Water and pH
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O Water is the predominant chemical component of living organisms.

 Its unique physical properties include:

O The ability to solvate a wide range of organic and inorganic molecules
by its exceptional capacity for forming hydrogen bonds.

4 An excellent nucleophile, water is a reactant or product in many
metabolic reactions.

1 Water has a slight propensity to dissociate into hydroxide ions and
protons. % on -~
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1 Normal blood pH ranges from 7.35-7.45

1 Acidosis (blood pH < 7.35) include diabetic ketosis and lactic
acidosis.

O Alkalosis (pH > 7.45) may, for example, follow vomiting of acidic
gastric contents.
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Water Is an |Ideal Biologic Solvent

Water Molecules Form Dipoles

1 A water molecule is an irregular, slightly S—
skewed tetrahedron with oxygen at its center.
ol

van der Waals

" Water is a dipole, a molecule with electrical s
charge distributed asymmetrically about its \

structure.

1 The strongly electronegative oxygen atom
pulls electrons away from the hydrogen
nuclei, leaving them with a partial positive
charge, while its two unshared electron pairs
constitute a region of local negative charge. 0




Water Is an |Ideal Biologic Solvent

The dielectric constant tells us how well a
¥ 5 -5 + 8 substance reduces electrical attraction

R —= 0O+ H
Q Water, a strong dipole, has a| high| dielectric constant .As described
quantitatively by Coulomb's law, the strength of interaction between
oppositely charged particles is inversely proportionate to the .
dielectric constant of the surrounding medium. € (ddectae)

Vacuum oieleckic conskank =\ waker dieleckiic constank = 138

 The dielectric constant for a vacuum is unity; and for water it is 78.5.
Water therefore greatly decreases the force of attraction between
charged and polar species relative to water-free environments with
lower dielectric constants.
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d Its strong dipole and high dielectric constant enable water to

dissolve large quantities of charged compounds such as salts
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Water Molecules Form Hydrogen Bonds
I‘ y, N _W, covalent bond
1 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 .

1 Hydrogen bonding favors the self-association of water molecules
Into ordered arrays.

1 Hydrogen bonding influences the physical properties of water and
accounts for its exceptionally high viscosity, surface tension, and
boiling point. T cosiba

sutfuce tension
boiling POin"

d These bonds are both relatively weak and transient, with a half-life
of about one microsecond. Rupture of a hydrogen bond in liquid
water requires only about 4.5 kcal/mol, less than 5% of the energy
required to rupture a covalent O-H bond.
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Hydrogen Bonding in Water




Describe the role of hydrogen bonding in determining water's physical properties.

A. Hydrogen bonding enhances water's thermal conductivity, density, and viscosity.

B. Hydrogen bonding leads to water's low surface tension and freezing point.

C. Hydrogen bonding causes water's high viscosity, surface tension, and boiling point.

D. Hydrogen bonding reduces water's density, viscosity, and boiling point.
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Water Is an Excellent Nucleophile

election diticient

L Metabolic reactions often involve the attack by lone pairs of
electrons on electron-rich molecules termed nucleophiles on
electron-poor atoms called electrophiles .Nucleophiles and
electrophiles do not necessarily possess a formal negative or
pasitive charge.

1 Water, whose two lone pairs of electrons bear a partial negative
charge,|is an excellent nucleophile.

i

& 1 Other nucleophiles of biologic importance include the oxygen atoms
of phosphates, alcohols, and carboxylic acids; the sulfur of thiols;
the nitrogen of amines; and the imidazole ring of histidine.
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«?\’»D Common electrophiles include the carbonyl carbons in amides,
esters, aldehydes, and ketones and the phosphorus atoms of
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Which of the following atoms commonly acts as an electrophile in biochemical
reactions?

A. Nitrogen in amines

B. Carbonyl carbon in aldehydes
C. Oxygen in alcohols

D. Hydrogen in alkanes



Common electrophiles include amine groups and amide nitrogen atoms.

Answer: False.



Explain why water acts as an excellent nucleophile in biochemical reactions.

A. Water's hydrogen atoms can form strong ionic bonds, limiting nucleophilic ability.
B. Water's lone electron pairs bear partial negative charge, enabling nucleophilic attack.
C. Water's high polarity allows it to stabilize charged intermediates during reactions.

D. Water's molecular structure prevents it from acting as a nucleophile in reactions. @



1 |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 .

wakel  break

 Conversely, when monomer units are joined together to form
biopolymers such as proteins or glycogen, water is a product



https://youtu.be/ZMTeqZLXBSo?si=Ai1vgI3nCprEDeNb

19. Water as a reactant
Page: 69-70 Difficulty: 3 Ans: E
In which reaction below does water nof participate as a reactant (rather than as a product)?

A) Conversion of an acid anhydride to two acids.

B) Conversion of an ester to an acid and an alcohol.

C) Conversion of ATP to ADP.

D) Photosynthesis

E) Production of gaseous carbon dioxide from bicarbonate.
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Water Molecules Exhibit a Slight But
Important Tendency to Dissociate

 The ability of water to ionize, is of central importance for life.

1 Water can act both as an acid and as a base, its ionization may be
represented as an intermolecular proton transfer that forms a
hydronium ion (H;O *)and a hydroxide ion (OH")

W Gl - H0 + H,0 » HzO* + OH

 The transferred proton is actually associated with a cluster of water
molecules. Protons exist in solution not only as H;O* but also as
multimers such as H;O,*" and H,0O;*

O Since hydronium and hydroxide ions continuously recombine to form
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

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

 For dissociation of water
Kw = [H;0] [OH] - 0"
07 10~

d where brackets indicates the molar conc. of ions, Kw is the
dissociation constant of water and = 1x10-14 so

-log Kw = -log [H;0*] + -log [OH]
14 = pH + pOH
O pH Is the Negative Log of the Hydrogen lon Concentration
pH = -log [H;07]
/ Example: If the concentration of H;O%in solution is 1x10-7 calculate pH
pH = -log [H;0"]
=-log (1x107") =7



7. lonization of water, weak acids, and weak bases
Page: 61 Difficulty: 2 Ans: A
The pH of a solution of 1 M HCl is:

A) 0
B) 0.1
) 1
D) 10
E) -1
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lo PKa —» shengel acia
high dea —» Weakes acid

pKa
= -log Kgq

Many biochemicals possess functional groups that are weak acids
or bases.

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. o s

pKa is important for understanding the influence of intracellular pH
on structure and biologic activity.

© s (2 rechnque
Charge-based separations such as electrophoresis and ion

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

We term the protonated species (eg, HA or R-NH;*) the acid and the
unprotonated species (eg, A~ or R-NH,) its conjugate base.
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The Henderson-Hasselbalch Equation
Describes the Behavior of Weak Acids 2

J For a weak acid:

HA —— H'+A PH= PKa + log [base]
d
[ conjugate basc’]j [ac )

Yo lonized concentration  _ pH — K, Qeneml QO(MM‘G

Unionized concentration
[ weaK acid 7

J For a weak base:

[base]

Unionized concentration
log —— — P =~ Pk
Ionized concentration

[con\jug ale acid ]

Unionized concentration
log—— o )
Ionized concentration




Pages: 66-67 Difficulty: 2 Ans: E
The Henderson-Hasselbalch equation:

A) allows the graphic determination of the molecular weight of a weak acid from its pH alone.
B) does not explain the behavior of di- or tri-basic weak acids

C) employs the same value for pK, for all weak acids.

D) 1is equally useful with solutions of acetic acid and of hydrochloric acid.

E) relates the pH of a solution to the pK, and the concentrations of acid and conjugate base.
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Values of the pKa depend Properties of the
Medium

1 The medium may either raise or lower the pKa depending on
whether the undissociated acid or its conjugate base is the charged
S peC|eS . The dielectric constant tells us how well a

substance reduces electrical attraction

between charges.

1 The effect of dielectric constant on pKa may be observed by adding
ethanol to water.

1 The pKa of a carboxylic acid increases, whereas that of an amine
decreases because ethanol decreases the ability of water to solvate
a charged species.

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.




Question

CH, COOK
O Calculate the pH of 0.1 M solution of acetic acid, pKa = 4.76,

calculate the percentage of ionized and unionized forms.

CH,COOH = (W, COO ™ +H:,07
> > T Basic Amino’ Acid

d Calculate the percetage of ionized and unionized for histidine in b
hemoglobin at physiological pH knowing that pKa for the side chain
of histidine is 6.0/ If the pH of blood decreased to 7.1, calculate the

percent ionized. 735 - 145 acidosis all amino acids in huma
body) Sound in ienized
AVc/agc 40 Form Exce
~ - - oM Except hishadine

glw"amic acid fKa = 472 Pl bLlood = 74 ASPW\ Pla = 3.9
wry'ugaFe base 9|u#ama|—c

?H—)’l/ﬂ = |09 basC ion"zc’c!/,: cC 73 “ ‘00/
add }on\zed . = ), o "ﬁ'
31 = log base abio
acid f‘”'___i] = 125893 29 95/ | =115393 %100/

C aci 0[] | | 25943



Q ‘1 < [ conjugate base] - .
8 ] Ionized concentration

o = pH — oK
FH =° ® Unioni%ed é:onfentmtion P PRa
o weaK acid
PH = - 109 s log [AT - _logx 476
PKo= 4.%6 A\
_ ¥ \ X — - |09 X _-J-' ?K
HA = A+ KO f 00 =
CH L00N 2 CHy 00 e g 10
;l x X los“’x %/ ‘ogx + | = -log X - 1.74
03 S
AC&LEC acio[ log X + | 2 ] OQX - —5‘45
log [A] . pu-PKa —~ \09)( - 2.33
[ HAl
log TAY _ 933 -4% _ _(33 o\ - 237 =
LY
EA"] = 0.0'39 \'o\-a|;\.0|3?
E-HT'I | ionized = 0.0132 x 007/, union)ch =93.%F /
\.0l272

= 1.3/
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a ’ Unionized concentration

B lo
F Ka =6 T xlz g Ionized concentration
Pa= F40

- pH =~ pKa

log (8 _ 740- 4
onized / = 1 x 007 [ 8H"]

26 .12 \03 [_6;1 - 140 coleulakel

_ | GHt]

=3.3% / ) who 2512 ¢ |
[@] . 252

nionized = 100-% 32 - T obal= 2612
=a8.1%/ N [ &1 ’

PH’ 1l Acidosis '03 ey . ‘1‘ _4
Pa=6 [a—*}

- [@3 = &5_4 yotal = 1354
iomZdA /) = 1 x 100y

13 54 rewy
- 434 /

unionized = 49.64 /



Q.2 Calculate the %ionized of the acidic drug ESpirinypKa--B.S) in the intestine where pH=6.8?
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PH -PRa = log ionized

um’omzc’A
£8 -35 = log ionized
33 um’omzc;!

l_oﬂ;?é’_&! = Anki log 33 = 1495 .3 )'ol'al = 19963

umonizc‘,’a‘ '

onized 7 = 19933 4 100 / = 94.95/
14 6.3



unionf/ion = 15.6 :
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ionized - 1% 4 Lobal =
unionmzed \

umomzea‘, X 100 7.
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14.4
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PU - Ka = tog wnonized
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Draw the titration curve for a weak acid, HA, whose pK, is 3.2. Label the axes properly. Indicate with
an arrow where on the curve the ratio of salt (A") to acid (HA) is 3:1. What is the pH at this point?



[conjugate base]

H=pK, +1
PE=P -

=32+log3=32+0.48=13.68



30. Buffering against pH changes in biological systems

31.

32.

Pages: 6667 Difficulty: 2
What is the pH of a solution containing 0.2 M acetic acid (pK, = 4.7) and 0.1 M sodium acetatc?

Ans:

pH = pK, + log [conjugate base]

[acid]

=4.7 +log (0.1/0.2)

=47-03=44

Buffering against pH changes in biological systems
Pages: 6667 Difficulty: 2

You have just made a solution by combining 50 mL of a 0.1 M sodium acetate solution with 150 mL
of 1 M acetic acid (pK, = 4.7). What is the pH of the resulting solution?

Ans:
pH = pK, + log

[conjugate base]
facid]

=4.7 + log (5/150)

=47-148 =3.22

Buffering against pH changes in biological systems
Pages: 6667 Difficulty: 2
For a weak acid with a pK, of 6.0, show how you would calculate the ratio of acid to salt at pH 5.

Ans:

pH = pK, + log [conjugate base], so pK, ~ pH =—log [conjugate base]
[acid] [acid]

=log [acid]
[conjugate base]

6.0-50=log [acid] 5 [acidl =antilog 1 = 10
[conjugate base] [conjugate base]




