Water and Life

KEY CONCEPTS

3.1 Polar covalent bonds in water
molecules result in hydrogen
bonding
Four emergent properties of

water contribute to Earth's
suitability for life




» Concept 3.1: Polar covalent bonds in water
molecules result in hydrogen bonding

= The water molecule is shaped like a wide V, it is composed of two hydrogen
atoms and one oxygen atom. Each hydrogen atom is bonded to the oxygen via a single covalent bond.
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Covalent bonds form when electrons are shared between atoms. Oxygen is more electronegative than
hydrogen, so the electrons of the covalent bonds spend more time closer to oxygen than to hydrogen.
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Because of the unequal sharing of electrons; polar covalent bonds form within the water molecule
between the oxygen atom and the hydrogen atom.
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What makes the water molecule polar? ¢ M cldl psn Jany M L m
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2. It’s V shape. .
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In water, the oxygen region of the molecule has a partial negative charge (6-), and each hydrogen has a
partial positive charge (6+).
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Notice that the oxygen atom has two regions of partial negative
charges. Each region can form a bond with a partial positive
region in another water molecule.
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Notice that each hydrogen atom has one region of partial positive | I I |

charge. Each region can form a bond with a partial negative region
in another water molecule.
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= The bond that’s formed between two water molecules is a hydrogen bond.
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= Since the oxygen atom in water can form two hydrogen bonds, and each hydrogen atom can form one
hydrogen bond = each water molecule can form hydrogen bonds with 4 water molecules.
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Remember! The bond between oxygen and hydrogen within the same water molecule is a single
covalent bond.
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The bond between the oxygen atom of one water molecule and the hydrogen atom of another water
molecule is a hydrogen bond. In order for water to evaporate, hydrogen bonds must break.
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When water is in its liquid form, its hydrogen bonds are very fragile, each only about 2—10 as strong as a
covalent bond.
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The hydrogen bonds form, break, and re-form with great frequancy.
Adle C¥dae SS9 sl Gloia o ddazgydeg)! balg )l s =

The extraordinary properties of water emerge from this hydrogen bonding, which organizes water
molecules into a higher level of structural order.
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There are four emergent properties of water that contribute to Earth’s suitability for life:
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. Cohesive behavior.
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. Ability to moderate temperature. .
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. Versatility as a solvent. Aaadill e 2aadll
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Cohesion of Water Molecules slodl Glivje ehwled
Water molecules stay close to each other as a result of hydrogen bonding.
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Hydrogen bonds make water more structured than most other liquids.
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Cohesion phenomenon: the hydrogen bonds hold the substance together.
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Cohesion due to hydrogen bonding contributes to the transport of water and dissolved nutrients
against gravity in plants. P
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Water from the roots reaches the leaves through a network of water-conducting cells.
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When water evaporates from leaves, these conducting cells pull water from the roots to the leaves to
compensate lost water.
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Adhesion: the clinging of one substance to another substance.

wardl lgare gridlises sk wlose GLadl 13N

= Adhesion also plays a role in the transport of water in plants against gravity.
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S Adhesion of water by hydrogen bonds to the molecules of cell walls helps counter the downward
pull of gravity.
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» In summary:
e Evaporation from leaves pulls water upward from the roots through water-conducting cells. (A)
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Cohesion and Adhesion are due to hydrogen bonds.
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Cohesion occurs between water molecules. It helps hold together the column of water within the cells.
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Adhesion occurs between water molecules and cell walls. It helps resist the downward pull of gravity.
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Related to cohesion is surface tension, a measure of how
difficult it is to stretch or break the surface of a liquid.
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At the interface between water and air is an ordered
arrangement of water molecules, hydrogen-bonded to one
another and to the water below, but not to the air above.
That’s the reason behind surface tension.
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= Examples related to surface tensions:

e When you overfill a cup of water, the water will stand above the rim.
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e Spiders can walk across a pond without breaking the surface.
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Il. Moderation of Temperature by Water &)yl d=>)yo Jodas
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=  Water moderates air temperature by absorbing heat from air that is warmer and releasing the stored
heat to air that is cooler.
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=  Water is effective as a heat bank because it can absorb or release a relatively large amount of heat with
only a slight change in its own temperature.
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Temperature and Heat

Kinetic energy: the energy of motion. Anything that moves has kinetic energy.
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The faster a molecule moves, the greater its kinetic energy.

Thermal energy: the kinetic energy associated with the random movement of atoms or molecules.
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Thermal energy is related to temperature, but they are not the same thing.
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?Vhat’s the difference between thermal energy and temperature? (&,4)l)
®
= Temperature represents the average kinetic energy of the molecules in a body of matter, regardless of
volume, whereas the thermal energy of a body of matter reflects the total kinetic energy, and thus
depends on the matter’s volume.
e L)yl B OF pe (3 ¢ pamaedl o Al pady ¢ Ball e § Ol 481 B3Uall Jawgie Byl doys Jios
Bolall e e daiad Jbg ¢ &Syl A3Uall Jlazr] xS Bolall

Whenever two objects of different temperature are brought together, thermal energy passes from the

warmer to the cooler object until the two are the same temperature.
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Molecules in the cooler object speed up at the expense of the thermal energy of the warmer object.
L83 SSYI pluaB Lyly=edl BUall lus e gl S 839 ASYI gl § Olozanll 2y

= Anice cube cools a drink not by adding coldness to the liquid, but by absorbing thermal energy from the
liquid as the ice itself melts.
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= Heat: thermal energy in the transfer from one body of matter to another. It has the unit of Cal.
.Cal Lﬁ)}]&” BJ.:>_9_) an 6):>T dale o Jl dale ez (0 I 2\:\)!)::)' a8l : (Heat ) 5)b.><)\

= (Calorie (Cal): the amount of heat it takes to raise the temperature of 1 g of water by 1°C OR the amount
of heat that 1 g of water releases when it cools by 1°C.
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= Akilocalorie (kcal = 1,000 cal): is the quantity of heat required to raise the temperature of 1 kilogram
(kg) of water by 1°C.
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Another energy unit used for heat is the joule (J).
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1 joule = 0.239 cal.
1calorie = 4.184 ).

Water’s High Specific Heat

The ability of water to stabilize temperature stems from its relatively high specific heat.
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The specific heat of a substance: the amount of heat that must be absorbed or lost for 1 g of that
substance to change its temperature by 1°C.
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Cal

The specific heat of water = 1 calorie per gram and per degree Celsius e

Because of the high specific heat of water relative to other materials, water will change its temperature
less than other liquids when it absorbs or loses a given amount of heat.
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= The specific heat of water is ten times greater than that of iron. In other words, the same amount of
heat will raise the temperature of 1 g of the iron much faster than it will raise the temperature of 1 g of
the water.
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= Specific heat is a measure of how well a substance resists changing its temperature when it absorbs or
releases heat.
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=  Water resists changing its temperature; when it does change its temperature, it absorbs or loses a
relatively large quantity of heat for each degree of change.
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= The reason that water has high specific heat is hydrogen bonds.
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= Heat must be absorbed in order to break hydrogen bonds and must be released when hydrogen bonds

form.
33 Byl,5d1 OB A9 pagd! Jaslg )l cpgSS e cn> § ¢ ligad) o Ao gl aslg 1 S Byl paied OF

13|Page




= A calorie of heat causes a relatively small change in the temperature of water because much of the heat
is used to disrupt hydrogen bonds before the water molecules can begin moving faster.
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When the temperature of water drops slightly, many additional hydrogen bonds form, releasing a

considerable amount of energy in the form of heat.

25U (o S LS GBI 5352 Los L3LY duiuarg yg) Lol ey sl JSidiin dlamayols slall Ay (plasoil ie
.5_)‘3:;" 2\.?_)& ‘_3 uol.n:u)’l «loJ ‘ﬂjlﬁz) LY cs_)b.‘> LS“';" L;.C

What is the relevance of water’s high specific heat to life on Earth?
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. A'large body of water can absorb and store a huge amount of heat from the sun in the daytime and
during summer while warming up only a few degrees. At night and during winter, the gradually cooling
water can warm the air. This capability of water serves to moderate air temperatures in coastal areas.

Mé}g:}gh}.&j\)q@\cmiumﬁd\wﬁj\_)ﬂ\OAEJ&QSQQAS&)&EJUALAL\EJ#S&\@LAﬂeLA;S”@MMG °
SJ\JAQL;JJJ,JJ:E‘;&MQA&N\EJJﬁOﬁ‘QJ\ﬂLj}6;\)@\&&*53&;3)33;“\3)&;@\}@”\‘;5s&\;)Je'agJ\.ﬁAg
ALl LU b ol

Santa Barbara 73°

705 (°F)
80s
0 90s

. The high specific heat of water also tends to stabilize ocean temperatures, creating a favorable
environment for marine life.
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. Because organisms are made primarily of water, they are better able to resist changes in their own
temperature than if they were made of a liquid with a lower specific heat.
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Evaporate Cooling

Molecules of any liquid stay close together because they are attracted to one another.
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Molecules moving fast enough to overcome these attractions can depart the liquid and enter the air as
a gas (vapor).
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This transformation from a liquid to gas is called vaporization, or evaporation.
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High temperature isn’t necessary for the liquid to evaporate. Even at low temperatures, the speediest
molecules can escape into the air. High
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If a liquid is heated, the average kinetic energy of molecules increases and the liquid evaporates more
rapidly.
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Recall that the speed of molecular movement varies and that temperature is the average kinetic energy

of molecules.
Heat of vaporization: the quantity of heat a liquid must absorb for 1 g of it to be converted from the

liquid to the gaseous state.
&;)wl Aol ] dsld! Al cpe g ng olbaial J5ldl o \’!)'C 1 e coo @Bl MZM‘ 8)ly>

Due to hydrogen bonds, water also has a relatively high heat of vaporization.
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Hydrogen bonds must be broken before the molecules can exit from the liquid in the form of water

vapor.
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To evaporate 1 g of water at 25°C, about 580 cal of heat is needed which is double the amount needed
to vaporize a gram of alcohol or ammonia.
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The effects of water’s high heat of vaporization:  (g3) sll) ddla)l 5l Byly> 3

. On a global scale, for example, it helps moderate Earth's climate. A considerable amount of solar heat
absorbed by tropical seas is consumed during the evaporation of surface water. Then, as moist tropical
air circulates pole ward, it releases heat as it condenses and forms rain.
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. On an organismal level, water's high heat of vaporization accounts for the severity of steam burns.
These burns are caused by the heat energy released when steam condenses into liquid on the skin.
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. Evaporative cooling of water contributes to the stability of temperature in lakes and ponds and also
provides a mechanism that prevents terrestrial organisms from overheating.

B813)1 81,500 ¢y ey LB Bylacs) AT L3532 lg laomdl (po IS (§ Byl lamys syl (3 Ll ol

For example, evaporation of water from the leaves of a plant helps keeps the tissues in the leaves from
becoming too warm in the sunlight.
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Evaporation of sweat from human skin dissipates body heat and helps prevent over heating on a hot day or when
excess heat is generated by strenuous activity.
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Floating of Ice on Liquid Water (Expansion upon freezing)

Water is one of the few substances that are less dense as a solid than as a liquid. In other words, ice
floats on liquid water.
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While other materials contract and become denser when they solidify, water expands and becomes less
dense.
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Water expands and becomes less dense when it solidifies due to hydrogen bonds.
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At temperatures above 4°C, water behaves like other liquids, expanding as it warms and contracting as
it cools.
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As the temperature falls from 4°C to 0°C, water begins to freeze because more and more of its
molecules are moving too slowly to break hydrogen bonds.
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v’ At 0°C, the molecules become locked into a crystalline lattice, each water molecule can hydrogen
bonded to four partners.
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Liquid water:
Hydrogen bonds
break and re-form

» |ceis about 10 % less d. Higenbonds
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= When ice absorbs enough heat for its temperature to rise above 0°C, hydrogen bonds between
molecules are disrupted. As the crystal collapses, the ice melts and molecules have fewer hydrogen
bonds, allowing them to slip closer together.
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Water reaches its greatest density at 4°C and then begins to expand as the molecules move faster.
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The ability of ice to float due to its lower density is an important factor in the suitability of the

environment for life. If ice sank, then eventually all ponds, lakes, and even oceans would freeze solid,

making life as we know it impossible on Earth.
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= During summer, only the upper few inches Spacies thitars et from lss o lee:

of the ocean would thaw. Instead, when a N Mo lightandwanier  Howhead some fish species,
waters result in more whales, which feed such as capelin,

deep body of water cools, the floating ice 2« U phytoplankton, which  on plankton they  benefit from

are eaten by filter, are thriving. having more

insulates the liquid water below, preventing & other organ- plankton to

it from freezing and allowing life to exist speciesbeingharmed | e

by loss of ice:
under the frozen surface. RN Ou Russia ¢
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T hunt from the ice. Extent of sea ice in Sept. 1979
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Black guillemots in Alaska
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of the ice, which is

now too far from land;
young birds are starving.

Water: The Solvent of Life (Versatility as a solvent)

Solution: liquid that is a completely homogeneous mixture of two or more substances.
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Solution (Jsi=ell)= Solvent (cwdell) + Solute (<liall).

The dissolving agent of a solution is the solvent, and the substance that is dissolved is the solute.
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An aqueous solution is one in which the solute is dissolved in water; water is the solvent.
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Due to the polarity of water, it is a very versatile solvent.
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Suppose, for example, that a spoonful of table salt, the ionic Negative

oxygen regions

compound sodium chloride (NacCl), is placed in water (Figure afpolanwater [
attracted to sodium

below). At the surface of each crystal of salt, the sodium and cations (Na*)
chloride ions are exposed to the solvent. These ions and regions of Positive
hydrogen regions

the water molecules are attracted to each other due to their of water molecules

are attracted
to chloride

opposite charges. The oxygens of the water molecules have anions (cH).
regions of partial negative charge that are attracted to sodium

cations. The hydrogen regions are partially positively charged and

are attracted to chloride anions. As a result, water molecules

surround the individual sodium and chloride ions, separating and

shielding them from one another.

(Cl-) Ll 5801 05y Na*crgall psasgaall gl Ul gholl @iy ¢ slall o w8 (3 NaCl plakall e (po Ao 413] Lic
Aonlh. ylSlgos dod dzgall gyl Ul OF (> 3 ¢ gl pgadgnall ALl (naeaSY Ol Qdais Coon ¢
wardl i os Whaiiy o6 o NaCl =55 S Jass slodl @l of Jasdl iell3




= The sphere of water molecules around each dissolved ion is called a hydration shell.
.hydration shell & ©lie 09l S sl dbl>) 8,05 oud =

= Hydration shell: water molecules surround the individual dissolved ions, separating and shielding them
from one another OR it is the sphere of water molecules around each dissolved ion.
S0 sl bl 8,85 (b pand! lgan e 481 obgd) Auold (il 09l SO Jausss sl oy Hydration shell: =
Olde Qﬁj

Human lysozyme is a protein found in tears and
saliva that has antibacterial action (see Figure
below). This model shows the lysozyme
molecule (purple) in an agueous environment.
lonic and polar regions on the protein’s surface
attract the partially charged regions on water
molecules.

A compound does not need to be
ionic to dissolve in water; many
compounds are made up of non-ionic
polar molecules, such as sugar.
Cody 3> Wl el 5% 01 839l e
SISl e dpdall Hid o g eslall (3
oS &gl ne duad lisr Jie 459S)!
atiracted to a light oSl fio sloll § s

positive charge on

the lysozyme
molecule.

e Sllly OBl u>T 0bed I Sl uogy =
duzgall Bbladl Cdaid Cus ¢ slall J lysozyme
3 LS sledl (§ Ll pamanSYI 9o 4o
exgall grrg el 32 ALl 3 liall

; : This hydrogen is
' attracted to a slight .
negative charge on Even molecules as large as proteins

::gl:eycsjgme can dissolve in water if they have ionic
and polar regions on their surface.
Slgig Wl Jie AU bl (a> pulaind
* Many different kinds of polar compounds are dudad 3ol clliad O 13] slall (§ Ol
dissolved (along with ions) in water. Lehaw Je ddgils )
=  Water is the solvent of life.

Hydrophilic and Hydrophobic Substances

Hydrophilic substance: any substance that has affinity for water.
slall ol dall el (21 lgall (& telel) duoeall Blgall

Hydrophilic substances include ionic and polar substances.
Audadlly 40481 slgall Jadd slall dumeoll slgall

Not all hydrophilic substances dissolve in water.
Llad a8 Obydll adains N S clol) duzeo 8oLl 9SS VI ans @ 4 Obad! slold duseall sl gl o) S =

Examples of hydrophilic substances that don’t dissolve in water: (i)

v" Some molecules in cells are so large that they do not dissolve.
slall 3 95 Y gl Aoy BAS LI § olbugdl s
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v’ Cotton, which is a plant product.
U e 929 (sl

Cotton consists of giant molecules of cellulose, a compound with numerous regions of partial positive
and partial negative charges that can form hydrogen bonds with water.
sledl o &g ) Jslgy (oSS audaiud (@lg AWl diiio

Cellulose is also present in the walls of water-conducting cells in a plant
bl @ sl Juasl e dg gl WIS Lglsll Ohdadl (@ L §ghdudl dl g

Hydrophobic substance: substance that do not have an affinity for water.

- elall Oolissand A8l L) G (@1 Slgall (2 elall )81 ol gl

Hydrophobic substances include non-ionic and nonpolar substances and substances that cannot form
hydrogen bonds.

A g a5 (35S ol Y A ) gall s Apdall) ye g a1 e 3 sall Jadii oLall da S o) sall

The hydrophobic behavior of the oil molecules results from a prevalence of relatively nonpolar covalent
bond in this case bonds between carbon and hydrogen, which share electrons almost equally.
g A yLass (_“;'Jlj A 9dagdly 093,80l (o duddad)l e drndluddl daslg dl 5929 (0 s ol wlviad sl o)SJI gl
Agludin 8340 dlylyJ)

Hydrophobic molecules related to oils are major ingredients of cell membranes.
I dadY sl 09Sall gl dladyell sladd da)8U1 Coliogd] das

Solute Concentration in Aqueous Solution

The concentration of solutes in an aqueous solution: the number of solute molecules in a volume of
solution.

AL Jglomall g e ldadl Sl sde dad IS o0 ALl Jdbxall (§ ldall B3kl 5535 ¢y el S

Molecular mass: is the sum of the masses of all the atoms in a molecule.

For example, calculate the molecular mass of Sucrose (C12H22011) given that the atomic mass of C=12,
H=1, O=16.
Molecular mass = (moles of C * atomic mass) + (moles of O * atomic mass) + (moles of H * atomic mass).
Molecular mass = (12*¥12+11*16+22*1) = 342 daltons.

SN atomic mass 4y AiSIl o @opb e C12H22011 &doiaddl dsuall 93 59,5ud! ;S dd goll AiSI Gluss pgds ®
.number of moles <Y gall sday 8)3

= Because we can’t weigh out small numbers of molecules, we usually measure substances in units called
moles.

(Y 5all) (o B3 Slgall s Lls liasadl oo Biso slael pig3 adaid YUY m

= mole (mol) represents an exact number of objects: 6.02 * 1023, which is called Avogadro’s number.
908581 duay Sl 1D (s Cu 6.02 * 1023 S9lud (&lg Wbzl pe ddee dde Jgall Jioy =
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There are 6.02 * 1023 daltons in 1 g.

Once we determine the molecular mass of a molecule such as sucrose, we can use the same number
(342), but with the unit gram, to represent the mass of 6.02 * 1023 molecules of sucrose, or 1 mol of
sucrose (this is sometimes called the molar mass).

B9 o S 31 L plusciunl LiSiey 418 ¢ 09315 342 (Solud (@19 G5l Jio digme Bole) Adbzad! ASI s Lodie
(Aol QST ol Lgale (3llas (219) o Ay g 9T ¢ Jg,Sdl (30 sS3 6.02 * 10432 &S e AVl (ply£34) gl

To obtain 1 mol of sucrose in the lab, therefore, we weigh out 342 g.
hE 342 0)s Of e sucrose JI e Jge 1 e Juas 0

If the molecular mass of substance A is 342 daltons and that of substance B is 10 daltons, then 342 g of
A will have the same number of molecules as 10 g of B.
Soiz 83kl oy ple 342 01 JWb ¢ 051> 10 = o Bolal) &yl AiSUlg ¢ 091> 342 =185l ddjad| AV C5815)
o Bl (po Blely 10 § wliosd! oy sl (s Yo
How would we make a liter (L) of solution consisting of 1 mol of sucrose dissolved in water?

Selall 3 el 9,Sudl (30 9o 1 (30 0980 Aty A dazes Jghons sases LiSey CaS

. We would measure out 342 g of sucrose and then gradually add water, while stirring, until the sugar was
completely dissolved.

AN L“g loled (Sl Ggdy (s> elldg URE S SUVE STRVIN FE IR J9Sudl e plye 342 (pyg podd

. We would then add enough water to bring the total volume of the solution up to 1 L.

Ll A d}l?ux.u 9&” ‘o.>.<.><.\\ d.ng &> el aBLsaP ‘{9-&.:

At that point, we would have a 1-molar (1 M) solution of sucrose.
D508l e ¥ 50 1 0 S i Jslas e Ulias (55 13ga

Molarity: the number of moles of solute per liter of solution. It is the unit of concentration most often
used for aqueous solutions.
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» Assignment: Acidification: A Threat to Our Oceans

= Among the many threats to water quality posed by human activities is the burning of fossil fuels, which
releases CO2 into the atmosphere.
Q092,81 ST 31 3| J] S35 W1 (5392591 358 9)1 3y> 98 DLyl Anadl G sledl B3 dx1g3 (@I Obusll oy
.9l

= The resulting increase in atmospheric CO2 levels has caused global warming and other aspects of
climate change. In addition, about 25% of human-generated CO2 is absorbed by the oceans.
1 8LoYL ds-lidl Slpaal) (3T Cailgzrg sl s Egas ) el e dasldl 93,8 aST (36 Ol 835 $o 85
L Oleomall Al 921 (3 092801 desST 3B 0 7Y oliatal o ¢ el

When CO2 dissolves in seawater, it reacts with water to form carbonic acid, which lowers ocean pH. This

process, known as ocean acidification, alters the delicate balance of conditions for life in the oceans.

@zl 03 e iy Sl el g,S)1 e Y sladl e Jelity 18 ¢ jloxdl ol § 0925 daST (36 Loy Loie
Olasxall odn § Sl gyl s e Joad (319 Ocean acidification 8,aUa)l ol (el .slol)

Based on measurement of CO2 levels in air bubbles trapped in ice over thousands of years, scientists
calculate that the pH of the oceans is 0.1 pH unit lower now than at any time in the past 420,000 years.
Recent studies predict that it will drop another 0.3—0.5 pH unit by the end of this century.

PH J1 0 sl slakall a6 ¢ ¢yl (YT e gl § wlelaall g1 dugioedl 050,50 ST 36 bgiue (pold e Toloael
20 0.3-0.4 Jls> dagll (i Of Lal adgiall (eg ¢ diw 420 000 die Gilw <39 (ST & diasd e 0.1 W Jiay collagmol)
Oyl &l

s Wl 3 O, NI dewST Qb ol O9d3
g0y SI a5 sloll s Joli

Some carbon dioxide

(COy) in thelatmo-

sphere dissolves in . Lol taad el . Koy
the ocean, where it o) sl = d‘%b‘sn o o
reacts with water to U, Sl wligalg
form carbonic acid

(HyCO3).

Carbonic acid L9 SI Ogl e gyl bl Jelass |
dissociates into

hydrogen ions (H*)

and bicarbonate ions

(HCO3). dulos g 8,8 grall 92,1 b g deS &5 S
The added H* poeed Sl O3y (5SS dlas (g Calcification (s
e carbonate ions -

(CO32), forming /(2100 ple Jlg> 40% JIs=dnesd! Jiiw)
more HCO3™.

CO5% + Ca’* — CaCOy

Less CO32 is avail-
able for calcification
—the formation of ] Calcification: the production of calcium
calcium carbonate . .
(CaCO3)—by marine carbonate (CaCO3) by many marine organisms,
organisms such as including reef-building corals and animals that
corals. R
build shells.
Olatd) dalgy p oI U 5, 73] Ados S
Bl sly apbaind (@l @blgasdly Ayl

= The disappearance of coral reef ecosystems would be a tragic loss of biological diversity.
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