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Block Introduction 

Environmental chemistry is the scientific study of the chemical and biochemical 

phenomena that occur in natural places. You should not be confused with green chemistry, which 

seeks to reduce potential pollution at its source. It defined as the study of the sources, reactions, 

transport, effects, and fates of chemical species in the air, soil and water environments; and the 

effect of human activity and biological activity on these. Environmental chemistry is 

an interdisciplinary science that includes atmospheric, aquatic and soil chemistry as well as heavily 

relying on analytical and related to environmental and other areas of science. 

Environmental chemistry is the study of chemical processes occurring in the environment, 

which impact by humankind's activities. These impacts felt on a local scale, through the presence 

of urban air pollutants or toxic substances arising from a chemical waste site, or on a global scale, 

through depletion of stratospheric ozone or global warming. The focus in our courses and research 

activities is upon developing a fundamental understanding of the nature of these chemical 

processes, so that humankind's activities accurately evaluated. 

Environmental chemistry involves first understanding how the 

uncontaminated environment works, which chemicals in what concentrations are present naturally, 

and with what effects. Without which, it would be impossible to accurately study the effects 

humans have on the environment through the release of chemical. This course consists of four 

blocks, which covers Introduction to Environmental Chemistry, Colloidal chemistry, Water 

pollution parameters, their significance and analysis, and Instrumental methods. Each block is 

further dived into three units.  

This block Environmental Chemistry is divided in to three units; Unit1 illustrates the 

importance of environmental chemistry, types of reactions and pH  measurements; Unit 2 

describes Reaction kinetics, electrochemistry and its applications; and finally Unit 3 interprets 

Physical and equilibrium chemistry.   

 
Chairman 
Department of Environmental Science 
Karnataka State Open University 
Mukthagangothri, 
Mysuru – 570 006 
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UNIT 1: ENVIRONMENTAL CHEMISTRY 
 

STRUCTURE 

1.0 Objectives 

1.1. Introduction 

1.2. Importance of Environmental Chemistry 
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1.2.2. Acid-Base Reaction 

1.2.3. Lowry-Bronsted Theory: (Proton concept theory) 

1.2.4. Lewis Theory: (Electron concept) 

1.2.5. Molecular reactions 

1.3.6 SN1-Reaction 

1.3.7 SN2-Reaction 

1.3.8 Nucleophilic Elimination reaction [EN] 

1.3.9 Electrophilic Substitution Reactions[ES] 

1.3.10. Precipitation reactions 

1.3.11. Redox reactions : 

1.3.12 Details of redox reactions 

1.3.13. Complex oxidation-reduction reactions 

1.3.14 Reduction Reaction 
1.4. What is potentiometry? 

1.5.  Theoretical consideration of pH 

1.6. Physical and chemical principles 

1.7.Measurement of pH using Calomel electrode 

1.8. Summary 

1.9 Key words 

1.10 Questions for self study 

1.11 References and further reading 
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1.0  OBJECTIVES 

On completion of this unit, you should be able to: 

• Explain the Significance of chemistry in Environmental Science  

• Enumerate and describe the types of reaction viz., acid base reaction, molecular 

reaction, precipitation reaction and redox reaction. 

• Elaborate the application of pH measurement in Environmental Science/engineering 
applications as well as the pH scale. 

• Describe the importance of measurement of potential difference between and 
indicator and reference electrode in pH meter. 

• Interpret the pH and environmental applications and its significance. 

• Explain about the “theoretical consideration of pH. 
 

1.1. INTRODUCTION 
  

 
For many glass the attention of environmental science and engineering was devoted 

largely to the development of safe water supply and sanitary disposal of human wastes. 

Because of the success in controlling the spread of enteric diseases through the application of 

engineering principles, a new concept of the potentialities of preventive medicine was born. 

Expending population with resultant increased industrial operations, power production, and use 

of modern driven vehicles, as well as new industries based upon new technology have 

interfiled old problems and created new ones in the field of water supply, waste disposal, air 

pollution and global environmental change. Many of these have offered a real challenge to 

environmental scientists / engineers, and the profession as a whole is ready to accept the 

challenge. 

With time, intensification of old problems and the introduction of new ones have led to 

basic changes in the philosophy of environmental science/Engineering practice. If one were 

to develop a list of most important problem facing the environmental science/Engineers of 

today, it would include, but not be limited to , water and wastewater treatment, groundwater 

contamination, hazardous waste management, radioactive waste management, acid rain, air 

toxics emissions, ozone depletion and climate change. Understanding these problems and 

development of processes to minimize or eliminate them requires a fundamental understanding 

of chemistry. 
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1.2. IMPORTANCE OF ENVIRONMENTAL CHEMISTRY 
  

 
Environmental chemistry is multidisciplinary science involving chemistry, physical, life 

science, agriculture, medicinal science, public health, sanitary engineering .In other words 

Environmental chemistry is the science of chemical phenomena in the environment. In the 

sense of chemistry it is the study of the sources, reactions, transport effect & fate of chemical 

species in the air, water and solid and the effect of human activates upon these. 

The understanding of the environmental chemistry basics are essential both for chemists 

as well as non- chemists who have engaged in environmental science, engineering and  

management. 

For many years attention was devoted largely to the development of safe water supplies 

and the sanitary disposal of human wastes because of the success in controlling the spread of 

entire diseases through the application of scientific and engineering principles, a new concept 

of the potentialities of preventive medicine was born. Expanding population with resultant 

increased industrial operations, power production, and use of motor-driven vehicles, addition 

of new industrial based upon new technology have intensified old problems in the field of 

water supply, waste disposed air pollution and global environmental change. Many of these 

offer major challenges to environmental engineers and scientist. 

Therefore environmental chemistry is a part of environment as an objective the public 

and  students in particular the importance of protection and conservation of our environment 

and the need to retain human activities industry side to indiscriminate release of pollutants in to 

the environment. 

At present there are many environment issues when have in size and complexity day by 

day, threatening the survival of mankind on earth. If one were to would include water and waste water 

treatment, surface water and ground water contamination, hazardous waste management, 

radioactive waste management, acid rain, air toxics emission, ozone depletion and global climate 

change understanding of these problems and to develop processes to minimize or eliminate them requires a 

fundamental understanding of chemistry. 

It is to be expected that problems arising in the future will be fully as complex as those of the part 

and that chemistry will continue to be an important factor engineers with sound chemical training 

should find that their knowledge is a great aid and advantage in conquering unsolved problems and  that 

liaison with scientists work on the same or allied problems will be facilitated , these ,the concerted efforts 

of scientists, engineers and chemists will solve many environmental problems by taking the related 

issues with ecology, social political and economical questions in to account. 
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1.3.1 Types of Reactions: 

Based on the nature of substances chemical reactions are classified as: 

1. Acid-Base reaction 

2. Molecular reaction 

3. Precipitation reaction 

4. Redox reaction 

Brief particulars of the above are given as below. 

1.3.2 Acid-Base Reaction : ( neutralization reaction) 

Areaction in which a given equation weight of an acid reacts with one gram-eq weight of a base 

in dilute solution to form a salt and water heat of evolution (enthalpy change is –ve) called exothermic 

reaction repeated by a symbol, 

NaoH (aq) + Hcl(aq) NaCl(aq)+H2O(s) 

Ca(OH)2+H2SO4 CaSO4+2H2O 

Most of the acid-base reactions are inorganic in nature for sake of convenient acid- base 

reaction are sub classified in a accordance with different theories viz.. 

a) Arrhenius theory 

b) Lowry –bronsted 

c) Lewis-theory 

a) According to Arrhenius theory an acid is a sub which certain a replaceable hydrogen atom 

while base is a substance which contains replaceable hydroxyl group 

Examples: 1) HCl, H2SO4, H3PO4 etc..an acids since they contain one or more replaceable 

hydrogen atom. 

2) NaOH, Ca(OH)2, Al(OH)3 etc..are bases since they contain (OH) groups at least 

one or more. 

1.3.3 Lowry-Bronsted Theory: (proton concept theory) 

Proton donar is acid & proton acceptor is base in a suitable solvent media 

Examples: 

1) Hcl (aq) H+ (aq) + Cl- (aq) 

Acid  Base 
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2) H2SO4 H+ +H SO4
-
 

Acid  Base 

Limitation: A sub not containing proton cannot be explained 

1.3.4 Lewis Theory:(Electron concept) 

In order to over come the limitation of Lowry Bronsted theory, Lewis theory was 

proposed according to this, electron pair acceptor is acid and donar is base 

Examples: 

 

 

 
 

(2) H3N +BF3 H3N BF3 
 
 

1.3.5 Molecular reactions: 

Most of the organic reaction are molecular reactions. These involve breaking of existing 

covalent bonds & establishing of new binds in the molecule(s) of a substrate (s). There are 

two types viz 

1) Nucleophilic Substitution reactions 

2) Nucleophilic  Elimination reactions 

3) Electrophilic Substitution (Aromatic) reactions 

1) Nucleophilic Substitution reactions: Nucleophilic Substitution reactions are those 

reactions in which a weak nucleophile replaces a strong nucleophile. 

Examples: 

a) CH  CH  -Br + K+OH-(aq) CH -CH -OH+KBr 

Ethylene bromide  ethyl alcohol 

 
SN1-Reaction & SN2Reaction: 
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1.3.6 SN1-Reaction:- 

SN1reaction is a first order unimolecular nucleophilic substitution reaction. 
 

It is defined as the rate which depends on the molar concentration of a substrate 

reactant but independent of nucleophile concentration. 

Rate α [Subrtrate]1[NU]0
 

Examples : 30-(Tertiary) and 20-(Secondary) alkyl halides hydrolysis using aqueous KOH 

1.3.7 SN2Reaction:- 

SN2 reaction is a Bimolecular 2nd order nucleophilic substitution reaction. 

It is defined as rate of a reaction depends on the molar concentration of a substrate as 

well as nucleophilie. 

Rate α [Subrtrate]1[NU]1
 

Sum of power of concentration terms:1+1=2 

Examples: Hydrolysis of primary alkyl halides 

 
SN2

 

CH3-CH2Br+KOH(aq) CH3CH2OH+KBr 
Ethyl bromide ethyl alcohol 

 
 

SN2
 

CH3-Cl + KOH(aq) CH3OH +KCl 
Methyl alcohol 

1.3.8 Nucleophilic Elimination reaction 

Elimination of an atom /group of atoms/ molecules from a substrate molecule due to the attack 

of nucleophile is called nucleophilic elimination reaction. 

Examples: a) Alkyl halides when distilled with alcoholic KOH, potassium halide & H2O are 

eliminated. 
 
 

CH3-CH2-Br+KOH(alc) CH2 =CH2+KBr+H2O 

-H2O ethylene 

-KBr 
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b) Protonation of Alcohols eliminates H2O molecules 

H2SO4 

R-CH2-CH2-O-H R-CH=CH2+H2O 

-H2O Alkane 

 
1.3.9 Electrophilic Substitution Reactions[ES] 

Generally aromatic hydrocarbons undergoes this kind of reactions. Reactions involving 

the attack of electrophile (E+) to form substitution product are known as Electrophilic 

Substitution Reaction. 

 
 
 

 
 

 
Examples :1.3.10. Precipitation reactions : 

A reaction involving the formation of precipitate is called precipitation reactions. 
 
 

Li2SO4(aq) + BaCl2(aq) 2LiCl + BaSO4   

Milky white ppt 
 

AgNO3(aq) + NaCl(aq) AgCl  +  NaNO3(aq) 

Curdy white ppt 
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1.3.11. Redox reactions : 

Reaction involving oxidation and reduction are called redox reactions. 

Examples: 

a) Fe+3Cl + SnCl FeCl + SnCl 
 

b) 2FeSO +2KmnO +5H SO K SO +mnSO +5H O+3(O)+ Fe3+(SO ) 
 
 

The significance of types of chemical reactions involves the understanding of the 

relationship of weight, conservation of mass and charge. Mass must be conserved, that is the 

total no. of each kind of atom must be same on both side of the equation. Also, the sum of the 

charge on one side of the equation must be equal that on the other. In order to balance the 

chemical equation it is essential that it represents a reaction in true manner and all formula 

used must be correct. Unless these conditions complicated with, weight relationships are 

meaningless. Weight relationship serves as the basis for the sizing of chemical feeding 

equipment, necessary storage for chemicals, structural design, and cost estimates in engineering 

considerations. 

Examples: 
 

NaOH + HCl NaCl + H2O 

(23+16+1)

40g 

 (1+35.5) 

36.5g 

(23+35.5) 

58.5g 

 (2+16) 

18g 
 
 

Thus, 40 gram of NaoH combines with 36.5 g of Hcl to form 58.5 g of Nacl and 18g of H2O. 

1.3.12 Details of redox reactions : 

Among the different types of reactions, redox reactions are considered to be important. 

This is because of the fact that redox reactions gives an idea of atomic structure and electron 

transfer. 

An atom, molecule, or ion is said to undergo oxidation when it loses an electron, and to 

undergo reduction when it gains an electron. 

Example : formation of Nacl solid. 

Na loses an electron and becomes oxidized to Na+ ion, chloride gains an electron and is 

reduced to the anion cl- . 
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Na + Cl Na+ Cl 
Reducing  oxidizing Sodium chloride 
Agent agent 

When oxidation and reductions occur between atoms to form molecules or ions with 

polar covalent bonds. Certain assumptions are required inorder to maintain a consistent 

concept. A good illustration that occurs when hydrogen burns in oxygen to give H2O. 

2H2 + O2 2H2O 

In H2O, the electrons are shared unequally by hydrogen and oxygen. It is observed that 

the oxygen atom tends to have a greater holding power on the electrons and is said to be more 

electronegative than hydrogen. This leads to a polar covalent bond in which the oxygen part of 

the molecule tends to take a negative charge and the hydrogen a positive charge. Hence, the 

more electronegative atom of an element effectively acquires complete control of the shared 

electrons. This is equivalent to exaggerating the polar covalent bond to an ionic bond. 

Inorder to overcome a difficulty in naming compounds containing elements that can 

exhibit more than one oxidation number/ valency. A scheme now frequently used is one 

recommended by IUPAC. Here, the oxidation no. of the element in the positive oxidation state 

is indicated by a roman numbered in parenthesis (bracket) following the name of the element. 

Therefore, Fecl2 is indicated as iron (ll) chloride. 

Fecl3 is indicated as iron (lll) chloride. 

Cl2O7 is chlorine (Vll) oxide. 

Thus on the basis of the above concepts of oxidation and reduction, definitions of 

oxidizing and reducing agents can be derived. An oxidizing agent is any substance that can add 

or accept electrons. 

Examples : O(o) , Cl(o) , Fe(lll ), Cr (Vl ), Mn( lV ), Mn(Vll) 

N(lll), N(V),S(o),S(lV),S(Vl) etc. 

A reducing agent is substance that can give up electrons/ loses electrons. 

Examples : H(o),Fe(o),Mg(o), Fe(ll ), Cl(-ll), N(lll ), Cr (lll ), S(-ll ), S(lV), Mn( lV) 

It is observed that Mn ( lV), N(lll ), S(lV) appear in both of the given series. Any 

element in an intermediate state of oxidation can serve as a reducing agent or an oxidizing 

agent under proper conditions. 

It is a fundamental rule that oxidation cannot occur without reduction, and the gain of 

electrons by the oxidizing agent must equal to the loss of electrons by the reducing agent. 
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Balancing oxidation-reduction reactions involves conservation of charge and the no. of electrons 

gained must be equal to the no. of electrons lost. 

Simple oxidation and reduction reactions : 

Oxidizing agent gains the same no. of electrons as are lost by the reducing agent. It is 

represented by superscriptO to indicate the oxidation state. Eg: H0 i.e. oxidation no of H = 0. 

Example: equations 

1) H 0 +Cl 0 2H+Cl-
 

2)   Fe + 3O 2Fe 3+ + O 2-
 

3)Mg + H SO Mg2+SO + H 

4) 2I -+ Cl 0 I + 2Cl 
 
 

1.3.13. Complex oxidation-reduction reactions: 

Redox reactions involving three or more reactants to give many products are generally 

regarded as Complex oxidation-reduction reactions. 

KmnO4+FeSO4+H2SO4  Fe3+(SO4)3+K2SO4+mnSO4+H2O 

mno7+Fe2++H+ Fe3++mn2++ H2O 

Therefore it is observed from the above example that many redox reactions require the 

presence of a third compound like an acid or water or an alkali to progress. It is quite 

interacting to note that when the oxidizing agent is compound containing oxygen, such as 

kmno4 or k2cr2o7 one of the products is water. The balancing of complex oxidation-reduction 

equations is simplified by following the steps mentioned below. 

1. Write skeleton equation. This may be in either the molecular or ionic form. 

2. Balance the equation with respect to oxidation no. charge. i.e. balance the gain & loss of 

electrons. 

3. Complete the equation in the issued manner. 

Step1: KmnO4+FeSO4+H2SO4 Fe3+(SO4)3+K2SO4+mnSO4+H2O 

Step2: mno7+Fe2++H+ Fe3++mn2++ H2O 

Step3: Multiply oxidation equation by 5 
 
 

Step 4: Add redaction equation by X 1 
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5Fe2+    oxidation 5Fe3+ 

 
10Fe2++ mno 10Fe3++mn2+

 
 

Step5: Adding 8H2O to RHS since there are 4 oxygen atoms in acid medium 

2KmnO  +10FeSO +8H SO Fe3+(SO ) +K SO +2mnSO +8H O 

Thus ,in step (4), a total of 10e- are involved in the molecular equation because there are two 

atoms of Fe in each molecule of ferric sulphate . The least common multiple of 2&5 is 10 

Balance of K2Cr2O7+KI+H2SO4 Cr2(SO4)3+ K2SO4+I2+H2O 

Step1: oxidation of each Cr O +I-+H+   Cr3++I0 + H O 

Step2: oxidation X 1 Cr O 3X2 units Cr3+
 

oxidation X 2 I- 1units I0
 

 
Step3: adding 

 

Cr O +6I- Cr3++I + 7H O 

Final redox is 
 

Cr2O7+6I-+14H+ 2Cr3++3I2+ 7H2O 

or 

K2Cr2O7+6KI+7H2SO4 Cr2(SO4)3+ 4K2SO4+3I2+7H2O 

1.3.14 Reduction Reaction 

In order to simplify the understanding of complex redox reaction, half reaction either 

in terms of “reduction” Half reaction is balanced oxidation – reduction reaction for a single 

element. They are not complete reactions because electrons are shown as one of the reactants. 

Free electrons cannot occur in solution. A complete reaction is made by adding one half-

reaction to the reverse of another. 

Example: ½ cl2 (g) + e- cl- 

Or ½ cl2 (aq) + e-  cl-
 

2
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Illustrative steps to determine half-reactions: 

Example : 2IO -1 = I 

Step 1. Begin the half reaction with the species containing the more oxidized form on the right, 

& balance for the element 

2IO -1 = I 

Step 2. Add a sufficient no. of moles of water to either side of the equation to produce an 

oxygen balance. (since 3O = 3H2O X 2 =6 H2O) 

Step3: add sufficient H+ to either side of the reaction to produce a hydrogen balance 

2IO -1  +12H I +6H O 

Step 4: Add electron to the left side of the reaction to make a change balance. This results in a 

balance half reaction 

2IO- +12H+ + 10e- = I +6H O 

Step 5 : divide the equation by the no. of electrons indicated by step4 to normalize the reaction 

to one electron equivalent 

i.e., ÷ by 10 : 1/5 IO- +6/5H+ + e- = 1/10 I +3/5H O 
 

Examples of half-reactions given in the table 

[For one electron equivalent includes organic & inorganic ] 
 

S l N o Element 
reduced 

Half-reaction 

 
1 

 
C ¼ C O 2(g)+ H ++ e- 1/2 4 C 6H 12O 6+ 1 /4 H 2O 

 
2 

 
C l ½  C l2(aq) + e- C l- 

 
3 

 
C r 1/2C r2O 72-+ 7 /3H ++ e- 1 /3C r3++ 7 /6H 2O 

 
4 

 
C u 1/2C u 2++ e- 1 /2C u (s) 

 
5 

 
Fe 

 
½ Fe2++ e- 1 /2Fe(s) 

 
6 

 
H H ++ e- ½ H 2(g) 

 
7 

 
I 1/2 I2(s)+ e- I- 
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8 

 
M n !/2 M n O 4- + 8/3 H ++ e- 1 /5M n2+ + 2/3 H 2O 

 
9 

 
N 1/6 N O 2-  +  4/3 H + + e- 1/6 N H 4 + 1/3 H 2O 

 
10 

 
O ¼  O 2 (g) + H + + e- ½ H 2O 

 
11 

 
S 1/6 S O 4 2+ + 4 /3H ++ e- 1/6 S (s)+ 2 /3H 2O 

 
12 

 
Z n ½ Z n2+ + e- 1 /2 Z n (s) 

 
  

 

1.4 What is potentiometry? 
  

Potentiometry can be simply described as the measurement of a potential in an                  

electrochemical cell. It is the only electrochemical technique that directly measures a 

thermodynamic equilibrium potential and in which essentially no net current flows. Te roots of 

potentiometry as an analytical technique extend back to pioneers such as Luigi Galvani                 

(1737- 1798) and, more recently ,Walther Nernst(1864-1941). Nernst was instrumental in 

deriving the activity o an ion in solution .One of the unique features of potentiometry is the 

ability to monitor the activity of an ion in a sample rather than the concentration .The direct 

determination of activity results from the thermodynamic equilibrium relationship between the 

activity of an ion and the potential of a cell . Potentiometry thus provides one of the few 

methods avail- able for the distinguishing between free (ionized ) and bound (complexed) ions 

in a sample as well as between the activities of different oxidation states of a given ion that 

may be present. A calibration plot is constructed for the determination of an unknown activity 

by measuring the cell potential (Ecell) at various known activities and graphing the results. Two 

electrodes are used in measuring cell potentials a reference and an indicator (working ) 

electrode figure. 

The potential difference between these two electrodes, the indicator electrode potential 

changing with the activity of analytic present and the potential of the reference electrode 

remaining constant, is the E cell observed experimentally.  Under ideal thermodynamic 

equilibrium conditions and in the absence of interfering conditions and in the absence of 

interfering species, the Nernst equation, dictates the slope of the linear portion of the                    

calibration plot. 
 

One of the most common and earliest applications of potentiometry is pH 

determination. Before the late 1960s potentiometry as an analytical technique was limited to 
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the pH and redox electrodes, useful in titrations for the determination of electroactive species. 

Since that time, a renaissance has occured in the development of electrodes that are selective 

for a given ion, or ion-selective electrodes (ISEs). Through the development of electrodes that 

selectively determine targeted ions, potentiometry in general (and more specifically ISEs) is 

replacing many order. 
 

One of the most common and earliest applications of potentiometry is pH determination, 
and titration for the determination of electro active species. Through development of electrodes 
that selectively determine target ions, potentiometry in general is replacing many older, more 
expensive and time consuming techniques for analytically monitoring and measuring ion activity. 
Recent developments in the ion selective electrodes (ISE) branch of potentiometry have made the 
monitoring of inorganic, organic, gaseous and biologically important ions possible. The flexibility 
in available configurations allows these ions to be monitored in a single sample solution (batch 
mode) or continuously in a flow through apparatus (flow-injection analysis). One precaution 
about many commercially available ISEs is that they are often labeled as selective for a given ion 
despite responding to interferents. Only if the sample matrix in which such an electrode will be 
used is known and the interferent is not present at amounts sufficient to cause interference can 
such an electrode be used successfully for the determination of the desired ion. 

THERORTICAL CONSIDERATIONS 
  

 
The concept of pH evolved from a series of developments that led to a fullest under- 

standing of acids and bases. Acids and bases were originally distinguished by their difference 

in taste and later by the manner in which they affected certain materials that came to be known 

as indicators. With the discovery of hydrogen by Cavendish in 1766, it soon become apparent 

that all acids contained the element hydrogen. Chemists soon found that neutralization reaction 

between acids and bases always product water. From this and other related information, it was 

concluded that bases contained hydroxyl groups. 
 

In 1887 Arrhenius announced his theory of ionization. Since that time ends have 

been considered to be substances that dissociate to yield hydrogen ions or protons, and 

bases have been considered to be substances that dissociate to yield hydroxyl ions. 
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According to the concepts of Arrhenius, strong acids and uses are highly ionized and weak 

acids and bases are poorly ionized in aqueous solution. Proof of these claims had to await 

the development of suitable devices for the measurement of hydrogen-ion concentration 

or activity. 

Measurement of Hydrogens-Ion Activity 

The hydrogen electrode was found to be a suitable device for measuring hydrogen- ion 

activity. With its use, it was found that pure water dissociates to yield a concentration of 

hydrogen ions equal to about 10-7 mol/1. 

H2O    H+ + OH- 

Since water dissociates to produce one hydroxyl ion for each hydrogen ion, it is obvious that 

about 10-7 mol of hydroxyl ion is produced simultaneously. By substitution into the 

equilibrium equation, we obtain. 

{H+} {OH } 

H O = K 
2 

But, since the concentration of water is so extremely large and is diminished so very 

little by the slight degree of ionization, it may be considered as constant (its activity equals 

1.0) and Eq. (2) may be written as 

{H+} {OH } = K 
w 

 

and for pure water at about 25 C, 
 

{H+} {OH }  =  10 X 10 = 10 
 

This is know as the ion product or ionization constant for water. 

When an acid is added to water, it ionizes in the water and the hydrogen ion activity 

increase: consequently, the hydroxyl-ion activity must decrease in the conformity with the 

ionization constant. For example, if acid is added to increase the {H
+
} to 10

_1
, the {OH

_
} must 

decrease to 10
_13

 

10
_1 

X 10
_13 

=  10
_14 

 

Like wise, if a base is added to water to increase the {OH }to 10 , the{H } decreases to 

10 . It is important to remember that the {OH } or the {H } can rever be reduced to zero, no 

matter how acidic or basic the solution may be. 

 

 

_
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1.6 PHYSICAL AND CHEMICAL PRINCIPLES 
  

 
Potentiometric analysis involves measuring the indicator difference, Ecell, between an indication 
and a reference electrode, which depends on the membrane potential, Em. In Eq. (38.1) the 
contributing sources to the observed Ecell are shown. 

    Ecell = (Em + Erefl) - (Eref2 + Ej)                              (38.1) 
 
The internal reference potential of the indicator electrode (Erefl) and the potential of the 
reference electrode (Eref2) are fixed. They do not change during the course of the experiment, 
although the Ecell does depend on the reference electrode used. The junction potential, Ej, results 
from the different mobilities of individual ions and the separation of charge that results across 
the junction, known as a salt bridge, of  two solutions of varying compositions. Ions that have 
higher mobilities diffuse across the interface ahead of slower moving ions, resulting in this 
separation of charge. A steady state is soon established between the charge separation (Ej) and 
the ion movement across the interface, The liquid junction potential can be rather large (>50 
Mv), but there are steps that can be taken to minimize and stabilize Ej, Using an electrolyte in 
which the cation and anion are approximately equal in mobility (such as KCl rather than HCl) 
mini mizes Ej, Using a high concentration of electrolyte in each solution tends to stabilize Ej, as 
only minimal concentration differences would then result when the analyte is added to the 
sample solution. With all of the contributing  potentials mentioned above fixed, Ecell in Eq. 
(38.1) can be rewritten as follows: 

 

Ecell = K+Em                             38.2) 
where K is a constant and Em is the membrane potential,  
 
                                       Em = Epbl + Epb2 + Ed     (38.3) 
 
where Epb1 is the phase boundary potential at the external surface of the membrane, which is 
created by separation of charge resulting from the partitioning of a given ion into the 
membrane. The potential Epb2 arises in a similar fashion on the interior of the indicator 
electrode membrane.  

 
The potential Ed is the potential arising from the separation of charge due to the diffusion of 
ions through the membrane. Generally Ed is small on the time scape of potentiometric 
measurements, and it can therefore be ignored. The potential Epb2 can be held constant by 
fixing the concentration o0f the ions in contact with the inner membrane. Hence, the entire 
Ecell  can be directly related to the ability of a membrane in contact with the sample solution to 
be permselective (allow only ions of one charge to partition into the membrane), resulting in a 
charge selaration (Epb1) that can be measured. The selective of the membrane for a targeted 
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ion depends on how specific the interaction pf the membrane is with the analyte. 
 
 
 
 
 
 
 
 

Using the Henderson approximation, which assumes a linear concentration gradient of 
each ion across the membrane, and assuming the membrane is only permeable to a single ion, 
one arrives, through thermodynamic derivation (1), at the Nernst equation: 

 
 
 
 

Here R is the gas constant, K is a constant of the measurement system, T is the temperature in 
K, zi is the charge (including the sign) on the analyte ion I, F is Faraday’s constant, and ai is 
the activity of the analyte ion i. this relationship between the activity of an ion and the Ecell is 
the backbone for potentiometric analysis. At 25 0C and with a charge of +1, Ecell versus log a, 
should be linear over the working range of the electrode with a slope of 59 mV/decade change 
in activity. Because membranes are never completely specific for a given ion (that is, they 
allow only one ion to partition into the membrane), a more general form of this relationship is 
described by the Nicolsky-Eisenman equation (2): 

 

 
 

 

where ai is the activity of the analyte ion, ai the activity of the interfering ion, zi and zj the 
charges of ions I and j, respectiveyly, and Kij the selectivity coefficient. This equation is a 
rough approximation that provides a conceptual and empirical framework for handling 
interferences. If more than one interfering ion is present, additional Kijaj

zi/zj terms are needed 
to describe the behavior of the electrodes ((Eq. 38.6) (2), as there are additional ions that 
partition into the membranes; the magnitude of interference in the measure,ent of ai is 
determined by each Kij. 

 

If  Kij = 1, then the membrane responds equally to i and j. The less interference is observed 
from ion j. The selectivity coefficients are determined experimentally, and for many 
commercially available electrodes selectivity coefficients have been determined and are 
provided by the vendor. When applying the Nernst and other equations, care must be taken in 
using the proper sign notation. Anions have a negative charge and hence result in a negative 
change in the cell potential with increasing activities, whereas positively charged analytes 
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produce a positive change with increasing activities.  
 Another potential source that contributes to Ecell and has not been mentioned yet is the 
asymmetry potential, Easym. This potential arises because of the unavoidable differences that 
exist in the internal and external surfaces of the indicator membrane. Because Easym can 
change over time, frequent calibration of the electrode is required. In most applications Easym 
is assumed to be constant (part of K in Equs. 38.2, 38.5, and 38.6) because it contributes only a 
very small potential (typically about 1 to 5 mv) to the overall Ecell. 

 
1.7 MEASUREMENT OF pH USING CALOMEL ELECTRODE 

  

 
The instrumentation required to perform potentionmetric measurements includes a reference 
electrode, an indicator electrode, and a high-input- impedance Mv (ph/plon) meter (sec Fig. 
38.1). The two most popular types of reference electrodes are the saturated calomel and 
silver/silver chloride systems. Both types of reference electrodes exhibit many of the ideal 
characteristic sought in a reference electrode. These include maintaining to the fixed potential 
over time and temperature, having long-term stability, and returning to the initial potential 
after being subject to small currents.  
 The saturated calomel electrode (SCE) is composed of metallic Hg, solid mercurous 
chloride (Hg2Cl2), and saturated solution of KCI at equilibrium. Using a saturated KCI 
solution gives the added advantage of fixing the cl. Concentration in this solution. 
Consequently, the potential of the SCE(+0.241 V versus the standard hydrogen electrode) 
remains constant, even if some of the liquid evaporates over time. The disadvantage of using 
saturated KCI is that changes in temperature require long periods for the SCE to reestablish 
the solubility equilibrium of KCI. Fixed, nonsaturating concentrations of KCI are more 
effective and efficient under changing temperature conditions. Both types of calomel 
electrodes can be purchased commercially. The SCE is more popular and, with a constant 
temperature bath, the hysteresis caused by fluctuating temperatures can be eliminated. The 
SCE can be used as a reference electrode in sample that do not exceed 800C.  
 The silver / silver chloride reference electrode includes a silver wire, coated on one 
end with the insoluble AgCl salt. When the electrode in immersed in a saturated KCI solution, 
its potential at 25 0C depends only on the Cl concentration (which is fixed in the saturated 
solution) and is +0.192 V versus the standard hydrogen electrode. The Ag/AgCl electrode 
should not be used in solutions that contain species that precipitate or complex with silver 
(such as halides, proteins, and sulfide).  
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Calomel electrode (reference) 

 
Reference electrodes should be prepared and maintained so that the level of the 

internal liquid is kept above the sample solution being tested, to avoided infusion of sample 
into the reference electrode. Failure to do this may result in plugging of the junction due to 
precipitates forming with either Ag or Hg. A double junction electrode, shown in Fig. 38.2 is 
commonly used as a precaution to avoid any contamination of the sample by Cl, Ag, or Hg2 
ions. 

Reference electrodes are discussed rigorously in physical chemistry textbooks and 
have been highly elaborated by manufacturers and discussed in practical detail in their 
literature. F or example, the Ag/AgCl reference electrode exists in a multitude of design 
including those for high temperature application (especially when sterilization is required), 
hydrogel designs for maintenance free industrial applications, and pressurized electrodes for 
high pressure applications. 

There are many types of indicator electrodes available, that selection of which depends 
on the applications desired. Most types can be classified as either metallic or membrane 
electrode. The descriptions of specific indicator electrodes can be found in the following 
section. The change in potential of the indicator electrode wih respect to the fixed potential of 
the reference electrode is the analytical parameter observed. This potential difference id 
monitored using a voltmeter. This meter must have a high input impedance to facilitate the 
measurement of small potential changes and the use of electrodes with high resistances, as 
well as to ensure that no current is drawn while measuring the potential difference. Most 
meters can be temperature programmed to accommodate measurements under the given 
experimental conditions. Several meters may be purchased with a temperature compensator 
probe accessory that, when inserted into the sample, corrects the potential value for changes in 
the temperature of the sample. Battery-operated, portable Ph meters are also available, many 
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of which include an internal and a communications port, for use in field work, Although the 
meters is typically the biggest expense in potentiomeric analysis, a simple inexpensive, 
fictional meter may be adequate (for a possible design see Reference 3). In potentiometric 
experiments it is  common to perform analysis in a due to temperate fluctuations in the 
sample.  

If needed, strip-chart recorders can be used to record the cell potential. They are 
rugged and fairly inexpensive. A more sophisticated approach involves the use of a data 
acquisition package, run by computer, which can eliminate the need for strip-chart recorders. 
Several electrodes may be monitored simultaneously depending on the acquisition package. 
Internal boards or external hardware are usually required, and these are additional expenses. 
 
 

1.8 SUMMARY 
  

 

o To summarize the unit No.1, you have studied in detail about   

o Importance of Environmental chemistry in Environmental Science / Technology. 

o Different types of reaction: Acid-base re    action Lowry - Bronsted Theory 

and Lewis theory. 

o Molecular reaction: Nucleophilic substitution reactions, Nucleophilic elimination 

reactions and Electrophilic substitution reactions. 

o Various steps involved in oxidation - reduction reaction with examples. 
 

o Defining potentiometry, pH, Environmental specific of pH. 

Theoretical consideration of pH. 

o Deducing equation for determining the potential difference between an indicator 

and a reference electrode in pH meter. 

o Measurement of pH of a solution using Calomel electrode and interpretation of 

pH data. 
 

1.9. KEY WORDS 
  

Acid-Base Reaction Nucleophilic Elimination reaction [EN] 

Lowry-Bronsted Theory Electrophilic Substitution Reactions[ES] 

Lewis Theory Precipitation reactions 

SN1-Reaction Redox reaction 
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pH scale        Hydrogen - ion activity 

Calomel electrode              Reference electrode 
 

1.10 QUESTIONS FOR SELF STUDY 
  

1. Discuss briefly the significance of environmental chemistry in water and waste water 

treatment. 

2. List the various types of reactions based as nature of substances and their 

chemical reaction. 

3. With examples explain the acid-base reaction. 

4. What is Molecular reaction? List the various types of molecular reaction. Explain 

with examples. 

5. With examples explain electrophilic substitution reactions and precipitation 

reactions. Also discuss about redox reactions. 

6. Write a brief note on oxidation -reduction reactions. 

7. Define pH. Discuss briefly about the theoretical consideration of pH. 

8. Derive an equation for determining the potential difference between an indicator 

and a reference electrode in pH meter. 

9. Write a brief note an “interpretation of pH data. Also discuss about the 

environmental significance of pH. 
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UNIT 2: REACTION KINETICS. ELECTROCHEMISTRY AND ITS 
APPLICATIONS 

 

STRUCTURE 

2.0 Objectives 

2.1.  Introduction 

2.2. Reaction Kinetics 

2.3. Zero –order Reaction 

2.3.1. First order reactions 
 

2.3.2.   Application of I-order reaction in  
           Gas- Liquid Mass- Transfer Kinetics 
 

2.3.3. Second –Order reaction 
 

2.3.4. Applications of Second order reaction 

2.3.5. Consecutive reaction  

2.3.6. Applications 

2.3.7. Enzyme reactions 

2.4. Electrochemistry and its application 

2.4.1. Importance 

2.4.2. Current flow in solution 

2.4.3. Characteristics of current flow through a metal 

2.4.4. Characteristics of current flow through a solution 

2.4.5. Conductivity 

2.4.6. Conductivity cell 

2.5. Specific conductance 

2.5.1. Equivalent conductance 

2.5.2. Molar conductance 

2.6. Measurement of conductance 
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2.6.1. Importance of conductance 

2.7. Numerical 

2.7.1. Current and chemical change 

2.8. Electrochemical cell 

2.8.1. Environmental significance and electrochemical cell 

2.9. Summary 

2.10. Key words 

2.11. Questions for self study 

2.12. References and further reading 
 
 

  

2.0 OBJECTIVES 

On completion of this unit, you should be able to: 

• Describe about rate of reaction, order of reaction, kinetics of reactions with 
illustrative numerical. 

• List out the applications of first and second order reactions with examples. Kinetics of 
enzymatic reaction. 

• Elaborate the applications of electrochemistry in Environmental Science and Technology. 

• Brief out the current flow through solution, metals conductivity, specific conductance, 
equivalent conductance. 

• Initiate the measurement of conductance, specific conductance and equivalent 
conductance using wheat -stone bridge network. Numerical problems. 

• Explain working principles of electro-chemical cell. 
 

2.1  INTRODUCTION 
  

From the stand-point of process selection and design, the controlling stoichiometry 

and the rate of the reaction of principal concern. The number of moles of a substance entering 

into a reaction and the number of moles of the substances produced are defined by the 

stoichiometry of a reaction. The stoichiometry of reaction refers to the definition of the 

quantities of chemical compounds involved in the reaction. The rate at which a substance 

disappears or is formed in any given stoichiometric reaction is defined as the rate of section. 

The order of a reaction with respect to specified. Compound is equal to the stoichiometric 

coefficient for that compound. 
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2.2  REACTION KINETICS 
  

 
It is a branch of physical chemistry which deals with the speed or velocity of chemical 

reactions. Many reactions have rates that at a given temperature are proportional to the 

concentration of one, two or more of the reactants raised to a small integral power 

Examples: If A, B & C are reactants, then the rate equation that expresses the concentration 

dependence can be expressed as. 

Rate (Ca) or R=k (Ca) I order 

Rate (Ca) 2   or  R=k (Ca)2 II order 

Rate (Ca)3   or R=k (Ca)2(Cb) III order 

Where Ca, Cb , Cc represent the concentration of reactants A,B&C. respectively 

.Reactions that proceed according to such simple expressions are said to be reactions of I,II,& 

III order as indicated above. 

Thus, the order of the reaction defined as the sum of the exponents of the concentration 

terms in the reaction equations. 

Environmental scientist & engineers deal with many reaction that forced slowly & 

require rate expressions so that the reactions can be least with practical basis. This is forced to 

be applicable for biotransformation reactions, microbial growth, & decay, aeration, radioactive 

decay, disinfection, chemical hydrolysis & redox reaction .Among the different order of 

reactions, first order reaction are considered to be most common although reactions of other 

order are more complex in nature. 

2.3 ZERO –ORDER REACTION 
  

It is defined as a reaction in which the rate of reaction is independent of concentration 

Mathematically 

(-)dc/dt  [C]0 Or (-)dc/dt= k[C]0
 

Where C is the concentration of reactants & K is the rate constant in the units of 

concentration /time. Many biologically induced reactions particularly those involving 

growth on simple soluble substrates, appear to occur in a linear manner over fairly large 

range of concentrations. That is, a plot of concentration versus time yields a straight line.
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It is observed that all such biological reactions become slower as the substrate 

concentration approaches zero. 

2.3.1 First order reactions : 

If the rate of decomposition is directly proportional to the amount of undecayed material 

and may be expressed mathematically as : 

(-) dc/dt  α   [C]1
 

(-) dc/dt  = k [C] 

Example : The decomposition of a radioactive element is simplest example. 

The negative sign in equation (1) indicates a loss of material with time, C is its 

concentration and K is the rate for the reaction and has units of reciprocal time. 

If the initial concentration at time, t=0, is Co and if integration of equation (1)gives. 

 

 

 
Or 
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0

 
Converting to log10the above equation becomes 

 

 

 
 

Verification: A plot of Log C/C versus ‘t’ will yield a straight line. The slope of this 

line X by 2.303 gives the value For radioactive substances it is to express decomposition rates 

terms 

                                      (2) 

C = C 10-kt
 

Where K = (-) 
 

 
Verification: Aplot of Log C/C versus ‘t’will yield a straight line. The slope of this line X by 2.303 gives 

the value of K. 

For radioactive substances it is to express decomposition rates in terms of half -life .It is defined 

as the time required for the amount of substance to decrease to half its initial value. For a first order 

reaction , the half – life ,denoted by t1/2 ,can be from Equation C/Co=-Kt by inserting the requirement that 

at t=t1/2 the concentration of C=t1/2Co. This gives 

t
1/2 

=  

t1/2 =                                 (3) 

There are varieties of applications to use the concept of t1/2 for a variety of 

environmental phenomena. The first order reaction also finds use in the areas that do not 

involve decomposition reactants. 

For examples ,the dissolution of gases into water & the removal of gases from water, 

the rate of death of microorganisms by disinfection, the decomposition of organic matter by 

bacteria in the BOD(Biochemical oxygen demand) test etc. 
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Illustrative problems : 

1) Strontium -90( 90Sr) is a radioactive nuclide of public health significance & has a half-life of 

29 years How long would given amount of 90Sr need to be stored to obtain a 99.9% 

reduction in quantity ? 

Solution : we know that k   =      =  = 2.39×10-2 per year 

= 2.39×10-2 per year(yr-1) 

Further, time required is that for concentration to be reduced to 99.9% to 0.001C? thus from the 

Equation 

 

 

 

 
= 289 years 

The following are data from an experiment to assess the disinfection of water supply 

with a given dose of chlorine assuming first order kinetics, determine the rate constant. 
 

T im e in m in P e rc e n t co li fo r m 
b a cte ria re m a in in g 

C /C o L o g C /C 
o 

(-)lo g /t× 2 .3 0 
3 

 
0 

 
1 0 0 

 
1 .0 

 
0 .0 0 0 

 
0 .0 8 2 2 1 

1 0 7 0 0 .7 0 0 .3 5 7 0 .1 7 9 7 

2 0 2 1 0 .2 1 1 .5 6 1 0 .2 1 2 2 

3 0 6 .3 0 .0 6 
3 

2 .7 6 5 0 .1 9 6 4 

6 0 0 .6 0 .0 0 
6 

5 .1 1 6  

 
Report : Average value K=(-) log C/C0×2.303/t1/2 
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L

 

Graph:  

log C/C0 >< t 
 
 

 
 
 
 
 

 

2.3.2Application of I-order reaction in Gas- Liquid Mass- Transfer Kinetics: 

The rate of gas transfer into water or from aqueous solution to gas can be described 

using the first – order relationship using the expression 
 
 

(1) 

Where 

C = concentration in water (mass/volume) 
 

Ceq = concentration water is equilibrium with concentration in gas phase (Henry’s law) K 

a = first order ,over all mass-transfer rate co-efficient (time-1) 

The reaction/expression (1) when integrate w,r,t constant terms, we get 

(2) 
 
 

Where R= 0.08206 liter –atm/mol- Kelvin 
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a a a 

T = Temperature in Kelvin (273+t Cº) a 

= Interfacial area to volume of water KH 

= Henry’s constant 

Kg = gas-phase mass-transfer rate coefficient(m/s) 

Kw = Water-phase mass-transfer rate coefficient (m/s) 

For compounds with large KH, water- film mass transfer with control overall rates. 

For compounds with small KH , gas-film mass-transfer controls rates. 

The expression (2) is also used to know whether mixing the liquid or gas will entrance 

mass transfer rates /not & surface renewal & penetration models have also been used to 

described gas- water mass transfer. 

2.3.3 Second–Order reaction : 

It is defined as the rate of the reaction proportional to the square of the concentration of 

one of the reactants or to the products of the concentration of two different reactants. 

In general, if the overall second-order reaction is of the form 

A + B Products 

Then by rate law: - dC /dt = K C 2
 

-dCa/dt  = KaCaCb (1) 

Where Ca & Cb are the concentration of A & B respectively 

Similarly ,the decrease in B is expressed as : 

 

= (2) 
 

 
The integrated forms of (1) & (2) are: 

 

 

 
 
t (3) 

 
 

(4) 
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Verification: 1/Aor 1/B >< t 
 

A plot of (1/A) or (1/B) versus t gives a straight line ,the slope of the line gives rate constant 

value Ka & Kb. 

2.3.4. Applications of Second order reaction : 

An use of this is that it is used to describe co-metabolic bio transformation of so many haloge- 

nated organic compounds or biological transformations 

2.3.5. Consecutive reaction: 

These are complex reactions in which the product of one reaction becomes the reactant of a 
following reaction & so on 

 

K1 K2 
Example : A B C 

 

Here , reactant A is converted to product B at a determined by rate constant K1, product 

B in turn becomes the reactant for the second step & is converted in to product C as determined 

by rate constant K2 . If the rates of each of the consecutive reactions are considered to be first 

order , then the differential equations which the rates of decompositions & formation of the 

reactants & products are gives as below 

-dCa/dt = K1Ca 

dCb/ dt = K1Ca- K2Cb 

and dCc/dt = K2Cb 

on integration these w,r,t limits at t = 0 ,Ca= Ca
° Cb = Cb

° & Cc = Cc
°
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a a

3

 

Then we have C  =  C °  e-kt (1) 

 

                                  (2) 

and 
 

(1)  
 
 
 

2.3.6. Applications 

Consecutive reactions are complex reactions of great environmental importance 

1) For example , equation (2) used to describe the oxygen deficit in a stream, caused by 

organic pollution. In this case, Cb can be considered the O2 due to biological oxidation 

of organic matter with concentration , Ca. 

2) Consecutive reaction can also be used to describe the bacterial Nitrification of NH3. 

Here, NH3 is oxidized by Nitrosomonas bacreria to nitrite ,which is then oxidized in 

the second step by nitrobacter bacteria to nitrate as indicated by the following sequence. 

NH3 
o

2 Nitrosomonas NO-
 

 
O2 Nitrobacter NO -

 

1) Consecutive types Kinetics are frequently used to described the growth & decay of 

micro-organisms in biological treatment processes. 

2) They are also used to describe the decomposition of organic matter as it occurs in 

anaerobic waste treatment. 

2.3.7. Enzyme reactions: 

In order to describe the rate of biological waste treatment, which is another complex 

Kinetics, Michaelis & Menten used kinetic expression to describe enzyme reactions. This is 

because bacterial decomposition involves a series of enzyme catalyzed steps. Michaelis & 

menten expression can also be used to described the kinetics of bacterial growth & waste 

decomposition . The resulting equation is termed as Monod equation represented in the figure 

below. 

2
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The figure indicates the normally observed relationship between substrate or waste 

concentration, designated as S, & speed of waste utilization per unit mass of enzyme or 

bacteria, designated as Vie 

The simplified of michaelis- menten relationship for enzyme reaction is 
 

(1) 
 
 
 
 

Where Ef = is free enzyme S  

= is substrate 

[EcS] = is enzyme substrate complex K1= 

rate-1, when free enzyme & substrate 

K-1= back reaction rate-1: when free enzyme & substrate decompose 

Free enzyme & substrate combine gives product complex as an intermediate. It is being 

unstable, decompose either back to the original free enzyme & substrate at rate K-1 or in to free 

enzyme & reaction product at rate K. The total enzyme concentration in the system E, remains 

constant & is equal to[Ef] +[Ecs] . On the basis of the equation (1), the rate of formation of 

enzyme substrate complex is 
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                                   (1) 

 
On rearranging the expression (2) & substituting the condition 

 

or 
(1) 

 

Using this equation (3), the biological reaction rates can be described. 

Example : A study was conducted to evaluated the constant(k) 

So that the michaelis- menten relationship could be used to describe waste utilization by 

bacteria. 

It was formed that 1g of bacteria could decompose the waste at a max rate 20g/day when the 

waste concentration was high. 
 

2.4. ELECTROCHEMISTRY AND ITS APPLICATION 
  

Introduction 

A branch of physical chemistry with establishes relationship between electrical and 

chemical phenomena is known as electrochemistry. A knowledge of electrochemistry has several 

applications in environmental engineering and science. The understanding of corrosion, study 

of solution and electrolytes and the phenomena occurring at electrodes immersed in such 

solutions requires the knowledge of electrochemistry. 

2.4.1. Importance 

Many analytical procedures are based on electrochemical measurements. Automatic 

continuous stream monitors use electrochemical method to translate chemical characteristics 

into electrical impulses that can be recorded. Electrochemical principles are also useful in 

understanding redox reactions. A brief review of the more fundamental concepts of 

electrochemistry will be presented here. 

2.4.2. Current flow in solution : 

An electric current can flow through a solution of an electrolyte as well as through 

metallic conductors. But, there are some basic differences that are of importance are given 

below. 
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2.4.3. Characteristics of current flow through a metal 

1. Chemical properties of metal are not altered. 

2. Current is carried by electrons. 

3. Increase in temperature increases the resistance and thereby decreases the conductance. 

4. Resistance of metal generally lower than solution. 
 

2.4.4. Characteristics of current flow through a solution : 

1. Chemical changes occur in the solution. 

2 Current is carried by ions. 

3 Increased temperature decreases the resistance thereby increases the conductance. 

4 Resistance of solution generally higher than the metals. 

It is important to note that current flow through a solution is that the current is carried 

by ions which move toward electrodes immersed in the solution. As a result, chemical change 

takes place in the solution at the electrodes, and this alters the chemical properties of the 

solution. These two phenomena, current flow and chemical change at electrodes have to be 

considered prominent for the discussion. Current flow is understood interms of following : 

2.4.5. Conductivity(current flow) [C] : 

It is defined as the reciprocal of the resistance of the solution and is expressed in ohm-1 

or mho or siemen. Infact, the conductivity of a solution is a measure of its ability to carry an 

electric current and varies both with the number and type of ions present in the solution. 

Mathematically, C = 1/Rsolution ohm-1 or mho or siemen 

Conductivity is measured using conductivity cell 

2.4.6. Conductivity cell [ l/a] 

Conductivity cell is a device consists of two platinum electrodes kept at a distance of ‘l’ 

meter and making area of cross section ‘a’ square meter. 

[l/a] = constant = cell constant 
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  Pt electrode 
Container 
Solution 

 
 
 
 
 
 
 
 
 

It is a constant for a particular cell but varies from one cell to another cell. It is expressed 

in cm-1/ m -1/ mm -1. 
 

2.5. SPECIFIC CONDUCTANCE (K) 
  

Suppose 1 cc of an electrolyte is placed between two platinum electrodes kept apart l m 

and making an area of cross section a square cm. then, the conductance of a solution becomes 

1cc X 1cm2 = 1cm3. Thus, conductance of 1cm3 of a solution is called Specific conductance. It 

is represented by symbol K and has units of ohm-1.cm-1. One unit of this is called siemen(S). 

In practice, a conductivity cell is calibrated by determining the resistance, Rs of a 

standard solution and form this cell constant[l/a] is determined. 

[l/a] = ks X Rs or ks = [l/a]/ Rs 

2.5.1. Equivalent conductance (λ) : 

It is defined as conducting power of all the ions present in one gm-equivalent mass of 

an electrolyte in one dm3 of solution. 

Conductance of 1cm3 = K 

Conductance of 1cm3 = K X 1000/1 = λ 

In general, example : conductance for N gm-eq is given by λ = 1000 X K/ N mho-cm2 /gm by 

λ = 1000 x K/ C cm3 x cm-1
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where N = normality / concentration of a solution. 

K = specific conductance 

A = equivalent conductance expressed in ohm-1.cm2 or mho-cm2/gm-eq 

2.5.2. Molar conductance (µ) : 

It is defined as conducting power of all the ions present in 1 gm-molar mass of a 

substance of an electrolyte in one dm3 of a solution. 

Mathematically; 

µ = 1000 X K/M mho-cm2/moles 

where M=molarity(conc.) 

K = specific conductance 
 

2.6. MEASUREMENT OF CONDUCTANCE, SPECIFIC CONDUCTANCE 
AND EQUIVALENT CONDUCTANCE USING WHEATSTONE BRIDGE 
PRINCIPLE 

  

The conductivity , K and are measured using a conductivity cell connected to wheat 

bridge. Wheat bridge works on the principle that out of four resistances in a circuit if three are 

known and the fourth one can be calculated. 

i.e., R1 / R2 = R 3/ R4 

let R1 R2 & R are known then R can be calculated. 
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8 

AB = potentiometer wire, S = sliding contct, l and (100-l) = balancing lengths(R1 and R2 ), 

HP/EP = ear phone/ head phone, Rsolutio n = resistance of the solution(R3), Rbo x = resistance 

unplugged from the standard resistance box (R4), Ac = alternating current (˜ 1000 cycles/ 

second). 

As shown in the figure above, Wheatstone bridge consists of a uniform potentiometer 

wire connected across R box, conductivity cell dipped in a solution of an electrolyte whose 

conductance to be find [Rsolution ] on one side. The other side, it is connected to A.C. source 

(alternating current). 

A known resistance from standard resistance box is unplugged and hold sliding contact 

form A towards B by touching the wire until a minimum sound is heard in the EP/ HP. Measure 

the distance AS and SB. Then, applying wheatstone bridge principle, we have: 

R box / l = Rsolution / (100-l) 

Rsolution  =   R box  X (100-l) / l where R box = known, 

(100-l) & l  = are measurable . 

Conductance, C = 1/ Rsolution ohm-1 or mho. 

K
specific conductance 

= l/a / R
solution 

or l/a X 1/ RSM ohm-1.cm-1 

Knowing Ksolution, then equivalent conductance , 

= K X 1000/ C (N) ohm-1.cm2 / gm-eq. or mho-cm2 / gm-eq. 

Note : the ( l/a) cell constant value is calibrated using a solution of known specific conductance. 

2.6.1. Importance of conductance (k and λ ) in environment science. 

Specific conductance measurements are extensively used in water analysis to obtain 

rapid estimate of TDS ( total dissolved solids) content of water sample. If a flow through the 

cell is used and water form a river or waste stream is purpled through the cell, a continuous 

recording of specific conductance can be obtained. The TDS content can be approximated by 

multiplying the specific conductance in microsiemens by an empirical factor varying about 

0.55 to 0.90. 

Equivalent ionic conductance( λ c ) or 

Equivalent conductance at infinite dilution ( λ ) 
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It is defined as the sum of the cationic conductance and anionic conductance at infinite 

dilution. This is because current carried by both anions and cations of an electrolyte but to a 

different degree. 

Mathematically, λ = λ+ + λ-
 

The zero subscript is used to indicate equivalent conductance at infinite dilution. The 

values of λ+ and λ- are strongly temp-dependent and they are of the same order of magnitude 

expect H+ & OH- of water .This fact is used for estimating the TDS concentration from 

conductivity measurements of solutions with either high pH or low pH . 

Another important point is that only ions can carry a current. Thus the unionized species 

of weak acids or bases or uncharged soluble organic materials like alcohol, glucose etc. will 

not carry a current and hence they are not measured by conductance. 

Example : Equivalent ionic conductance at infinite dilutions at 298K/25o C in S-cm2/ eq 
 

Cation λ+ 
o Anion λ- 

o 

H+ 350.1 OH- 199.2 

Na+ 50.1 HCo- 
3 44.5 

K+ 73.5 Cl- 76.3 

NH+
4 73.7 No- 

3 71.4 

1/2Ca+2 59.5 CH3Coo- 41.0 

1/2Mg+2 53.1 1/2So2- 
4 80.0 

1/2Ba+2 45.0 F- 55.4 

 
 
 

2.7. NUMERICAL 
  

Example 1) The specific conductance of a NaCl solution at 25oC is 126 X 10-6s. What is the 

approximate concentration of NaCl solution in mg/l ? 

Solution : Given : λo Na+ = 50.1,λoCl- = 76.3, N = ?, K = 126 X 10-6s. we 

know that, λoNacl = K X 1000/N 

N = K X 1000/ λo Nacl(λo Na+ + λoCl-) 

N = 126 X 10-6 X 1000 / 50.1+76.3 

N = 9.968 X 10-4 eq/l. 
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The eq. wt. of NaCl is 58.5 and so on 

But, N = wt./l / eq.wt. (by volumetric principle) 

Wt/l = N X eq. wt. 

Wt/l = 9.968 X 10-4 X 58.5 

Wt/l = 0.0583 g 

And therefore wt/l in mg/l = 0.0583 X 1000 

Wt/l =58.3 m 

2.7.1 Current and chemical change 

When electrolytes are introduced into a water solution in such a way as to allow a direct 

current to flow through the solution a chemical change will take place at the electrodes. The 

nature of the chemical change depends on upon the composition of the solution the nature of 

the electrodes and the magnitude of the imposed electromotive force. 

Consider the chemical changes occuring when platinum electrodes are introduced into 

the solution of HCl as indicated in figure below. 
 
 
 
 

Anode (+) 
 
 
 
 
 
 
 
 
 
 
 

When current is applied, it is found that H2 is evolved at the cathode and Cl2 at the 

anode. The current movement is as follows. Electrons flow through the external metallic 

conductor in the direction shown as a result of the driving force of the battery. Such a flow 

maintains the negative charge at the cathode and the positive charge at the anode. The flow of 

current through the solution is maintained by the movement of the cations (H+) to the negatively 

charged cathode and anions (Cl-) to the positively charged anode. 

H+ + e- ½ H2 (g) or Cl-  ½ Cl2 (g) + 
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e- Cl- ½  Cl2 (g) +  e-  H+ + e- ½ H2 (g) 

redox :   H+  +   Cl- ½ H2 (g) + ½ Cl2 (g) 

Thus, electrons released by the ions are pumped through the external circuit by the 

driving force of the battery to be picked up the ions at the cathode. Thus battery acts as a 

driving force to keep the current flowing and the reaction going. So, reduction occurs at the 

cathode and oxidation at anode. 

Conclusion : 

The understanding of current flow reveals the following conclusions : 

A) The flow of electrons in the external circuit is necessary to bring about the 

chemical change. 

B) To bring about an equivalent of chemical change at an electrode, one Avogadro’s no. 

of electrons must flow through the external circuit. This quantity of electrons is 

called “faraday” (F). 

C) The rate of flow of electrons gives current (I) which is normally measured in 

amperes (A). 

D) One faraday is equivalent to an ampere of current flowing for 96,485 seconds. 

An ampere is also defined as a coulomb per second, so that a faraday is 96500 

coulombs. 

2.8.  ELECTROCHEMICAL CELL 
  

It is a device in which chemical energy changes into electrical energy by virtue of 

redox reaction. Consider two electrodes via Cu and Zn are placed in their respective salt 

solution as shown in figure below and coupled with a salt bridge. 
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Zn placed in Znso4 constitutes half-cell/single electrode. And cu placed in Cuso4 

constitutes another half-cell/ electrode. 

The combination of these two through a salt bridge across the external metallic 

conductor constitutes a cell. Zn oxidizes by losing electrons while Cu+2 ions reduced by consuming 

two electrons as per the equations: 

Zn
(s) 

    Zn+2 + 2e- 
 

Cu+2 +2e-                Cu 

Zn(S) +  Cu+2                          Zn+2 + Cu(s) 

 

The voltmeter connected across external circuit measures the amount of potential difference 

between Zn and Cu called emf. This emf is equal to amount of chemical change occurred. 

This gives a relationship between electrochemical potential and chemical free energy. Electric 

energy is measured in terms of the ‘joule’. It is defined as the energy generated by the flow of 

1A in one second against an emf of one volt. It is given by the product, E (emf) x I x t and has 

units of the volt –coulomb or joule. 

Mathematically, G = - nFE where G = Gibb’s free energy, n = no of electrons, F 

= faradays constant, E = energy / coulomb (emf). 

For a chemical reaction of the type: 
 
aA + bB     cC + Dd 

we can have as per the Nernst equation that : E 

= Eo – RT/nF log [C]c [D]d/ [A]a [B]b
 

Suppose activities of products and reactants are unity, the log trm is unity, and therefore 

E = Eo (std) 

i.e., E = Eo + 0.0591/n  log [Q] …… (3) where E = Emf, Eo= standard 

emf, n = no of electrons, [Q] = reaction quotient. 

Based on the equation (3), the electrode potential values of many electrodes can be assigned 

and made available in the literature in the form of a table called electrochemical series table. 

Example : EST Table 

 

(s)
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2.8.1. ENVIRONMENTAL SIGNIFICANCE AND ELECTROCHEMICAL CELL 

The corrosion of many metals / alloys can be best understood. The electrochemical cell 

used as a principle to know the type of corrosion, and its prevention. It is also used as a basic 

principle to regulate the corrosion, prevention by joining other metals whose potential must be 

almost same. 

Thus, the electrochemical principles, in general, are widely used for the cathodic 

protection of steel pipe lines tanks and structures by means of sacrificial anodes or artificial 

impressed negative potentials. 

 
 

2.9. SUMMARY 
  

 Reaction kinetics; zero firest and second order of reactions and their kinetics. 

 Applications of first and second order of reactions with examples. 

 Kinetics of enzymetic reactions. 

 Electrochemistry and its applicantion in environmental science &n technology- 

           measurement of conductance, specific conductance and equivalent  

           conductance. 

 To understand the flow of current in liquid. Working principles of an 

            electochemical cell. 

2.10. KEY WORDS 
  

 
Zero –order Reaction Equivalent conductance 

Reaction Kinetics Molar conductance 

Second –Order reaction Electrochemical cell 

Electrochemistry Conductivity 
 

2.11. QUESTIONS FOR SELF STUDY 
  

 
1. Define Zero –order Reaction with example. 

2. Explain First order reactions. 

3. Illustrate Application of I-order reaction in Gas- Liquid Mass- Transfer Kinetics. 

4. Brief about second -order Reaction with their Applications 

5. Describe Electrochemistry and its application. 
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6. What are the Importance of conductance in Environmental Science. 

7. Discuss about Electrochemical cell . 
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3.0. OBJECTIVES 

On completion of this unit, you should be able to: 

 Define the equilibrium chemistry to know the quantitative relationship among 
various constituents present in water / wastewaters. 

 Plan the activity and its coefficients; Ionization, Ionic product of water, ionization for 
acid and bases, common ion effect and its applications. 

2.3.3 Carry-out the analysis of trace containments in drinking water - USEPA standards. 
 

3.1. INTRODUCTION 
  

 
Knowledge of equilibrium chemistry has become increasingly important for 

determining quantitative relationship between the various constituents in natural & contaminated 

waters and for understanding the effect of in the water on the various chemical spices present 

.This matter is important because of the one of the physical – chemical methods for treating 

waste waters & sanitary – land fill leachates and the need to understand the fate & transport of 

both organic & inorganic compounds in the environment . 

Hence the knowledge of equilibrium chemistry is helpful in understanding the effect of 

pollutant discharges to the environment as well as in evaluating how best to treat waters & 

waste water in order to get them from harmful substrates. 
 

3.2. EQUILIBRIUM 
  

 
When a reaction proceeds to a point where the combination of reactants to form 

products is just balanced by the reverse reaction of products combining to form reactants than 

the reaction is said to have reached “equilibrium’’ 

It is to be noted that the concentration of the reactants and of the products is important 

in determining the final state of equilibrium. 

For a system in equilibrium of the following type 

 
kf 

 

A + B C + D 

kb 
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increase in concentration of A or B , will shift the equilibrium to the right & vice versa if the 

concentration of C or D, The shifting of an equilibrium on response to a charge of concentration 

is an sample of the well known principal called Lechatelier. 

It stats that : A reaction at equilibrium will adjust itself in such a way as to relive any force , or 

stress that disturbs the equilibrium. 

A chemical reaction in true equilibrium can be expressed as 

 

Where K= equilibrium constant at a constant temperature 

[A][B][C]&[D]= molar concentration activates of A,B,C& D 

It is observed that a change in concentration of A/B/C/D , with change the 

concentration of all the others. This expression is used to understand all the phases of science 

& applied science called environment organizing 

For the reaction , in general 

aA+bB+ —————— cC+ dD=———— 

where a,b,c& d are no of molecules of the respective substances entering in to the reaction 

According to the Lechatelier principle we have 

K =  

This expression is also called low of mass action if the reactants & products of reaction 

are dissolved in a solvent such as water, then concentration in the equilibrium relationship are 

ordinarily expressed in moles per dm3(liter) 

3.3. ACTIVITY & ACTIVITY COEFFICIENTS 
  

In equilibrium involving salts, acids , bases, gases & other molecules in aqueous 

solution equilibrium relationship is used . As solutions of these materials become more 

concentrated their quantitative effect an equilibrium becomes progressively less than that 

calculated solely o the basis of change in concentration / activity of ions & molecules is 

changed from that of the actual concentration when the activity does not equal concentration 

the species is behaving non-ideally this may be attributed to the forces of attraction between 

positive & negative ions & is related to the thermodynamics of in the reaction ,Ideal behavior 

occurs when activity equals concentration . 
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There for activity & effective concentration can be expressed as below 

[C]c × [D]d—————— 

K =    (1) 

[A]a×[B]b————————- 

Where K= equilibrium constant 

[A] [B] [C] & [D] = Activities of A,B,C& D 

The activity in these relationship , we have 

ϒi                                    (2) 

 
Where i = activity coefficient for species i 

{i} = activity of species i 

{i} = concentration of species i 

To know & to use whether activity or concentration to express the strength of solvents/ 

solutes/ solids & gases , the methods of expression are as follows. 

1) For ions & molecules in solution : 

{i}= ϒi   [i] (3) 

Where i = activity coefficient for species i 

{i} = activity of species I,mol / L 

{i} = concentration of species i 

To know & to use whether activity or concentration to express the strength of solvent 

/solutes / solids & gases, the methods of expression are as follows 

2) For a solvent in solution or for mixture of liquids 

{i}= ϒi  Xi (4) 

Where X= mole fraction of species i. 

In aqueous solution , the solvent is water so X H2O= 1 

ϒ H2O= 1 

{H2o}=1.0 this is some what causes confusion thus , water is left out of an equilibrium constant 
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ϒ  = 0.98 

expression for dilute aqueous solution 

i.e { H2o}=[H2o]=1.0 

But for sea water contains lots of dissolved salts 

 
sea water 

 

which can have significant effect on equilibrium calculations 

3) For pure solids / pure liquid in equilibrium with aqueous solution 

{i} = [i] =1.0 

Since ,the concentration activity of pure solids / liquid do not need to be included in equilibrium 

constant expression . 

4) {i}= ϒ Pi 

Where Pi= partial pressure of gas i in atom when total pressure decreases 

When ϒ gas approaches 1.0 when relation takes place at atmospheric pressure {i} 

=Pi air is absent 21% O2 so Po2=0.21 atom 

It is to be noted that the concept of “fugacity” which has units of partial pressure can be used 

for describing gases activity in solution. It /fugacity also accounts for ideal & non-ideal gases 

further, fugacity can also be used in environmental engineering & science as a measure of the 

escaping tendency from a phase. 

Variations of the equilibrium relationship 

It is learnt that the expression 

[C]c × [D]d —————— 

K = 

[A]a×[B]b————————- 
 

for the reaction of the type   aA+bB cC+dD that it is useful in helping to 

understand the various ways in which substances may be distributed in aqueous solution & 

methods for their control. 

There are two types of equilibria viz : Homogeneous chemical equilibrium & 

Heterogeneous equilibrium are characterized by all reactants & products of the reaction 

occurring in the same physical state /phase. 

Examples: reactions between gases / between materials dissolved in water like weak 

bases& complexes which are florescent in ionization state. 



50  

Heterogeneous chemical equilibrium are character used by substrates occurring in two or more 

physical phases 

Examples : solubility of gas in a liquid , solubility of solids in water , the distribution of a 

material between two different solvents, the equilibrium of a substance between its liquid 

phases & gaseous phases or between its liquid phase & solid phase. 

3.3.1. Ionization: 

Wherever an electrolyte dissolved in an aqueous solution , it splits / dissociates in to 

cation & anion . This is called Ionization . The degree of ionization depends on the degree of 

dissection ( Fraction of an electrolyte undergone ionization ) of an electrolyte. This was 

explained by Arrhenius in 18987 Arrhenius theory is applicable for all acids, bases & salts. 

H cl+ Aq H +(aq)+ C l- 
  

N aO H + A q Na(aq)+O H -(aq) 
 

N aC l+Aq Na+(aq)+ C l-(aq) 
 

3.3.2.  Ionic product of water (Kw): 

One of the most important equilibrium of concern in dealing with aqueous solution is the 

dissociation of water into a H+ ion / proton , and hydroxyl ion (OH-). 

i.e., H2O H+ + OH- ……. 1 

A proton is a very small particle having large charge to volume ratio. As a result it will 

attack itself with anything small negative charge species/atom/ molecule. In aqueous solution, 

it readily becomes attacked to water molecules so that the following equation is a more correct 

description of water dissociation as : 

2 H2O H3O
+ + OH- ……. 2 

Thus, the dissociation of water may be equation 1 or equation 2 but for most practical 

reasons the equation 1 is more correct. Hence, ionic product of water is expressed as 

Kw  = [H+] [OH-] / {H2O] .….3 

But, by convention if [H2O] is taken as equal to 1, then, the ionic product of water in its 

simplest form is : 

[H+] [OH-] = Kw   = 10-14   at 298K/25oC …..4 
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In satisfying this equilibrium equation 4, the numerical values of [H+] & [OH-] ions present in 

water odor aqueous solutions. 

3.3.3.  Ionisation of acids and bases: 

According to Arrhenius theory (classical theory) , acid is a proton donor and base is 

OH- ion producer in water. In order to explain the variation of strength of acids and bases 

whether weak / strong , they completely ionize in aqueous solutions. 

For example:  consider HA H+ + A- 

Applying the law of equilibrium, Ka = [H+] [A-] / [HA] 

For a strong acid, Ka is very large since there will be no un dissociated acid (HA) in solution. 

But for weak acids and bases, Ka is very small since they dissociate in to small extent ( poor 

degree of dissociation). Therefore, to describe the strength odf such weak acids/ bases , we 

have for monoprotdic acid like CH3CooH 

CH
3
COOH 

(aq) 
CH

3
COO- 

(aq ) 
+ H +

(aq) 

Ka = [CH3COO-] [H+] / [CH3COOH] = 1.75 x 10-5 at 25oC ……. 1 

For diprotic acid like carbonic acid (H2CO3) we have : 

H2CO3 H+ + HCO3
-
 

Ka  = [H+]  [HCO3
-] /  [H2CO3] = 4.45 x 10-7  at 25oC ............. 2 

And further, HCo3
- H+ + Co3

2-
 

Ka = [H+]  [ CO3
2- ] / [HCo3

- ] = 4.69 x 10-11 at 25oC .............. 3 

For a typical base (NH3), we have: 

NH3 + H2O NH4
++ OH-

 

Kb = [NH4
+ ] [OH-   ] / [ NH3 ] = 1.75 x 10-5

 ............................ 4 

3.3.4. Complex ions : 

A class of inorganic slats consisting of a central metal ion surrounded by one or more 

ions / molecules/ particles called legends is known as complex salt. When such a salt is dissolved 

in water , it dissociates into complex ion indicated by co- ordination sphere and another ion 

(cation / anion). 

Example : if Hg+2 and Cl- are present in water , they will combine to form the undissociated but 

soluble species like Hgcl2(aq) where aq designates species in water. 
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1 3 2

2 4 3 

2(aq) 

2(aq) (aq) 3 (aq) 1

HgCl + Cl HgCl ….. K 

4

When equilibrium relationship is applied for Hgcl in presence of Cl- ions, 

We Have : HgCl + Cl- HgCl - …. K 

- - - 
3 (aq) (aq) 4 (aq) 2 

Equilibrium constants, K = [HgCl - ] [HgCl  ] / [Cl-  ] = 101.00  …… 5 

&  K   = [HgCl -  ]/ [HgCl -  ]  [Cl-  ]  = 100.97
 ...................6 

the equation (5)& (6) are equation constants or stability constants some times , equations 

(5)&(6)can be developed by the combination of the stepwise reactions indicated as below 

Hg 2++3Cl- HgCl3
-                           (7) 

 
Hg 2++4Cl- HgCl-                           (8) 

 
 

Here , The subscript on the equation constant (7) have the same meaning as in equations 

(5)&(6) 

       &  

Further the reciprocal of the over all formation constants of the highest complex is given as in 

stability constant 

 

Thus, [ Then4  
 
 

(9) 
 
 

3.3.5. Solubility product(Ksp): 

The product of molar concentration of the ions of the compound kept in contact with 

aqueous solution is called solubility product reported by Ksp 

For example : Agcl & Baso4 which are fairingly soluble or insoluble all most when kept in 

contact with water as shown in the following equilibrium 



53  

4 4

 

AgCl(s) Ag+(aq)+Cl-(aq) 
 
 

Baso (s) Ba2+(aq)+so 2-(aq) 

It is observed that the crystals of compounds shown above consists of ions arranged 

in an orderly manner .Thus when crystals of a compared are placed in water, the ions at the 

surface migrate in to water & will continue to do so until the salt is completely dissolved or 

the condition of saturation is attained .The saturate point is quickly reached in case of Agcl & 

Baso4 because of insolubility charter. That is the ionic concentration that ion exist in equilibrium 

with the solid of crystalline material are very small. 

Appling the law of equilibrium for Agcl, we have 
 
 

  (2) 

 
But (Agcl(s)) represent the Agcl that exists in the solid state. Thus,[Agcl(s)]=1, 

  (2) 
 

Where the constant Ksp is called the solubility product constant 

For more complex substances such as tri calcium phosphate is represented as 

Ca3(PO4)2(s)  
  

 
 

There Ksp= [Ca+2]3×[Po3-
4]

2
 

Ksp is constant for a given salt but varies from one salt to other 

Example :List of some Ksp constanys of salts (table) 
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Sl No Equilibrium equtions Kspat (mol/dm3) 25°C Significance in 
Environmental 
Engineering & 

Science 

1 MgCo3(s) Mg2++ 4×10-5 Hardness 

    removal, scaling 

2 Ca(oH)2(s) Ca2++2OH- 5×10-9 Hardness 

    Removal 

3 Agcl(s) Ag++cl- 3×10-10 Chloride analysis 

    , Heavy metal 
    removal 

4 CdS(s) Cd2++S2- 1.4 ×10-29 Heavy metal 
    removal,& fate 

5 Cu(OH)2(s) Cu2++2OH- 2×10-10 Heavy metal 

    removal,& fate 

6 PbSO4(s) Pb2++SO2- 
4 1.6×10-8 Heavy metal 

    removal,& fate 

7 Fe(OH)3(s) Fe3++3OH- 6×10-28 Coagulation, Iron 

    removal 

8 CaF2(s) Ca2++2F-  corrosion. 
   3×10-11 Fluoridation 

9 BaSo4(s) Ba2++SO2- 
4 

  

   1×10-10 Sulfate analysis 

 

As a consequence of understanding Ksp we can have two corollary statements to 

explain the phenomenon of precipitations & solution of precipitation which can be expressed 

as: 

1) In an unsaturated solution the Ksp value is higher then the product of molar concentration 

of ions 

i.e Ksp › [A
+] [B-] 

where [A+]& [B-] are ions of AB 
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2

sp 

2) In an saturated solution the product of the molar concentration of the ions is greater 

than Ksp 

i.e K ‹ [A+] [B-] 

 
3.3.6. Common ion effect: 

A technique of addition of an ion common I the electrolyte kept in contact with water 

the concentration of one of the ion increases write other decreases but equilibrium will shift to 

the right by causing coagulation is known as common ion effect 

Example : consider Baso4is dissoveld in water since it is sparingly soluble in water we have 

BaSO4(s) Ba2+(aq)+  

When Ba2+ ion concentration is increased by addition of Bacl from external source, the 

concentration of   decrease with Ba2+ increase but to keep the equilibrium constant 

(Ksp) as constant the equilibrium will shift from right to left by forming BaSo4 ppt. 

Ba2+(aq)+                        BaSO4(s) 

3.3.7. Applications: 

· Common ion effect helps in allowing mathematical treatment of the equilibrium & 

predication of the effect of adding a common ion to a solution containing a slightly soluble 
salt. 

· It is used extensively in environmental engineering practice as well as in qualitative & 

quantitative analysis to complete pptn of desired ions 

Example : Hardness is removed by adding to ppt OH- ions to ppt Mg(OH) 

Ca+2 + CaCo3  

 
+2(aq) + OH Mg(OH)2 

 

3.4. TRACE CONTAMINANTS AND THEIR ANALYSIS 
  

 
3.4.1 Introduction: 

The term trace means very low concentration say less then 1mg/L (‹1ppm).This is 

important in the field of water supply & food items. The trace material, generally, heavy metal 

and some times non-metal. Trace contaminant may be organic or inorganic. 

2. 
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It is learnt that trace inorganic & organic substances in water supplies originate from 

natural sources of both plant & animal & also from the synthetic organic chemical industry 

.Surface water supplies are prone to Carry significant amounts of trace materials but ground 

water are not immune to carry such materials. In surface water, natural plant exudates from 

growing algae & fungi carry materials of wide variety that cause taste & odor. Several 

containing compounds like Dimethyl sulfide verities of meraptans , the excreta of humans & 

land animals which have not gone but still survives in the effluents of waste treatment plants. 

The major concern related to trace contaminants is found in water supply schemes. 

The attention of public heath & water supply engineers was on trace inorganic by fous important 

factors viz.. 

1) The out break of “ Itai-Itai” (ouch-ouch) disease that occurred among farmers who 

drank water containing cadmium from the jintsu river in Japan. 

2) The discovery that metallic Hg escaping from labs & industry , mainly chlorine 

manufacture was capable of being converted in to marcaptans 

Concentrated by aquatic life & passed along through natural food chains to humans 

mainly through fishes. 

3 ) carcinogenics 

4 )  purposeful relaying of waste water for supplementation of dirking water supplies is 

imminent in many areas of the country. 

The literature shows that Pd was the first metal to be bright under scrutiny due to the 

prevalent use of lead service pipes. The problem was particularly severe in soft water areas 

such as New England because protective coatings did not develop. Zn & Cu were questioned in 

1923 & 1926 respectively because of the use of galvanized services & the growing use of cu 

salts for algae contral. 

Around the same time iodide was found in significant amount in the some pipe lines in 

Pennsylvania. In 1931 , churehil showed that the correlation between excessive fluoride & 

mottling of tooth enamel . The literature also highlight the presence of Fe&Mn due to 

nuisance activities . In 1962, US public health drinking water stands were advanced & limits 

were set on the levels of Inorganic of pH (public health) significance other than Cu&Zn. 

The chlorinated organics like DDt, 2,4,5-T,PCB,chloriane & others were singled out for 

special consideration of their resistance to biological degradation. 
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In view of these trace contaminants in water, air and their impurities, the effects of 

chemical impurities in water or human population ordinarily cannot be easily isolated for 

epidemiological or statistical study, because both food and water involve the digestive tract 

and vital organs of the body especially the kidneys and liver. In general, the food factor is so 

great as to overwhelm the water factor. It is quite interacting point to be noted that in recent 

epidemiological research has indicated that some adverse health outcomes like low birth weight, 

intrauterine growth retardation, cancer etc. can be correlated to drinking water contamination, 

synthetic organic chemicals are of most concern in this regard and drinking water standards 

for many of these compounds have been or are being developed. 

With this preamble, environmental concern is given prominent importance in connection 

with the issue of trace contaminants in the atmosphere. Millions of kgs of organic and inorganic 

materials are emitted into the atmosphere from a wide variety of industrial operations, as well 

as from the more well known source of combustion of fossil fuels. The passage of the clean 

air act of 1991 in U.S.A. has resulted in a focus on air toxics. This well be an ever more 

difficult issue to address than the health impacts of trace contaminants in water because of the 

difficulty in assessing the exposure concentration and duration. 

3.4.2. The safe drinking water act [SDWA] : 

The SDWA came into force in 1974 by USA. Public health standards. It was further 

strengthened in 1986 of the SDWA amendments, together SDWA and environment as well as 

WHO protection agency (EPA) established drinking water standards that apply to all public 

water systems in the USA. 

The current (January 1, 2011) U.S. and EPA drinking water standards and WHO 

guidelines for trace organic contaminants are listed in the table(1) and (2) as given below 

3.4.3. Trace organic contaminants 

Most trace contaminants regulated for drinking water are chlorinated anthropogenic 

compound s. the largest category represents pesticides and herbicides. Some are halogenated 

and some are chlorinated. These are given in table (3) as indicated below. 

3.4.4. Trace chemical analysis 

Trace contaminants always present particular difficulties in analytical measurements 

because of their very low concentration in water. Therefore, it is possible only through the 

development of highly sophisticated and modern analytical instruments that measurement of 

many contaminants at concentrations in the microgram per liter level and below Mg. besides 

instrumental problem, they also pose problems by causing interferences from other 
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constituents. 

For trace analysis, analytical procedure used must be very specific for the contaminant 

of interest or procedures need to used that permit separation of the contaminant from most of 

the other constituents in solution or both. 

Trace organic contaminants are generally measured with gas chromatography or by 

using higher version high- performance liquid chromatography (HPLC). Both procedures are 

based upon the principles of separation first and then detection and quantification. For most 

organic contaminants the separation is generally carried out in two stages. First, the contaminant 

is separated by partioning from the water sample into a gas phase(gas striping) or a solvent 

phase liquid ( liquid extraction ). These procedures permit separation of the contaminants of 

interest from the majority of the other constituents in water. Additional steps may be used to 

concentrate or separate the contaminants removed prior to injection into the mobile phase of 

a GC or HPLC. Further separation of contaminants takes place within GC / HPLC as the 

contaminants pass through the packed or capillary chromatographic columns and partition to 

different extents between the mobile and immobile phases present. Mass spectrometers can 

be used as detector. 

As pesticides and herbicides do not have higher concentration and hence gas cannot be 

stripped from water. They are generally removed by liquid/liquid extraction using solvents 

llike a mixture of methylene chloride(CH2Cl2) and hexane which are immiscible in water. After 

extraction, the contaminant concentration is increased by evaporating a large portion of the 

solvent. 

Trace inorganics listed in table (1) and (2) are determined using atomic absorption 

spectrophotometer with a graphite furnace or inductively coupled plasma method (ICP). 

Asbestos particles can be identified and counted through the use of electron microscopy with 

electron diffraction analysis. Cyanides (Cn) can be determined after separation from 

interferences by aeration of an acidified sample and collection of HCN in a basic solution. 

The transferred cyanide can then be determined by titration, colorimetric procedures or a 

cyanide ion-selective electrode depending upon the concentration present. The analytical 

methods, procedures and instrumentation have been discussed in detail in block-4 of unit-3 

of the environmental chemistry. 

In trace analysis, we have to be aware of both the abilities and limitations of analytical methods 

that are used to quantity concentration of contaminants in trace amounts, since, this will have a major 

impact on their ability to deal effectively with environmental problems. 
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3.4.5. Trace organic chemicals regulated through the U.S.EPA drinking water 

standards or contained in the WHO guidelines. Table-1 
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Note: MCLG- maximum contaminant level goal 

MCL- maximum contaminant level 

Standards specify the best available treatment technology. 
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3.4.6. Trace inorganic chemicals regulated through the U.S.EPA drinking water standards or 
contained in the WHO guidelines. Table-2 
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SUMMARY 3.5.  

 

o Chemical equilibrium studies - Activity and activity coefficient. 

o Defining ionization - Ionic product of water, ionization of acids and boxs. 

Solubility product with stoichiometric equation and its significance in 

environmental science and engineering. 

o Analysis trace organic contaminants in water/wastewater. USEPA standards for 

drinking water. 
 

3.6. KEY WORDS 
  

 
Ionization Trace contaminants 

Ionic product of water Solubility product 

Ionisation of acids and bases Common ion effect 

Complex ions 

3.7. QUESTIONS FOR SELF STUDY 
  

 
1. With equations show that the concentration of reactants and products is important 

in determining the final state of equilibrium. 

2. What is ionization? Explain the following with chemical equations: 

a) Ionic product of water 

b) Ionization of acid and bases 

c) Solubility product 

3) Discuss briefly the determination of trace organic contaminants present in wastewaters. 

4) Write short notes as: 

a) Safe drinking water Act b) USEPA standards for drinking water. 
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