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HydrogenBonds

Mediumfor Life

Water as the medium for life

= The firstcells evolvedinawateryenvironment

= Thisis believed to have beeninthe deepoceans,close to hydrothermal vents inthe Earth's crust

= Some waterand solutes got trapped withinamembrane

= Chemicalreactions beganoccurring within the membrane-bound structure

= Thisled to the evolutionof cells

= Waterinits liquid state allows dissolved molecules to move around, so theyare easily able to
collide and reactwitheachother

= Mostlife processesoccurinwater

= Thelinkbetweenwaterand lifeis so strongthat scientists lookingforlife onotherplanets and
moonslookforevidence of waterto suggestthatlife could have occurred there
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HydrogenBonds

= Hydrogenbondingplays animportantrole betweenmanybiological molecules

= Some keyfunctionsinclude:
= Dissolvingof solutesinwater
= Thecohesionand adhesionofwatermolecules

= These properties allow waterto move up the trunks of really tall trees

Base-pairingbetweenthe two strands of DNA

Structure:

= Hydrogenbonds helpto formpart of the secondary and tertiary levels of structure in
proteins

= The hydrogenbonds found betweenstrands of cellulose and collagen give those
molecules theirtensile strength

= |nteractions between mRNA and tRNA during proteinsynthesis

Surface effects onmembranes betweenpolarphosphate groups and water

Hydrogen bonding in water

= Hydrogenbondingis afundamental propertyof water
= Wateris of theutmost biologicalimportance
= [tis the mediuminwhich allmetabolic reactions take placeincells
= Between70% to 95% of the mass of acellis water
= Wateris so fundamentalto life thatastronomers look forsigns of water onotherplanets
and moons,asindicators of possible extra-terrestrial life
= As71% of the Earth’s surface is covered inwateritis amajor habitat fororganisms
= Wateriscomposed ofatoms of hydrogenand oxygen
= One atomofoxygencombines withtwo atoms of hydrogenbysharing electrons (covalent
bonding)
= Althoughwateras awholeis electricallyneutral,the sharing of the electrons is unevenbetween
the oxygenand hydrogenatoms
= The oxygenatomattracts the electrons more strongly than the hydrogenatoms,resultingina
weak negatively charged regiononthe oxygenatom(s-) and aweak positively charged
regiononthe hydrogenatoms(8+), this also results inthe molecule's asymmetrical shape
= This separationof charge due to the electrons inthe covalent bonds beingunevenly shared is
called adipole
= Whenamolecule has one end thatis negativelycharged and one end thatis positivelycharged it
is also apolarmolecule
= Wateris therefore apolarmolecule

Hydrogenbondsin a water molecule diagram
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The covalent bonds of water make it a polar molecule

Hydrogenbonds formbetweenwatermolecules
= Asaresultofthe polarityofwater,hydrogenbonds formbetween the positive and
negativelycharged regions of adjacent watermolecules
Hydrogenbonds are weak, whenthere are few, so theyare constantly breaking and reforming
However,whenthere are large numbers present theyformastrong structure
Hydrogenbonds cause many of the properties of water molecules that make themso
importantto livingorganisms.

Hydrogenbondsbetween water moleculesdiagram
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The polarity of water molecules allows hydrogen bonds to form between adjacent water molecules

O ExamTip

Familiarise yourself with the formation of hydrogenbonds between two ormore water
molecules.The deltasymbol(5) indicates that the charge is very small, so the slightlynegative (5-)

side of one watermolecule will always be attracted to the slightly positive (5+) side of another
watermolecule.

Physical & Chemical Properties of Water

Cohesion

= Hydrogenbonds withinwatermolecules allows forstrongcohesionbetweenwater molecules
= Allowingcolumns of water to move undertension(called mass transport) through the xylem
of plants
= Enablingsurface tensionwhere abodyofwatermeets the air,these hydrogenbonds occur
betweenthe toplayerof watermolecules to create asortof filmonthe bodyofwater

= Thislayeris what allows insects suchas pond skaters to move across the surface of
water
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Adhesion

= Wateris also able to bond viahydrogenatoms to other molecules whichare polaror charged,
suchas cellulose,whichis knownas adhesion
= This also enables waterto move up the xylemduring transpiration
= Wateris drawnup narrow channels insoil, called capillary tubes,bymeans of capillary action
= Spaces betweencellulose fibres inplant cellwalls canalso draw waterfrom xylemvessels
by capillaryactionand allow waterto flow through plant tissue
Cohesionand adhesionin xylemdiagram

Hydrogen bonding results in cohesion and adhesion forces in xylem which allows water molecules to
flow through the plant in a continuous stream

Q ExamTip

COhesion=waterparticles stickingto eachother. ADhesion =waterparticles stickingto other
materials
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Water as a Solvent

Biologicalmolecules canbe hydrophilic orhydrophobic (and sometimes both)

= Hydrophilic ="water-loving"

= Hydrophobic ="water-hating"
Polar molecules and molecules with positive or negative charges canformhydrogenbonds
withwater(and dissolve) so are generallyhydrophilic
Non-polar molecules with no positive or negative charge,cannotformhydrogenbonds with
waterso are generallyhydrophobic

= Thesemoleculestendtojointogetheringroups due to hydrophobic interactions where

hydrogenbonds formbetweenwaterparticles but not with the non-polarmolecule

Because mostbiological molecules are hydrophilic and canbe dissolved, wateris regarded as
the universal solvent

Waterasasolventdiagram
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Due to its polarity wateris considered a universal solvent

Solvent properties of water

= Differentsolutes behave differentlywithwateras asolvent

= Eventhoughwateris auniversal solvent,different metabolites have different solubilities inwater

= Differentsolutes have different hydrophobic and hydrophilic properties which affect their
solubilityinwater

Highly soluble molecules

= Some molecules are highly soluble (e.g.sodiumchloride,urea) and some are insoluble (e.g.fats)
= Highlysoluble molecules canbe easily transported insolution within organisms
= e.g.salts,glucose,amino acids
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= Eventhe amino acids with hydrophobic R groups are soluble enoughto be freely
transported inwater
= Differenttransport mechanisms have evolved to assistinthe transportationof the less soluble
molecules

Insoluble molecules

= Non-polar,hydrophobic molecules cannotdissolve inwater
= The functionof certainmoleculesincells depend onthembeinghydrophobic and insoluble
= e.g.phospholipids have hydrophobic hydrocarbontails whichforms the hydrophobic core
of cellmembranes

Less soluble molecules

= Alowsolubilitymolecule such as oxygenrequires assistance through combining with
haemoglobin, to allow more oxygento be carried thandirectlyinblood plasma
= Oxygenisless soluble atbodytemperature (37°C) thanat 20°C
= Oxygenis sparingly soluble but soluble enoughto allowit to dissolveinoceans,rivers and
lakes foraquatic animals to breathe
= Haemoglobincanbind oxygento allow sufficient oxygento be transported to allbodycells

Enzyme actionin water

= Mostenzymesrequire waterinorderto holdits shape and improve its stability
= This enables themto catalysereactionsinaqueous solutions
= Hydrogenbonds willoftenfacilitate the binding of the enzyme active site and its substrate
molecule
= Thisforms anenzyme substrate complex

Physical Properties of Water

Specific heat capacity

= Specific heatcapacityis ameasure of the energy required to raise the temperature of Tkgofa
substanceby1°C
= Waterhas ahigher specific heat capacity (4200 J/kg/°C) compared to air (1000 J/kg/°C), meaning
arelativelylarge amount of energyis required to raise its temperature
= The highspecific heat capacityis due to the many hydrogenbonds presentinwater
= |ttakes alot of thermalenergy to break these bonds and alot of energyto build them, thus
the temperature of waterdoes not fluctuate greatly
= The advantage forlivingorganisms is thatit:
= Provides suitable, stable aquatic habitats since watertemperatures will change more slowly
thanairtemperatures
= |s able to maintainaconstant temperature as wateris able to absorbalotof heat without
wide temperature fluctuations
= Thisis vitalinmaintaining temperatures that are optimal forenzyme activity
= Artic and sub-artic species, suchas the ringed seal (Pusa hispida) are able to survive throughout
the yeardue to stable seatemperatures
= Thedensityoficeislowerthanthe densityofliquid water,whichmeans thatice floats onwater
= This forms ahabitat for the seals bothonthe floatingice sheets,as wellas below theice
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By NOAA Seal Survey, Public domain, Wikimedia
Aringed seal (Pusa hispida) in its native habitat

Thermal conductivity

= Thermalconductivityrefers to the ability of asubstance to conduct heat

= The thermalconductivity of wateris almost 30 times higher than that of air, whichmakes airavery
good insulatorfororganisms livingincolderclimates

= The black-throatedloon(Gavia arctica)is aspecies of diving bird which spends much time
underwatercatchingits prey

= Theirfeathers trap aninsulating layer of air, which assists themwithregulating theirbody
temperature
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By Robert Bergman, Public domain, Wikimedia
The black-throated loon (Gavia arctica)

= Thesealonthe otherhand,relies onalayeroffatcalled blubberto insulate it fromthe outside air

= |ceinits environment willalso form aninsulating layer above the water, since the thermal
conductivityoficeis muchlower thanliquid water

= Thisincreases the seatemperature below theice as thermal energyis trapped

Buoyancy

= Buoyancyrefers to the ability of anobject to float inwater

= To overcome the problem of buoyancy, the black-throated loonhas solid bones, unlike the
hollow bones that most bird species have to assist themwith flight

= Thisincreases the weight of the bird and compresses airout of the lungs and feathers duringa
dive

= Fortheringed seal,the layerof blubberunderits skin willimprove the buoyancy of the animal,
alongwithproviding alayer of insulationagainst the cold temperatures of its habitat

Viscosity
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= Viscosityrefersto theresistance of afluid to flow

= Theviscosity of wateris muchhigher thanair, which enables the black-throated loonto fly
through the airwithout much friction

= Thebodyshapesofboththeloonand sealmakesiteasyforthemto move throughwater

= Bothorganisms are adapted intheirownwayformovement throughwater:
= The sealhas flippers to propelitself
= Theloonusesits webbed feet to pushagainst the waterand the laterallocationofits feet

reduces dragas itmoves throughwater

O Exam Tip

Youmayuse eitherthe commonname orscientific name forthese organismsinanexam

Origin of Water onEarth (HL)

Originof Water onEarth

Extraplanetary origin of water

= Wateris crucialforthe existence of life but when Earthformed around 4.5 billionyears ago,
conditions were too hot forwatervapourto condense into liquid water

= This has led scientists to believe that Earth's watermust have originated from somewhere else

= Onesuchhypothesisis thatasteroids,and the meteorites that break off fromthem, maybe the
originof Earth's water, since manyof them containice and otherorganic materials that would
have made itpossible forlife to evolve

= Oneoftheoldestgroupof meteoritesinthe solarsystemare called carbonaceous chondrites

= These meteorites containhydrogenisotopes similarto those found inseawater

= Anothergroupof ancient meteorites called eucrite achondrites,containratios of hydrogen
isotopes that are similar to that found onEarth, providing more support for this hypothesis

= |tis possible that duringanimpact withEarth,these meteorites would have released water
vapour whichwould have beentrapped by Earth's gravity

= Temperatures onEarthwould have beenlow enoughto allow this watervapourto condense to
formliquid waterwhichwould have beenretained onthe surface by gravity

O ExamTip

Keepinmind that there are several different hypotheses about the origin of wateron Earth, but
youare onlyrequired to studythe asteroid hypothesis
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The Presence of Water & Life

The search for extraterrestrial life and the presence of water

Livingorganisms depend onwater fortheirexistence, so this would be arequirement forany
planetto supportlife
Forwaterto existinliquid form, the temperature onaplanet should notbe too hotortoo cold,
whichinturnwould depend onthe distance of that planet fromits nearest star
The areaaround a starwhere temperatures are favourable forwaterto existinliquid formis known
as the Goldilocks zone

= Named afterthe storyof Goldilocks and the three bears

The Goldilocks zone diagram

A planet must be the correct distance fromits nearest star to be located in the Goldilocks zone where

temperatures are "just right" for the existence of liquid water

Inthe searchforlife outside oursolarsystem, scientists are looking at planets located inthe
Goldilocks zone of othersolarsystems
These planets are called exoplanets
Theyare able to use atechnique called transit spectroscopy, which analyses light passing
through the planet's atmosphere as it passesinfront ofits nearest star
Based onthe wavelengths of light beingabsorbed ordeflected, ananalysis canbe made about
the elements and molecules present inthe atmosphere

= |fitindicates that watermaybe present, the planetis said to have a water signature
Foranexoplanetto supportlife it must have the following characteristics:

= Awatersignature

= |ocatedinthe Goldilocks zone of its solarsystem

= Belarge enoughto supportanatmosphere
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