: Afterstudying fhis chapter, students will be able to:

-

State the formulae of common elements and compounds.

Define molecular formula of a compound as the number and type of different atoms
inone molecule

Define empirical formula of a compound as the snmplest whole number ratio of
different atomsin aMolecule. e
Deduce the formula and name of a binary ionic compounds from fons  given releva o\
information @ - Ka\ (
Deduce the formula of amalecular suhstancé frornthe gwen struqtu repf moTecuIes
Use the relationship amount! of substan(e— mass[ mo}ar mass to ca!culate number of
moles, mass;” molar mass,_felative mass (atdrruc,fmolecular{formula) and number of
particles % AL

Define mple as amouhﬁof substance containing Avogadro's number 6.02x 10*3) of

articles

'\Explam the relationshlp between amole and Avugadro s constant.

Construct chemical equations and ionic equations to show reactants formmg

_ products, including state symbols.

Deduce the symbol equatlon with state symbols for a chemical reaction given

_relevant information.

Stoichiometry is an important concept in chemistry which helps us to

calculate the amounts of reactants and products by using a balanced chemical
equation. Itis based on the law of conservation of mass which states that matter
can neither be created nor destroyed. Therefore, the total mass of all the
reactants must be equal to the total mass of all the products. The stoichiometric
coefficient used to balance a chemical equation provides the mole ratio between
reactants and products. '

e it e




4. 1 Chemlcal., folrmula

Elerpemfsj exist i different forms in this world. There are elements which
EX{StJ]h the form of aggregate of atoms. These elements are represented by their
symbols alone, for example Na, Ca, C, Fe, etc. On the other hand, elements like O,,
N, H2 exist as discrete molecules in which their atoms are chemically bonded to
each other. In ozone, three atoms of oxygen are bonded to each other, so its
chemical formulais Os.

Similar to elements, chemical compounds also exist in different forms.
Common salt i.e. sodium chloride exists in the form of ions which are bonded
. together in the form of a crystal. Since ratio between its ions is 1:1, sodium
chioride is represented by a formula unit NaCl. Similarly, the other ionic
compounds are represented by their formula units which show the minimum
ratio present between their ions. Examples are CaCl,, KBr, BaCl,, etc.

~ Covalent compounds generally exist in discrete molecules in which atoms
are bonded together. For example, water exists as molecules which are
represented by the chemical formula H,O. It shows that in one molecule of water-

two atoms of hydrogen are bonded to one atom of oxygen., Suﬁjaflyrﬁ‘\e’@ital‘ -

compound, ammonia is represented l?y NHgzand r anég‘éms’ represeﬁted by
CHa. A chemical compound is thus, ;gﬁreéeqt@d by 4 chemﬂ:al formula which is
called the molecu lm; formuia’qf tha‘t X po‘uud and Wthh shows all the types of
atoms bonded tof ether m 0rre ecule of that compound. Examples of
covalent comp mpobindss are HCI HF, H,S, PHs, H202, H2S04, CO, €O, CoH, etc.
N\ N |qu?ru:hrelmetry is used in industry quite often to determine the amount of
rawmaterials required to produce the desired amount of the products.
- Exercise’
~ How would you differentiate between the chemical formula of an element
and that of a compound? Give examples. Write down the names of ionic and
covalent compounds whose formulas have been givenin this article.

' 4.2 Empirical Formula

Empirical Formula of a compound shows the minimum ratio between
atoms present in that compound. All the ionic compounds are represented by
their empirical formulas. These formulas show the simplest ratio present
between theirions. The empirical formula of calcium fluoride is CaF, which shows
the ratio present between calcium and fluoride ions in its crystal.

For covalent chemical compounds, which exist as molecules, the empirical

formulas may be different from their molecular formulas. For example, hydrogen\



peroxide is représe nted by'its molecular for

beﬁt@SﬂwL!lariya benzene molecule has CgHs as its molecular formula; so its .
empirical formula will be CH. For water, the molecular formula and the empirical
formula are both the same i.e. H,0 because there does not exist any minimum
ratio between hydrogen and oxygen atoms.

=5
\,

Since an empirical formula does not tell us
the actual number of atoms present in that
compound, rather it represents the simplest ratio | ...~
between atoms, it is possible that some
compounds may have the same empirical formula.
For example, both benzene (C¢Hg) and acetylene
(C4H3) have the same empirical formula CH.

4.3 Chemical Formula of Binary lonic Compounds

In order to write down the formula of an ionic compound, first identify the
cations and anions and the number of charges present on_'_c_hc-z[m{ﬁ)_ng}lIy@@\_’?{ff@} |\
the two ions together to form an electrigalIymujrql,gfampé}q‘ndf’ (”@ \ O

If you know the name (of ‘l(:.,ij?&.ryjtt? i'{: ‘cjpm pouhd? you can write- its
chemical formula. Start by writing P;)Irgﬁlj\oigg onwith its charge. Then write the
symbol of anion wﬁh‘ﬂiﬁ"‘pﬁé\‘rq'&\ and find-out how many of these ions are needed
togivea Ir]\eke\cf*t(]ifa}lly"ﬂgﬁ'tré lFcompound. For example, write down the formula of
Ii\fbj'mﬁ%f{foﬁlﬁé\fhe“éymbo! of lithium cation with its single positive charge is Li* .

Tﬁe!éy'mbol ofanionis O%.

Let us now apply crisscross method to write the ~ “34" Anion
formula. In this method, the numerical value of each of Li 0
the ion charges is crossed over to become the
subscript of the other ion. Signs of the charges are
then dropped. | | | LivOY Li,O

Write down the formula of Aluminiu'm oxide.

" Eation AIW Al;0;

Write down the formula of Magnesium nitride.

Cation Mg Anion N




AN _‘{H'he composrtlon of all the chemical products we use in our lives, such as shampoos,
perfumes, saaps and fertilizers are formed using stoichiometric calculations, Without
stoichiometry the chemical industry does not exist.

Table (4.1) Atoms and their Cations

H H™ O o*

Na Na' N N*

Li Lit* Cl I

K K™ Br Br*

Mg Mg* | . 1" TR
Ca Ca® ; ,‘ CLI \ \! | r/g- l1+ 'f;éu:t) JAN)
Ba Ba"(\ 2 /A \| Fe ,‘\\__“ ,_j e, Fe*

Zn a\' \coZn Ze8\\ n O\ )\ Lﬁ» “S’n" Sn*, Sn*
ol \ \" \ \“ ) ‘Nﬂ\ _

l\\‘\'

'&W“Itu\emlcal Formula of Compounds

Molecular formula of a compound can be found out if we know its
empirical formula. To calculate the empirical formula of a compound, you need
to determine the simplest whole-number ratio of atoms in the compound. This
can be done by using experimental data on the mass percent composition of the
compound. Molecular formula is then calculated by the following relatlonshlp

Molecular formula = n (Empirical Formula)

Molar Mass
Empirical Formula mass

For example, the empirical formula of hydrogen peroxide is HO. Its molar
mass is 34 Its molecular formula will then be

Where n

72

Molecular formula



2 Theemplrlcal form la faco

olecylarfo ulal!

'4 5 Deduce the moleqmar fm%'lula f_u—'om the structural formula

In or
fo‘ll

_Sample Pruhlem

e\rn K \@&Jﬂ'ueé#h‘e molecular formula from the structural formula the
nd teps are taken. :
Write down the structural formula of the compound.

Countthe number of atoms of each type in the structural formula.
Write the symbols of all the elements.

Write the total number of atoms of each kind asa su bscnpt
‘Remove the subscrlpt 1.

e e




1. Flnd out the molecular formula of phosphoric acid, Its structural
formulais: OH .

I
HO— P — OH
0k -

0

2 Determlne the moiecular formula of n- propyl alcohol Its structural
formula lsCH3 CH; CHz OH

\—'}“—
__.lfJ

~
~-_~

a\j‘-\l Rﬂfé@g\dm s Number (N,)

In a chemical reaction, large number of atoms or molecules of reactants
react to give the products. We would very much like to know the weight ratio in
which the reactants react. For this purpose, we would also like to express these
weights of reactants in grams. To achieve this objective, we need to transform the
concepts of chemical formula and atomic mass units into such concepts which
may lead us to know the weights of reacting elements and compounds in grams.
Avogadro, an ltalian scientist, helped us to achieve this objective in the following
way. . _

Let us consider the following reaction in which two atoms of carbon react
with a molecule of oxygen to produce two molecules of CO.

2C + Q2 — —» 200
Atom Molecule Molecules

61



Smce |t is NG pGSSIble to accodnt for the masses of mdlv:dual atoms or
molecules Jbeﬁreuse theSe -are very small particles, we increase the number of

reept rpg bpecres as written below.
2C + 02 » 2C0
2 x 100 atoms 100 Molecules 2 x 100 Molecules

2 x 10000 atoms 10000 Molecules 2 x 10000 Molecules
Increasing the number of reacting atoms or molecules will not change the
ratio in which these are reacting or are being formed.
Increasing the number of reacting species, however, has not solved the
problem because this number is still very small. We should increase this number
to such avalue whereby it is convenient for us to calculate their masses.

Thus
2C - 0, > 2CO

2x6.022 x 10" Atoms 6.022x 10" Molecules 2x6.022x10% Molecules

2 % 6.022 x 10* is a huge number and we have selected this because
1.00 g = 6.022 x 10* amu

Now the amounts of reactants and products in the forementlonee\equa;_;em\ﬁeh 3‘ \
be written as follows. ~\N\ [ (o Xf"’\&“ -
24.00 g carbon atoms ﬁ) ,Yrﬁ }322 x\fo 1 1@9 ?rhu)’“
32. 00§owgen melecu es \ﬂc 602‘2» 0Za (16f2l amu)
2 x 28.00 g\cé\rhqéaﬁ monep \iBeMdlecules = 2 x 6.022 x 107 (28 amu)

d uMdfe is important because atoms and molecules are so smaII The mole concept
allows us to count atoms and molecules by we|ghmg macroscop[cally small amounts
of matter. _ .

The weight ratio between the reactants and those of products willthen become
cC + 0O —> 2C0
24¢ 32g - 564
You must have realized that starting from a simple equation we have developed
such ratio of masses of the reacting species which can conveniently be used in

thelaboratory.

According to the above mentioned equation, 24 g of carbon contains 2 x
6.022 x 10® atoms of carbon, 32 g of oxygen contains 6.02 x 10* molecules of
oxygen and 56 g of carbon monoxide contains 2 x 6.022 x 10 of its molecules.

The number 6.022 x 10% is called Avogadro's number after the name of
Amaedo Avogadro who discovered it. Th:s number is represented asN,.




-4 7 The Mcle and Malar Mass

Avogadro' sfnumber ha.s an 1rh§nehse sigmﬁcance in Chemlstry and the
quantity of a sullstance contamlng ‘Avogadro's number of particles (NA) is called
a Mole: Mql,e i\ 'number like a dozen or a gross. A dozen of oranges means 12
oraﬁgég Elmliarly, a mole of a substance means its 6.022 x 10* particies. When
we use the term mole of a substance, we must also refer to what type of particles
are present in this substance. The following examples will help you to understand
the concept clearly.

A mole of carbon atoms contains 6.022 x 10%® atoms and weighs 12 g.

A mole of oxygen molecules {O,) contains 6.022 x 10?* molecules and
weighs 32g. A mole of sodium chloride (NaCl) consists of 6.022 x 10% of its
formula units and its massis 58.5 g.

The mass of one mole of a substance is called Molar mass. The molar mass
of hydrogen atoms refers to the mass of ane mole of hydrogen atoms and its
value is 1.008 g. Similarly the molar mass of hydrogen molecules will be 2.016 g.

The chemical equation discussed in the previous article will now be
understood in the following way.

/' 5

- AtomicmassofO =16




To understand a chemical change and to study the different factors which
control it, has always been a focal paoint in the efforts of chemists. To achieve
these objectives, we should have an appropriate way of representing a chemical
change. Fortunately, the chemists have developed a very suitable way of
representing a chemical change in terms of symbols of elements and formulas of
compounds. Representing a chemical change in this way is called a chemical
equation. A chemical equation tells us the elements or compounds which are
reacting and those which are being produced as a result of a chemical change.
The reacting substances are called as reactants while those being produced are
called products. It is customary to write the reactants on the left-hand side and
the products on the right-hand side. An arrow head drawn from reactants to

products separates the two. The following example will help you to understand

these points clearly.

The followmg pomté mustfbe kept m\:ﬁﬂd wﬁlle wrltmg a chemlcal equation.
A chem 2l equad:uf:nL mUst obey the law of conservation of mass. This
N\ | m hsi 1£ho atom should be destroyed or produced during a chemical
\ change The total number and the type of atoms must remain the same
during a chemical change.
2. - The formulas of elements and compounds must be written correctly.
3. A chemical equation must determine the correct mole ratio among the
reactants, the products and between the reactants and the products.
4. A chemical equation must also pomt out the direction in which the
changeis proceeding.

\\“

5. Itis a usual practice to show the normal physical states of reactants and
products. Solid, liquid and gas are symbolized as s, | and g respectively.

Aqueous (aq) represents the solvated ion.
A chemical equation can, however, only be written if all the previous
mentioned points are experimentally verified. For example, the nature of the
products and their correct formulas must first be ascertained before writing a

chemical equation. After the experimental verification of all the |nformat1cm,__ .
about a chemical change, we should now be able to wrlte a correct c41emnCaI'f._,l‘-.,"-._,




equation. The fallowrlhg equatloh'-,has\Been wrltten keeplng inview all the points
mentloned abpqg '
J| W .+ H 504 -+—» S0, +

According to this chemical equation, zinc reacts wuth sulphuric acid to
give zinc sulphate and hydrogen gas. This chemical equation further tells us the
~mole ratio not only between reactants or products but also between reactants
and products. According to the equation, one mole of zinc reacts with one mole
of sulphuric acid to produce one mole of zinc sulphate and one mole of
hydrogen gas.

Sometimes a chemical reaction moves both ways. In other words, the
reactants react to give the products and the products, in turn, react to give the
reactants back. Such reactions are called as reversible reactions and are indicated
by (==)sign, e.g.

Nz @ L +

"’3Hz 0 = 2NH3@,

Reaction involving ions may also be shown in the form of chemical equanpq

Both AgNO; and NaCl are ionic compounds and are solu ble\ri w;_te\r Wﬁe\mhew

are mixed in water, they reactto form p-FDd ut;t‘s \ \ \
\

AGNO, g 4 +J~NaC! _\_-+-,-1-» ( ;\ng “Na (,q,' + NOj
AgCl being msoluble‘qomes \out t:af the aqueous solution.

| ﬂ? m&éiﬂ%ms Based on Chemical Equation

A complete and balanced chemical equation tells us the mole ratio or
molar mass ratio between the reactants and the products. With the help of this
ratio, we can find out the molar masses of the products provided we know the
molar masses of the reactants. Similarly the molar masses of the reactants can
also be found out if we know the molar masses of the products.

For example, the following equation tells us that one mole (100 g) of
calcium carbonate reacts with two moles (73 g) of hydrochloric acid to produce
one mole (111 g) of CaCl,, one mole (18 g) of water and one mole (44 g) of carbon
dlox1de

CaCOm +. 2HCl —_» CaCImq, + Hy
“Hpigle: . - 2imolest: i.lj T limnole TSR
'IOOg : 739 111g

The total masses of the reactants are eq ual to the total masses of the prod ucts




EIg]q“f\h[Hééﬁéhe tCacog) reacts w:th an excess of hydrochlorlc ac1d acccsrdmg
tofche above equatlon How uch calcuum chlorlde (CaCIz) W|H be'prod uced?

-‘Solutlon |




Alumtmup'\ me ftal r—éacts wzth oxygen to prod Lce alumlnlum oxide. How
rnallﬁf é}ams of oxygen w1I1 be requlred to react completely wuth 0 3 moles of

alum|nlum7

Sl_utl_on" Grams ofO,_used ?

— :E_xample _
How many moleg:u'es of wé,t\eﬁ'\(vm be- prod uced if we react 5 g of hydrogen
gas’ with %eqﬂof oXYg en gas?
) 18- Mass of H, used = 5g Molecules of water produced = ?

The balanced chemical equation for the reaction:
2Hy 4 Oy ————— 2H0,

2 moles 1 mole 2 moles
49 32¢ 36 g
According to this equation
4 g of hydrogen produce H;0 = 369 of H,0
5 g of hydrogen will produce H,0 =30 45 =4550fHO
18g (1 mole) of H,O contain molecules  =6.02 x 10%
369 of H,0 contain molecules =602 % 10™ % 2
- - = 12.04 % 10

45g of H;0 contain = %—2 x 12.04 x 10%

= 1.505 x 102 molecates ||

67 N =




N\ IMolecular formula of an element or a compound shows the actual number of atoms

" present in the molecule of the element or a compound.
The formula of a compound which gives the minimum ratio present between its
atoms is called its Empirical formula, All the ionic compounds and some of the
covalent compounds are represented by their empirical formulas.

Chemical formula of a binary ionic compounds can be written if you know their names
and the charges present on the ions.

Chemical formula of a compound is n times its empirical formula where n is the ratio
of molar mass to empirical formula mass.

Avogadro's number has been calculated to know the mass ratlo of reactants and
products in a chemical reaction. The value of this numberis 6.022 x 10%,

The quantity of an element or a compound, which contains Avogadro's number of
particles, is called a Mole and the mass of a substance present in it is called the Molar
Mass. _

A chemical equation tells the reacting and producing elements or compounds in a
chemical reaction. It also tells the mole ratio between reactants or products and |
between reactants and products. A chemical equation must be balanced and eng‘?a 3\. \
show the correct formulas of all the part|c1pat|ng element &anq‘tofnp‘gundﬁ &\_ \L’ U\
The mole ratio between reactants and proﬁ cts)\as S owm by\a ﬁtl‘ber%ma‘l equatlon_
enables us to find out the mass ratlem'f i‘he 15@ﬁ\ce$ A ¢hemidal equation is used
to calculate the) masses eﬁ[ﬂﬂ:ed well\asthe products ‘which take part in a

chemlcalreaction‘ ) 1) S

s'\ ".‘“‘u'\ =

) WY

Tick(v') the correct answer.
How many atoms are present in one gram of H.0?

(a) 1002 x 10 atoms (b) 6.022 x 10%* atoms
(¢) 0.334 x 10** atoms (d) 2.004 x 10% atoms
Which is the correct formula of calcium phaosphide?

(a) CaP ) -~ (b) CaP,

(C] CazPs (d) Cang

How many atomic mass units (amu) are there in one gram?
(@) 1amu (b) 10%amu

() 6.022 x 10®% amu (d) 6.022 x 10® amu

Structural formula of 2-hexene is CHz ~ CH = CH ~ (CH,)2 — CH3. What will
be its empirical formula?




(v) How many MOJES\E{FQ there in 25 g of H;S&;

" \H{\aj)\lm ?46 l'noies (b) 0.51moles
&) 0.255moles (d) 0.4moles
(w] A necklace has 6g of diamonds in it. What are the number of carbon
atoms init?
(a) 6.02x10% (b) 12.04x 10
(©) 1.003x 10* (d)3.01x10%
(viiy  Whatisthe massof Al in 204g of aluminium oxide, Al;Os.
(a) 26g (b)27g (c) 54g (d) 108g
(viii)  Which one of the following compounds will have the highest percentage
of the mass of nitrogen?
{a) CO{NH2), (b) NaH,4 (¢) NH3 (dyNH,OH

(ix)  When one mole of each of the following compounds is reacted with
oxygen, which will produce the maximum amount of CO,?

(a) Carbon (b) Diamond (c) Ethane {d) Methane
)  What mass of 95% CaCOs will be required to neutralize /50 \cm oi&fmf 0\
HCL solution? =] ( fv p) \IX x&, 1\
(@) 9.59 ®)1256 O \(@ £ ‘#/k =ty 1450
\\ \‘,' = LJ

T i

2. Questions f@&h};ﬁ:&ﬁrﬂ W r‘s \\
i.  Writedownthé dhe‘mn;al 6rm1.ila‘-of Ba rium nitride.
ii. Find Qﬁ?}?hé [m }tﬁ at formula of a compound whose empirical formula is
\\J I-H‘g ts ‘molar mass is 180.
iii. “How many molecules are presentin 1.5 g H,0?
iv. What s the difference between a mole and Avogadro’s number?
v. Write down the chemical equation of the following reaction.
Copper + Sulphuricacid - Coppersulphate + Sulphurdioxide + Water

3. Constructed Response Questions

i. Different compounds will never have the same moleculer formula but they
can have the same empirical formula. Explain

ii. Write down the chemical formulas of the following compounds.
Calcium phosphate, Aluminium nitride, Sodium acetate, Ammonium
carbonate and Bismuth sulphate.

iti. Why does Avogadro's number have animmense importance in chemistry?

iv. When 8.657g of a compound were converted into elements, it gave 5.217g
of carbon, 0.962g of hydrogen and 2 A478g of oxygen. Calculate the




reactlon? MARARR B\
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4;\1 Q%ﬁ# ve ‘Questions

WhICh conditions must be fulfilled before writing a chemical equation for a
reaction?

Explain the concepts of Avogadro's numbers and mole.

How many grams of CO, will be produced when we react 10 g of CH, with
excess of O, according to the following equation?

CH,y + 20,5 ——> €O,y + 2H,0,

iv. How many moles of coal are needed to produce 10 moles of CO according to

vi.

vi

5

the following equation?
3C, + QO + HOQz— H, + 300
How much SO, is needed in grams to produce 10 moles of sulphur?
2H,S , + SO, — 2H,0,4 + 35,
How much ammonia is needed in grams to produce 1 kg of urea fertilizer?
2NH; g + €Oy — > CO(NH),(y *+. Hsz PG

’“‘ \| | /"— \ \\_‘.,__.'"

i. Calculatethe numberofatomsmthefoﬂowmg ARERAN ,I (Ao~

@,
(a)3g of H; (b)34mo|es osz (c) mgququzGe

S -_ _\/ \\ V {
( ), \ N

36q)
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. Inuest:gatwe Questmns

y E)elleved that drinking eight glasses of water every day is
A\ ?qumred to keep oneself hydrated especially in the summer. If a glass
occupies 400 cm? of water on the average, how many moies of water are
needed forasingle adult?
The chemical formula for sand is SiQ; but the sand does not exist in the form
of discrete molecules like H;0. How has its formula been determined
keeping in view its structure?

How can you @]cul»at’{a\{he\ as\ée\s*. m\f\tﬁe*products formed in a reversible




