
MOVEMENTOFMATERIALSINANDOUTOFTHECELL

Substanceslikenutrientsandexcretionsmoveinandoutofthecellby:

Diffusion

Osmosis

Activetransport

Phagocytosis

Pinocytosis

Movementofsubstancesdependsonthepermeabilityofthecellmembraneorcellwall.

DIFFUSION

Thisisthemovementofmoleculesofgasesandliquidsfrom aregionofhighconcentrationtoa

regionoflow concentration.Diffusionoccursbecausesmallmoleculesareinconstantrandom

motion.Moleculesofgasesandliquidsbyrandom motiontendtodistributethemselvesevenly,

throughouttheavailablespace,unlikeinsolidswheremoleculesarecloselypackedtogetherand

have no freedom ofmovement.Diffusion only takes place where there is a difference in

concentration i.e.where there is a concentration gradientand continues untilthere is even

distributionofmolecules.

EXPERIMENTTODEMONSTRATEDIFFUSIONINGASES

Apparatus

Wetredlitmuspaper,

cottonwool,

glasstube,

ammonium solution,

glassrod

Method

Somestripsofwetredlitmuspapersarestuckonthewallsofaglasstubeasindicatedbelow.

Theglasstubeiscorkedasoneendandapieceofcottonwoolissoakedinammonium solutionand

isintroducedattheotherendwhichisalsoplugged.

Procedure

Squaresofwetredlitmuspaperwerepushedwithaglassrodorwireintoawideglasstubesothat

theysticktothesideandareevenlyspacedout.Theglasstubeiscorkedatoneendtheotherendis

closedwithacorkcarryingaplugofcottonwool,soakedinammonia

Observation

The alkaline ammonia gas,diffused along the glass tube,turning the litmus papers blue in



successionfrom 1to5,showingthattheammoniagaswasdiffusingfrom oneendtotheother.

NB:Iftheexperimentisrepeatedusingmoredilutesolutionofammonia,therateofdiffusionwould

beseentobeslower.

EXPERIMENTTODEMOSTRATEDIFFUSIONINLIQUIDS

Materials

Glassbeaker

Potassium permanganatecrystals

Water

spatula

Procedure

Fillaglassbeakerwithabout50ccofwater

Placeafewcrystalsofpotassium permanganateatthebaseofthebeakerinthewater.

Leavethesetupforabout30minutes.

Observation

After30-40minutes,thepotassium permanganatecolorwillhavespreadfirstatthebottom and

laterupwardtocolorallthewaterinthebeaker.

Conclusion

Diffusionoccursinliquids.

FACTORSAFFECTINGTHERATEOFDIFFUSION

Concentrationgradient

Concentrationgradientisthedifferenceinconcentrationbetweenthe2regionswherediffusion

takesplace.Thehighertheconcentrationgradientbetweenthetworegions,thefasteristherateof

diffusion.

Temperature

Thehigherthetemperatureofthesubstances(molecules),thefasteristheratediffusion,because

temperatureincreasesthekineticenergyofmolecules.

Size/densityofmolecules

Thesmallerthemolecules,thefastertherateofdiffusion.Thedensertheparticle,thelowertherate

ofdiffusion.

Distanceoverwhichdiffusionoccurs

Theshorterthedistancebetweenthetworegionsofdifferentconcentration,thegreateristherate

ofdiffusionlikethealveolioflungsortheepithelialliningsoftheileum arethintoprovideashort

distancefordiffusionthusincreasingtherateofdiffusion.

Surfaceareaoverwhichdiffusionoccurs

Thelargerthesurfaceoverwhichdiffusionistotakeplace,thefasteristherateofdiffusione.g.

diffusionsurfacesliketheileum havenumerousvillitoincreasetherateofdiffusion.

Typesofdiffusion

Simplediffusion

Thisisthetypeofdiffusionwheremoleculesorionsmovefreelyacrossthecellmembranewithout

beingaided.

Facilitateddiffusion

Thisiswheremoleculesorionsmoveacrossthecellmembranebybeingaidedbyproteincarriers

usingenergy.

Significanceofdiffusiontoorganisms



Ithelpssubstancestomoveinandoutofcells.

Plantroothairstakeupsomesaltsbydiffusion

Unicellularmicroorganismslikeamoeba,takeinoxygenandpassoutcarbondioxidethroughthecell

membranebydiffusion.

Digestedfoode.g.simplesugars,aminoacids,enterthebloodfrom thegutbydiffusion.

Oncedissolvedinblood,thefoodsubstancesdiffuseoutofthebloodintothecellswheretheyare

needed.

OxygendiffusesintobloodandCO2 outofbloodinthelungsofmammalsandgillsoffishby

diffusion.

Wasteproductsofmetabolismse.g.nitrogencontainingsubstanceslikeurea,diffuseoutofthe

animalcellsintoblood.

OSMOSIS

Thisisthemovementofwatermoleculesfrom aregionoftheirhighconcentrationtoaregionof

theirlowconcentrationacrossasemipermeablemembrane.

Or

Itisthemovementwatermoleculesfrom asolutionoflow concentrationtoasolutionofhigh

concentrationacrossasemipermeablemembrane.

A semi/partially/selectivelypermeablemembraneisonewhichcanallow thepassageofsome

materialstooccurandpreventothermaterialsfrom passingacrossit.

Diagram showingdetailsofosmosis

When 2 solutions are separated bya semipermeable membrane having smallpores,water

moleculescontinuetomovefrom adilutesolutiontoaconcentratedsolutionthroughit.

Experimenttodemonstrateosmosisinanartificialcell

Materials

Cellophane/viskingtube,

Capillarytube,

Beaker,

Syruporsugarsolution,

Threadorelasticband,

Clamp

Procedure

Tieoneendoftheviskingtubingusingarubberbung.

Makeasugarsolutionandpouritintothetubing



Tietheopenendofthetubingtothecapillarytubeusingarubberbungorthread.

Poursomewaterinthebeakerhalfwayfull

Insertthecapillarytubewiththeviskingtubingintowater.

Notethelevelofthesolutioninthecapillarytubeandthatofwaterinthebeaker.

Clampthecapillarytubeonaretortstandandleavethesetupfor30minutes.

Observation

Inafewminutes,thelevelofthesolutionisseentoriseupthecapillarytube

Interpretation

Watermoleculesarepassedthroughthecellophanetubingintothesugarsolutionbyosmosis,thus

increasingitsvolumeandforcingitupthecapillarytube.

Wateractsasadilutesolution

Sugarsolutionactsasaconcentratedsolution

Membraneoftheviskingtubingactsasthesemipermeablemembrane.

EXPERIMENTTODEMONSTRATEOSMOSISINALIVINGTISSUE

Apparatus

FreshIrishpotatoes,

knife,

Petridishes,

sugarorsalt

water

Procedure

3freshIrishpotatoesarepeeledandtheirendsslicedflat.Theinteriorsarescoopedouttoform a

cupwithwallsofuniform thickness.

InA,somegrainsofsugarareplacedinthecup,whiletheotherpotatoBisleftemptyasacontrol.

Thethirdpotatoisboiledtokillordestroythetissuesandalsosomesugargrainsareputinthecup.

AllthepotatocupsareplacedinwaterinPetridishes.Theexperimentislettorunfor2-6hours.

Endofexperiment(2-6hours)

TheliquidinthecuppotatoAhadrisentoform asugarsolutionandinthePetridish,thelevelhad

fallen.



InpotatoBandintheboiledpotato,thecupswerestillemptyandthewaterlevelinthePetridishes

remainedthesame.

Conclusion

Osmosistakesplaceinlivingtissuesanddoesnottakeplaceinboiledtissues.Thisisbecause,by

boiling,thetissuesaredestroyedandloosesemipermeability

Explanation

Livingtissueshavecellmembraneorcellwallsactingassemipermeablemembraneandallow

watertomovethroughbyosmosiswhileboilingalivingtissuemakesitimpermeable.

Termsusedinosmosis

Osmoticpotential

Thisistheabilityofasolutiontoexertosmoticpressure.Thisdescribestheconcentrationofthe

solutionofthesolutionintermsoftheabilityofwatermoleculestomovehenceasolutionwithhigh

osmoticpotentialhasmorewatermoleculesabletomove.

Osmoticpressure

Thisdescribestheconcentrationofthesolutionintermsoftheabilityofwatermoleculestomove

henceasolutionwithhighosmoticpotentialhasmorewatermoleculesabletomove.Thisisthe

pressureexertedbyahypertonicsolutiontodrawwaterintoitsself.

Waterpotential

Thisistheconcentrationofwaterinasolution.Thereforeasolutionhasahighosmoticpressureifit

ishighlyconcentratedandviceversa.Thisistheabilityofahypotonicsolutiontoloosewatertoa

moreconcentratedsolution.

Hypotonicsolutions

Thisisusedtodescribeasolutioncontaininglesssoluteandmorewatermoleculescomparedto

anothere.g.hypotonicsolutionhasalowerosmoticpressureandisgenerallytermedasless

concentrated.

Isotonicsolutions

Thesearesolutionswiththesameconcentrationofsaltsandwateri.e.Solutionswiththesame

isotonicpressure

Hypertonicsolutions

Thisisusedtodescribeasolutionwithmoresolutesandlesswatermoleculesthantheother.A

hypertonicsolutionhasahigherosmoticpressureandisgenerallytermedasmoreconcentrated

solution.

Osmosisandcells

Animalcells

Unliketheplantcells,animalcellslackacellwallandonlyhaveacellmembranewhichisweakand

non-resistanttohighinternalpressure.

Osmosisandredbloodcells

Whenredbloodcellsareplacedinadilutesolution(hypotonicsolution)i.e.distilledwater,thecells

swellupandeventuallyburst(haemolyse).Thisisbecausewatermovesfrom thesurrounding

solution(distilledwater)viathesemipermeablecellmembraneintocells.



Haemolysisinredbloodcells

Whentheredbloodcellsareplacedinamoreconcentratedsolution(hypotonicsolution)e.g.a

strongsugarsolution,watermovesoutofthecellstothesurroundingsolutionbyosmosis.Asa

result,thecellsshrinktheprocesscalledcrenationorlaking.

However,whenredbloodcellsareplacedinisotonicsolutiontheyneithergainnorlosewater.

Turgor

Thisistheattainmentofenoughwaterinthecelltomakeitexpandtoitsmaximum volume.

Turgorpressure

Thisistheforceexertedonthecellwalloftheplantcellduetopushingofthecytoplasm asaresult

ofwaterenteringthecellvacuoleandexpanding.

Turgidity

Isadestinationofacellwhichhasattainedenoughwaterandexpandedtomaximum size.

Whenaplantcellisplacedinadilutesolution(water)thanthecellsap,waterentersbyosmosis

throughthesemipermeablecellwallandcellmembraneintothecellsap.Thevolumeofcellsap

increasesanditmakesthesapvacuoleexpand.Thiscausesthecytoplasm movetowardsthecell

wallandgainingturgidity.

Timecomeswhenallthecytoplasm ispressingagainstthecellwallandnomorewatercanbe

absorbed.Atthisstate,thecellissaidtohavegainedfullturgidityandtheforceonthecellwallis

calledturgorpressure.

Diagram showingacellgainingturgidity

Plasmolysis

Thisisthelossofwaterfrom thecelltothesurroundingcausingthevacuoletoshrinkandcausethe

cytoplasm tolosecontactwiththecellwall.



Whenthecellisinthiscondition,itissaidtobeflaccidorplasmolysed.Thereforeaflaccidcellis

onewhosecytoplasm haslostcontactwiththecellwallduetolossofwaterfrom thecellsapofthe

vacuole.

Whenthecellisinamoreconcentratedsolutionthanthecellsap,watermovesfrom thecellsap

throughacytoplasm thanthecellwalltothesurroundingsolution.Thiscausesthevacuoletoshrink

andthecytoplasm tolosecontactwiththecellwallandthecellissaidtobeflaccidorplasmolysed.

Diagram showingaplasmolysedcell

Experimenttodemonstrateturgorandplasmolysis

Materials

Cockborer

Fourbeakers

Water

Irishpotato

Razorblade

Sugarcrystal

Procedure

Getfourbeakersandpour¾ofwaterin3ofthem andleaveoneempty.

Mixthesugarinonebeakertomake5%solution

Mixsugarinanotherbeakertomake50%solution

Leaveonewithpurewater

Useacockborertomake4potatocylindersthesamelengthe.g.3cm.

Namethisinitiallength

Deepthepotatoineachcylinder

Leavethesetupforonehourandobserve.

Setup



Removethecylinderfrom eachbeakerandmeasureeachlength.Alsofeelthetexture.Tabulateyour

resultsinthetablebelow.

Initiallength/cm Finallength/cm Change in

length/cm

% change in

length

Texture(soft/tough)

4.0 4.3 +0.3 +7.5 Tough

4.0 4.0 0 0 Tough

4.0 3.8 -0.2 -5 Soft/flaccid

4.0 3.9 -0.1 -4 Soft

Observation

Thecylinderinwaterhadincreasedinlengthandbecametougher.

Thecylinderin5%sucrosesolutiondidn’thaveanychangeinlengthandthetextureremainedthe

same

Thecylinderin50%sucrosesolutionhaddecreasedinlengthandbecomesoft,flaccidandcurved.

Thepotatointheemptybeakerdecreasedinlength.

Conclusion

Turgorandplasmolysisoccurinplantcells.

Explanation

The cylinderin waterincreased in length because watermolecules moved into itfrom the

surroundingwaterbyosmosisbecausethecellsaphadahigherconcentrationthanthesurrounding

water.

Therewasnochangeinlengthforthecylinderin5%sucrosesolutionbecausethesolutionhadthe

sameconcentrationasthecellsapofapotatocylinderhencenonetosmosis.

Therewasadecreaseinlengthforthecylinderin50%sucrosesolutionbecausewatermolecules

movedoutofthecylinderwhichhadalowerconcentrationbyosmosis.

Therewasadecreaseinlengthforthecylinderintheemptybeakerbecausewaterwaslosttothe

surroundingthroughevaporation.

Significanceofosmosisinplants

Absorptionofwaterbyroothairsfrom soil

Itenhancesmovementofwaterfrom roothairsviathecortextothexylem.

Forsupportinnon-woodyplants

Itfacilitatesopeningandclosingofstomata

Ingermination,theinitialabsorptionofwaterisbyosmosis

Significanceofosmosisinanimals

Itenablesmovementofwatertocapillariesinvilli

Movementofwaterintounicellularanimals

Movementofwaterfrom tissuefluidtothecell

Itenablesreabsorptionofwaterintothebloodstream viathekidneytubules.

Note:manysemi-permeablemembranesallowthepassageofsoluteandsolventsthoughnottothe

sameextent.Allthatisrequiredforosmosistooccuristhatthesolventmoleculesmovemore

rapidlythanthesolutemolecules.

ACTIVETRANSPORT

Thisisthemovementofmoleculesfrom theregionoflow concentrationtotheregionofhigher

concentrationi.e.movementagainstconcentrationgradientusingenergy.

Energyforthisprocessisderivedfrom respiration.Anythingthataffectstherateofrespiration,also



affectstheactivetransporte.g.cyanidespreventATPsynthesis.

Activetransporttakesplacebymeansofcarriermoleculesinthecellmembraneswhichareprotein.

Thecarrier,onreachingtheinnerpartofthemembranereleasesthemoleculesandissetfreefor

furthertransportation.

Examplesofactivetransport

Uptakeofmineralsaltsfrom soilbyplantroots

Absorptionofsomefoodmoleculese.g.glucose

Selectivereabsorptionofmoleculese.g.glucose

Importanceofactivetransport

Usedbyplantrootsorroothairstoabsorbmineralsfrom thesoil.

Usedintheabsorptionoffoodmaterialsfrom theileum intothebloodstream

Usedinthereabsorptionofmineralsinthekidneyduringurineformation

Usedinthesecretionandactiveuptakeofionsinthefishgillsfrom freshwater

PINOCYTOSIS

Thisistheprocessbywhichanimalcellstakeinliquidmaterialsintotheirbodies.Thusitissaidto

becell-drinking.

PHAGOCYTOSIS

Thisistheprocessbywhichanimalcellstakeinsolidmaterials.Thecellengulfs/invaginatesor

takesinsolidmaterialsandform afoodvacuolewherethefoodisdigested.Thefoodisabsorbed

intothecytoplasm andundigestedparticlesarereleased.Itrequiresenergy.

Importanceofphagocytosis

Usedbyamoebaduringfeeding

Whitebloodcellsdestroypathogensbyphagocytosis

Unicellularanimalsegestundigestedmaterialbyphagocytosis.


