




























 

SKR GDC (W),RAJAMAHENDRAVARAM 

 

Department of Chemistry    2021-2022 

 

Programme & Course outcomes 

 

  
  

Programme outcomes 

 

  

BSC-MPC& CBZ 

1. Understand the environment functions 
and how it is affected by human activities. 
 2. Acquire chemical knowledge to ensure 
sustainable use of the world's resources and 
ecosystems services. 
3. Engage in simple and advanced analytical 
tools used to measure the different types of 
pollution.  
4. Explain the energy crisis and different 
aspects of sustainability.                         5.Gain 
the knowledge of chemistry through theory 
and practicals                                 6.identify 
chemical formula and solve numerical 
problems                               7.understand 
good laboratory practices and safety 
8. make aware and handle the sophisticated 
instruments or equipments 

 

SEM Name of the course Course out comes 

 

sem-
1 

Inorganic and Physical Chemistry 

Understand the basic concepts of p-block 
elements 
· Explain the difference between solid, liquid 
and gases in terms of intermolecular 
interactions. 
· Apply the concepts of gas equations, pH 
and electrolytes while studying other 
chemistry courses. 
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Organic & General Chemistry 

Understand and explain the differential 
behavior of organic compounds based on 
fundamental 
concepts learnt. 
- Formulate the mechanism of organic 
reactions by recalling and correlating the 
fundamental 
properties of the reactants involved 
-Learn and identify many organic reaction 
mechanism including Free Radical 
Substitution, 
-Electrophonic Addition and Electrophonic 
Aromatic Substitution. 
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Organic chemistry & Spectroscopy 

Understand preparation, properties and 
reactions of haloalkanes, haloarenes and 
oxygen 
containing functional groups. 
· Use the synthetic chemistry learnt in this 
course to do functional group 
transformations. 
· To propose plausible mechanisms for any 
relevant reaction 
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Inorganic, Organic and Physical 
Chemistry 

To learn about the laws of absorption of 
light energy by molecules and subsequent 
photochemical reactions. 
· To understand the concept of quantum 
efficiency and mechanisms of photochemical 
reactions 
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Inorganic & Physical Chemistry 

Understand concepts of boundary 
conditions and quantization, probability 
distribution, most 
probable values, uncertainty and 
expectation values 
· Application Of Quantization To 
Spectroscopy. 
· Various types of spectra and their use in 
structure determination. 
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INORGANIC &PHYSICAL CHEMISTRY 

Understand concepts 
Of boundary conditions and quantization, 
probability distribution, most probable 
values, uncertainty and expectation values 
2. Application of quantization to 
spectroscopy. 
3. Various types of spectra and the irusein 
structure determination 
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Polymer chemistry 

To understand the importance of the 
chemical approach to polymers and the 
subject provides an introduction to polymer 
science with respect to synthesis, 
polymerization kinetics and network 
formation/gelation of macromolecules 
formed by step-growth and chain-growth 
polymerization. 
• To Study the, methods of measuring the 
molecular weight, polymerization kinetics 
and Copolymerization and polymer 
processing technologies. 
• To understand about radical and ionic 
polymerization and techniques of polymer 
analysis 
• To study mechanical properties and 
applications of polymers 
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Instrumental methods of chemistry 

To introduce the student to principles and 
theory of instrument analysis. 
· To teach the student the correct operation 
of chemical instruments. 
· To introduce the student to the techniques 
of troubleshooting instruments in the 
chemical laboratory. 
· To emphasize the safe use of chemical 
instrumentation. 
· To teach the student to solve problems 
related to the use of chemical instruments. 
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Analysis of Drugs, Foods, Diary Products 

and Bio chemical analysis    OUT COME 
SFOR 2021-22 

Students in this course will 
learn about microbes in food, 
spoilage of food and 
preservation techniques of 
food.                                                                  
Milk and milk products:and nutritional 
importance of milk, processing of milk. 
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20 15 35 5 5 5 50 25 75 100 P/F 50 P/F
I II III IV

1 OAM202100940267 AKKALA PRAVALLIKA 30540 BSc 71 CBZ 200907110086 14 14 28 5 4 5 42 21 D P A P
2 OAM202100920961 AMARA KEERTHANA 30540 BSc 71 CBZ 200907110087 18 15 33 5 5 5 48 24 B+ P O P

3 OAM202100735080 BANAM LOVA SATYA 
DEVI

30540 BSc 71 CBZ
200907110090 12

14 26
3 4 4

37 19
B P A P

4 OAM202100781218 BORRA NAVYA 30540 BSc 71 CBZ 200907110094 14 15 29 5 4 5 43 22 D P A+ P
5 OAM202100652045 CHEDEM VARALAKSHMI 30540 BSc 71 CBZ 200907110097 14 13 27 4 3 3 37 19 D P A+ P

6 OAM202100560662 CHELLEY SRI LAKSHMI 30540 BSc 71 CBZ 200907110099 14 10 24 4 3 3 34 17 C P A P

7 OAM202100952869 CHILAKA SONIA 30540 BSc 71 CBZ 200907110100 11 14 25 3 4 4 36 18 D P B+ P
8 OAM202100670536 CHODI HIMADEEPIKA 30540 BSc 71 CBZ 200907110104 18 14 32 5 5 5 47 24 B+ P A+ P

9 OAM202100682092 Dokka Smily 30540 BSc 71 CBZ 200907110108 15 10 25 5 4 3 37 19 D P O P

10 OAM202100948972 DONDAPATI SRAVYA 
KEERTHI

30540 BSc 71 CBZ
200907110109 10

8 18
3 3 3

27 14
D P A P

11 OAM202100951757 ELLAPU TEJASRI 30540 BSc 71 CBZ 200907110110 15 12 27 4 5 5 41 21 D P B+ P

12 OAM202100671699 GUDETI SATYA SAI DEVI 
PRASANNA

30540 BSc 71 CBZ
200907110112 14

12 26
4 3 3

36 18
D P A+ P

13 OAM202100915333 JEENU SHARON ROJA 30540 BSc 71 CBZ 200907110116 15 15 30 5 5 4 44 22 B+ P A+ P

14 OAM202100994326 JUPUDI PRATHYUSHA 30540 BSc 71 CBZ 200907110117 14 14 28 4 4 4 40 20 O P O P

15 OAM202100870643 KALIGITHI LAHARI 30540 BSc 71 CBZ 200907110118 19 14 33 5 5 3 46 23 A P O P

16 OAM202100734668 KALIMKOTA BHAVANI 30540 BSc 71 CBZ 200907110119 19 14 33 5 5 5 48 24 A P O P

17 OAM202100915855 KASAGANA VENI SRIDEVI 30540 BSc 71 CBZ 200907110121 19 11 30 5 5 5 45 23 A P A+ P

18 OAM202100781430 KONA SRAVANI 30540 BSc 71 CBZ 200907110125 10 13 23 3 3 3 32 16 B+ P A P

19 OAM202100785578 KUNDLA SRAVANI 30540 BSc 71 CBZ 200907110128 13 14 27 3 4 3 37 19 C P A P

20 OAM202100966697 KUNDUM GAYATRI 30540 BSc 71 CBZ 200907110129 14 14 28 4 4 4 40 20 C P A+ P

21 OAM202100982112 MANGALAMPALLI DURGA 
SRIHITHA

30540 BSc 71 CBZ
200907110130 20

15 35
5 5 5

50 25
A+ P O P

22 OAM202100936024 MASABATHULA NIHARIKA 30540 BSc 71 CBZ 200907110131 17 15 32 5 5 4 46 23 A+ P O P

23 OAM202100547119 MOLLA SHYNI 30540 BSc 71 CBZ 200907110134 15 15 30 5 5 5 45 23 C P A+ P

24 OAM202100847525 NAGALLA SWATHI 30540 BSc 71 CBZ 200907110136 17 15 32 5 5 5 47 24 F F A+ P

25 OAM202100925831 NALAM S L MUTYALA 
BHAVANA

30540 BSc 71 CBZ
200907110138 17

15 32
5 5 5

47 24
A P B+ P

26 OAM202100794191 PALLALA ARUNA 30540 BSc 71 CBZ 200907110141 13 14 27 3 4 4 38 19 F F A+ P

27 OAM202100668440 PALLALA MEGHANA 
REDDY

30540 BSc 71 CBZ
200907110142 17

14 31
5 5 5

46 23
A P A+ P

28 OAM202100872562 PAYAM KUSUMA 
BHARGAVI

30540 BSc 71 CBZ
200907110145 13

14 27
4 3 3

37 19
D P A+ P

29 OAM202100558456 PEDDADA BHARATHI 
LUCKY

30540 BSc 71 CBZ
200907110146 17

13 30
5 5 4

44 22
B P A+ P

30 OAM202100947891 PRIYANKA MADAKAM 30540 BSc 71 CBZ 200907110153 16 15 31 5 5 5 46 23 B P A P



31 OAM202100709590 SETIKAMSETTI DEVI 
ALEKYA

30540 BSc 71 CBZ
200907110155 20

15 35
5 5 5

50 25
A+ P O P

32 OAM202100824247 SIRILLI MERRY KUMARI 30540 BSc 71 CBZ 200907110156 16 14 30 5 4 5 44 22 A P A P

33 OAM202100745950 SIYYADULA NEERAJA DEVI 30540 BSc 71 CBZ 200907110157 15 13 28 3 3 4 38 19 A+ P O P

34 OAM202100806247 SUNDAM BHARGAVI 30540 BSc 71 CBZ 200907110158 14 15 29 5 4 5 43 22 A P A P

35 OAM202100916364 SURAMPUDI VANDANA 
SAI

30540 BSc 71 CBZ
200907110160 17

17
5 4 3

29 15
D P B+ P

36 OAM202100641695 THURRAM SNEHA 
BHARATHI

30540 BSc 71 CBZ
200907110164 14

15 29
5 4 4

42 21
A+ P O P

37 OAM202100967847 VADAM HARIKA 30540 BSc 71 CBZ 200907110168 10 9 19 3 3 2 27 14 B+ P B P

38 OAM202100717720 VARADA V V ANANTHA 
LAKSHMI

30540 BSc 71 CBZ
200907110170 20

13 33
5 5 4

47 24
A P O P

39 OAM202100809138 VASAMSETTY AMANI 30540 BSc 71 CBZ 200907110171 14 15 29 4 5 5 43 22 C P A+ P

40 OAM202100705146 VEERINA PRANITHA 30540 BSc 71 CBZ 200907110172 8 8 16 4 3 2 25 13 B P B+ P

41 OAM202100642799 TURRAM SRAVANTHI 30540 BSc 71 CBZ 200907110173 13 14 27 5 4 4 40 20 A+ P B+ P



COMMISSINERATE OF COLLEGIATE EDUCATION
GOVERNMENT OF ANDHRA PRADESH

STUDENT EVALUATION REPORT 2022-23
SKR GOVERNMENT DEGREE COLLEGE, RAJAMAHENDRAVARAM

Name of the Faculty :Dr.Ch.V.V.Srinivas                                                               Subject : Chemistry   Group : CBZ (TM) Semester : V 6B Title of the Paper :Analytical Chemistry-1

SI
. N

o.

Student ID Student Name Pr
og

ra
m

 C
od

e

Pr
og

ra
m

 N
am

e

Sp
ec

ia
liz

at
io

n 
C

od
e

Sp
ec

ia
liz

at
io

n

C
ou

rs
e 

C
od

e

C
ou

rs
e 

N
am

e

University 
Register No.

Continuous Internal Assessment (CIA)

Se
m

 E
nd

 E
xa

m
in

at
io

n 
(S

E
E

)

To
ta

l (
C

IA
 +

 S
E

E
)

R
es

ul
t

Pr
ac

tic
al

 M
ar

ks

R
es

ul
t

R
em

ak
rs

M
id

 E
xa

m
 - 

1

M
id

 E
xa

m
 - 

2

To
ta

l (
M

id
 -1

 +
 M

id
 - 

2)

A
ss

ig
nm

en
ts

Se
m

in
ar

 / 
G

D
 / 

Fi
el

d 
Tr

ip
 e

tc
.,

C
le

an
 &

 G
re

en
 &

 A
tt

en
da

nc
e

To
ta

l (
I+

II
+I

II
+I

V
)

Sc
al

e 
D

ow
n 

to
 2

5

20 15
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50 25 75 100 P/F 50 P/F
I II III IV

1 OAM202100616265 CHITTIRI APARNA 10540 BSc 71 CBZ 200907110102 13 15 28 4 4 5 41 21 D P B P

2 OAM202100823068 JAGANNADHAM SWARNA 10540 BSc 71 CBZ 200907110114 12 13 25 4 4 4 37 19 D P C P

3 OAM202100851552 PODIYAM SUNITHA 10540 BSc 71 CBZ 200907110152 13 13 26 4 4 4 38 19 F F B+ P

4
OAM202100683422 NARSI BALA TRIPURA SUNDARI 

DEVI
10540 BSc 71 CBZ

200907110139 12
14 26

3 4 3
36 18

F F B+ P

5 OAM202100811455 TURRAM SANDHYA RANI 10540 BSc 71 CBZ 200907110167 9 15 24 3 3 4 34 17 B+ P B+ P

6 OAM202100747199 PATARA CHANDINI 10540 BSc 71 CBZ 200907110143 12 15 27 4 3 3 37 19 F F B+ P

7 OAM202100722471 KIMUDU PRAMEELA 10540 BSc 71 CBZ 200907110123 13 13 26 5 4 3 38 19 F F B+ P

8
OAM202100636784 CHODI UMA NAGA 

MALLESWARI 10540 BSc 71 CBZ
200907110106 15

15 30
5 5 5

45 23
D P A+ P

9 OAM202100813277 TURRAM RANJITHA 10540 BSc 71 CBZ 200907110166 13 14 27 4 3 4 38 19 F F B+ P

10 OAM202100626400 KATHETI LALITHA 10540 BSc 71 CBZ 200907110122 12 15 27 3 4 3 37 19 B P C P

11 OAM202100653233 SEERSAM POSAMMA 10540 BSc 71 CBZ 200907110154 18 15 33 5 5 5 48 24 F F A P

12 OAM202100606351 KOTHAPALLI SANGEETHA 10540 BSc 71 CBZ 200907110127 15 12 27 5 4 4 40 20 D P A P

13 OAM202100588779 VARA MADHURIMA 10540 BSc 71 CBZ 200907110169 12 14 26 4 4 3 37 19 D P A+ P

14 OAM202100586213 PENUMUNCHI MOUNIKA 10540 BSc 71 CBZ 200907110147 11 14 25 4 4 5 38 19 F F A P

15 OAM202100608881 CHODI LAKSHMI KALYANI 10540 BSc 71 CBZ 200907110105 18 15 33 5 5 5 48 24 B+ P A+ P

16 OAM202100923325 BATHINA DEEPIKA 10540 BSc 71 CBZ 200907110091 10 15 25 4 2 1 32 16 D P B+ P

17 OAM202100651910 TURRAM KAVYANJALI 10540 BSc 71 CBZ 200907110165 14 14 28 4 3 2 37 19 A P B+ P

18 OAM202100914698 CHODE NAGAMANI 10540 BSc 71 CBZ 200907110103 16 14 30 4 5 5 44 22 F F A P

19 OAM202100898677 NAKKA SWATHI 10540 BSc 71 CBZ 200907110137 16 14 30 5 5 5 45 23 F F B+ P

20 OAM202100805847 CHEELI RESHMA 10540 BSc 71 CBZ 200907110098 15 15 30 5 5 5 45 23 C P A P

21 OAM202100877840 BATTINA KRUPA RATNAM 10540 BSc 71 CBZ 200907110092 15 15 30 4 3 3 40 20 F F A P

22 OAM202100926460 PODIYAM POSIVENI 10540 BSc 71 CBZ 200907110151 17 15 32 5 5 5 47 24 C P A P

23
OAM202100804612 BEERABOINA DURGABHAVANI

10540 BSc 71 CBZ
200907110093 17

15 32
5 5 5

47 24
F F B+ P

24 OAM202100614363 GURUVELLI GIRIJA 10540 BSc 71 CBZ 200907110113 13 15 28 4 5 3 40 20 F F B+ P

25 OAM202100556827 GADI JAYASRI 10540 BSc 71 CBZ 200907110111 18 14 32 5 4 5 46 23 B+ O P

26 OAM202100814542
SUNNAM VENKATA LAKSHMI 10540 BSc 71 CBZ 200907110159 10 15 25 5 2 4 36 18 F F B+ P

27
OAM202100800984 MIDIYAM PAVANI 

DURGAMBICA
10540 BSc 71 CBZ

200907110133 19
15 34

5 5 5
49 25

C P A+ P

28 OAM202100949472 BABY YANGALA 10540 BSc 71 CBZ 200907110089 15 14 29 4 5 5 43 22 D P A+ P
OAM202101019262 SURYA TEJASRI .SIRASAM 10540 BSc 71 CBZ 200907110162 18 14 32 5 5 5 47 24 C P B+ P



























 
 
 
 
 
 

 
  

 
 
 
 
 
 

SEM-IV, Unit: III  
HETERO CYCLIC COMPOUNDS 

 
Faculty Members 
Dr. Ch.V.V.Srinivas 

Smt N.Swathi 



 
 
 
 
 
 
 

SEMESTER-V , Paper - VI (INORGANIC, ORGANIC & PHYSICAL CHEMISTRY) 45 hrs (3 h / w) 
ORGANIC CHEMISTRY 

UNIT- III Heterocyclic Compounds 7h 

Introduction and definition: Simple five membered ring compounds with one hetero atom Ex. Furan. 

Thiophene and pyrrole - Aromatic character – Preparation from 1,4,- dicarbonyl compounds, Paul-Knorr 

synthesis. Properties : Acidic character of pyrrole - electrophillic substitution at 2 or 5 position, 

Halogenation, Nitration and Sulphonation under mild conditions - Diels Alder reaction in furan. Pyridine – 

Structure - Basicity - Aromaticity - Comparison with pyrrole - one method of preparation and properties - 

Reactivity towards Nucleophilic substitution reaction. 



 

Introduction and definition 
organic ring structure in place of a carbon atom gives rise to
containing five atoms, including one
Thiophene. 

 

Pyrrole 
 

Aromatic character:- Pyrrole, Furan and Thiophene
unsaturated compounds they participate in substitution reactions. The resonance energy for these
compounds is 92 – 124 kJ/mol. Eventhough only two double bonds are shown in the structure the lone
pair of electrons preswent on the hetero atom involve in resonance stabilization In the formation of
aromatic sextet two  bonds and one lone pair will form 
compounds a cloud will present at
in these compounds exhibit sp2 hybridization,

Introduction and definition :- Incorporation of an oxygen, a nitrogen or a sulphur into an
ring structure in place of a carbon atom gives rise to a heterocyclic compound

one hetero atom Nitrogen is Pyrrole, Oxygen is Furan

 Furan Thiophene 

Pyrrole, Furan and Thiophene behave like Benzene. Though they are
they participate in substitution reactions. The resonance energy for these

124 kJ/mol. Eventhough only two double bonds are shown in the structure the lone
pair of electrons preswent on the hetero atom involve in resonance stabilization In the formation of

bonds and one lone pair will form 6  electrons ie. obeys Huckel’s rule. In these
compounds a cloud will present at above and below plane to the carbon framework. The carbon atoms

hybridization, hence it has planar structure. 

Incorporation of an oxygen, a nitrogen or a sulphur into an 
heterocyclic compound. Heterocyclics 

Furan and Sulphur is 

Though they are 
they participate in substitution reactions. The resonance energy for these 

124 kJ/mol. Eventhough only two double bonds are shown in the structure the lone 
pair of electrons preswent on the hetero atom involve in resonance stabilization In the formation of 

electrons ie. obeys Huckel’s rule. In these 
above and below plane to the carbon framework. The carbon atoms 



General preparation of hetero cyclic compounds :- 
From 1,4-dicarbonyl compounds (or) 1,4-diols (or) Acetonyl acetone (Paul-Knorr synthesis) :- 

 
Furan, Pyrrole, Thiophene can be prepared from 1,4-dicarbonyl compounds. 

If 1,4-di-carbonyl compound is heated with ammonia (or) NH4Cl, pyrrole is formed. 

If 1,4-di-carbonyl compound is heated with P2O5, furan is formed. 

If 1,4-carbonyl compound is heated with P2S5, Thiophene is formed. 
 
 
 

1,4-carbonyl compound 1,4-diol 

2,5-dimethyl Pyrrole 2,5-dimethyl Furan 2,5-dimethyl Thiophene 



 

Acidic character of pyrrole:- Pyrrole is weakly acidic. Thus on reaction with metallic Potassium or
Potassium hydroxide it forms salts, which

 

According to Bronsted Lowry
due to delocalization of non bonding electrons of nitrogen in resonance and resonance stabilisation of
pyrryl ion formed by the loss of proton.

Due to participation of 
weakly bound to the nitrogen. As a result,

 
 
 
 

Pyrrole is weakly acidic. Thus on reaction with metallic Potassium or
which is hydrolysed back to pyrrole on treatment with

Lowry theory proton donor is an acid. The acidic character
due to delocalization of non bonding electrons of nitrogen in resonance and resonance stabilisation of

proton. 
 non bonding electrons of nitrogen in resonance, the 
result, the proton of pyrrole is easily donated. Hence,

Resonance structures of Pyrrole 

Pyrrole is weakly acidic. Thus on reaction with metallic Potassium or 
with water. 

character of pyrrole is 
due to delocalization of non bonding electrons of nitrogen in resonance and resonance stabilisation of 

 hydrogen atom is 
Hence, pyrrole is acidic. 



Electrophillic substitution at 2 or 5 position (Halogenation, Nitration and Sulphonation under mild 
conditions) :- In Pyrrole, Furan and Thiophene the electrophilic substitution reactions takes place at 
2nd or 5th positions instead of 3rd and 4th positions. Because, the intermediate carbonium ion formed 
when the electrophilic attack is at 2nd or 5th position is more resonance stabilised than the 
intermediate carbonium ion formed during electrophilic attack at 3rd or 4th positions. Hence Furan, 
Pyrrole and Thiophene undergo electrophilic substitutions at 2nd or 5th positions. 

 

More stable carbonium ion 

 
  

 

Less stable Carbonium ion 

Electrophilic Substitution Reactions (Pyrrole) :- 
a). Halogenation :- Pyrrole when treated with I2 in NaOH gives tetraiodo pyrrole. Pyrrole upon reaction 
with Chlorine or Bromine the ring fission takes place due to vigorous reaction. 

Tetra Iodo Pyrrole 
b). Nitration :- Pyrrole on nitration with mixture of nitric acid and acetic anhydride, gives 2-nitropyrrole. 

2-nitropyrrole 



 

c) Sulphonation :- Pyrrole on treatment

 
Electrophilic Substitution Reactions 
a). Halogenation :- Furan on treatment

 

b). Nitration :- Furan on treatment with

  

2-
c) Sulphonation :- Furan on treatment

 

Furan
d). Diel’s-Alder Reaction :- Furan on 

Furan (Diene) Dienophile

treatment with sulphur trioxide in pyridine gives pyrrole-2-sulphonic

Pyrrole-2-sulphonic acid. 

 (Furan) :- 
treatment with halogens, chain fission take place with violent

with mixture of acetic anhydride and nitric acid gives 

  

-nitrofuran 
treatment with SO3 in pyridine, gives Furan -2- sulphonic acid

Furan -2- sulphonic acid 
 addition with maleic anhydride gives addition product.

Dienophile Adduct 

sulphonic acid. 

violent reaction. 

 2-nitrofuran. 

sulphonic acid 

product. 



Electrophilic Substitution Reactions (Thiophene) :- 
a). Halogenation :- Thiophene upon reaction with bromine 2,5-di bromo thiophene is formed. 

 

2,5-dibromo thiophene 
Thiophene on reaction with I2 in presence of mercuric oxide gives 2-iodo thiophene (monosubstitution) 

 

2-iodo thiophene 
b). Nitration :- Thiophene on treatment with mixture of acetic anhydride and nitric acid gives 2-nitro 
thiophene. 

2-nitro thiophene 
c). Sulphonation :- Thiophene on treatment with sulphuric acid gives thiophene 2-sulphonic acid. 

Thiophene 2-sulphonic acid 



Pyridine – Structure - Basicity - Aromaticity - Comparison with pyrrole - one method of preparation and 
properties - Reactivity towards Nucleophilic substitution reaction. 
Preparation:- Pyridine is prepared by heating penta methylene diamine hydrochloride. 

 
 

Penta methylene diamine hydrochloride Piperidine Pyridine 

Structure of Pyridine basing on molecular orbital theory:- 
In Pyridine all the five carbon atoms and the hetero atom ‘N’ undergo sp2 hybridisation. 

Each carbon atom possess three sp2 hybridised orbitals and one unhybridised p-orbital. All these orbitals 
are occupied by single electrons. Similarly, the hetero atoms ‘N’ possess three sp2 hybrid orbitals and one 
unhybridised p-orbital. Two of these three sp2 hybrid orbitals and the unhybridised p-orbital are 
occupied with single electrons the remaining sp2 hybrid orbital is occupied with two electrons. The 
carbon and the hetero atom by using the sp2 hybrid orbitals form carbon frame work, involving C-H, C-C, 
C-N bonds. Now, the ring atoms still contain unhybridised p-orbitals. These are perpendicular to carbon 
frame work. These six unhybridised p-orbitals are parallel to each other and overlap side wise and form a 
continuous, cyclic, delocalised p-electron clouds involving six electrons. 

 



 

Basicity:- Pyridine upon reaction with hydrochloric acid forms
said to be a base. Pyridine is basic due to the presence of electron pair on the Nitrogen atom. Pyridine is
less basic when compared with amines.
contribution of s-character is 25% whereas 
contriubution of s-character is 33%.
formation of coordinate covalent bond.

 
Nucleophilic substitution reactions:-

Pyridine undergoes nucleophilic substitution reactions at 2,4,6 positions.
atom of the pyridine, deactivates pyridine
Pyridine undergo Nucleophilic substitution reactions.

 

As the 2,4,6 positions of pyridine are positively charged, 2,4,6
suitable for nucleophilic substitution
reactions at 3 or 5 positions at high 

 

Pyridine upon reaction with hydrochloric acid forms a salt pyridine hydrochloride.
said to be a base. Pyridine is basic due to the presence of electron pair on the Nitrogen atom. Pyridine is

basic when compared with amines. In amines Nitrogen atom is in sp3 hybridisation
character is 25% whereas Nitrogen atom in Pyridine exhibits sp2 hybridisation and the

character is 33%. Hence the electron pair present in Pyridine doesn’t involve in the
coordinate covalent bond. So Pyridine is less basic thn amines. 

- 
Pyridine undergoes nucleophilic substitution reactions at 2,4,6 positions. As the nitrogen

pyridine ring and generates positive centers on the pyridine
substitution reactions. It is evident from the resonance structures.

As the 2,4,6 positions of pyridine are positively charged, 2,4,6-positions of the pyridine are
substitution reactions. Pyridine can also undergo electrophilic

 temperatures. 

a salt pyridine hydrochloride. So it is 
said to be a base. Pyridine is basic due to the presence of electron pair on the Nitrogen atom. Pyridine is 

hybridisation hense the 
hybridisation and the 

Hence the electron pair present in Pyridine doesn’t involve in the 

As the nitrogen 
pyridine ring. 

structures. 

positions of the pyridine are 
electrophilic substitution 



 

Nucleophilic Substitution Reactions :- 
Chichibabin (Amination) reaction :- When pyridine is heated with sodamide in toulene followed by 
hydrolysis gives 2-amino pyridine. This reaction is known as ‘Chichibabin Reaction’. 

 
 
 

2-amino pyridine 
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Nitro Alkanes
1. What are Nitro Alkanes? How are they classified?

Compounds with general formula R-NO2 are called

nitro alkanes.

Ex. CH3-NO2         CH3-CH2-NO2            CH3- CH - CH3

          NO2

  Nitro Methane Nitro Ethane 2-nitro Propane

They are classified into primary, secondary and tertiary

nitro alkanes.

R - C  - NO2     R - C  - NO2 R - C  - NO2

 primary                         secondary                tertiary nitro alkanes

2. Explain tautomerism exhibited by nitro alkanes.
Isomers formed by transfer of protons are called

tautomers. Like keto compounds, primary and secondary nitro
alkanes undergo tautomerism. They form nitroform and aci forms.
The aci forms of primary and secondary nitro alkanes  form salts
with strong bases. Tertiary nitro alkanes does not show tautom-
erism.

H

H

R

R

R

H

R  C  N                          R  C = N
H

H

+
O

O


H
+

O

OH



Nitro form Aci form

3. Write any three methods of preparations of nitro alkanes.
a) By direct nitration of alkanes

b) By the reaction between Alkyl halide and silver nitrite

c) By the reaction between chloroacetic acid and sodium nitrite

4. Explain the following reactions?

(a). Halogenation            (b). Michael condensation reaction

(c). Mannich reaction  (d).Reaction with nitrous acid

(e). Nef reaction

(a). Halogenation:-  10  and 20  nitroalkanes undergoes
- halogenation

4000C

CH3I + AgNO2                     CH3NO2 +AgI

 ClCH2COOH + NaNO2                   NaCl + NO2  CH2  COOH

NO2  CH2  COOH                      CH3  NO2
- CO2

3Cl2 + 3NaOH + CH3  NO2                CCl3  NO2 + 3NaCl + 3H2O
Chloropicrin (insecticide)

 CH3  H + OH  NO2                      CH3  NO2 + H2O

Nitro Alkanes 22 23
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b). Michael condensation reaction :- Nitro alkanes undergo

addition reaction with  -unsaturated carbonyl compounds,

 -unsaturated nitro compounds,  -unsaturated esters. This

reaction is called Michael condensation reaction.

(c).Mannich reaction:-The condensation reaction between

Nitroalkanes, formaldehyde and salts of Ammonia or 10 amine
or 20 amine is known as mannich reaction

(d).Reaction with nitrous acid :- Primary and secondary     ni-

tro alkanes react with nitrous acid and give blue coloured nitroso

derivatives

Primary nitro

alkanes
 -unsaturated

carbonyl compound

R  CH2 - N      + CH2 = CH - C - H

OO

O



R  CH  - N
O

O


+

CH2 -CH2 - C - H

O

Dimethyl
amine

R  CH2NO2 + HCHO  +  NH              R  CH - CH2-N      +  H2O

NO2CH3

CH3

CH3

CH3

Formal-
dehyde



R  CH2  NO2 + HONO                    R  CH  NO2 + HOH
NO



Soluble in alkali

R  CH  NO2 + HONO                    R  C  NO2

R


R

NO

Insoluble in alkali

R  C  NO2 + HONO                     No reaction
R

R

(e). Nef reaction:- Salts of Aciform of primary and secondary

nitro alkanes on hydrolysis with sulphuric acid gives aldehydes

and ketones.This reaction known as Nef reaction.



R - CH2 - N                  R   CH = N                R - CH = N

O
+

O


+

   OH

O

+



H2SO4

   ONa

O



Aci formNitro form Salt of aci form



H2O
R - CH = N

+
   OH

OH



R - CH - N

   OH

OHOH



R   C  =  O

H

(Aldehyde)

Nitro Alkanes 24 25
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ii)  Schmidt Reaction :- Carboxylic acids on treatment with
hydrazoic acid in presence of sulphuric acid gives amines. This
reaction is known as schmidt reaction.

iii) Gabrieal Synthesis :- In this method, N-alkyl phthalimide
on basic hydrolysis gives 10amines

iv). Ammonolysis of alkyl halides:- In this method alkyl ha-
lides are treated with ammonia.

CH3 - C - OH + N3H                  CH3 - NH2

O

H2SO4

CH3CH2Br -KBr

 O

 C

 C

 NH

 O

KOH
-H2O

 C

 C

 NK

 O

 O



 C

 C

 NCH2CH3

 O

 O


OH

 C

 C

 O

 O

OH

OH

CH3CH2NH2 +

CH3-Cl  + NH3    CH3-NH2  + HCl
Primary

CH3-Cl  + CH3-NH2   + HCl
Secondary

CH3 - N - CH3

H

CH3-Cl  +                        + HCl
Tertiary

CH3 - N - CH3

H

CH3 - N - CH3

CH3

NITROGEN COMPOUNDS

AMINES

1. What are amines? How are they classified?

Organic compounds with general formula R-NH2 are called

Amines. Ex. Methyl amine (aliphatic) and Aniline (aromatic). These are

classified into three types. They are

(a). Primary amines (R-NH2),

(b). Secondary amines (R2-NH)

(c). Tertiary amines (R3-N)

2. How are the aliphatic amines prepared?

Preparation methods :-
i) Hoffman’s degradation :- Amides on treatment with Bro-
mine in alkali gives amines. This reaction is known as
Hoffman’s degradation reaction.

Mechanism:-

CH3 - N - H

H

CH3 - N - CH3

H

CH3 - N - CH3

CH3

Methyl amine

Dimethyl amine

Trimethyl amine

CH3CONH2 + Br2                         CH3NH2
Methyl amine

KOH

R - C - NH2

O


Br2

R - C - N

O H

Br -
-Br


OH
-

- H2O,

R - C - N:

O :

Nitrene

Rearrange-
ment

R - NH2



O = C = N - R
Isocyanate



Aniline

H

:        - N - H

Di phenyl amine

H

:        - N -

Tri phenyl amine
:        - N -

- HBr

26 27Nitrogen Compounds
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3. Explain the basic character of Amines.

Amines are basic. According to lewis theory, electron

pair donor is a base. As amines are electron pair donors, they

are basic. The strength of the basic character of amines depends

upon its ability to donate its electron pair.  The more the ten-

dency of donating electron pair by the amines, the more is their

basic character.

Tertiary amines are less basic than secondary amines.

Alkyl groups, through their inductive effect, increases the

electron density on the nitrogen in amines. As a result, amines

freely donate electron pair to others. Hence, they are more

basic than ammonia. That is why, 10 amine is more basic than

ammonia, 20 amine is more basic than 10 amine. Similarly, 30

amine is   expected to be more basic than secondary amine but its

is not so.

 It is less basic than 20 amine.  This is because of steric

hinderance. Due to steric hinderance, the electron pair present

on 30 amine is not available for protonation. Hence, 30 amine

is less basic than 20 amine.

Aromatic amines are less basic than aliphatic amines

H - N - H         <     R - N - H       <     R - N - H       <   R - N - R

H H R R

::::

Ammonia 10-amine 20-amine 30-amine

H

:

CH3 - N - H

Methyl amine

<

H

:

        - N - H

Aniline

Aromatic amines are less basic than aliphatic amines. Be-

cause in aromatic amines, the electron pair present on the Nitro-

gen atom involves in the resonance. Due to involvement of elec-

tron pair in the resonance. This electron pair is not available for

donation. Hence, aromatic amines are less basic than aliphatic

amines.

4. Why N, N dimethyl aniline is more basic than aniline ?

Due to electron releasing methyl groups, the electron

density on the nitrogen atom of N, N dimethyl aniline increases.

Hence, the electron pair, present on the nitrogen atom of N, N

dimethyl aniline is more available than the electron pair present

on the nitrogen atom of aniline. Hence, N, N dimethyl aniline is

more basic than aniline.

5. Why Aniline is more basic than N,N diphenyl aniline ?

N,N-diphenyl aniline is less basic than aniline because in N, N-

diphenyl aniline, the delocalisation of electron pair is more than

aniline. Hence, the electron pair is less available for donation than

aniline. Hence, N, N-diphenyl aniline is less basic than aniline.

In other words, due to delocalisation of electron pair present on

the Nitrogen over the two phenyl rings, the basic character of N,

N -diphenyl aniline is reduced.

< <

Aniline

H

:

- N - H

N-methyl aniline

H

:

- N - CH3

N,N-dimethyl aniline

CH3

:

- N - CH3

Aniline

H

:        - N - H

Di phenyl amine

H

:        - N -

Tri phenyl amine

:        - N ->>
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b) Nitration : aniline on reaction with mixture of con. HNO3
and H2SO4 gives meta-nitro aniline

ii). Oxidation:- Aniline undergoes oxidation with K2Cr2O7 to
gives p-Benzoquinone.

iii). Carbylamine reaction :-Primary amines react with
chloroform in alkali gives isocyandies. This reaction is known as
phenyl isocyanide reaction.

iv). Diazotisation :- The conversion of aromatic primary amines

in to diazonium salts is known as diazotisation

 HNO3 + H2SO4

NH2



NH2

NO2

NH2 
K2Cr2O7
    H2SO4

OO

p - Benzoquinone

 + CHCl3 +3KOHNH2  NC + 3KCl + 3H2O



NO2 N2Cl

NaNO2 + HCl

0 - 50 C

4. Write any THREE properties of aliphatic amines.
1.Reaction with alkyl halides (Alkylation): 10 amines on treat-

ment with alkyl halides give N-alkyl amines.

2.Acetylation :(Acylation) 10 amines on reaction with acid

chlorides give N-substituted amides.

3.Reaction with nitrous acid :-

a) Primary amines with Nitrous acid produce Nitrogen gas  ( as

bubbles)

b)Secondary amines with nitrous acid produce  yellow oily layer.

c) Teritiary amines with nitrous acid  form soluble nitrite salts

This reaction is used as a basic test  to distinguish  10, 20 & 30

amines.
5. Discuss the properties of aromatic amines.
(i). Electrophilic substitution reactions:-

a) Bromination : aniline on treatment with Bromine water

gives 2,4,6-tribromo aniline

CH3.NH2 + CH3Cl                     CH3NH + HCl

CH3

CH3 - C - Cl + CH3 - NH2                  CH3 - C - NHCH3 + HCl
OO

CH3 - CH2 - NH2 + HONO                 N2 + H2O +CH3 - CH2  - OH

CH3 - CH2  - NH + HONO                      CH3 - CH2 - N - NO

R R

+ -
(CH3CH2)3N +HONO                   (CH3 - CH2)3 NHONO



NH2

+ 3Br2 + 3HBr

NH2
Br

Br

Br

2,4,6 - Tribromo aniline
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6. Explain Hinsberg method for the seperation  of amines.

In this method, the mixture of amines is treated with

benzene sulphonyl chloride and shaken with 5 percent caustic

potash solution.

Primary amine forms alkyl benzene sulphonamide, which

dissolves in caustic potash forming potassium salt. Secondary

amine forms dialkyl sulphonamide, which does not dissolve in

caustic potash. Tertiary amine does not react with benzene

sulphonyl chloride.

The entire product, thus obtained, is extracted with ether.

Tertiary amine and dialkyl benzene sulphonamide being insoluble

in water, pass over to the ethereal layer.  Potassium alkyl

sylphonamide remains in the aqueous layer. The aqueous and the

ethereal layers are then seperated.

The aqueous layer (containing C6H5SO2NKR) is acidified

with dilute hydrochloric acid, alkyl benzene sulphonamide is pro-

duced. It is next heated with concentrated hydro chloric acid.

C6H5SO2Cl   +   NR No action

tert.amine (soluble in ether)



R

R

C6H5SO2Cl + HNHR          C6H5SO2NHR            C6H5SO2NKR
Benzene sulphonyl

chloride
pr.amine Mono alkyl

sulphonamide
Pot.salt (soluble

in water)

HCl


KOH

H2O

sec.amine Dialkyl sulphonamide insoluble in
water or KOH;soluble in ether

C6H5SO2Cl + HNR              C6H5SO2NR       No action

R R

HCl 
KOH

Monoalkyl benzene sulphonamide gets hydrolysed and forms the

hydrochloride of primary amine. The latter is distilled with caus-

tic soda to regenerate primary amine.

For the recovery of tertiary and secondary amines, the ethe-

real layer is fractionally distilled. Tert.amine passes over leaving

behind the solid dialkyl benzene sulphonamide. The latter is hy-

drolysed by concentrated hydrochloric acid and then distilled with

caustic soda to get secondary amine.

C6H5SO2NKR   +   HCl (dil.)               C6H5SO2NHR + KCl
Pot.alkyl sulphonamide Monoalkyl sulphonamide

C6H5SO2NHR   +   H2O                     C6H5SO2.OH + RNH2.HCl
Benzene sulphonic acid


Conc.HCl

RNH2.HCl   +   NaOH                       RNH2  + NaCl + H2O
Hydro chloride

of pri.amine pri.amine

RNH.HCl   +   NaOH                     RNH + NaCl + H2O

Hydrochloride
of sec.amine



sec.amine

R R

C6H5SO2NR   +   H2O                     C6H5SO2.OH + RNH.HCl

Dialkyl
sulphonamide


Conc.HCl

R R

32 33Nitrogen Compounds








