

Osmosisinanimalcellsdiagram

The effects of water movement on animal cells

= Some unicellularorganisms,such as the protozoan Amoeba, live in freshwateraquatic habitats
thatis hypotonic to theircytoplasm.
= There willbe aconstant netinflux of waterinto the organismbyosmosis,whichincreases the
internal pressure
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= To prevent these organisms frombursting, theycontainstructures called contractile vacuoles in
theircytoplasm
= Excesswaterwillbe continuouslycollectedinthe contractile vacuole and pumped out of
the organismto maintain the osmotic concentrationof the cytoplasm

The contractile vacuole is responsible forremoving excess water from Amoeba to prevent them from
bursting

Effects of Osmosis on Cells With Cell Walls

= [faplantcellis placedinahypotonic solution,waterwillenterthe plant cellthroughits partially
permeable cell surface membrane by osmosis, as the solutionhas alower solute concentration
thanthe plant cell
= Aswaterenters the vacuole of the plant cell,the volume of the plant cellincreases
= The expandingprotoplast (livingpart of the cellinside the cell wall) pushes against the cell wall
and pressure builds up inside the cell
= This pressureis knownas turgorpressure
= Theinelastic cellwall prevents the cell frombursting
= The pressure created bythe cellwallalso stops too muchwaterentering and this also helps to
prevent the cell frombursting
= Whenaplantcellis fullyinflated withwaterand has becomerigid and firm,itis described as fully
turgid
= This turgidityis important forplants as the effect of all the cellsinaplant being firmis to provide
support and strengthforthe plant - making the plant stand upright withits leaves held out to
catchsunlight
= |fplants do notreceive enoughwaterthe cells cannotremainrigid and firm (turgid) and the plant
wilts
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The net movement of waterinto a plant cell will increase the turgorpressure andresult in a turgid cell

If aplant cellis placed inamore concentrated solution, waterwillleave the plant cell throughits
partiallypermeable cell surface membrane by osmosis

As waterleaves the vacuole of the plant cell, the volume of the plant celldecreases

The protoplast gradually shrinks and no longerexerts pressure onthe cellwall

As the protoplast continues to shrink, it begins to pullaway fromthe cell wall

This processis knownas plasmolysis - the plant cellbecomes flaccid and is said to be
plasmolysed
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Plasmolysis of a plant cell that has been placed in a solution with a lowerwaterpotential than the cell
itself

Q Exam Tip

Remember - plant cellmembranes are composed of aphospholipid bilayerand are partially
permeable (onlycertainmolecules cancross), whereas plant cell walls are made of cellulose and
are freelypermeable.Thus,inaplasmolysed cell,the external solution will be exerting pressure on
the protoplast, thatis,thereis notanemptyspace betweenthe cellwalland protoplast.

Page 10 of 23
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Application of Isotonic Solutions in Medicine

= |Insome cases, patients mayrequire anintravenous (IV)drip to treat dehydrationorto deliver
medicine directlyinto the bloodstream
= [tisimportantthatthe solutioninthe [Vdripisisotonicinrelationto blood plasma
= Thesolutionis usuallya 0.9% sterile saline solution (saltwater)
= |fthe solutionwas hypotonic thenthere would be anetmovement of waterinto red blood
cells causingthemto burst
= Thiswouldresultinadecreaseinthe oxygencarrying capacityofblood
= Ahypertonic|Vsolutionwould resultinanetmovement of waterout of the red blood cells
causingthemto shriveland become crenated
= Thiswouldincrease theriskof blood clots formingas thesered blood cells cannot
move freelythrough capillaries
= Anotherimportant medical application ofisotonic solutions is inthe preparationof donated
humanorgans fortransplant surgery
= These organs mustbe keptinanisotonic saline solutionto prevent damage to the cells due
to the netmovement of waterbyosmosis
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ChangesinPlant Tissue due to Water Movement

Experimental design; accurate quantitative measurements in osmosis
experiments are essential

= Planningis anessential part of experimental biology, it willhelp ensure that valid conclusions can
be made
= Preliminary (meaning "to come before") researchmustbe completed to ensure the experiment
designconsiders:
= Theresults that willbe collected
= Quantitative dataallows more valid conclusions to be made
= Qualitative data(descriptive) canbe usefulto support the conclusions
= How measurements willbe made so theyare as precise and as accurate as possible
= Thechoice of apparatus and techniques should be based onthe science surrounding
theissue beinginvestigated
= How manyrepeats willbe undertakento ensure the datacollected is reliable
= Thevariables that willbe tested and need to be controlled
= Once the preliminaryresearchhas beencompleted then preliminary studies canbe conducted
to furtheraid the experimental design
= These studies are veryimportantfor:
= |dentifyingadditional variables that affect the experiment
= Findingthe bestwayto controlthese variables
= Decidingonthe quantities and volumes of substances thatare needed so thatyoudo not
runout of reactants/reagents
= Anyexperiment conducted without preliminaryresearch orstudies is likely to be invalid as the
othervariables that affect the results in the experiment willnot have beenidentified and
controlled

Estimation of osmotic concentrationin tissues by bathing samplesin
hypotonic and hypertonic solutions

= The osmotic concentration(orsolute concentration)intissues canbe estimated bybathing
samples of plant tissue insolutions of different tonicity

= Ahypotonic solutionhas alowerosmotic concentrationthanthe tissue beingbathed init(so
the tissue willincrease inmass orlength) whereas ahypertonic solutionhas a higher osmotic
concentration(so the tissue willdecreaseinmass orlength)

= Anisotonic solutionwillhave the same osmotic concentrationas the tissue (so the mass or
length willremainunchanged)

= |tis possible toinvestigate the effects ofimmersingplant tissue insolutions of different
osmotic concentrations and to use theresults to estimate the osmotic concentrationof the
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plant tissueitself
= The mostcommonosmosis practical of this kind involves cuttingcylinders of potato and
placingtheminto solutions with arange of different osmotic concentrations
= Usually sucrose solutions of increasing concentration - atleast 5 different concentrations
are usuallyrequired

Apparatus

= Potato x2(same variety)

= Corkborer(e.g.5mm)

= White tile

= Scalpel

= lOcmrulerorverniercalipers

= Weighingbalance (2dp)

= JO0cm3sucrose solution (O mol/dm3,0.25 mol/dm3,0.5 mol/dm3,0.75 mol/dm3,1.00 mol/dm3)
= 5testtubes (intesttuberack)

= ]Ocm3measuringcylinder

= Papertowels

Method

= Therequired numberofpotato cylinders are cut
= Atleast5foreachofthesolutions youare testingto ensure youhave sufficient repeats
= Theyare allcut to the same lengthand,once blotted dryto remove anyexcess moisture, their
initial mass is measured and recorded before placinginto the solutions
= The potato cylinders are leftinthe solutions forasetamount of time (e.g. 30 minutes),usuallyina
waterbath(setataround 30°)
= The solutions are prepared byserial dilutions of aspecific solute concentrationdetermined
during the preliminaryresearch/trials)
= The cylinders are thenremoved and dried
= Thisis done toremove excess liquid
= The finallengthand mass of eachpotato cylinderis thenmeasured and recorded
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You willneed to use apparatus appropriately to measure out the volumes of your solutions and
record your measurements

Analysis

= The percentage change inmass foreachpotato cylinderis calculated and thenplotted
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To find 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

= Apositive percentage change inmass indicates that the potato has gained waterbyosmosis
(netmovement of waterfromthe solutioninto the potato) meaning the solutionhad alower
osmotic concentrationthanthe potato
= The gainofwatermakes the potato cells turgid, as the waterexerts turgorpressure (or
hydrostatic pressure) onthe cellwalls - the potatoes will feel hard
= Anegative percentage change suggests the opposite, thatis, the solutionhad a higher osmotic
concentrationthanthe potato
= Thepotato cylinderinthe strongest sucrose concentrationwillhave decreased inmass the
most as there is the greatest concentrationgradient in this tube betweenthe potato cells
(lowerosmotic concentration) and the sucrose solution (higherosmotic concentration)
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= More watermolecules willmove out of the potato cells byosmosis, making them flaccid and
decreasingthe mass of the potato cylinder-the potato cylinders will feel floppy
= |flooked atunderneaththe microscope, cells fromthis potato cylindermight be
plasmolysed, meaning the cellmembrane has pulled awayfromthe cell wall
= |fthereis apotato cylinderthathas neitherincreased nordecreasedinmass,it means there was
no overallnet movement of waterinto oroutof the potato cells
= The solutionthat this particularpotato cylinderwas inhad the same osmotic concentrationas
the solutionfound inthe cytoplasm of the potato cells, so there was no concentrationgradient
and therefore no netmovement of waterinto orout of the potato cells
= Theconcentrationofsucroseinside the potato cylinders canbe found if agraphis drawn
showinghow the percentage change inmass changes with the concentrationof sucrose
solution
= The pointatwhichtheline of best fit crosses the x-axis is the concentrationof sucrose inside
the potato cylinders
= Calculating the standard deviationand standard error forthe results of this experiment would
allow the reliability of the length and mass measurements to be compared

Standard deviation

= |tisimportantto have sufficientrepeats whenconducting experiments, like the one above,in
orderto ensurereliable results
= Theserepeatvalues canbe used to calculate ameanmass forthe potato cylindersineach
sucrose concentration
= The meanis amore informative statistic whenitis provided alongside standard deviation
= Standard deviationmeasures the spread of dataaround the meanvalue
= Thisis veryusefulwhencomparingconsistencybetweendifferentdatasets duringdata
analysis
= The standard deviationcanbe calculated using the following formula:
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Standard error

= Thestandard errorgives anindicationofhow close the sample meanis to the true population
mean
= Alarge sample size results inasmallerstandard errorand the closerthe sample meanwill be
to the true populationmean
= Standard error(SE) canbe calculated by dividing the standard deviation (S) bythe squarerootof
the sample size (n):

S
SE = ——

Jn

= Whengraphs of meanvalues are drawn, the standard errorcanbe shown as errorbars added to
eachplotted value
= This demonstrate the deviationof the sample meanfromthe true populationmean
= FErrorbars willextend above and below the data points to indicate variability
= |[ferrorbars overlap thenit suggestthat the difference between the meanvaluesis not
significant while non-overlapping errorbars indicate a significant difference betweenthe means

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



E=l

Exam Papers Practice

Water Potential (HL)

Water Potential

= Waterpotential (¥) canbe defined as follows:
The potentialenergy of water, perunit volume, relative to pure water

= Potentialenergyis the energystoredinanobjectdue toits positioninrelationto other
objects
= Inthisinstanceitis the energy stored inwater molecules due to theirpositioninrelationto
othermolecules,e.g.molecules of asoluteinasolution
= Theunitof waterpotentialis usuallykilopascals, orkPa
= Waterpotentialis always stated relative to pure water at atmospheric pressure and 20 °C:
= The waterpotentialof pure wateris given avalue of O kPa
= Note that the watermolecules inpure waterdo technicallyhave potential energy, butitis
impossible to determine, and this designated value of zero allows forasimple
comparisonwith solutions
= Assolutesare addedto asolution,the water potentialdecreases into negative values;
solutions witha highsolute concentration have alower water potential
= Energyis stored inhydrogenbonds betweensolute molecules and watermoleculesina
solution,meaningthatless energy is available as potential energy
= Watermoleculesinasolutionwith a highersolute concentrationtherefore have less
potential energy

Water Movement & Water Potential

= Waterpotentialdescribes the tendency of water molecules to move fromadilute solutionto a
solutionwith ahighsolute concentration
= Solutions withahighwaterpotential containwatermolecules with agreater potential
energy formovement, and therefore agreatertendencyto move
= Solutions withalow waterpotential contain manyhydrogenbonds betweenwatermolecules
and solute molecules,reducing the potential energy formovement of the water
molecules,and therefore theirtendencyto move
= Watermolecules move fromanareaof highwaterpotentialto anareaof low water potential
= |tcanalso be said that:
= Watermolecules move fromanareaof higherpotentialenergyto anareaoflower
potential energy
= Watermolecules move fromanareaoflowsolute concentrationto anareaofhighsolute
concentration
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Water Movement in Plant Tissue (HL)

Solute & Pressure PotentialinPlant Cells

= Waterpotentialmeasures the potentialenergy of watercompared to pure water
= weuse the symbolorpwtorepresent waterpotential
= Pure waterhas awaterpotential of zero at standard temperature and pressure
= Pressure potentialis the hydrostatic pressure to whichwaterinaliquid phase is subjected
= jtisalsoreferredto asturgorpotentialorturgorpressure and represented by ypp
= Pressure potentials are generally positive inside cells, although negative pressure
potentials occurinxylemvessels where sapis beingtransported undertension

= Solute potential,also called osmotic potential,is acomponent of waterpotentialand is
represented bythe symbol ¥,
= Solutesreduce waterpotential by consuming some of the potential energyavailable in the
water, thisresults in anegative solute potential
= Solute molecules canbind to watermolecules using hydrogenbonds, this allows themto
dissolve inwater
= Theenergyinthe hydrogenbonds betweensolute molecules and wateris no longeravailable
elsewhere whichis whythe waterpotentialis reduced,inotherwords the potential energy
that was available inthe wateris transferred to the hydrogenbonds
= Therefore solute potentials canrange fromzero downwards as the concentrationof
solutesincreases
= Theequationpw =s + Pp canbe used to summarise the interactions betweensolute potential,
waterpotential and pressure potential
= Waterpotentialis directly proportional to the solute concentration and pressure potential

Water potentialdiagram

Page 21 of 23
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

The waterpotential is affected by the solute potential and the pressure potential
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Water Movement inPlant Tissue

= Whenplanttissueis bathed ineitherahypotonic orhypertonic solutionsome changes occur
= |nahypotonic solutionplant cells willgain waterand will have a higherwaterpotential (closer
tozero)
= Plantcells willlose waterinahypertonic solutionand willhave alowerwaterpotential (more
negative)
= Thereasonforthese changesis
= |nahypotonicsolution
= Pressure potentialsincrease because there are agreaternumberofwatermolecules
presentinthe celland therefore more molecules to exert pressure
= Withmore watermolecules comes greaterpotential energymeaning more energyfor
molecules to move and and exert pressure onthe cellmembrane (the cellbecomes
turgid)
= Solute potentials decrease (be more negative) because the numberof solute
molecules relative the numberofwatermoleculesis less
= |nahypertonic solution
= Aswatermolecules move out of the cellthe pressure potentialis decreased
= There are fewerwatermoleculesinthe plantcelland so decreased potential energy
of waterto move and exert pressure onthe cellmembrane (the cellbecomes
flaccid)
= Solute potentialincrease because there are greaternumbers of solute molecules
relative to watermolecules

O ExamTip

The terms hypotonic and hypertonic canbe confusing, here's asilly tip to help youremember

= Hypotonic - think hippo (as inthe animal!) whichreally like lots of water; hypotonic
(hippotonic)solutions have lots of watermolecules

= Hypertonic - think hyperactive, this is how some people canget afterlots of sugar,whichis a
solute,so hypertonic solutions have lots of solutes (e.g.sugar)
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