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Paper – I 

Bio-inorganic ChemistryBio-inorganic Chemistry
BSc VI semester 

1

Dr. Honnur Krishna
Assistant Professor

Department of Chemistry, 

S. D. V. S. Sangh’s, S. S. Arts College and T. P. Science Institute, 

(Affiliated to Rani Channamma University)

Sankeshwar, Hukkeri Taluk, 

Belagavi District – 591313, Karnataka,

India



CONTENT 

• Bioinorganic Chemistry:

• Essential and trace elements in biological
process

• Metalloporphyrins with respect to• Metalloporphyrins with respect to
haemoglobin and chlorophyll (structure and
function)

• Biological role of Na, K, Fe and Zn.
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BIOINORGANIC CHEMISTRY

L C S R S D S

Oxygen Bound 

Myoglobin
Ferritin

Carbonic anyhdrase

Transferrin

Zinc finger interacting 

with DNA molecules 
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ESSENTIAL ELEMENTS OF LIFE  

• Bulk elements 

• C, H, N, O, 

• Macronutrients (relatively large amounts)

• Na, K, Mg, Ca, S, P, Cl, Fe • Na, K, Mg, Ca, S, P, Cl, Fe 

• Micronutrients (Trace elements)

• Mn, Co, Ni, Cu, Zn, V, Cr, Mo, Se, F, I, Se, Si, 

4



BIOLOGICAL IMPORTANCE OF SODIUM 

• Source: 

• Occurrence in humans 

• Importance of sodium in biological system  

•• Deficiency 

• Excess 

5



SODIUM 

• Outside cell = 10 mM, extracellular fluid

• Inside cell = scarce

• Normal serum sodium level = 135 – 145 mmol/L

• Weak binding to ligands

• Sodium ions are primarily found inside the human

cells such as nerve cells.

Source: Table salt, high content in bread, cheese, carrots, 

cauliflower, eggs, milk, nuts, spinach. 
6



BIOLOGICAL IMPORTANCE OF SODIUM 

• Role – acid-base balance 

• Regulate the flow of water across the membrane. 

• They are needed for transport of sugars (glucose, galactose) and 

amino acids into the cells. 

• Regulation of osmotic pressure of body.

• Regulation of membrane potentials i.e., electrical impulse of nerve 

systemsystem

• Maintains the electrolyte balance in the body. 

• Enzyme activity (Many enzyme reactions are controlled by Na and 

K ions.)

• Signaling process  

• Conformation of proteins and nucleic acids 

ORS – oral rehydration solution 

Freezing mixture 

Preservative in pickling 
7



DEFICIENCY OF SODIUM 

• Hyponatremia – headache, nausea, coma, seizures (sudden

uncontrolled electrical disturbance in the brain) etc.

• Due to high environmental temperature extreme sweating may

cause loss of Na+. Results in muscular cramps – abdomen,

headachesheadaches

• Addison’s disease (Na2S2O3 (30% aq solution – i.v))

• Stoker’s cramp

• allergic disease

• Neurology arthritides – swabbing and gargling in disease,

upper respiratory track (Drug: NaCl/KCl (0.9 %) – isotonic

solution

8



EXCESS OF SODIUM  

• Hypernatremia

• Dehydration/loss of body fluids

• Vomiting, diarrhea, sweating, high fever

• High intake of table salt causes high BP, on• High intake of table salt causes high BP, on

continuation it causes stroke, heart failure,

osteoporosis, stomach cancer, kidney disease.

9



POTASSIUM 

• Inside the cell

• Cytoplasm, intracellular fluid – high = 0.3M. 

• Outside the cell – low 5 x 10-3 M. 

• Maintains the osmolarity of the cell. 

• As co-factor – ex. Pyruvate kinase

• Na/K – ATPase enzyme

• Sodium & potassium transport channels. • Sodium & potassium transport channels. 

• 2003 – Roderick Mackinnon shared chemistry Nobel prize – structure & 

mech of ion channels (passive) 

• VALINOMYCIN is an antibiotic also an IONOPHORE has an high 

selectivity for K+ ions coordinated by six carbonyl groups – enables to pass 

through bacterial cell membrane & thereby dissipate the electrical potential 

difference causing the bacterium’s death.

Source: nuts, beans, banana, dairy foods, starchy vegetables, dried fruits, 

apricots, spinach, broculli, meat, poultry, fish, milk, yogurt, papaya etc.
10



BIOLOGICAL ROLE OF POTASSIUM 

• Maintains the electrolyte balance in the body. 

• Osmotic pressure. 

• Heart function, skeleton and muscle contraction 

• Conformation of proteins and RNA replication 

• Electrolyte balance in the body • Electrolyte balance in the body 

• Secretion of gastric acid 

• Nerve impulse transmission. (Concentration gradient control 

the development & functioning of the nurve cells). 

• Acts as co-factor for certain enzymes. 

• Like Na, K has a stimulating effect on muscle irritability 

11



DEFICIENCY 

HUMANS

• Hypokalemia – < 3.5 mM

• vomiting, diarrhoea, weakness & 
fatigue, 

• Muscle cramps & spasms, 

PLANTS

• Chlorosis

• Growth regulation 

• Protein  synthesis • Muscle cramps & spasms, 

• Digestive problems, constipation,

• Heart palpitations (regulate heart 
beat)

• Muscle aches & stiffness, 

• Tingling & numbness (harmless),

• Breathing difficulties, mood 
changes & mental fatigue.

• Diets with low K+ leads to 
hypertension

• Protein  synthesis 

• Regulation of opening/

• closing of stomata  

• (Tiny pores in plant that 

allow for gas exchange.)

12



EXCESS OF POTASSIUM 

• Hyperkalemia

• Heart rhythm – affects – dangerous

WHEN CELLS RELEASE TOO MUCH OF K+ IONS

• Breakdown of RBCs – Hemolysis• Breakdown of RBCs – Hemolysis

• Breakdown of muscle tissues – Rhabdomyolysis

• Burns, trauma, or other tissue injuries

• Uncontrolled diabetes

13



ZINC

• Zn – over 300 metallozymes

• Over 2000 transcription for regulation of lipid, protein and

nucleic acid metabolism and gene tranascription.

• metalloenzymes catalyse peptide hydrolysis and maintain

HCO3
-/CO2 equilibrium (CO2 transportation).

• Zinc finger proteins enables the protein to recognize and bind• Zinc finger proteins enables the protein to recognize and bind

to precise sequences of DNA base pairs and plays a crucial

role in transferring information from gene.

Sources: 

Oysters, meat, nuts, shell fish, poultry, eggs, milk products, 

cereals, bread, fish, green vegetables, potatoes, fresh fruits.

14



PHYSIOLOGICAL FUNCTIONS OF ZINC

Biochemical functions

• Co-factor for enzymes.

• Activity of zinc finger proteins

Cellular functions

• Growth and cell development

• Cell membrane integrity

Endocrinological functions 

- Reporduction: spermatagenesis

- Thyroid function

- Pancreatic function – insulin 

storage & release 

- Prolactin secretion

Neurological function• Cell membrane integrity

• Tissue growth and repair

• Wound healing

Immunological functions 

• Function of neutrophils, T 

cells, B cells, & NK cells

Neurological function

- Cognition, memory, taste acuity, 

vision

Hematological function 

- Coagulation factors, 

Skeleton function 

- Bone mineralization 

15



ZINC DEFICIENCY

• Chronic renal disease

• Cystic fibrosis

• Liver disease and alcoholism

• Mild depressed immunity, impaired taste, and smell, onset
of night blindness, decreased spermatogenesis

• Moderate – growth retardation and delayed puberty in• Moderate – growth retardation and delayed puberty in
adolescents

• Hypogonadism in males, rough skin, poor appetite, mental
lethargy, delayed wound healing, night blindness.

• Severe immune suppression, frequent infections, pustular
dermatitis, diarrhoea.

16



ZINC EXCESS

• Nausea, vomiting, loss of appetite, stomach
cramps (pain), diarrhea, headaches, flu like
symptoms, changes in taste.

• Too much of zinc intake (> 40 mg/day)• Too much of zinc intake (> 40 mg/day)

- Low cu levels, lower immunity (frequent
infections) and low levels of HDL cholesterol
(good cholesterol)

- Blood disorders

- Treatment – drink milk

17



IRON 

• Oxygen transport and 
storage 

• Hemoglobin

• Myoglobin

• Hemerythrin, 

• hemocyanin

• Oxidases, Oxygenases

• Cytochrome c oxidase

• Non-heme proteins 
Iron transport - Transferrin
Iron storage – Ferritin

Hemosiderin
• hemocyanin

• Electron transfer 

• Cytochromes C, 

• Cytochrome a, a3, & b 

• Enzymes 

• Peroxidase, catalase, etc

• Nitrogenase – 2 Mo and 30 Fe 
atoms

Iron storage – Ferritin
Hemosiderin

Iron –sulfur proteins 
i. 1 Fe ferredoxins
ii. 2 Fe ferredoxins
iii. 4 Fe ferredoxins

18



CHEMISTRY OF IRON 

• Fe- 26,

• Variable oxidation state – Ferrous, ferric, ((IV), (V)..)

• 2/3 of body contains iron – Hb

• RBCs contain a protein called – Hb

• Erythrocytes and iron are updated every 120 days• Erythrocytes and iron are updated every 120 days

• Essential for cellular activity of all tissues

• Hepcidin – circulating peptide hormone secreted by the liver

that plays a central role in the regulation of iron homeostasis

• Internalization and degradation of iron

19



BIOLOGICAL ROLE OF IRON 

Iron essential for

 cell division,

 cell growth,

 synthesis of DNA molecules

 protein metabolism

Metabolic process 

20

 protein metabolism

 to strengthen the immune system

 Fe involved in the formation of connective tissues of several
neurotransmitter in the brain

 Cytochromes – transfer of oxygen, involved in energy
production

 Thyroid hormones (iron contain) – regulate metabolic
processes



Some foods rich in iron include:

Meat and Poultry (Heme Fe)

• Lean beef

• Veal, Pork

• Lamb

• Chicken

• Non-heme Fe 

• Cereals

• Pulses      

• Vegetables
• Chicken

• Turkey

• Liver (except fish liver)

Seafood

• Fish

• Mussels

• Shellfish

• Greens, all kinds

• fruits 

• legumes 

• Broccoli

• Sweet Peas

• Cabbage etc

21



In molecular biology

the active site

(prosthetic group) is

part of an enzyme

where substrates bind

and undergo a

chemical reaction. It

can perform its

Inorganic Active site / Prosthetic 

group

can perform its

function only when it

is associated with

the protein unit

Ferredoxin (e transfer)

Heme in Myoglobin

(O2 storage)

Nitrogen Fixation
22



Electron transfer agents;  e.g. Cytochrome C

N N

Fe

N

S
N

H

protein

CH3

S(Cys) Protein

S(Cys) Protein

N N
methionine 
residue of 
protein

HO O

OH

O

Electron transfer agents Cytochromes: redox intermediates

Fe2+/Fe3+ membrane-bound proteins that 

contain heme groups and carry out 

electron transport in Oxidative phosphorylation
23



Glycolysis + Oxidative phosphorylation: How food is 

converted into energy

Glucose  +  36 ADP  + 36 Pi  + 36 H
+
  + 6 O2 6 CO2  + 36 ATP   +  42 H2O

Glucose gives 18 times more energy when oxidized

ATP  +  H2O ADP  + Pi  +  H+ + energy G0 = - 7.3 kCal/mole

Different forms of Cytochromes

(except Cytochrome P-450) are

involved in the electron transfer

process leading to ATP synthesis

and conversion of O2 to H2O

ATP : Universal currency for 

energy

in living systems

24



Red Blood Cells –Fact sheet

Each human red blood cell (RBC) contains approximately 270 million of hemoglobin molecules, each 

carrying four heme groups; 

1 microlitre of blood (1/50th of an 

average drop) of an adult human  

has

RBC 4,000,000 - 6,000,000

WBC 4,000–11,000

Platelets 150,000–400,000 

Hemoglobin comprises about a third of the total RBC volume. The red blood cells of an average adult 

human male store collectively about 2.5 grams of iron. 

The cells develop in the bone marrow (stem cells) and circulate for about 100–120 days in the body 

before their components are recycled. Each circulation takes about 20 seconds. Approximately 1/4th 

of the cells in the human body are red blood cells

Mammalian red blood cells are unique among the vertebrates as they don’t have a cell nucleus in 

their mature form (so no chromosomes or DNA present). These cells have nuclei in the early stages 

of development, but extrude them  as they mature in order to provide more space for hemoglobin. 

These cells also does not have  cellular organelles such as their mitochondria.

25



RBC strange shape -- a

biconcave disc that is round

and flat

RBC has no nucleus. TheRBC has no nucleus. The

nucleus is extruded from the

cell as it matures.

An RBC can change shape to

an amazing extent, without

breaking, as it squeezes single

file through the capillaries.

An RBC contains

hemoglobin.

270,000,000

hemoglobin units are

present per RBC.

Each hemoglobin has

4 heme units; 2  and

2  units. Active site

of a heme unit has an

Iron ion 26



BIO-AVAILABILITY – BIO-ABSORPTION 

Iron inhibitors 

• Polyphenols (tea, coffee, wine, 
vegetables, some cereals)

• Phytic acid 

• Calcium 

Enhancers

• Ascorbic acid 

i. Fe(III) to Fe(II)

ii. Chelator• Calcium 

• Peptides from partially 
digested proteins 

• Soybean

• Milk proteins (Casein)

• Egg proteins (Egg white)

• albumin

ii. Chelator

• Muscle tissues

• Ascorbate

• Citrate

27

(as 

chelators

increases 

Fe uptake)



Deficiency of Fe

• Anemia – reduce learning 

ability, sickle cell anemia, Heart 

palpitations, Shortness of 

breadth, Decreased 

concentration, disturbed sleep, 

severe menstrual pain and 

• Pregnancy 

• Newborn child –can become 

easily infected 

• Miscarriage 

• Premature birthsevere menstrual pain and 

bleeding, Inflammation of the 

eye, Mouth ulcers, Hair loss

• Rheumatoid arthritis 

• Thalassemia

• Blood plasma – low Fe 

– itchy skin – elderly 

– Nails – soft, brittle & white

• Premature birth

• low weight in newborns

• increased risk of anemia of child

• Drastic impact may lead to death 

of a child at birth 

• Slow growth of children & 

weaker development of mental 

abilities 

28



EXCESS OF FE

 Can cause damage to intestinal tract

Vomiting, diarrhea, 

liver damage, abdominal & joint pain, weight loss, 

fatigue, thurst & hunger, 

cancer, 

heart disorders, heart disorders, 

arthritis, 

osteoporosis, 

Diabetes, 

a variety of psychiatric disorders, 

Cirrhosis of liver, 

Excessive skin pigmentation 

Body weakness

Hemochromatosis
29



SUPPLEMENTATION 

Oral iron supplementation

Ferrous sulphate

Ferrous gluconate

FORTIFICATION 

Ferrous sulphate

Ferrous fumarate

Ferric pyrophosphate

Electroltic iron powder

Wheat flour – Fe fortified foodWheat flour – Fe fortified food

BIO-FORTIFICATION 

Plant breeding

Genetic engineering

-Wheat

-Rice grains

-Beans,

-Millets 30



HAEMOGLOBIN 

• Hb – discovered by Friedrich Ludwig Hunefeld – 1840 

• Structure of Hb - Max Perutz and John Kendrew – 1959

• Mb – 1958 X-ray crystallography 

• Globin protein 

• Distal histidine - stabilize OxyHb, protects from CO poisoning for both 

Hb & Mb, controls the properties of Hb & Mb, Pull effect, do not 

coordinate with Fe in both oxyHb & deoxyHb. coordinate with Fe in both oxyHb & deoxyHb. 

• Proximal histidine - Push effect 

• α2β2 tetramer 

• α = 141 AA residue 

• β = 146 AA residue 

• N-Imidazole of Histidine

Structure of heme unit in Hb and Mb 

H2PIX2- + Fe2+ Fe(PIX)2- + 2H+

Heme-b

Hb = tetramer of Mb

2 α chains = 141 AA’s residues – each 

2 β chains = 146 AA’s residues –

31



STRUCTURE OF HEMOGLOBIN 

• Hb = Conjugated protein having M.
Wt. = 65400 Da

• Mb = M.W = 16000 Da.

• Tetramer containing 4 identical units
arranged roughly in tetrahedron.

• Each contain one heme group. Heme
– chelate of iron with porphyrin

OxyHb DeoxyHb

Bright red 

colour

Purple colour

(bluish red)

Fe = 75 pm Fe = 92 pm 

Oxygen co-

ordinated

Water 

coordinated 
– chelate of iron with porphyrin
ligand.

• Each Hb molecule has 4 heme
groups bound to the globin (a
protein) on its surface.

• Heme group – prosthetic group.

• (At. Radius Fe(II) = 126 pm)

• Van der waal’s radius = 244 pm.

ordinated coordinated 

Arterial blood Venus blood

LS HS 

Diamagnetic Paramagentic

Size of iron 

increases by 

30%

Fe (II)

32



DIFFERENCE BETWEEN Hb AND Mb – CHEMISTRY 

Properties Hb Mb

Molecular weight 64,000 Da 16,000 Da.

Metal ion and O. S Fe (II), binds 4 O2 Fe (II), binds only one O2 molecule

Fe position Not situated on the plane of the 

porphyrin ring = just above the 

plane 42 pm 

In the plane of porphyrin ring 

Coordination 6 and out of 4 N atom of pyrrole

in a porphyrin system

5th coordination = histidine

6 and out of 6, 4 N atom of pyrrole ring 

in a porphyrin ring system

5th coordination = histidine5 coordination = histidine

6th coordination = vacant or 

weakly bonded water molecule 

5 coordination = histidine

6th coordination = oxygen molecule 

Ligand field Since 5 coordination is only 

available it offers HS complex

Enough field is available to make LS 

complex 

Magnetic property T2g
4e2g

2  paramagnetic, ESR 

active 

t2g
6, diamagnetic, ESR inactive 

Action Transport of molecular oxygen Storage of molecular oxygen 

%sat vs PO2 mm Hg Sigmoid curve – pH effect –

Bohr effect, co-operative effect.

Hyperbolic – No pH effect , no co-

operative effect. 

Low O2 conc – less oxygenated 

tends to release it

33



STRUCTURE OF HEMOGLOBIN 

Hb REACTIONS 

• Lungs (gills):  

Hb + 4 O2 Hb(O2)4

• Tissues:  

STRUCTURE 

• Tissues:  

Hb(O2)4 + 4 Mb               4 (Mb(O2) + Hb

• CO2 as HCO3
- (25%)

• 1st stage

CO2 + H2O H2CO3

• 2nd stage

H2CO3 HCO3 + H+

34



FUNCTION OF HEMOGLOBIN 

• Hb = tetramer of Mb

• Mb does not exhibit 

Bohr effect and 

Sigmoid curve  

• Hb binds 4 O2, red pigment in 

• At lungs Hb saturated with O2,

• As blood returns from the

tissue, it takes away CO2.

• CO2 is more soluble than O2 in

the blood.• Hb binds 4 O2, red pigment in 

RBCs carries O2 from lungs to 

the tissues in the Mb.

• Hb = cooperative effect binds

4 oxygen,

• Enhanced affinity results in a

sigmoid shape instead of

straight line for the curve.

the blood.

• CO – 500 times stronger than

O2 – for free heme

• (steric hindrance – Globin

Protein, Dist & Prox. Hist and

H-bonding)

35



STRUCTURE AND FUNCTION OF 

CHLOROPHYLL 

• Structure of chlorophyll was

established by H. Fischer

1940, R. Willstater 1915, and

J. B. Conant.

• R. B. Woodward first

• Chlorophyll

–Mg – porphyrin complex – green

pigments in plants

–Square planar complex - Mg2+

• Mg is at the centre of the flat

synthesized chlorophyll from

simple organic molecules –

1960. Nobel prize – synthetic

organic chemistry – 1965.

• 1817 – Chlorophyll was

isolated by Joseph Bienaine

Caventon and Pierre Joseph

Pelletier

• Mg is at the centre of the flat

heterocyclic porphyrin ring

system

• Metal atom is bonded to four

nitrogen atoms

• Chlorophyll a is the pigment

directly responsible for the

transformation of light energy to

chemical energy.

36
6CO2 + 6H2O + Solar Energy                     C6H12O6 + O2



STRUCTURE AND FUNCTION OF 

CHLOROPHYLL             continued..

1906 – Mg 

ARTIFICIAL 

PHOTOSYNTHESIS 

- water splitting reactions 

STRUCTURE 

- fuel cells 

37



• Chlorophyll as a photoreceptor/photosensitizer

– Chl. a – R1 = CH3

– Chl. b – R2 = CHO  

Magnesium – porphyrin complex (macrocyclic ligand) – green pigment 
in plants 

- Square planar complex containing Mg2+

- Metal atom is bonded to four nitrogen atoms 

- Reaction takes place at R.T. (which is quite difficult to perform at lab)- Reaction takes place at R.T. (which is quite difficult to perform at lab)

- Mg- slightly above the plane of the rigid chelate ring structure 

- One or two water molecules – Chl can add axially

- Chl responsible for transformation of light energy to chemical energy 
(red region – near 700 nm)

- Hydrophobic long hydrocarbon chain – Phytol attached to ring 
helps anchor molecule in internal membranes of chloroplast

- Photosynthesis = chl + 4 other metal complexes [Mn complex + 2 
iron complexes (Cyt & ferredoxins) + copper complex (plastocyanin)

38



INTERESTING ASPECTS OF CHLOROPHYLL 

AMAZING FACT

• From where does the

oxygen molecule come

from, whether from water or

carbon dioxide?

ATP PRODUCTION 

• ATP molecules – produced
during cell respiration (3
step process of ATP
production)

carbon dioxide?

• Traces studies – Oxygen –

comes from water and not

from CO2

production)

- Glycolysis

- Tricarboxylic acid cycle

- Oxidative phosphorylation

• [2 ATP & 6 NADH]
produced for every glucose
molecule entering glycolysis

39



FUNCTION OF CHLOROPHYLL 

CO2 + moisture = glucose + O2

• Chlorophyll absorbs light in

the red region = 680 nm

from sunlight

• Glucose is further converted

Photosystem – I and 
Photosystem – II 

• Mn complex and Two iron

complexes

• Cytochrome

• Glucose is further converted

into polysachharides like

starch.

• When it is associated with

certain proteins and

embedded in a specialized

membrane

• Ferrodoxins

• Copper complex –

Plastocyanin

• CO2 undergo red – glucose

• H2O undergo oxid – oxygen

40



FUNCTION OF CHLOROPHYLL  continued…

6CO2 + 6H2O = hγ/Chl = C6H12O6 + O2

(A) [Reaction takes place in two steps]

FIRST STEP: Light reaction 

[EMR energy (visible) is trapped]

• 12 H2O = oxidized = 12 H2 + 6O2

(Water oxidation)

ROLE OF Mg IN CHLOROPHYLL 
(PHOTOSYSTEM – I & PHOTOSYSTEM - II)

ELECTRON TRANSFER REACTIONS –

• Mn complex (OEC)- under go reversible 

redox reaction 

• Fe – cytochromes

• Ferrodoxins

SECOND STEP: Dark reaction

[Energy acquired in light reaction used]

6CO2 + 12 H2 = 18 ATP=C6H12O6+6H2O

• reduce CO2 to glucose ie., ug redn. 

• for one molecule of glucose = 18 

molecules of ATP

• Energy needed for above reaction –

supplied by ATP molecules 

• Ferrodoxins

• Cu – Plastocyanin

• Photosystem – I – electron donor – Cu 

protein 

• Photosystem – II – electron donor – Water 

molecule

• OEC – light driven oxidation of water to 

molecular oxygen is carried out by the 

OEC in PS (II)

• S0 – S4 – Four (semi) stable S – states 

41
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INTRODUC
INTEGRATED CINTEGRATED C

UCTION TO 
CIRCUITES (IC)CIRCUITES (IC)



CONTENTS :CONTENTS :

• HISTOR

• INTEGRATED

• TYPES

• APPLIC

ORY OF IC

ED CIRCUIT (IC)

ES OF IC

LICATION





DISCRETE CIRCUITDISCRETE CIRCUITIT IT COMPONENTSCOMPONENTS



Discrete CiDiscrete Cite Circuit Vs ICte Circuit Vs IC

VVSS



INTEGRATED 

• If multiple electronic components a
of semiconductor material, then th

Circuit (IC). It consists of both acCircuit (IC). It consists of both ac

D CIRCUIT (IC)

ts are interconnected on a single chip 
en that chip is called as an Integrated 

active and passive components.active and passive components.



ON BASIS OFON BASIS OF

SSI (small-scale integration) : Up to 1
chip.

MSI (medium-scale integration) : 10
per chip.

LSI (large-scale integration) : 3000 toLSI (large-scale integration) : 3000 to
per chip.

VLSI (very large-scale integration) : 
components per chip.

ULSI (ultra large-scale integration) 
components per chip.

S OF CHIP SIZES OF CHIP SIZE

 to 100 electronic components per 

100 t0 3000 electronic components 

00 to 1.00.000 electronic components 00 to 1.00.000 electronic components 

: 1.00.000 to 1.000.000 electronic 

n) : More than one million electronic 



ON BASIS OF FAON BASIS OF FA

• Monolit

• Thin and Thi

• Hybrid or Mu• Hybrid or Mu

OF FABRICATIONOF FABRICATION

nolithic ICs 

 Thick Film ICs. 

r Multi-chip ICs. r Multi-chip ICs. 







ADVANTAGES OF IC

Small size 

Low cost 

Improved performance 

High reliabilityHigh reliability

Low power consumption 

Easy troubleshooting 

Increased operating speed 

Less weight, volume 

Easy replacement

DISADVANTAGES OF IC

• IC is small in size its unable to
dissipate large amount of power.
increase in current may
produce enough heat which may
destroy the device.destroy the device.

• At present coils, inductors and
transformers can not be produced in
IC form.



APPLICATI

• Bipolar Junctio

• Logic Gat

• MOSF

• Timer• Timer

• Micro Pro

• Op-amps or Opera

• RAM chips /M

• Voltage /Curren

TIONS OF IC

ction transistors.

 Gate array.

OSFET.

imer ICs.imer ICs.

 Processors.

perational Amplifies.

 /Memory chips.

rrent regulators . 
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OPERATIONALOPERATIONAL

Operational Amplifier, also called as an Op-Amp
can be used to perform various linear, non-linea
direct coupled high gain amplifier. You can opera

The term Op-Amp was originally used to perform
subtraction, integration and differentiation.

Early Op-Amp were constructed by using Vacuu
invention of semiconductor based Transistor repinvention of semiconductor based Transistor rep
costly. In 1965 first Monolithic IC based Op-Amp
used with the reduction in cost.

The inexpensive linear IC Op-Amps perform all the

CONSTRUCTION OF OPERCONSTRUCTION OF OPER

An op-amp consists of differential amplifier(s
differential amplifier is present at the input stage
two input terminals. One of those terminals is ca
is called as the non-inverting terminal. The termi
between their respective inputs and outputs.

AL AMPLIFIERAL AMPLIFIER

mp, is an versatile integrated circuit device, which
inear, and mathematical operations. An op-amp is
perate op-amp both with AC and DC signals.

rform Mathematical operations such as summation,

acuum tubes(in 1948 first VT based Op-Amp). The
replaced Vacuum tubes and therefore they werereplaced Vacuum tubes and therefore they were

Amp was invented. The Op-Amps were then widely

the functions of the discrete Op-Amp.

ERATIONAL AMPLIFIERERATIONAL AMPLIFIER

ier(s), a level translator and an output stage. A
tage of an op-amp and hence an op-amp consists of

called as the inverting terminal and the other one
erminals are named based on the phase relationship
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Ideal Op-Amp chIdeal Op-Amp ch
and Equivale

characteristics characteristics 
valent circuit



Ideal Op-Amp c
VOLTAGE GAIN (A): INFINITE

A difference between two inpu

p characteristics

 inputs is amplified infinitely

i



ZERO OUTPUT VOLTAGE : When 

INFINITE INPUT RESISTANCE : No

ZERO OUTPUT RESISTANCE :ZERO OUTPUT RESISTANCE :

INFINITE BANDWIDTH : 

INFINITE SLEW RATE : Infinitely fa

hen input voltage is absent.

: No current flows into inputs.

ly fast







Ideal voltage trage transfer curve
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Characteristics of Operatiational Amplifier (Op-Amp)





Output Volta

The output voltage swing
between the positive and
negative saturation voltages andnegative saturation voltages and
is called output voltage swing.

This parameter indicates the
values of positive and negative
saturation voltage of the op-
amp.

Voltage Swing 





NMR Spectroscopy

Dr. Honnur Krishna

1

Dr. Honnur Krishna
Assistant Professor of Chemistry

Department of Chemistry, 

S. D. V. S. Sangh’s, S. S. Arts College and T. P. Science Institute, 

(Affiliated to Rani Channamma University)

Sankeshwar, Hukkeri Taluk, 

Belagavi District – 591313,

Karnataka,

India



Content 
• Principle of Proton Magnetic Resonance(1H NMR) spectroscopy, 

• NMRspectrum, 

• chemical shift, 

• nuclear shielding and deshielding, 

• spin-spin coupling(n+1) rule, 

• intensity(height) of the signal, • intensity(height) of the signal, 

• TMS as internal standard-advantages, 

• interpretation of PMR spectra of simple organic molecules such as 

• ethyl bromide, 

• n-propyl bromide, 

• iso propyl bromide, 

• ethanol, 

• acetaldehyde and benzene 





























High pressure cryogen tank Liquid helium tank

Liquid nitrogen 

































General layout of the essential components in a 

spectrometer 

Source
Sample cell Detector or 

transducer

Analyzer Display/ 

Recorder





High pressure cryogen tank Liquid helium tank

Liquid nitrogen 
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Optical fiber is the technology associated w
which is usually made

ted with data transmission using light pulses, 
made of plastic or glass
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Numerical
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rical Aperture











Asst. Prof. SuAsst. Prof. Su

Dept. of PDept. of P

S.S Arts College and T.P ScienS.S Arts College and T.P ScienS.S Arts College and T.P ScienS.S Arts College and T.P Scien

BelagaBelaga

f. Sunil f. Sunil kumarkumar

. of Physics. of Physics

Science Institute, Science Institute, SankeshwarSankeshwarScience Institute, Science Institute, SankeshwarSankeshwar

elagavielagavi























1. Absorption losses (Uv absorption. IR absorption and

2. Scattering losses

3. Bending losses or Extrinsic attenuation (Macroscopi

 and Ion resonance absorption)

copic and Microscopic bending)



2.



Absorption losses (Uv absorption. IR absorp

Scattering losses

Bending losses or Extrinsic attenuation (Ma

Core and cldding materials

sorption and Ion resonance absorption)

 (Macroscopic and Microscopic bending)



Note:

By making use of this PPT make your own  own notes by referring book.
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Signal distortion in O

When optical energy travels along th
takes place due to Inter and Intramo
distortion in the output.

It takes place in both digital and ana

This limits the bandwidth attainableThis limits the bandwidth attainable

Therefore, the digital signal bit rate 
of the broadened pulse duration to 

Intermodal Dispersion

Intramodal Dispersion (Material dis
dispersion)

 in Optical waveguide

ng the fiber, spreading of light pulses 
amodal dispersion which causes 

 analog transmission

able in the fiberable in the fiber

ate must be less than the reciprocal 
 to avoid dispersion.

l dispersion and Waveguide 



Regen

BLOCK DIAGRAM OF FIBER OPTI

egenerator

or

TIC COMMUNICATION SYSTEM









Workout all Optical fibel fiber problems in your book

Note
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CONTENT: Photochemistry

• Photochemical reactions

• Laws of photochemistry

• Beer’s law,

• Lambert’s Law,

• Beer- Lambert’s Law,

• Grothus-Draper Law and• Grothus-Draper Law and

• Einstein’s Law of photochemical equivalence,

• Quantum efficiency or yield, reasons for high and low

quantum efficiencies with examples,

• Fluorescence

• Phosphorescence

• Photosensitization and

• Chemiluminescence. 2

































QUANTUM YIELD
Quantum yield is defined as the number of molecules reacting per quantum of

light absorbed. It is denoted by Φ.



Reasons of high quantum yield

There are some reasons which may be responsible for the high quantum 
efficiency.

• The primary process of absorption of radiation produce excited atoms,
molecules or free radicals which initiates a series of chain reaction calledmolecules or free radicals which initiates a series of chain reaction called
secondary processes. Thus, by absorbing only one quantum of radiation,
several reactant molecules undergo chemical reaction. Hence Φ will be
greater than unity.

• Formation of an intermediate product acts as a catalyst and readily 
propagate the reaction.

• The secondary reaction may be exothermic which activates other 
secondary process as a result, more reactant molecules undergo chemical 
change without absorption of radiation.

• Free radical gives chain reaction which increases quantum yield of the 
reaction.



LOW QUANTUM YIELD

• A reaction is said to have a low quantum efficiency if the value of Φ is less than
1 for that reaction. Let’s see some examples of such reactions.

Reasons for low quantum yield

If excited molecules formed in primary process are such that they can’t react due toIf excited molecules formed in primary process are such that they can’t react due to

their deactivation by collisions or by internal arrangement, the quantum yield will be

extremely low.

 Collision of excited molecules with non-excited molecules may cause to loss their

energy. This is another cause of low quantum yield.

 The excited molecules produced in the primary process may recombine to form the

reactant so as to give low quantum yield.

 If a reacting molecules is initially present at such a low energy level (EL), so that it

doesn’t acquire an optimum EL to take part in photochem. process by photoexcitation.

 Some of the photochemically excited molecules in primary process do not undergo

secondary reaction. Thus, there is some time interval between primary and secondary

process. And they lose some energy. This will give low quantum yield.



REASON FOR LOW QUANTUM YIELD:

• 1. Excited molecules may get deactivated before they

form products.

• 2. Collisions of excited molecules with non excited

molecules may cause the former to lose energy.molecules may cause the former to lose energy.

• 3. The primary photochemical process may get

reversed.

• 4. The dissociated fragments may recombine to form

the original molecule.



HOW TO MEASURE QUANTUM EFFICIENCY ?

• In order to calculate the quantum efficiency experimentally, we must measure
the number of moles of the reacting substance that undergoes a chemical
change in a given time and the number of Einstein’s of radiation absorbed by
the light-absorbing substance during that time.

• The experimental setup for the determination of quantum efficiency is shown
as:



CONTINUED… 

• First of all, the empty cell or the cell filled with solvent is
placed in the path of the light beam and the intensity of
light is measured. Then, the reaction cell is filled with the
reaction mixture. The light is passed through the reaction
cell for a certain period of time. After then, the intensity of
light is measured after the completion of the reaction.

• The difference between these two data will give the total
energy absorbed by the reaction system in the given time
period. The intensity of the radiation absorbed is given byperiod. The intensity of the radiation absorbed is given by
the total energy absorbed divided by the volume of the
reaction mixture if the time is one second. Then compute
the number of moles that reacted in a given time period.
The following formula is used to compute the value of Φ.



Energy transfer in photochemical reactions : 

Photosensitization & Quenching Reactions.

• Among the photosensitizers commonly used are mercury, 

cadmium and zinc as atomic sensitizers and the molecular 

photosensitizers such as benzophenone and SO2.

EXAMPLE FOR PHOTOSENSITIZATION

Dissociation of H molecule: Irradiation of a mixture of hydrogen Dissociation of H2 molecule: Irradiation of a mixture of hydrogen 

gas and mercury vapour with light of wavelength 253.7 nm 

brings about dissociation of H2 in to hydrogen atoms. 

• Hg + hυ Hg* 

• Hg* + H2 H2* + Hg 

• H2*          H + H 

• Here Hg acts as photosensitizer



DIFFERENCE BETWEEN PHOTOCHEMICAL AND 

THERMOCHEMICAL REACTIONS

Photochemical Reaction Thermal reaction

These involve absorption of light 

radiations

These reactions involve absorption or

evolution of heat

The presence of light is the primary

requirement for reactions to take place

These reactions can take place in dark as 

well as in light.

Temperature has a very little effect on Temperature has a significant effect on Temperature has a very little effect on 

the rate of photochemical reactions.

Temperature has a significant effect on 

the rate of a thermochemical reaction.

ΔG for photochemical spontaneous 

reactions may be +ve or –ve.

ΔG for a thermochemical reaction is 

always negative.

Photochemical activation is highly 

selective.

The absorbed photon excites a particular 

atom or group of atoms which become 

site for the reaction.

Thermochemical activation is not 

selective in nature.



CHEMILUMINESCENCE

• Chemiluminescence is the emission of light as a result of
chemical reaction at room temperature. It must be clearly
understood that Chemiluminescence is not due to any
photophysical process like fluorescence or phosphorescence.
Some examples of Chemiluminescence are given below :

 Ex. Glow of phosphorus is due to slow oxidation ; it is not due
to phosphorescence as name suggests.

Oxidation of Grignard compounds by air or oxygen results inOxidation of Grignard compounds by air or oxygen results in
greenish-blue luminescence.

• Will-o-the-wisp (mistaken as light produced by evil spirits) is
the glow caused by the oxidation of decaying wood in marshy
places.

• Emission of light by fuefly is due to oxidation of some proteins
in its body (this is also called bioluminescence – Luciferin
protein, Luciferase enzyme).
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