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Enthalpy

®\\e already know about enthalpy.
Enthalpy Is related to the amount of
energy that is lost or gained by a system
during a normal chemical process.

®\\Ve have seen both endothermic and
exothermic processes in lab. Which do
you think is favored by nature?

® Why?



AH,,, and AH

fus

® |_ast unit we looked at the change in
enthalpy associated with a chemical
reaction and the energy flow as materials
(mostly water) are heated.

® Today we're going to extend that lesson to
include phase change.



fus

AH,,, and AH

® |f you put a thermometer in a glass of ice
water, the temperature will read 273 K
until all the ice melts. Only after all the ice
melts will the temperature begin its crawl
up to room temperature.

® For similar reasons, the temperature of
boiling water will never exceed 373 K.

® Why is this?



® Me
end

fus

AH,,, and AH

ting ice and boiling water are both
othermic processes and as such they

bot

N require energy.

® |f any of the water were to increase in
temperature that energy would
iImmediately be transferred to the ice to
cause it to melt.

® For

water

® AH,,, = 43.9 kJ/mol

® AH

=6.02 kJ/mol

fus



AH,,, and AH

fus

® Examples, Given (for water)
® AH,, =43.9 kdJ/mol

® AH..=6.02kJ/mol
1. How much energy Is required to vaporize
10.0 g of water? (easy)

2. How much energy Is required to melt
10.0 g of water? (easy)

3. How much energy would it take to raise
the temperature of ice at 268 K to 378
K? (getting harder)



Hard problems

® How much boiling water would you need
to add to a cup with 100.0 g of ice and
100.0 g of water at equilibrium to get all
the ice to melt? (hard)

® |f you doubled that amount of water what
would the final temperature be? (hard)



A new look

® |f 90.0 g of water at 300. K are added to
30.0 g of water at 350. K what will the
final temperature be?

It sounds hard, but there's a trick:
Just make a weighted average:
(90.0*300+30.0*350)/120 = 312.5



The baseline approach

® Some problems will require a more
sophisticated approach

® How many liters of steam at 1 atm and
373 K will it take to melt exactly 75.0 g of
ice at STP?

® |t sounds really hard, but it can be work
quite simply with the baseline approach



How to do It

® \When the system reaches equilibrium all species
will be liquid water at 273 K. That is our baseline.

® Next we find how much energy will be required to
melt all that ice. That’s easy

® That's how much energy it takes to get our ice to the baseline.

® Since heat gained by ice is going to equal heat lost by steam we now
need to find how much energy is released when one mole of steam is
brought down to baseline (273 K as a liquid)



Steam
What happens when 1 mole of steam is brought
down to 273 K and remains a liquid?

t condenses: 43.9 kJ will be released when this
nappens

t cools from 373 Kto 273 K

This means that cooling a mole of water from
boiling to freezing releases 75.2 kJ of energy.

Add that to the heat released from the

condensation process and you get 43.9+75.2 =
119.1 kJ/mol



Finishing up

If 119.1 kJ are released when one mole of steam Is cooled
to 273 K (as water) then how many moles of steam will be
required to release the 25.1 kJ of energy required to melt
our 75.0 g of ice?

Easy ratio:

Finally use PV=nRT to solve for the volume in liters.

V=646L



Entropy

® |f you thought that enthalpy was abstract,
welcome to Entropy.

® Entropy can be thought of as the force in
the universe that pushes everything
toward disorder and chaos.

® The second law of thermodynamics
states: In any spontaneous process there
IS always an increase In the entropy of the
universe.



® Shiva is the Hindo lord of
chaos. He/she (in
Hindoism he/she is a
hermaphrodite) is the
“lord of chaos”.
Whenever a process
produces an increase in
Entropy Shiva is happy.




Enthalpy vs. Entropy (Shiva)

®\\Ve know that the amount of energy in the
universe Is constant but the Entropy of the
Universe Is always increasing.

® Shiva is happy = -
Shiva’s law

surr

ASuniv = ASsys t AS

For any reaction the change in entropy of the universe is
going to be equal to the change in entropy of our system
plus the change in entropy of the surroundings. If the

change in entropy of the universe is positive = and the
reaction will happen spontaneously. If it's negative + and
it will not happen, end of story.



What makes -

® Disorder!!! A gas his more scattered and
spread out -

® | ook on page 787

® Entropy is increased if there are more
possible arrangements at the end of the
reaction than before

® The mores spread out the better. Shiva is
eagerly awaiting the
heat death of the universe, when
maximum entropy is achieved. This will
take a while, fear not.


http://en.wikipedia.org/wiki/Heat_death_of_the_universe

Temperature

® Entropy is always increasing but we can
manipulate entropy by changing the
temperature.

® \\What has more disorder, ice or liquid
water?

® Then why does ice ever form?
H,O, ' H,0O4 AS = -#



Endo or exothermic?

® |s the freezing of water endothermic or
exothermic?

® This release of energy from the system
makes the surroundings more disordered.

Hence, AS

surr

AS,., = AS, + AS,

univ surr SysS
® As long as AS ., is ++ and it may
proceed.



AS

® The sign of AS,  Is easy to predict. If your system
gets more orderly, the AS,(Is negative ', but if it
gets more chaotic then AS Is positive -.

=AS. +AS

univ surr SYS

® But the system is only half the picture, the
surroundings are important as well.

® \When ice melts, it throws energy into the
surroundings and makes them more chaotic -.

® So the important question is:

What causes freezing to take place at certain
temperatures and not at other temperatures?



AS._ IS T dependent

Surr

® The above equations are important.
® \When water freezes AS, becomes more ordered

® But the process Is exothermic, which makes the
surroundings more chaotic -

® Oneterm (AS,, or AS,,,) needs to dominate

e AS, is temperature dependent

® At high tempertures AS_  becomes small and weak
® At low temperatures AS s large and dominates

surr



AS._ IS T dependent

Surr

The reaction is spontaneous



Gibbs free energy

® Gibbs free energy is defined as
G=H-TS (does this look familiar?)
®\Where H = enthalpy
®T =temp (K)
® S = entropy
® The free energy equation can be rewritten:
AG=AH-TAS

Note: that if AG is negative, the reaction will
occur spontaneously.

(AH - TAS) = T(AS,.) = -AG



Let's look at a few examples
AG=AH-TAS

AH AS AG Spontaneous ?

- - - ? Dependson T

+' 4 ? Dependson T



Condensation

® \\When water condenses your system
becomes more organized -

® However, condensation is exothermic and
releases energy which makes the

surroundings more disordered -

® This means that temperature determines if
water will freeze

® But how do we calculate AS?



Calculating AS

® AS is calculated in a similar fashion to AH.

® ASis looked up in the back of the book
® Back to the example of the freezing water

H,Oy = HO

ASrea\ction R ASproducts reactants (JUSt Ilke AH)

AS,..... =69.96-188.7=-1 8.7 J/mo \
NOTE: AS is in Joules NOT kJ ’”ﬂ



Calculating AG

®AS._. ... =1887-69.96=-118.7"

® Now that we have AS all we need it T and AH
and we can find AG using

® H,0,' HO,

AHreaction = AH AH
AH. .. =-286—(-242) = - 44 kJ/mol -

products reactants



Calculating AG (cont...)

®AS =-118.7 J/mol * + -0.1187 kJ/mol

®AH.. ... =-44kd/mol

® Now we plug and chug. If T = 300 K we would
expect condensation to take place spontaneously.

AG=AH-TAS

AG = -44 —(300)(-0.1187)

AG = -8.39 kJ/mol

® But what about @ 444 K???
AG = -44 —(444)(-0.1187)
AG = +8.7 kJ/mol

reaction



AG and Boiling point Temp
® AG can be used to predict boiling point.

® At the boiling point H,O, and H,O are in

equilibrium, hence the reaction Is spontanious in
both directions or in neither (take your pick)

®Regardless AG =0

O®AS .. ... =-0.187kJ/mol:
®AH.... . =-44kJ/mol:
AG=AH-TAS

0 =-44 - (T)(-0.1187)
T=371 K = 98°C (pretty close to water's BP)






1. Physical Properties:

Polar molecule

Hydrophilic substances dissolve
Hydrophobic substances aggregate
Osmosis

Diffusion




2. Chemical Properties :

* lonizes to O and OH

* Acids and bases alter pH

* Buffers resists changes in pH



Physical Properties of Water

 Structure of water:
— Consists of two H atoms bonded to an O

atom.
— Angle formed by the 3 atoms is 104.5°
* Most important angle SUStain LlaFSE%OI_H,
— Tetrahedron structure: s -

=1.2A

* Polar molecule - has a partial ="
negative charge on the oxygen
and a partial positive charge on the



* The electrostatic attractions between
the dipoles of water are important for
water as a solvent.

* How do water molecules

join together? Q O
Hee— @ -—H-: C.\

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

The structure of ice and it’s implications for
life on earth . . .

dincrease in hydrogen bonding therefore
Increase in strength.




HYDHOGEMN =
BOND
+ -
- WATER
MOLECULE

-+

— WATER MOLECULES ARE POLAR DUE TO
PARTIAL CHARGES. THEY WILL LINEUF DUE
TD ATTRACTION AND REPULSION OF THESE
PARTIAL CHARGES.

B e B Sy, O



Amphipathic compounds contain regions
that are:

* Polar (or charged) and regions that are
Nonpolar.



* When an amphipathic compound is mixed
with water, the polar hydrophilic region
Interacts favorably with the solvent and
tends to dissolve.

* but the nonpolar, hydrophobic region tends
to avoid contact with the water.



* These stable structures of amphipathic
compounds in water are called micelles,
May contain hundreds or thousands of
molecules.

* Many biomolecules are amphipathic; e.g

Proteins, pigments, certain vitamins, and
the sterols and phospholipids of
membranes all have polar and nonpolar
surface regions



water

*The general importance of water:
*Sustain life
*How?

‘Importance of water in Biochemistry
1.Biological molecules — shape and function.
2.Biochemical reactions (transport within cells).

3.Participates in chemical reactions eg. lonic
components of water - H*and OH-.

‘Understanding physical and chemical
properties




Water Is the most important food

Human being= 70 %
water

Cells 85 %
Heart 79 %
Lungs 79 %
Bones 22 %
Brain 75 %
Skin 72 %

* Liver 68 %

Muscle 76 %
Kidney 83%
Intestine 75 %
Spleen 76 %
Body fat 10 %



pH and pHScale



Acids and Bases

* Some of our
favorite foods
make our tongue
curl up because
they are SOUR. |




Bitter!

* Some foods have
a “bite” of their own
because they're
somewhat bitter.

* WHY?



* There Is a scientific reason for this:

* These foods are either acidic or basic.

* Other substances besides foods have
these characteristics.



* Chemicals may be classed as acids or
bases.

* Things that are neither acids nor bases
are neutral.

* pH measures how acidic or basic a
solution Is.



* A special name is given to the

acid or base characteristic that
a substance has:

* Itis called: pH

o i,V

p” stands for potential and
“H” stands for hydrogen;
hence, the potential of a
substance to attract
hydrogen ions




Carbonic, citric, and phosphoric acids

carbonic
acid

citric acid

?I oA
HO-C-CH,C-CH,-C-0H
=0
|

CARBONATED WATER, HigH FRUCTE
CORM SYRUP AND/OR SUCROSE. ¢
PHOSPHORX

) (;Afﬂ:ﬁ:?

C. Ophardt, ¢. 2003



* Any substance which has a pH of value of
less than 7 I1s considered an acid



Reminder: What Is a base?

* A base is any
compound that yields
hydroxide ions (OH-)
when dissolved In
water.




* Any substance which has pH value
greater than 7 Is a base

0 7 14
Acid Neutral Base



Properties:

ACIDS BASES
- Sour taste » Bitter taste
» Can burn skin » Can burn skin
. Contains more H3;O+ ° Contains more OH-
than OH- than H3O+

+ Feels slippery/soapy

What is a common property of Acids and Bases?

They both can burn!



e Some
substances
are not really
an acid or a
base: For
example,
pure water




pH

In the expression for [H,O%]

1 X 10-exponent

the exponent = pH \

[H.O*] = 1x10 M



NRESEREE

A scale of values that show how basic or acidic
a substance is based on an assighed number

pH Scale
Colas Blood
I ‘ I I I I * I I I I I

1 2 3 4 5 66 ¥ 8 9 10 11 12 13 14
BASIC (Alkaline)

NEUTRAL

trongest Strongest

http://www.downsizingamerica.com/images/ph_scale.gif


http://www.downsizingamerica.com/images/ph_scale.gif

pPH scale ranges from 0 -14

PH 7 Is neutral; neither acid nor base
Pure water is pH 7

Low pH (0-6.9) = acid

High pH (7.1-14) = base

The closer to the ends of the scale, the
stronger the solution Is



The pH Scale

T

Increasing
acidity

Me utral

Increasing
alkalinity

v

o o ~ @ h B W kK = O

Hattery acid
Lermoan juice

I EgE

Aot fiskh die
Fisth reproducton

Sffected

- armal rance
precipitaton

PR

o al range
of stream water

BHaking soda,

s water

PA B OF
hMagnesia

pH Scale

Acid
w=1la

—oaltesy of Enwvirnonment Canada (hitpAfwewew s .ec . oo . o3 |




Which way Is more acidic?

* A pH of more than 7
means the solution Is
basic. The less pH,
the more acidic the
solution I1s. The more
PH, the more basic
the solution Is.




Aclidity and the pH Scale

 The pH scale Is
logarithmic and as a

THE pH SCALE result, each whole pH
value below 7 is ten

S T : - -
times more acidic than

the next higher value.
4 For example, a pH of 4
IS ten times more
acidic than a pH of 5
and 100 times more
acidic than a pH of 6.

MORE AHD

MORE ACIDIC NEUTRAL MORE BASIC

MORE AHD



/, each of which is
ten times more
alkaline (another way
to say basic) than the
next lower whole
value. For example, a
pH of 10 Is ten times




* Careful measurement is important

* A mistake of one pH unit means
too much or too little!

pH Scae 0 1 & 3 4 5 B 7 & 4 10 11 12 14 14

x10 x100



NIGARORS

Indicators are chemical dyes that turn different
colours when they are placed in acidic and alkaline
(basic) solutions

il TR

Litmus Paper
Universal Indicator
sﬁmgggas
Illil e Bromophenol Blue
== Phenolphthalein

lmzrum




How do you measure pH In real
life?

T meth E' QRN

volurme of add added (omd)




= T

MACHEREY-NAGEL m‘

rL-Nr. 92110

pH -Fix 0-14

100 farbflixierte Indikatorstabchen
100 colour-fixed indicator sticks

<o — N w an o o) -J
1 | 1 [l
e B | li .

I--------
|) B N\ \=t

==

test papers?

Another way to test pH
levels are with
commercial calibrated
test papers. These test
papers are impregnated
with pH indicators. pH is
determined by immersing



How Does It Work?

* The paper is treated with
chemicals that change
color to show the pH.

* When the paper touches
the substance being
tested, it turns a specific
color to tell if the
substance is an acid or
a base.

g"

Micro Essential laboralory B’kiyn,N.Y. 11210 U.S.A.

IMPROVED PAPER

pH2 4



Place the edge of the pH paper into the mixture.
Observe the color change of the pH paper

Match the resulting color to the colors listed on
the outside of the pH paper package.

The colors match with a correlated pH number.
'he number Is the pH value of the sample.




So why Is pH important to me?

* We learned some ways to test
pH. But why should we really
care about pH?

* Well Our bodies are alkaline
by design and acid by function.
Maintaining proper alkalinity is
essential for life, health, and
vitality. So basically, an
Imbalance of alkalinity creates
a condition favorable to the
growth of bacteria, yeast and
other unwanted organisms. All
leading biochemists and
medical physiologists have
recognized pH as the most
Important aspect of a balanced
and healthy body.

OVGC 50 Jon .ﬂct:vntlfd AND AT
Dev10vs Recires Sor Hos Qg
JOAN DAMICO #%o KAREN €1cH DRUMM OND




pH and blood

* The pH of your blood is
normally within the range
of 7.3—7.5.

* Holding your breath
causes blood pH to drop.

* High blood pH can be
caused by
hyperventilating.




You have a glass of orange juice that
has a pH of 3. What can you
conclude about the orange juice?

It is an ACID

~_\ You have some drain cleaner that hasa
i * pH of 13.5. What can you conclude? .ﬁ

It 1Is a BASE

</ You have some distilled water. What can
in, you conclude about the pH?

Itis SO



% Which of the following substances
” would definitely have a pH under 77?

CaCl; CHa KOH Mg (OH)2

pPH under 7 = ACIDS



pH Scale

1 nd i

B % 2 W E ERE
&z 2 ES Pure —L,_E g 3 X
u b — — J
B< £ 53 water £°2 E B8s
o > ~ & E vz
o =

1 Z 3 4 5 6 7 8 9 10 11 12 13 14
\ O, €7, €7, @
X 10 x10 x10 x 10....and so on

If substance A has a pH of 1 & substance
s a pH of 3, which is ?

— It Is actually mor

=g I
il ﬂk‘ :
R
<
i

http://www.fishdoc.co.uk/images/pH_scale.gif
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Rank from acidic to

acidic:

i’(f * Milk pH 6.5 - PN
EIE‘ » Coffee pH 5 - 202\
= p Mik \/

Coffee*.:* Milk

Most acidic @ Least acidic



w

l R

Rank from basic to
basic:
* Blood pH 7.4

* Drain Cleaner pH 13.5 -
Blood Drain Cleaner

w N\
| @ Most Basic

L east Basic ﬁ’



pH

A. The [H,O*] of tomato juiceis 1 x 10* M.

What is the pH of the solution?
1) -4 2) 4 3) 8

B. The [OH] of an ammonia solution is
1 x 103 M. What is the pH of the solution?
1) 3 2) 11 3) -11



Learning Check pH5

The pH of asoap is 10. What is the

[H,O*] of the soap solution?
1) 1x 104 M

2) 1x 1010 M

3) 1x 10 1M




. " DO ¢ ]




Buffers




Definition

[“Buffers are compounds or mixtures
of compounds that by their presence
In the solution resist changes in the
pH upon the addition of small
guantities of acid or alkali.”



Necessity of a buffer system:

[ Sometimes it is necessary that a solution of a definite pH
be prepared and stored. The preservation of such a
solution is even more difficult than its preparation. If
solution comes in contact with air, it will absorb CO> and
becomes acidic. On the other hand, if solution is stored in
a glass bottle, alkaline impurities from the glass may alter
its pH. Due to these reasons, pharmaceutical solutions
are buffered as the buffer solutions are capable of
maintaining pH at some fairly constant value when even
small amounts of acid or base are added.




Types of buffers:

Generally buffers are of two
- types;
JAcidic buffers

IBasic buffers




Acidic Buffers:

An acidic buffer is a combination of weak acid and its salt
with a strong base.

l.e. Weak acid & salt with strong base (conjugate base).
| EXAMPLES:

| CH3COOH / CH3COONa

|H,CO;/ NaHCO,

|H,PO, / NaH,PO,

| HCOOH / HCOONa




Basic Buffers:

A basic buffer iIs a combination of weak base and its salt
with a strong acid.

I.e. Weak base & salt with strong acid (conjugate acid).
EXAMPLES:

I NH4OH / NH4ClI

I NHs / NH4Cl

1 NH, / (NH,),CO4




Phosphate Buffers (Double salt
buffers):

Besides the two general types of buffers (i.e.
~acidic & basic), a third appears to exist. This
IS buffer system composed of two salts:

IMonobasic potassium phosphate (KH,PO,)

IDibasic potassium phosphate (K,HPO,).




Buffer action

The resistance of a buffer solution to a change in pH is
known as buffer action.




Mechanism of Action of acidic buffers:

1 Consider a buffer system of CH3:COOH (Weak electrolyte)
and CH3COONa (Strong electrolyte). There will be a large
concentration of Na+ ions, CHsCOONa ~ions, and un-
dissociated CH3COOH molecules.

1When an acid is added

[ If a strong acid (Hcl) is added in CH3COOH / CH3COONa
buffer, the changes that will occur may be represented as:

_ + -
=+
CHCOONa ——— Na+ CHCOO H+Cl < HCl

CHSEDDH




[The hydrogen ions yielded by the Hcl are
quickly removed as unionized acetic acid, and
the hydrogen ion concentration is therefore
only slightly affected (because acetic acid
produced Is very weak as compared to Hcl
added).



When a base is added

[ If a strong base (NaoH) is added in CH3;COOH / CH3;COONa buffer, the
changes that will occur may be represented as:

_ . _
CHCOOH T———=> CHCOO + H OH + Na == NaOH

3 3

HO

The hydroxyl ions yielded by the NaoH are therefore removed as water.
The supply of hydrogen ions needed for this purpose being constantly
provided by the dissociation of acetic acid.



Mechanism of Action of basic buffers:

1 Consider a buffer system of NHsOH (Weak electrolyte) and NH4ClI (Strong
electrolyte). There will be a large concentration of NH4"* ions, Cl - ions, and un-
dissociated NH4OH molecules.

] When an acid is added

01 If a strong acid (HCI) is added in NHsOH / NH4Cl buffer, the changes that will
occur may be represented as:

HCl

The hydrogen ions yielded by the Hcl are therefore removed as water.
The supply of OH ions needed for this is constantly provided by the
ammonium hydroxide.



When a base is added
If a strong base (NaOH) is added in NH4sOH / NH4Cl buffer,
the changes that will occur may be represented as:

+ — +

NHCl — cl + NH OH + Na ™ NaOH
4 ~ 4 s

The hydroxyl ions yielded by the NaOH are therefore quickly
removed as unionized ammonium hydroxide and the pH of
solution is only slightly affected.




Mechanism of Action of phosphate buffers:

In KH,PO, / K,HPO, buffer system, H,PO, serves as weak acid and HPO,
serves as conjugate base.
When hydronium ions are added, then

HPO,?+H 0" > HPO,+ HO
When hydroxyl ions are added to this buffer, the following reaction takes

H,PO,” + OH > HPO,2 + H,0



BUFFER EQUATION
(Henderson — Hasselbalch equation)




For Acid Buffers:

The pH of acid buffer can be calculated from the dissociation
constant, Ka of the weak acid and the concentrations of the acid
and salt used.

1 The dissociation expression of the weak acid can be
presented as:

A - H + A

fKa = [H+] [A-] / [HA]

1 Or

1[H*] = Ka[HA]/[AT]-----------mmmmmmmm- (1)




1 A weak acid is only slightly dissociated, and its dissociation

Is further depressed by the addition of the salt (XA) which
provides A" ion (common ion effect) as a result the
equilibrium concentration of the unionized acid is nearly
equal to the initial concentration of the acid. The equilibrium

ncentration of A  is assumed to be equal to the initial
concentration of the salt added since it is completely
dissociated. Therefore, in above equation (1), we represent
concentration of A- by salt concentration.



| [H*] = Ka. [Acid] / [Salt] ------------- (2)

| Taking log on both sides, we get:

llog[H*] = logKa + log [Acid] / [Salt]

I multiplying both sides by —ve sign,
l-log[H*] = -logKa - log [Acid] /[Salt]
1As -log[H*] = pH & -logKa = pka
lpH = pka - log[Acid] / [Salt] OR

pH= pka + log[Salt] /[Acid]

| Eq. (3) is called as Henderson — Hasselbalch equation.
\ It helps in calculating the pH value of buffer solution,
\if the concentrations of acid as well as that of the salt are known.



For Basic Buffers:

Buffer equation for basic buffer can be calculated in same way as that
for acidic buffers.

Consider a basic buffer composed of a mixture of weak base (BOH)
and its/salt (BA). The dissociation constant for base can be written as,

BOH <> B* + OH-
Kb = [B*] [OH] / [BOH]

OR
[OHT] = Kb [BOH] / [B*]----mrmmmrmmeen (1)



I A weak base is only slightly dissociated, and its
dissociation is further depressed by the addition of the
salt (BA) which provides B*ion (common ion effect) as a
result the equilibrium concentration of the unionized
base is nearly equal to the initial concentration of the
base. The equilibrium concentration of B* Is assumed to
be equal to the initial concentration of the salt added
since it iIs completely dissociated. Therefore, in above
equation (1), we represent concentration of B+ by salt
concentration.




[OH] = Kb. [Base] / [Salt]----------- (2)

Taking log on both sides, we get:
log[OH] = logKb + log [Base] / [Salt]
multiplying both sides by —ve sign,
-log[OH] = -logKb - log [Base] / [Salt]

As -log[OH] = pOH & -logkb = pkb
%)H = pkb — log [Base] / [Salt]

Or

pOH = pkb + log[Salt] /[Base] ----------



Significance of Henderson — Hasselbalch equation:

By this equation, the pH of a buffer solution can be calculated from the initial
concentrations of the weak acid and the salt provided when ka is given.
However, the Henderson equation for a basic buffer will give pOH, and so pH
can be calculated as;

pkw = pH + pOH

or pH = pkw - pOH
pH =14 - PoH

Also, the dissociation constant of a weak acid (pka) or a weak base (pkb) can
be calculated by measuring the pH of a buffer solution containing equimolar
concentrations of the acid (or base) and the salt.



EXAMPLE:

0 Calculate the pH of a buffer solution containing 0.03 moles/litre of acetic acid
and 0.1 moles/litre of sodium acetate. pka for CH3zCOOH is 4.57.

Solution:

0l Conc. Of acid =0.03 M
0l Conc.Ofsalt =0.1 M
0 Sa
pH = pka + log [salt] / [acid]
[ = 4,57 +1og 0.1/0.03
[ =4.57 +0.52
[

[

=5.09

Result —»The pH of the buffer solution containing 0.03 M of acetic acid and 0.1
M of sodium acetate is 5.09.



1 EXAMPLE:

0 Calculate the pH of a buffer solution containing 0.25 moles / litre of formic
acid (HCOOH) and 0.10 moles / litre of sodium formate (HCOONa). Ka for
formic acid is 1.8 x 10 4.

0 Solution:

1 Conc. Of acid =0.25 M

I Conc. Of salt =0.10 M

Il Ka=1.8x10*

0 & pkais

‘ pka =-log ka=-log 1.8 x 10 -4

l =-(log1.8x104)=-(log1.8+log 104 =-[0.25+(-4)] =-(-3.75) =3.75
1 So,

01 pH =pka + log [salt] / [acid]

[ =3.75+10g 0.10/0.25=3.75-0.397 = 3.34

1 Result — The pH of a buffer solution containing 0.25 M of formic acid and
0.10 M of sodium formate is 3.34.




BUFFER CAPACITY

1 The buffer capacity of a buffer solution is “a measure of its magnitude of its
resistance to change in the pH on an addition of an acid or a base.”

1 Buffer capacity is also referred as buffer index, buffer value, buffer efficiency or
buffer coefficient.

0 The buffer capacity represented by ‘B’ may also be defined as:

[ “The ratio of the increment (amount added) of strong acid or base to the small
change in pH (ApH) brought about by this addition”.

1B =AAor AB / ApH
[

0l Where, AA or AB represents the small increment (in gram equivalents / litre of
strong acid or base added) to the buffer to bring about a pH change of ApH.

01 According to the above equation, a solution has a buffer capacity of 1 when one
litre of it requires one gram equivalent of a strong acid or base to change the pH
by one unit. So, smaller the pH change in a solution upon the addition of an acid
or base, greater is the buffer capacity and vice versa.



Prepare a buffer solution of pH 5 from acetic acid
,COOH & CH;COONa. pka of CH;COOH is 4.7/.

Required pH =5
pka =4.7

Molar concentration of acid required = 1M, Molar concentration of base required = x M = ?

1 So, by putting above information in equation, we get:
0l pH= pka + log[Salt] / [Acid]

015=47+log [x]/[1]

1544.7=logx-1log1l

l/as log1l=0,

| 0.3 =log X
1 x=1log 0.3 (log- means anti-log)
| Ix=2

\ I Result — in order to prepare buffer solution of pH 5, acetic acid CH3COOH & sodium acetate CH3COO
must be mixed in a ratio of 1M : 2M



- APPLICATIONS OF
BUFFERS:




In biological systems:

0 The pH of blood is maintained at about 7.4 by two buffer
systems. That are;

0 a) primary buffers : these are present in plasma. The plasma
contains;

| carbonic acid / carbonate & acid /alkali sodium salt of
phosphoric acid.

1 b) secondary buffers: these are present in erythrocytes which
are;

0 oxy-haemoglobin / haemoglobin & acid / alkali potassium
salts of phosphoric acid.



In pharmaceutical systems:

1 Buffers are widely used in the field of pharmacy as ingredients
in most of the pharmaceutical formulations in order to adjust
the pH of the product to that required for maximum stability.

n parenteral preparations (i.e. injections):

1 In case of parenteral preparations, pH should be considered
carefully as large deviations of pH may lead to serious
consequences. The ideal pH of a parenteral product is 7.4,
which is pH of blood. The most commonly used buffers in
parenteral products (injections) are acetate, phosphate, citrate
and glutamate.



In ophthalmic preparations (i.e. eye preparations):

1 Buffers are generally used in ophthalmic preparations to maintain the pH
within the physiological pH range of lacrimal fluid (i.e. eye fluid). The
lacrimal fluid has a pH inrang 7 - 8, but it has good buffering capacity
and can tolerate preparations having pH values between 3.5 - 10.5 with
little discomfort. Out side this range (i.e. 3.5 - 10.5), increase
lacrimation may occur with other complications.

"he buffering agents most commonly used in ophthalmic preparations
include borate, carbonate and phosphates.

In ointments and creams:

1 Topical products (which are used on skins) such as ointments and
creams are also buffered to ensure stability of the formulation. The most
commonly used buffers in ointments and creams are citric acid / its salts
& phosphoric acid / its salts.



CONCEPT OF ENERGY IN ECOSYSTEM

* Energy Is the capacity to do work.

« Biological activities require consumption of energy
which ultimately comes from sun.

 Except for the deep-sea hydrothermal ecosystem, sun
IS only the source of energy for all ecosystem on Earth.

o Of the total incident solar radiation less than 60% of it
IS photosynthetically active radiation (PAR).

« Solar energy of sun is transformed into chemical
energy(Adenosine triphosphate) by the process of
photosynthesis, then it is stored in plant tissues and
then transformed into mechanical and heat form of
energy during metabolic activities.

S

b | N
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Components of the energy flow in Ecosystem

* Sun — The energy used for all plant life processes is derived fro

animals are further dependent on plants. About 34% of the su ’s
atmosphere is reflected back (by clouds and dust), 10% is held
vapour and other atmospheric gases. The rest 56% reaches t of

that only 2 to 10% is used by plants and the remaining is ¢
ground. =




.%strial
%rs in

» Producers — The green plants in the ecosystem-terminology are calle

ecosystem major producers are herbaceous and woody plants. Like

an aguatic ecosystem are various species like phytoplankton, algae




= Consumers — All

animals depend on
plants (directly or
Indirectly) for their
food needs. Hence,
they are called
consumers and also

heterotrophs.




= Decomposers — The heterotrophic organisms, mainly fungi and bact

energy and nutrient requirements by degrading dead organic matter

decomposers. They are also known as saprotrophs.




« Plants capture only 2 to 10 % of the PAR and this small amount of energy sustains|th - !~ "

« S0, it Is very important to know how solar energy captured by plant flows through
ecosystem.

 This can be shown by the following schematic diagram -

GUN —RADIANTENERGY | pRODUCERS CHEMICAL ENERGY

(metabolism)

>

HEAT ENERGY




ECOLOGICAL ENERGETICS

 Ecological energetics include energy transformation which occ
ecosystems.

* In ecological energetics, we consider —

i. Quantity of energy reaching an ecosystem per unit of area per

1. Quantity of energy trapped by green plants and converted to &
(photosynthesis).

1. The quantity and path of energy flow from green plants to orge
tropic levels over a period of time in a known area ( energy flow f
consumers).



LAWS GOVERNING ENERGY
TRANSFORMATION IN ECOSYSTEM

 Energy transformation in ecosystem can be explained by the la

 Ecosystem follows the first law of thermodynamics, which s
transformed from one form to another but it can neither be
also true in the case of an ecosystem, when an organism dies | s
dissipated in the surrounding through decomposers.

* Further, ecosystem is not exempt from the Second law of thermod
processes involving energy transformation does not occur sponta 1eous
degradation of energy from a non-random to a random form. The energ
IS In non-random form i.e. in the form of chemical bonds of blomo ules but v
decomposition occurs the non-random energy is converted to rar) om form b
decomposers to simpler form.
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 All the organisms in an ecosystem are connected in a very intricate ma

INTERCONNECTION AMONG ORGANISMS

energy flow occurs through these interconnections.

These interconnections can be depicted by food chains to understa
connection between organisms (In reality they are lot more comp

There are many types of food chains operating in nature, major
grazing food chain (GFC) and detritus food chain (DFC). A sii
below :-

Produoer Primary Secondary Tertiary
Consumer Consumer Consumer

oD

Decomposer




THE TEN PERCENT LAW

 This law was Introduced I1n conte

According to this law, duri




« The ten percent law gives us a basic understanding on the cycling f
 Furthermore, this law shows the inefficiency of energy capture at

|\

I \c level.

/.:
790 Joules
. energy lost to
\N'vz » - ,
Y o W / environment / /

Lo / / % Joules / 0.9 loule y
S / / energy lost to /' energy lost tof
8D / / environment / environment
> © /

56 /
Lo S 4 AN 2 4

10 Joules
—y

Energy

10 Joules energy 1 Joule energy 0.1 Joule energy

available as food available as food available as food
(Producer) (Herbivore) (Carnivore)

Progressive Loss of Energy in Food Chain

/




REPRESENTATION OF ENERGY FLOW IN EC

Tropic level — Organisms occupy a place in the natural surroundings or in a cg
to their feeding relationship with other organisms. Based on the source of the
organisms occupy a specific place in the food chain that is known as their tr
organism may occupy more than one tropic level simultaneously.

Organisms at each tropic level depend on those at the lower tropic leve

Standing crop - Each tropic level has a certain mass of living materia |
the standing crop. It is measured as the biomass of an organism or the

Pyramid of energy - Any calculations of energy content, biomass, or nu
organisms at that tropic level.

Tertiary consumer

Secondary consumer

Primary consumer

Primary producer

1,000,000 of sunlight



CONCLUSION

An ecosystem Is a functional unit with energy flowing amog

ents
very efficiently. |

Energy flow In an ecosystem is always unidirectional.

Energy In an ecosystem is never destroyed but it Is co y her.
Only 10 % of energy Is passed to the successive tropic leve |
Sun is the ultimate source of energy.

Plants play a vital role in converting the solar energy to the ¢
the sun’s energy available to the organisms at higher tropic levels

If any of the link In a food chain or food web (interconnectec q_d’ Cha"l
efficient energy flow will not occur. '




OXIDATION AND REDUCTION

Oxidation is a process which involves either of the
following :

Addition of oxygen and removal of hydrogen.

Addition of electronegative element and removal of
electropositive element.

Increase in the valency of an electropositive element.

Loss of one or more electron by an atom or an ion or
molecule.

Reduction is the reverse process of oxidation.
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REDOX REACTION

oxidation-reduction reaction An oxidizing chemical
change, where an element's positive valence is
increased (electron loss), accompanied by a
simultaneous reduction of an associated element
(electron gain

oxidation state The number of electrons to be added
(or subtracted) from an atom in a combined state to
convert it to elemental form. Also known as oxidation
humber.
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OXIDATION NUMBER

Oxidation number (Oxidation state) is the charge that
an atom appears to have in a given species when the
bonding electrons are counted using following rules:

(a). The oxidation number (O.N.) of an atom in its
elemental state is zero, no matter how complicated
the molecule is, e.g.,

Hin H>=0

SinSsg=0

Pin Ps=0
Oin O20r 03=0
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OXIDATION NUMBER

(b). F has oxidation number -1.

(c). Oxidation number of oxygen is -2 in all
compounds except in peroxides, super oxides and
oxygen fluoride. The Oxidation Number of

Oxygen In 022-is -1
Oxygen in 02 is -12
Oxygen in OF2 is +2
Oxygen O2zF2 is +1
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OXIDATION NUMBER

(d) The oxidation number of
Hydrogen is +1 in all its compounds
Hydrogen is -1 in Metallic Hydrides

(e) The oxidation number of
Group | elements is +1

Group 2 elements is +2.

(f) For complex ion, the algebric sum of oxidation numbers of all
the atoms in equal to the net charge on the ion.
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TYPES OF REDOX REACTIONS :

Combination reaction :

0 0 +2 -3
3Mg(s) + Ny(g) A A Mg;N, (s)

Decomposition :
+1 +5 -2 +1 -1 0
3KCI0,(s) 2KCl + A 30,(8)
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TYPES OF REDOX REACTIONS

Metal displacement :
+2 +6 -2 0] +2 +6 -2 0]
3CuSO0, +  Zn(s) ZnS0, + Cu

Non-metal displacement :
0 +1 -1 +2 -2 +1 0
3Ca, + 2H,0(l) Ca (OH)y(4q +  Hyy

Disproportionation :
O +1 +1
Cl, + 20H(aq) Cl- (aq) + CIO~- + H,O
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OXIDIZING AGENT AND REDUCING AGENT

Oxidizing agents are those chemicals, which oxidizes other
chemicals but reduces itself.

Reducing agents are those substances, which reduces other but
oxidizes itself.

Example:
+2 +6 -2 0 +2 +6 -2 0
3Cuso, *+ Zn(s) Znso, + Cu

In this chemical reaction:
Oxidizing agent: 3CuSO04
Reducing agent: Zn
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OXIDIZING AGENT

Two common oxidizing agents are potassium permanganate
(KMnO,) and potassium dichromate (K,Cr,0-).

MnO, Mn?2*
purple light pink
Cr,0,2 Cr3*

orange green yellow
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BALANCING REDOX EQUATIONS

Equations for redox reactions like the preceding one are
relatively easy to balance.

However, in the laboratory we often encounter more complex
redox reactions involving oxo anions such as

chromate (Cr042),
dichromate (Cr2072),
permanganate(Mn04-),
nitrate (NO3- ),
sulfate (S042).
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BALANCING REDOX EQUATIONS

In principle, we can balance any redox equation using the
procedure ,but there are some special techniques for handling
redox reactions, techniques that also give us insight into

electron transfer processes.

Here we will discuss one such procedure, called the ion-electron
method.
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BALANCING REDOX EQUATIONS

ION-ELECTRON METHOD.

In this approach, the overall reaction is divided into two half-
reactions,

one for oxidation half reaction
one for reduction half reaction

The equations for the two half-reactions are balanced
separately

then added together to give the overall balanced equation.
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ION ELECTRON METHOD

Suppose we are asked to balance the equation showing the

oxidation of Fe2?* ions to Fe3*ions by dichromate ions(Cr,0,% )
in an acidic medium. As a result, the Cr,0-,2 ions are reduced to
Cr3* ions. The following steps will help us balance the equation.

Step 1: Write the unbalanced equation for the reaction in ionic
form.

Fe2* + Cr,0,% Cr3+ + Fe3*

Step 2: Separate the equation into two half-reactions.

+ 2 + 3
Oxidation half reaction: Fe?2* Fes3+
+ 6 + 3

Reduction half reaction : Cr,0,% Cr3*
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ION ELECTRON METHOD

Step 3: Balance each half-reaction for number and type of
atoms and charges. For reactions in an acidic medium, add
H20 to balance the O atoms and H1 to balance the H atoms.

Oxidation half-reaction: The atoms are already balanced. To
balance the charge, we add an electron to the right-hand side of
the arrow:

Fe2* Fe3* + e-
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ION ELECTRON METHOD

Reduction half-reaction: Because the reaction takes place in an
acidic medium, we add 7H20 molecules to the right-hand side of
the arrow to balance the O atoms:

Cr,0,2 2Cr3* + TH,0
To balance the H atoms, we add 14 H* ions on the left-hand

side:
14H* + Cr,0,% + Ge- 2Cr3* + TH,0
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ION ELECTRON METHOD

Step 4: Add the two half-equations together and balance the
final equation by inspection. The electrons on both sides must
cancel. If the oxidation and reduction half-reactions contain

different numbers of electrons, we need to multiply one or both
half-reactions to equalize the number of electrons.

Here we have only one electron for the oxidation half -reaction
and 6 electrons for the reduction half-reaction, so we need to
multiply the oxidation half-reaction by 6 and write

Fe2* Fe3* + e-
14H * + Cr,0,2+ 6e- 2Cr3* + 7H,0
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ION ELECTRON METHOD

The electrons on both sides cancel, and we are left with the
balanced net ionic equation:

6Fe?*+ 14H* + Cr,0,%+ Ge 6Fe?* + 2Cr3* + 7H,0 + Ge-

Step 5: Verify that the equation contains the same type and
humbers of atoms and the same charges on both sides of the
equation.

A final check shows that the resulting equation is “atomically”
and “electrically” balanced.

For reactions in a basic medium, we proceed through step 4 as if
the reaction were carried out in a acidic medium. Then, for every
H* ion we add an equal number of OH ions to both sides of the
equation. Where H" and OH ions appear on the same side of the
equation,
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GALVANIC CELLS

When a piece of zinc metal is placed in a CuS0O4 solution,

Zn is oxidized to Zn2?* ions while Cu?* ions are reduced to
metallic copper

The electrons are transferred directly from the reducing agent
(Zn) to the oxidizing agent (Cu?*) in solution. However, if we
physically separate the oxidizing agent from the reducing
agent, the transfer of electrons can take place via an external
conducting medium (a metal wire). As the reaction
progresses, it sets up a constant flow of electrons and hence
generates electricity (that is, it produces electrical work such
as driving an electric motor).
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GALVANIC CELLS

The experimental apparatus for generating electricity through
the use of a spontaneous reaction is called a galvanic cell or
voltaic cell, after the Italian scientists Luigi Galvani and

Alessandro Volta, who constructed early versions of the
device.
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GALVANIC CELL

In Galvanic cell, a zinc bar is immersed in a ZnS0O4 solution,
and a copper bar is immersed in a CuS0O4 solution. The cell
operates on the principle that the oxidation of Zn to Zn?* and
the reduction of Cu?* to Cu can be made to take place
simultaneously in separate locations with the transfer of
electrons between them occurring through an external wire.
The zinc and copper bars are called electrodes. This particular
arrangement of electrodes (Zn and Cu) and solutions (ZnSO4
and CuSO04) is called the Daniel cell.

By definition, the anode in a galvanic cell is the electrode at
which oxidation occurs and the cathode is the electrode at
which reduction occurs.
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GALVANIC CELL

voltameter
e, P 37
Anode e Cathode
- - e S -i .
(oxidation) o Sokesedar l (reduction)
Z1n - RS Cu
ZnsS0y CuSo; 3

~ — =4

Zn (s)| ZnS04(aq) I CusO,(aq) ICu(s)

Anode Cathode
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GLAVANIC CELLS

Zn is oxidized to Zn2* at anode.

Zn(s)—— Zn?*(aq) + 2e-

Cu22+ is reduced to Cu at cathode.

2e-+ Cu?t(aq) ——— Cu(s)

The net reaction:

Zn(s) + Cu?*(aq) —— Zn?**(aq) + Cu(s)
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SIGNIFICANCE OF SALT BRIDGE

Salt bridge and its significance :

An inverted U-tube filled with concentrated solution of inert
electrolyte like NH,NO;, KCI.

(a) It connects the solution of two half-cells.

(b) It prevents the accumulation of charges in anodic as well
as cathodic half-cells.
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ELECTRODE POTENTIAL

When the concentrations of the Cu?*and Zn2?* ions are both 1.0
M, we find that the voltage or emf of the Daniel cell is 1 .10 V at
25°C. This voltage must be related directly to the redox
reactions, but how?

The overall cell reaction can be thought of as the sum of two half-
cell reactions, the measured emf of the cell can be treated as
the sum of the electrical potentials at the Zn and Cu electrodes.
Knowing one of these electrode potentials, we could obtain the
other by subtraction (from 1 .10 V). It is impossible to measure the
potential of just a single electrode, but, if we arbitrarily set the
potential value of a particular electrode at zero, we can use it to
determine the relative potentials of other electrodes. The
hydrogen electrode, serves as the reference for this purpose.
Hydrogen gas is bubbled into a hydrochloric acid solution at 25°C.
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STANDARD HYDROGEN ELECTRODE (SHE)

The platinum electrode has two functions:

First, it provides a surface on which the dissociation of hydrogen
molecules can take place:

Second, it serves as an electrical conductor to the external
circuit.

Under standard-state conditions (when the pressure of H2 is 1
atm and the concentration of the HCI solution is 1 M; the
potential for the reduction of H1 at 25°C is taken to be exactly
zero:

2H,(1 M) + 2e- — H,(1 atm) E° =0V
E° is the standard reduction potential, or the voltage associated

with a reduction reaction at an electrode, when all solutes are 1
M and all gases are at 1 atm. Thus, the standard reduction

potential of the hydrogen electrode is defined as zero.

The hydrogen electrode is called the standard hydrogen electrode
(SHE).
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STANDARD HYDROGEN ELECTRODE (SHE)

{(Pt) Ha(g) H'(ag)
/<\’ H*(ag) Ha(g) (pt)

Excess «——= «— Hydrogen gas
hydrogen goes out Hax
|
Solution
— i containing H*

Pt foll

SHARDA PUBLIC SCHOOL , ALMORA CLASS XI



USE OF STANDARD HYDROGEN

ELECTRODE (SHE)

When all the reactants are in their standard states (that is, H2
at 1 atm, H;, and Zn*? ions at 1 M), the emf of the cellis 0.76

V at 25°C, We can write the half-cell reactions as follows:
Anode (oxidation): Zn— Zn*2 (1 atm) )+ 2e"E° =? V
Cathode (reduction): 2H (1 M) + 2e- —»H,(1 atm) E°=0V

Overall: Zng, + 2H,(1 M) — Zn*2 (1 atm) )+ H,(1 atm)

E°cell = E°cathode - E°anode
E°cell = E°yy 4o - E°, "2
0.76 V=0V-E°_ *2

Zn /Zn
EO

2 g0 = 0.76 V

/Zn
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STANDARD REDUCTION POTENTIAL OF

COPPER

The standard electrode potential of copper can be obtained in
a similar fashion, by using a cell with a copper electrode and
a SHE. In this case, the copper electrode is the cathode
because its mass increases during the operation of the cell,
as is consistent with the reduction reaction:

Cu?* (aq) — 2e + Cuy,

The cell diagram is

Pt(s)[H (1 atm) [H* (1 M) ||Cu+2 (1 M)| Cu(s)
the half-cell reactions are
Anode (oxidation): H,(1 atm) -»2H* +(1 M) + 2e"E° =0V
Cathode (reduction): Cu*2 (1 atm) + 2e- — Cu, E°=?V
Overall: Cu*?(1 atm) + Hy(1 atm) — Cuy, + 2H*(1 M)
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STANDARD REDUCTION POTENTIAL OF

COPPER

the half-cell reactions are

Anode (oxidation): H,(1 atm) -2H* +(1 M) + 2e"E° =0V
Cathode (reduction): Cu*?(1 atm) + 2e” — Cu, E°=?V
Overall: Cu*? (1 atm) + Hy(1 atm) — Cu(, + 2H*(1 M)

Under standard-state conditions and at 25°C, the emf of the cell
is 0.34 V, so we write

E°cell = E°cathode - E°anode
E°cell = E° ¢y jcu- E° W ho
0.34 V = Eocu+2 /cu - O V
E° cy+2 jou = 0.34 V

In this case, the standard reduction potential of copper, E°¢ .o /4
is 0.34 V,
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ELECTRODE POTENTIAL OF

ELECTROCHEMICAL CELL

By convention, the standard emf of the cell, E°cell , which is
composed of a contribution from the anode and a contribution
from the cathode, is given by

E°cell = E°cathode - E°anode

where both E°cathode and E°anode are the standard reduction
potentials of the electrodes.

For a cell
E°cell =E°cathode - E°anode
E°cell = E°Cu?+/Cu - E°Zn2?+/Zn
=0.34V-0.76V
=1.10V
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STANDARD OXIDATION-REDUCTION

POTENTIALS AT 25°C

PACIRE ACTIVE Reaction Ea {volts)

A Na - Na* + e —2.71
g — Mg + 2e- —-2.38
Al — A 4 Ze- -1 66
In—=7nm* £ e —0ia3
e+ ettt + e =405
Mi — DIt + 2e = (250)
Pbh —+ Pl + 2a- -01268
H—2H* £ 2e- 000 Retere nos
Ty — Cut + 2e” + .34
H0OH = O + 2H:D + &e + 0401
Fetz = fattr 4 oo +0,7 71
2H<— Hga" + 27 +().905
Ag = Agt + & +0.799
2B — Brz + e +1.06
ZH=C =0z + AH* + 4g° +1.232
2010 =l + 2e- +1.36
Pr— Pr* + 2¢g° +1.2

v Au—=Au™ + Je + 1. 498

MORE NOBLE
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SIGNIFICANCE OF STANDARD OXIDATION-
REDUCTION POTENTIALS
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OXIDIZING AND REDUCING STRENGTHS

The electrochemical series helps to pick out substances that are
good oxidizing agents and those which are good reducing agents.
For example, a very high negative reduction potential of lithium
electrode indicates that it is very difficult to reduce Li* ions to Li
atoms. Therefore, Li* cannot accept electrons easily and so loses
electrons to behave as a reducing agent. As the reduction
potential increases (hegative value decreases), the tendency of
the electrode to behave as reducing agent decreases. Thus, all
the substances appearing on the top of the series behave as
good reducing agents. For example Li and K are good reducing
agents while F- and Au are the poorest reducing agents.

Similarly, substances at the bottom of the table have high
reduction potential and they can be easily reduced. Therefore,
they act as strong oxidizing agents. From the table we can
conclude that H* is a better oxidizing agent than Zn2?* while
Cu?* is a better oxidizing agent than H*; Fe is a better oxidizing
agent than Cl2 and so on. All the substances appearing at the
bottom of the table are good oxidizing agents.
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COMPARISON OF REACTIVITY OF METALS

The relative ease with which the various species of metals and
ions may be oxidized or reduced is indicated by the reduction
potential values. The metals with lower reduction potential are
hot reduced easily but are easily oxidized to their ions losing
electrons. These electrons would reduce the other metals having
higher reduction potentials. In other words, a metal having
smaller reduction potential can displace metals having larger
reduction potentials from the solution of their salt.

For example, copper lies above silver in the electrochemical
series, therefore, if copper metal is added to AgNOs3 solution,
silver is displaced from the solution. In general a metal
occupying higher position in the series can displace the metals
lying below it from the solutions of their salts and so are more
reactive in displacing the other metals. Thus, Li is the most
electropositive element in solutions and fluorine is the most
electronegative element.
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CALCULATION OF THE EMF OF THE CELL

The following steps determine the reduction potential of the cathode and
anode:

Step | : The two half- cell reactions are written in such a way that the reaction
taking place at the left hand electrode is written as an oxidation reaction and
that taking place at the right electrode is written as reduction reaction.

Step Il: The number of electrons in the two equations are made equal by

multiplying one of the equations if necessary by a suitable number. However,
electrode potential values (E°) are not multiplied.

Step Ill: The electrode potentials of both the electrodes are taken to be
reduction potentials and so the EMF of the cell is equal to the difference

between the standard potential of the right hand side and the left hand side
electrode.

Ecen= Er - E,
Step IV: If the EMF of the cell is +ve, the reaction is feasible in the given
direction and the cell is correctly represented, i . e., oxidation occurs at left

electrode (anode) and reduction occurs at the right electrode (cathode). If it
is - ve, the cell reaction is not feasible in the given direction and the cell is
wrongly represented. Thus, to get positive value for the EMF the electrodes
must be reversed.
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PREDICTING THE LIBERATION OF

HYDROGEN GAS FROM ACIDS BY METALS

All metals having negative electrode potentials (hegative E°
values) show greater tendency of losing electrons as compared
to hydrogen. So, when such a metal is placed in an acid solution,
the metal gets oxidized, and H* (hydrogen) ions get reduced to
form hydrogen gas. Thus, the metals having negative E ° values
liberate hydrogen from acids.

metal having negative E° value

For example, metals such as Mg (E (Mg?+ Mg) = - 2.37 V),

Zn (E (Zn2%* Zn) = - 0.76 V), Iron (E (Fe?* Fe) = - 0.44 V) etc., can
displace hydrogen from acids such as HCl and HSO4.

But metals such as Copper, (E (Cu?* Cu) = + 0.34V), silver (E
(Ag* Ag) = + 0.80V) and gold (E (Au3*Au) = +1.42 V) cannot
displace hydrogen from acids because of their positive reduction
potential value.
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FEASIBILITY OF A REDOX REACTION

From the E° values of the two electrodes one can find out whether a given
redox reaction is feasible or not. A redox reaction is feasible only if the
species which has higher potential is reduced i.e., accepts the electrons
and the species which has lower reduction potential is oxidized i.e., loses
electrons.

The electrochemical series gives the increasing order of electrode
potentials (reduction) of different electrodes on moving down the table.
This means that the species, which accept the electrons (reduced) must be
lower in the electrochemical series as compared to the other which is to
lose electrons. (oxidized). For example,
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FEASIBILITY OF A REDOX REACTION

From the electrochemical series E° value of Cu = +0.34 V and
that of Ag = +0.80 V since the reduction potential of Ag is more
than that of Cu, this means that silver has greater tendency to
get reduced in comparison to copper. Thus, the reaction occurs
more readily than the reaction

The reduction potential of copper is less than that of Ag, this
means that copper will be oxidized or will go into solution as ions
in comparison to Ag. Thus, the reaction, occurs more readily than
Therefore, silver will be reduced and copper will be oxidized and
the above reaction is not feasible. Rather the reverse
reaction,can occur. Thus a metal will displace, any other metal,
which occurs below it in the electrochemical series from its salt
solution. When a metal having lower E° value is placed in a
solution, containing ions of another metal having higher E°
value, then the metal having lower E° value gets dissolved and
the ions of the metal having higher E° value get precipitated.
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