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Introduction into
Biochemistry



Course information

e Recommended textbooks

e Marks' Basic Medical Biochemistry: A Clinical Approach 5th Edition, by Michael
Lieberman (Author), Alisa Peet MD (Author), 2018

* Biochemistry 8" edition by Mary Campbell (Author) and Shawn Farrell (Author)

e Online:
https://themedicalbiochemistrypage.org/

e |nstructors
e Prof. Mamoun Ahram
e Dr. Diala Abu Hassan



Outline

Introduction

Acids and bases, pH, and buffers

Macromolecules

e Carbohydrates, lipids, and amino acids, peptides, and proteins
Protein structure-function relationship

e partl: fibrous proteins: collagen, elastin, and keratins

e partll: globular proteins (plasma proteins, myoglobin, hemoglobin, and
immunoglobulins)

e part lll: Regulation of hemoglobin
Enzymes

e structural features and classification, kinetics, mechanisms of regulation,
cofactors

Protein purification and analysis



Biochemistry & chemical composition
of living organisms



Biochemistry = understanding life

Know the chemical structures of biological molecules
Understand the biological function of these molecules

Understand the interaction and organization of different molecules within
individual cells and whole biological systems

Understand bioenergetics (the study ofEnergy flow in ceIIEJ

Biochemistry in medicine:

» explains all disciplines

» diagnose and monitor diseases

» design drugs (new antibiotics, chemotherapy agents)
» understand the molecular bases of diseases




Chemical elements in living creatures

The human body is composed mainly of ~¥30 elements.

Four primary elements: carbon, hydrogen, oxygen, and P
nitrogen (96.5% of an organism's weight)

Percentage of

. , Name Symbol Body Weight
Then, calcium and phosphorus (that’s 98.5%). Major Elements (Total 98.5%)
. . . Oxygen <« (o} 65.0
Others exist in trace amounts but are essential, elements covon c 180
(mostly metals). e ﬁ‘:ﬁ"‘& g, - 29 B o
@bo > Nitrogen - N 30
'i He X Y W\UN\O‘ Calcium Ca 15
:"" i —r _ - - _"“' \¢° '\K\‘ Phosphorus .~ P 1.0
Li |[Be E 9 N O IEIIE Lesser Elements (Total 0.8%)
= — stk 6"[ Sulfur s 0.25
'_‘f lt‘; ,_A_I -S-I _': E gLﬁL be l&55 Potassium - K 0.20
-é:—- 0 = = = = o £ :N --é:'L — B Sodium -~ Na 015
a".-'s'.- E E"—(':- Ifl- u'-Y.'- E F'-.'.e @ !‘.l: sc-'-": -g? f:e— .E.E Chlorine Cl 015
H AADERREAR A Bann et = i
S e | Y | e | S | P | ey | S oy | S | Iron Fe 0.006
s . wawo|| HE |['Ta . Re |[os ||'ir ||'Pt || Au 1 |['Po I T":; Trace Elements (Total 0.7%) buk essenbial
“: = :':" :::" = sll=jS =l = = L = =il Chromium Cr Molybdenum Mo
Fr Ac || Th [[Pa | U Cobalt Co Selenium Se
= e Copper Cu Silicon Si
Fluorine F Tin Sn
Bulk biological Trace elemer_mts believed : Possibly essential trace lodine ! Vanadium Y
elements :::;:::Z:Z:ti';l;lzr bacteria, . elements for some species Manganese Mn Zinc Zn



Important terms "

® Electronegativity — foe t= attinct elechnn
. r/\ - Y
e _Covalent bonds %"=

naev then — gblqveJ ezuu[l between 2 al'oms!
non-cevaleat eed® - Polar vs. non-polar covalent bonds
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L = Paviol ¥ Bl
et uoed /Hydrogen bonds (donor and acceptor) biol

. . atoms
For Hte be -8 Van der Waals interactions — clections aven't distvibuted eqpatly

Tecomse H is fl.c .. . it happens »mf o cevbain mowwytt’
Daor® Hydrophobic interactions olse theye the weakest jyond in

non - Covalenk bond's
Hydrophobic versus hydrophilic molecules

s when we ave
polow Covalem toond

s when we @
have non -pelar

“#Nucleophile vs electrophile

love e necabive
love Hhe pesitive Chawges (+) Chovges (5

4 Water is polar. form hydrogen bonds
it wint becorne (=) it will with water molecules.

become (+) %(&@ £Ci&
s @ ®

® &
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(A) Hydrophilic

Nonpolar molecules group
together in water because
the water molecules form
hydrogen bonds with

one another.

Polar molecules dissolve
in water because they

(B) Hydrophobic

:E-I;ctronegativit;: ‘_::ﬁf} g
A electron — /O Hyd roge n
# D (3 carbon
PN electron
Covalent Bonds: °2“"=5oc3*"  |onic Bonds:
Molecules lonic Compounds
Nonpolar e +
cq/uaﬂj Sved oo, -
ione mtevaction of Van devwalls | — N
1 would do viothing But when we |

e ey VoWl | Van der Waals Forces
i Sigificont H

Atoms are polarized and attract one another

Polar

©
che s

Examples of Van der Waals Forces

1. London dispersion forces : 2. Dipole-dipole interactions :
Chlorine (Cl,) Hydrogen chloride (HCI)




Important properties of bonds

* Bond strength (amount of energy that must be supplied to break a bond)

\Z
* Bond length: the distance between two nuclei

<+ Bond orientation: bond angles determining the overall geometry of atoms

(mpevian€ A G heve we owe balKing abrouk the angle o tie abouiy
|l’5 Posih'an ih Spoce

— — ®
* The three-dimensional structures of molecules are|specified by{the bond
angles and bond lengths for each covalent linkage. — fhvee tigs

Bomé SHR'.V%H,\ exi- @ \5 T the 5{'\/?:1/\%’\1/\ e&)_ e bond

C-C e S“'voma lend 1

ik vequived enevqy be break up Bond length (A)

(center to center)
go.' heak will break up betnds —
118° Cc O
Bond angle 1.21A
<

H




Polarity of covalent bonds

e Covalent bonds in which the electrons are shared unequally in this
way are known as polar covalent bonds. The bonds are known as
“dipoles”.

e Oxygen and nitrogen atoms are electronegative
® Oxygen and hydrogen
* Nitrogen and hydrogen

e Not carbon and hydrogen H &7 .
| l polow cova\ew) lbond O
. 1.22 ) o-
Both water and CO, contain S I|IO-89
. Ose O=C
polar bonds, but only water & e — . O
. » 4
is a polar molecule. H»./122 089  0.89 -] e H
‘é‘ ( \P bw{ bul— .‘{—camhM%O\ Po\O\V \pav\és 032 032
Fovr (ov pPew i

PC’LW Covalen \oand



What are non-covalent interactions?

e They are reversible and relatively weak.

Electrostatic interactions (charge-charge interactions):
» They are formed between two charged particles.
» These forces are quite strong in the absence of water .

Hydrogen- Hydrogen- . .
bond donor bond acceptor it an intevackion buk they call i
H=Bond
it 3 REEEEEE N Hydrogen bonds
‘; ; ‘; A hydrogen atom is partly shared
between two relatively electronegative
O—H N atoms (a_ donor and an acceptor).
O—H-=-=-=-- 0

van der Waals interactions

T T 1.‘” Unequal distribution of electronic
charge around an atom changes
with time.

. Y The strength of the attraction is

- e affected by distance.



o 5 impevtoun | becowse it detevmine the stvuctuve of ke

Hydrophobic interactions _, =

NS its also depends an a concept (( SPWP > > )

lrl' Can I ithouk tin
Pclw Sc\\’cv\}qﬂbw wi u.é- e

e Self-association of nonpolar compounds in an agueous environment
e Minimize unfavorable interactions between nonpolar groups and water

inkevackion concept dosen’thove
Shavine elecbvong  weakev

it has dmmrﬁcs on[y because °¥
Fowovnbole interaction iHs bebween 3 W
molecule 2 melecale Q¢P G
Bond Comczp\' howe Shawi 80 NonPOIar O‘D & f
sl ¥ o b ey molecule NO';PC"?"
its a Singlc molecule & %) O‘) -ﬂoe—cu—e W
3 Nonpolar
© $ molecule
Nonpolar
molecule ® %




Properties of noncovalent interactions

PY Reve rSib I e — becowmse ak any I <& Lime it com change it tevaction

o Relativell weak

* Molecules interact and bind specifically.

_» Noncovalent forces significantly contribute to the structure, stability, and
functional competence of macromolecules in living cells.

_» Can be either attractive or repulsive

d——

_¢_Involve interactions both within the biomolecule and between it and the
water of the surrounding environment




Carbon

The road to diversity and stability
_Q\g here’s Coulpon Haeve 5 ||'C€)-

L
it makes divevsity

¥ 5{%’0'(/



Properties of carbon (1)

e is all obout divewsity ‘I* '|*
H—{E—H H—C=0 H—C=C—H
d/‘vavs(['t/ I
e |t can form four bonds, which can H
: : CH CHZ0 CoH
be Slngle' dOUble' or trlple (methgne) (formaldzehyde) (acetzylézne)
bonds.
e Each bond is very stable." <= H=iC=0
] H—:C—OH O
e strength of bonds: triple > double > HO—st—t1 Y ’
. | \ /| N\ /
Single) HoG—OH === ¢ O, , ¢
. . H—C—OH Ho” \(':—lc/ ™ on
e They link C atoms together in —b-on T
chains and rings. shuduces ]
Gle
e These serve as a backbones. .f «. wleeue eetse
OHHMHMHMHMHMHMH H H HHHHMH
1 | | | | | | | | I | | | | | |
S S S A A 0 At S Sl Al i A o A
H H HHHMH H H HHHHHMH



Properties of carbon (2) eco s ssitvsien

MWO\M/\Q\W_\3 evioyment

@ they Con vobabe P bind

three-dimensional structures.

* |n a carbon backbone, some carbon atoms
rotate around a single covalent bond

. [Carbon bonds have angles giving molecules

lé $[f|a(D& 15 Céyll’voleé
by the Sumfoumefms

CMVIVDWI

producing molecules of different shapes. propana (CH CHy CHy
. . . o e veason s fo make a
e The electronegativity of carbon is between Frsble wienction bescer
J T R _» it maltes non pelav covaleak bond with H
haéwj;; other atoms. G s inbormedabe 0 ot ot w0
have
E-mm’é e |t can form polar and non-polar molecules. [oCeeaon]
Com o ) . o~
c.m® Pure carbon is not water squbIe,‘f’bugwhen /. Nonpolar
b C»w»m cevtain bo nds \ _)07( Covalent

carbon forms covalent bonds with other 7,7 &
elements like O or N, the molecule that
makes carbon compounds is soluble. Partial % _ \Partial -

C.’/ < Polar Covalent

Nonpolar covalent bond Polar covalent bond

o < '.)

lonic bond



Water



CO,

1 T et -
Properties of water (1) = =
nonpolar compound
s
Water is a polar molecule as a H,0 ‘%
whole because of: ) G ).
* the different electronegativities ot o Polar compormnd
between Hydrogen and oxygen BNy 3 ] W M

—— \ donor:

e [tisangular.

. . . acceptor
Water is highly cohesive. !
H/O ? it can Corm O\H
Water molecules produce a Ny "w'ifm"*‘“ﬁ/
molecule lonic salt Water molecules
network. ‘
. pecomse it has avbiol ehovges . & .
Water is an excellent solvent = & it raee ko m ~
> it makes infwackion with veed chowges Solute Solvent orces of attraction
because It is small, and it weakens ... . wi s oo @ e oo
chowae com woke au inbevackion : : . T
electrostatic forces and hydrogen ety ’ ? ' “
bonding between polar molecules. ; l e 9




Note

Dipole-dipole interaction —» et 2 e metessles
Dipele -Pipele

¥ intevaction
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0
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Dipole-charge interaction
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Waker molecule is Very veechive molecule it's involved ia a o of

Properties of water (3) et pvct il bt

@ when we bll= aloands

e |tisreactive because it is a nucleophile. P
enzymes in 8en:ma\

* A nucleophile is an electron-rich molecule that is attracted to positively- .t e wnter

. . . . be wolved
charged or electron-deficient species (electrophiles). @ 5 by bl Hecsbodbbes |
owvag m Wi ymA ¢ oevive site
becounse woaker Comn Vuin the reackion

¥ afloy thrak the produck vt

/\ e veleased ouk Gromn Hne ockive
sike

o0 PP o0 _ oo | @WW}SV‘&&.\UCWAQ\

H_CI: a5 H_O: —_ :CI: + H H it Can vuin kre reacion

H H



Properties of water (4)

e Water molecules are ionized to become a positively-charged
hydronium ion (or proton), and a hydroxide ion:

H,0 4+ H,0 «— H;0® + 0oH®

(") ié Can CJ!'%OCiaQC fo hﬁe/ronuim ion ’HSO‘
Wl/ll'd/l S ||\<e me-ov\ ¥ ‘/ujc’lfo Kidc ion "oH " NOte: H3 . H \
Zame



Types of acids and bases

 Arrhenius acids and bases

e Acid: a substance that produces H+ when dissolved in water
H+ ® H+ Reacts with water-producing hydronium ion (H;07).

1
H—Cl +4 11—("5: — 11—(?—1| FoCl
H H
OH

Base: a substance that produces OH- when dissolved in water.

['his OH™ ion comes from H,O.

H

. | '
H—K—H(9 + H00 &= H_TLH‘W) + OH™(ag)

H H




Types of acids and bases

give H+

e The Brgnsted- Lowryﬁgld any substance (proton donor) able to give a
hydrogen ion (H*-a proton) to another molecule.
<_E Monoprotic acid: HCI, HNO;, CH;COOH  Imole — | mole
for

Diprotic acid: H,SO, | mole —> 2woles
Triproticacid: H3PO; 1 mole — 3 meles

e Brgnsted- Lowry(lpase} any substance that
acid.

NaOH, NH,, KOH
Y,

Awmmonion

accepts a proton (H]

from an




Water = amphoteric = rews ki
=33 i

e Substances that can act as an acid in one reaction and as a base in
another are called amphoteric substances.
e Example: water

e With ammonia (NH;), water acts as an acid because it donates a

proton (hydrogen ion) to ammonia. o f ke reacks with. hons aid e
NH3 + HZO — NH4+ + OH™  water veacts a5 a base

' ( ozso‘t(/teﬂ
e With hydrochloric acid, water acts as a base. 4’@"2:;"“” reacks witly Shiongy ©
¥ veacts as on acid
HCl+ H,0 = H;0* + CI-

Ampho = ‘both’ or ‘dual’
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movre d I.S$OCI.00LCA

Acid/base strength o s ¢ ad deperse

on qlpi\il'y {o dissecioke into iohs

into Pnrodumﬂ's thuan veactunce

e Acids differ in their ability to release stion oS- gt
protons. G or streugin Loy = ;2 2
. . . H J
 Strong acids dissociate 100%. 0 | o ] § POk con
. . . ."’ O.ig WC: Zoomed info HCL ’ | SO 2" E mj: ré'mgju“‘affc
e Bases differ in their ability to accept, = ly it podckside 99 S8 o510 8 boee i 0o,
CP obews = more Chlonoe koS e B Gowme. wits MPO
p rOtO nS . Hham HCL o it Nevy s*vw‘% acd 7 F DFT g) it Cow‘]waakc bese
.. @ H, SOy can vdleage 2 protons HC,H30, CpHy0, o '° POy
o Strong bases have a strong affinity for fit peton rlewed ic oy than | F| HaCOs  HOOZ 7§ 3
=, - ©
protons. g oue Sol WSO ibcan G HS = m
preten bulr i6s Vevy hewd © H.PO HPO.?
. ] ) Sawme goes “’"H'T H3POy “Toprcbic asid buk lm/e‘E HCO, CO5%
e For multi-protic acids (H,S0,, H3PO,), e speionticfnton® (PO > POS +H-
each proton is donated at different ©*#=ha vk o £'s me— o A 160 percent
. : . . 2 ; rcen
strengths. Fuome nifio B2 ow oy |8 poloms
YUt fit HY + HLPOR3 ! wgrp;-"'z H ; JinHO
oapv‘d‘.’ol/l (£ mwﬁ

y - _
> H,POy it rclcasma Hue maove it release

it mainl

not easy HIP04™ Swme buk weak
buf alo it can exist in
.
PO

exist in ‘ﬂlis%’owm

proton the move of an acid ifs

Sﬁancb acid = proton releasivg is exsy



Rule

the Pméwc\' we hewe

7[
e The stronger the acid, the weaker the conjugate base.

e Strong vs. weak acids
e Strong acids and bases are one-way reactions
HCL > HY + Ll ity b mocdebprton i oo
NaOH - Na* + OH"
e Weak acids and bases do not ionize completely
HC,H;0, <> H*+ C,H;,0,
NH; + H,0 <> NH,* + OH"




Equilibrium constant and Acid dissociation constant

e Acid/base solutions are at constant equilibrium.
e We can write equilibrium constant (K,,) for such reactions

HA <--> H++‘g COVUD%M{E base
oMo Wto/F mo 10!V7£7 {

?‘fo Pmdud' cwuuaaf,{—o base

K _‘* [H &O+] [A ] ) Note: H;O*=H*
bt [HA] <™
e The value of the K, indicates the direction of the reaction.

e When K, is greater than 1 the product side is favored.

* When K, is less than 1 the reactants are favored.
|Jrs W\mwhj mnt szcw[‘co/-ﬁrm

Ka> 1 W;@T:i:c tach her —-> é‘{ﬁrmz

(<L et
than the pre its wotinly likes Lo be in the associabed fovm "HA form’




What is pKa?

@ Comparitg Formic acid R Acekic acid

i 2
which one of them s styonger as am acid ¢ K _
Formic acid > Steenger p _- o g

loecamse we have more protons . Tt dissociate bo proton R a a
Cam\l'uﬁaf‘o lase - unlike Acetic acid

HCL doesn '+ dissociate 100% )
Owe s%illoﬁmg Sma(li ozawml-cﬁ HCL mUﬂqu\[ §{'Vd/l3 pIA(JS . He *L:\ww j’ttc
% o xe ) neyor the aci
TABLE 2.4 Dissociation constants and pK, values on aqUEOUS TABIE | 9.4 K. AnD PK. VALUES FOR SELECTED ACIDS
solutions at 25°C
Name Formula K K
Acid K,M) Pk, {Fs i e product ot - s
Kall r ) ) reactout
HCOOH (Formic acid) - We have wove formic acid thau | 77 5 194  Stronger 38 Hydrochloric acid HCI
product weak acid Ka<l D {haw . 3
CH3;COOH (Aceticacid) » 4 1« yweak acid* 1.76 X 1073 “F stvonger 4.8 Phosphoric acid H3PO4 7.5 x 10 2.12
CH]CHOHCOOH (lﬂclic acid) 1.37 X 104 MM 3.9 Hydroﬂuoric acid HF 6.6 X 10_4 3.18
e -3 \ Stvovger
HP Q% (Phosphiceicacid) 72X S 2% Lacticacid CH;CH(OH)CO,H 1.4 x 1074 3.85
PO4© (Dihydrogen phosphate ion) 623 X 107 \ styouger 7.2
fzro. - — D S Acetic acid CH;CO,H 1.8 x 1075 4.74
HPO;~ (Monohydrogen phosphate ion) 220 %1078 12.7 o
H,CO; (Carbonic acid) 430 x 1077 6.4 Carbonic acid H,CO; 44 x 10 6.36
HCO,© (Bicarbonate ion) 561 X 10~ 10.2 Dihydrogenphosphate ion H,PO4~ 6.2 x 1078 7.21
NH4® (Ammonium ion) 562 x 10710 9.2 Ammonium ion NH,* 5.6 x 10710 9.25
CH;3NH;® (Methylammonium ion) 2.70 x 107" 10.7 Hydrocyanic acid HCN 4.9 x ]0—|0 9.31]
; . = S . . (e
@ which one is shonoer HzPOW or H.P0, ¢ @ Scientist used the a’ﬂ, to mal<e numloers @ s hard for a negativly ohm/ﬁeo) molecu
H3PO, Wae‘?e. ensier to read T wndeistond bo release a Pmt—:?

BCCN‘SC the “L‘.'u"'y ”C HZPOH- l’o Tclﬂase a Pm{-bv\ \S hmréexr H/ml/l ims{'“id "C uij K“ - PKq =" los(Kc\)
HzPOy @ He lower the pKa the sl‘mvtgw the acid



Molarity of solutions

* Solutions can be expressed in terms of its concentration or molarity.
e Moles of a solution are the amount in grams in relation to its molecular
weight (MW or a.m.u.).

moles = grams / MW

e A molar solution is where the number of grams equal to its molecular
weight (moles) in 1 liter of solution.

M = moles / volume (L)

e Since (mol = grams / MW), you can calculate the grams of a chemical you
need to dissolve in a known volume (L) of water to obtain a certain
concentration (M) using the following formula:

grams = M x volume (L) x MW

» Acids and bases can also be expressed in terms of their normality (N) or
equivalence (Eq).



Exercise

e How many@grams do you need to make 5M NaCl 3olution in”100 mI{MW
(58.4)?

\ X

v-T

* grams =58.4 x5 M x Olllter= 29.29 ¢ _ oL

P o

: {
! W' §
’ [( W B



@ Beows we remove aunything thed
e lobe t leaVi"‘/ 9 numdber of- clAM/acs N

m bo talk oboub aa'dsf bases /au,,é 1015 a5 pumloer oc Volwnes we remoVc

e Eactors
Equivalents — e

* When it comes to acids, bases and ions, it is useful to think of them as
equivalents.

C

* An equivalent is the amount of moles of hydrogen ions that an acid can
donate.
e or a base can accept.

* A1l g-Egof any ion is defined as the molar mass of the ion divided by the
ionic charge.



{mete HCL = Vaéﬂuvml&w{‘ 4 H-30, i

Examples |
Wﬁos.‘kc"“" Cfxw/lej g
* For acids: Cat be predie
PVDL’;V\ 2\\715 e mfclfc{'iam 0( oo mql\j?‘ol'aws.{:ca“ me‘?‘&
* 1 mole HCI = 1 mole [H*] = 1€quivalen M gdvoxil on T Can preduce

* 1 mole H,S0, = 2 moles [H*] = 2 equivalents

* 1 eq of H,SO, = %2 mol (because 1 mole gives two moles of H* ions)
L mole >2 e, wibe Y2 wele > 1 =S¥
. Remember: One equivalent
* Forions: of any acid neutralizes one

* One equivalent of Na*=23.1¢ equivalent of any base.

@ one eq/uimlmi’ of a cevbain on = M\A//chwae

when | wowtk to equalire acids and bases | have 170 take n
* One €q uivalent of Mg2+ = (24 3)/2 =12.15 g Considerattion equivalents “not molarity ov volume
ﬁzmmﬁ: one eabuivot[c’mLor (A) should be gzzamf af
one ecy/uivalm{ £ (B) reawcf less Hie G’Aqﬂaes

* One equivalentof CI/=35.5¢



Molarity and equivalents .., )
Equivalents = n x M x volume (L)*:f%&fﬁé

Chow ¢
& - puroerof ¥ proton Can accep

Vyi:o)tj! iosvzé Can ¥ M Puton Can velease
velen

One equivalent of any acid neutralizes one equivalent of base.

Based on the equation above, since x eq of an acid is neutralized by the
same x eq of a base, then (n x M x vol) of an acid is neutralized by (n x M

x vol) of a base.



Problem 1 ... _esstiz=fen |
7 VL Ly v(L)
10.92 Titration of a 12.0 mL solution of HCI requires 22.4 mlL
of 0.12.M NaOH. What is the |molanty|of the I]Cl
solution? base

* Note that each one produces 1 mole of the ions (H* or OH"), so 1M of

HCl is equal to 1M of NaOH. Eo =nxMxvL) « _ 229
Eq of base = Eq of acid C o ‘\j\ 7.0 wal
nxM1lxVoll=nxM2xVol2 + _° ?
1xM1x12=1x0.12x22.4 £0.0224 _[o—a=a

M1 = (0.12 x 22.4) / 12
(M1=0.224




Problem 2 |
10.93 What volume_ of 0.085 M”V\'Oq 1s required to titrate
) 15.0 mL of 0.12 M Ba(ﬂll); solution?

* Note that 1 mole of HNO; produces 1 mole of H*, but 1 mole of Ba(OH), produces 2 moles of OH". In other words, the
n is different.

* Also, remember that Equivalents = n x M x volume (L), where n is the number of charges or the number of H + (or
OH-) the acid or base can produce or accept.

* Titration means that we an acid to a base slowly. At one point during titration, the acid and the base neutralize or
cancel each other. In other words, “to titrate” means “to neutralize”. At the point of neutralization, the concentration
of H+ is equal to the concentration of OH-. The best way to calculate how much acid is needed to neutralize a base (or
the opposite) is to calculate the equivalents.

i‘ = i1 A T X t Eq Of aCid = Eq Of base WV } - G X a
Lo =Fi/ng 3
NxM1xVoll=nxM2xVol2
S [RO0SE L 7 1x0.085xVol=2x0.12x15 42 .35, = 004225 ]

T - vl Vol=(2x0.12x15)/1x0.085
Vol =42.35mL



lonization of water

)

@
. into hydronium (H;0*) and hydroxyl (OH") ions.

e For simplicity, we refer to the hydronium ion as a hydrogen ion (H*) and
write the reaction equilibrium as: Clnge fhe Voo

(C it exisk wan eo[/uil(briwvv\ fowVI)

{Lwa5 Should Tnerease

Hzo_“H + OHM

Sy S RTE PAL B
Fvae] uc\-s Mﬂkc d Vl‘}' Eovees

P‘/W‘e pf we MCYEﬂSCCI '{'

) wm,[’c VVlUﬁf rmch @%I(lb///am eVWj{’tWLc H-0 d\ssmuod:c
to fovm W0 af o cer Lioun e%aj(fbriwm



Equilibrium constant

owc
e The equilibrium constant Keq of the dissociation of water is:
@ pwe wotkeu exist in %uflf brium Sol
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e The equilibrium constant for water ionization under standard conditions is
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Kw

e Since there are 55.6 moles of water in 1 liter, the product of the hydrogen
and hydroxide ion concentrations results in a value of 1 x 1014 for:

st nteins K (6.6 M) = [H®] [0H®]

e This constant, Kw, is called the ion product for water
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K, = H®110H®] = [1.0x10 W™
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e For pure water, there are equal concentrations of [H*] and [OH"], each with
a value of 1 x 107 M.

e Since Kw is a fixed value, the concentrations of [H*] and [OH"] are inversely
changing.

e If the concentration of H* is high, then the concentration of OH  must be
low, and vice versa. For example, if [H*] = 102 M, then [OH] = 1012 M
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