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Hydrogen Bonds

Medium for Life

Water as the medium for life

The first cells evo lved in a watery enviro nment

This is believed to  have been in the deep o ceans, clo se to  hydro thermal vents in the Earth's crust

So me water and so lutes go t trapped within a membrane

Chemical reactio ns began o ccurring within the membrane-bo und structure

This led to  the evo lutio n o f  cells

Water in its liquid state allo ws disso lved mo lecules to  mo ve aro und, so  they are easily able to

co llide and react with each o ther

Mo st lif e pro cesses o ccur in water

The link between water and lif e is so  stro ng that scientists lo o king fo r life o n o ther planets and

mo o ns lo o k fo r evidence o f water to  suggest that life co uld have o ccurred there
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Hydrogen Bonds

Hydro gen bo nding plays an impo rtant ro le between many bio lo gical mo lecules

So me key functio ns include:

Disso lving o f  so lutes  in water

The co hesio n and adhesio n o f water mo lecules

These pro perties allo w water to  mo ve up the trunks o f really tall trees

Base-pairing between the two  strands o f DNA

Structure:

Hydro gen bo nds help to  fo rm part o f the seco ndary  and tertiary  levels o f structure in

pro teins

The hydro gen bo nds fo und between strands o f cellulo se  and co llagen give tho se

mo lecules their tensile strength

Interactio ns between mRNA and tRNA during pro tein synthesis

Surf ace effects  o n membranes between po lar pho sphate gro ups  and water

Hydrogen bonding in water

Hydro gen bo nding is a fundamental pro perty o f water

Water is o f the utmo st bio lo gical impo rtance

It is the medium in which all metabo lic reactio ns  take place in cells

Between 70%  to  95%  o f the mass o f a cell is water

Water is so  f undamental to  lif e  that astro no mers lo o k fo r signs o f  water o n o ther planets

and mo o ns, as indicato rs o f po ssible extra-terrestrial life

As 71%  o f the Earth’s surface is co vered in water it is a majo r habitat  fo r o rganisms

Water is co mpo sed o f ato ms o f hydro gen and o xygen

One ato m o f o xygen co mbines with two  ato ms o f hydro gen by sharing electro ns (co valent

bo nding)

Altho ugh water as a who le is electrically neutral, the sharing o f the electro ns  is uneven between

the o xygen and hydro gen ato ms

The o xygen ato m attracts the electro ns mo re stro ngly than the hydro gen ato ms, resulting in a

weak negatively charged regio n o n the o xygen ato m (δ ) and a weak po sitively charged

regio n o n the hydro gen ato ms(δ ), this also  results in the mo lecule's asymmetrical shape

This separatio n o f charge due to  the electro ns in the co valent bo nds being unevenly shared is

called a dipo le

When a mo lecule has o ne end that is negatively charged and o ne end that is po sitively charged it

is also  a po lar mo lecule

Water is therefo re a po lar mo lecule

Hydrogen bonds in a wat er molecule diagram

-

+
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The covalent bonds of water make it a polar molecule

Hydro gen bo nds  fo rm between water mo lecules

As a result o f the po larity o f water, hydro gen bo nds f o rm between the po sitive and

negatively charged regio ns o f adjacent water mo lecules

Hydro gen bo nds are weak, when there are few, so  they are co nstantly breaking and ref o rming

Ho wever, when there are large numbers present they fo rm a stro ng structure

Hydro gen bo nds cause many o f  the pro perties o f  water mo lecules  that make them so

impo rtant to  living o rganisms.

Hydrogen bonds bet ween wat er molecules diagram
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The polarity of water molecules allows hydrogen bonds to form between adjacent water molecules

Exam T ip

Familiarise yo urself with the fo rmatio n o f hydro gen bo nds between two  o r mo re water

mo lecules. The delta symbo l (δ) indicates that the charge is very small, so  the slightly negative (δ-)

side o f o ne water mo lecule will always be attracted to  the slightly po sitive (δ+) side o f ano ther

water mo lecule.

Physical & Chemical Properties of Water

Cohesion

Hydro gen bo nds within water mo lecules allo ws fo r stro ng co hesio n between water mo lecules

Allo wing co lumns o f  water to  mo ve under tensio n (called mass transpo rt) thro ugh the xylem

o f plants 

Enabling surf ace tensio n where a bo dy o f water meets the air, these hydro gen bo nds o ccur

between the to p layer o f water mo lecules to  create a so rt o f �lm o n the bo dy o f water

This layer is what allo ws insects such as po nd skaters  to  mo ve acro ss the surface o f

water
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Adhesion

Water is also  able to  bo nd via hydro gen ato ms to  o ther mo lecules which are po lar o r charged,

such as cellulo se, which is kno wn as adhesio n

This also  enables water to  mo ve up the xylem during transpiratio n

Water is drawn up narro w channels in so il, called capillary tubes, by means o f capillary actio n

Spaces between cellulo se fibres in plant cell walls  can also  draw water fro m xylem vessels

by capillary actio n and allo w water to  flo w thro ugh plant tissue

Cohesion and adhesion in xylem diagram

Hydrogen bonding results in cohesion and adhesion forces in xylem which allows water molecules to

flow through the plant in a continuous stream

Exam T ip

COhesio n = water particles sticking to  each o ther. ADhesio n = water particles sticking to  o ther

materials
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Water as a Solvent

Bio lo gical mo lecules can be hydro philic o r hydro pho bic (and so metimes bo th)

Hydro philic = "water-lo ving"

Hydro pho bic = "water-hating"

Po lar mo lecules  and mo lecules with po sitive o r negative charges  can fo rm hydro gen bo nds

with water (and disso lve) so  are generally hydro philic

No n-po lar mo lecules  with no  po sitive o r negative charge, canno t fo rm hydro gen bo nds with

water so  are generally hydro pho bic

These mo lecules tend to  jo in to gether in gro ups due to  hydro pho bic interactio ns where

hydro gen bo nds fo rm between water particles but no t with the no n-po lar mo lecule

Because mo st bio lo gical mo lecules are hydro philic and can be disso lved, water is regarded as

the universal so lvent

Wat er as a solvent  diagram
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Due to its polarity water is considered a universal solvent

Solvent properties of water

Different so lutes behave differently with water as a so lvent

Even tho ugh water is a universal so lvent, different metabo lites have different so lubilities in water

Different so lutes have different hydro pho bic and hydro philic pro perties  which affect their

so lubility in water

Highly soluble molecules

So me mo lecules are highly so luble  (e.g. so dium chlo ride, urea) and so me are inso luble  (e.g. fats) 

Highly so luble mo lecules can be easily transpo rted  in so lutio n within o rganisms

e.g. salts, gluco se, amino  acids
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Even the amino  acids with hydro pho bic R gro ups are so luble eno ugh to  be freely

transpo rted in water

Different transpo rt mechanisms have evo lved to  assist in the transpo rtatio n o f the less so luble

mo lecules

Insoluble molecules

No n-po lar, hydro pho bic  mo lecules canno t disso lve in water

The f unctio n o f certain mo lecules in cells depend o n them being hydro pho bic  and inso luble

e.g. pho spho lipids have hydro pho bic hydro carbo n tails  which fo rms the hydro pho bic co re

o f cell membranes

Less soluble molecules

A lo w so lubility mo lecule such as o xygen requires assistance  thro ugh co mbining with

haemo glo bin, to  allo w mo re o xygen to  be carried than directly in blo o d plasma

Oxygen is less so luble at bo dy temperature (37ºC) than at 20ºC

Oxygen is sparingly so luble  but so luble eno ugh to  allo w it  to  disso lve  in o ceans, rivers and

lakes fo r aquatic animals to  breathe

Haemo glo bin can bind o xygen to  allo w sufficient o xygen to  be transpo rted to  all bo dy cells

Enz yme action in water

Mo st enz ymes require water in o rder to  ho ld its shape  and impro ve its stability

This enables them to  catalyse reactio ns in aqueo us so lutio ns

Hydro gen bo nds will o ften facilitate the binding o f the enz yme active site  and its substrate

mo lecule

This fo rms an enz yme substrate co mplex

Physical Properties of Water

Speci�c heat capacity

Speci�c heat capacity is a measure o f the energy required to  raise the temperature o f  1 kg o f  a

substance by 1 C

Water has a higher speci�c heat capacity (4200 J/kg/ C) co mpared to  air (1000 J/kg/°C), meaning

a relatively large amo unt o f energy is required to  raise its temperature

The high speci�c heat capacity is due to  the many hydro gen bo nds  present in water

It takes  a lo t o f  thermal energy  to  break these bo nds and a lo t o f energy to  build them, thus

the temperature o f water do es no t �uctuate greatly

The advantage fo r living o rganisms is that it:

Pro vides suitable, stable aquatic habitats  since water temperatures will change mo re slo wly

than air temperatures

Is able to  maintain a co nstant temperature  as water is able to  abso rb a lo t o f heat witho ut

wide temperature �uctuatio ns

This is vital in maintaining temperatures that are o ptimal fo r enz yme activity

Artic and sub-artic species, such as the ringed seal (Pusa hispida) are able to  survive thro ugho ut

the year due to  stable sea temperatures

The density o f ice is lo wer than the density o f liquid water, which means that ice �o ats o n water

This fo rms a habitat f o r the seals bo th o n the �o ating ice sheets, as well as belo w the ice

o

o
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By NOAA Seal Survey, Public domain, Wikimedia

A ringed seal (Pusa hispida) in its native habitat

T hermal conductivity

Thermal co nductivity refers to  the ability o f  a substance to  co nduct heat

The thermal co nductivity o f water is almo st 30 times higher than that o f air, which makes air a very

go o d insulato r fo r o rganisms living in co lder climates

The black-thro ated lo o n (Gavia arctica) is a species o f diving bird which spends much time

underwater catching its prey

Their feathers trap an insulating layer o f  air, which assists them with regulating their bo dy

temperature
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By Robert Bergman, Public domain, Wikimedia

The black-throated loon (Gavia arctica)

The seal o n the o ther hand, relies o n a layer o f fat called blubber to  insulate it fro m the o utside air

Ice  in its enviro nment will also  fo rm an insulating layer abo ve the water, since the thermal

co nductivity o f ice is much lo wer than liquid water

This increases the sea temperature belo w the ice as thermal energy is trapped 

Buoyancy

Buo yancy refers to  the ability o f  an o bject to  flo at in water

To  o verco me the pro blem o f buo yancy, the black-thro ated lo o n has so lid bo nes, unlike the

ho llo w bo nes that mo st bird species have to  assist them with flight

This increases the weight  o f the bird and co mpresses air o ut o f  the lungs and f eathers  during a

dive

Fo r the ringed seal, the layer o f blubber under its skin will impro ve the buo yancy o f the animal,

alo ng with pro viding a layer o f  insulatio n against the co ld temperatures o f its habitat

Viscosity
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Visco sity refers to  the resistance o f  a fluid to  flo w

The visco sity o f  water is much higher than air, which enables the black-thro ated lo o n to  fly

thro ugh the air witho ut much frictio n

The bo dy shapes  o f bo th the lo o n and seal makes it easy fo r them to  mo ve thro ugh water

Bo th o rganisms are adapted in their o wn way fo r mo vement thro ugh water:

The seal has flippers  to  pro pel itself 

The lo o n uses its webbed f eet  to  push against the water and the lateral lo catio n o f its feet

reduces drag as it mo ves thro ugh water

Exam T ip

Yo u may use either the co mmo n name o r scientific name fo r these o rganisms in an exam

Origin of Water on Earth (HL)

Origin of Water on Earth

Extraplanetary origin of water

Water is crucial fo r the existence o f life but when Earth fo rmed aro und 4.5 billio n years ago ,

co nditio ns were to o  ho t  fo r water vapo ur to  co ndense  into  liquid water

This has led scientists to  believe that Earth's water must have o riginated fro m so mewhere else

One such hypo thesis is that astero ids, and the meteo rites  that break o � fro m them, may be the

o rigin o f  Earth's water, since many o f them co ntain ice  and o ther o rganic materials  that wo uld

have made it po ssible fo r life to  evo lve

One o f the o ldest gro up o f meteo rites in the so lar system are called carbo naceo us cho ndrites

These meteo rites co ntain hydro gen iso to pes similar to  tho se fo und in seawater

Ano ther gro up o f ancient meteo rites called eucrite acho ndrites, co ntain ratio s o f hydro gen

iso to pes that are similar to  that f o und o n Earth, pro viding mo re suppo rt fo r this hypo thesis

It is po ssible that during an impact with Earth, these meteo rites wo uld have released water

vapo ur which wo uld have been trapped by Earth's gravity

Temperatures  o n Earth wo uld have been lo w eno ugh to  allo w this water vapo ur to  co ndense  to

fo rm liquid water which wo uld have been retained o n the surface by gravity

Exam T ip

Keep in mind that there are several di�erent hypo theses abo ut the o rigin o f water o n Earth, but

yo u are o nly required to  study the astero id hypo thesis
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The Presence of Water & Life

T he search for extraterrestrial life and the presence of water

Living o rganisms depend o n water fo r their existence, so  this wo uld be a requirement fo r any

planet to  suppo rt lif e

Fo r water to  exist in liquid f o rm, the temperature o n a planet sho uld no t be to o  ho t o r to o  co ld,

which in turn wo uld depend o n the distance o f  that planet f ro m its nearest star

The area aro und a star where temperatures are favo urable fo r water to  exist in liquid fo rm is kno wn

as the Go ldilo cks z o ne

Named after the sto ry o f Goldilocks and the three bears

T he Goldilocks z one diagram

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

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

In the search fo r life o utside o ur so lar system, scientists are lo o king at planets lo cated in the

Go ldilo cks z o ne o f o ther so lar systems

These planets are called exo planets

They are able to  use a technique called transit  spectro sco py, which analyses light passing

thro ugh the planet's atmo sphere as it passes in fro nt o f its nearest star

Based o n the wavelengths o f  light being abso rbed o r deflected, an analysis can be made abo ut

the elements and mo lecules present in the atmo sphere

If it indicates that water may be present, the planet is said to  have a water signature

Fo r an exo planet to  suppo rt life it must have the fo llo wing characteristics:

A water signature

Lo cated in the Go ldilo cks z o ne  o f its so lar system

Be large eno ugh to  suppo rt an atmo sphere 
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