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3IOMEDICAL IMPORTANCE OF WATER

nainchemical component of living

a reactant or produ ariousmetabolic reactions.

as a slightendencyto dissociate into hydroxidens
1) andprotons(H").
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SIOMEDICAL IMPORTANCE OF WATER

gdrotonsof agueous solutions is
edusing ithmic pH scale.

Bicarbonatephosphate her bufferfunctionto
Intainthe pH ofbloodbetween 7.35 and 7.45.

dosis (blood pH <7.35) vs. alkalosis (blood pH >7.45).
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Water Molecules Form Dipoles

ule has tetrahedral geometry.

Ve oxygen atom in a water molecule attracts electrons
|, leaving them with a partial positive charge,
pairs constitute a region of local negative

: hy 0Q€
Imats two unshared ele

ewith electrical charge distributed asymmetrically about its structure is
0 as a dipole.

S g dipole and high dielectric consttatilitate water to dissolve large
guantities of charged compounde salts.

=
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STRUCTURE OF WATER MOLECULE
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er Molecules Form Hydrogen Bonds

ded hydrogen nucleus covalently bound to an
oxygen or nitrogen atom can interact with an
another oxygen or nitrogen atom to form a

ygen bonding greatly in es the physical properties of water
rifies its relatively high viscosity, surface tension, and boiling

molecules self-associatevia hydrogen bonds.

bonding enables water to dissolve many organic
biomolecules that contain functional groups which can participate in
hydrogen bonding.
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HYDROGENBONDS BETWEEN WATER MOLECULES
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biologic Molecules are Stabilized by
@) alent and Noncovalent Bonds

ne strongest force that holds molecules together.

of lesser magnitude, make significant
stability, and functional competence of

ibutions to the
omolecules in living ce

0gen bonds
)static (lonic) interactions
phObIC Interactions
Waals forces
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WATER IS A GOOD NUCLEOPHILE

often involve the attack by lone pairs of electrons
olecules termeducleophilesipon electron

ter, whose two lone pali
excellentucleophile.

hilic attack by water typically results in the cleavage of the amide

Ide), glycoside, or ester bonds that hold biopolymers together

ysIs).

E When monomer units are joined together to forapolymers such as
proteins or glycogemnyateris a product.

ectrondear a partial negative charge
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Water Molecules Exhibit a Minor but
iImportant Tendency to Dissociate

of water to ionize, while slight, is of central
Impo r life.

Since water can act both as an acid and as a base, its
lonization may be represented as an intermolecular proton

transfer that forms aydroniumion (H;O"; represented as
H*) and a hydroxide ion (Obt

H,0+H,0=H,0+0H"

e Simply, water dissociates as:

H,0 = H" + OH”
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Dissociation of Water

water,

v [H'][OH ]

[H,0]

w termed the ion product for water. The relationship betwegarid K isas

wnbelow:
“MOY™ _
K =M =1.8%10"** mol/L
[H,0]

K., =(K)[H,0]=[H"][OH ]

=(1.8x10" " mol/L)(55.56 mol/L)
=1.00x107" (mol/L ]‘
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roduct for Water (K,)

erically equal to the product of the molar concentrations

ter, at 25C (roomtemperaturgK,, equals to 104 (mol/L)?, therefore
ater is 10 mol/L.
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pHIS THE NEGATIVE LOG OF THE
HYDROGEN ION CONCENTRATION

For pure water at 28,

pH=-log[H']=—logl0 " =—(-7)=7.0

Therefore, pH of the pure water is 7.
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ACIDS & BASES

oond to high concentrations ‘ol high pH values
ations of.H

2Sare proton acceptors.

ds (e.gHCI, H,SQ,) cc ely dissociate into anions and protons even
acidic solutions (low pH).

s dissociate only partially in acidic solutions.

trong bases (e.g., KONaOH), but not weak basesichasCa(OH),
pletelydissociated even at high pH.

)] AOT11C
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Functional Groups That Are Weak Acids
Jave Remarkable Physiologic Significance

5ess functional groups that are weak acids or bases.

edge of the ¢ on of weak acids and bases thus is basic to
erstanding the influence acellular pH on structure and biologic

m theprotonatedspecies A or R-NH;*) theacid and the
ohatespeciesA- or R-NH,) its conjugate base

Y, we may refer to base(A- or R-NH,) and itsconjugate acid(HA

).

or RQ
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e Therelative strengths of weak acids and basegxpressed
In terms of their dissociation constants.

belowis the expression for the dissociation constant
representativeveakacid R-COOH.

R—COOH = R—COO +H"
[R—COO7][H"]
|[R—COOH]

E Since the numeric values of, Kor weak acids are negative
exponential numbers, we expressaspK,, where

K =

d

e The stronger theacid, the lower is itspK  value.
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From the above equations that relatgd<[H*] and to the
ncentrations afindissociateacid and its conjugate base,

[R—COO |=[R—COOH]

Thus, when th@rotonatedcandits conjugate basspecies are
present at equal concentrations, the prevailing hydrogen ion
concentration [H| is numerically equal to the dissociation
constant, Ka.
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ngd aglK,, a n d flidéfioeg pH| tie equation

the pK, of an acid group Is the pH at which theprotonated
tonated species are present at equal concentrations.
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B I8
Ihe Henderson-Hasselbalch

quation llustrates the Behavior
of Weak Acids & Buffers

Izes as follows:

quilibrium constant for this dissociation is

b -
' e Crossmultiplication gives

[H'][A"|=K, [HA]
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werivation of The Henderson-Hasselbalch Equation

by [ AT ]

e log of both sides:

E Multiply throughby1 1 :
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tion of The Henderson-Hasselbalch Equation

K.f or 17 oagn{ Hiespectvelythen

rsion of the last term removes the minus sign and ¢gnees
ndersonHasselbalchequation:

pH=pK, +log A |

|HA ]
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1ons of Weak Acids & Their
Salts Buffer Changes in pH

SOIU

ds or bases and their conjugates elbftering, the ability
ollowing addition of strong acid or base.

nange in pH when protons are produced or
ned.

naintenance of a constant pH involves bufferingpibgirbonate
ohate, proteinandhemoglobin (irredbloodcells), which accept or
)rotons to resist a change in pH.

E olution of a weak acid and its conjugate base buffers most effectively in the pH
rangepK, N1.0 pH unit.
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Blood pH

80 . pH = —log[H*]

[H*]

(nmol/L) a0

Normal range
/ g

1| SRR
'\\

"Vka /e,%

20

700 720 740 760 7.80 8.00
pH
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