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Important functional groups in biochemistry

R-OH

alcohol

ether

epoxide

ald eh‘dde

ketone

R—-N-R

aumnmune

Nnitrile

acid
haldide

COrbox 5\3 s
acid



Class of General Structure* Specific Example Notes
Compounds
Alkene (HR R(H) /\/\
(H)R R(H)
Alkyne
(HR—=—R(H) /\/\
Aromatic ring
_/R
\ 7/
Alkyl halide R-X Cl R-CHz-X: 1° halide
{Haloakans) X:F,Cl,Brorl /'\ Rp-CH-X: 2° halide
R3-C-X: 3° halide
Alcohol R-OH CH, R-CH,-OH: 1° alcohol
)\ho,., R.-CH-OH: 2° alcohol
R3-C-OH: 3° alcohol
Ether R-O-R’ CH3—O—CH,CH3; Common name:"™"
ethyl methyl ether Alkyl alkyl ether
(eommon name) (alphabetic order)
Nitrile R—C=N H;C—C=N
Nitro R—NO, /ﬁ/\
NO,

Amine RNH: CH3CH;NH;: ethyl amine Common name: ™"

R:NH el Alkyl alkyl alkyl amine

RN (CH3CH_)sN: triethyl amine | (alphabetic order)

(common name)

* R: hydrocarbon group, alkyl or phenyl; for structure with multiple R, they can be same or different groups.

** These common names are accepted by IUPAC.
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R™ N—R(H)

R'(H)

Class of General Structure Specific Example Notes
Compounds
Aldehyde o C") C=0 double bond is usually
/u\ C— called as a “carbonyl”
R H W H group. The function groups |
or: R-CHO Br on this page all contain
' carbonyl group.
- Ketone /(l)l\
R R (R")
o
 Carboxylic acid 0 0
' )]\ Reaction with base gives
R OH CH-CH- OH salt of carboxylic acid,
RCOO M*
or: R-COOH
- Ester (0] (ﬁ Carboxylic acid derivative.
| )l\ G
A~
R OR(R)) CHyCH7  "OCHs
- Anhydride o 0 o) Carboxylic acid derivative.
R/U\O RR) | HC™ T07 TcHy
- Amide 0 CH; 0O

Carboxylic acid derivative




Important functional groups in biochemistry

(@) Organic compounds

O 0] O
| | |
R—OH R=—C—H Re=C—Ri R—C-—OH
Alcohol Aldehyde Ketone Carboxylic acid’
R, R,
| |
R— SH R—NH, R—NH R—N—R,
Thiol Primary Secondary Tertiary
(Sulthydryl) > ”
Amines®
(b) Functional groups
0 QO O
| Il I
—OH —C—R —C— —C—0@
Hydroxyl Acyl Carbonyl Carboxylate
O O
S) | |
—SH —NH, or —NH; —0—P—0® —p—0®
Sulthydryl Amino | |
(Thiol) 0® 0®
Phosphate Phosphoryl

(¢} Linkages in biochemical compounds

O (0]
| I l I I
—C—0—C— —C—0—C— —=N—0—
| | | |
lster I:ther Amide
QO O Q
l | | I

—C—0—p—0° —0—P—0—P—0—

l | I l
0° 0° 0©

Phosphate ester Phosphoanhydride

"Under most biological conditions, carboxylic acids exist as carboxylate anions:

O
i
R—C—0%
; R, R,
= Under most biological conditions, ® q)] ol

amines exist as ammonium ions; R—NH,, R— NH,, and R—NH—R..




Alcohols are classified as primary (1°), secondary (2°), or tertiary (3°) according to
the number of carbons directly attached to the carbon bonded to the OH.

OH OH OH
| |
Hw.lC\CH" H3C"'.lc\CH3 H “'.IC\CHa
H 4 sC
Primary (1°) Secondary (2°) Tertiary (3°)
alcohol alcohol alcohol
« C—OH carbon * C-OH carbon * C-OH carbon
attached to attached to attached to
one carbon two carbons three carbons
The quaternary ammonium = R3” \ R

cations are permanently RZ
charged, independent of

. . Quaternary ammonium cation. The
the pH of their solution. R groups may be the same or iferent

alkyl or aryl groups. Also, the R groups
may be connected



To name amines, we count the number of carbons directly attached to nitrogen

’ : GHs
“7 “CH v "CH v "CH o
H 3 3 H4C A 3 H X 3 H:ﬁsc 3
Primary (1°) Secondary (2°) Tertiary (3°) Quaternary (4°)
amine amine amine ammonium
salt
« N attached to * N attached to * N attached to * N attached to
one carbon two carbons three carbons four carbons
The quaternary ammonium R1
cations are permanently charged, | .

independent of the pH of their
solution. The R groups may be R3/ \\R4
the same or different. R2



Structure of common painkillers

“+— | o
] oH
%
O—C—CH
S ’ OH
|
s CH ¢
A N N
Aspirin | CH OH
faceipizalicplic acid) 2
H o=
N A o ‘
I:I-'ﬂ
| (@eefamsnophen) -
8
CHs /.CH;.
™CH

| Advil
CH; fibuprofen)



Structure of an antibiotic
| } |

Tetracycline




, Sulfide or
Benzene ring Thioether

Amide bond or
Amide group or
Peptide bond

Carboxyl group

Penicillin G



.\ Ketonic
Hz group

N “J CH,|
Amide
group
CH; Ether group

+Azin Nowrouzi (Ph.D.) 12



Vitamins Folic acid (B9) and B12

2-Amino-4-hydroxy-6- 4-Aminobenzoic L-glutamic
methylpyridine acid acid

Pteroic acid

Pteroylglutamic acid (folic acid)

Corrin
nucleus

Functional group:
- Cyano
Others:

- Methyl
- Adenosyl
- Hydroxyl

Benzimidazole
ribonucleosides 5,6

Cyanocobalamin



—-C—0—H

Carboxylate

Carboxyl

Sulfhydryl
Carbonyl




d

b.
€.
d.

Quiz
Which functional group typically has a pKa range of 5-6?

Alcohol with 5-6 carbons
Amine with 6-7 carbons

Ether with 4-5 carbons
Carboxylic acid group

Loy S plaS 5 oleend LSl )

?&.3)|.> S99 %M&ub )'| o

J,“.JLA”] 4.31~;>—Q.“.o'1:-):....,|—JSJ| ~all

(5 ddl— el 5l - Sl -2

- SS9 )5 duel —ael - Sl | adl> -0
(S 9y

*15



Types of chemical bonds

* |nteractions that occur between atoms are
called chemical bonds.
1. Strong chemical bonds:
* covalent bond (between nonmetals)

2. Weak chemical bonds:

lonic bond (between metals and nonmetals)

van der Waals forces (dipole-dipole attraction)

Hydrogen bonding (h-bond)

Hydrophobic interactions



Water in different tissues

Muscle consists of 75% water
Brain consists of 80%-90% water
Bone consists of 22% water
Blood consists of 83% water

Brain consists of
90% water
\

Regulates

body Transports nutrients
temperature and oxygen into
\ cells
Blood Moistunzes the air
consists \ in our lungs
83% water
Helps with our
metabolism
Detoxifies
Protecs our organs

Bone consists
of 22% water Helps our organs to
absorb nutnents
Protects and better
moistunzes our
joints Muscle consists of
75% water

Ll R

17



Fluid spaces in the human body

Cytoplasm

Vacuole

Mitochondrion Nucleus

7

Cell Membrane

Lymph

Transcellutar

18



The content

ater

summary
ateras a solve%
H-bond | | , Hydrophilicity
e Hydrophobicity Buffering
e lipophilicity j E Actionj
I I
/lonization of Waier ) Blologucal
molecule e Weak Acids Buffers

eWeak Base e Types
epH
epKa

eTitration curve

eAcid drugs

(Base drugs

eHenderson-Hasselbach Equation

J

Microscopic
Structure of water,

Water a
a reactant




Hybrid orbitals - sp3 hybridization and
tetrahedral bonding

*  Water has a simple structure.
* Oxygen has 6 electrons in the outer shell: 1s?, 2s?, 2p*.

Oxygen H ) I — i L 0

2s 2py zpy 2p, Sp3

| sp* hybridization

— y O ‘ﬁi‘* pm
o - H @H

/ il
Weakly positive j

Planetary model of a water molecule

;



“Water molecule” is polar

The net charge of water molecule is zero. But O—H bond is polar because

Ois molre electronegative than H. Sharing of electrons between H and O is
unequal.

The charge on O = -0.82 and on H = +0.41. This charge separation
produces permanent dipoles.



Water molecules form H bond

H bond is 10% covalent and 90%
electrostatic.

The strength of H-bond is 4 kcal/mol,
less than 5% as strong as a typical
covalent bond.

The strength of O—H bond is 110
kcal/mol. H-bond is a weak interaction.

Notice that the hydrogen bond (shown
by the dashed line) is somewhat longer
(117 pm) than the covalent O—H bond
(99 pm). This means that it is
considerably weaker.

H-bond can form when a H atom that is
bonded to O or N lies within 0.27-0.30

nm of another O or N atom that has
unshared e".

104.5°
) e N

Hydrogen bond
0.177 nm

Covalent bond
0.0965 nm

«22
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*In ice crystal, each H20
is hydrogen bonded to 4
other H20 molecules.

*Azin Now

rouzi (

Ph.D.)
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Jce *Liquid water

*Hydrogen bonds are stable

*Hydrogen bonds
*constantly break and re-form
Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.

At any given time, most of the molecules in water are engaged in hydrogen

bonding, but the lifetime of each hydrogen bond is just 1-20 picoseconds
(1ps=1023s).

In liquid water, molecules are disorganized and in continuous motion, so
that each molecule forms H-bonds with an average of only 3.4 other
molecules.

+Azin Nowrouzi (Ph.D.)

+16



Structured Water Is Changing Models

(H,0); Ez i
(H20)44 T
(H20)47 ‘
(H20)s o ?o

(H20)1g6 .:';i'-:i:; '

(H20)240 '::3:,:::3::‘:‘.

(HZO)more L: .y

Bennett Daviss
The Scientist 2004, 18(21):14.

*Azin Nowrouzi (Ph.D.)



Microscopic structure of water

* Short-lived groups of water molecules interlinked by

hydrogen bonds in liquid water are called flickering
clusters.

YaHoO!,

'§._' v SecachPad

@ SoatchScan - On
7,770,000 rosuls fo0
water biochemistry:

&9 Show Al

ThinkQuest Library

/ Wikipedia
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B wikibooks
W
Az
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|
\ Ow-H
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Web Images Viceo Local Shopping News More
water biochemistry

~

Also try: water biochemistry ppt. more

Biochemistry - Water

A remew of the propedies of water. ... Water has many unique properties that make 2
essential to all ife
library.thinkquest.org/2875 Hrevewbiochem/2 btmi - Cachad

Concepts in Biochemistry - Concept Reviews

Water. pH. and Non-Covalent Bonding Water. Water is essential for ife. It covers 2/3 of
the earth's surface and every Iming thing is dependent upon #

www wiley.com/  /boyer/B470003790reviews/pHiph_water htm -

Biochemistry Water

Water is 3 good sohvent for polar solutes weth which 1t forms hydrogen bonds. . Teach
Yourself Biochemistry Visually in 24 Hours. Home |

voww rapidlearningcenter.com/chemistry/blochemistry/water

Structural Biochemistry Water - Wikibooks, collection of open

Woter is not only a solvent for many beomolecules but also plays a huge role ... Retneved
from “hitp:ifon wikibooks ocg/wik'Structural_Biochomistry/ Water ~
en.wikibooks.orgimkvStructunl_Biochemistry/Water - (o



Frozen water crystals (snowflakes)




“Goldberg Variations”
Bach music @



Frozen water crystals




Molecules are capable of imposing
certain structures on the water.

A solute is a component of a solution which is present in a small
amount relative to the solvent. A solute can be a solid, liquid, or gas.

therapeutic powers of
homeopathic remedies

Memory of water

William Royer Jr.

U.of Mass. Medical school s India, 2003



“bound water” molecules what do they do?
“Stabilization”

B-DNA with two layers of the
~ spine of water molecules along
the minor groove




“bound water” molecules what do they do?
“Stabilization”

 Water bmdmg (red
dots) in hemoglobin

B-DNA with a spine

Bound water refers to the amount of
of water molecules

water that are bound to macromolecules
or organelles.
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“Proton hopping”

* Hydronium ion migration; hops by switching partners at 1022 per second.

s Vehicle mechanism

%)/;';‘:: % ﬂﬂk : 15 ﬁj

i H
WO g 0@

? Grotthuss mechanism (Proton hopping)
] ®
O—H
o AAM AHRAEE
H\o%_ 0% *Myelinated axon nerve impulses travel
I \ 100 times more rapidly than impulses in
H H non-myelinated axons.
: : *Proton Hopping: A Proposed Mechanism
SOIA0PDG (cpey, Coldnen & Sanos OF for Myelinated Axon Nerve Impulses.

H-bonded water molecules cause rapid net
movement of H+ and OH- ifons over a long *CHEMISTRY & BIODIVERSITY - Vol. 10 (2013)

distance and hydroxide mobility is large *Lemont B. Kier
compared to other ions.



Solvent and Solute

Solutions:
— Solvents dissolve other substances.
— Solutes dissolve in a solvent.

solvent

solution

solute

Solvent rules: “Like dissolves like.”
— Polar solvents dissolve polar solutes
— Hydrophilic. “water-loving”
1. Capable of forming H-bonds with H20 molecules
2. Capable of being ionized in water

O Al s9sa re s » ) Y 1
Azin Nowrouz: (Fh.D.)
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Water molecules form H-bonds with polar solutes
and with functional groups

0
(a) (b) B \
R H R

H—? o

(¢) 0 (d) H R

H :
4 .
| o—n
H 3
B S H
O
R R

‘0—H

Ol —0O

H H



Solubility

Hydrophilic

Drug Solubility

1.0 ”-'”" Hydrophitic

”:(7, ”’({ H.0

ol / “,()
HO 0. _oN _\*° Hydrophilic
LYo, cH, 3
H{ —
Yo
0 H,0 1,0

3
.8

(a)

s

(c)

p—

—
e

-
:g

oot
N

O+ —0

%
/

e >}

o

o

oo

Qz\

/
o)

(b)

3
g

H—

(d)

8
o
s

3)
3

-
\
o

v

g

o~

—
—

O—H

@
3)

e >
=

3

O¢

(e)

\

o
i
-
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Water solubilization of functional groups

Functional Monofunctional | Polyfunctional
group compound compound
Alcohol 5-6 carbons 3-4 carbons
Phenol 6-7 3-4

Ether 4-5 2

Aldehyde 4-5 2

Ketone 5-6 2

Amine 6-7 3
Carboxylic acid | 5-6 3

Ester 6 3

Amide 6 2-3

21 C atoms

Tertiary amine Solubility = 6-7 C atoms
Neutral form = insoluble



More practice problems

Penbutolol

Y \Q\/\o&\—/

Betaxolol



Electrostatic interaction with charged solutes

*solution

Copyright ©® 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. Al rights reserved.
Azin Nowrouzi (Ph.D.)

«20



lons change structure of liquid water

/%Qs

‘9

lonic substances are soluble
because the net attraction
of the + and — ions for water
is greater than the
attraction of oppositely
charged ions for each other.

Formation of the Hydration
shell.

outer hydration shell (cybotactic region,
semi-ordered)

inner hydration shell (chemisarbed
and ordered waler)



Nonpolar gases are poorly soluble in water: How are

they carried in blood?

A solute is a component of a solution which is present in a small

amount relative to the solvent. A solute can be a solid, liquid, or gas.

Solubility
Gas Structure* Polarity in water (g/L)!
Nitrogen N=N Nonpolar 0.018 (40 °C)
Oxygen 0=0 Nonpolar 0.035 (50 °C)
Carbon dioxide Woay = Nonpolar 0.97 (45 °C)
0=C=0
Ammonia HH Hl Polar 900 (10 °C)
sl
Hydrogen sulfide H H Polar 1,860 (40 °C)
\S/ Ia-

*The arrows represent electric dipoles; there is a partial negative charge (5 ) at the head of the amrow, a partial positive charge

(8™; not shown heee) at the tail,

tNote that polar molecules dissolve far better even at low temperatures than do nonpolar molecules at relatively high temperatures,

44



Microscopic structures of water

)LUO)‘))(‘& G‘WO",V/)M/W/WV
ﬁ}r’d/)ﬂvﬁf%y’éa — T C//‘J __-dejiy
(’Sf/

)Og“"——-)’) o o/)\f bwa/u’foéJto-Jl)

’if) é./@'owag2 Pt S
/M “’EDA\&\;\ =

SR GG s &5
Q‘/’L &JQ(@]&J\ ;,‘J' O¥0 2 €6/,
Na’s@/mtw&g)//é Gl sl &m}«(&’gﬂr@‘{ V) < i
#e =
Q‘L*)"”"”‘/’”% V/‘ fs’//j Ylotsr (bl =251y O2Z L -
‘d,{//u"—&//@}-‘(: (ﬁ\-’-“‘/ dp/:;) d(_:vd\ e, ¢
M/



Nonpolar substances are fat soluble

* Non-polar solvents dissolve non-polar solutes:
— Polar and non-polar separate
— hydrophobic— “water-fearing”
— Lipophilic — “fat-loving”
— Long chains of =(CH2)_- are nonpolar; they are called
“lipids” or “fats”.

e Hydrocarbons and nonpolar
molecules are insoluble
because water-water
interactions are stronger
than water-hydrocarbon
interactions.

e Qil droplets in water join
together because water
molecules force nonpolar
molecules together and
surround them.




“Flickering clusters” of HzO
molecules in balk phase

Hydrocarbons and lipids in water

¥ &rBe
J ~ );( X Doiis i 130
;&ﬂ)xxi of i ‘? '9).3 mtmm
o4 VR L
% ?ﬁ‘ t& o3 ~doq highly ordered.
}y & 'JA) §(&.
&% é‘u &y RAELT
@ o

ks
<
v&g)
~
-

4
»
’o

Highly ordered H{O molecules form
“cages” arcund the hyﬁ;@hobk alky! chalns

Single-tail lipids are long-chain carboxylic acids.

Substances that possess both hydrophilic and hydrophobic
p?operties are caqleé ?'amphipayhicg%rl ’l’amp?\ip\‘\ilicg :

water mgl cules force nonpolar molecules together and
surround them.

This phenomenon is called hydrophobic effect or
hydrophobic interaction.

surrounding
molecizles to &?mo

Clusters of lipid
molecules

Only lipid portions

at the edge of

the cluster force the
ordering of water.
Fewer HoO molecules
&2, are ordered, and
entropy is increased.

Micelles

All hydrophobic
RTOups are
sequestered from
water; ordered
shell of HoO
molecules is
minimized, and
entropy is further
increased.

47



hydrophobic
fatty acids

48



Water as a solvent

Water is a polar solvent:

Compounds that dissolve easily in water are hydrophilic
(Greek, “water-loving).

Nonpolar molecules that are not dissolved in water can be
dissolved in nonpolar solvents (chloroform, and benzene).
These nonpolar molecules are called hydrophobic (water-
fearing) or lipophilic (fat-loving).

Compounds that contain regions that are polar (or charged)
and regions that are nonpolar are called amphipathic or
amphiphilic.



TABLE 2-5 Four Types of Noncovalent (“Weak")
Interactions among Biomolecules in Aqueous Solvent

Hydrogen bonds
Between neutral groups >c=o| HH—O—
Between peptide bonds >c=0| : .H_N<
lonic Interactions 0
Attraction = Dl ke 'O_g_
Repulsion —*NHp «— H,N*—

Hydrophobic interactions

van der Waals interactions Any two atoms in
close proximity *50



Water as a reactant

O O 0] O
R—O—g—O—I—O' + H,0 — R—O—{l—OH + HO—-LO'
= i

(ATP) (ADP)

o_

Phosphoanhydride
(a)

O O
R—O—ﬁ—O' + H,0 — R—OH + HO—E—O‘

Phosphate ester ®)

0 0
V4 Y
R‘—C< +H,0 —— R~

OR? “oH

+ HO—R?

Carboxylate ester
(e)

0O 0] 0 O
R—b—0—P—0-+H,0 — r—¢" +HO—P—0"
e “oH &

Acyl phosphate
s (d)

*43



Autoionization of water, giving
hydroxide and hydronium ions.

et B -;11;7/
el [
1 W e / «  Autoionization.
oY o B « A small fraction of water molecules—
® = o B o approximately 6 in 100 million—
= A o % ionize spontaneously into hydronium
RN e ; "e ions and hydroxide ions.
H H ' H’O
W’ A _ o 2 A : .
e ?\ N ¥ « This picture necessarily
KN g WY »«Q overrepresents the amount of
W=\ @ e e autoionization that really occurs in
' T ® ) pure water.
\~.';:‘ f ’”\H .,,.'/" O & ~




lonization of water

Keq=1.8 x 10°%¢
H,O == H* + OH~ [H20]=55.5 M (this is the concentration of
(H*[OH"] pure water in mol/L)
[H,0] [because (1000g/L)/(18.015 g/mol)].
(55.6)Keq = [H*][OH]

[H20] x Keq=[H+] x [OH-] (55.6)(1.8 x 10°%°) = [H*][OH] = K,,

K, = 1.0 x 1014 = [H*][OH"]= [H*]?
Kw=Keqx[H20]=(1.8x10"15)x(55.5) [H*]=1.0x107M

[OH]==1.0x107M

pOH = -log [OH"] =7 pKy + pKyy = pKa

pH = -log [H*] =7 7+7=14

pka = -log Ka = 14 For pure water:
pH=7 and pOH=7
pH=pOH
pH + pOH = 14

An acid is a chemical species that can donate a proton (H+).
A base is a chemical species that can accept (gain) a proton.

Water is amphoteric, because it can act as either an acid or a base.



Autoionization of water, giving
hydroxide and hydronium ions

H,0 +

H,O = H;0" + OH™
d base

2Hq H,0*

- O i [ —-14
s. Q — Q

Summary of Relations for Acidic, Basic and Neutral Solutions

Classification Relative lon Concentrations pH at 25 °C
acidic [H30"] > [OH™ pH <7
neutral [H307] = [OH] pH =7

basic [H30™] < [OH] pH >7



pH of a solution

pH= -log[H"]

[H*] = [OH] Neutral solution, pH=7
[H*] > [OH] Acidic solution, pH<7
[H*] <[OH-] Basic (alkaline) solution; pH>7

* Pure water is a neutral solution with a pH=7.



Adding acid into pure water

[H,0]
20x10*Mm
[H,0°] [OH]
é - TRt
10x10°M i i 10x10° M
(1.0 x 107 MR =1.0 x 10* = K, (2.0 x 10 M)(5.0 x 10* M) = 1.0 x 10" = K,

The ion-product constant is £, = 1.0 x 10"** the whole time at 25°C. In
pure water, [H,0*] = [OH] = 1.0 x 10”".

When we increase [H,07], like a seesaw, this is balanced and
counteracted by a decrease in [OH™] — this keeps K, constant.



Pure water vs. buffer solution after adding
acid or base

14 -
12 -

10 +

OOH/0.5 M NaCH,COO Buffer
OOH/0.5 M NaCH,COO Buffer

.20 mol HCl added

Pure water Pure water Buffer Buffer

- Effects of acid and base addition on pH change of ﬂure water at pH
7.00 and on acetic acid/sodium acetate buffer at pH 4.74.



TYPES OF BUFFERS

Two types:
Q ACIDIC BUFFERS -

Solution of a mixture of a weak acid and a salt of this weak

acid with a strong base..

E.g.: Cl-l COOH 4 & CH,COONa
twgakaefd) | (‘i alt)

"' f“ * f‘
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How does a buffer solution resist pH

changes?

A CH3;CO0H(aq) + H,0(l) = H30%(aq) + CH3C00 (aq)
Buffer solution after BufTer solution with Buffer solution after
g adding strong acid equimolar weak acid and adding strong base
RS e e its weak conju gatohase:. oo oo
)
£ + H;0' +OH"
3 ] [
=
’c L N . .-, . -y - .« .
~ Equilibrium position Equilibrium position
shifts to the left shifts to the right

When a strong acid a(pmdua'ng H;0") is added to a buffer solution, the weak base is converted to its

weak con
is conv

ugate acid. When a strong base (producing OH") is added to a buffer solution, the weak acid
ed to its weak conjugate base.



Buffer solution mechanism




Site Buffer System Comment
ISF Bicarbonate For metabolic acids
mg&, Phosphate Not important because concentration too low
Protein Not important because concentration too low
Blood Bicarbonate Important for metabolic acids
Haemoglobin Important for carbon dioxide
Plasma protein Minor buffer
Phosphate Concentration too low
ICF Proteins Important buffer
Intracellular
s Phosphates Important buffer
Urine Phosphate Responsible for most of ‘Titratable Acidity’
Ammonia Important - formation of NH,™
Bone Ca carbonate In prolonged metabolic acidosis

*Azin Nowrouzi (Ph.D.)



Dissociation of weak acids

* An acid dissociation constant, £, (also called acidity constant, or acid-
ionization constant)

* Itis a quantitative measure of the strength of an acid in solution.

pK, = —log K, *Ka X acid strength (or acidity)
1
acid strength (or acidity)

pKa X

K, and pK, values of some common of acids (25°C)

No. Acid K, pK;
1 Hydroiodic acid (HI) 3.16x10° -9.5
2 Hydrobromic acid (HBr) 1.0x10° -9
3 Hydrochloric acid (HCI) 1.0x10¢ -6
4 Sulfuric acid (H,SOy) 1.0x10° -3
5 Hydronium ion (H;0%) 55 -1.74
6 Nitric acid (HNO;) 28.2 -1.45
7 Trifluoroacetic acid (CF;COOH) 5.62x10! 0.25
8 Oxalic acid (HOOC-COOH) 5.37x10° 1.27
9 Acetic acid (CH;COOH) 1.75x107 4.76




[H*] > [OH]
pH<7

[H*] =[OH]
pH=7

[H*] <[OH]
pH>7

(_/’\ o
»‘-\s:; ‘;:';
—
= / 1 ’
e b \‘/
- (m-“';l 2 -Lemon juice, gastric juice
OH™ H' N
QW Ht® 3 -Grapefruit juice, soft drink

SRENL. 4 -Tomto)ulco’

10

N - rﬁ 1"
OH"™ 74‘

| s 12
OH H* on
OH- OH™ #

y‘". m:;. ‘3

14
Copyright © 2005 Pearson Education, Inc. Publshing as Pearson Benjamin Cummings. Al rights reserved

*Azin Nowrouzi (Fh.D.)
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pH Scale

F . > "
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Gastric acid Lemon Vinegar Tomato Coffee Milk  Water Sea water Antacid Ammonia Scap Bleach

2 3 4 § ¢ 891011121314

—i—

Acidic Neutral Alkaline

64



Buffers

* Function of buffers:

1. Aqueous systems that resist changes in pH when small amounts of a
strong acid or base are added.

* A buffered system:
1. Consist of a weak acid and its conjugate base.

2. The most effective buffering occurs at the region of minimum slope
on a titration curve (i.e. around the pKa).

» Effectiveness of buffer solution:
1. Are effective at pHs that are within +/-1 pH unit of the pKa.



Henderson-Hasselbalch Equation

HA = [H*] + [AT]

HA = weak acid
K, = I%l}\%l A- = Conjugate base
*2) [H] = K, [HA]
[A]
*3) -log[H*] = -log K, -log [HA]
[A]
*4) -log[H*] = -log K, +log [A7]
[HA]
H-H equation describes the
) pH=pK,+log [A] ~ + relationship between pH,
[HA] ™ pKa and buffer concentration

. “When: [HA] = [A]

= pH = pKa



Comparison of buffered and unbuffered
solutions

Add to each:
Immol of NaOH

HA —— A- + H+ ’
pH 7.0
410 mmol HA

[OH] = 1.0 mmol/100m| 1.0 mmol of OH" reacts with 1.0 mmol of HA.
=0.01M » mmol of HA decreases to 9.0.
pOH = - log [OH] = 2.00 » mmol of A increases to 11.0.
pH =120 pH=7.0 +log 11/9
The change of pH is from 7.0 to 12.0 or pH=7.09

S units. »  The change of pH is only from 7.00 to 7.09 or 0.09 units.



You can use H-H equation to draw titration curve

If 1% NaOH added:

* PH = pK, +logyg [201]

» pH = 4.76 - 2.00
+ pH=2.76

[0.99]

Y

14 -
= © e 099]
o L(}:(:i;a%om [CH,COO®] pH = pK, +log, (0%°]

89 Endpoint —
6 - J l

« pH=4.76 +2.00
« pH=6.76

[0.01]

|

e —————
Bl — ———————

0 0.5 1.0
Equivalents of OH®

If 50% NaOH added:

* pH = pK, +logye [0°]
[0.5]

° pH = 4.76 + O
° pH = 476 — pKa




Types of acids

Monoprotic acids /0 ,L
Acetic acid CH,C\ — CH,C\ + H*

(K,=174 X 10-%y) OH 0~

Ammonium ion NH{ — + H*
(K, =5.62 X 10-°5) pK, =9.25

Diprotic gcldg
C(Ka.ﬂ:il.l;oagdm-‘u); H,CO; == HCO5 + H* HCO3 5+ CO3~ + H*
Bicarbonate pK,+ 6.33 pK, =10.2
(K, =6.31 X 10-11 )

-

Glycine, carboxyl NH; g NHy ¢ NHS o NH, o
K.=457x 10wy, |by o?| — Ly o? = | = g = 2
Glycine, amino CH,C, | ¥=CHC, | +H CH,C,  =|CHC, +H'
(K. =251 X 10-1°p) OH 0- 0- 0-
pK, =234 pK, = 9.60
Triprotic acids

Phosphoric acid
(K, =7.25 X 10-3M);

Dihyd hosphate = 5 + g = + A IS =
(K.i {?38;';1)10§'?u); H,PO, H,PO; + H H,PO; = HPO3~+ H HPO3~ == PO}~ + H*

Monohydrogen phosphate pla=2.14 pKo=7.21 =124
(K, =3.98 X 10-12p1)

1 2 3 4 5 6 7 8 9 10 11 12 13
pH

*Azin Nowrouzi (Ph.D.)



Titration curve

HA =[H'] + [A7] .
K,=[H][Ac] 12 { Midpoint -
[HAc] [CH,COOH] = [CH,C00 ]

pH=pK,=4.8

\Endpoint —

0 0.5 1.
Equivalents of OH ©

© N » O ®

S

Figure 2:16 Principles of Blochemistry, 4/e
© 2006 Pearson Prentice Hall, Inc.



pKa values determined by titration

9
8 - CH,COO- L
r [CH,COOH] = [CH,C00-]

_T_ pH 5.76

Buffering
region

—‘I'— pH 3.76

| 1 | 1

0
0 010203040506 07 08 09 1.0

OH~ added (equivalents)

I ! I
0 50 100%




Phosphate has three ionizable H* and three pKas

Third midpoint
(HPo L) = (PO L)

pK,= 12.7
14 -
N\
12 - / :
'n\i'ld )
Second midpoint endpoint
10 - [H.POL] = [HPO D] :
pK,=7.2 .\ ,
8 - I Second '
I endpoint !
: __________________ ) !
S 1} ]
First midpoint - '
6~ ) \
[H,PO,] = [H,POL) ' ‘
pK,=22
4 - A l\ : :
: First : :
| endpoint 1 !
s | | |
— | | ]
| ] |
| ] ]
0 Y Y r y . ,
0 0.5 1.0 1.5 2.0 2.5 3.0
Equivalents of OH®
0 0 ; 0 : 0
I 0% I 0% I 12 I
no—|l>—on ———: llO—-P—g — 8—P—8 — 8— P—%
I I I
OH OH OH o°
“+ “ +
H® H® H®

(2.19)



How does a buffer system work?

Buffering results from two reversible reaction equilibria.

It occurs in a solution of nearly equal concentrations of a proton
donor and its conjugate proton acceptor.

The decrease in concentration of one component of the system is
balanced exactly by an increase in the other.

(CH,COOH) \

K, =[H"][OH]
OH~ H,O
Acetic acid HAc "—) A~ Acetate
‘_/ (CH,COO™)
H+

[H*J[Ac™]
[HAc]

KII =



Titration can be used to calculate the
concentration of a known acid

* Suppose you have 50 ml of HCI. But you do not know its concentration.
You can put a drop of phenolphthalein (a pH indicator) and titrate with 0.5
M NaOH till the endpoint. At the endpoint (which is determined but a
color change) you must record the total volume of NaOH that is used. You
can then use the following equation to find the concentration of your acid.
If 25 m| of NaOH solution was used for complete titration:

M=molarity M yci+ V e = M Naow - V Naon
e My x(50) =0.5x 25
moles
M: L M HCl — 0.25 M
Molos= weight of substance (grams)

Molecular weight of that substance (MW)

weight of HCL in grams=0.25 x MW (which is 36.5)

Azin Nowrouz: (Ph.D



What if the acid is diprotic or triprotic?

Suppose you have 50 ml of H2S0O4. But you do not know its concentration. You can put a
drop of phenolphthalein (a pH indicator) and titrate with 0.5 M NaOH till the endpoint.
At the endpoint (which is determined by a color change) you must record the total
volume of NaOH that is used. You can then use the following equation to find the
concentration of your acid. If 25 ml of NaOH solution was used for complete titration:

*  We know that sulfuric acid reacts with NaOH in the 1:2 ratio, so we can write:

2NaOH + H,S0, - Na,S0, + 2 H,0

2M H2S04 * V H2S04 — M NaOH * ' NaOH

2M 9504 X (50) = 0.5 x 25

M yoonY naok = 0.5 x 25 — 0.125

M —
HEH0S T ) 2 (50)

So, the weight of H2S04 in grams=0.125 x MW

«Azin Nowrouzi (Ph D



What if the acid is diprotic or triprotic

Suppose you have 50 ml of H2S04. But «  Then you need to use normality
you do not know its concentration. You instead of molarity.

can put a drop of phenolphthalein (a pH
indicator) and titrate with 0.5 N NaOH till

the endpoint. At the endpoint (which is N V — N Vv
determined by a color change) you must H2504 * ¥ H2S04 — " NaOH * ¥ NaOH

record the total volume of NaOH that is

used. You can then use the following N H2504 X (50) =0.5x25
equation to find the concentration of N

your acid. If 25 ml of NaOH solution was N HCl = 0.25N

used for complete titration:

: Equivalents
N=normality N=-1 3

welight of substance (grams)
Molecular weight of that substance (MW)/n

Equivalents =

n = number of hydrogens an acid can release. n=2 for H2S04
So, the weight of H2S04 in grams=0.25 x MW /2 (or 98/2=49)

" (Y I
AZIn Nowrouzi (-



Molarity vs. Normality

Normality = Molarity X n

* where n is the number of H* ions (for acids) or
OH™ ions (for bases) per molecule. For
example, sulfuric acid (H,SO4) has a basicity of
2, so its normality is twice its molarity.



Cell membrane is hydrophobic
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pH environment in the Gl tract

Saliva
65 -75 pH
up to 1 minute

Upper Stomach (fundie)
40 -65 pH
30 - 60 mins

Lower Stomach
15-40 pH
1-3hrs

Duodenum
70 - 85 pH
30 - 60 mins

Small Intestine
40 -70 pH
1-5hrs

Large Intestine
40 - 70 pH
10 hrs - several days

This diagram illustrates the average time
f00d spends in each part of the digestive
system along with the average pH.

The pH is a way of measuring how acidic or alkaline the
body is.

The pH in the human digestive tract varies greatly (see
Human Digestive Tract pH Range Chart on the left side).

The pH of saliva is usually between 6.5 - 7.5.

After we chew and swallow food it then enters the fundic
or upper portion of the stomach which has a pH between
4.0-6.5.

This is where “predigestion” occurs while the lower portion
of the stomach is secreting hydrochloric acid (HCI) and
pepsin until it reaches a pH between 1.5 —4.0.

After the food mixes with these juices, it then enters the
duodenum (small intestine) where the pH changes to 7.0 —
8.5.

This is where 90% of the absorption of nutrients is taken in
by the body while the waste products are passed out
through the colon (pH 4.0 - 7.0).
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Ibuprofen

Amoxicillin Phenytoin
Acetazolamide Levodopa PTU
Aspirin Methotrexate Salicylic acid
Chlorothiazide Warfarin Sulfadiazine Table 1: Drugs with co miing pia valnes
Ciprofloxacin Methyldopa Sulfapyridine Dreg NS oK,
Cephalexin Penicillamine Theophylline Acetyl salicylic acid | Acid 3.49
Ethacrynic Acid Pentobarbital Tolbutamide Ethosiss: ¥l l-delhn ﬁg: ;;6
Furosemide Phenobarbital Chlorpropamide Acid 4.8
RSt Sulfadrazine Acid 6.48
; W10 Dephenghydantoin Acid 8.3
. : Atropine Base 9.65
Alprenolol Ephedrine Morphine Ao bt Fate 0.8
Allopurinol Epinephrine Nicotine  Lignocaine Base 7.9
v = = - - Procaine Base 8.8
Amphetamine Imipramine Norepinephrine T = Bt 33,7897
Atropine Lidocaine Pilocarpine
Chlorpheniramine Methadone Pseudoephedrine
Cocaine Methamphetamine
Diazepam Methyldopa
Diphenhydramine Metoprolol




Some common drugs that are weak acids

* Commonly used drugs that are weak acids

include paracetamol, propofol, and
thiopentone.

* Weak acids are better absorbed in the
stomach due to the acidic environment,
where they become less charged. Other
examples of drugs that act as weak acids
are barbiturates.

* Understanding whether a drug is a weak
acid or base is important because it
influences how the body absorbs and
processes the drug, affecting its efficacy
and how quickly it is eliminated.

*Levodopa (2.3)
*Amoxycillin (2.4)
*Aspirin (3.5)
*Cephalexin (3.6)
*Frusemide (3.9)
*Warfarin (5.0)
*Acetazolamide (7.2)
*Phenytoin (8.4)
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contains -COOH
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contains —NH2
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Cell membrane and drugs

Bilayer of amphipathic lipids
with the hydrophobic chains
Rointinﬁ inwards and the
ydrophilic heads pointing
outwards.
like dissolves like, thus
charged (ionized) molecules
will have a difficult time
crossing this bilayer with
uncharged (non-ionized)
molecules crossing more
easily.
Urine pH
tends to be acidic but pH
ranges from 4.6 - 8.

Membranes of
gm (he nephron

'.ow'

 Lipid Diffusion
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