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' SELF-ASSESSMENT |[ELICEAL
Total Mnrh:n

Q.1 Encircle the correct option. m
(1) The shape of ammonla (NH,) molecule according loVSEPR theory Is: e

A. Linear B. Tetrahedral C. Trigonal pyramidal D. Bent
() The numbers of o and it bonds In the N; molecule are:

A. one o and one n bonds 8. one o and two nt bonds

C. three o bonds only D.two o and one 1t
(i) Which of the followlng molecules has zero dipole moment?

A. NH, B. CHCL, C.H:0 D. BF;
(iv) Which of the following species contalns a dative bond?

A.CH, B. NaCl © C.NHj 0.0,
(v) Which of the following molecules shows hydrogen béndlng?

A.CH, B. NH, C.CO, D.CF4
(vi) Which type of hybridization of C occurs In CO;?

A. sp’ B. sp? C.sp D. dsp?
Q.2 Write short answers of the following questions. (2x8=1¢)
() Explain the difference between the formation of o and nt bonds.
(i) What are necessary conditions for the hydrogen bond to form?
() Why does bond polarity lead to the development of dipole moments?
(lv) State the shape and bond angle of BF; using VSEPR theory.
(v) Draw the orbital structures of the CO; molecule in terms of VBT,
(v) Write the hybridization of carbon In ethyne (C:H,).
(vil) Calculate the bond order of O, using molecular orbital theory.
(viil) SO; is a polar molecule but SO, not. Justify.
Q.3 Extensive Questions. (2x4=g)
(a) Draw the molecular orbital diagrams of the following molecules. Calculate their bond orders? (i) N, (il) 0,

(b)

What are the postulates of VSEPR model? Discuss the structures of the following specles with
reference to this theory.
(i) Hy0* (i) PCLs

(ili) S04 (iv) SF¢

__..’.._
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STOICHIOMETRY

04

Student Learning Outcomes

After studying this chapter, students will be able to: .

e Derive measurements of mass, volume, and number of particles using moles. (Application)

« State the volume of one mole of a gas at STP. (Knowledge)

» Use the volume of one mole of gas at STP to solve mole-volume problems. (Knowledge)

e Calculate the gram molecular mass of a gas from density measurements at STP. (Application)

o Express balanced chemical equations In terms of moles, representative particles, masses, and
volumes of gases at STP. (Application)

o Explain the concept of limiting reagents. (Understanding)

« Calculate the maximum amount of product and amount of any unreacted excess reagent. (Application)

e Calculate theoretical yield, actual yield, and percentage yleld when given appropriate information.
(Application)

e Calculate the quantities of reactants and products Involved in a chemical reaction using
stoichlometric principles. (Some examples include calculations involving reacling‘ masses, volumes of
gases, volumes, and concentratlons of solutions, limiting reagent and excess reagent, percentage
yleld calculations). (Application)

» Explain with examples, the Importance of stolchiometry in the production and dosage of medicine.
(Understanding)

J

0

Introduction
Stoichlometry Is derived from Greek words stolchelon means element and metron means measure.
Collectively, stolchiometry means quantitative measure of reactants and products.

Stoichiometry

Stolchlometry (pronounced as stoy-key-om.eh-tree) Is the branch of chemistry in which the relationship

between the amounts of reactants and products in a balanced chemical equation Is studied.

« The balanced chemical equation has the same number of atoms of each type on both sides of equation

e |t has definite ratios of reactants and products just as compounds have definite ratios of elements.
Such ratios are used to calculate the mass or mole of other substances.

Laws In Stoichlometry:

Stoichlometric calculations obey law of conservation of mass and law of definite proportions.

1. According to the law of conservation of mass, "matter (mass) can nelther be created nor destroyed".
It states In terms of stolchlometry that the total mass of reactants Is equal to the total mass of
products in a balanced equatlon.

2. According to the law of definite proporﬂons, a pure compound always contalns the same element
combined In the same ratlo by mass.
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CONCEPT OF MOLE

Deflinition

v

—

The mole Is the amount of a substance which contalns as

many cieme.nlary entitles as there are atoms In

0.012 kg(12 g) of carbon-12.

* The elementary entities may be atoms, molecules, ions,
electrons, and other particles.

e [tisrepresented by ‘n’".

e The number of entities present in one mole of a
substance is a constant number named Avogadro's
Number, i.e. 6.02x10%, Itis represented by N,.

e This value is attributed to an Italian scientist Amedo
Avogadro (1776-1856).

ﬁ, Did You Know1'_

The word 'mole' was Introduced |n 1.
by Wilhelm Ostwald who derived the terp, fro
Latin word moles meaning a *heap' or ‘pile*,

—

v

Examples are Given Below:

s 1moleof “C contains 6.02x10* atomsof C.
e 1mole of H,0 contains 6.02x10” molecules of H,0.
* 1mole of NaCL contains 6.02x10” formula units of NaCL
= 1mole of Na’ contains 6.02x10® ions of Na*.
< Molar Mass
= Definition: "The mass of one mole of a substance
expressed in grams is called molar mass".
¢  Unit: The unit of molar mass is g /mol.
= Example: The molar mass Is the sum of the mases of
the component atoms, -
The mass of one mole of CC¢, can be found by adding the masses
of carbon and chlorine present.
Molar mass of CC£, =Molar mass of one C+ Molar mass of C¢x4

Molar mass of CC£, =12.0x1+35.5x4
Molar mass of CC£, =12.0+142.0=154.0¢g

The chemists use the mole as the Sl unit to weigh and count atoms, molecules, formula units or ions.

[;;Dld You Knnw?‘

Avogadro's number Is 2 physical consty
representing the molar number of entitjes, The
exact value of it Is 6.02214179%10™ mg|- In
calculations we wse the rounded off Value
6.02x10".

—)

——

@ Rack Your Mind!

1. Which of the following quantities representy
one mole of oxygen molecules (0,)? £
A)16.0gof 0y
B) 6.02 x 10* atoms of oxygen
C)320gol 0y
D) 22.4 cm’® of 0 aL STP

The mass of one mole of a substance (element, compound or lonic species) is equal to the atomic mass,
molecular mass, formula mass or lonic mass of a substance when expressed in grams and Is known as molar

.

mass, represented by M.

>  Other Examples
* 1mole of carbon atoms is 12.0g.
e 1 mole of CO; molecule is 44.0 g.
* 1 mole of CaO formula units is 56.1 g.

e 1mole of COY ionsis60.0g.

@ Rack Your Mind!

L One mole of H,0 has two moles of bonds,
three moles of atoms, ten moles of electrons
and 28 moles of total fundamental particles.
Explaln.

The number of moles of a substance can be calculated by
dividing mass in grams by molar mass. The formula for
number of moles Is:

Given mass
Number of moles = —8—
- Molar mass

aw

M

PanliclesN=n ai]
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sample Problem 4.1

—_
calculate the number of moles present In 20 g of NaOH.
solution:

Given mass of NaOH = 20¢g

Molar mass of NaOH =23 + 16 + 1 =40 g/mol

Number of moles = _____Gwen o
Molar mass

20
n= T 0.5 mol

sample Problem 4.2
Calculate the mass of 0.5 moles of HCL

Solution:
No. of moles of HCL = 0.5 mol

Molar mass of HCL = 1+ 35.5 = 36.5 g/mol

Mass of HCL = Number of moles x Molar mass

= 0.5x36.5=18.25¢
Sample Problem 4.3
Calculate the mass of 10 mol of Mgs0,.

Solution:
Molar mass of MgSO, = 24+96 = 120 g mol™

Number of moles of MgS0, = 107

Mass of MgSO, = 107 molx120 g mol™ = 120x10~ =0.12 ¢

— — - — - - — i — i — - —— —— i — i — i — i — i —

2_ QUICK CHECK 4.1

a. Caleulate the molar mass of KMnO,.
Ans. KMnOs = 39 + 55 + 16(4)
=39+55+64
= 158 g/mol
b. Calculate the number of moles In 0.23 g of sodium.
Given: mass of sodium=m =0.23¢g
Molar mass of sodium=M =23 g
To Find: Number of moles=n =7
) _m_0.23g
Solution: ns= i —23g
n =0.01 moles
c.  Calculate the mass of 1.5 moles of Ca(OH),.

Molecular mass of 1.5 mole of Ca(OH); =74 x 1.5=111¢

d. The given mass of KC£O, Is 24.5 g. Calculate the number of moles of potassium chlorate.

Given: Masls of KClO; =24.5¢
To Find:

Number of moles of KCLO; = ?
Number of formula units of KCLO; = ?
Solution: e

Mass of KCLO,

Numberof moles of KCLO; = ——————— |n=

5
Z|3

~ Molar mass of KCLO;

Molar Mass of KCLO; = 122.5 g mol™?

24.5g -

|
]
|
1
I
]
I
]
|
]
|
1
|
]
|
]
| Ans. Molecular mass of 1 mole of Ca(OH), =40 +2(16+1)=74¢
]
|
]
|
1
|
1
|
1
|
]
I
]
Sl ) A g
! Number of moles of KCLO; = 1225 8”.“."':.3'2 moles

e — - — i — — — i — e — e S e S S —
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c.  How many molecules are present in 1,75 g of H,0,7 i BN
Massof H,0, =m = 1.75¢

Molar massof H0, =M =2+ (16x2)=34¢

To Find: Number of moleculesN = 7 l

Solution: |

e |

1.75g 1 n \
= — =% \602x10"=0051x%6.02 x 10 |
Jag/mal x6.02x .

=3.1x10%
How many atoms are present in 15 g of gold ring?

Given:

Number of molecules H,0,=N =

D e " —— — — — — — i —
™

]
Given: mass of Gold (Au)=m =150g !
Molar mass of Gold = M = 196.97 g/mol |
ToFind:  Numberofatoms=N =? ;
m
Jp— [}
N MxN‘ |
15g 1 !
22— x 6.02x 10°
19697g/mol !
|
1

______ b B =458x100atoms oo e

RELATIONSHIP BETWEEN MOLE, MOLAR MASS
AND AVOGADRO'S NUMBER

A sample of 12.0 grams of natural carbon contains the same number of atoms as 4.0 grams of natura] heliyy,
Both samples contain 1 mole of atoms i.e., Note that different masses of elements have the same number of atoms
= 1.0gofhydrogen =1 mol of hydrogen =6.02x10" atomsof H | [ Justify the following statements:
i - pi] {1} 23 g of sodium and 238 g of Uranium

e 23.0gofsodium=1molof Na=6.02x10" atoms of Na Sl hudbies of atats in thain, han
= 238.0 g of uranium = 1 mol of U=6.02x10" atoms of U (i) 180 g of glucose and 342 g of sucrose a.,,,l
An atom of sodium is 23 times heavier than an atom of same number of molecules but differery
hydrogen. In order to have equal number of atoms, sodium number of atoms present In them.
should be taken 23 times greater in mass than hydrogen.

= 18.0gof H,0 = 1 mol of water=6.02x10" molecules of water
180.0 g of glucose = 1 mol of glucose = 6.02x10” molecules of glucose
Hence, one mole of different compounds has different masses but the same number of molecules.
Similarly, the number of ions in one mole of different lonic species Is always the same, I.e., Avogadro's numbe,

*« 96.1gofSO;” = 1mole of SO}” = 6.02 x 10” ions of SO}

* 62.0gof NO;" = 1 mole of NO]” = 6.02 x 10" ions of NO;"
One can calculate the number of moles by dividing the number of particles by Avogadro's number.
No. of particles of a substance

Avogadro's Number

The relationship between amounts of substances in terms of their moles and the number of particles (atom,
molecules, ions, electrons or particles) is given below:

Number of moles =

Mass of subtance x N,

Number of particles =

Molar Mass
WA Al Molar x xAvogadro's
'Massiing+ mass number " 'No. of

grams Particlos

=5
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Sample Problem 4.4 :

A sample of glucose, contalns 3,76 x10* molecules of glucose. What is the number of moles in this quantity?

Solutlon:
3.76x 10" molecules

= 6.24 mol
6.02x10"' molecules mol™* s

No. of moles of glucose =

Ssample Problem 4.5 5

How many atoms are there in a sodium metal that contalns 2.3 g?

Solution:

Number of moles of sodium = %: 0.1 mol

Number of atoms of sodium = Number of moles of sodium x Na
= 0.1x6.02x10”
= 0.602x10" atoms
= 6.022x10" g

Sample Problem 4.6

Juglone, is a dye and Is produced from the husks of black walnuts, The

formula for juglone is C,,H,0, .

a) Calculate the molar mass of juglone.

b) Calculate number of moles in 0.87 g of a sample of juglone
extracted from black walnut husks.

Solution:

a) CioHs0y
-10xA, (C)+6x1.0 A, (H)+3xA, (0)(10x12.0) +(6x1.0) +(3x16.0)120+ 6 + 48 = 174 g/mol

Mass of 1 mol of C,H,0, =174gmol™

i‘] Interesting Information!

Juglone, is a natural herbicide (weed killer)
It kills off competitive plants around the
black walnut tree but does not affect grass
and other noncompetitive plants

Mass 0.87g
les of juglone = =
b) Molesofjuglon Miolar Mass ~ 174 g mol™ 0.005 mol
i f_§ QUICK CHECK 4.2
E a) Acopper wire contains 27.10x10% atoms of copper. Calculate the number of moles of copper.
27.10%x 10 atoms

= 4.50x10*mol

! solution: Number of moles of Copper =
I 6.02x10™ atoms / mol
i b) Calculate the molecules of 1x107°g of isopentyl acetate, C,H,,0, which are released in a typical bee
1 sting. How many atoms of carbon, hydrogen and oxygen are present in it?
| solution: Mass of Isopentyl acetate=m =1x10%g
i Molecular mass of isopentyl acetate=M = C;Hu0;
i =({12x7)+(14x 1)+ (16 x 2)
| =84+14+32
i =130 g/mol
=N =M _ 1x10% 1
i No. of molecules=N = ﬁxN“- sz.ozno
1 = 46.29x10" = 4.629x10" molecules
! Number of C-atoms = 4.629x10" x7 = 3,2382x10"
| Number of H-atoms = 4.629x10" x14= 6.4764x10'
]

Number of O-atoms = 4.52;3.1.@ x2=9.252x10"

Mo s o e o — e — i — S — - — - — - - — i — i —

O — S — i ——— m—

|
i
|
i
|
L

.\
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a,'l Interesting Informationl

Isopentyl acetate (CH,,0,) is the compound responsible for the scent of
bananas. Interestingly, bees release about l.u((llltl . ;) of this compound
when they sting. The resulting scent attracts other bees 1o join the attack.

MOLAR VOLUME (V.)

“The volume of one mole of on ideal gas ot STP (Standard temperature
and pressure) is called molar volume®,

Rack Your Mind!
R —————.
)
» ltsvalueisequalto 22.41d4dm’. 3. The volume of one mole of o
gas al STP Is equal to:
A)ldm? 8) 22 4 dm?
€)273dm* D) 6.02 x 107 g

Idey)
= The value of molar volume is commonly rounded to 22.4dm’.

e |tis denoted by V_.

mole of a gas at STP can be converted into volume, and vice versa.
According to Avogadro's law,
“Equal volumes of all ideal gases at the some temperature and pressure contain equal numbers of molecujegs
This statement is indirectly the same when we say that one mole of an e
ideal gas at 273.16 K and one atm pr j i [;.E:I '

g pressure has a volume of 22.414dm Smart [21E Thinking
Since one mole of a gas has Avogadro's number of particles, so
22.414dm’ of various ideal gases at STP will have Avogadro's number | Interesting Facts:
The molar volume of gas is 24 dm? atRmp

(Room temperature and pressure)

By using molar volume relationship, mass or

of molecules i.e., 6.02x10”. 22.4 dm® of a gas at STP = Molar mass of

2 gas =6.02x10” particles of agas =1 moleofa gas

* 224dm’ of CO, at STP=44.0g of CO, =6.02x10™ molecules of CO, =1 mole of CO,

e 22.4dm’ of any gas at STP = molar mass in grams = 6.02x10" molecules =1 mole

» 22.4dm’ of H, gas al STP=2 g =6.02x10" molecules =1mole

e 22.4dm’ of NH, gasat STP=17 g =6.02x10” molecules=1mole
If the number of moles of a gos is known, one can calculate the volume of a gas by multiplying number of
moles of the gas by molar volume.

Volume of a gas = Number of moles x Molar volume
V=nxVn
Sample Problem 4.7
Determine the volume of 2.5 moles of chlorine molecules at STP.
Solution:
The formula for volume determination at STP
V=nxV_

@ Rack Your Mind!

4. 2golHy 16 g of CHy and 44 g of CO,
occupy separately the volumes of
22.414 dm?, although the sizes and
masses of three gases are very
dilferent from each other.

2.5 mole of C/, occupy a volume =22.4 dm’ x2.5=56.0 dm’
Sample Problem 4.8

What is the volume in dm? of 4.75 mol of methane (CH,) gas atSTP?

Solution:
The formula for volume determination at STP

V=nxV,
Volume of methane in dm® at STP=4.75x22.4=106.4 dm’

SCHOLAR 72 CHEMISTRY (11*) o 113
MOLAR MAS;S AND DENSITY OF GASES

E;lsily is defined as the mass per unit volume of a substance.
Mass

Density S TRame

m
O=sr

As molar mass of all the gases occuples same volume at STP, therefore,
density of a gas depends on its molar mass, A gas having higher molar
mass will have higher density and vice versa, If the density of gas at STP s
determined, its molar mass can be calculated.

@ Rack Your Mind!

5. How Is the density of a gas related
to Its molar mass at STP?

Sample Problem 4.9 - 3

Calculate the molar mass of a gas which has density of 1.97 glﬂrr;' at STP.

Solution

m=dxV
Mass of gas at STP=1.97x22.4 =44.1 g mol™

[ R e e St e e e et e et e ) =
' {! | QUICK CHECK 4.3 '
! Q. Calculate the molar mass of a gas which has density of 1.34 g /dm® at STP, !
| Ans. m=dxV |
E oo e e . _Mm=134x224=: 30015gmnl' _____________ -

MOLAR CONCENTRATION

Molar concentration of solutlons Is given as mol/dm?, which is the number of moles of a substance (reactant

or product) dissolved per volume of a solution In dm®.
The relationship between number of moles and molar concentration Is given by

n=CxV
C= n Mass Volume
. 7 Molar mass Molar Volume

where C is the molar concentration and V is the volume of the
solution.

Number
of
moles

Number of moles(n)
Volume in dm’ (V)
Example: If n = 0.2 mol and volume of solution =V = 1 dm? then,

Molar Concentration (C) =

No. of particlos
3 Cone =Vol
L rn:)l =0.2 mol dm™? Avogards ne i
1dm

ample Problem 4. 10 s
Calculate the molar concentratlnn of a substance containing 27.64 g of K,CO, dissolved in 1dm® of the given

solution.
7

Solution: & Mass of K,CO, =27.64¢

Molar mass of K,CO, = 138.2 g mol™

Given mass

Number of moles =
Molar mass

2|3
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27 64
ns= -m-OJmDI

Volume of Solution = 1dm'
Number of moles
Volume indm'
0 2mol

m'

Molar Concentration =

C= « 02 moldm '

[ ———— — — e —— — — . — . — S —

I [F] Quick cHECK 44

]
| Calculate the molar concentration of a solution contalning 7.9 g of KMnO, dissolved In 1dm’ of the glven

i solution. The molar mass of KMnO, Is 158gmol™*,
; Solutlon:

—— - —— —
—

4

! No. of moles of KMnO, = _ﬂ_.. = ..l_mo| Alternate Method: 1
| 158gmol* 20 o L".x._-—,
' n =005 mol M, v(dm’)
| Now . n_005mol 191
i 4 VvV  1dm' 158 1
= -3
e oo _C =005moldm® | _______'_iof"f,'f"_'_______
STOICHIOMETRIC RELATIONSHIPS

Stolchiometry Is a branch of chemistry which tells us the
quantitative relatlonship between reactants and products In a
balanced chemical equation.
With the knowledge of mole, Avogadro's number, molar mass,
molar volume, and molar concentration, we can establish
quantitative relationships between reactants and products using
the balanced chemical equations.
O Stoichiometric Relationships
The following types of relationship can be studied with the
help of a balanced chemical equation Involving quantities of
reactant(s) and product(s).
I. Mole-Mole Relationship Il. Mass-mass relationship
lil. Volume-Volume Relationship  Iv. Mole-Mass Relationship
v. Mole-Volume Relationship
vl. Mass-Volume Relationship
Explanation:
Formatlon of Ammeonia
To understand these relationships, we need to Interpret
information hidden in a balanced chemical equation which is
used to make stoichiometric calculations. For example:
Ny(g) + 3Hyq) —>2NHy,)

This equation can be described In three different ways;
I. 1 mole of N, reacts with 3 moles of H, to form 2 moles

of NH,.

. 22.4dm’ of N, reacts with 67.2dm’ of H, to form
44.8dm’ of NH,.

il 28.0gof N, react with 6 g of H, to form 34.0g of NH,.

- e —
Stoichion (element) and metron (measure) Ha
defined it as ‘the art of chemical measurementy
aming to express chemical changes |,
mathematical from He Is referred to as father of
stoichlometry.

—
—

@ Rack Your Mind!

6. Stolchiometry ks fundamentally concemed with:

A)  The speed at which chemical reaction occur.

B) The energy changes Involved In chemical
reactions.

C) The q
substances participating In a balanced
chemical equation,

D) The structure and bonding of chemical
compound,

1atl i ikl

@ Rack Your Mind!

All of the following are common types of

stolchlometrlc caleulations except for:

A) Determining the number of moles from
given mass of reactant.

B) Cakulating the volume of gaseous reactant
needed to completely react with another
gaseous reactant.

C) Predicting the time required for 2
reaction to reach equilibrium,

D) Converting the mass of one reactant to

7.

the mass of product.

e
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Important P of Stoieh try
The lallowing sssumplions must be made while perfarming stoehios
1. Athe reactanty are completely canverted Inta the producty
2. lawof cantervation of mass and law of delinite propartions are obeyged
Mo side reattion oteurs

«tre calculationy

o Approach to do Stolchiomoetric Calculations

o Known salid ot yalume of 8 known gos, or
iliwnulmlm mﬂrhnlm formels

[ .(ﬂlll:numnl the Unknown rumnur from
&m-nlaluumm

RETET TR

< thmhrdnﬂumh unhwnfdmvﬁm,
concen rlﬂmdtluw

F", g
STOICHIOMETRY MAP
GIVEN
i i
+ M, orA XM, or A,
Volume (L) | Volume (L)
al RTP b st RTP
o —
+ (602 »10") a «(6.02 «10")

Avogadro’s numbor, MOLE RATIO Avogadio's number
b _ Coefficient of Find
a__ Coelfficient of Given

Sample Problem 4.11 (Mole-Mole Conversion)

When 3.3 moles of nitrogen reacts with hydrogen to form ammonia, how many moles of hydregen are

consumed In the process? The equation for this reaction Is
N'(l) +3H,m —-—>2NH,(')
Solutlon:
Number of moles of N, =3.3 mol
Number of moles of H, =?
1mole of N, needs H, to produce NH, =3 mol
3.3 moles of N, needs H, to produce NH, =3x3.3=9.9 mol
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| ,.I QUICK CHECK 4.5 |

1]
| How many moles of carbon dioxide are produced when 2.25 moles of glucose are used by a persop; m‘

! oxygen is in excess. The equation for the reactlon Is:
CeHyy0, ) +60, ) —>6C0, ) +6H,0(,)

[ ]
| solution:
; 1 mole of C;H,,0, produces CO, = 6 moles

2.25 moles of C(H,,0, produces €O, = 2.25x6=135 moles

- — - — i — i — =

'—-o—---—-.—-—....__ — — . — - — — i — —

Sample Problem 4.12 [Mass-Mass Conversion)

Calculate the mass of Al needed to react completely with 32.0 g of Iron (Ill) oxide according to the equqy
given below: o

—

ZA‘(‘) +Fe,0,w _’A‘lol.(;) +2F8{l)
Solution:

Molar mass of Fe,0,,M = 160 g mol

Number of moles of Fe,0, (n) = E:M—.—.: 02 mole
M 160 gmor?

From the balanced equation, 1 mol of Fe,0, reacts with 2 moles of AL, therefore, number of moles of AL thy
reacts with 0.02 mole of Fe,0, =2x0.2=0.4 mol
Massof AL=nxM

.. QUICK CHECK 4.6
Fe,0,, an ore of iron is called Hematite. CO can reduce it to get free Fe as below:
Fe;0,) +3C0(,) —>2Fe, +3C0,,
How much Fe can be produced from 160 g of Fe,0,?

|

. :
| l
! I
I |
[} 1
! Given Data: Molar mass of Fe,0, = (56 x2)+(16x 3) I
1 = 160 g/mol i
' mass of Fe,0, =160g 1
| To Find: Mass of Fe produced = ? ; |
i Equation: i
1 Fezoz(,} +3C0(,)—>2Fe, + 3C0y; 1
! Mole of Fe,0, produces moles of Fe=2 |
I Mass of Fe produced = 2 x 56 ll
e e o Massof Feproduced =112¢ _ _ _ _ __ ___ T S S

Sample Problem 4.13 (Volume-Volume)
Calculate volume of ammonia that can be produced by the reaction of 100 dm’ of hydrogen with excess of
nitrogen at STP? The balanced chemical equation for the reaction Is:

N'(t} +3Hl(!) —>2NH,M
Volume of hydrogen =100 dm’
Volume of ammonia =7
67.2dm’ (3 mol) of H, produce ammonia = 44.8 dm’ (2 mol)

448 2

1dm’ of H, produce ammonia = e

Solution:

100 dm’ of H, produce ammonia = -:-xmo=66.7 dm’

So, the volume of ammonia produced by the reaction of 100dm’ of H, with excess nitrogen is 66.7dm’.

‘1 Because NaOH is in excess so Cl; is limiting reactant. One mole CL; produce one mole of NaOCL So, 2.25 mole
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| (4] Quick cHECK 4.7

| calculate the volume of carbon dioxide produced at STP when 4.5dm’ of methane Is burnt by a person.
i The oxygen Is In excess. The equation for the reaction Is:
1 CH‘{I) + 20,(l}———>C0,m +2H,Om

! Solution:
22.44 dm? of CH, produces = 22.414 dm’ of CO,

1 For gaseous reaction mole ratio Is equal to volumc Ratio

ample Problem 4.14 Mole-Mass Calculations

solid lithium hydroxide LIOH Is used In space vehlcles. It Is employed to remove exhaled carbon dioxide from
the living environment by forming solid lithium carbonate and liquid water. Calculate the mass of LI,CO, that

can be produced by 20.0 mol of LIOH.
2LIOH, +€0,,) —>1I,C0, ) +H,0,)

Solution:
According to the given balanced chemical equation,

2 moles of LIOH produces = 1 mole Li,CO,
20.0 moles of LiOH produces = —;«20.0 = 10.0 mol Li,CO,

Mass of Li;

Mass of Li,CO, produced = 10.0 molx73.9 g moi
Thus, 739.0g Ll,CO will be produced from 20.0 moles of LiOH.

- — i — - — ———--____—_-—......_.__........._..-—-—-—-u._--—

| /] J QUICK CHECK 4.8

i Calculate the mass of sodium hypochlarlte(NaOC(), a household bleach, produced by the reaction of 2.25

1 moles of chlorine with excess sodlum hydroxide. The balanced equation s
I 2NaOH,, ) +Clyy —>NaOCL, +NaCl, ) +H,0(,

1
| Solution:

€O, produced =Number of mole x Molar mass
'=739.0g

f of CLy will produce 2.25 mole of NaOCL
Molar mass of NaOCL =23+ 16+355=745¢g
Mass of Naoa 2.25x745=167.625¢

Sample Problem 4.15 [Mass-mala calculations)
Baking soda (NaHCO,) acts as an antacld. It can neutralize excess hydrochloric acid (HC{) secreted by the

stomach according to equation.
NaHCO_".’ +Ha(“1 —)Nﬂu(“) +Hlo(f} + CO,(“)

- — - — e e m—-

How many moles of HCL will be neutralized by 2.1 g of baking soda?
Solution:

@ Rack Your Mind!

B. Why Is It Important to convert
between mass and moles In
stolchlometric calculations?

Molar mass of NaHCO, =84.0 g mol™

=—218 0025 mol

Moles of NaHCO, =
' . 84.0 g mol

Stoichlometrically, the mole ratio of HCLand NaHCO, is 1:1.

Hence moles of HCL used = 0.025 mol .
Thus 2.1 g of NaHCO, will neutralize 0.025 moles of HCL.
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Sample Problem 4.16 (Mass-Volume Conversion)

What volume of hydrogen at STP will be produced when 7.0
sulphuric acid?

Fem —H,SO‘(N‘

Solution;
Molar mass of Fe (M) = 55 § g/mol

Number of moles of iron (n) = {.}

_ 708
s5.8gmol "
=0.125 mol

g of Iron are reacted with ap exce,
1

4

—>FeS0, . +Hyg)

From the balanced equation, 1 mol of iron produces 1 mole of hydrogen.

So, number of moles of H, =0 125 mol

Volume of H, in dm’ = molar volume x moles of H,

= 22 4dm’ mol™ x 0.125mol

= 2 8dm’

LIMITING AND EXCESS REACTANT

—_—

Q. Differentiate limiting and non-limiting reactants. How a limiting reactant is determined from a balangy

chemical equation and given data?

In many chemical processes, the quantities of the reactants are

usually not present in the proportions indicated by the balanced

chemical equation. Frequently, a large amount of Inexpensive

reactant is supplied because of the following reasons:

a. To ensure that whole of the mass of the expensive reactont Is
completely converted to the desired product.

b.  To produce maximum amount of product.

[ To increase the rate of reaction.

We know that a large quantity of oxygen in a chemical reaction

makes things burn more rapidly. In this way, excess of oxygen is left

behind at the end of reaction and the other reactant, ie. fuel, is

consumed earlier.

Definition 1:

"This reactant which is consumed earlier is called the limiting

reactant”. In this way, the amount of product that forms is limited

by the reactant that is completely used. Once this reactant is

consumed, the reaction stops and no additional product is formed.

Definition 2:

"The reactant which controls the amounts of products formed In a

chemical reaction and is consumed earlier Is called the limiting

reactant or reagent”.

The maximum amount of the product formed depends upon the

amount of limiting reactant in the reaction mixture.

S Strategy for the Identification of Limiting Reactant

—_—

Properties of Umiting Reactant:

I Umiting reactant controls the amount o
product formed
Umiting reactant is taken In lesser amoyp,
. Umiting reactant is consumed earller,
. Uming reactant produces least amount of

product.
— ]

TEHP

—

@ Rack Your Mind!

9. Why does a chemical reaction stop eves
when one reactant is still present?

[?Q: DId You Know?

Fire is 2 combustion reaction In which fuel and
oxygen, O combine, wusually at hgh
temperatures, to form water and carbon
dioude. Once the fire has started, it Is se¥-
supporting. An effective way to quench a fire
ls smothering, which reduces the amount of
available oxygen below the level needad to
support combustion. In other words
smothering decreases the amount of the
excess reactant. Foams, Inert gas, and CO; are
effective substances for smothering.

To identify a limiting reactant, the following three steps are performed.
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I. Calculate the number of moles from the given amounts of reactants
il. Find out the number of moles of product with the help of a balanced chemical equation
il Identify the reactant which produces the least amount of product as limiting reactant and the other as
an excess reactant.
Limiting Reactant
1. The reactant used up first in a chemical reaction | 1. The
is called limiting reactant.

Non-Limiting (Excess) Reactant
reactant which left unreacted after
completion of a chemical reaction is called excess

2. Itcontrols the amount of product. reactant.

3. Itis not present at the end of reaction. 2, Itdoes not control the amount of product.

4. It limits the amount of product formed from | 3. Some amount Is present at the end of reaction.
chemical reaction. 4. It has no effect on product formed from reaction.

Following numerical problem will make the idea clear.

Sample Problem 17 (Limiting Reactant)
Calculate the mass of Nz produced from 18.1 g of NH, (molar mass = 17.0gmol™" ) and 90.4 g of CuO (molar
mass =79.5gmol™ ) according to following balanced equation:

2""-‘{!} +3C|..|0|[‘]I —)Nl('} +3Cuw + 3H'°ll)

Solution:
Moles of NH, =18.1 g of NH, /17.0gmol™ =1.06 mol
Moles of Cu0=90.4 g of Cu0/79.5gmol™* =1.14 mol @ Rack Your Mind!
inalanced equaion, CuC; : :‘: 10. For the reactlon: Ny + 3H; = 2NHy, Il 2
) 1 moles of Nj react with 4 moles of Hy, how
3 = many moles of NH, are produced?
114 : 3x1.14 0.38 mol A) 2 moles B) 4 moles
NH; : N;z C) 267 moles D) 1.33 moles
2:1
1
1: =
2
1.06 : -;-xl.06= 0.53 mol

Thus, CuO is the limiting reactant and the number of moles of N, produced will be 0.38 mol.

Hence, mass of Nz produced =nx M
=0.38 x 28
mass of N; produced =10.64¢g

Sample Problem 4.18 (Limiting Reactant)
When aqueous solutions of Na,SO, and Pb(NO,), are mixed, PbSO, precipitates down. Calculate the mass of

PbSO, formed when 1.25dm’ of 0:05mol dm™ Pb(NO, ), and 2,00 dm’ of 0.025moldm™ Na,50, are mixed.
N3,50,,) +Pb(NO,),(,y —>PbSO, ) +NaNO,,

Solution:
The net ionic equation is

Pbik + 03, —>PbSO,
Since 0.05 moldm™ Pb(NO,), contains 0.05 moldm™ Pb?* jons.
The formula: No. of moles = Concentration (moldm™)x(Volumedm®)
n=CVv
moles of Pb®* ions =0.05 moldm™x1.25dm’ =0.0625 mol
Thus, 0,025 moldm™ Na,50, solution contains 0.025 moldm™50;? ions.

moles of 50;? lons =0.025 moldm™ x2,00dm’ =0.05 mol
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As Pb™* and SO’ reactin a 11 ratio, here, SO} (005 mol) will be consumed earlier than Pb* 10 0625 Moy

The amount of SO;* will be limiting. The reason is that 0 0§mole of $0," is less than 0.0625 mole of Py

Since the Pb** ions are present in excess, only 0.05 mole of solid PbSO, will be formed. The mass gf prO

formed can be calculated using the molar mass of PbSO, (3033 mol ™) 5
Mass of PbSO, =0.05 molx303.3 gmol ™' =15.2¢

2 Maximum Amount of Product and Amount of Any Unreacted Excess Reagent
5

-

~  Excess Reactant:

“The reactants which are in larger amounts (according to stolchiometry of reaction) and remaj,

unrcacted at the end of the reaction are called "excess reagents” (or excess reoctants)”,

OR

“The reactant that is left unreacted ofter the completion of reaction Is called non-limiting or exces,

reactant”, y

Consider the reaction between hydrogen and oxygen to form water,

Myy) + 0y — 20y

* When we take 2 moles of hydrogen (4 g) and allow it to react with 2 moles of oxygen (64 g), then we
will get only 2 moles (36 g) of water.

* Reason: It is because 2 moles (4 g) of hydrogen react with 1 mole (32 g) of oxygen according to th,
balanced equation. Since less hydrogen is present as compared to oxygen, so hydrogen Is a limitin,
reactant.

* When 1 mole of 0; and 1 mole of H, are mixed, all the H, will react completely and O, will be [ef;

unreacted because for 1 mole of H,, % mole of 0, is required. The remaining % mole of O, will be
excess and H, is a limiting reactant.

Sample Problem 4.19 (Excess Reactant)
Natural gas consists primarily of methane (CH,). The complete combustion of methane (CH,) glves carbop
dioxide (CO,) and water.

CH () +20,, e, €0, +2H,0(,

a) . How many grams of CO, can be produced when 30 g of CH, and 50 g of O, are allowed to combine?
b) How many grams of excess reagent are left unreacted after the completion of reaction?

Solution (a):

Step 1: Write balanced chemical equation.

Step 2: Convert the given mass of both the reactants Into their moles.
given mass of CH, 0g
molarmass of CH, 16gmol™
given mass of 0, - S0g ~1.563 mol
molarmassof 0, 32gmol™

Moles of CH, = =1,875 mol

Moles ofb, =

Step 3: Calculate the number of moles of product from each reactant.
Compare the ber of moles of CH, with those of CO,. From the balanced chemical equation.

1 mole of methane produces CO, =1 mol

1.875 mole of methane produces CO, =1x1.875 mol=1.875 mol of €O,
Compare the number of moles of O, with those of CO, . From the balanced chemical equation, we know:

2 moles of oxygen produces CO, =1 mol

1.563 moles of oxygen produce CO, =0.5x1.563 mol=0.7815 moles of co,
From the above calculation, it is clear that the limiting reactant Is 0, because it produces lesser amount (moles)
of product CO, than CH,.
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step 4: Convert the moles of the product into mass
Mass of CO, Ingrams = Moles of CO, « Molar mass of CO,
= 0.7815moles 44 gmol ' - 3439g
step 5: The quantity of limiting reactant can also be used to calculate the quantity of excess reactant used
2 moles of O; reacts with moles of CH, = 1 mol

1.563 moles of O; reacts with moles of CH, - ;x 1563 mol =0.7815 mol

step 6: The mass of methane (excess reagent) is equal to the starting quantity minus the amount used during
the reaction. :
Number of moles of CHs = Quantity taken - Quantity used
= 1.875 mol-0.7815 mol = 1.0935 mol
Mass of CH, (excess reagent) = 1.0935x16.0=17.5¢

= - —— - — - ——— — T e e — e — — — — - — —— - —

i [F] Quick cHECK 4.9

1 which of the following reaction mixtures could produce the greatest amount of product when they
| comblne according to the reactlon given below?

)

[ Nie) +3Hy) — 20Ky,

i a) 1moleof N, and 3 moles of H,

; Ans. 2 moles of NHy

|b) 2molesof N, and 3 moles of H,

! Ans. 2 moles of NH;

! ¢) 1moleof N, and 5 moles of H,

| Ans. 2 moles of NH;

1d) 3molesof N, and 3 moles of H,

I Ans. 2 moles of NH,

' e) Each produces the same amount of product.
1 Ans. Yes,’ Thisis the correct answer.

- — . — e — - — - — - — — i — - — i — — R — S R — i —

THEORETICAL YIELD AND ACTUAL YIELD

Q. Differentiate actual and theoretical ylelds. Why the theoretical yleld Is always greater than actual yield?

Actual Yield:
“The omount of the products obtalned In a chemical reaction Is called the actuol yield of that reaction”.

Theoretlcal Yield: _
“The amount of the products calculated from the balanced chemical equation represents the theoreticol
yleld”. The theoretical yleld Is the maximum amount of the product that can be produced by a given amount of
a reactant, according to balanced chemical equation.

NOTE: In most chemical reactions the amount of the product obtalned Is less than the theoretical yield.

2 Theoretical Yield is always Grealerﬁan Actual Yield
Reasons:

There are following reasons for that:

e The processes like filtratlon, separation by distillation, separation by a separating funnel, washing,
drylng and crystallization, If not properly carrled out, decrease the actual yield.

¢ Some of the reactants might take part In a competing side reaction and reduce the amount of the
desired product. So, in most of the reactions the actual yleld Is less than the theoretical yield.

e A reaction may be reversible. Therefore, the amount of the product will be reduced by tr&- }:uckward
reactlon, ’
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A chemist is usually interested in the efficiency of a reaction. Th
comparing the actual and theoretical yields in the form of percentage (%) yield.
Actual yield
Theoretical yleld
Percentage Yleld & Efficlency of the Reactlon:
Greater the % age yield, higher will be the efficiency of reaction and vice versa.
Differentiate Between Theoretical and Actual Yield

Theoretical Yield Actual Yield

1. The amount of product calculated from a balanced | 1.
chemical equation is called theoretical yleld.

e efficiency of a reaction Is CXPressey
b
(

% Yield=

a chemical reaction is called actual yield,
tis also called experimental yield.
Actual yield Is always lesser than theore_ti:;f;i:g\'

2. Itis also called expected yield or calculated yield. | 2.

3. Theoretical yield is always greater than actual | 3.

yield.
4. There i d i i is easi tual yield experi o
- There is no need to perform experiment. It is easily | 4. In order to gel actual yield experiment has tot,
calculated from balanced chemical equation. performed.
Sample Problem 4.20 (% aqge Yield)
Aspirin (C,H,0,) Is prepared by heating salicylic acid, C,H,0, (molar mass 138.12 gmol™) and acetic a“h?ﬂrlﬁ'

C,H;0, (molar mass 102.09 gmol™),
C,H,0, +C,H,0, —>C,H,0, + CH,COOH \
Calculate the theoretical yield of aspirin, (molar mass = 180.16 gmol™ ) when 3.00 g of salicylic acld Is heatyg
with 6.00 g of (CH,C0),0. What is % yield when actual yield Is 3.15 g7

Solution:
CHO, + CH0, —> CH,0,+CHCOOH
Saoyle s Aretc phydride Magrn
1mol 1mol 1mol
138.12g 102.09g 180.16g
1 mole of Salicylic acid produces aspirin = 1 mol
Mass of Salicylic acid =3.00g
pum. 3.00g
Number of moles of Salicylic acid = ——————=0.022 mol
138.12 g mol’
Mass of Salicylic acid = 6.00 g
Number of moles of Salicylic acid = £L1= 0.058 mol
102.09g mol™

Here, salicylic acid is limiting reactant while acetic anhydride is an excess reactant. The amount of salicylic
controls the yield of product i.e., aspirin.
0.022 mol Salicylic acid produces Aspirin =0.022 mol
Mass of Aspirin = 0.022 molx180.16 gmol™ =3.96 g
Theoretical yield =3.96 g
Actualyield =3.15¢
3.15

% age yield = 3—:9-§x100

- o5

The amount of product obtained whm
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) [F4| Quick cHECK 41
i
| when limestone (Caco,) Is roasted, quickiime (Ca0) Is produced according to the following equation.
i CaCO, —_—) CaO(I) + CO,(')
I The actual yleld of Ca0 Is 2.5 kg, when 4.5 kg of limestone Is roasted. What Is the percentage yield of this reaction?
| Given Data:

Mass of limestone roasted =
Mass of quick lime (actual yield) =
Molar Mass of CaCO; =

4.5kg=4.5x1000=4500¢
2.5kg=2.5%x1000=2500¢
40+12+16x3

= 40+12 +48=100g mol™!
Molar mass of Ca0 = 40+ 16 =56 g mol™?

Percentage yield = 100 = 2520 % 100

Theoreticalyield "
%yield of CaD =

]

I

1

|

1

|

i Required: Percentage yieldofCa0 = ?

1 solution:

| gquation: ~ €aCOsy——> Calyy + COxy

: According to balanced chemical equation
! 100g of CaCO; give CaD = 56g

! 56

! 1g of CaCO; gives CaD = 1008

| : 56

[ 4500¢ of CaCO; give CaD = 100 X 4500
! Theoretical yield of CaO = 2520g
| Actual yield of Ca0 = 2500g
i Actualyield 2500
)
|
L

IMPORTANCE OF STOICHIOMETRY IN PRODUCTION
AND DOSAGE OF MEDICINE

——— i — - — S — - — e e M S e  —  — — i — - — — — i — - —

o — i ———— — — — — S— e — S — e — i —

While preparing required dose of a medicine, the optimum amount of the active ingredient in a medicine is
essential to produce desired effects in the patient. Stoichiometry ensures the accuracy of drug synthesis. Any
deviation can result in incomplete reaction or contamination with un-reacted reactants or by-products.
Stoichlometry allows chemists to precisely control chemical reactions to produce drugs, to ensure its efficiency,

effectiveness and safe use.
2 Significance of Stoichiometry in Medicine
Stoichiometry is very important in the field of medicine and is used to:

1. In the preparation of antibiotics, the stoichiometry ensures that each dose matches the active

ingredient and target bacteria,
2. To determine the cholesterol level in the bload of patients. Cholesterol is a form of fat that is not
bad. However, cholesterol can have harmful effects.

all

3. To determine the glucose level in the blood of diabetic patient. Use of insulin relies on the

stoichlometry to precise control of blood sugar levels.

4, To determine the steroid and other stimulants in the urine of athletes. Athletes use steroids and other

stimulants to enhance performance and increase strength.
5. Todetermine the concentration of viral antigens in the preparation of vaccine for effective results.
6. To determine the amount and number of drugs to give a dosage to a patient. The medicine has
effect when given in small amounts and can cause toxic state or death when given in large amounts.

no

Example: Paracetamol is used as a pain killer and to decrease fever. An overdose may result a blood

thinning, organ damage and severe liver damage. En
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Solution File @ Rack Your Brain! N .>>m<<.
: - MULTIPLE CHOICE QUESTIONS (MCQs) -

Explanation
0: gas = 32 grams = 1 mole of O: gas = 602 x 10+ molecule of O Q.1 Four cholces are glven for each question. Select the correct cholce.
Water (H=0-H) molecule has two bonds. So two moles of bonds are presem . Whichone of the following statements Is Incorrect?
H; O contains two moles of H-atoms and one mole of O-atoms so total 3 moles of atomg a) One mole of nitrogen gas contains Avogadro's number of molecules
= 2¢, 0 = 8¢ S0 H.0 contains 10 moles of electrons b) One mole of ozone gas contains Avogadro's number of molecules
2. s.Q Hy=2p 2e =4 ¢) One mole of ozone contains Avogadro's number of O atoms
O =8p 8e.8n =24 d) One mole of hydrogen gas contains Avogadro's number of molecules
Total = 28 iI.  Which one of the following has greatest mass?

50, 1 mole of H:0 has 28 moles of fundamental particles. a) 0.5 mol of N, b) 0.5 mol of NH, ¢) 0.5 mole of He d) 0.5 mol of CO;

3 8 Equal volumes of gases at the same temperature and pressure contain equal numbers of 1. Which one of the following gases will have greatest volume at STP?

i molecules ’ a)22gof CO, b) 88 g of N,0 c)28gofCO d) 28gof N,

2g of H; = 1 mol H; = 6.02 x 10" molecule = 22.414 dm’ " |v. Which of the following contalns same number of particles as present In 12 g of carbon?
16 g of CHa = 1 mol CHy = 6.02 x 10°* molecules = 22 414 dm? a) 28 g of iron (Atomic mass of Fe=56) b) 48 g of magnesium (Atomic mass of Mg=24)
448 0f CO; = 1 mol €O, = 6.02 x 10” molecules = 22.414 dm’ ¢) 32 g of 5, molecules (Atomic mass S=32) d) 40 g of carbon monoxide (molar mass of CO=28)
According to Avogadro’s law, equal moles of gases at same temperature and pressyrg V. . Volume at S.T.P. of 22 g of CO, Is same as that of:

4. s.Q lSTP) occupy same volume. One mole of any gas can occupy 22.414 dm? at STP. So 2g of a) 2 g of hydrogen b) 8.5g of NH, ¢) 64 g of gaseous SO; d) 7gof CO

1, 16g of CH. and 44g of CO; occupy 22.414 dm’ )
. g § o0, occpy m Vi, 4.0gof NaOH (molar mass 40 g mol™ ) contains same number of sodium ions as are present in:

Volume occupied by a gas does not depend on size and mass of gas molecule. It only
depends on number of molecules. Reason is that at STP, distance between gas molecules 3} 10.6 g of Na,CO0,, (molar mass 106) b} 5858 of NaClimclar mass:58.5)
is 300 times greater than their own diameters. <) 76 g Na,50, (formula mass 142) d) 85 g of NaNO, (molar mass 85)
At STP, gases with higher molar masses have higher densities because all gases occupy Vil. A container holds 0.5 moles of an Ideal gas at STP. What Is the volume of the gas In dm’?

g - the same volume per mole (22.4 dm?). a) 11.2dm’ b) 22.4 dm’ c) 44.8 dm’ d) 12.2dm’
NOTE: Formula to calculate moia: mass from density at STP: Vill. A solution contains 4.0 g of sodium hydroxl&e (NaOH, molar mass =40.0g mol™) In 250 cm’ of

Molar Mass = Density x 22.4 dm solution. What is the molar concentration of this solution?

6 c The qyantitative relationship between substances participating in a balanced chemical a) 0.10 mol dm™ b) 0.20 moldm™ ¢) 0.40 moldm™ d) 0.80 moldm™
Rqusron: . — IX. A solution contains 10.0 g of an unknown solute in 250 cm® of solution. If the molar concentration of

7. Cc Predicting the time required for a reaction to reach equilibrium. the solution is 0.20 mol dm™, what is the molar mass of the solute?

8 sa The purpose is to convert between mass and moles allows us to use the mole ratio from a) 50g mol™ b) 100 g mol™* c) 200 g mol™* d) 400 g mol™

) g the balanced equation to calculate quantities.
- - X. A sample of nitrogen gas (N,, molar mass = 28.0 g mol™) has a mass of 14.0 g. How many nitrogen

The reaction stops when the limiting reactant is completely used up. Even if another

9. s.Q " ronin atoms are present In this sample?
reactant remains, no more product can form without the limiting reactant. 1 5t i

e )| 3.01x10" atoms b) 6.02x10" atoms c) 1.20x10"" atoms d) 2.40x10* atoms

4 moles of H; will produce 8/3 (2.66) moles of NH, according to the stoichiometry of Ny + 2

10. C 3H; — 2NH,, where H; s the limiting reagent. Xl. A gas has a density of 1.43gdm™ at STP. What Is the molar mass of the gas? (Molar volume

atS§TP=22.4dm’ mol™)

a) 143 gmol™? (b) 22.4 g mol™ ¢) 32.0gmol™ (d) 64.0 g mol™?
XIl. A gas has a density of 1.96 gdm™ at STP (0°C and 1.00 atm). What Is its molecular mass? (Molar

volume at STP = 22.4 dm® mol™)
a) 11.2 g mol™? b) 22.4 g mol™ c) 44.0 g mol™® d) 88.0 g mol™*
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perivation of Molar Mass

« The atomic mass unit (u) is defined based on ''C (12 u = mass of one “C atom)

since Na atoms of C weigh 12 grams, the malar mass (mass per mole) is numencally equal to the
atomic/molecular mass inu

Molar mass of “C = 12 g/mol
we can calculate the number of moles by dividing the number of particles by Avogadro’s number

mne the following terms with one example in each case.

(a) Molar mass (b) Molar volume (¢) Molar concentration

—
Ans.

_ (a) Molar Mass

The mass of one mole of a substance expressed in grams is called molar mass
Molar mass of CC/, =Molar mass of one C+ Molar mass of C/ x4
Molar mass of CC{, =120x1+355x4
Molarmass of CC{, =120+1420-1540¢

(b) Molar VOLUME
The volume of one mole of an Ideal gas at STP (Standard temperature and pressure) is called molar

volume. Its value is equal to 22.414dm’. The value of molar volume is commonly rounded to
22.4dm’. Itis denoted by V-. By using molar volume relationship, mass or mole of a gas at STP can be
converted into volume, and vice versa

(c) Molar Concentration
Molar concentration of solutions is given as mol/dm’, which is the number of moles of a substance

(reactant or praduct) dissolved per volume of a solution in dm’ . The relationship between number of
moles and molar concentration is given by
n=CxV

n
C=v

where C is the molar concentration and V is the volume of the solution.
Number of moles (n)

Volume indm’ (V)

Molar Concentration (C) =

[

What do you mean by molar volume of a gas? How Avogadro's number is related with molar volume?

Sr.No. | Option Answer
One mole of ozone |« 1 mele of O contains Avogadro's number of Oy molecules, Mot g
) ‘ contains atems (which would be 3 x Avogadro’s number)
Avogadro's number
of O atoms
o Alass = moles x molar mass B!
o Ny 05x28=14
1. d 05 molof CO, \‘.‘N:'h 05"17’25&."!05x4=28'c°2-05x44=22
[Highest) ¢
» AUSTP, volume & moles: -
o 28 g Ny = 1mol (224 dm’)
. d 28gof Ny o 22gC0; =05mol (11.2dm’), 88g N,O = 2 mol (44.8 dm?), 2,
CO=1mol (224dm’).
» Correction: (b) 88 g of N;O has maximum volume (2 mol =44 8 dmy)
e 12gC=1molC=602x10* atoms S
. d 28 g of carbon « 28gCO=1mol CO=6.02x 10* molecules (each with 2 atomg =
monoxide 1.2 x 10** atoms)
s Correction: (b) 48 g Mg =2 mol Mg = 1.2 x 10* atoms (matches ¢},
V. b $.5 of NH, e 22pC0;=05mol = 11.2dm’ at STP. o
s B85gNH,=0.5mol = same volume.
» 4gNaOH=01mol= 0.1 mol Na* ions. T
« 106 g Na;CO, = 0.1 mol = 0.2 mol Na® ions.
VI a 106 gof Na,CO, |« Correction:(b)58.5g NaCl=1mol= 1mol Na* ions.
= Actual answer: (3) 10.6 g N3,CO; has 0.2 mol Na®, but none mateh,
exactly.
Vil. a 112 dm’ s AUSTP, 1mol=22.4dm’= 0.5mol=11.2 dm’. e
24 = Molarity = moles/volume = (4 g / 40 g/mol} / 0.25 dm? 3
vill- s AR e Molarity = 0.40 mol dm™?
i e Moles=MxV=02x0.25=0.05mol. S
- ¢ 2008 mol Molar mass = mass/moles = 10 g / 0.05 mol = 200 g mol™.
X b 602 x10” atoms | 14 g N; = 0.5 mol = 0.5 x 6.02 x 10* molecules = 6.02 x 102 i
atoms (each N; has 2 atoms).
; = Molar mass = density x molar volume
" Y il Molar mass = 1.43 g/dm’ x 22.4 dm*/mol = 32.0 g mol .
o e Molar mass = 1.96 g/dm’ x 22.4 dm*/mol
i e 4eDgmol Molar mass = 44.0 g mol”! (matches CO,)
- SHORT ANSWER QUESTIONS -

Q.2 Attempt the following short-answer questions:

Ans. Molar Volume of a Gas:

The (molar volume) of a gas is the volume occupied by one mole of any ideal gas at standard temperature

and pressure (STP).

e AtSTP(0°Cor273.15 K and 1 atm pressure),

» 1 mole of any ideal gas occupies 22.414 dm? (or liters).

Relation with Avogadro’s Number:

Avogadro’s number (6.022 x 10™ particles/mol) tells us that 1 mole of gas contains this many molecules

Therefore, 22.414 dm® of any ideal gas at STP contains exactly 6.022 x 10* molecules.

Conclusion:

e Molar volume links the physical volume of a gas to the number of particles (via Avogadro’s number)
under standard conditions.

39 g of potasslum and 56 g of Iron have equal number of atoms In them. Justify.

3. Howis the concept of mole derived from Avogadro's number?

Ans. Amedeo Avogadro proposed that:
"Equal volumes of gases, at the same temperature and pressure, contaln equal numbers of molecules.”
Na = 6.02214076 x 10* particles per mole
The mole (mol) was then defined as:
"The amount of substance containing exactly Na elementary entitles (atoms, molecules, lons, etc.).”
This means:
1 mol = Nx particles = 6.022 x 10” particles

Ans. Molar mass of K (potassium) = 39 g/mol

Molar mass of Fe (Iron) = 56 g/mol
It means Moles of K= 39 g/mol; 39 g = 1 mol
Moles of Fe = 56 g/mol 56; g = 1 mol
We know that 1 mole of any element contains Avogadro’s number of atoms = 6.022x10* atoms
Thus, 39 g of K = 1 mol = 6.022 x 10%
56 g of Fe = 1 mol = 6.022 x 10¥
In short, 39 g of potassium and 56 g of iron contain an equal number of atoms, because both represent 1
mole of their respective elements.
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3 of Mo, 17 g of NIty and 64 g of SO, occupy separately the volumes of 22.414 dm” althougy, u‘.
and masses of molecules of three gases are very different from each other. Explain,

Ans.,

Molar Masses: He (helium) 4 g/mol. NH, (ammaonia) 17 g/mol. $O; (sulfur dioxide) 64 Bfmol\

ALSTP (Standard Temperature and Pressure), 1 mole of any ideal gas occupies
22 414 dm’
Even though the masses and sizes of individual He, NM,. and SO; molecules differ:

The number of molecules in cach case is the same
1 mol= 6022 = 10" molecules

The volume a gas occupies depends mainly on

e Number of particles (males)

o  Temperalure

*  Pressure

it does not depend on mass or size of individual molecules (according 1o ideal gas behaviour),
Although He, NH,;, and SO; differ in molecular mass

If you take 1 mole of each, they will all occupy 22.414 dm” at STP

Because the volume of a gas is determined by number of moles, not the mass of molecules.

Do you think that 1 mole of H; and 1 mole qf NH, at 0 °C and 1 atm will have Avogadro's numbcr_.m
—

Ans.

According to Avogadro's Law:
Equal volumes of all gases at the same temperature and pressure contain an equal number of molecyleg
1 mole of H, (hydrogen gas) and 1 mole of NH, (ammonia gas) at 0°C and 1 atm will each €ONtya
Avogadro’s number of particles, | ¢ - 6 022 x 10*’ molecules
1 mole of H; gas = 6 022 x 10" H, molecules,
1 mole of NH, gas = 6.022 x 10"’ NH, molecules

What Is stoichlometry? Give the baslc assumptlons of stolchlometric calculations.

Ans.

Stoichlometry

Stoichiometry 1s a branch of chemistry which tells us the quantitative relationship between reactants ang
products in a balanced chemical equation

Assumptions of Stolchlometry:

The following assumptions must be made while performing stoichiometric calculations:

* Allthe reactants are completely converted Into the products.

= Law of conservation of mass and law of definite proportions are obeyed.

= No side reaction occurs

What Is a limiting reactant? How does It control the quantity of the product formed?

Ans.

The limiting reactant (or limiting reagent) Is the reactant that Is completely consumed first during 2
chemical reaction. Once it Is used up, the reaction stops, and no more product can form, even If other

reactants are still available.

Chemical reactions require specific mole ratios between reactants.

If one reactant runs out, the remaining reactants can’t react further — they become excess. '
The amount of product is directly determined by how much of the limiting reactant was present at the start.

Example:

lI

N; + 3H; —=» 2NH,

Suppose we have:
1 mole of N; and 2 moles of H,. According to the equation, we need 3 moles of H; for every 1 mole of N

But we only have 2 moles of H,. Thus H; Is the limiting reactant.
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I.  Differentlate theoretical and actual ylelds. How Is the percentage yleld of a reaction calculated?

Ans. Olfferentlate Between Theoretical and Actual Yield
Theoretlcal Yield

1. The amount of product cakulated from a balanced | 1.
chemical equation is called theoretical yield

2. Itis also called expected yield ¢ calculated yield | 2.

3. Theoretical yield is abways greater than actual yeld | 3.

4. There is no need 1o perform experiment. Itis easiy | 4. In order to get actual yield experiment has to
calculated from balanced chemcal equation. be performed

\We can calculate the percentage yield of a chemical reaction with the help of actual yield and theoretical

yield of the reaction. The efficiency of a reaction Is also expressed in the form of percentage yield

Actual yleld
Percentage yield = Theoretical yleld = 100

Greater the percentage yield, more amount of reactants will convert into product and high will be the

efficiency of the reaction Le. % age yield « Efficiency of the reaction
T__ What are the factors which are mostly responsible for the low yield of the products in chemical reactions?
Ans. Actual yield of a chemical reaction Is usually lesser than theoretical yield due to many reasons

They are:

I. Practically inexperienced worker has many shortcomings and cannot get expected yield

Il. Mechanical loss during experimentation e g, filtration, separation by distillation or by a separating

funnel, washing, drying and crystallization if not properly carried out, decrease the yield
lil. Some of the reactants might take part in a competing side reaction.
Iv. The reaction might be reversible.

v. The reactants might be impure.
vl. Sometimes the reaction conditions are not suitably maintained.

- DESCRIPTIVE QUESTIONS -

Q.3 Differentlate limiting and non-limiting reactants. How a limiting reactant is determined from a balanced
chemlcal equation and given data?

Ans. See Page No. (118)
Q.4 Differentlate actual and theoretical yields. Why the theoretical yleld Is always greater than actual yield?

Ans. See Page No. (121)

Q.5 A solution of sodlum hydroxide (NaOH) Is prepared by disselving 2.00 g of solld sodium hydroxide in
water to make a final volume of 250 cm®,

a) Calculate the number of moles of sodium hydroxide used.

b) Determine the molar mass of sodlum hydroxide.

¢) Calculate the concentration of the sodium hydroxide solution In mol dm™.

d) Il more water Is added to the above solution to ralse the volume of solution to cm®, what would be the

concentration now?

Actual Yield
The amount of product obtained while performing
a chemical reaction is called actual yield
Itis also called experimental yield
Actual yield is always lesser than theoretical yield

NUMERICAL PROBLEMS

(a) Number of moles of sodium hydroxide used

Formula:
M fsolut
Number of moles (n) = ass of solute (g)
Molar mass (g /mol)
2g

= W =0.05mol
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(b) Molar mass of sodium hydroxide (NaOH)
* Atomic mass of Na (Sodium) = 23 g/mol
» Atomic mass of O (Oxygen) = 16 g/mol
* Atomic mass of H (Hydrogen) = 1 g/mol
Molar mass of NaOH =23 + 16 + 1 =40 g/mol
{c) Concentration of NaOH solution In mol dm™
Formula:

Number of moles(n)
Volume of solution indm’

Concentration (C)
Convert cm? to dm?

1dm® = 1000 cm® = 250 cm’= 1'%’0150 dm’

Concentration = 2050 - 020 mol/dm’

"~ 0.250
(d) New concentration if volume Is increased to 500 cm®
No. of moles of NaOH = n = 0.05 mol
Volume of solution = v = 500 ¢cm® = 0.50 dm®

500 3
Vol f soluti =y= Yo = .. dm
ume of solution =v= 500 cm 1 0.500

. n
Molar concentration =¢c= —
v

0.050
0.500 dm®

Q.6 Ammonla gas (NH;) reacts with oxygen gas (0;) according to the following balanced equation:
GNH-‘LI'I + SO;m - 4N°m + EH;O;'J
In an experiment, 34.0 g of ammonla Is reacted with 96 g of oxygen.
a) Determine the limiting reactant.
b)  Calculate the maximum mass of nitrogen monoxide (NO) that can be formed.
c)  Calculate the mass of the excess reactant remaining after the reaction Is complete. (Relative atomic
masses: H=1.0, N = 14.0, 0 = 16.0)

New Concentration =¢= = 0.10 mol/dm’

—
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e

4
L .
5
c %xs =2.4mol

As NH; gives least amount of NO (i.c 2 moles) so it is the Limiting reactant.
(b) No. of moles of NO produced = 2 mol
Molar massof NO = 14+ 16=30gmol™
Mass of NO produced=m = nxM
= 2molx30g mol™*

= 60g
(c) Mass of excess reactant:
NH; is the Limiting reactant, so
NHy : O;
4 : 5
" iz
4
2 E:-cZ-—-z..‘Si'nnl
4
No. of moles of O; left (unreacted) = No. of moles of O; initlally taken — No. of moles of O; consumed
= 3-2.5=0.5mol
Mass of O; left (unreacted) = nxM
= 0.5 mol x 32 gmol™!
= 16g

Q.7 When Iron (lll) oxide (Fe;0;) reacts with carbon monoxide (CO) In a blast furnace, Iron metal (Fe) Is
produced according to the following equation:
Fe 0y) + 3COy) —> 2Fey;) + 3C02y)
1f 1000 kg of iron (Ill) oxide is reacted with excess carbon monoxide, and 650 g of Iron Is obtalned, what
Is the percentage yleld of iron? (A, of O = 16.0, Fe = 55.8)

Ans. (a) Reaction Given: 4NH,,, +50,,, —>4NO,, +6H,0,,
Glven Data:
Givenmassof NHy = 34.0g
Givenmassof0; = 968
Molar massof NHy = 14+ (3 x 1) =17 g/mol
Molarmassof O; = 2x16=32g/mol
No.of molesof NH; = n= ... A ﬂ.= 2.00 mol
molarmass 17
No.of molesof0; = n= %: 3mol
Comparing the mole ratio, from the balanced chemical equation
NH; : NO
4 : 4
I

Now 0; : NO

Ans. Chemical Equation:
Fe,0,,, +3C0, —>2Fe,) +3C0,,
Glven Data:
Mass of Fe,0, used=1.00kg = 1000g '
Mass of Fe actually obtained = 650g

Atomlc Masses: Fe =55.8 0 = 16.0
Molar mass of Fe;03 = (2x55.8)+(3x16.0)=111.6+48.0=159.6 g /mol
No. of moles of Fe103 = n= . S io?»s 6.265 mol
molarmass 159.6

To Find Theoretical Mass of Fe
From the equation:
1mol Fe,0, —>2 mol Fe

So,
6.265 mol Fe,0, —>6.265x2=12.53 mol Fe
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Mass of 12.53 mol Fe:
Mass =nxM=12.53x558=699.2 gfe (theoretical)
Step 4: Use Percentage Yield Formula
Actual Yield
P ntage Yield = ———————x100
ek Theoreltical Yield -
650 .
“ 5992 100 =92 .96%
Final Answer:
Percentage Yield of Fe = 92 96%
Qs

1.5g of CiH; Is burnt In excess of O; to produce CO; and H,0, What volume of CO, Is prodm

2C;H¢ + 70; —» 4C0; + 6H,0 i
Also calculate:
a) No.of molecules of solld CO; produced.
b) No.of O; molecules reacted.
¢) No.of CH bond of C;H; are broken In this reaction,

Glven Data: T~
Mas of C;H¢ burnt = 1.5g
Molar Mass of C;H; = 30g mol™?
2C;H¢ + 703 — 4CO; + 6H,0
No. of moles of C;Hg = 138 __o0smol
30 g/mol
CHs : COy ‘]
204
0.05 : x
Moles of CO; = 0.1 moles
Volume of CO; = 0.1x22.4=2.24 dm’
(3a) No.of ma!z.uies of Solld CO; produced

=nxNa
= 0.1 x 6.02 x 10" = 6.02 x 10 molecules

(b) No. of molecules reacted
CiHe : O
2:7
0.05 : x

Moles of O; reacted = —:-x 0.05 =0.175 mole

Molecules of Oxygen = 0,175 x 6.02 x 10” = 1,0535 x 10" or 1.05 x 10
No. of C—H bonds broken
1 mole of C;H¢ has C — H bonds = 6 moles
0.05 moles of C;Hg has C — H bonds = 6 x 0.05 = 0.3 moles
No. of bonds = nx Ny
=0.3x6.02x10”=1.8x 10® C- H bonds

(c)

ADDITIONAL SLOs BASED MCQs

D. None of these

1. How many molecules are there In one mole of H;0?
6.023 x 10" B. 6.023 x 10" C.1.084 x 10"
2.  Aflask contalns 500 cm’ of SO; at STP. The flask contalns

A 40g B.100g C.50g D.1.427g
3.  Anecklace has 6 g of dlamond In it. What are the numbers of atoms In it?

A.6.02 x 107 B.12.04 x 10" C.1.003 x 10" D.3.01 x 10"
4.  What s the mass of aluminlum In 204 g of the aluminlum oxlde, Al;0;?

A.26g B.27¢g C.54g D.108g

5. The reactant which is consumed earlier and gives least quantity of product Is called.
A. Reactant in excess B. Stoichiometry C. Limiting reactant D. Stoichiometric amount
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6. Whichone of the followlng compounds contalns the highest percentage by mass of nitrogen?
A. NH) B. N; Hy C.NO D. NHOH
7. Vitamin-Ahasa molecular formula CxHye0. The number of vitamin-A molecules In 500 mg of its capsule
will be:
A. 6.02 x 10 B. 1.05 x 10" C.3.01x 10" D.3.01x 10"
g. When one mole of each of the following Is completely burnt In oxygen, which will give the largest mass
of CO?
A. Carbon Monoxide B. Diamond C. Ethane D. Methane
9. One mole of ethanol and one mole of ethane have an equal:
A. Mass B. Number of Atoms C. Number of electrons  D. Number of molecules
10. Methane reacts with steam to form H; and CO as shown below.
CHyy + HiOyy——— C0m+ 3|‘|am
What volume of H; can be obtalned from 100 cm® of methane at the standard temperature and
pressure?
A. 300 cm? B. 200 cm’ C. 150 cm’ D. 100 cm’
11. The Avogadro’s constant Is the number of:
A. Atoms in 1g of Helium B. Molecules in 35.5g of Chlorine
C. Electrons needed to deposit 24g of Mg D. Atoms in 24g of Mg
12. How many moles of oxygen are needed for the complete combustion of two moles of butane?
A2 B.8 C.10 D.13
13, If four moles of SO; are oxidized to SOy, how many moles of oxygen molecules are required?
A.0.5 B.1.0 C.15 D.20
14. Which of the following statements Is Incorrect?
A.12 g of Carbon gas contains one mole of atoms
B. 28 g of Nitrogen gas contains one mole of molecules of N;
C.1dm? of 1.0 mole dm™ solution of NaCl contains one mole of Chloride ions
D. None of above
15. What volume of SO; at room temperature and pressure Is produced on heating 9.7g of Zinc Sulphide

(ZnS) If reaction takes place as follows;
2ZnS(;) 4+ 303 ——> 2Zn0yy) + 2503y

A.12dm? B.2.4dm’ C.3.6dm’ D. 4.8dm’
Answer Key with Explanations
Sr.No. | Option | Explanations
Water Is a molecular substance. One mole of a molecular substance contains Avogadro’s
ll B L
number (6.023 x 10®) molecules.
1 mol of a gas at STP = 22.414 dm”* = 22414 cm?
1 mol of SO; = 64g ¢ "
2, D 22414 cm’ of SO; at STP has mass = 64g
64
500 cm?® of SO; at STP has mass = 22414 X 500=1.427¢g
Diamond Is an allotrope of carbon.
3. D 12g carbon (Dlamond) = 1 mol = 6.023 x 10 atoms

6g carbon (Diamond) = 0.5 mol = 3,011 x 10* atoms
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Molar mass of AL:O) = 27(2) + 16(3) = 102g mol™ \
4 102g AL:O; contains AL = 54g
54
204g ALO; contains AL =70z % 204=108¢
5 A reactant which Is used or consumed earlier due to its lesser amount am
: amount of product formed In a chemical reaction is called limiting reactant. Ve
NH; NiHs \
14 28
%ofN:FxlOO-'-aZj% iiofN:'éTniDO:B?.S%
6.
NO NH.OH
14 14 "
%OfN=EXIDO=46.5% %ofN= 35 x 100 = 40%
Mass of compound it i
Number of molecules of a compound = Molecular mass .
7 Molecular mass of vitamin-A (CxzHx0) = 2768
0.5
Number of molecules of vitamin-A = 57z x 6.023 x 10" = 1.05 x 0%
CO+%0;,—— CO,
8. C+0,—CO; (
CiHs + 3%:0; — 2C0; + 3H,0
CHy+ 20— CO; + 2H;0
9 Both ethanol and ethane are molecular substances. So 1 mole of each ethanol and ethane
contains Avogadro’s number (6.023 x 10°) molecules.
CHag + H10yy —> COg + 3Hzg
10. The above equation shows that 1 mole of methane (CH.) produces 3 moles of hydrogen (#;)
So 100 cm?® of CH. will produce 300 cm? of Hy.
1L 24g of Mg = 1 mol of Mg = 6.023 x 10® atoms (Avogadro’s constant)
12. According to balance chemical equation;
2CH o + 130, — 8CO; + 10H,0
13 250; + O —> 250,
450; + 20; — 450,
14, (3), (b) 2nd (c) are correct statements because in each statement the number of stated
particles are Avogadro’s number.
2ZnSy) + 302y — 2200y + 250,
9.7
Nzes = "9“7—‘ = 0.1 mol
45, nsS i SO,
2mol  : 2mol
0.1mol : 0.1 mol
1moleofSO; = 22.414dm’atSTP
0.1moleofSO; = 2.4dm’atSTP
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ADDITIONAL SHORT ANSWER QUESTIONS

1

%)

pefine Avogadro's number and molar volume.

H

Avogadro’s Number:

“The number of particles (atoms, molecules, formula units or ions) which are present in one mole of 2
chemical substance is called Avogadro’s number.”

Equal volumes of all the ideal gases at same temperature and pressure contain equal number of molecules.

« ItisrepresentedbyNa = Itsunitismol® = Itsvalueis6.022 » 10”

Example:

16g CH« = 1 mole of CHs = 22.414 dm” of CH, = 6.02 « 10™ molecules of CHs.

Molar Volume:

“The volume occupied by one mole of an ideal gas at standard temperature and pressure (STP) i.e. 0°C and
1 atm is called molar volume.”

Value:  Itsvalue Is 22.414 dm? (0.022414 m’ or 22414 cm?)

Examples:

() 2gofH;=1moleof H;=22.414 dm’

(i) 168 of CHs =1 mole of CHs =22.414 dm?

(1) 44g CO; = 1 mole of CO; =22.414 dm’

From above examples it is clear that 1 mole of different gases e.g., 2g Hy, 16g CHa, 44g CO; have same
number of molecules and same volume (22.414 dm’) at STP but different masses.

Define mole with two examples.

Mole: “The amount of a substance which contains Avogadro’s number of particles (atoms, molecules,
formula units, or ions) is called mole.”
Examples:
1 mole of Na
1 mole of H;0
1 mole of NaCL

1 mole of HCO?

23g

18g

58.5g

6lg

Given mass of the substance
Molar mass

o on

n

Formula: 1 Mole =

Why 180 g of glucose and 342 g of sucrose have same number of molecules but different number of atoms?

I

Molar mass of glucose (CsH1,05) = 180 g mol™?
Molar mass of sucrose (CuHnO1) = 342 g mol™
Both glucose and sucrose are molecular species. Therefore one mole contains same number of molecules
i.e., Avogadro’s number (6.02 x 10%).
180 g of glucose = 1 mol = 6.02 x 1027 Molecules of glucose
342 g of sucrose = 1 mol = 6.02 x 102 Molecules of sucrose
One molecule of glucose has different number of atoms than one molecule of sucrose so one mole of each
molecule contains different number of atoms in them.
As 1 molecule of glucose (contains) =24 atoms
So, 1 mole glucose molecules (contains) =24 x 6.02 x 10° atoms
Similarly,
As 1 molecule of sucrose (contains) =45 atoms
So, 1 mole of sucrose molecules (contains) = 45 x 6.02 x 10° atoms

QA4

Calculate the number of oxygen atoms in 10.037g of CuSO+5H;0 (Atomic mass of Cu=63,H=1, 0= 16).

Given Data:
Required:

Mass of CuS0.5H;0 = 10.037 g
Number of O atoms = ?



136 Chapter 4 ) S“’lthlom

Solution:
Number of moles of CuS04.5H;0 =

Mass of CuS0,.5H,0

Molar mass of CuS0,.5H,0
63.5+32 +(4x 16)+ (5 x 18) = 249.5 g mol™*
10.037
———24 m =0.04 moles
1 mole of CuS0+.5H;0 have moles of O = 9 moles
0.04 moles of CuS04.5H:0 have moles of O = 9 x 0,04 = 0.36 moles

Number of Oxygen atoms = Number of moles of oxygen atoms x Na

= 0.36x6.02 x 10¥
Number of Oxygen atoms = 2,167 x 102 atoms

Molar Mass of CuS04.5H;0 =

Number of moles of CuS0.+.5H,0

Q.5 Calculate mass In Kg of 2.6 x 10% molecules of SO, e
Gliven Data: Number of SO; molecules = 2.6 x 10*° molecules o~
Required: Mass in kg of SO; molecules = ? :
Mass of SO; molecules
I H N f =
Solution umber of SO; molecules Molar mass of SO, A
Molar Mass of SO; = 32+ (16 x 2) = 64 g mol
M
2.6x10° = ass nfSC;Lmale:ules % 6.02 % 10°
2.6 x 10 x 64
W = Mass of SO; molecules
27.641 x 107
=3 = N e
27.641x107% = 1000
= 2.764 x 107 kg = Mass of SO, molecules
Q.6 Calculate the number of water molecules In 10 g of Ice.
Given Data: Mass of ice (water) = 10.0gm
Molar mass of water = 18 gmol™
To Find:Number of molecules of water = ?

Solution:
Mass of water ingm p
= 'Molar mass of water in gmol™ * Avogadro’s number

Number of molecules of water

10 .
= Tagmori * 6.02x 100
0.55 x 6,02 x 108 =331 x 10

Q.7 Write down only steps to determine Umiting Reactant.
Ans. Limiting Reactant:
“A reactant which is used or consumed earlier due to its lesser amount and controls the amount of
product formed in a chemical reaction is called limiting reactant.”
A limiting reactant is that which
(i) controls the amount of product formed (i) Is taken in lesser amount
(i) is consumed earlier (iv) produces least amount of product.
Identification of Umiting Reactant:
The following three steps should be followed to find out the limiting reactant:
(i) Calculate the number of moles from the given amount of reactant.
(ii) Find out the number of moles of product with the help of a balanced chemical equation.
(iii) Identify the reactant which produces the least amount of product as limiting reactant.
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Q.8 Many reactions taking place In our surrounding Involve limiting reactant. Justify with examples.

Ans. “The reactant which Is consumed earlier and controls the amount of product in a chemical reaction is
called a limiting reactant.”
Mostly combustion reactions taking place in our surroundings involve the limiting reactant.
For example:
e CHyp+ 20:9——> COyg + 2Hi0yp * G+ Ozy9—> COyy
In above examples, O; gas Is present in excess while CHy and C are the reactants which are consumed
earlier so they are limiting reactants,

-a-,;_law of conservation of mass has to be obeyed during stoichiometric calculations. Justify it.
Ans. According to law of conservation of mass.
“Mass can neither be created nor destroyed during a chemical reaction but it changes its form from one
form to another.”
In stoichiometric calculations, we use balanced chemical equation where total mass of reactants is equal
to the total mass of products.
For Example: * 2H;+0;— 2H;0
* 4g+32g—> 36g
So while doing stoichiometric calculations law of conservation of mass has to be obeyed.

-q_,ﬁ What Is stolchlometry? Which laws are obeyed during stolchlometric calculation?
Ans. Stolchlometry:
“The branch of chemistry which deals with the study of quantitative relationship between reactants and
products In a balanced chemical equation is called stoichiometry.”
Assumptions:
When stoichiometric calculations are performed, we have to assume the following Conditions:
(1) Allthe reactants are completely converted into products.
(i) No side reaction occurs.
During stoichiometric calculations, law of conservation of mass and law of definite proportions are
obeyed.

Q.11 Why theoretical yield of a chemical reaction Is greater than the actual yleld?

Ans. Actual yield of a chemical reaction is usually lesser than theoretical yield due to many reasons. They are:
() Practically inexperienced worker has many shortcomings and cannot get expected yield.
(1) Mechanlcal loss during experimentation e.g., filtration, separation by distillation or by a separating
funnel, washing, drying and crystallization If not properly carried out, decrease the yield.
(ili) Some of the reactants might take part in a competing side reaction.
(iv) The reaction might be reversible.
(v) The reactants might be Impure.
(vi) Sometimes the reaction conditions are not suitably maintained.

Q.12 Differentlate between Theoretical and E_nperlmental yleld.

Theoretical Yield

1) The amount of product calculated from a | 1)

balanced chemical equation Is called
theoretical yleld.

2) It Is also called expected yield or calculated | 2)

Actual Yield
The amount of product obtained while
performing a chemical reaction is called
actual yield.
It is also called experimental yield.

Ans.

yield.

3) Theoretical yield Is always greater than actual | 3) Actual yield is always lesser than theoretical
yield. yield.

4) No need to perform experiment. Just to | 4) In order to get actual yield experiment has to
calculate from balanced chemical equation. be performed.




