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Before reading.this chapter, the student must Teaching periods =13
know the;:

® Importance of chemistry.
® Differentuses of chemical compounds.
® Basic characteristics of metals.

® Basicorganic chemistry.

_F

Assessment periods =03
Weightage =09%

EARNING OUTCOMES

Students will be able to:

® Describe some metallurgical operations. (Applying)

® Makealist of raw materials for Solvay process. (Applying)

* Outline the basic reactions of Solvay process. (Analyzing)

® Developaflow sheet diagram of Solvay process. (Creating)

* Describe the composition of urea. (Understanding)

® Developa flow sheet diagram for the manufacnue ofurea, (Creat'ing)

® Listofusesofurea; (Remembering) '

* Define petroleum. (Remembering)

* Describe the formation of petroleum and natural

* Describe he composition of petroleum, (Reme
® Describe briefly the fractional distillation of p

gas. (Understandin_g)
mbering)

etroleum. (Applying)
Introduction

The Subject of chemistry (and also the others) would have 10
importance if it remains only in textg or in laboratories. It must be utilized in
our daily life and should have a place in more than the labs and texts, This is
done by the industries, which put a project to e used at home and in our daily
life. For example, the researchers study 5 reaction, say the anti-inflammatory
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Aspirin, prepared in factories in some specialized manner. These processes
hrough which the chemical compounds are prepared in bulk in factories are
jiscussed in the head of Industrial chemistry.

The industrial chemistry, as it seems is of great value, because all
wctions of science knowledge come true for a user by such operations in

industries. |
Following are some examples to show how the industry uses. the

chemical processes.

m Basic Metallurgical Operations:

Metallurgy is the study of the structure and properties of metals, with
special reference to their extraction from the ground. The procedures for
refining, alloying, and making things from the metals.

An Ore is the raw mineral which is found in earth crust and from which
some specific metal is extracted.

There is no common process available for the extraction of all the
metals because different metals differ in their chemical and physical
properties and also the impurities associated with them is different. So each
metal requires characteristic techniques for separation and purification from
its ore. However, there are certain operations or procedures common in the
metallurgy of all metals. These operations or procedures are called
Metallurgical Operations. The various steps involved in metallurgical
operations are;

L. Crushing and Grinding of Ore (Pulverisation)

Mostof the metals found in nature in the ores which are present in hard
lumps. So in order to separate the metal, it has to be vulnerable for chemical
Procedures. The first step involved in the metallurgy is grinding and crushin
ofthe ore into small pieces by using proper mill. :

& Concentration of Ore

B .I.he zrinded ores are then concentrated by removing the maj

ri : _ ‘

ties present in the ore, this step is called concentration. This st J(?r
. . G

4 -.1-..,-_-.\.‘_‘:_--_ St S
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different for different types of metals which are to be purtficd.
3. Extraction of Metal from Oxide Ore. v

In this step the ores which are usually in the form of metal ox1des are
extracted using specific technique for different types of metals chemically,

4. Refining of Crude Metal. o

The process of purifying the crude metal is called as refining. There are
various methods for the refining process which depends upon the physical as
well as chemical properties of metal. For example; distillation, electrolytic

refining, zone refining, vapour-phase refining and chromatography are the
common methods used for the refining. -

m Metallurgy of Copper

Copper is an important element and finds many uses in our daily life.
The value of electricity is well known by every one. Due to the cxcellent
electric conduction properties and high resisfive power to corrode almost

every electrical instrument uses COpper in Some ways. Copper is also used in
utensilsand in alloys (e.g brass and bronze) formation.

IN many mineral
4)s covellite (CuS), chalcocite
(Cu,S) azurite (Cuy(CO5)5(OH),), malachite (Cu,CO4(0H),), cuprite (Cu,0)
and sgme others. The first SIep 1S to mine the copper from the area that
contains rich copper source. The process for the separation of Cu varies for

different typesof ores. Generally the sulphides which are more abundant pass
from the followin gPprocedure to get pure Cu,

ith some chemicals and introduced
Surfactant, Ajr s constantly forced
PPer sulfides particles catches onto
here it forms froth and is skimmed

aining
through the slurry and the hydrophobic co
and rides the air bubbles to the surface, w
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off. These skimmings are generally re-processed to reach a high purity copper
concentrate. The remainder 1s discarded as tailings. After concentration
process CuS is obtained free from other impurities and this contains about
40% Cu. The next step is the Extraction of pure Cu from the concentrate. In
this process the other impuritics e.g the FeS are separated by treating the
concentrate with Si0, and lime, at 1200°C.

%E‘ég(b) t 3(»2(1,) + 28105 —=3 2?@‘4%41

The FeO.SiO, or slag is discarded, and the remainings,that contain

almost 70% Cu is called copper matte. Air is blown through this copper matte
athigh temperature. As a result of which pure copper up to'98% purity (called

blister) is separated.
2€Cwa8y + 30n —2 Eﬁgz@m# %§@9@
Eua8y + 2€w0, ——3 6@&@) + 80

For further purity, the electro reﬁnmg of the blister is carried out.
For this purpose the blister is placed into an aqueous solution of 3-4% copper
sulfate and 10-16% sulphuric’ acid in an electrolytic cell.
The Cathodes are made up of highly pure copper. A potential of only 0.2-0.4
volts is required for the process to start. At the anode, copper and less noble
metals dissolve. The impurities like silver, gold, selenium and tellurium settle
atthe bottom of the cell as anode mud, which forms a valueable byproduct.

Fig. 16.1: Experimental set up for the electrolytic refining of copper *
161
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Copper ions migrate through the electrolyte to the cathode. At the
cathode, copper metal plates out and can be collected easily,
Some constituents such as arsenic and zinc remain in solution,
Thereactions are:

Ea—— > Cu g i2c

Cu’* o + 26 —— Cugy)
After electro refining, the Cu produced is 99.9% pure and can be used
inany installation comfortably.
This whole process is summarized in following flow chart diagram.

Concentration Mining [
1 T — |
| Extraction | Pure
Pagres o Copper
Chemical ~ Electrolytic
Processing | Refining
= o shart ol copper metallurgy process

| The SolvayProcess

The Solvay process is the
(Na,CO,) or commonly known as

and is used on wide scale by indus

process of preparing Sodium carbonate
soda ash which is an important chemical
tries as well as at homes,
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the reaction.

But in practice, the process is carried out by the following manner.
In the first step, a saturated solution of NaCl (brine) is allowed to flow down
an ammoniating tower. Here NH; gas is mixed with brine. In the second step,

ammoniated brine is allowed to trickle down a carbonating tower known as
solvay tower. Here brine is mixed with carbon dioxide gas, which is produced
by heating lime stone in a separate chamber called "kiln".
CO CObza
In the Solvay tower, the CO, reacts with ammonia to form ammonium
carbonate.
’NH | { > (NH QY HEO
Ammonium carbonate further reacts with. €O, to form ammonium
bicarbonate.
(NH4),CO H,0u65%4— 2NHHC O30
Ammonium bicarbonate then react with NaCl to form sodium
bicarbonate.
NHyHCO; . + NaCloy » NaHCO3(,q) + NH4Clyg
Due to exothermic nature of above reactions, solubility of NaHCO,
increases. To counter this effect, lower part of solvay tower is cooled;
precipitates of NaHCQ; are separated by vacuum filtration and washed to

remove ammonium salts. Finally, the sodium bicarbonate is dried and heated

in fotary furnace called "CALCINER" to give anhydrous sodium carbonate or
Soda ash,

INGHCO30q) —2> N2yCOsq) + COxey + Hr0p
Carbon dioxide is re circulated to carbonating tower. The NH, is also
fecovered by the following procedure. When CaCO, is heated, CaQ is
Obtained along with CO, . CaO is treated with water to form Ca(OH), .
CaO, + HOp — Ca(OH)yy
Ca(OH), is heated w1th NH 4Cl to form NH, and calcium chlorlde

Scanned with CamScanner



== 'NH iy ZHJO
INHLCl, s sl ; (h

| e ig arized i following schematin a:
The overall procedure 1s summari g matic dj, :

in figure-16.3.

5 Amenii, G
B = Solvay Tower
C = Lﬁ!ﬂ

B= Amawans Baeorve

Fig. 16.3: Flow sheet of solving process for preparation of soda ash.
16.3 PRI |

Urea or Carbamide is g well known fertilizer and is widely s
through\éil the world and as well in
CO(N

& : Pakistan. It has the molecular fo’:mu,la
?/E@Hz)z- Itis regarded as the firs organic compound to be synthesized "
\1&28 by Wohler. its 1 2
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The procedure in an industry is carried out through a series of steps.
These steps are discussed here in the following.
First of all CO, and H, are prepared by the action of steam and natural

gaSOVeercatal}"St. Ol 2H000 COypy + 4Hag

The H, produced is treated with N, at 500°C over Fe, 0, to obtain the
NH:; \i Fesn e

2 - X S =, "
.H\'-_'n -"-":'._b /

Both CO, and NH, are combined to get the ammonium carbamate.

The ammonium carbamate is dehydrated by heating to obtain the Urea.
NH,COONH,,., + heal > CO(NH,)o + 50

The water present here along with the urea is evaporated by heat.
The molten urea obtained by heating is sprayed in a cooled tower. Hence, the
urea drops solidify as small prills, which are then filled in bags and send to
market. _

The whole operation is described by the following flow sheet diagram
in ﬁgt_lhr_e-_16.4. &

g(cm (H,0) O

Natwral Gas - Stean

S X N

ig.r 16.4: Flow chart of Industrial preparation of Urea 6 tre
il S DOLR s e i e e
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“Petra” which means “Rock” and “Oleum” meaning “Oil”.

Petroleum is a blackish or sometimes brownish black, viscous liquid
found under the earth, from where it is drilled out. The Petroleum is a complex
mixture of thousands of organic compounds. For different uses these
compounds are separated in fractions at oil refineries. The petroleum is very
important and vital for today's world, as it fulfills almost all energy
requirements of the human beings today directly, moreover there are many
industries that depend upon the petroleum industry directly for their raw
material, e.g the plastic industry is all based upon the material which is
obtained through petroleum. You can imagine the types and quantity of plastic
products around yourself.

Origin of Petroleum

The Petroleum is believed to be ori ginated by the action of Bacteria,
heat and pressure upon the dead organic matter which burried during time
course. , :

The process also took place in sea when huge numbers of animals and

plants died and fell to the bottom of the sea. Their remains were covered by
mud.

As the mud sediment was buried by more sediment, it started to change
into rock as the temperature and pressure increased. The plant and animal
remains were "cooked" by this process and slowly changed into crude oil.

D e ——

“16.4. zIGMmmg of Petroleum

petroleum is not so abundant, and is found in some special areas at more
depths than water, The most common method of obtaining petroleum i
extracting it from oil wells found in ojl fields. After the well has been located,
various methods are used to recover the petroleum. Primary recovery
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nethods are used to extract oil
hat is brought to the surface by
underground pressure. This
generally recovers about 20%
of the oil present. After the oil
pressure has depleted to the
point that the oil is no longer
brought to the surface, Sf |
secondary recovery methods i :
draw another 5 to 10% of the - |
oil in the well to the surface.
Finally, when secondary oil
recovery methods are no A
longer viable, tertiary recovery = = 0T = |
methods reduce the viscosity pT = . Water e
of the oil in order to bringmore = & - Impervious Rock
tothe surface.
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Gas drilling Rig
Oil drilling Rig

&

Impervious Rock

Natural Gas

Fig. 16.5: Petroleum Mining
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Scientists are trying since long to prepare an alternative of Betroleum fuel also |
| called fossil fuel, because of the cost, limited resources, and environmental issues ;
| Caused by the fossil fuels. - |
In this context the bio fuel have been prepared and are in use, of these the
ethanol and biodiese] are important, but again there are reservations for these bio |
fuels, iImportant of which are the use of valuable plant products which are used as

food by humans and this can lead to shortage of plant product food of which the
°getable oils are important.

o — — = e e e e e A e
= R - e ="
o g i L R

]

... Important fractions of Petroleum _
After the crude oil is extracted in an oil field. It is brought in an oil
Ty 1n order to separate different fractions which can be used in different

Ways. The refinery process utilizes the distillation technique which
e135--1.rate:s the different fractions of the crude oil due to the difference of

refine
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boiling points between the fractions. Although, an oil refinery consists of a
complex pipelines network and huge columns, but simply it is described in the

boe O
‘E”}"(') i

ﬁgul‘e- 1 6 .6. Refinery Gases

i iasoline (Petrol) e o

| dAfia . giTTes .
W Fuel for Cars 4o°c -200°c

b Cs- Oy
faking 4k e

: Chemicals

il Kerosene e
e bt 28

Arrcraft Fuel C- }

{l Diescl il o 1o

o oo
illlorries, buses’ :

| Fuel Oil fC’ —(C' .

- I F lformféf]%(‘ -Jmﬁ;'(?
i t-‘-._\h ,,./"‘ power stations

il Residue B

Bitumien for -~ 4 oS
roads and roofs

Fig. 16.6: Fractions obtained by refining of petroleum and their uses

Notice that the different fractions collected are used in different types
of engines. Actually these fractions differ in the number of carbon atoms per
molecule, as the number of carbon atoms in a molecule increase, the boiling

point and density bqth increase and even the fractions that contain more than
40 atoms may be solid or semi solids. i ‘

s Ny

‘"{‘(h)i tquahty and rating of petroleum fuels are measured by a number called
. ﬁ?t}e number”. Higher the octane number higher will be the performance of

e fuel. The standa(d octane number is the “100”, but in Pakistan the petrol
pumps sell the gasoline of “g0 octane number, The octane number of fl':Iel is

increased by adding TEL (tetra ethy] i
pro.blen.*ls. Another substar(lce that 1); Lllizg);obUt v i
which is actually a mixture of three compo
xylene. The BTX is also environmental p
relatively less than the TEL .

: causes environmental
Increase octane number is BTX,
unds, the Benzene, Toluene and
ollutant increasing substance but
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ogmmary of the Chapter

& The branch of chemistry that deals with the study of matter found in
industries is called Industrial chemistry.

%  The branch of science that deals with the extraction of metals from
its ores is called chemical metallurgy.

&  Mineral is a natural inorganic chemical compound which 1s found in
earth crust.

& Anoreis the substance that is unrefined, impure source of metal 1nd

N
«

is obtained by mining process.

%
%  The general metallurgy involves crushing of ore, concentratlom of

ore, extraction of metal from its oxides or sulphldes and reﬁljmg
processes.. , \

*  Sodium carbonate (soda ash) is an 1mportant chemical compmund
and is prepared using solvay's methed. |

)

¢ Theimportant fertilizer urea is prepared by using the natural gjizs and
steam as starting raw materials. -

% Petroleum is the back bone of economy of any country. Th(f use of
petroleum also determines the prosperity of a country. _;;

Petroleum is mined from earth and is purified in oil refineri¢;s.
The fractions of petroleum are separated using the fact that{d1ﬁ'erent

chemical compounds have different boiling points. This 'techmque
is called fractional distillation. |
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Q1:

Q2:

Fillin the blanks with suitable words.

V1)

Vii)
Viii)
1x)
X)

Metallurgy deals with ............... of pure metals from its oreg,
Solvay process is used for the preparationof....... .
Wohler prepared ........... . . 1n 1828.

Petroleum is believed to be prepared by the action of bacterig
UPOn o sl ;

Petroleum is found in the earth in more ..., ... than the

water.

Quality of petroleum fue] is determined using a number
galledes e

Chemical formula of Soda ashis...o.......
Ammonium carbamate js the hydrated formof... . ..

The first step in metallurgy ofametalisthe. ... of metal ore.
Petrais a Greek word meaning

..............

Choose the correct answer,.

1)

i)

1v)

(4)  Distillation (b)  Crystallization

The soda ash is prepared commercially by using:
(a)  NaNO,andKC O; (b) NaNO sand NH,
(¢)  NaCland MgCO, (d) NaClang CaCo,

The firststep in metallurgical operations 18 to:
(a) “Concentrate the ore

(b) Crushing the ore

{¢)  Extractionof metal from ore -
(d) Refining the ore
Commercially urea is prepared by:
(@) Carbamide (b)  Ammonia and carbon dioxide
(¢) Cyanogens (d)  Allofthese
Petroleum is refined by the technique of:
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(¢c) Condensation (d)  Allofabove

v)  As the number of carbon atoms increase in petroleum fractions
italso increases the:

?

(a)  Boiling point (b) Density

(¢c) Bothofthese (d) Noneofthese
vi)  Solvay process is used to prepare:

(a) Urea (b)  SodaAsh

(c) Gasoline (d) Iron

vii) Methane gas isused in preparation of:

(a) Urea (b)  Ammonia gas
(c) Petrol (d)  Copperore
viil) LPG contains the mixture of :
(a) Methaneand pentane (b)) Methane and ethane
(¢)  Ethane and Pentane (d) Propaneandbutane
ix)  TheMajor fraction in the CNG s:
(a)  Methane (b) Ethane
(c) Propane (d) Butane

x)  Octane number is used to measure:
(a)  Numberof'C'atomsinamolecule ofa fuel
(b;  Number of 'H' atoms in the fuel molecules
(c) . Efficiency of fuel
(d) " Percentage of Methane in any fuel

W31 Explain with reasoning.
1) Why the Petroleum fuels are called Fossil fuels?
ii)  Diesel provides more energy per mole than petrol.

1ii)  Extraction of metals from their ore is different for different
metals.

1v)  Why Soda ash is essential to prepare on large scale?
v)  Ureais more used in Pakistan rather than ammonia fertilizer.

R TR e e R

T
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Q4:
Q5:

Q6:

Q8:

-y

How the industries help in the progress of mankind?

Write a brief note on the metallurgical operations? How the copper cap
be extracted froim the caith?

Discuss the importance of soda ash. Also explain the solvay prt)cesg for
its preparation.

Why the feitilizers are needed for more production of ¢mps? Explam
the preparation imethod for the urea.

How the petroleui originated in the earth crust? What are the| dlﬁaent

fractions obtained from the petroleum, and also descfibe ﬁmuﬁlizaﬁm
of these fractions.
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Glossary

rvlene A colourless, highly flammable gas that is explosive when compressed; the
e E i s - - g

a?m}')] est compound containing a triple bond; Also known as ethyne. Its formula is C,H,.

st 2

' S 1. Any of a class-of chenlical compoux}ds whose aqueous solutions turn blue
litmus paper red, react with and dissolve certain metals to form salts, and react with

| pases forming salts. 2. A compound capable of transferring a hydrogen ion in solution.

. 3 Amolecule or ion that combines with another molecule or ion by forming a covalent

pond with two electrons from the other species. :

adsorption The surface retentionofsolid, liquid, or gas molecules, atoms; ot ions bya

solid or liquid.

aerosol Asuspensionofsmall particlesina gas; the particles may be_solid or liquid ora

mixture of both; aerosols are formed by the conversion of gases to particles, the

disintegration of liquids or solids, or the suspension of powdered material.

air  The mixture of a variety of individual gases formingthe earth's enveloping

atmosphere.

alcohol Any member of a class of organic compounds in which a hydrogen atom of a

hydrocarbon has been replaced by a hydroxy ( OH) group.

aldehyde One ofa classoforganic compoundscontaining the CHO radical.

aldohexose Ahexose, such asglucose or mannosc, containing the aldehyde group.

alicyclic A cyclic hydrocarbon which isnon aromatic

aliphatic organic compound characterized by a straightchain ofthe carbon atoms;

alkali  Any compound having highly basic qualities.

Alkaline earth metals  The members of group 2 in the periodic table; (calcium,

Strontium, magnesium, and. barium. )

alkane A member of a séries of saturated aliphatic hydrocarbons having the empirical

formula CH,,.,. Alsoknownas paraffin; paraffinic hydrocarbon.

alkene One ofa class of unsaturated aliphatic hydrocarbons containing one or more
carbon-to-carbon double bonds.

alkyl  Anorganic group that results from removal ofa hydrogenatom fromalkane ; Itis
fepresented by symbol 'R’ . |
alkyl halide A compound consisting of an alkyl group and abalosel,

Z‘kb’ ne One ofa group of organic compounds containing a carbon to carbon triple
ond.

amide Oneofaclass oforganic compounds containing the CONH, radical.
Amine Oneofaclass of organic compounds which can be considered to be derived from

aml_mmia by replacement of one ormore hydrogen. . -
AMino-, amin- Having the property of a compound in which the group NH, is attft(.:hed

| —
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toaradical other than anacid radical.
amphoteric Having both acidic and basic characteristics.

anion Anion thatis negatively charged.

anti on the oppositeside ofa reference plane,

antifreeze A substance added to a liquid to lower its freezing point; the principal

automotive antifreeze component is ethylene glycol. .
antioxidant A substance that, when present at a lower concentration than that of the

oxidizable substrate, significantly inhibits or delays oxidative processes.

aqua Latin for water.
aqua regia  Afuming, highly corrosive, volatile liquid with a suffocating odour made

by mixing 1 part concentrated nitric acid and 3 parts concentrated hydrochloric acid;
[treacts with all metals, including silver and gold.
aromafic Acompound characterized by the presence of at leastone benzenering.
atom  Thebasic unit of any chemical element which enters into chemical reactions.
base A substance having the property of turning litmus from red to blue, it donates
OH, electron pair and accepts H' ion during chemical reactions.
biochemistry Thestudy of chemical substances occurring in living organisms.
bond  The strong attractive force that holds together atoms or ions in molecules and
crystalline salts. '
Bronsted acid ~ Achemical species which can detas a source of protons. Alsoknown as
proton acid; protonic acid.
Bronsted-Lowry theory A theory that all acid-base reactions consist simply of the
transfer ofa proton from one base to-another. Alsoknown as Bronsted theory.
catalyst  Substance that speeds up- the velocity of a chemical reaction but is not
consumed in the reaction.
cation Apositively charged-atom or group of atoms
caustic soda The sodium hydroxide,
chemical equilibrium . Acondition in which a chemical reaction is occurring at equal
rates inits forwardand reverse directions, so that the concentrations of the reacting
substances do not change with time.
chemical kineti¢cs The branch of physical chemistry concerned with the mechanisms
and rates of chemical reactions,
chemical réaction A change in which a substance (or substances) is changed into one
Ormore new substances;
concentration Insolutions, the mass, volume, ornumber of moles of solute present in
proportion to the amount of solvent or total solution.
condensation Transformation froma gastoaliquid.
covalent bond Abond in which each atom ofa bound pair contributes one electron to
form apairofelectrons,
cyelic compound A compound that contains a ring of atoms,

T A S e e T T T LT e e s '
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Removal of water from any substance.
A substance that is made from another substance or it is the product formed

_ The process of producing a gas or vapour fromaliquid by heating the liquid
ina véésel and collecting and condensing the vapours back into liquids.

S ted. watel Water that has been freed of dissolved or suspended solids and
@rgaﬁisms by distillation.

- hond Atype of linkage between atoms in which two pair of electrons are
shared equally.
joiblesalt 1. Asalt that upon hydrolysis forms two different anions
andcations. 2. Asaltthatisa molecular combination of two other salts.

Carbon dioxide inthe solid form.,
smpirical formula A chemical formula that indicates the composition of a
compound in terms of the relative numbers and kinds of atoms in the simplest ratio.
fractional distillation A method to separate a mixture of several volatile components of
different boiling points; the mixture is distilled at the lowest boiling point, and the
distillate is collected as one fraction until the temperature of the vapourrises, showing
that the next higher boiling component of the mixture is beginning to distill; this
component is then collected as aseparate fraction: |
free radical An atom or a diatomic or polyatomic molecule which possesses one
unpaired electron. Also known as radical.
reezing point The temperature at whicha liquid and asolid may be in equilibrium.
ereenchemistry  Theuse of chemical productsand processes that reduce oreliminate
substances hazardous to human health or the environment. :
halogen 1. A family of elements (in the periodic table) of Group-18. 2. Any of the
fllements of the halogen family (Group-17), consisting of fluorine, chlorine, bromine,
Iodine, and astatine.
{,‘“'”Lfcna tion A chemical process or reaction in which a halogen element is introduced
0 asubstance, generally by the use of the element itself.
hard water Water that contains certain salts, such as phosphates or sulphates of

f:ilgum Ormagnesium, which form insoluble depositsin boilers and form precipitates
soap, . _

ll lj‘" X - - -
tat ef combustion The amount of heat released in the oxidation of 1 mole of a

Subs

hes tan.ce atconstant pressure, or constant volume.

m{;fe”i decomposition The change in enthalpy accompanying the decomposition of 1
ofacompoundinto its elementsat constant pressure.

heg AT 7
ap::.t of dissociation The change in enthalpy at constant pressure, when molecules break

10y 3 4 : :
" of formation * The increase in enthalpy resulting from the formation of 1 mole of a

|
I
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rom its s at constant pressure.
substance from its elements at constan _ il
heat of hvdration The increase in enthalpy accompanying the iomlmlrontoftl mole ofy
hydrate from the anhydrous form of the compound Ell.'ld from wa_u.r] a .t,‘on:. ant pressure.
heat of reaction Change in enthalpy accompanying a chemical reaction at constant
pressure. e e :
heavy water A compound of hydrogenand oxygen containing a higher proportion of the

ogen 1 er ide.

hydrogen isotope. Also known as deuterium ox : |
hydrate A formofasolid compound which has water in the form of H,O molecules
associated with it; for example, hydrated copper sulfate having formula CuSO,:5H,0.

hydration  The incorporation of molecular water into a complex - molecule with the
molecules or units of another species; the complex may be held together by relatively
weak forces or may exist as a definite compound. :

hydrocarbon One of a very large group of chemical compounds composed only of
carbon and hydrogen; the largest source of hydrocarbons is from petroleum crude oil.
hydrogen bond = A type of intermolecular force where alinkage is formed between 'H!
and strongly electronegative element like 'O’ or 4 D

hydrolysis Decomposition or alteration of a chemical substance by water.

hydronium ion H,0" An oxonium ion consisting of a proton combined with a
molecule of water; found in pure waterand inallaqueous solutions.

Hydrosphere The waterlayer ofthe earth surface is called hydros
Amino acid Organic acid in which the NH
NH,CH,COOH.

ion  Anisolated electron or positron o anatom or molecule which by loss or gain of one
ormore electrons has acquired 4 riet electric charge.

ionization A process by which a neutra]
thereby acquiring a net charge and be

dissociation of the atoms ofa mo

iso- A prefix indicating a single branching
isomer One oftwo or more chemical syp

pheree.g. ocean.
2 8roup 1is attached to carbon; for example,

atorg or molecule loses or gains electrons,
coOming an ion; occurs as the ‘result of the

ketone One ofa class of chemica] co
Rand R' are alky] oraryl radicals

; the groups R and R!
law of mass action The law staf; .R May be the s
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firectly Pl'l‘l‘t"l’fiﬂllill to the molecular concentrations ofthe reacting compounds
e .
. sd Asubstance that can accept an electron pair from abase; e . :
o 2 is acl ik pair from a base; L.g.AlCh,Bh
and SO; are Lewis acids. .

Lewis base A substance that can donate an electron pair; examples are the hydroxide
., OH ,and ammonia, NH;.

101
ewis structure Astructural formula in which electrons are represented by dots; two
jots between atoms represent a covalent  bond. Also known as electron- dot formula;
Lewis formula.

. ¢ molecule, 1on, or group bound to the central atom in a chelate or a

coordination compound; an example isthe NH;in [CO(NH3)6]3+.

line-formula method A system of notation for hydrocarbons showing. the chemical
clements. functional groups, and ring systems in linear form; an example is acetone,
CH,COCH;.

lipophilic 1.Havingastrong affinity forfats. 2.Promoting the solubilization of lipids
lipophobic Lacking an affinity for, repelling, or failing to absorb or adsorb fats.
macromolecule A large molecule in which there is a large number of one or several
relatively simple structural units, each consisting of several atoms bonded together.

methyl red  (Ch,),NC,H,NNC,H,COOH . A dark red powder or violet crystals; soluble

malcohol, ether, and glacial acetic acid, used as anacid-base indicator.
molality Concentration given as moles per 1000 grams of solvent.
monomer A molecule which is capable of combining with like or unlike molecules to
form apolymer:; itis a repeating structure unit within a polymer.
Beutralization The process of making a solution neutral (pH 7) by adding a base toan
acid solution, or adding an acid to an alkaline (basic) solution. Also known as |
heutralization reaction.
orbital overlap The overlapping of two electron orbi
4toms, such that each orbital obtainsashare inthee
achemical bond.
Ergi‘ﬂic Of.chemical compounds, based on carbon chains orrings andalso containing
03: Ogenwith or without oxygen, nitrogen, or other elements. .
B4nic chemistry The study ofthe structure, preparation, properties, and reactions of
t:;rgb;:i C‘l’mpounds, or the hydrocarbons and their d_erival.tives. . . .
& C'salt . The reaction product of an organic acnfl and an inorganic base, for
4mple, sodium acetate (CH,COONa) from the reaction of acetic acid (CH;COOH)

dan .
phd sodium hydroxide (NaOH). _
4%¢  Portion of a physical system (liquid, gas, solid) that is homogeneous

b r:;gh‘mh has definable boundaries, and can be separated physically from other
es.

R e A AR SRR
; | |

tals, one from each of two different
lectron of the other atom, forming
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pH Aterm used to describe the hydrogen-ion activity ofasystem;

precipitate A substance separating, in solid particles, from a liquid as the result of,

chemical orphysical change; 3 i
rate of reaction A measurement based on the mass of reactant consumed in a chemicy]

reaction during a given period oftime. e e '
reactivity  The relative capacity of an at:om, molecule, or radical to combipe
chemically with another atom, molecule, or radical ‘

Singlebond: 2 covalent bond in which one pair of elect.rons is sha?ed between two atoms,
Solubility:  theamount of solute that dissolves in a given quantity of solvent (normaly

100ml) at a specific temperature.

Standard pressure: Apressureof | atmosphere which is equal to 760mmHg.

Standard temperature: Atemperatureof 0.0°C,0or273.16 K.

S.T.p. STP is the abbreviation of standard temperature pressure.(273.16 K and a
-pressure of 1 atmosphere). St
Structural formula: A formula which defines the bonding and arrangement of the atoms
present in a compound.

Temperature: The temperature of a sample of matter is a measure of the average kinetic
energy of the molecules in that sample. :

Unsaturated compound:  Acompound in which double or triple bonds are present.
Valenceelectrons:  Electrons in the outer electronic shell of an atom, and which are
mvolved in chemical reactions.

Vapour pressure: The pressure exerted by a vapour. At the boiling point, the vapour
pressure of a liquid is equal to the pressure exerted on the liquid by the atmosphere.

Water of crystallization: ~ Watermolecules which form an integral part of the lattice of

ionic cryst_als. The water of crystallization is normally included in the formula for the
substance, i.e., CuSO,.5H,0.

L
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Carbohydrates-107
Carboxyl group-68,114
(Catenation-49

Chemical equilibrium-6

Dextrose-113
Equilibrium constant-12

Fatty acids-117
Fractional distillation-166

Glucose-111

Halogenation-94
Hard water-147

Indicator-30 |

Lawlof mass action-10
WIS acid-27

Metallurgy. 158

A
Aldehyde-68
Alkane-84
Alkenes-95
Alkyl radical-63

B
Bronsted acid-24,25

C

Clark's method-148

Closed chain hydrocarbons-
81

Coal-54

D
Dynamic equilibrium-9

E
Ester-68

F
Fructose-111

G
Global warming-134

H
Hydrocarbons-77

|
Isomerism-52

K
Ketone-68

L
Lewis base-27

M
Mesosphere-130

Alkynes-98
Amine-67
Amino acids-114
Atmosphere-128

Bronsted base-24,25

Combustion-95
Concentration-10, 158
Condensed formula-59
Crude oil-55

Ether-67

Functional group-66

Greenhouse effect-134

Hydrogenation-92

Lipid-116

Monosaccharides-110
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Natural gas-56

Oligosaccharides-110
Open chain hydrocarbons-78

pH-28
Petroleum-54

Reduction-93

Salt-31
Saturated hydrocarbons-79

Thermosphere-131

Unsaturated hydrocarbons-80

Water borne diseases-151

/ N
Neutralization-31
O

Organic-45
Ore-158

P
Peptide-115
Pollutant-131

R
Ribonucleic acid (RNA)-120

S
Soft water-147
Solvay's process-161

T
Troposphere-129

U
Urea-163

V
Vitamins-121

W
Water pollution-149

Qo Z

Zeolit-149

Nucleic acids-119

Ozone-136

Polysaccharide-110
Protein-114

Roasting-159

Stratosphere-130
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Element

Hi,r_drogen
Helium
Lithium
BGI’}’H jum
Boron
Carbon
Nitrogen
Oxygen
Fluorine
Neon
Sodium
Magnesium
Aluminium
Silicon
Phosphorus
Sulphur
Chlorine
Argon
Potassium
Calcium
Scandium
Titanium
Va[ladium
Chr, Omiul-n
Manganese
Iron
Cobalt
Nicke]

C“PDer
Zing

[Symbol [At.No Atmass |

|

H
He
Li
Be

B
C
N
O
Fr

Ne
Na
Mg
Al

Si
P

\DOO\JO\M-PWM.—-

B RN RN N N - L 11 e ;

- 58.6934

1 0079|

Selenium

4.0026 ‘  Bromine

6.941 |

90122|_

Kryptdn

Rubidium

10.811 | IStrontlum
12.01 | 1Ytt:lrlum

14. 0067
15.9994 |

18.9984

20.1797 |

229898 |

24.305 |
26.9815 |
| Silver

28.0855 |
30.9738 |
32.065

35453

39.948
39.0983
40.078 |
44.9559
47.867 |
50.9415
51.9961
54.938
55.845
58.933

63.546
65.409
69.723

72.64

Zirconium
Niobium

74.9216

Technetium
' Ruthenium
| Rhodium

| Palladium

'Cadmium

| Indium

Tin
Antimony
Tellurium
Iodine
Xenon
Caesium
Barium
Lanthanum
Cerium
Praseodymium
Neodymium
Promethium
Samarium
Europium
Gadolinium
Terbium

Dysprosium

Molybdenum |

TABLE OF ELEMENTS
~ Element LS__ymbol

|
|
I
|

|
|
|

- Cd

Se
Br
Kr
Rb
Sr ‘
Nz
Zr=—|
Nb
Mo
Tc
Ru
Rh
Pd
Ag

In
Sn
Sb =
Te
In
Xe
Cs
Ba
La
Ce
Pr
Nd
Pm
Sm
Eu

34
35
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53
54
o)
56

5%

58

5259
- 60 -

61
62
63

65
66

Ii|
f

J

126.9045

132.9054

At.No| At. .mass |

83.798
85.4678 |
87.62

88 90584
91. 224|
92.906,[
95.94|.|
98.9063
- 101.07|
102.9055
106.42 |
107.8682
112.411|
114.818,
118.71|
121.76|
1:27.6i

131.293

137.327
138.9055
140.116
140.9076
144.242
146.9151
150.36
151.964
157.25
158.925
162.5
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__Element _Symbol | At.No, At.mass | FElement Symbol At.No| At mags|

| Holmium Ho 67 16493 | Neptunium | Np | 93 l237 0482
‘Erbium . Er | 68 167259 (Plutonium | Pu | 94 |244 0642
Thulium Tm | 69 16893 Americium  Am 95 | 243.0614
Ytterbium | Yb | 70 173.04 Curium '; Cm | 9 | 247.0703
Lutetium e i L il .é174.967 | Berkelium - Bk l. 97 ;‘ 247.0703
Hafnium ~ Hf | 72 (17849 | Californium ~ Cf | 98 | 251079
Tantalum | Ta | 73 1809479 ||Einsteinum = Bs | 99 | 252.08%9
‘Tungsten = W 74 i183.84 ”Fcrmium | Fm | 100 %25']_0951',
'Rhenium Re | 75 5_186.207 Mendelevmm Md 101 :‘258.0986::
Osmium | Os | 76 119023 |Nobelium | No 102 | 259.1009
Tridium | I | 77 192217 Lawrencium | LS| 103 | 260.1053
| Platinum B T a1 195.084 'Rutherfordlum' Rf | 104 | 261.1087
‘Gold . Au 79 1196.9665 | Dubnium Db | 105-| 262113
Mercury | Hg . 80 1200.59 'Seaborgmm | _=Sg 106 1263.1182
Thallum | TI | 81 204283 |Bohrim | Bh | 107 | 2621229
Lead . Pb | 82 2072 | Hasium | Hs | 108 265
Bismuth | Bi | 83 20898 _‘. JMe1‘_(11(=:1‘1u1r'1 Mt | 109 | 266%
Polonium | Po = 84 20898 . ||Dammstadtium| pg | 110 | 269
Astatine | At | 85 20998 Roentgenium| Rg | 111 | 272
Radon . Rn | 86 022176 |Copemicum| cp | 112 | 285
Francium Fr- | 87 [b23.0197 Ununtrium Uut 113 1 ) 2845[
Radium Ra |88 226.0254 | Ununquadium 4 | 114 289,
| Actinium Ac ()89 227278 |Unumpentium v, | 115 288
| Thotium Th*| 90 2320381 | Ununhexium |y | 116 292,
!{Protactinium Pa 91 '|231 .0359 WUUunSeptlum s 117 unknﬂwﬂj
Uranium " U | 92 2380289 wUnunoctmm: Vo | 118 %4

E w— ‘.4
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v E - IUPAC Periodic Table of the Elements

13 14 15
4 I atomic number 5 B 7
Li | Be | Symbol B C N
= | benfum name — baron carban nitrogen
sk i S e | pose 1083 | [1200.1209 | (1400 140
g5 13 14 15
Na | Mg Al Si P
sadaam magnesium IS silicon phosphorus
=e | Edﬂ_ 3 4 5 6 7 8 « g 10 1 12 ;: 26,98 28 03, 23064 e
18 ; 20 21 22 23 24 25 26 27 28 29 30 a1 a2 a3
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As
polassm _ calcium scandium ttanium vanauum chromium manganese iron cobal nickel copper zinc. galfum germanam arsemc
kw | acos 1495 4TB7 5094 5200 5 5585 5833 58 69 5355 6539.2) 63 72 7283 482
57 IR 39 40 a1 a2 43 44 45 46 47 48 49 50 51
| Rb | Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb
| rtdem | strontum * yitrium 2irconium niobium molybdenum | technetium utherium rhodium palladium silver cadmium indium nn antmony
| B _ 8762 | g3 g2 2z 95 96(2) 1011 129 s wrs 1124 M4.8 1HAY s
5 | s 57-71 72 73 74 75 78 7 78 79 20 81 82 83
| Cs Ba | snencds Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi
[ cagsum barum ha’nium tantalum tungsten rhenium osmium iridium platinum gold mercury thatium fead bismuth
_ 12 | 1273 | 1785 1809 1BIE 185 2 1902 1922 1951 1870 2006 17043, 204 4" 072 80
_“ 87 _ 88 89-103 104 105 106 107 108 109 110 1
| Fr | Ra | wtwe| Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg _
| $rancum * radium rutherfordiem | dubnium seaborgium bohnum hassum meitnerium | darmstadlium | roenigenium | copemicium
__ _m
[ 1
1 1
_ 5T 58 59 60 61 62 63 64 85
| La Ce Pr Nd Pm Sm Eu Gd |- Tb
F_ anthaniem carium praseodymium| neodymium | promethium | samarium europium gadolinium terbium
__ 1385 1401 140.9 144.2 1504 1520 1573 168.9
| 82 a0 91 92 83 94 95 { a w.w .
. Ac | Th Pa u Np Pu | Am | Cm | Bk
| aticium torum | p ™|k Ui plutoniu - curfum ‘backelium
7329 Ll 80
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Chapter No.9
Activity: 9.1

i) Ny + 202 = 2NOy
i)  Nyg+3Hyy S 2NHsg
i), Hygtly = — 2HL,
iv)  2NOy, + Oy =— 2NO;
V)  COyq +4Hy, == CHyy + 2H0g)
Activity: 9.2
; NaNO; | [AgCl
i) K. b= | 3| 1AgCl]
[NaCl] [AgNO; |
: )
i) o [NaESOj]IHzO]
[NaOH|~ [H,S0,]
i) K, = DNHCI [CaCO; ]
(NH4),05[CaCl, |
Q3. i) o= =il
[NH;] [HCI]
Chapter No.10

Activity: 10.1

1)

11)

1i1)

NHse) + HoOp =% N'Hyq + O'Hyg)
NH; is a base here

H,O0 is acting as an acid here.

N'H; is a conjugate acid of reaction

O H is a conjugate base of reaction

HNOj(qq) + H2O, H30raq) + NOj()

Acid Base Conjugate Acid  Conjugate Base
CH;COOH ) + HyOpy == CH,C007,, + H;0{;
Acid Base & e

Conjugate Base  Conjugate Acid

Activity: 10.2

Ans.

= [H']=0.001 mols/lit

Activity: 10.4

1)

ii)
iii)
Ql7.
QI8.

HCl{aq) + KOH(uq} —

KCl(aq) “+ H'_’O(I)
CH{COOHu iao'i;lf)l{mn _ CH3COONagy, + Hy0y
Ans. isu;q;JH = ‘Q ) Ca(NOB)E(aq) + 2H20u)
(a) 0.00001M :
1 x10°M

(b) 1 x107'°M

Scanned with CamScanner



- oo

Q9. @ ©
(b) 11
Chapter No.11

Activity: 11.3 _
The products of combustion reaction of hydrocarbons are always CO, and water

CpHx + 502 12CO; + 13H,0
Kerosine Oil
Chapter No.12
Activity: 12.3
CH;—CH—CH,—CH,—CHj

1. I

CH;
2-Methyl pentane

2. | I
Gl CH;

2,3-Dimethyl hexane

N

CH; 2,2-Dimethyl butane

Q12. Draw structures:

CH;

|
)  CHQYH, C—CH,—CH,

I

CH;  3,3-Dimethyl pentane j
ii)-\.* CH;,—CH,—CH,—CH,—CH—CH; :

|
2-Methyl hexane CH;

iii) CH;—CH,—CH,—CH,—CH,—CHj
n-Hexane
I I
CH, CH,
3-4-dimenthy haptane
V)  CH;y—CH,—CH—CHj;
I
CH; Isopentane
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Table of Basic S.1 units

S/No - Measurement | Unit ymbol
]  Length “Metre or Meter Cuie
2 Mass Kilogram Kg
3 Time Second o
4  Electric current Ampere _ A
5 Temperature Kelvin K
6 Amount of substance Mol¢ N mol
7 Luminous intensity Candela cd

Some Prefixes for Multiples / fraction
Factor ~_Scientific Notation Prefix . Symbol

[ 1000,000,000 10° Giga G

1000,000 10° Mega M

1000 10° kilo k

100 107 hecto h
[EE10 10' deca = da
0.1 10”" deci 1.
0.01 10~ ~ centi e
0,001 107 milli B
0.000,001 - 10°° SCIO e
0.000.000.001 107 =T gEry
| 0.000,000,000,001 10712 pico //E,/J

Conversion Factors

Length

1 metre = 1.0936 yards

1 centimeter = 0.39370 inch
1 inch = 2.54 centimeters

1 kilometer = 0.62137 mile
1 mile = 1.6093 kilometers

_ 1010
1 angstrom = 10™"meter = 100 pico meter

g
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Mas$
| ki]ngr;m] = I{}(}()gm = 2.2046 Pounds

| Pound = 453.5gms = 0.454 kilograms

| ton = 2000 pounds = 907.185 kilograms

| metric ton = 1000 kilograms = 2204.6 pounds

lam.u = 1.66054 x 107 kilograms = 1.66054 x 102 gms

Temperature
0K =-273.15C= -459.67°F

K ="C +273.15
S

¢ == (F-32)
9

TR = 2- (FC) + 32

Energy
| Calorie = 4.184 Joules = 3.965 x 10~’btu

I btu = 1055.06 Joules = 252 Calories

Pressure
| atmosphere = 101325 Pascals = 760 torr
= 760mmHg = 14.70 Pounds per squre inch

| bar = 10° Pascals
| pascal = 1 N/m” = lKgm"S"2
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