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* The water molecule is not as simple as its structure looks

like. o
o0y o g\ oy ) 4Abl ¢

* It is shaped like a wide V, with its two hydrogen atoms
joined to the oxygen atom by single covalent bonds.
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Oxygen i1s more electronegative than hydrogen, so the
electrons of the covalent bonds spend more time closer
(unequal sharing) to oxygen than to hydrogen; these are
polar covalent bonds.
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* This unequal sharing of electrons and water’s V-like shape
make water a polar molecule.
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* Unequal sharing of electrons results in the oxygen region of
the water molecule has a partial negative charge (6-), and
each hydrogen has a partial positive charge (6+)
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* The H-O-H bond angle is 104.5°, slightly less than the 109. 50 ° st
of a typical tetrahedron because of crowding by the
unshared pairs of electrons of the oxygen atom
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tween water molecule

* As result of the partial negative charges (8-),
and the partial positive charges (8+), of each
water molecule - there is an electrostatic
attraction between the (8-) of oxygen atom -
of one water molecule and (8+) of the
hydrogen of another water molecule which is
called a hydrogen bond (Hydrogen bonds are -
relatively weak bond).
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Hydrogen bond results from the attractive
force between a hydrogen atom covalently
bonded to a very electronegative atom such as
a N, O, or F atom and another very
electronegative atom.
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of Water Molecules
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*  Water molecules stay close to each other as a result of hydrogen bonding.
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* Hydrogen bonds between water molecules provide the cohesive forces that make water a
liquid at room temperature and that favor the extreme ordering of molecules that is typical
of crystalline water (ice).
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the arrangement of molecules in a sample of liquid water is constantly changing (flickering
clusters), however at any given moment many of the molecules are linked by multiple
hydrogen bonds. These linkages make water more structured than most other liquids .
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Collectively, the hydrogen bonds hold the substance together in a strong molecular
interactions, a phenomenon called cohesion.
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One result of cohesion of water molecules due to hydrogen bonding is high surface
tension, a measure of how difficult it is to stretch or break the surface of a lquId
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+ At the air-water interface is an ordered arrangement of water molecules, hydrogen-bonded to
one another and to the water below, but not to the air above, which gives water an unusually
high surface tension, making it behave as though it were coated with an invistble film.
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Cohesion also contributes to the transport of water and dissolved nutrients against gravity
1n plants
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* (Cohesion attraction forces between molecules of the same substance
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Adhesion is attraction forces between molelc\ules of different substances

AdheS|on oahm)\c)nb) Gmnwd u\»p‘) ww\»} \599(,33




..QC..{?\_‘..C.Q.O....
l )

N ¢ 3 |
K€ Water dro Ig‘
H N . P

4
/ﬂg Jt))jJ) '
)‘J)JJJJ_)J) )‘)J \ »Jj

\s clin\ado s\b\ g
.098) U9 \ai0m o 033,93 s\bl A (auwius-gyassd\ Il g\ oy

iaan sb da> bl g\ s . 2
09,3\ 1,05 52 Wy s\bl g
5,5\ Uilgaw e \nu by PV

oBiin 19 (a5 o) i\ daso

L Sl 3\ .y kol 3
8 8y 30 0309 )| s ol | @ Al iz ey el
XV

i\ x\ny dlilaid\ . 4
03050 150 8Lg Wyl e AL U1 sgmall Je bl aey

, R A .5
ohesion {chlail): (s + sk din) 0\bl cudd Nz e us-.
esion (mredl): (215 + dndin)adlisn s\gn s an uis-.

\
>




Hydrogen bonds

}

Cohesion

!

® Make water liquid at room temperature

eFaver the extreme ordring of molecules (ice)

e High surface tension

e Transport of water and dissolved nutrients
against gravity in plants
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Evaporation from leaves pulls water L
% upward from the roots through A\bl o 298 Shg¥\ e bl S0

b, |water-conducting cells Aal BN g 19l am oY)
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Hydrogen Bonding Gives Water Its Unusual Properties

Melting Point, Boiling Point, and Heat of Vaporization of Some Common Solvents

Melting point (\°C) Boiling point ( °C) Heat of vapon’zatign_ \(1/5)*

Iﬂ\l\\\}\ O3>0

Water 0 100 2,260
Methanol (CH;0H) -98 65 1,100
Ethanol (CH5CH,0H) —117 78 854
Propanol (CH;CH,CH,0H) —~127 97 687
Butanol (CHs(CH,),CH,0H) -90 117 590
Acetone (CH5;COCH5) -95 56 523
Hexane (CH5(CH,)4CH3) —98 69 423
Benzene (CgHg) 6 80 394
Butane (CH5(CH,),CH3) —135 =(0.5 381
Chloroform (CHCI5) —-63 61 247

Water has a higher melting point, boiling point, and heat of vaporization than most other

common solve-nts. s\ S\ibl @b am Je 9 L9 0ule a9 il gy dal) —

These unusual properties are a consequence of attractions between adjacent water molecules

that give liquid water great internal cohesion. u\npww\») 59909%)\)0))\&3_ A2 0aluoS oxss
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Hydrogen bonds are relatively weak. Those in liquid water have a bond dissociation energy
(the energy required to break a bond) of about 23 kJ/mol, compared with 470 kJ/mol for the
covalent —OH bond in water or 348 kJ/mol for a covalent C—C bond. \wwuaasin s> gl bylg,\
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*The heat energy required to convert 1.0 g of a liquid at its boiling point, at atmospheric pressure, into its gaseous
state at the same temperature. It is a direct measure of the energy required to overcome attractive forces (cohesion)
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ice, and the flickering cluster

| ‘4 Liquid water,

Hydrogen bonds between water molecules provide the cohesive uﬂ\dm\m}\ 599,99 s\bl S\ pwwgmgj\ I\gd\
forces that make water a liquid at room temperature and that u” 0> L), )0 2R <0 "3\0) > 05 »9&\)\»\ 4\%\6&)6
favor the extreme ordering of molecules that is typical of S 8\&\)\ > W
crystalline water (ice).

In ice, each water molecule forms the maximum of four  glSolan. ou»g)mb\wa\»\oqm\ms,mﬁ‘km

hydrogen bonds, creating a regular crystal lattice. This crystal mbxmm)c;bm
lattice makes ice less dense than liquid water, and thus ice Abl e Bl &ﬂ\w\»d»om)ﬁﬂ\ﬁh»\“m

floats on liquid water qn)mdmg il

However, at any given time, most of the molecules in liquid ogbd)\m) el gz de i) 61 @ ol
water are engaged in hydrogen bonding ( an average of 3.4 with o). \o)m\) 3.4 dnnny o> gyass ou\o) 8
other water molecules), but the lifetime of each hydrogen bond 2udGgky 20 J\ 1 om b g2a byl e

is just 1 to 20 picoseconds (1 ps 102 )

* Upon breakage of one hydrogen bond, another hydrogen bond o3l e RETLY! aif\nie
forms, with the same partner or a ew one, within ~ 0.1 ps. il 0.1 o3io $0- ol
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hydrogen bonds in liquid water. -)\M\Q@Q QS-S Mlon

* The sum of all the hydrogen bonds between H,O molecules
gives great internal cohesion on liquid water. UWJ}MWQ)M&‘ \9,3\2\»99&»
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Water Forms Hydrogen Bonds with Polar Solutes

* Hydrogen bonds are not exclusive to water. b Ay 00l oo gl Bl

Hydrogen bonds readily form between an electronegative atom (the hydrogen
acceptor, usually oxygen or nitrogen with a lone pair of electrons) and a hydrogen
atom covalently bonded to another electronegatlve atom (the hydrogen donor) in the

same or another molecule ol el din. lop- gyl dmm\aﬁ\mg,za) )5 e o) g2y 6853w gjizall bl g\
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* Hydrogen atoms covalently bonded to carbon atoms do not participate in hydrogen
bonding, because carbon is only slightly more electronegative than hydrogen and thus

the C-H bond is only very weakly polar. wgmgj 9,) aéf)\m\}og)’ﬂ\)\m\m )m),}, w}gmgg)
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* Why butanol (CH,(CH,),CH,0H) has a relatively high boiling point of 117 °C than

butane (CH,(CH,),CH;) which has a boiling point of only 0.5 °C.
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Between the Between the Between peptide
hydroxyl group ‘carbonyl group groups in
of an alcohol of a ketone polypeptides
and water and water
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Polar  biomolecules  dissolve \a <\bl 8 o)gzmmy 0o auhill bygdl Ayl
readily in water because they can gyl Abl—dblode\d dlisl 2o
replace  water-water  interactions Lk olininogh ulin—dn
with more energetically favorable i ‘
water-solute interactions.

In contrast, nonpolar biomolecules - 0 ol me‘\ AN\ \ablyg

interfere with water-water
interactions but are unable to form &0)3\9»9\6&\094\)0\—4\5 UW\N
water-solute Interactions— 0\9 Q\ﬂbg‘u —a\n N\ c»g\b

consequently, nonpolar molecules Abt 8 olgi) |l puaall ae gl

are poorly soluble in water.
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Unc}:lharged but gglarl biomo(lie.fulgzs — ouahil| uﬂg&w \ 5 Do gl
such as sugars dissolve readily in o

water because of the stabilizing Cawy b écﬂqmmug» uW\dm
effect of hydrogen bonds between WWW@ )\ gd) caibl )\
the hydroxyl groups or carbonyl Qg usas dun)o)».a\ O\2osm
oxygen of the sugar and the polar (m)m} \ bV g Ak\\)

water molecules.

Alcohols, aldehydes, ketones, and 0\5»5\9«0\391& @\mﬂ“} oS\

compounds containing N-H bonds “ -
all form hydrogen bonds with water s> N—H.b) 9"’@3%‘2‘)
- molecules and tend to be soluble in

- water.
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Some hvdrogen bonds between sucrose and water
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Relatively strong and weak Hydrogen bonds
i

-
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* Hydrogen bonds are strongest when the bonded molecules are oriented to
maximize electrostatic interaction and minimize charge repulsion
which occurs when the hydrogen atom and the two atoms that share it are
in a straight line—that is, when the acceptor atom is in line with the
covalent bond between the donor atom and H.
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Hydrogen bonds are thus highly directional and capable of holding two

hydrogen-bonded molecules or groups in 2 specific geomeric arrangement,
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Water Interacts Electrostatlcally with Charged Solutes
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As a polar solvent water read1ly dissolves most biomolecules, which are generally

charged or polar compounds
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*  Compounds that dissolve easﬂy in water arewl;:_ §¥Or?% lic &?e%l( ‘cwaterml'o:}lr‘lag‘\%ll 50
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Nonpolar solvents such as chloroform and benzene are poor solvents for polar

biomolecules but easily dissolve those that are hydrophobic—nonpolar molecules such
as lipids and waxes. Lebophilic
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Some Examples of Polar, Nonpolar, and Amphipathic Biomolecules (Shown as lonic Forms at pH 7)

Polar ) Nonpolar

o)
i I
Glucose CH,og Typical wax CH(CHy); —CH—CH—(CHy)g—CHy—C,_

H /0 OH 0
‘ CHy(CHy);—CH=CH—(CHy);—CH,

H OH Amphipathic
Phenylalanine NH,

Glycine ‘NH;—CH,—CO00
CH,—CH —COO~
Aspartate +NHj

I
~00C—CH,—CH—CO00~

Phosphatidylcholine

[0)
I
Lactate CH;—CH—COO0~ CH3y(CHy);5CHy—C—0— (l‘H
OH CH3(CHy);5CHy —%—O—EH ll) l?I(CH 3)3
o H,—0—P—0—CH,—CH,
Glycerol OH i
HOCH,—CH—CH,0H v

D Polar groups Nonpolar groups
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Hydrated
Na* ion

Note the orientation
of the water molecules
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Water dissolves salts such as NaCl by hydrating and stabilizing the Na+ and Cl- ions,
weakening the electrostatic interactions between them and thus counteracting their
tendency to associate in a crystalline lattice ““‘“mﬂmbﬁﬁﬁmiﬁm
The same factors apply to charged biomolecules, compounds with functional groups
such as ionized carboxylic acids (-COQO"), protonated amines (-NH+3) and phosphate
esters.

Water readily dissolves such compounds by replacing solute-solute hydrogen bonds

w1th solute water hydrogen bonds

CI»)QN +Na\°qncm§\u\m)\),m»\9\ob\> \u)a,)@,)ao?NaCldm%h‘/\ Abl Lone-
' o»qhonmumo\‘)\)oﬂ%\alm\pg\mb)\ﬁ\)g AET: \mg@ﬂ\u&@\»ﬂ\m\m

WQU\&WQM@ dﬁthmww \ oogudl u\np& v\?\(&mmdn omssb»
ol Shawlg (NH. —Yaiubl Nia¥lg .« FCOO-\aiyih\ mlm)qw oa\n>‘/\>

b ) x)o\ u\nprgmza)\b)\g,) d\»m \gg,)noﬁa\gmmu\n,)o oAS 4\)0\(»»..#
: : 4\)0 gu\x)a\wwwm




oo ngh ol i e Y Abl )L INaC din)xlnds» e
+ 3 0d\sd\ \eadandnd cammy ¢ \b\ Sy g dy

s Clo*Nadiglabls| .|

*Na 50 059 eyl —
‘Clg>dasdy coghl o> gzl —

‘Clo*Naoyusd\ s dils .2

D9l )\ \avo ol | Ry licag

a2a\n| OYS gl e Al QMg ldianl .3

Bigouibl aygdl gl Je2 U o dy 2 ¥¥\ Je2 iy \iag
gl Azgadw \"NH —\u\.\m‘/ A COO-\wondl —
m@m»}mmb\m\mmﬁm Abl oY —

:oosdh\ @
_ . Nighab\s-| 219 000zl oy bl @
Do)\ s Riag ubmy\o»uN\ﬁqumA);\)u\ .
T aigoibl agodl iyl Je Ll oudd gy
d—ou\in 2yl g9 Ulibl—ulihl Jylgy ooy s\l




ool 5\ghl wgin \niig g, sy
Entropy increases as Crystalline Substances Dissolve
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Entropy It is a measure of randomness or disorder of the smtem the
Oolyoulgiall Ol \ali6 e\ & o i g\l ginal)
greater is the randomness, the higher is’ “the enlropy
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As a salt such as NaCl dissolves, the Na+ and Cl- 1ons leaving the crystal
lattice acquire far greater freedom of motloaxiwcrease entropy).
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The resulting increase in entropy (randomness) of the system is largely

responsible for the ease of dissolving salts such as NaCl in water.
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Melting of the ice is accompanied by an increase of entropy. o 8 an e s

Molecules of H,O in ice have fixed position but as soon as it changes into
liquid , the molecules of H,O began to move about freely i.e the randomness
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Nonpolar Gases Are Poorly Soluble in Water

oubd e N, 90 ()CO Unanzhl apgudl SV Sy
*  The molecules of the biologically important gases CO,, O,, and N, are nonpolar.

* In O, and N,, electrons are shared equally by both atoms. gy g G FWIN, 50,8

* In CO,, each C=0 bond is polar, but the two dipoles are oppositely directed and cancel each other.
\naaion s o5 M oudlop abyly 5 8 b 5 o) aaad C=Oabah Fosh CO, 8

The movement of molecules from the disordered gas phase into aqueous solution constrains their motion
and the motion of water molecules and therefore represents a decrease in entropy.
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The nonpolar nature of these gases and the decrease in entropy when they enter solution combine to
make them very poorly soluble in water . ol \sslady s\l 8\es)ho) »9\»9,»\/ o\l 20 I\ oxs) dunhd) /.\901»)93
- aadygil| -

*  water-soluble carrier proteins (hemoglobin) that facilitate the transport of O,.
Y| 05 deans (eanglgmzal! din) Al @ ool kel koot Aiggll

+ €O, forms carbonic acid (H,CO,) in aqueous solution and is transported as the HCO; (blcarbonate) 1on,
either free—bicarbonate is Very soluble in water (~100 g/L at 25 C)—or bound to hemoglobin.
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Two other gases, NH; and H,S, also have biological roles in some organisms; these gases are polar and
dissolve readily in water. | 1
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dissolve readily in water.
Solubilities of Some Gases in Water
Solubility
Gas Structure* Polarity in water (g/L)"
o) S\ A 1 i b Y, Yoy :.. Nitrogen N=N Nonpolar 0.018 (40 °C)
™=Oxygen 0=0 Nonpolar 0.035 (50 °C)
qd\m;uﬂ;x-mhum,h\ o2\ 6 L \nl
don e pafionsalyel) Tl e  Carbon dioxide 58 Nonpolar 0.97 (45 °C)
0=C=0
o . Ammonia - HliH Polar 900 (10 °C)
S b ag ail @) J2\ aihgs CO, 3lh SN
Ngfy J\ @ — il don> J\ gy — dbl 2w éww\ﬁed‘}»qj‘\} Hydrogen sulfide H H l Polar 1,860 (40 °C)
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GAS EXCHANGE AT RESPIRING TISSUES
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Transport of CO2 as Carbonic Acid
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+ When C02 enters the erythrocyte, it combines with water to form carbonic acid (reaction catalyzed by carbonic anhydrase

CAH) HCO \Ngyldlg (" H\ o>l liglogd \H CO \dw,ﬂ\owﬂw@
+ The carbonic acid (H2CO3) then dissociats to form hydrogen 101(1ng+zand bicarbonate (HCO§ )
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 Bicarbonate 15 pumped out of the cell in exchange with chlonde on (exc ange eINues e Tlrocy to rematns unc arged
? a\)\O ANaHCO, ey C( q&ﬁ »90)l ,)\n) 3 Ngydud\
+ The bicarbonate in the blood plasma combines with sodium to form sodium bicar onae(m{ (3, which travels fo elungs
WV\TWWW bm) gz ol 0 e gzl il
 The hydrogen tons within the erythrocyte make the environment less alkaline, causing emogo in oreleaselsoxygen

* The hemoglobim absorbs the H 1ons and acts as a bufferto maintain the ntracelllar pH 92 8- sl Hofitoslosma) ot

 When the red blood cell reaches the hungs, bicarbonate 1 pumped back into the cell and the entire process 1s reversed.
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: Nonpolar Compounds Force Energetically Unfavorable
Changes in the Structure of Water

*  When water is mixed with benzene or hexane, two phases form; neither
liquid is soluble in the other.

- 35N 8 ugh\amin 13-19 Yo «oliliin ol o9 ol ol ayzinll &n bl Blsy e

* Nonpolar compounds such as benzene and hexane are hydrophobic—they
are unable to undergo energetically favorable interactions with water
molecules, and they interfere with the hydrogen bonding among water

molecules. gl Zabiw Y — (sl a0 clgd s 22 slfeal | g cwzinl\ dmtmba\\,@u\n)o
o S\bL Ay ey i ussdl bl I\ 2 ds-g A\bl Znabiain adlb oe\ny

« All molecules or ions in aqueous solution interfere with the hydrogen bonding
of some water molecules in their immediate proximity or neighborhood.
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polar or charged solutes (such as NaCl) compensate for lost water-water
hydrogen bonds by forrmng new solute-water interactions.

4\)0\9 bl e 0033 IS\ eugly u\,)m\/\\xzs Y \N aCl dm\wm\ g\wbﬂ\w\g))\

Hydrophobic solutes, however, offer no such compensation, and their
addition to water may therefore result in a measurable decrease in entropy.
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*  Water molecules in the immediate proximity or neighborhood of a nonpolar
solute are constrained in their possible orientations as they form a highly
ordered cage-like shell around each solute molecule.
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Amphlg‘?thlg\”&ﬂ(\fl\%\pounds
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» "Amphipathic compounds contain regions that are polar (or charged) and

regions that are nonpolar. .auhd & sb\ing (g g )ouhd ghlin §9i5a aliuanyl AT\

*  When an amphipathic compound is mixed with water, the polar, hydrophilic
region interacts favorably with the solvent and tends to dissolve, but the
nonpolar, hydrophobic region tends to avoid contact with the water: bl \shls- ie
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Amphipathic Ssdouz ot + bd anh — (phosphatidylcholine) i)
Phenylalanine +NH,

I
A @—CHQ—CH —C00~

S Phosphatidylcholine
|
CH3(CH3),5CH;—C—0—CH,
R CH3(CH2)150H2—("3—O—(|3H ?I) +ITI(CHs)s
3 9] CH-Z—O—II)—O—CHZ_CHZ
O.-

Polar groups Nonpolar groups
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Amphipathic i-flt'e'ra tP water

* The nonpolar regions of the amphipathic molecules cluster together to present the
smallest hydrophobic area to the aqueous solvent, and the polar regions are
arranged to maximize their interaction with the polar solvent, thus forming
relatively stable structures of amphlpathlc com &)unds in water, called micelles.
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* The forces that hold the nonpolar regions of the molecules together are called
hydrophobic interactions.
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* The strength of hydrophobic interactions is not due to any\ intrinsic attraction
between nonpolar moieties. Rather, it results from the system’s achieving greatest
thermodynamic stability by minimizing the number of ordered water molecules
required to surround hydrophobic portions of the solute molecules.
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Many biomolecules are amphipathic, e.g. proteins, pigments, certain vitamins, and
the sterols and phospholipids of membranes all have polar and nonpolar surface

regions. Yoo il diasy « 2ol gl din daliuinl o5l aygusdl sl am s
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Hydrophobic interactions among lipids, and between lipids and proteins, are the most
important determinants of  structure in biological membranes.
Hydrophobic interactions between nonpolar amino acids also stabilize the three-
dimensional structures of proteins. (038\“18‘0\»\»9,»\5\90938)3\0”9‘09339 Lo sal) ol oie\aill
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- Hydrophilic
“head group”
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— Hydrophobic
O // alkyl group
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molecules in bulk plnqc

nghlV ordored Ho0 molecules form
“cages” around the hydrophobic alkyl chains

Long-chain fatty acids have very hydrophobic alkyl chains, each of
which is surrounded by a layer of h;ghly ordered water molecules.
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Q Dispersion of
&) T’ lipids in HpO

Each lipid
molecule forces
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ordering of water.

o >&) ‘i{ Fewer HyO molecules
A A Y A fg&A’ are ordered, and

entropy is increased.
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Release of ordered water favors formation of an enzyme-substrate complex
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* Hydrogen bonding between water and polar solutes also causes some ordering
of water molecules but the effect is less 51gn1ﬁcant than with nonpolar solutes.
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* Part of the driving force for binding of a polar substrate (reactant) to the
complementary polar surface of an enzyme (both are separate entities) is the
entropy increase as the enzyme displaces ordered water from the substrate.
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Solutes Affect the Colhggtlve Propertles of Aqueous
S el tasesill oo\ e 5 il

-

* Solutes of all kinds alter certain physical properties of the solvent, water: its
* vapor pressure : Wbl 9289 il alpaal| oalasil domy 430 Akl 219\ \
* boiling point Signm¥l o)\ g 4a5a)| 8393 oW\ a3 oSl i
* freezing point
* osmotic pressure.
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* These are called colligative (“tied together”) properties, because the effect of solutes on
all four properties has the same basis: the concentration of water is lower in solutions

than in pure water, oY oallasd oida o 010U o “sumas aaluas-" oica gy
0 4\ | § oio dgibdl § 51 oy <l 90 u)o\cmmc\?m

530 b s U5 VS Ay Sy i\ 29 J iy Y il

* The effect of solute concentration on the colligative properties of water is independent
of the chemical properties of the solute; it depends only on the number of solute
particles (molecules, ions) in a given amount of water.
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* A compound such as NaCl, which dissociates in solution, has twice the effect as does
an equal number of moles of a nondissociating solute such as glucose.
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* Given that The freezing point of water is 0.0 °C
and the depression or drop in the freezing point
of water is 1.85 °C per mole of solute.

* What is the freezing point of aqueous solution
of 1 M of NaCl dissolved in water?

* What is the freezing point of aqueous solution
of 0.1 M of NaCl dissolved in water?

* What is the freezing point of aqueous solution
of 0.1 M, of Sucrose dissolved in water?

What is the freezing point of aqueous solution I
of 1 M of NaCl dissolved in water?

* Freezing point of water is 0.0 °C

The drop in the freezing point =1.85 °C /mole

of solute.

We have 1.0M NaCl — 1.0M Na+ and 1.0M CI-

So we have double effect (2%1.85=3.7)

So this will lead to a freezing point of:
(0.0-3.7=-3.7°C)

What is the freezing point of aqueous solution
of 0.1 M of NaCl dissolved in water?

* The freezing point of water is 0.0 °C

* The drop in the freezing point =1.85 °C /mole of solute
* We have 0.1M NaCl — 0.1 M _Na+ and 0.1M Cl-

* So we have double (the tenth effect) (2*0.185= 0.37)

So this will lead to a freezing point of:
(0.0-0.37=-0.37°C)

What is the freezing point of aqueous solution
of 0.1 M of Sucrose dissolved in water?

The freezing point of water is 0.0 °C

The drop in the freezing point =1.85 °C /mole of solute

We have 0.1M sucrose — 0.1 M sucrose

So we have one-tenth effect (1*0.185=0.185 )

So this will lead to a freezing point of:
(0.0-0.185=-0.185°C)



E.g the tendency of water molecules to move from the aqueous phase to the
surface of a forming ice crystal is reduced when some of the molecules that collide with
the crystal are solute, not water. In that case, the solution will freeze more slowly than
pure water and at a lower temperature.
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* For a 1,00 M aqueous solution of an ideal, nonvolatile, and nondissociating solute, the |
freezing point 1s 1.86 °C lower (- 1.86) and the bonhng pomt 15 0.343 °C (100.543)
higher than for pure water.

« For a 0.100 M solution of the same solute, the changes are one-tenth as large
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Pure Water Is Slightly Ionized
. _ _ c3eb Iy oully (5 <\b\

T —

-

Water molecules have a slight tendency to undergo reversible ionization to yield
a hydrogen ion (a proton) and a hydroxide 1on, giving the equilibrium

S\ xuToraa)l 0o Lo e omaall og s ullail Uiy eyl wwdim bl - S

HQO — H+ + OH™

The position of equilibrium of any chemical reaction is given by its equilibrium
constant, Keq (sometimes expressed simply as K ).

K@ oW\ iy aie s JuasS de'ss &Y ol 2ign

A+B=—=—=C+D

[CI[D]
[Al[B]

Kegq =

[H"J[OH™]

Keg =

[H5O]




The Ionization of Water Is Expressed by an equilibrium Constant
oLl colly Abl el il o py

_ [H'J[OH"]
[H,O]

_ [H'J[OH"]

= 55.5 M

K.,

K.

(565.5 M)(K.q) = [HTIIOH™] = K,

K, =[H"][OH] = (55.5 M)(1.8 X 107 ' m)
= 1.0 X 107 M2

K, = [H'][OH™] = [H"]?

[H*] = VK, = V1 X 10714 m?

[H']=[OH"]1=10""m™

—

The concentration of pure water at 25 °C is 55.5 M (grams of H,O in 1 L divided by its gram
molecular weight: (1,000 g/L)/(18.0 g/mol)). Ygn 55.5 98 ¢ 25 e il 4\1)\;;5,-)

Kw = the ion product of water at 25 °C. |

The value for K, ,, determined by electrical-conductivilg/ measurements of pure water,

K o18X ° °p 25 32 §Yan 1°710 x 1.8 (2 dal) KE® oo\ cylboamd
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*  What does pH mean?

* power of hydrogen -Dcnmark

*  potenz (also meaning power) mmpCierman

*  puissance - French

+  pondus hydrogenii (meaning quantity of hydrogen) mmmp Romans
* potentia hydrogeni (capacity of hydrogen) - Romans

* potential hydrogen - British

* p=-log "mathematicians”

¢ The initials pH stand for "power of hydrogen" or "Potential of Hydrogen™ The pH
of a solution is nothing more than that, the potential of Hydrogen

* pH=-log (H'] = for pure water pH =-log [107) =7

v pOH = - log [OH]
o [H')[OH)= 1074

* pH+pOH=14
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IH.I(“) pH IOHI(M) pOH’ I T o e
10° (1) 0 10~ 14 S -
10 ' 1 10 13 13 [ e
10_2 2 10"" 12 Tomato pce wced wn
10—3 3 10 " ll $ St drwking water biack coffee
1074 4 10710 10 S
105 5 10°° 9 .
10_6 6 10-8 8 Prre water
1077 7 107 7 —
107° 8 10°° 6 N
10 : 9 10 . 5 CGrosl Sull Lane =i of magrena
101 10 10"; 4 ——
107" 11 10~ 3
lo_n 12 10-2 2 gy mater
0= 13 107! 1 Soech, oven coarer
107 14 10° (1) 0 e
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« pH=s—10—(Ngyly > o\ ominieled
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Strong and weak %.?,}3 ‘B ses

* Strong acids such as: Hydrochloric (HCI), sulfuric (H,SO,), and nitric acids
(HNO,), are completely ionized in aqueous solutions

HCH ——> H+ +CI-
Ex{)\)o\dg)\x)o\i%dn\ﬂ\;w\liéb,lgﬂ\m@,ﬂ\m&b)gﬁg)@\dawdinhggﬂ\obwy\

* Strong bases NaOH and KOH are also completely ionized.

NaOH —> Na+t b OH- | )
U do0y e ombion g posginll g dinaygsl| selgall

* However, weak acids and bases are not completely ionized when dissolved in
water, they partially ionized .Therefore, their behavior in aqueous solution is
characterized by an equilibrium reaction, and equilibrium constant, K,

\»pw\mbx\)a é\xﬁw\»\/md\@ e\ guola>Y > 20
K@ ol dn\ang ol Uiy o s\bl \eaSghu BN

* According to Brensted-Lowry definition, acids are proton donors and bases
are proton acceptors o, i x\gil o TH o910 859w dola>Y\  $)gl— g, cib,m con>

HA = H" + A~
CH3sCOOH = H" + CH3COO~
‘ \ [HJIATT _
q [HA] - a

coasdl o3\, 0\ 00\
oo\ an S99\ amial\
S5\ adumiol\
* Equilibrium constants K, for ionization reactions are usually called
lonization or dissociation constants, often designated K,

Kaym9 i\ cylg il auw il o3ke\aa) Ka oo colgd




The dissociation constants of some acids: monoprotic, diprotic, polyprotic

OD\A>‘/ g3l ey @i\

. Monopro’ucamd 99| $3>-| \@mH 580 1-\9)

. Dlprotlcamd ool Ji512 dayH™
' - Triproticacid =epu| %

Monoprotic acids
Acetic acid
(Ko =1.74 X 10-5M)

Ammonium ion
(K, =5.62 X 10-10M)

Diprotic acids
Carbonic acid
(K, =170 X 10~ % M);
Bicarbonate
(K, =6.31 X 10-11nm)

Glycine, carboxyl
(K, =4.57 X 103 Mm);
Glycine, amino

(K, =251 X 10-10M)

Triprotic acids
Phosphoric acid
(K, =7.25 X 10-3m);
Dihydrogen phosphate
(K, =1.38 X 107" M),
Monohydrogen phosphate
(K,=3.98 X 1013 M)

n///’

/N

CH,C

H,CO; —
PK. =

’]‘Ha 0
— CHZC

pK, =234

= CHsC

pK, =4.76

HCO; + H*

3.77

—— H,PO; + H™ H,PC
pK, =2.14

~—

)

NH} = NH, + H*
pK, = 9.25

> HCO; == €O} + H'

pK, =102

1}11{5 o

NH,
CH C/ )
CHC

7
CH,C_

pK,

+H+>

+ H*

—|
——

=9.60

), == HPO2"
pK, = 6.86

= PO§~ + H*
pK, =124

6 7 8 9

10 11 12 13
pH

pKa/= - log Ka; The stronger the tendency to dissociate a proton, the
stronger is the acid and the lower it’pKa.
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Weak Acids have Characteristic titration curves

 Titration 1s used to determine the
amount of an acld in a given solution.

e Uyl 8 ol Qm)»w\obmmp\ﬂo

* During titration, a measured volume > 0, \a0 @l D0\shl 4\»\

of the acid is titrated with a soluttion 512\0 ON | ano»\sm
of a strong base, usually sodium

hydroxide ~ (NaOH), of known 0,0\ o, NaOHW\e aygd
concentration.

« The NaOH is added in small OMU\)N) NaOH QLo
increments until the acid is consumed alm\d)\:)\oaN\dkam)&
(neutralized), The concentration of the @ 60 oA ,.\),J u\m>

acid in the original solution can be duohl NaOH )\ ,D,oq
calculated from the volume and -

concentration of NaOH added.

« A plot of pH against the amount of w&&»pH)Q\pw)
NaOH added (a titration curve) (gylan i>in)odlohl NaOH
reveals the pKa of the weak acid sl o) pKa »>



8 - CH,COO~ |\‘—
p
7 ICH,COOH] = [CH5;COO |
6 =
pH 5.76
5 - _ Buffering
H region
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pK. = 4.76
oS0\ 800530 iy By gl 50l Haa 146 g s cons>

= pH 3.76
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1 1

0
0O 0.1 0.2 0.3 0.4 0.5 0.6
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OH~ added (equivalents)

0 50

Percent titrated

100%

The titration curve of acetic acid
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Acetic acid (CH:COOH ¢ CH,CO0") - ;31 @
Phosphate system (H,PO,” & HPO,%) - ogwil @

Ammonium | Ammonia (NH,* © NH;) 2 >3l ¢
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4331,k Laue | gdg e (solan (1o aylA oa (Buffers) datasll Jollalt

Buffers Are Mixtures of Weak Acids and Their Conjugate Bases

Almost every biological process is pH dependent; a small change in pH produces a
large change (unfavorable) in the rate of the process.

9ol Ui\ a2, 8 (Us2m a8 S a3 J\ 650 PH & buw a3 s pH Joo i > twlnee (5 \p &

* Cells and organisms maintain a specific and constant cytosolic pH, keeping
biomolecules in their optimal ionic state, usually near pH 7.

Saagodl iyl > sdomsiand 8 pH (e Bilsaasdl Ao
PH=7anwyd ogh t3\e visdball> dind|

* In multicellular organlsms the pH of extracellular fluids is also tightly
regulated. Constancy of pH is achieved primarily by biological buffers.
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* Buffers are aqueous systems that tend to resist changes in pH when small amounts
of acid (H+) or base (OH-) are added. A buffer system consists of a weak acid (the
proton donor) and its conjugate base (the proton acceptor).
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Henderson-Hasselbalch equation relates pH, pKa, and Buffer Concentration

Suil) 0gial| Ki- acan o) uglbm aw) S\
HA — H' 4+ A

o — AT

- [HA]
[HA]
[A7]

First solve for [H"]: mm— H'Y] = K,

Then take the negative logarithm of both sides:

[HA]

—1 H*] = —log K, — log ——
og [ ] og K. og[A]

Substitute pH for —log [H'] and pK,, for —log K,,:

H= R — A
Now invert —log [HAJ/[A ]
H = pK_, + lo A ]

Stated more generally,

|proton acceptor]
pPH = pK, + log P P

[proton donor]
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- Biological Buffers protect Cells and Tissues against pH Changes

The intracellular and extracellular fluids of multicellular organisms have a characteristic and

nearly constant pH. m\)é\%)btb\qmg \lntracellular\mu -1 dilgus
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The cytoplasm of most cells contains high concentrations of proteins, which contain many
amino acids with functional groups that are weak acids or weak bases.
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Weak aclds and its conjugate base provide best buffering power around (+1) the pKa.
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Two especially important biological buffers are the phosphate and bicarbonate systems.
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The phosphate buffer system, which acts in the cytoplasm of all cells, consists of H,PO, as
proton donor and HPO,? as proton acceptor
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The phosphate buffer system is maximally effective at a pH close to its pKa of 6.86 and thus
tends to resist pH changes in the range between about 5.9 and 7.9.

H2PO4 : H+ + HPO4_
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Blood plasma is buffered in part by the bicarbonate system, consisting of carbonic acid
(H,CO;) as proton donor and bicarbonate (HCO;) as proton acceptor:

H,CO; == H" + HCO;3
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Titrantion curve of polyprotic (triprotic) acid
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