Biochemistry

: J 'Y i
NG | Mohammad Alomari

UNY () 0789791324




Water: The Solvent for Biochemical Reactions
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Water and Polarity:
- Water is the main component of most cells.

- Water is a polar molecule, meaning it has partial charges (6* and 67).
- The geometry of water molecule and its properties as a solvent play major roles in determining
the properties of living systems.
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- Electronegativity Values of Key Biological Elements:

4 Element Electronegativity
Oxygen (O) 35
Nitrogen (N) 3.0
Sulfur (S) 2.6
Carbon (C) 2.5
Phosphorus (P) 2.2
Hydrogen (H) 2.1 v
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- Electronegativity is a measure of how strongly an atom attracts electrons when forming a bond.
- Oxygen has the highest value (3.5), so it attracts electrons more than the others.
= Note: Oxygen and nitrogen are more electronegative than carbon and hydrogen.
- These values help explain how molecules behave in the body, like in water or proteins.
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What is polarity? Dipole moment
- Property that describes how electric charges are distributed across
the molecule.

- A molecule is polar if it has:

= Unequal sharing of electrons between atoms

= A region with slight positive charge and another with slight

negative charge
=>» This creates a di-pole (like in water, H,0).

Covalent bond
length =0.095 nm

van der Waals radius
of oxygen=0.14 nm

van der Waals radius
of hydrogen=0.12 nm
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~ Whatis a Polar Bond?
* |na polar bond, electrons are not shared equally between the atoms.
* In H;0, oxygen attracts electrons more than hydrogen.
= This makes oxygen slightly negative ( 6 ~) and hydrogen slightly positive (0 ™).
=>» The water molecule has a bent shape, not straight.
=>» This unequal charge distribution createssasdipole momentgpointing fromspeositive to
negative.

Polar Bonds and Molecules:
- Bonds in a molecule may be polar, but the molecule itself can be nonpolar

— + —
Because of: o 26 o
" its geometry: as CO2.
»  Two atoms share electrons evenly like betweenH & H, O=(C=0

- Some important noncovalent bonds:
= |onic bonds: Held together by positive and negative ions
= Salt bridge: Interaction depénds on the attraction that ocglirs when oppositely charged
moleculesiare near one another (likebetween COO- and — NH3+).
» |on—dipole interactions: Occur when ions in solution interact with molecules that have
dipoles.
=>» Example - NaCl dissolved in H20.
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lonic Bonds

- Inionic solids, ionic bonds hold the cations and anions

together.
- In agueous solution, these ionic bonds are replaced by ion—

dipole interactions.
» The negatively charged chloride ions are attracted to

the partial positive charges on water.
* The positively charged sodium ions are attracted to the
partial negative charges on the water
= Water surrounding ions of this type = hydration shells.
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Van der Waals forces:
- Called van der Waals interactions or van der Waals bonds
- Noncovalent associations based on weak attractions of transient dipoles for one another
- These forces are 3-noncovalent bonds ‘(do not invelve electrostatic interactions of'eharged ions)"
= . Dipole—dipole interactions:
V" Forcestthat occur between molecules that are dipoles.
v' Partial positive side of a molecule attracts the partial negative side of another molecule.
» Dipole—induced dipole interactions:
v Permanent dipole in one melecule can induce a transient dipole in another molecule
through momentary. distortion of electron glouds
v Weak and generally do not lead to solubility in water.
* Induced dipole—induced dipole interactions:
v' This attractive force is, often referred to as London dispersion force. (i.e., Attraction
between transient induced dipoles)«
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Dipole-Induced Dipole Bonds

s The dipole of water induces _ 8-
. adipole in O, by distorting
- Polar water can distort the electron cloud of a nonpolar 0 OO _cUkmin g o0

molecule, like oxygen, creating @ momentary dipole
» The nonpolar will temporarily act like a polar molecule.
= Thus, water will be attracted to it.
=>» Now the water and that molecule can attract each other, even though the second one
wasn't polar to begin with.

o8 ()
0, 0,

- This explains how water can interact with some nonpolar gases £4 .
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Induced Dipole-Induced Dipole Interactions (London dispersion forces)

- Attractions arise when otherwise nonpolar molecules:
» Bump into each othef and distort each other’s electron shells = forming induced dipales.
» Once the dipoles are formed, the molecules are momentarily attracted to one another.
= The nonpolar became polar "temporarily" and it will induce conversion of nonpolar into polar
"temporarily".
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Summary:
- If we want to break each bond we will spend energy in deferent quantities, according to the type
of the bond:

Hydrophilic (Water-Loving) Hydrophobic (Water-Hating)
Dissolve easily in water Do not dissolve well in water
Polar covalent compounds (e.g.,  Nonpolar compounds (e.g.,
ethanol, acetone) hexane)
Sugars Fatty acids, cholesterol
lonic compounds (e.g., KCI)
Amino acids, phosphate esters

Notes:

Covalent bonds are the strongest.
Hydrogen bonds and ion-dipole interactions are moderate.
Van der Waals are the weakest, but still important in large numbers.
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lon—Dipole and Dipole—Dipole Interactions
lon—dipole and dipole—dipole interactions help ionic and polar compounds dissolve in water.
Part A: lon-Dipole Interaction
= Happens when an ion (like K* or CI7) interacts with the partial charges (6*, &) on water.
= Water molecules surround the ion, helping it dissolve in water.

- Part B: Dipole-Dipole Interaction O Lo dpclelmmas sy gt o
. 5+H/ \Ha*
* |t happens when polar molecules (like alcohol or W@
9 . L —n¥ 82— o 8 | | 8-
ketone) interact with water. i N
. ¥'H ' 151
» These molecules have partial charges too, so they y———
; it 2 O
attract the partial charges on water. = s Ot P
» This also helps polar molecules dissolve in water. e | ‘me
Y e #Fg—H R R
5+\H H/a* o
- These interactions explain why salt, alcohols, and other B
B . he examples shown here are an |
polar substances mix well with water. scohot (RO nd keone (REC 0. |
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Water as a Solvent — Hydrophilic vs. Hydrophobic:

Hydrophilic (Water-Loving) Hydrophobic'(Water-Hating)
Dissolve easily in water Do not dissolve well in water
Polar covalent compounds (e.g., i Nonpolar compounds (e.g.,
ethanol, acetone) hexane)

Sugars Fatty acids, cholesterol

lonic compounds (e.g., KCl)
Amino acids, phosphate esters

- Hydrophobic interactions = Attraction between nonpolar molecules (they stick together away
from water).
- Amphipathic substances = Molecules with both polar and nonpolar parts.
- Example: Sodium palmitate (has one end that loves water and another that hates it).
:(Hydrophobic interaction) sleld 0,8 Jelas -
(0 Ay pand Qi dudad sl Ol g -

:(Amphipathic) &dluel slge -
S sy (Ml o 5> @ Ol (o -
(Sodium palmitate) @lixelb pg3940 e -
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Sodium Palmitate, an Amphipathic Molecule

- Amphipathic molecules have two parts:
= A polar head (hydrophilic — loves water)
= A nonpolar tail (hydrophobic — hates water)

- Sodium Palmitate is a salt of palmitic acid. It has:
= A polar carboxyl group (COOT) that interacts with water
* Along hydrocarbon chain (CHz)14CH3 that avoids water

- Amphipathic molecules are important in soap, cell membranes, and micelle formation.

The sodium salt of palmitic acid: Sodium palmitate Re L@'-“'B @W;)” Qbﬁ)’"" ‘ -
(Na+-OoOC(CH2)”CH3) (Hydrophlhc) g&“ o @h..é u.oi) .
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Micelle Formation by Amphipathic Molecules
- Spherical arrangement of organic molecules in water solution clustered so
that their:
» Hydrophobic parts are buried inside the sphere
= Hydrophilic parts are on the surface of the sphere and in contact with
the water environment.

- Formation‘depends on the attraction betweenstemporary induced dipoles
=  When micelles form, the ionized polar groups are in contact with the water.
= The nonpolar parts of the molecule are protected from contact with the water.
=>» Water-friendly heads protect the water-hating tails.
- This is how soap cleans oil: tails catch the oil, heads stay in water.
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Hydrogen Bonds
- Hydrogen bond = weak attraction between molecules.
- Another type of noncovalent attractive interactions between dipoles when:
= Positive end of one dipole is a hydrogen atom bonded to a highly electronegative atom
(hydrogen-bond donor)
= Negative end of the other dipole is an atom with a lone pair of electrons (hydrogen-bond
acceptor).

L2

| (hydrogen bond donor) H H
Linear < H Nonlinear 1 ‘

|
|

(0]
b G

/O\

(hydrogen bond acceptor
= Nonlinear bonds are weaker thgan bondsfin \'/vhich all three atoms lie in a straight line.
» Linear bonds are stronger than nonlinear ones.
ez g ydegl aolgll -
lisadl g Capmall 3] 50 £55 (P Ackergyeg)) Alasly)l
1AW @Y § (dipoles) el LSS o Gdosy dumdludll e Lalgll (o piad =
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.hydrogen bond donor : s = (F
.hydrogen bond acceptor :owue = dashy ae @Ug A z9) clled )3 e (Sgrme Il Byll v
las e 055 &M @l OY ¢(nonlinear) aasdl aé dal I 5s'@sdi (linear) Al dal )i v

:(Hydrogen-Bonding Sites) dduzrg dug)! Jslg Il (5SS adlge -
Oaianally (donors) cpesiladl dde s dduzrg gl Laslgyl oo (fae dde Jomy iy s3> S

.(acceptors)
Hydrogen-Bonding Sites
- Shows how many hydrogens bonds each molecule can make. accegis
- HF: 1 donor, 3 acceptors e
- Hz0: 2 donors, 2¢@cceptors acceptors
- NHs: 3 donors, 1 acceptor PR AR | S
A
Interesting and Unique Properties of Water R rim— S gran—O
- Inice, each H,0O: t H " H
= Donates 2 H-bonds /" H =
= Accepts 2 H-bonds H_;T',_H....=+_H....:+_H....ﬂ%_H
» Forms a tetrahedral structure W H H H
= This explains why ice floats — it's less dense. e

Adzrg s Jslsy e 63 slo iz b Uadpe 0550 (Ml D> §) clo egir S -

oebasly @ (donor) @S Jess -

ey oslasly & (acceptor) JuiiusS Jamss -

°104.3 Jls> Jaslgy blgs eslodl 53! (tetrahedral) osgll (£by)l il Juais (Son il lda -
el ddy b ddadl b Oline (Ll W5 45 8Sle ddadl 2 Ti> S om -
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Comparison of Properties of Water, Ammonia, and Methane
- BEven though hydrogen bonds are weaker than covalent bonds, they have a significant effect on

the physical properties of hydrogen-bonded compounds.

Substance Molecular Weight Melting Point (°C) Boiling Point (°C)
Water (H;0) 18.02 0.0 100.0

Ammonia (NH3) 17.03 —77.7 -33.4

Methane (CHy) 16.04 -182.5 -161.5
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Hydrogen Bonding between Polar Groups and Water

- Ifa polar solute can serve as a donor or an acceptor of hydrogen bonds, it can:
= Form hydrogen bonds with water
» Participate in nonspecific dipole=dipole interactions
= R-OH (Alcohol), R-NH2 (Amine), R-COOH (Carboxylic Acid), R-CHO (Aldehyde), & ketones
can form H-bonds with water, so they are soluble in water. »Jb l929de oS
TRl cas -
B (g sl () Gy Ally Jam s 5 Lged 8oLl 1] -
e Jelamy -
Woggu dd Cgliny -
- Examples of Major Types of Hydrogen Bonds Found in Biologically Important Molecules
* Hydrogen bonding is important in the stabilization of 3-D structures of biological molecules,
such as DNA, RNA, and proteins.

Ly llg RNA9 DNA 99! (sl 1) cdbgandl colipaell Si sl Sl daslg I el PV
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Acids, Bases, and pH
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Acids and Bases definitions:
- Arrhenius Definition
» Acid: Produces H* ions in water — Example: HCl — H* + CI~
» Base: Produces OH ions in water — Example: NaOH — Na* + OH~
- Bregnsted-Lowry Definition
= Acid: Proton donor (H* donor)
= Base: Proton acceptor (H* acceptor)
= Conjugate Acid—Base Pairs:
=>» Acid = Conjugate Base + H*
=» Base + H* = Conjugate Acid
= NH; + H,O = NH," + OH~
= Base Acid Conj. Acid Conj. Base
- Lewis Definition
= Acid: Electron pair acceptor
» Base: Electron pair donor.
elsally (olsdl Caylas -
(Arrhefiius Définition) (wgaud)l Ciuyas =
b B W (099,0) HY aa 8ole; paaasdl v/
Wb o W (wSgyuun) OHT Jaan sole: sl v/
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(H") 05392 Jrmee I 521 ezl v/
(H*) 039! Jadiads W1 21 Basl@ll v/
(Conjugate Pairs):dadlyedl 193 v/
H + dadlyell sucld)l 2 aaxdl
33yl (el 2 *H + suclall
(Lewis Definition) jwg) canyas =
Wl zo) dsle Ml 52 paeadl v
ijjﬁﬁ/chgbw L~>U\ L Busld)l v
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Acid Strength: el 843
- Tendency of an acid to dissociate to a hydrogen ion and its conjugate base.

Aadlyall iasB (0539,0) HY ansss Dy aiiy W1 58 (S5l panl SS93 paas Gy 9 -
.(Acid Dissociation Constant) ezl b coll = Ka 1dew! ol plstiudy ¢ e 898" (e é:u (VN

- Characterized by acid dissociation constant (Ka)

HA — H" + A~

Acid Conjugate base
A
d [HA:|

* The greater the value of Ka, the stronger the acid is.
S99 el BASKa dad B3
Gad el BakuoKa desd CIB13)
§oaanl 8389 Ka o 493l 57 @5l U dslouial Ao

The lonization of Water [F:0]
- Water can be an acid or base based on the reaction. . ; e las
- Dissociation of pure water: a = M i SS‘SM
"4 Ka = (H*]x[OH]) / TH20] (Ha0] ST
= (Since [H20] = 55.5 M)
» Ka= (H']x[OHT])/ 55.5 _Wl. [oH
= Ka* 555 = (HX[OH]) = Kw m—\?j—s—“ [ J [— ]
tw = CH'] [ot]

Y i s 818 ol jasl> ST Jai (Sow cdyt B e’ o)l -

ik Bucly pasled Sod o (hadis oSes (Pl (8T led Lo 1) L) (o)l g gm0 -
H,O.= H 4+ 7OH

Uahany duadin (o)l ©losr 0 e i Tom 58 -

(Lasl> — onzrgpdngdl WUg) *H =
(8eld — uuuSg uug)l ©Bgl) "OH =

5.5 Jlg>) by S (ol 355 0¥ oS ((f1 o) Ka Loraats Uslans Lgrmondy ¢ 0] 85 oy S o) -
1SSl oty o A/ e

Ka = [H"] x [OH7] / [H,O] -

[H,0] ~ 55.5 4 juw -

155.5 5 eyl opaly -

Ka X 55.5 = [H*] X [OH™] = Kw -

S 3y (1129 )g) g aadty (ol (03B (pe pmog ¢ ol (a6 B 98 Kw 03] -
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Kw =1 X 1071 &0 ¢(C°25) 43,1 8)ly> wie -

) By Aoy -

[H*] = [OH] =1 x 107" M -
- lon Product Constant for Water (Kw): sll ;pb cols

= What is Kw?
=» Kw is the ion product constant for water.
=> It shows how much water dissociates (breaks apart) into hydrogen ions (H*) and
hydroxide ions (OH™).

TKw g 98 -

BBy sl ey (ol O3 (3B Ciogy I 03,1 an el b coliga -

H,O=H"+0H -

Kw = [H*] x [OHT] -

sl ECIS I

lla] T g W haass (ol W) 038 U1 "OH 5 *H &S Uympas Kwv -

= Effect of Temperature:
=>» The value of Kw increases.astemperature increases.
=» This means that more H* and OH™ ions are formed at higher temperatures.
= At 25°C (room temperature):
= In pure water: [H*]=[OH-]=1x107"mel/Lt
= Kw= 1x10-"¥mol/L

* How is Kw'measured?
=> It can be measured experimentally by finding the concentration of H* in pure water.

SKw e =l T S -

LpKw @yl oy Wi S -

TOH 5 *H 48 Wity 8T &Ba ol juai o -
(C°25) Bl By wie -

[H*] =.[OH].=1 x 1077 mol/L -
Kw=1x10""* mol?/L2 -

pH and pKa
- What is pH?
» pH is a way to express the concentration of hydrogen ions (H*) in a solution.
* |t helps describe if a solution is acidic, neutral, or basic.
* Formula:
= pH = -Log1o[H+].
=>» A 1 unit change in pH = 10 times difference in [H*] concentration.

= Neutral solution — pH =7
» Acidic solution — pH < 7
» Basic (alkaline) solution — pH > 7
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pH = -Logse [H'] :0g31 =

WJbe m
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Neutral Jalaie 03] > pH = -log(1077) =7 <
/g - 8/\
SpHLa &l -

(&l ol ) Iolase Jglome = pHE=7 13| =
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- What is pKa?
= pKads a number used to show the strength of an acid.
» |t'is related to the acididissodiation.eonstant (Ka).
= Formula:
=> pKa = -Log10[Ka]
=>» Lower pKa = stronger acid
=>» A strong acid dissociates more in water, so it has a high Ka and low pKa.
fpKa g 9 -
(pall dands By 8 (m) praelxll 838 Bya Ol dodstinndy o) 9o
(QWI 9 *H I duadiy paeloddl Gigad) pasldl (b cob 9o NI Ka s badpe g0
el -
pKa = -logo(Ka) .
25 da Ka igd paaslndl o) (pm -
S0 0950 7 4o pKa ¢uSally log 499 >
TABN ogd oS @

o Jle -
H($s8 vael) HA - -
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(1 e J31) 13 ply pKa > Jle Ka -
4.75 Jls> pKa = Jué Ka i(cawns (ael>) Acetic acid -

pH Calculations:
- Inpure water, [H+]=1x10"Mand pH = 7.0

Example 1: Calculate the pH of 1 x 1073 M HCI

- Step 1: HCl is a strong acid, so it fully dissociates.
» [H+] = 1x10—°M

- Step 2: Use the pH formula:
» pH=—logio[H+]
» =—|ogip(1032) =3

- Final Answer: pH = 3
Example 2: Calculate the pH of 1 x 1074 M NaOH

- Step 1: NaOH is a strong base, so it fully dissociates.
= [OH] = 1x10~*M

Step 2: Use the water ion product:
= [H+] [OH=]=1x10-"

. _1xi07* —10
L] = (1x10=4) 14
Step 3: Use the pH formula:
" pH==l0gio[H+]

= =—lodio(10-9) = 10

Final Answer: pH = 10

Notes:
= We ignoredithe self-ionization of water, which is\valid unless thesolution is very dilute.
= Always check if the substance is a strong acid/base (fully dissociates) or weak (partially
dissociates).

[XI Note: In monoprotic acids, the concentration of H* equals the concentration of OH~ when
the solution is neutral.

13 | Page

Mohammad Alomari @ 0789791324



Why do we want to know the pH?
pH versus Enzymatic Activity

PEPSIN TRYPSIN LYSOZYME
;.:\
=
B
=
&
=
k=
«©
g
&
8
=
I T I I U 1 I I I 1 1 I I 1 |
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
pH pH pH

- Each enzyme works best at a specific pH.
- Here's what you need to know:

Pepsin Lysozyme Trypsin

Found in the stomach Most active at pH = 5 Most active at pH = 6
Works best at very acidic pH (~2)

Enzyme activity drops quickly Still acidic, but not as Slightly acidic to neutral
outside this range much as pepsin conditions

- Enzymes have a very narrow optimal pH range.
- If the pH goes outside this range, their activity drops sharply.
- Note how the activities of three enzymes can rapidly change as pHdeaves optimum range.

Sl ddlad e o 459 pHJ!

(L2 gazdl dzyd) pHIN 58 Jolgall S (pe Jole @iy colol Jidl Jaiiw olins ddle dip dl] @3l S -
85840 Dlari] 3 e (o lids -
(Onem) Pepsin -+ -
Buaell Jgrgae o)l 1A
M pae> Loy g > 2 Jlg> pHI 0550 W Jl> Juadh Janiy =
B9 S St Jid didladleed))l 1l e caallg dpgazll dzyd a3 3]
(e2bo3Y) Lysozyme -
PH 5 (Wl O9Sw 4| blad Junsdl =
- PY-E5 L?a.p wg S "
Gl by Jasdy Jass Lo A caniad! (§) (g0 o ®
(o) Trypsin -
pH 6 ols= plad Jatdy @il Il =
uﬁb@mbgidawgﬁﬁhwg@ag .
Ae puy yadsely diglad cchd oy pHIIL U3 of ol 1319 =
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Henderson—Hasselbalch Equation:
- What is it? A formula that relates:

[ pH
* pKa (acid strength)
* The ratio between a weak acid (HA) and its conjugate base (A7)

= [Equation:
[A7]
= pH = pKa + log (ﬁ)
= When [A7] = [HA], then:
= pH=pKa

= Useful in buffer calculations and understanding how the body maintains pH

(Henderson—Hasselbalch Equation) #Wwd-gguwydins dolae -
(©b32,5d1 (85) pudbbuffer systems JI e ($o6 W Lo gras couSsudl 3 A4S dage Aolao o -

Sdasiy g ¢ -
2bal 3 o daify

Z\.,'a}a::d\ aq-)apH -

(531 el O ¢J8 Lo ) paacdl 89a) ulidiopKa -

HAG sl jascel A~ dadlyell BUcldll did &

:|:\q-aa.gn_93¢l:5-3)b- -

A7) = [HA] o513 =

Onglude paelly Bacldll say m

pH = pKa Lmaxd dog(1) = O lgidy =
Midpoint lgew! dasdl gl» -

Titration Curves

- What is Titration?
*= Alab method where a measured amount of base (e.g., NaOH) is added to a known amount
of acid (e.g., acetic acid) to study changes in pH.
- Important Points:

=» The moment when all the acid is neutralized by the base.
=>» pH rises sharply here.

=>» A spot on the curve where pH = pKa of the acid.
=» For acetic acid, this happens at pH 4.76.

9 (8plxall) Titration go & -
- sl (55) 1S g yme panm e S5 59 (NaOH (55) BB lgsd ey Bupoes Ay (o
s pH I caS Cdlg (Acetic acid
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Bplaall gladss f))’ dogo b3 -
:(Joladdl drd3) Equivalence Point =
(o8 Jalad (am) Buclall o Jelis janmdl S g I dlaxll p <
QW el e ply Sy de o 2a3 0 pH Il 090 v <

((Blaai)l dass) Inflection Point =
pH = pKa b man Hl daiidl p <
Q) d83lya)l BAS Bl 1555 = paasdl 5S35 am w
pH = 4.76 wis yuan dhadl g > (Acetic acid) ehawwdl jas> § 1 be o
428 o)l diucl8y yaesdl o Jolad (3 09Se > pH = pKa wie
8426 Jlo G (adly ¢ phax dud paasdl b aa ~

Example - Calculating pH Values for Weak Acids and Bases

A A A A

- Calculate the relative amounts of acetic acid and acetate ion present at the pointstbelow, when
1mol of acetic acid (pKa=4.76) is titrated with sodium hydroxide.

NaOH + CH3COOH — CH3COONa + H20
1mol 1mol 1mol 1mol
- Then, calculate the values of the pH at these points:
a. 0.1 mol of NaOH is added.
b.~ 0.3 mol of NaOH is added.
¢. 0.5 mol of NaOH is added.
(CH3COOH) eleuid) (e e 9o 1 JI NaOH (e dakizes leS Canai bod pH dasd coss B 1o gllanll -
48l o) 5ueld 9 ol jaes o OleSIl Glus J1adlsYL -

Answer

- Thereis a 1:1 ratio of moles of acid reacted termoles of base added.
- Difference between‘the original number of moles of acid.and the number reacted is the number of
moles of acid remaining.
- Al passdl G ge sue o clelds U1 oY gell saes ddusYl el Y 9o sde o B,
- These are the values to be used in the numerator and denominator, respectively, of the
Henderson—Hasselbalch equation. .. .
( [4331_ e s_mu]

e o]

) log + pKa = pH
a. When 0.1 mol of NaOH is added,

- 0.1 mol of acetic acid reacts with it to form 0.1 mol of acetate ion.

- Leaving 0.9 mol of acetic acid (1.0- 0.1).

- Composition is 90% acetic acid and 10% acetate ion.

- Now, calculate the values of the pH:

. - a7
pH = pKa + log ([HA])
> pH=476+Ilog (%) ~ 3.81
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:mol NaOH 0.1 s L) (a ¢
Baeld) Joxig Sl el oo J30 0.1 o o
A e
mol 0.9 = 0.1-1.0 = o>
mol 0.1 = dadl o ducld «
:doleodl pasuins o

3.81]=0.95 — 4.76 ~ log(0.111) + 4.76 = (8'—3}) log + 4.76 = pH
b. When 0.3 mol of NaOH is added,
- 0.3 mol of acetic acid reacts with it to form 0.3 mol of acetate ion,
- Leaving 0.7 mol of acetic acid (1.0- 0.3).
- Composition is 70% acetic acid and 30% acetate ion.

- Now, calculate the values of the pH:
. = 1471

pH = pKa + log ([HA])

[0.3]

>  pH=4.76+log (ﬁ) ~ 4.39

:mol NaOH 0.3 wuai W) (b ¢
mol 0.7=0.3-1.0 = yao=>

mol 0.3 =éucld -«

.

0.3
4.39 |=0.37 — 4.76 ~ log(0.429) + 4.76 = (—) log + 4.76 = pH

0.7

c. When 0.5 mol of NaOH is added,

- 0.5 mol of acetic acid reacts with it to form O& mol of acetate ion

- Leaving 0.5 mol ofacetic acid (1.0- 0.5).

- Composition is.50% acetic acid'and 50%sacetate’ion.

- Now, calculate the values of the pH:
* Note that this one is possible without doing much math
=  We know that when the [HA] = [A-], the pH = pKa
= Therefore, the minute we saw that we added 0.5 mol of NaOH to 1 mol of acetic acid, we

knew that we had added enough NaOH to convert half the acid to the conjugate base form

= Thus, the pH has to be equal to the pKa

:mol NaOH 0.5 «ausi loJ (c ¢
mol 0.5 = yoo>
mol 0.5 = éuacld .

dew > [602l8] = [uan>] G2
4.76|= pKa = pH
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Titration Curve for Acetic Acid (CH;COOH)

Low pH High pH

100
CH3COO™

CH3COO™

Relative abundance
gt
=)

CH3COOH

0.5 1.0

0 0.5 1.0 . -
Equivalents of OH™ added

Equivalents of OH™ added

- Key Observations from the Graph:
= Before adding base: Solution is mostly acetic acid (low pH).
» As base is added: CH3COOH is gradually converted to CH3COO™.
= At 0.5 equivalents of OH™:
= [CH3COOH] = [CH3COO07]
= pH = pKa = 4.76
=>» Buffer region — pH changes slowly
= After equivalence point: Mostly CHzCOO™ (conjugate base), pH.becomes,basic
- Note that there is a region near the pKa at which the titration curve'is relatively flat. In other
weords, the pH changes very little as base 1S*added in this region of the titration curve.

Tdipndl e Bylas” gar gd -
Lo S (OHT). Agd 8usl (55 S0 dile Ciud (ididy (CH3COOH) s ans iy g,
(CH3CO0™). dadlyall diueld) aosdl Jgou Jelds pua Bield Caual

Al 5,5 -
ad pas> ¢ (CH3COOH) il jae> =
(CH3COOH + OH™ — CH3COO™ + H,0) :Jeladl juas ¢ QHICama L) =
el dg=ing paesll (o 555z S dghuan 84eB Gob Sign ™
Low pH <————— High pH
CH3COO™ ?pH JbM.’_& -
CEIN I VER
Juld pPH =pae> A.Sd}bmﬂ <
(0.5 OH7) Bplandl yas Juogs od =
Wdeld) (aesdl jad W 09 <
[CH3COOH]=[CH3COO—] i jmm 092 <
pH = pKa = 4.76 :lgdg9 <

Relative abundance

0 0.5 1.0
Equivalents of OH™ added Buffer zone — w dalaiall L§LQ <
S pH Ai b i a5 61 <
Bylacllday =

(54eB) Jle (CH3COO0™) — pH dadlye sucls 4l jlo Jolmall <
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Acid dissociation constants for three groups of acids
- Monoprotic acids (e.g., Pyruvic acid) release one H+ ion and have a single Ka and pKa
- Diprotic acids release two H+ ions and have two Ka values and two pKa values (e.g., Oxalic acid).
- Polyprotic acids release more than two H+ ions ( e.g., Phosphoric acid).
((*H) adan I Gbgig il sde s (olaYl gl -
:Pyruvic acid ) Monoprotic acids =
Bd>9 pKa 9 8d>9 Ka Wl = (o d>l9 0959 5 Jiai uala.;)” g_”sLas <

:Oxalic acid ) Diprotic acids =
.pKa2 g pKal g Ka2 9 Kat Wl - oegigp saan <

:Phosphoric acid ) Polyprotic acids =
paudan M Obgigll sue caw pKa g Ka oo ATl > cnigign oo ASTasan <
Here is a way to keep track of protonated and deprotonated forms of acids and their conjugate

bases:
= When pH < pKa , the weak acid predominates

=  H+ on, substance protonated
» When pH > pKa , thesconjugate base predominates
=  H+ off, substance deprotonated
¢ (deprotonated)gi(protonated) parsdildlcdmscasS =
& pansdl S'pKa g JSTpH I3 =
*H I elwle dd EER <
protonated sslall ar <

4JWl 2 (conjugate base) daslyell sueldll - pKa e el pH I 13)= =
HH I aEd (am g <
(095940 84315) deprotoniated salall 8 <

Buffer Solutions — elaiell Jglxel!

- Consists ofiasmixture of:
= Weak acid and its conjugate base.
- Examples of acid—base buffers are solutions containing:
= (acetate) CH3COOH and CH3COONa
= (bicarbonate) H2CO3 and NaHCO3
= (phosphate) NaH2PO4 and Na2HPO4.
100 436 Jdlmo (£ -
(conjugate base) dadlpedl Bueld + Canud jao> =
pgaguall OIS + ool (e e e
(33 Olaawgd + ol Siliuwgd of cousnl WhigsyS + lg Sy of) =
W Jdlbes s Byggdino Aliel -
Ol plas 5 CHzCOONa 9 CHzCOOH
O g2ySidl plias - NaHCO3z 9 H,CO5
Olawgdll plas - NagHPO4 9 NaH,PO, =
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- How do buffers work?
= Acid is added to the two beakers on the left. g

* The pH of unbuffered H20O drops dramatically while -
that of the buffer remains stable. ! l l l\‘

Unbuffered Buffer Unbuffered Buffer
Hy0O

e
H0 pH 7.0 pH 7.0

Add 1 mL 0.1 MHCI Add 1 mL 0.1 MNaOH

= Base is added to the two beakers on the right. v v v v

» The pH of the unbuffered water rises drastically P P "
while that of the buffer remains stable.

- Tend to resist changes in pH when small to moderate s - Pber unsar
amounts of a strong acid or strong base are added to it.

€U Jlloma JiiS oS -
PH Jb S bogud aiasg paesd! " paie” 7 s3I > Jglonall (599 Jae>
DH L sl gLyl ghass an Jolity 2 301 > dugh busls =
Aiae 9l Bdue OLeSH dogd uelgd of (olest Blass bl pH Il oyl Blg £ S Jatidn BUI gy
Mechanism of Buffers
- For illustration consider a solution infwhich the concentrations are:
= [HPO4%] = 0.063 M and [H2PO4] = 0.10 M
= Thus, the conjugate base/weak acid ratio is 0.63
= [f1.0mL of 0.10 M HCl is added to 99.0 mL of the buffer, the following reaction takes
place
HPO4 %2+ H' > H2P04~
=  Almost all the added H+ is used up & converts A— to HA.
= [HPO4 2—4and [H2PO4 — ] will change.
=>» The new concentrations can’be calculated
ides Jlies Lgogd ks -
14:d 3 Jgloe Uikl ofiapiie’ =
(conjugate base) 4adlyllBucldll s & [HPO42"] = 0.063 M
(weak acid) caasall yaexll & [H,PO47] = 0.10 M
0.63 £ el Buclill s
W e ML 99.0 s M 0.10 53aSy5 HCl oo mL 1.0 s b
§ s g
sy H* Uglangs > 595 pansHCl =
) Aablyal Buslill HPO?™ (20 Brblen Joliihs ] H*

A A A A A

ol -
Blulao pH JI A% Gy Lo sliydl (M1 *H I =
"HaPO4 dl "HPO4? Jgog "duolainl" ois Jo =
(Sods OIS fsy Jeladl i -
wally HPO,? 585 =
W32 "HaPOs 255
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- Before HCI:
. [HPO4?7]=0.063,[H2P04"]=0.10

- After HCl reacts:
= H* from HCl reacts with HPO,2~ to make more HyPO,4".
=  New values: [HPO427]=0.062,[H,P04~]=0.101.

- Henderson—Hasselbalch Formula:

[HPOE‘])
pH = pK, + log (—_
HoPOy |
0.062
H=17.20+1 —— | = 6.
p 0+ log (U.lﬂl) 6.99

- Result: Small pH change — buffer working.
R dadsg slag— 8 S Sl Lo pH I e dame b1 Of by gt -

Mechanism of Buffers

- Buffers follow Le Chatelieris Principle:
» Adding H* shifts equilibrium: HARH++A—
* To reduce stress: Added H* reacts with A~ to form HA — pH stays stable.
»_Buffers act like a “shock absorber” for-pH:

ek Sling) s G BUI oo AT -
19l VI caudling e pluseily (“OH of *H d3La] ) "Gl a5 T ao Jolaiz ,oLJ1 -
g azyiy il (S Jalow pllad! el @l § Ul e i Hlo 13] (=
HAJ Jgming A ao Jelii Wil *H (598 pae>) *H Lassl ) gay =
255 U7l pH I > il el " ey I il w

Buffer Selection

- Titration curves help visualize buffer action.
- Inflection point: Where half the acid is converted to base (pH = pKa).

HPO,* 10
pH 9
8_
pK+14
H;PO;] = [HPO,*
Buffer{_q : [HgPO] = [HPO,] pH
{ 72=pK,
region
( PRi-14 61
Inflection point
HyPO;
4
T T T 1
% HgPOy in solution 100 90 50 10 0 Relative abundance (%)
%HPOF insoludon 0 10 50 90 100

HyPOj in excess «———f———> HPO}' in excess
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= Near the inflection point of the titration curve = Minimal pH change occurs.
=>» Buffer is effective within a range of about 2 pH unit.
=>» Buffer is effective at range: pH = pKa *+1.
(Buffer Selection) ,29W! ylas -
Blaxsy dads (g Lo guas-g ¢ Jaidu W1 (asS 0gdd bueludy (Titration curves) 8plaell Cildoio
Aidlyo BuelB Hlo passd! as lgd M1 daddl p :(Inflection Point) Glasiyl dlads =
Jiidon LI 099 > Busld of (ans Uil o) (5o A ggun ik lag Cuddy pH JI laiidl gl (Wlg>
Belass
W ddlad Blas =
pH=pKat1 :055% W Jlad ,8WI <
pKa dl (llg> pH @ilzyd 2 fpaud Loyl oo <
= Buffering Capacity:
=» Measure of the amount of acid or base that can be absorbed by a given buffer solution.
=> Related to the concentrations of the weak acid and its conjugate base.
= The greater the concentration of the weak acid and its conjugate base, the greater
the buffering capacity.
L dantaid! Byudl -
PH 1 i Lo Jud Wgaaion jds SBWI U1 Busldll of jacsel 48 (B -
dgauall (e diyudg yLIIB Y ) cdinelBy Canmpall ozl OISy @aly bo S -
* Henderson-Hasselbalch concept:
=> . When pH = pKa + 1, the base; acidiratio = 10:1.
= When pH = pKa + 2, the ratio = 100:1.
=>» Refer to Table 2.7 for more pH-to-ratio relationships.

pH = The ratio of base/ acid
pKa — 3 1 /1000

pKa <2 1 /100

pKa — 1 1/10

pKa 1/1

pKa + 1 10/ 1

pKa +2 100/ 1

pKa + 3 1000 / 1

How do we make buffers in the laboratory?
- Start with the HA form and add NaOH until the pH is correct, as determined by a pH meter

- Or start with A—and add HCl until the pH is correct.
ety ksl U § piskall 3 30 Jglone iy (&S -
(@ ddylall =
(HA) il jaesedl dud J ghoeos Tuss
(4098 8us8) NaOH o (§9b deke Ciah cpomy
(A) dadlpell Busd S yaosdl (po s3> Jgoud 1dug!
PH okd Slgz plisiunly gllasdl pH U Juogs Lol dBLoYI CaBgiy

A A A A
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Two Ways of Looking at Buffers.

Biological Buffers: el 3 5ol 13U
What naturally occurringipH buffers are present in living organisms?

1@ diylall =

(TA) dadlpedl Buslall dand Jghoeos Tus

S S5 (893 pae>) HCI s Chaing

(HA) ! ezl ] 7A (0 32 g0 Olis
a8 g czall pH U Juo s Llg

A A A A

Titration curve, we see that the pH varies only slightly near the region in which [HA] = [A-
].
Circle of buffers, we see that:
=>» Adding OH- to the buffer converts HA to A—.
=>» Adding H+ to the buffer converts A— to HA.
=>» This dynamic system resists large changes in pH—buffering effect.
DI pged gl vl § -
{(Titration Curve) 8plasdl (aoie S5 (00 ®
G, 85 ol Juae pH I =5 [HA] = [AT] lgd M dadidl gllg=>) <
Y 5 53L 08w BWHGsRy <
:(Buffer Cycle) " ;W1 8 51a" M5 cp0  m
“HA — A dg=io > (84sB8) OH Las o <
AT — HAJg= o (pae>) *HUas o <
DH Jb i pglls 31 Iy BT 8 Sealial 051 1 (1<

The H2PO4 — /HPO4 2— pair is the principal buffer in cells.
H2PO4 — [HPO4 2—: 98 (queyll YOI i Js-ls - -
The buffering system in blood is based on the dissociation of carbonic acid (H2CO3 )
=» H2CO3 pKa = 6.37.
=> Blood pH /= 7.4,
=> It is near/the end of the buffering range of this system,
=>» But anoéther factor enters the situation.
= CO2 can dissolve in water and water-based fluids such as blood
= The dissolved CO2 forms H2CO3 , which reacts to produce bicarbonate ion.
= The conversion is catalyzed by carbonic anhydrase.
= This is one of the most efficient enzymes in biochemistry.
{(Blood Buffer System) pdl § -
Carbonic acid / Bicarbonate 14 (gue gudyll pladl =
Cplaill Jaip &S =
"HCO3 9 *HJ e (H,CO3) ehigoySl pae> <
6.37 = Jelall g pKa <
JBs Jaw ‘nLL}:JJ| o pKa e d\:j > 74 =pdpH <
$6.37 < 7.4 ¢l p&y Jnd (i) <
pll 3 CO, 3979 929 10 pge 3Lo| Jole 48 &Y
H2C03 Jamws (p1) slodl 3 9de 092,50 ST (38
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- The phosphate buffer system is common in the lab.
- Itcan be: (AW dedal oo gty (e g5 bk § cple K1)
= |nvitro (outside): Example
=>» Buffer system based on tris (hydroxymethyl) aminomethane (TRIS)
* Invivo (inside): Example: gl J1s 58U
=> Phosphate buffer system : pusiuus allas AS|
=>» Other buffers that are used widely are zwitterions, Which are:
= Compounds that have both a positive and negative charge.
= Considered less likely to interfere with biochemical reactions than some of the
earlier buffers. See (Table 2.8)

Name Acid Form Base Form pK,
N — tris hydroxymethylJaminomethane TRIS—H* TRIS 83
(TRIS) (protonated form) (free amine)
(HOCH,),CNH; == (HOCH,),CNH,
N — tris[hydroxymethyl Jmethyl-2- "TES—H* “TES 7.55
aminoethane sulfonate (TES) (zwitterionic form) (anionic form)
(HOCH,),CNH,CH,CH,SO; == (HOCH,),CNHCH,CH,SO;
N-—2-—hydroxyethylpiperazine-N -2- "HEPES—H"* "HEPES 7.55
cthane sulfonate (HEPES) (zwitterionic form) (anionic form)
© N " " s
HOCH,CH\N*  NCH,CH,SO; = HOCH,CHN  NCH,CH,S0;
7 N7 T
H
3—[N—morpholino]propane- "MOPS—H* “MOPS 72
sulfonic acid (MOPS) (zwitterionic form) (anionic form)
7N I
O *NCH,CH,CH,SO; = O NCH,CH,CH,SO;
N N g
Piperazine—N,N*~ “PIPES—H" " PIPES 6.8
bis[2-ethanesulfonic acid] (PIPES) (protonated dianion) (dianion)

N 7N\
"O,SCH,CH,N  NCH,CH,S0; = “OSCH,CH,N  NCH,CH,SO;
) S \ \ v

H
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