Water and pH



Water
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Q NMUEESE is the predominant chemical component of living organisms.

Q Its unique physical propertles include: = (A adsid ole'4))

U The ability to solvate aW|d'3, rﬁﬁé%g of organic and inorganic molecules
cAecegd by its exceptional capacity for formingshydrogen:bonds.

uba) @D An excellentnucleophile, water is &¥eactant or ProdUct in many

i} metabolic reactions. URISSY 2 &—dlehdohon
@ Water has a slight propensity to dissociate into hydroxide ions and
rotons. QW sk 03
P \}:f%A AD,Cr‘_) 3533\ R )W“CC H@ onz', }DOJIBS >é
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O Acidosis (blood pH < 7.35) include diabetic ketosis and lactic
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0 Alkalesis (pH=>"7145) may, for example, followwvomiting:of-acidic
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Water Molecules Form Dipoles ~ el &4l
O A water molecule is an irregular, slightly o s dor it
skewed teILaheM\ with exygenratitsicenter. m»\ ST
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O Wateris a dipole, a molecule with electrical =

charge distributed asymmetrically about its
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d The stronﬁTy%lectronegatlve oxygen atom
pulls electrons away from the hydrogen
nuclei, leaving them with a partial positive
charge, while its'two unshared electron pairs }
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Water Is an lIdeal Biologic Solvent
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O Water, a strong dipole, has a high dielectric constant .As described
guantitatively by Coulomb's law, the strength-ofinteraction‘between
oppositely charged particles is inversely proportionate to the
dielectric constant of the surrounding medium.
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O The dielectric constant for a vac%ﬁfn Issunity; and for watemitis 7815.

Water therefore greatlysdecreasesithesforceigf-attraction-between
. . s\ (O =L <2 = .
charged and polar species relative to water-free environmentswith
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a Its%trong dipole and@ﬁigh dielectric constant enable water to
dissolve large quantities of charged compounds such as salts i,
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Water Molecules Form Hydrogen Bonds

O A hydrogen nucleus covalently bound to an electron-withdrawing
oxygen or nitrogen atom can interact with an unshared electron pair
on-another oxygen or nitrogen-atom to form a hydrogen bond .
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O Hydrogen bonding favors the self-association of water molecules
into ordered arrays. | _ o)

0 Hydrogen bonding influences the physical properties of waterand
accounts for its exceptionallyehigh viscosityzsurfacetension, and
G boiling point.
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1 These bonds are bgth relatively weak and transient, with-a-half=life
of about one microSecond. Rupture of a hydrogen bond in liquid
water requires onlyrabout4.5kcal/mol, less'than'5% of the energy
required to rupture a covalent O-H bond.
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Hydrogen Bonding in Water
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Water Is an Excellent NucleophileD
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O’ Metabolic reactions often involve the
electrons on electron-rich molecules|termed nucleophiles on
electron=poor-atoms called electrophiles’.Nucleophiles and
electrophiles do"notinecessarily possessiaformalnegative or
positivescharge: uhy i ol an exzlent fucleophle 7

O Water, whose two lone pairs of electrons bear a partial negative

charge Is an excellent nucleophile. \
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Other nucleophiles of biologic importance include the oxygen atoms
f%? of phosphates, alcohols, and carboxylic acids; the sulfur of thiols;
] the nitrogen of amines; and the imidazole ring of histidine.
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Common electrophiles include the carbonyl carbons in amides,
esters, aldehydes, and ketones and the phosphorus atoms of
phosphoesters.
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Nucleophilic| attack by water] generally results in the cleavage of the
amide, glycoside, or ester bonds that hold biopolymers together.
) _This process is termed hydrolysis w>\@\pjd)w\a\g;?\?ggs¢j =g Sz om>
Sl el Mol Aol A pop e o

oy 6 1 O e le WGy oo .
O Conversely, when monomer units are joined together to form

biopolymers such as proteins or glycogen, water is a product
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Water Molecules Exhibit a Slight BUD
Important Tendency to Dissociate

 The ability of water to ionize, is of central importance for life.
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O Water can act both as an acid andas a base, its ionization may be

represented as an intermolecular proton transfer that forms a
hydronium ion (H3;O *)and a hydroxide ion (OH")

H,O + H,0 > H,O* + OH

d The transferred proton is actually associated with a cluster of water
molecules. Protons exist in solution'notonly-as'H;0" but also'as

mulimers'suchras Hg0o" and H057 Loeniets AN SY s JPSEeTes
> K0+ O == H3o + O 2)”“9)
O Since hydronium\and-hydroxide ions continuously recombinetosform
water molecules; an individual hydrogen or oxygen cannot be stated
to be present as an ion or as part of a water molecule. At one instant
it is an ion; an instant later it is part of a molecule.
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Water Molecules Exhibit a Slight But
Important Tendency to Dissociate

O Hydrogen ions and hydroxide ions ‘contribute significantly to the
properties of water.

1 For dissociation of water
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 where brackets indicates the molar conc. of ions, Kw is the
dissociation constant of water and = 1x1014 so

-log Kw = -log [H;0"] + -log [OH]
14 = pH + pOH
O pHIs the Negative Log of the Hydrogen lon Concentration
pH = -log [H;07]
Example: If the concentration of H;O*in solution is 1x10-’ calculate pH
pH = -log [H,0*] =-" (7)) = -(1+0) -7
= -log (1x10") =7
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d Many biochemicals possess functional groups that are.weak acids

or bases.
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Q Carboxyl groups, amino groups, and phosphate esters, whose
second dissociation falls within the physiologic range, are present in

proteins and nucleic acids, most coenzymes, and most intermediary
metabolites.

d pKa is important for understanding the mfluence of intracellular pH
on structure and biologic activity. N4 u ok )f
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O Charge-based separations such as electrophoresis and ion

exchange chromatography also are best understood in terms of the
dissociation behavior of functional groups.

d We term the protonated species (egyHA0rR=NH3") theracid and the
unprotonated species (eg, A~ o R-NH,) its conjugate base.

%5%59%5



Describes the Behavior of Weak Acids-
Q For a weak acid: S0l g G o e sbolsdl 6
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J For a weak base:
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0 The medium may either raise or lower the pKa depending omn
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O The pKa of a carboxylic acid increases, whereas that of an amine
decreases because ethanol decreases the ability of water to solvatel3
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O The pKa values of dissociating groups in the interiors of proteins

thus are profoundly affected by their local environment, including the
presence or absence of water.l
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O Calculate the pH of 0.1 M solution of acetic acid, pKa = 4.76,
calculatesthesperecentage of ionized and unionized forms.
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O Calculate _the perceFage _of ionized an_d unionized for histigln_e/irﬁ(sgj —
hemoglobin at physiological pH knowing that pKa for the side chain 154
of histidine is 6.0. If the pH of blood decreased to 7.1,«calculate’the =
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