
PHYSICAL  AND  ANALYTICAL  CHEMISTRY  
 (For  Chemi c a l  Engin e e r i n g )

Cours e  Code  - Categ o ry:   CHE  123  - BS
 

Credit s:3
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Sessional  Marks:40

End  Exam:  3  Hours End  Exam  Marks:60

Cours e  Object ive s

 To  unders t a n d  the  concept  of  Homogenous  and  hete roge n eou s  
chemical  equilibriumwi th  its  impor tanc e  in  indust r ial  process.

 To  get  an  idea  about  the  Surface  chemist ry  and  its  charac t e r iza t ion.

 To  give  a  knowledge  on  basic  quanti t a tive  techniques  of  Titrimet ry  and
Gravimet ry.

 To  inculcate  the  concep t  of  various  Elect ro- analytical  techniques .  

 To  give  an  awarene s s  on  various  Separa t ion  techniques .

Cours e  Outco m e s

By the  end  of  the  semes te r ,  the  studen t  will  be  able  to:

CO1
Apply  the  Homgen eous  and  hete roge n eo us  Chemical  equilibria   
laws  in  various  systems  and  Develo p  Optimum  conditions  for  these  
systems  in  Indust r ial  Processe s

CO2
Familariz e in  the  concep ts  of  surface  charac t e r i s a t ion  by  using  X-
Ray  difrac tion  and  stabiliza tion  of  colloids  and  nanomat e r i al s .

CO3
Get  Knowle d g e  on  the  Quanti t a t ive  determina t ion  of  various  
samples  either  by  using  Titrimet ry  or  gravimet ry  with  least  error .

CO4
Get  adept  in  Compu t i n g  pH,  Potential  and  conduc tanc e  by  electro  
analytical  methods

CO5
Separa t e  impuri ties  by  Applyin g  Solvent  extrac t ion  and  Gas  
chromota g r a p hy  Techniques

SYLLABUS



UNIT- 1                                                                                                      
12  period s

Chemi c a l  Equil ibriu m:  Reversible  and  irreversible  reactions,  concept  of
equilibrium,  Law  of  Mass  action,  Equilibrium  constan t ,  Factors  influencing
equilibrium  constan t ,  apply  law  of  mass  action  tohomoge n eou s  gaseous  and
liquid  systems,  Le-Chatelie r  principle-  applica tions ,  Effect  of  tempera t u r e  on
equilibrium  constan t  -derivation
Phas e  rule:  Definition- explana tion  of  terms- Derivation  of  Phase  Rule- One
componen t  system  (wate r  system)- Two  componen t  system  (Ag-Pb),  Eutect ic
mixture- its  significance .

Learnin g  Outco m e s :
At  the  end  of  the  unit  the  stud e n t  will  be  able  to  

● list  the  differences  betwee n  Reversible  and  Irrevers ible  reactions
(L1)

● Apply  the  law  of  Mass  action  to  differen t  homogeneous  and  
hete roge n eo us  systems  (L2)

● State  Le-  chatlier  principle(L1)
● Develo p  Optimum  conditions  for  few  Indust r ial  process  reactions(L5)

UNIT- II 10  period s
Surfac e  Chemi s t ry: Introduc tion  to  surface  chemis t ry,  colloids,  nanomet al s
and  nanomet al  oxides,  micelle  formation,  method  of  prepa ra t ion  of
nanomat e r i al sby  Chemical  Vapour  deposition  methods,  stabilization  of
colloids  and  nanomat e r i al s  by  stabilizing  agents .

Charact e r i za t i o n  of  surfac e s  - X-ray  diffrac tion- Principle  & 
Inst rum e n t a t ion;  Adsorption- B.E.T  equa tion  (no  derivation),  Surface  area-
impor tanc e  and  Determina t ion  by  B.E.T  method,  Applica tions  of  colloids  and  
nanomat e r i al s .

Learnin g  Outco m e s :
At  the  end  of  the  unit  the  stud e n t  will  be  able  to  

● Illustra t e  the  role  of  an  stabilizing  agents  in  stabilization  of  colloids
and  nano  mate rial  (L2)

● Explain  the  principles  and  instrume n t a t ion  of  X – Ray  Diffrection  (L2)
● Apply  BET  equation  in  measuring  surface  area(L3)

UNIT- III
10  period s

  

Introdu c t i o n  to  Che mi c a l  analys i s  –Quanti t a t ive  analysis,  classifica tion  of
errors- accuracy,  precission- minimization  of  errors ;  Titrimet r ic  Analysis,



Classification  of  reactions  in  titrimet r ic  analysis- Standa r d  solutions-  Primary
and  Seconda ry  standa rd s ,  Theory  of  Indicator s(Acid  Base,  Redox,
Complexomet r ic  &  precipi ta t ion  Titrations);  Gravimet r ic  analysis- process  of
precipi ta t ion,  contamina t ion  of  precipi ta t e s  (co- precipita t ion  &  post
precipi taion)

Learnin g  Outco m e s :
At  the  end  of  the  unit  the  stud e n t  will  be  able  to  

● Des cr ib e  differen t  ways  of  minimization  of  errors(L2)
● Explain  the  theories  behind  differen t  types  of  indicato r s  (L2)
● Analys e  the  amount  of  Nickel  presen t  in  the  given  sample(L4)

UNIT- IV

10p er i o d s

Electro- analyti ca l  Meth o d s :  Potentiome t ry- introduc tion,  instrum e n t a t ion
and  potentiom e t r ic  titra tion  (Redox);  introduc tion  to  pH,  dete rmina t ion  of
pH,  pH  metric  titra tions .  Conduc tom e t ry-  conduc tanc e  and  types  of
conduc ta nce ,  Conduc tm e t r ic  Titrations  (Acid- base) ,  variation  of  conduc ta nc e
with  tempera t u r e ,  Kohlrausch’s  law  and  applications-  calcula tion  of
equivalent  conducta nce  and  degree  of  dissocia tion  of  weak  elect rolytes .

Learnin g  Outco m e s :
At  the  end  of  the  unit  the  stud e n t  will  be  able  to  

● Defin e  elect rode  poten tial  (L1)
● Explain  the  Instrume n t a t ion  of  Potentiome t ry(L2)
● Comp u t e  the  streng t h  of  Acids  and  basesby  pH  meter    (L3)
● Apply  the  Kohlrausch ' s  law  in  measur e m e n t  of  equivalent  conduc tanc e

of  weak  elect rolytes  (L4)

UNIT- V                                                                                                
10  period s

Basic s  of  Indus tr ia l  Separat i o nT e c h n i q u e s :  
Distribution  law- parti tion  coefficient ,  Solvent  extrac tion -multiple  
extrac t ions;  Chromotog r a p hy- principle,  RF  value,  resolution  and  reten t ion  
time,  types  of  chromotoga p hy- Thin  layer  and  gas  chromotog r a p hy-
instrum e n t a t ion .

Learnin g  Outco m e s :
At  the  end  of  ths  unit  the  stud e n t  will  be  able  to  

● State  Distribution  Law  (L1)
● Explain  the  efficiency  of  multiple  extrac tions (L2)
● Separa t e  impuri ties  from  an  analyte  using  Gas  chromatog r a p hy  (L4)



Pres cr ib e d  text  books

1. Arun  Bhal,  B.S.Bh a l  and  G.D.Thul i  “Essen tials  of  Physical  
chemis try ”  S.Chand  and  company  ltd.  2009.

2. Chatwal  and  Anand ; “Instrum e n tal  Methods  of  Chemical  Analysis ” 5 th

edition,  Himalaya  Publishing  Company.

Refere n c e  books

1. Peter  Atkins  & Julio  de  Paula   “Physical  Chemistry ”  7 th  edition,  
oxford  universi ty  

2. B.R.Puri  and  L.R.Shar m a  “Principles  of  Physical  Chemistry” , 44 th  
edition  press  vishal  publishing  company,  New  Delhi.

3. Vogel   “Text  book  of  Quanti ta tive  Chemical  Analysis”  6 th  edition,  
Pearson,  2014.
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