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Q.1 Encircle the correct option. = {_1;?:?]‘
(1) Theshape of ammanla (NH,) malecule according to VSEPR theary Is: e

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

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

C. three o bonds only D. two o and one Tt
(I} Which of the followlng molecules has zere dipole moment?

A. NH; B. CHCL, C.Ho D. BFy
(iv) Which of the followlng specles contalns a dative bond?

A CH, B. NaCt C. NH, D.0,
(v) Which of the followlng malecules shows hydrogen banding?

A, CHy B, NH, C.co, D.CF
(vl] Which type of hybridization of C occurs In COs7

A, sp? B. sp? C.sp b, dsp?
Q.2 Write short answers of the following questions. (2 % 8=15)
(I} Explain the difference between the formation of o and nt bonds.
() What are necessary conditions for the hydrogen bond to form?
(M) Why does bond polarity lead to the development of dipole moments?
{lv) State the shape and bond angle of DF; using VSEPR theory.
(v) Draw the orbital structures of the CO; molecule in terms of VAT,
(vi} Write the hybridization of carbon In ethyne [CH,).
{vil} Calculate the band arder of O, using molecular orbital theary.
(viil) 50y is a polar molecule but SOy not. Justify,
0.3 Extensive Questions. [2x4 m

{2} Draw the malecular orbital diagrams of the following molecules. Calculate thelr bond arders? (i) Na (i) 0,
[b) What are the postulates of VSEPR medel? Discuss the struclures of the following specles with
reference Lo this theory.
(i} HyO" (i) PCLs

(i) 50y (v} 5Fs

—eofo—
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Student Learning Outcomes )

After studying this chapter, students will be able to: .
# Derive measurements of mass, volume, and number of particles using moles. (Applicatlon)

STOICHIOMETRY

Stale the volume of one mole of a gas at STP. [Knowledge)

Use the volume of one mole of gas at STP Lo solve mole-volume problems. [Knowledge)

Caleulate the gram molecular mass of a gas from densily measurements at 5TP. (Application)

Express balanced chemical equallons In lerms of moles, representative parlicles, masses, and
velumes of gases at 5TP. (Application)

Explain the concept of limiting reagents. (Understanding)

Calculate the maximum amount of product and amount of any unreacted excess reagent. (Application)
Calculate theoretical yield, actual yield, and percentage yield when given appropriate infarmation
{Application)

Calculate the quantities of reactants and products Invalved in -a chernli:al reaclion using
stoichlometric principles. (Some examples include calculations invalving reacting masses, volumes of
gases, volumes, and concentrations 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)

Introduction

Stoichlometry Is derived lrom Greek words stefchelon means element and metron means measure
Collzctively, stolchlometry means quantitative measure of reactants and products

Stoichiome :

Stolchlometry (prenounced as stoy-key-om.eh-tree) Is the branch of chemlstry In which the relatlonship

between the amounts of reactants and products In a balanced chemical equatlon s studied.

» The balanced chemical equation has the same number of aloms of each type on both sides of equation

* |t has deflnite ratios of reactants and products just as compounds have definite ratios of elements
Such ratlos are used Lo calculate Lhe mass or mole of other substances,

Laws In Stoichlometry:

Stolchlometric calculations obey law of conservation of mass and law of definlte proportions.

1. According to the law of conservation of mass, "matter (mass) can nelther be created nor destrayed”.
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 proportions, a pure compound always contalns the same element
comblined In the same ratio by mass. .
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CONCEPT OF MOLE

T

Delnltion

"i

—

The mole Is the amount of a substance which contalns as

many elementary entitles as there are atoms In

0.012 kg(12 g) of carbon-12.

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

ﬁ;nld You Knnwﬁ

The word 'mole’ was Introduced | i
by Wilhelm Qutwald who derived the e, i
Latinward males meaning 3 “heap® or ‘pilst o

= jtis represented by ‘n’

—

= The number of enlities present in one mole ol 2
substance Is a constant number named Avogadro's

Number, i.e. 6.02x10", Itis represented by N,.

* This value is attribuled lo an Italian sclentist Amedo
Avogadro (1776-1856),

"_l'

Examples are Given Below:

[4:D1d You Know?
ﬁrﬂﬂmi number 5 @ physical :Uﬂ.ih
representing the molar number of entigies.
exact value of It s G.02214179%x10™ mgp-
calculations we wie the rounded off Vakse
&o2x10™

« 1moleof “C contalns 6.02x10” atomsof Y.
= 1mole of H,0 contains 6,02x10" molecules of H,0.
s 1mole of NaCL contains 5.02x10" formula units of HaCL
= 1moleof Na* containg 6.02x10™ lonsof Na®.
< Molar Mass
= Definitlon: "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 malar mass Is the sum of the maxes of
the component atoms. 5
The mass of one mole of CCL, can be found by adding the masses
of carbon and chlorine present.
Molar mass of CCf, =Maolar mass of one C+ Molar mass of Cix4
Molar mass of CCL, =12.0x1+35.5%4
Molar mass of CCf, =12.0+142.0=154.0 g

—_—

—
@ Rack Your Mind!

1. Which of the loliowing quantiles repeetemy
one mode of oxygen mobeoules [04)7
A} 150g ol O;
) 6.0 « 10°* atams ol oxypen
Cyaogel Oy
0] 224 cm of O, a1 5TP

The chemists use the mole as the 51 unit to weligh and count atams, molecules, formuta units or ions.
The mass of one mole of o substance (element, compound or lonlc specles) Is equal to the atomie maoss,
maolecular mass, formule mass or fonlc mass of a substonce when expressed in grams and Is known os molor

muoss, represented by M.
»  Other Examples
+ 1moleaofcarbon atoms is12.0g.
+ 1mole of CO; molecule is 44.0 g.
+« 1 mole of CaD formula units Is 56.1 g.
» 1mole of CO}” ions Is 60.0 g

@ Rack Your Mind!

L One mole of M0 has two moles of bonds,
three meles of atoms, ten moles of electrons
and 28 moles of total fundamental partices
Explaln.

The number of moles of a substance can be calculated by
dividing mass in grams by molar mass, Thq farmula for
number of moles Is:

Number of moles = B M

Molar mass

3
i
z|3
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‘sample Problem 4.1
calculate the number of moles present In 20 g of NaOH.
galution:
Glven mass of NaQH = 20
Molar mass of NaOH = 23 + 16+ 1 = 40 g/mol
Number of maoles = Sen st
Molar mass
20
n= ﬁ’ 0.5 mol
ample Problem 4.2
caleulate the mass of 0.5 moles of HCL
Solutlon:
Wo. of moles of HCL = 0.5 mal
Molar mass of HCL = 1+ 35.5 = 36.5 gfmol
Mass of HCL = Number of moles = Molar mass
= 0.5%365=1835¢
sample Problem 4.3
colculate the mass of 107 mol of MgS0,.
Solutlon:
Molar mass of M50, = 24496 = 120 g mal™
Mumber of moles of Mgs0, = 107
Mass of Mgs0, = :Lu malx120 g mol™ = 120x10” =012 g
| F4| QUICK CHECK 4.1 |
)
i a. Caleulate the melar mass of KMnO,. |
' Ans. KMnOs = 39 + 55 + 16(4) i
I =39+55+64 I
’ =158 g/mol ;
! b, Caleulate the number of moles In 0.23 g of sodium. !
I Glven: massof sodiume=m =023 ¢ |
r Maolar mass of sodium=pM =23 g '
| To Find: Number of molesen =7 |
i . m_ 0. 23; i
lution: kL.
| Soluti ns=s TRETTE 3 1
; n =001 moles ;
& Calculate the mass of 1.5 maoles of Ca(OH],. )
| Ans. Molecular mass of 1 mole of Ca(OH); =40 +2(16 + 1) = T4 g 1
1 Molecular mass of 1.5 mole of Ca[OH = 7d x 1.5=111g i
ld,  The given mass of KCZO, Is 24.5 g. Calculate the number of moles of potassium chlorate. |
i Given: Masf of KCLDy = 24.5g i
i To Find: !
| Mumber of moles of KCLOy =7 I
0 Mumber of formula units of KCLOy = 7 i
| Solution: o
! Mass of KCLO, 1
e e R R 0 m
! Number of moles of KCLO, = Molar mass of KCLO; ["= 77 |
1
| Molar Mass of KCLO; = 122.5 g mol™ l
'
___24.5¢g i
SN e Ul T T s !

- — e ——— i ———— - — ]
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. How many molecules are present in 1,75 g of H,0,7 w
Given: Massof HO, =m = 1.75¢

Molar mass of H.O, =M = 2+ [16+2)=3438
To Find: Number of melecules N = 7

Selution:
Number of molecules HO, =N = E\HI
- L1738 corc10"= 0051 %6.02 % 107 |
3dg/mel
= 3.1% 108 '

How many atoms are present in 15 g of gold ring? ;

e — — —— T — - — " —
™

Glven: mass of Gold (Au)=m =150g !
Malar mass of Gold = M = 196 97 g/mol [
ToFind:  Numberof atoms=N =7 i
m
= ol .
i |
15g |
2 —t 20
196 97g/mol .l
_____________ ___=458x10"310ms P — il
- — i — T ——— - _---_--"h.:

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| h!h
Both samples contain 1 mole of atoms e, Note thot different mosses of elements have the same number of atom,

= 10gof hydrogen=1mol of hydrogen=6.02=10" atomsolH | B surtify the following statements:

= t] [} 23 g ef sodwm and 238 g of Uranium g,
= 23.0gof sedium=1molol Na=602x10" atomsof Na il acbhar T 3bome b thar, L
= 238.0gof uranium = 1 molof U=6.02x10" atoms of U

() 180 g of glueose and 342 g of suergss by

An atom of sodium iz 23 times heavier than an atom of same number of molscules but differen
hydrogen. In order to have equal number of atoms, sodlum rumber ol tams present in them.
should be taken 23 times greater In mass than hydrogen.

s 180gof H,0 = 1 mol of water=6.02%10" 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 malecules.
Similarly, the number of ions in one mole of different lonic species Is always the some, e, Avogodre’s numbe:

= 8961gofsS0]” =1moleofS0] = 602 = 10" lonsof 501"

» BE20gofNOD}” = 1male of ND]” = 6.02 x 10" ions of O}
One can calculate the number of moles by dividing the number of particles by Avogadro's number,
Mo, of particles of a substance

Avopadio's Number

The relationship between emounts of substonces In terms of thelr moles ond the number of porticles (otom
melecules, lons, electrons or particles) is given below;

Number of moles =

hiass of sublance x N,
Malar Mass

Number of particles =

Maolar x
masa

xAwvogadio's
number

=>

No? af’

Particlas

SCHOLAR & CHEMISTRY (11%) 111

Sample Problam 4.4

A sample of glucose, contalns 3.76x10™ molecules of glucose. What Is the number of moeles in this quantity?
Solution:

3.76=10" molecules

=6.24 moles
6.02% 10" molecules mol **

No. ol moles of glucose =

ample Problem 4.5 ’

How many atems are there In a sodium metal that contains 2.3 g7
Solution:
Number of moles of sedium = % = 0.1 mol
Number of atoms of sadium = Number of moles of sodium = Na
= D.1x6.02x10"
= 0.602x10" atoms

= 6.022x10" g

Sample Problem 4.6

Juglone, is a dye and is produced from the husks af black walnuts, The
farmula for juglone is C, H,0, .
a) Calculate the molar mass of juglone.
b) Calculate number of maoles in 0.87 g of a sample of juglone

extracted from black walnut husks,
Solution:
a) CigHe Dy

~10x A, (C)+6x1.0 A, (H)+3xA, (0)(10x12.0) +(6x1.0) +(3x16.0)120+ 6+ 482174 g/mol

Mass of 1 mol of € H,0, =174gmal™
Mass _ 087g

Malar Mi #5178 g mol oI

| [F] Quick cHEcK 4.2

I: a) A copperwire contains 27.10x10% atoms of copper. Calculate the number of moles of copper.
15
' solutlon: Number of moles of Copper = 2710410 Moms
| 6.02x10™ atoms / mol
1]
|b) Calculate the molecules of 1x10~ g of Isopentyl acetate, C,H,,0, which are released In a typlcal bee
i sting. How many atoms of carbon, hydrogen and oxygen are present In It?
| setution: Mass of isopentyl acetate=m = 1% 10%g
Molecular mass of lsopentyl acetate=s M = C;HLO;
=(12xT+[14x 1)+ (16 x 2)
=Ba+14+32
= 130 g/mal
m 1x10™
No. of molecules =N = e M, = o
46.29x10" = 4.629x10" molecules
Number of C-atoms = 4.629%10" x7= 3.2382x10"
Number of H-aloms = 4.629%10" x14= 6.4764% 10"
Number of O-atoms = 4, Elﬁlxm“nz = 9252x10%

o e e S A m—

E.fj Interesting Informatlonl

Jaglane, i & nalersl harbetade [vweod hiller)
It kil oll competise plants arpund the
Black walnut tree but does rot affect grass
and ather noncampetilive plants

b}  Molesof juglone

= 4.50%10"mal

x6.02x 10"

NSRS e — i —— — i — i —

- — e ——— i — e  ——

i
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EI'J Interesting infarmationl

isopentyl acetate (CH,0,) i the compound responsble far the et of

bananas Interestingly, bees releare abaut daglix10" g} of this compaund

when they sting. The reiulting scent atiracts ather beet 13 join the aftack,

MOLAR VOLUME (V..)

“The volume of one mole of an ideal gas ot STP (Standard temperature —,
and pressure) is colled molar volume”, @ Rack Your Mings

L
= lisvalue is equal to 22 414dm’, 3. The volume of one male of an i
g4 at 5TP s equal to: Al

Al Ldm' B) 22 4 dem?

C}273dm* O} 6.02 = 107 4.y

= The value of molar volume is commenly reunded 1o 22.4dm’.
= Itis denoted by V. By using molar volume relationship, mass or
mole of a gas at STP can be converled into valume, and vice versa.

According to Avopadre’s law, )
“Equol volumes of all ideol gases at the same temperature ond pressure contoin equol numbers of mofecylpg
This statement is indirectly the same when we say that one mole of an I
ideal gasat 273.16 ¥ and one atm pressure has a volume of 22 414dm’, Smart ‘% Tl'llrlll'-cing
Since one male of a gas has Avogadro's number of particles, so
22.414dm’ of vanous ideal gases at STP will have Avogadro's number | Interesting Facts:

The molar volume of gas it 24 dm® gy gy
[Aoom temperatufe and pressure)

of molecules ie, 6.02x10". 22.4dm® of a gas at STP = Molar mass of

agas =6.02x10" particles of a gas = 1 mole of a gas

= 224dm’ of €O, at STP=44.0g of CO, =6.02%10" meleculesof €O, =1 mole of CO,

+ 22adm’ of any gas at STP = molar mass in grams =6.02x10" molecules =1 mole

«  224dm’ of H, gas al STP=2 g=6.02=10" molecules = 1 mele

= 22.4dm’ of NH, gasat STP =17 g=6.02x 10" molecules = 1 male
If the number of moles of a gos is known, ane con colculote the volume of o gas by multiplying number of
muoles of the gas by molor valume.

Velume of a gas = Number of moles x Malar volume
V=nxVs

Sample Problem 4.7
Determine the volurne of 2.5 moles of chlorine molecules at 5TP,

Solution:
The formula for volume determination at STP
Vanxl

@ Rack Your Mind!

4, 2gol Hy 16 g of CHy and 44 g of €Oy
occupy separataly the wvolumes of
12414 dm’, although the sives and
masser of three gases are very
dillerent lram each ather.

2.5 mole of Cf, ccocupy a volume =224 dm’ x2 5=56.0dm’
Sample Problem 4.8

What is the volume in dm” of 4.75 mol of methane (CH, ) gas at 5TP?

Solution:
The farmula for valume determination at STP
Vanxl,

Volume of methane in dm® at STP=4.75x22.4=106.4 dm’
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MOLAR MASS AND DENSITY OF GASES

msll\r is deflined as the mass per unit volume of a substance.

Mass
Denslty ="_Ualume

m
=

As molar mass of all the gases occuples same volume at STP, therefore, —a
densily of a gas depends on its molar mass, A gas having higher malar @ Rack Your Mind!
mass will have higher density and vice versa, If the density of gas at STP i T e—

determined, its molar mass can be calculated. 5. How (3 the density of 3 gas relsted
o lts molar mais at STP?

Sample Problem 4.9 1

Calculate the molar mass of a gas which has density of 1.97 g/ 8m® at STP.

Solutlon

m=dxV
Massof gas at STP=1.97x22.4 =441 gmol™
r S — — e ——— e — i — i — — — — . — S e — — _I
i [} Quick CHECK 4.3 .
! . Calculate the molar mass of a gas which has density of 1,34 g/ dm’ at STP. !
| ans. m=dxV - |
bmome e eme— e - M 134%224=30016gmol? S -
MOLAR CONCENTRATION

Maolar 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=ﬂ_ hiass Valume
d W Iicdar mass Molar Volame
where C is the maolar concentration and V' is the volume of the
splution, MNumber
Number of moles (n) of
Malar Concentratlon [C) = ——————— .~
G Volume In dm' (V) moles
Examplezif n = 0.2 mol and volume of solution = V = 1 dm? then,
Mo el paricios .
c= 0.2 m:ll =02 mol drm™ ey Cone «Yehame
1dm
Sample Problem 4.1ﬂt;} )
Calculate the molar concentration of a substance containing 27,64 g of K,CO, dissolved in 1dm® of the given
solution,
Solutlon: ¢ Mass of K,C0, =27.64g

Molar mass of ¥,00, = 138.2 g mol™
Glven mass

Number of moles = Molar mass

L
M
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1382

Volumie of Solution « 1dm'
HNumber af moles

noe =02 mol

Molar Concentration

Volume indm'
Cw gdmo) = D2 maldm '
1dm'
F-'“-----_-_----.- ----- d-—-_-‘_-—-_-_.--——“
I [F2| Quick cHeck 4.4 3
] Calculate the moelar concentration of a selutlon containing 7.9 g of KMnO, dissolved In 1dm’ of the glven i
i 1 solutlon. The molar mass of KMnO, Is 158gmol™. i
| Salutlon: I
" L
! Mo of moles of KMnQ, = i ' -!-mul Altemate Method: 1 |
| 158gmol’ 20 p _T.,_‘ i
' n =005 mol M vidm') !
79 1
! Now, _h_005mal = |
I il fdm™* |
I e JE O COTERN
STOICHIOMETRIC RELATIONSHIPS
T —

Stolchlometry Is a branch of chemistry which tells us the
quantitative relationship between reactants and products In a
balanced chemical equatlon,

With the knowledge of mole, Avogadre's number, malar mass,
molar volume, and molar concentralion, we can establish
quantitative relationships belween reactants and products using
the balanced chemical equations.

=

Stolchlomatrie Relationships
The following types of relationship can be studled with the

help of a balanced chemical equation Invalving quantities of
reactant|s} and product{s).
I. Mole-Mole Relationship 1. Mass-mass relatlonship
Ii, Volume-Volume Relationship I, Mobe-Mass Relationship
v. Mole -Volume Relationship
vl Mass-Valume Relationship
Explanation:
Formatlon of Ammonia
To understand these relationships, we need to Interpret
information hidden in a balanced chemlcal equation which Is
used to make stolchiomelric caleulations. Far example:

Wy +3Hyp —*2MHy,

This equation can be described In three different ways;

L 1mole of N, reacts with 3 moles of H; to farm 2 moles
of NH;.

li. 2zadm' of N, reacts with 67.2dm’ of H; to form
44 Bdm' of NH,.

. 28.0gel N, reactwith G gof H, to form 34 0gaf NH,,

Stoithion (element) and metron (measwere) py
defned 1 a3 ‘the art of chemical messurementy
aming  to esprest  chemical  changes |
mathematacal from He i5 referred to s lather of
saichkamelny.

—

——

@ Rack Your Mind!

6. Stolchiometry B undamentally concemed witk:
A} The ypeed ab which chemical reaction oo
0] The energy changes lnvalved in chemagl
reactians.
€) The guantidative relatlonship batween
substances participating In & balasced
chemical equation,
0] The structure and bonding of chemicl
compound

@ Rack Your Mind!

7. Al of the lollowlng are common types of
stodchlometric caleulations except lor:

A) Determindng the number of moles liem
gheen mass of reactant.

0) Cakulbing the volume of paseous rescant
needed to completely reset with another
pAdeoui fesctant

€) Predicting the time required for &
reaction o reach equilibrium,

D) Converting the mais of one reactant @

the mass of product.
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= Approach lo do Slolchiomotric Calculations

Impartant Alpumplicns of Mothiameiryg
Th= labawing sriumplang mgil be mads whis geelormng itg e .
1AM b pr st hanty aee poempledely oonered st (e produety
Law el cantendabinn ol many and low of definibe prognetmsn are obeged
b pide reanton oW

trE e libegng

.H}ﬂnftnﬂ'n'ﬂ #011d 01 wolUmie of m krswm ges, or melar concantration

C-lurlmmrd'l'hhlﬂhm salil o vahime of & knevn gos, or
mwmﬂnﬁm Hﬂndmlmmmrﬂmfmu

STOICHIOMETRY MAP
GIVEN a¥ -5 bY FIND
M, or A,
Valuma {L) Valuma (L)
al RTP b al RTP
o (B 02 8107} a « (602 «107)
Avogadma's A MOLE RATIO Avogadie's number
E‘ Coolfigiont ol Find
8 Coeolficlent of Givan

Sample Problem 4.11 (Mole-Mola Conversion

When 3.3 moles of nitrogen reacts with hydrogen to form ammonla, how many moles of hydrogen are
consumed In the process? The equation for this reaction is

Ny # 3H, 0 —>20H,
Salutlen:
Mumber of moles of N, =3.3 mal
Humber of moles of H, =7
Imole of N, needs H, to preduce NH, =3 mol
33 moles of Ny needs H; to produce NH, =3x3.3=99 mol
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' QUICK CHECK 4.5

1y
| How many moles of carbon dioxlde are produced when 2.25 moles of glucose are used by a Person; The

i oxygen Is in excess. The equation for the reaction is:
L"Huu‘['} + iﬂlm—l Emlm + ﬁHlutl}

(]
| solution:
i 1moleof CH,0, produces CO, = & moles

| 2.25 moles of CH,,0, produces €O, = 2.25x 6 = 13.5 moles

— e S — — = — o o - — S — — i — i — -

Sample Preblem 4.12  (Mass-Mass Conversion)
Calculate the mass of Al needed to react completely with 32.0 g of Iron (I11) exlde according to the eqy,
given below; oy

—— e — . — — i —

oy

AL, +Fe,0,) —ALO,, +2Fe

Solution:
Molar mass of Fe,0,, M = 160 g mal™
Number of moles of Fe,0,(n] = m__320g =02 male
M 160 gmel?

From the balanced equation, 1 mal of Fe,0, reacts with 2 moles of AL therefore, number of moles of 4f they
reacts with 0.02 mole of Fe,0,=2x02=04 mol
Massof AL =nx M
= 0.4 mol =108
—EOAmoln Mematin BBy .o ociocoi L

QUICK CHECK 4.6

I I
| Fe,0,,an ore of Iron is called Hematite. €O can reduce it to get free Fe as below: i
]
I F!lﬁ!tl}-!!l:ﬂmv—-ﬂﬁm +!CD‘1“-| |.
! How much Fe can be produced from 160 g of Fe,0,7 i
! Glven Data: Malar mass of Fe,0, = (56 x 2)+ (16 x 3) I
| = 160 g/mal i
1 mass of Fe,0, =160g i
| To Find: |
! Equation: i
| |
i ]
I I
i I
| I
!

Mass of Fe produced = 7

FE;Q!‘.} +3‘:°‘|; -_.“![ﬂ +3.Eﬂ,m
Male of Fe,0, produces molesof Fe=2

Mass of Fe produced =2 x 56

tMass of Fe produced =112 g
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
nitragen at STP? The balanced chemical equation for the reaction Is:

Nyge) +3Hyi9 —>2NHy
Volume of hydrogen =100 dm?
Volume of ammonia =7
67.2dm" (3 mol) of H, produce ammania = 44,8 dm’ (2 mol)

448 2

1dm’ d He— w s
m” of H, produce ammonia = 3 = 3

Solution;

100 dm? of H, produce ammonia = ;: 100=66.7 dm’

5o, the volume of ammonia produced by the reaction of 100dm® of H, with excess nitrogen is §6.7dm’.

| caleulate the volume of carbon dioxlde produced at STP when 4.5dm® of methane Is burnt by a person,
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| Quick cHECK 4.7

i The oxygen Is In excess, The equatlen for the reactlon s
; CH,,) +20,) — €O, ) +2H,01,
; Solutlon:

| 22.44 dm” of CHa produces = 22.414 dm’ of €O
1 Far gaseous reaction mole ratio Is equal to velume. Ratio

Sample Problem 4.14 Mole-Mass Calculations

golld lithlum hydroxide UOH is used In space vehlcles. It s employed te remove exhaled carbon dioxide from
the living environment by forming solld lithium carbenate and liquid water, Calculate the mass of LI,CO, that
can be preduced by 20.0 mal of LIOH.
2LI0H, + €0, —>1U,CO0, ) +H,0,
solution:
According to the given balanced chemical equation,
2 moles of LIOH produces = 1 male Li,CO,

20.0 moles of LIOH produces = %xzcm = 10.0 mal U,C0,

Mass of L,C0, produced =Number of mole x Malar mass
Mass of U,C0, produced = 10.0 malx73.9 g mai !=73908
Thus, 739.0 g Li,CO, will be produced from 20.0 moles of LIOH.

- ——— o — i — i — i — S S e S e — —

j QUICK CHECK 4.8

¥ Calculate the mass of sodium hypochlarite {HaDEt‘] 3 household bleach, preduced by the reaction of 2.25
1 moles of chlorine with excess sodlum hydroxide. The balanced equatlan is

! INaOH, +CLy) —NaOCL, +NaCl(,, +H,0(,

| Selution:

! Because NaOH is in excess so Cly is limiting reactant. One mole Cly produce one mole of NaOCL So, 2.25 mole
| af ety will produce 2.25 maole of NaOCL

= Molar mass of NaDCL =23+ 16 4355=745¢

! Mass of NaOCL = 2,25 74.5 = 167.625 ¢

S S R e S S S SN M S R R M

Sample Problem 4.15 (Mass-mole calculations)

Baking soda (NaHCO,] acts as an antacld, It can neutralize excess hydrochlorle acld [HC!) scereted by the
stomach according to equation.
HiHE-D,m +Hl:£{“:| —rNaC.t{“] +H,l:l.m +CG,{“}

Sy ——

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

@ Rack Your Mind!

B. Why b It Important ta convert
between mass and moles In
stolchiometrc caloulations?

Molar mass of NaHCO, =84.0 g mol™

Moles of NaHCO, = —=2B 0,025 mol
v B4.0 g mol™
Stelchiometrically, the mole ratio of HCLand NaHCO, is 1:1.,

Hence males of HCL used = 0.025 mel
Thus 2.1 g of NaHCO, will neutralize 0.025 moles of HCL




118

Chapter 4 3 stniihlu,ﬂ
g

Sample Problem 4.16 (Mass-Volume Conversion]

What velume of hydrogen at STP will be produced when 7.0 g 0

sulphuric acid?

f Iron are reacted with anp eteyy
k

1

Fey +H,S0,, —FeS0y ) *Higg)

Solution:
Malar mass of Fe (M) = 55 8 g/maol

. m
Mumber of malzs of iran (n) = Y

O
55 5gmal '
=0 125 mol

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

5o, numbear of males of H, =0 125 mal

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

= 22 4dm’ mol ! x0.125mal

= 2 Bdm'

LIMITING AND EXCESS REACTANT

e

Q. Differentiate limiting and non-limiting reactants. How 3 limiting reactant is determined from a balangy

chemicl equation and given data?

In many chemical processes, the quantities of the reactants are
usually mot present in the proportions indicated by the balanced
chemical equation. Frequently, a large amount of Inexpensive
reactant is supplied because of the fallowing reasons

a. Toensure thot whole of the moss of the expensive reactant Is

completely converted to the desired product.

b. To produce maximum amount of product.

&  Toincrease the rote 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 reactont which is consumed earlier Is colied the limiting
reacctant”. In this way, the amount of product that forms is limited
by the reactant that is completely used Once this reaclant is
consumed, the reaction stops and no additional product is formed
Definition 2:

"The reactant which controls the emounts of products formed fn @
chemical reaction ond is consumed earller 5 called the Nmiting
reaetant or reagent”.

The maximum amount of the product formed depends upon the
amaount of limiting reactant in the reaction mirure.

= Strategy for the Identification of Limiting Reactant

—

Properties of Umiting Reactant:

I Lmaing reactant controls the amoum
product larmed

L Ummng reactant is taken In lesser Bredyng

il Limting reactant bs consumed earlier

. Umiting reactant produces least smogn g

d
product

@ Rock Your Mind!

9. Why does a chemical reaction $1op pas
wien one reactant is still prezent?

—

ﬁ:uld You Know?

Fae i3 2 combustion reaction in which fuel and
omygen, Op combine, usually ar bigh
temparatures, to form water and carken
dipuide Once the fire hay started, it b sad
supparting. An efective way to quanch 3 fise
is smathering, which reduces the ameuns of
aveilable orpgen below the level needed &
wupport  combustion. In  other ward,
smathering decreases Lhe amount of the
encess reactant Foams, Iner gas, and COp dre
eHective substances for smathering _

To identify a hmiting reactant, the following three steps are performad

SCHOLAR "2 CHEMISTRY {11 119

I, Calculate the number of moles from the gven 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 reaclant.
Limlting Reactant Non-Limiting [Excess) Reactant
(1. The reactant used up first In a chemical reaction | 1. The reactant which left unreacted after
is called limiting reactant completion of a chemical reaction is called excess
2. It controls the amount of product. reactant

3. Itis not present at the end of reaction. 2. It does not contral 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 fermed from reaction.

Following numerical problem will make the idea clear,

Sample Problem 17 (Limiting Reactant)

Caleulate the mass of Ny produced from 18.1 gof NH, {molar mass = 17.0gmol™ ) and 50.4 g of Cu0 (molar
mass =79.5gmal™ ) according to following balanced equation:
N Hl'[d +3':”°[q*—“”::.} +3E“—:.} 4+ 3H, Dm

Salution:
Moles of NH, =1B8.1 g of NH, /17.0gmol™* =1 06 mal

toles of Cu0 =904 gof Cud/79.5gmal™ =1.14 mol

@ Rack Your Mind!

ali H
In alanced eqoation, Cug % :4 10, For the reaction: My # JHy = 2HH,, If 2
! i moles ol My react with 4 moles of Hy, how
14 : =x1.14=0. 1 many males al NH; are produced?
1.14 3!1 14 =0.38 mo oy 8 4 mofes
WHj @ N C) 267 moles 0] 1.33 males
2:1
1
1i=
2

1.06 : %x 1.06 = 0.53 mal

Thus, Cul is the limiting reactant and the number of moles of N, produced will be 0.38 mal,

mass of N; produced =nx M
=038 = 28
mass of Ny produced =10.64 g

Sample Problem 4.18 (Limiting Reactant
When agueous solutlons of Na,50, and Pb[NO,), are mixed, PbSO, precipitales down. Caleulate the mass af
Pbso, formed when 1.25dm’ of 0.05mol dm™ Pb[NOD, ), and 2.00 dm® of 0.025moldm™ Na,50, are mixed.

N3,S0,, +PB(NO, )1, —»PBSO, 1, +NaNO, . s

Hence,

Solution:
The net ionic equation is
1 -1
Ph{.] =+ 50‘““] —'.lPhSCI“.j
Since 0.05 moldm™ PB(NO,), contains 0.05 maldm™ Pb™ lons.
The farmula: No. of males = Concentratlon {maldm™ )= (Valumedm®}
n=CV
moles of Pb™ ions =0.05 moldm™ x1.25dm’ =0.0625 mol
Thus, 0,025 moldm™ Na,50, solution contains 0.025 moldm™ S0;? ions.

moles of 50;7 lons =0.025 moldm™ %2.00dm’ =0,05 mol
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1:
As Pb* and $0,° reactin a 1.1 ravio, here, 50) (005 mal) will be consumed earlier than PBY 0 gz Mo
The amount of 50" will be limiting. The reason s thal 0 a5ymofe of 'ﬁﬂ,,' i5 less than 0.0625 niole g [
Since the PB' ions are present in excess, only 005 mole of sohd PRS0, will be formed. The mass of Phsg
farmed can be caleulaled uving the molar mais of PRS0, (30335 maol ') y
Mass of PbSO, =0.05 molx3033 gmol ' =152 ¢

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

[

#  [Excess Reactant:
“The reocionts which are in lorger omounts (occording to stofchiomelry of reaction) ond remal,
unreacted ot the end of the reaction ere called "encess reagenis” [or excess reactants)”,

OR
“The reactant that Is left unrcocted ofter the completion of reaction Is colled non-fimiting ar exy,,
reactant™,
Consider the reaction between hydrogen and oxygen to farm water.

My + Oy —— M0,
*  When we take 2 moles ol hydrogen (4 g) and allow it to react with 2 males of axygen (64 g), then we
will get only 2 males (36 g} of water.
= Reason: It s because 2 moles (4 g) of hydrogen react with 1 mole (32 g of oxygen according to e
balanced equation. Since less hydrogen Is present as compared 10 oxygen, so hydrogen Is a limiting
reactant
= When 1 male of 0y and 1 mole of H, are mixed, all the H, will react completely and O will be |a

unreacted because lor 1 mole of H_,,}g mole of O, is requlred. The remalning K male of O, will b
excess and H, is a limiting reactant,

Sample Problem 4.19 (Excess Reactant)

Matural gas consists primarlly of methane (CH,). The complete combustion of methane (CH,) gives carbep
diexlde (CO;) and water.
EH‘[.} +2a,m—'ﬂ;cn,m +2H10{I1

a)  How many grams of €O, can be produced when 30 g of CH, and 50g of O, are allowed to combine?
b) How many grams of cxcess reagent are left unreacted after the completion of reactlon?
Solutlon [a):
Step 1: Write balanced chemical equation.
Step 2: Canvert the given mass of both the reactants inlo thelr males.
given mass of CH, = g
molar mass of CH,  16gmoi™
Bvenmmsai0y WL . yitsamel
molar massof O, 37gmer
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 €O, =1 mol

1.875 mole of methane produces CO, =1x1.875 mol=1.875 mol of €O,
Compare the number of moles of 0, with those of CO, . From the balanced chemizal 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 fimiting reactant Is 0, because it produces lesser amount (moles)
of product €O, than CH,.

Males of CH, = =1.875 mol

Males of EI, =
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s1ep 4: Convert the moles of the product into mass

Mass ol €O, ingrams = Moles of £O, = Malar masi of €0,

' « 0.7815moles < 44 g mol ' - 3439 g
gtep 5t The quantity of imiting reactant can also be used to calculate the quantity of excess freactant uied
2 moles of Oy reacts with moles of CH,

1,863 moles of O, reacts with moles of CH, - % 1.563 mol « 07815 mal

step 6: The mass of methane (excess reagent) is equal 1o the starting quantity minus the amount used durning
the reaction :
Number of moles of CHa = Quantity taken = Quantity used
= 1875 mol -0.7815 mol = 1.0935 mol
Mass of CHq [excess reagent) = 1.0935x16.0=17.5¢
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. i | QUICK CHECK 4.9
! which of the following reaction mixtures could produce the grealest amount of product when they

i
|
L}
! combine according to the reactlon given below? !
| Mage) +3Mygy) —>2NMy g I
l‘;] 1 mole of N, and 3 moles of H, i
1 Ans. 2 moles el NHy . .
|6} 2molesof Ny and 3 moles of H, |
' ans. 2 moles of NH, 1
L mole of N; and 5 moles of H, 1
| Ans. 2 maoles of NHy |
1d) 3moleseof N, and 3 moles of H, !
! Ans, 2 maoles of NHy !
e) Each produces the same amount of product. I
 Ans. Yes, Thisisthe correctanswer. e e e
THEORETICAL YIELD AND ACTUAL YIELD

e

@, Differentiate actual and theoretical ylelds. Why the theoretical yleld Is always greater than actual yleld?

Actual Yield:

“The amount of the products ebtalned In o chemical recetion is called the octuol yield of thot reoction®,
Thearetical Yield:

“The amount of the products calculated from the bolanced chemlcal equatlon represents the theorctical
yleid”, The theoretical yleld Is the maximum amount of the product that can be produced by a given amaunt of
areactant, according to balanced chemlical equation.

NOTE: In most chemical reactions the amount of the product obtolned s less than the theoretical yield.

2 Theoratical Yiold Is always ﬁg:tﬂrﬁlgn Actual Yiald
Reasons:

There are fallowing reasons for that:

» The processes Iike fitratlon, separation by distillation, separation by a separating funnel, washing,
drylng and crystallization, If not properly carrled out, decrease the actual yleld,

« Some of the reactants might take part In a competing side reaction and reduce the amount of the
desired product, 5o, In mast of the reactlons the actual yield is less than the theoretical yield.

« A reactlon may be reversible Therefore, the amount of the product will be reduced by ll’@j_ul:ll.ward
reactfon, )
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A chemist is usually interested in the efficiency of a reaction, The efficiency of a reaction Is CxXpreg

comparing the actual and theoretical yields in the form of percentage (%) yield.

Actualyeld_ o0
Theoretical yleld
Percentage Yield & Efficlency of the Reactlon:
Greater the % age yleld, higher will be the efficlency of reaction and vice versa,
Differentiate Between Theorelical and Actual Yield

Thearetical Yield Actual Yield

1. The amount of product calculated from a balanced | 1.
chemical equation s called theoretical yield,

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

3. Theoretical yield Is always greater than actual | 3.
yield,

4. There is no need to perform experiment. It is easily | 4. In order 1o get actual yield HPElimcﬂm
calculated from balanced chemical equation.

performed.
Sample Problem 4.20 (% age Yield) ~

Aspirin (C,H,0,) Is prepared by heating sallcylic acid, C,H,0, (molar mass 138.12 gmol™ ) and acetlc anhydrg,
C,H,0, (molar mass 102.08 gmol™).

CH,0, +C,H,0, —»C,H,0, +CH,COOH i
Caleulate the theoretical yield of asplrn, (molar mass = 180.16 gmol™ | when 3.00 g of salleylic acld s heapy

with 6.00 g of (CH,C0), 0. What is % yleld when actual yleld s 3.15 g7
Solution:

% Yield=

a chemical reaction is called actual yield,

It is also called experimental yield.

CHO, + CHO, — CHO, +CHCOOH

Ttere ke ASrhe iekySate hapra

1 mol 1 mol 1mol
138.12g 102.09g 180.16g
1 mole of Salicylic acld produces aspirin = 1 mal
Maszs of Sallcylic acld =3.00g
Number of moles of Salicylic acid = ﬂT= 0.022 mal
132,12 g mol”
Mass of Salicylic acid = 6.00 g
Mumber of moles of Salicylic acid = j—-—‘-—-—-;c 0.058 mol
102.09g mol” ,

Here, salicylic acid is limiting reactant while acetic anhydride is an excess reactant. The amount of salicf
controls the yield of product Le., aspirin.
0.022 mal Salicylic acid produces Aspirin =0.022 mel

Mass of Aspirin = 0.022 maol=180.16 g mol ' =395

Thearetical yield =3.96g
Actual yield =3.15g

. 3.15
% age yield = T i 100

R

The amount of product obtained whilz_pg_;;,;“‘;‘r;

—
Actuzl yleld Is always lesser than thﬂrw

r |F4| quick cHEck 4.10 '
| when limestone (Caco,) Is roasted, qulckiime (CaD) Is produced according to the fellowlng equation. |
i
i €aCO, —»Ca0y, + €O, I
! The actual yleld of Ca0 [s 2.5 kg, when 4.5 kg of limestone Is roasted. What Is the percentage yleld of this reaction? i
I Glven Data: i
: Mass of imestone roasted = 4.Skg=4.5x 1000 =4500g |
! Mass of quick lime (actual vield] = 2.5kg=2.5x1000=2500¢g i
| Molar Massef CaC0y = 40+12+1G6Gx 3 |
i = 40+ 12 +48 =100 g mol™? i
| Molarmassof Ca0 = 40+ 16= 56 g mol” i
i fequired: Percentage yieldofCaD = 7 |
I Sglution: i
[ Equation: CaC0yy,) —— Calyy + COyy S
¥ According to balanced chemical equation |
! 100z of CaCOs give CaD = S6g .
56 |
! lgof CaCDygives Ca0 = Toop '
I 56 |
' 4500g of CaC0; give Cal = Jog = 4500 i
,I, Theoretical yield of Ca0 = 2520g 1
ual yield o
I Actual yieldof Ca0 = 2500g !
. Actualyield 500
Percentagevield 5= ———————— x 100 = * 100 I
,', Theareticalyield 2520 i
| |
n []
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IMPORTANCE OF STOICHIOMETRY IN PRODUCTION
AND DOSAGE OF MEDICINE

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.
Staichlometry allows chemists to precisely control chemical reactions to produce drugs, to ensure its efficiency,
effectiveness and safe use.

=

Significance of Stoichiometry in Medicine

Stoichlometry is very important in the field of medicine and is used to:

1. In the preparation of antibiotles, the stolchiometry ensures that each dose matches the active
ingredlent and target bacteria,

2. Todetermine the cholesterol level in the blood of patients. Cholesterol is a form of fat that is not all
bad. However, cholesterol can have harmful effects.

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. Todetermine the steroid and other stimulants in the wrine of athletes, Athletes use steroids and other
stimulants to anhance performance and Increase strenglh.

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 no
effect when given in small amounts and can cause toxic state or death when given in large amounts.
Example: Paracetamaol is used as a pain killer and to decrease fever. An overdose may result a blood

thinning, organ damage and severe liver damage, i
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Solution ‘Fﬂ?@ Rack Your Brainl . >>/ <<
' - MULTIPLE CHOICE QUESTIONS (MCQs) -
Option Explanation
O; gas = 32 grams = 1 mole of 0. gas = 602 x 10° molecule of O; @1 Four cholces are glven for each question. Select the correct cholce.
Water (H=0=H} malecule has two bands 5o two males af bonds are nresenlm: |, Whichane of the following statements Is Incorrect?
H, 0 contains two moles of H-alams and one mals of O-atoms so total 3 moles of lom; a) One mole of nitrogen gas containg Avogadro's number of molecules
H;= 2e, 0= 8¢ 50 H;0 containg 10 moles of electrons ' b) One mole of ozone gas contains Avogadro's number of molecules
2 s.q Hy=2p 2e =4 ¢} One mele of ozone contains Avogadra’s number of O atoms
0 =8p Be 8n =24 d) One male of hydrogen gas contains Avogadro's number of molecules
Total = 28 it, 'Which one of the fellowing has greatest mass?
S0, 1 mole of H:0 has 28 moles of fundamental particles. a) 0.5 molof Ny b) 0.5 mol of NH, ¢} 0.5 male of He d) 0.5 mal of CO;
3 8 Equal volumes of gases al the same temperature and pressure contain equal num fii. Which one of the following gases will have greatest valume at STP?
molecules 3 a) 22 gof CO, b) 88 g ol N,O cl28g n!'ql:l d)2Bgol N,
28 0f Hy = 1 mal Hy = 6.02 x 10" molecule = 22.414 dm’ 1 |" w. whichofthe fallowing contalns same number of particles as present In 12 g of carbon?
16 g of CHs = 1 mol CH,y = 6.02 = 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)
24 g of CO: = 1 mol CO; = 6.02 x 10" molecules = 22.414 dm? ¢) 32 g of §, molecules [Atomic mass §=32) d) 40 g of carbon monoxide (molar mass of CO=28)
According to Avogadre’s law, equal maoles of gases at same temperature and pressue, V. VelumeatS.T.P.of 22 g of €O, Issame as that of:
4. s.a (STP) occupy same volume. One mole of any gas can occupy 22,414 dm? at 5TP. 5o g0l a) 2 g of hydrogen b) 8.5 g of NH, c) 64 g of gaseous 50; d) 7 pof CO
H:, 16g of CH. and 44g of £O, occupy 22 414 dm? ROTpI— - I“ : e i
Volume occupied by a gas does not depend on size and mass of gas molecule, iy anly Vi %goriip olermusE $0.£mal- ) Contains e numbes ol soduim g a8 Be present i
depends on number of malecules. Reason is that at STP, distance between gas molecule a) 10.6 g of Na,CO,, (molar mass 108} b) 585 g of HaCL {molarmass 585 )
is 300 times greater than their own diameters. €) 76 g N3,50, (formula mass 142) d) 85 g of NaNO, [molar mass 85)
Al 5TP, gases with higher molar masses have higher densities beeause all gases m::u_p; vil. Acontainer holds 0.5 moles of an Ideal gas at STP. What Is the volume of the gas In dm'?
5 i the same volume per mole (22.4 dm!) a) 11.2dm’ b) 22.4 dm’ c) 44.8 dm’ d) 12.2 dm’
NOTE:  Formula to caleulate ml': mass fram density at STP: Vill. A solutlon contalns 4.0 g of sodium hydroxlde (NaOH, melar mass =40.0 g mol™) In 250em® of
Molar Mass = Density x 22.4 dm solution. What is the melar concentration of this sclution?
6. c The quantitative refalionship between substances participating in a balanced chemiz) a) 0.10 mol dm™ b) 0.20 mal dm™® €) 0.40 mol dm™ d) 0.80 mal dm™
egqualtion.
3 _ _ = I%. A selution contains 10.0 g of an unknown solute In 250 em” of solution. If the molar concentration of
7. = Predicting the time required for a reaction Lo reach equilibrium. the solution is 0.20 mol dm™ , what is the malar mass of the solute?
B sq The purpose is lo convert between mass and males allows us 1o use the male ratio from a) s0gmel? b) 100 g mol™* ¢) 200 g mol™* d) 400 g mol™®
the balanced equation to calculale quantities. it u i [ i
—y ¥. A sample of nitrogen gas malar mass = 28.0 T .0 g i
9 P The reaction stops when the limiting reactant is completely used up. Even if another " gen gas (N, s
N .Q : atoms are present In this sample?
reactant remains, no mare product can form without the limiting reactant. n s -
- . . 3) 301x10% atems  b) 6.02x10" atoms c) 1.20x10" atoms d) 2.40x10™" atoms
10 . 4 moles of Hy will produce 8/3 (2.665) moles of NH) according to the stoichiometry of Ny + i
A 3Hy —» 2NH;, where Hy is the limiting reagent. Xl A gas has a density of 1.43gdm™ at STP. What Is the molar mass of the gas? (Malar volume
atSTP=22.4 dm" mol™)
a} 143gmoal? {b) 22.4 g mol™ c) 32.0 g mal™ {d) 64.0 g mol™
M. A gas has a density of 1.96 gdm™ at STP {0°C and 1.00 atm). What Is Its molecular mass? (Molar
valume at STP = 22.4 dm® mal™)

a) 1.2 g mal™ b) 22.4 g mol™® c} 44.0 g mol™ d) 2.0 g mol™
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Sr.Mo. | Optlon Anvwer Explanation
One mole of ozone 1 mete of 0, contains Avogagro's number of Oy molecules, noyg
1 contains atamm [which would be 3= Avegadro’s number)
¥ Avogadra's number
of O atems
K255 = mples x molar mass )
o Ny 05nl8sldg
- e i il 2 NM) 0Sx17=855 He 05 x4 =25 CO:0S xdda gy,
lHlEMﬂl
AL STP, volume & moles o —
o 28§ N; = 1 mol (224 dm')
. -] 28gol N o 12 g €0, =05mol(11.2dm"), BE g NyO =2 mol (44.8 dm?), 2,
€0 = 1 mal (12.4 dm’).
Correction: (b} £5 g of N0 has mammurn volume (2 mol=44 g dm"]
12gC= 1mol C= 602 = 10" atoms
N 4 18 g of carbon 28 g €O = 1 mol CO = 6.02 x 10" mobecules {each with 2 arom;
mongude 1.2 = 10 atoms)
Correction: (b 48 g Mg = 2 mol Mg = 1.2 = 10** atoms (malches ¢
22gC0;=05mol= 11.2dm* at 5TP. "
V. b
p ol 85 ¢ NH, = 0.5 mol = same volume.
4 g NaOH = 0.1 mol = 0.1 maol Na® ions. o
106 g Ha,C0y = 0.1 mol = 0.2 mol Na® ions.
vi. 3 106 g of Na,CO, Correction: (b) 58.5 g MaCL= 1 mal = 1 mol Na® ions.
Actual answer: (a) 10.6 g Na,CO, has 0.2 mel Na®, but none majg,
exactly.
Vi 2 112 dm’ ATSTP, 1 mol= 22.4 dm’ = 0.5 mol = 11.2 dm". =]
Z Malarity = moles/volume = (4 g / 40 gfmal) f 0.25 dm?
Vi, 0.40 mol 2
¢ eron Malanity = 0.40 mol dm
Moles = M=V =02 =025 = 0.05 mol. ~=i
n -t
s ek Molar mass = mass/moles = 10 g/ 0.05 mol = 200 g mol™.
% b 602 x 10" atoms 14 g Ny = 0.5 mol = 0.5 % 6.02 x 10" molecules = 6.02 = 109
atoms [each Ny has 2 atoms).
- Molar mass = density x molar volume
. o Az mol Molar mass = 1.43 g/dm® x 22 4 dm'/mol = 32.0 g mol"",
v Molar mass = 1.96 g/dm® x 22.4 dm*/mal
X, 44 0g mal™
N gmo Molar mass = 44 0 g mal™ (matches COy)
- SHORT ANSWER QUESTIONS -

Q.2 Attempt the following short-answer questions:

2.  How is the concept of mole derived from Avogadra's number?

Ans. Amedeo Avogadro proposed thal:

"Equal volumes of gases, at the same temperature and pressure, contaln equal numbers of molecules.”
Na = 602214075 » 10" particles per mole

The mole [mal) was then defined as.

"The amount of substance contalnlng exactly Ny elementary entitles (atoms, molecules, lons, ete.).”

This means.

1 mol = Ny particles = 6.022 » 10" particles
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perivatien of Molar Mass

s The atomic mass unid (w) s delined based on “C {12 v = mass of gne YC atam)

« Since Ni atoms of YC weigh 12 grams. the malar mass (mass per mole) it numerncally equal 1o the
atomig/malecular mass iy

Malar mass al Y€ = 12 gfmal
we can caleulate the number al moles by dending the number of particles by Avesadra’s number

ﬁﬁne the followlng terms with one example In cach case.

(3] Molar mass (b) Molar volume (€} Molar concentration
Ans. ;,]ms;rmn
The mass of ene male of a substance expressed in grams 15 called malar mass
Molar mass of CCF, =Maolar mass of one C - Molarmassof Cf = 4
Maolar mass afttf,. =120=1+355=4
Molar mags of CC{, =12 0-1420=1540¢
(b} Molar VOLUME
The walume of ane mole of an Ideal gas at 5TP (Standard temperature and pressure) is called molar
volume. Its value is equal to 22414dm' The value of molar volume i co mmaonly rounded to
22.4dm’. It is denoted by V.. By using molar volume relatianship, mass ar mole of 3 gas a1 STP can be
converted inta volume, and vice versa
{¢] Molar Concentration
Maolar concentration of solutions is given as mol/dm', which is the number ol males 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
n
€=y
where C is the molar concentration and V is the volume of the solutian
f maoles (n
Molar Concentration (C) = Nifeber ol ae .“I )
Valume indm’ (V]
':._ What do you mean by molar volume of a gas? How Avogadro’s number Is related with melar velume?
Ans. Maolar Volume of a Gas:

The (molar valume) of a gas is the volume occupied by one mole of any ideal gas at standard lemperature
and pressure [STP).
» ALSTP(0°Cor273.15 K and 1 atm pressure},
« 1mole of any ideal gas occuples 22.414 dm® (or liters)
Relation with Avogadro’s Number;
Avogadro’s number (6.022 » 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 = 10™ molecules.
Conclusion:
= Molar volume links the physical volume of a gas 1o the number of particles (via Avogadro’s number]
under standard conditions.
d. 39 g of potassium and 56 g of iron have equal number of atoms In thern. Justify.
Ans, Molar mass of K (potassium) = 38 gfmaol
Malar mass of Fe (iron) = 56 g/fmal
It means hMoles of K= 39 g/mol; 39 g= 1 mol
Moles of Fe = 56 gfmol 56; g = 1 mol
We know that 1 mole of any element contains Avogadro's number of atoms = 6 022=10*" atoms
Thus, 39 gof K=1 mol = 6.022 x 10"
56 g of Fe = 1 mol = 6.022 = 10"
In short, 39 g of potassium and 56 g of iron contaln 2n equal number of atoms, because bath represent 1
maole of their respective elements.
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e agollie, 17 g of NI; and 64 g of 50, occupy separately the volumes of 22.414 dm! *'“‘_ﬂ_:;:_‘?;\ﬁ.\

and masses of molecules of three gases are very different from each other. Explain. lI“—I
Ans. Malar Masses: He (Belum) 4 g/mol WM, (ammana) 17 g/mol, $0s (ulfur dionide) 64 g/mal

ALSTP (Standard Temperature and Pressurel, 1 mole of any ideal gas ocupies

17 A4 dm'
Even though the masses and sizes of indivdual Me N, and 50, malecules differ:
The number of molecules in each case (s Lhe wame
1 moel= 6012 = 10° molecules

The volume a gas occupies depends mainky on

=  HNumberaf particies [moles)

»  Temperalure

= Pressure

it does nol depend on mass or siee of indivkdual molecules (according to ideal gas bEhI'u'mur].

Although He, NH;, and 50, diller in molecular mass

If you take 1 mole of each, they will all occupy 22.414 dm® at 5TP,

Because the volume of a gas is determined by number of males, not the mass ol molecules,
f. Do you think that 1 mele of Hj and 1 mole qf NHj 31 0*C and 1 atm will have Avogadro's number of pargicey
Ans. According to Avogadro's Law: S

Equal volumes of all gases at the same tlemperature and pressure contain an equal number of moleculyy

1 male ol Hy (hydrogen gas) and 1 mole of NH; [ammenia gas) a1 0°C and 1 atm will each copy,,,

Avogadro's number of particles, le 6022 = 10 molecules

1 mole of Hy gas = 6022 = 10" H; molecules,
1 mole of NH;y gas = 6,022 = 10°" NH,; molecules

£ What is stoichlometry? Give the baslc asswnptlons of stolchlometric caleulations. B
Ans. Stolchlometry R

Starchiometry is o branch of chemistry which tells us the quantitatve relationship between reactants ang

products in a balanced chemical equation

Assumptions of Stolchlometry:

The fallawing assumplions must be made while performing sioichiometric cafculations:

= Al the reactants are completely converted into the products

= Law of conservation of mass and law of delinite propertions are obeyed

= No side reaction occurs
h.  What Is a limitlng reactant? How does It contral the guantity of the product formed? N
Ans. The Iimiting reactant {or limiting reagent) s the reactant that Is completely consumed Mirst during 3

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 specilic mole ratios between reactants

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

Example:

1

Ny + 3Hp =+ 2NH;

Suppose we have:
1 mole of Hy and 2 moles of H,, According to the equation, we need 3 males of H, for every 1 mole of b

But we anly have 2 males of Hy. Thus H, Is the Imiting reactant.
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e
T Dillerentiate theorelical and actual yields. How Is the percentage yleld of a reaction caleulated?
“Ans. Oifferentlate Between Theorellcal and Actual Yield
Thearetlcal Yield
1. The amount of product cakculated from a balanced | 1.
chemical equation i caled thearstical yeld
2. Itis alio called eapected yorld ¢ ralculated yield | 2.
3. Theoretical yseld i3 abwangs greater than actual yeld | 3.
4. There is no need 1o perform expenment. It s easdy | 4. In arder to get actual yeld experiment has o
caleubsted from balanced ehemical equaton be performed

wWe can calculate the percentage yield of a chemical reaction with the help of actual yield and thearetical

yield of the reaction The effliciency of a reaction is alio eapresied in the form of percentage yield

Actual yleld
Percentage yleld = Theoretical yield ™ 100

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

elficiency of the reaction | e % age yield = Efficiency of the reaction
]*_ What are the factors which are mostly responsible for the low yield of the products in chemical reactions?
TAns. Actual yield of a chemical reaction is usually lesser than theorelical yield due to many reasans

Thay are:

i. Practically inexperienced worker has many shoricomings and cannot get expected yield

[l. Mechanical loss during experimentation e.g, filtration, separation by distillation or by 4 separating

funnel, washing, drying and crystallization il not properly carned out, decrease the yweld
jil, Some of the reactants might take part in a compeling side reaction
Iv. The reaction might be reversible.

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

- DESCRIPTIVE QUESTIONS -

‘0.3 Differentiate fimiting and nen-limiting reactants. How a limiting reactant Is determined from a balanced
chemleal cquatlon and given data?

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

Ans. Sec Page No. (121)

a5 A solution of sedium hydroxide (NaOH) ls prepared by disselving 2.00 ¢ of solid sadium 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 hydroxlde,

¢)] Calculate the concentration of the sodium hydrexide solution In mol dm™,

d) I more water Is added to the above solutlon te ralse the volume ef solution te em’, what would be the

concentration now?

Actual Yield
The amount of product obtained while performing
achemical reaction is called actual yleld
It it alto called experimental yield
Actual yield is abways ketser than theorelical yeld

NUMERICAL PROBLEMS

{a) Number of moles of sodium hydroxide used
Formula:
Mass of solute (g)

Molar mass (g /mol)
P | L
40gmal™

Number of moles (n) =

=0.05mal
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Rolar mass of sodlum hydroxide (NaOH)

Atomic mass of Na (Sodium) = 23 gfmol

Atomic mass of O {Oxygen) = 16 gfmaol

Atomic mass of H (Hydrogen) = 1 g/maol
Maolar mass of NaOH = 23 + 16 + 1 = 40 g/mal

Concentration of NaOH solution In mol dm?

Formula:

Number of moles(n)
Volume of solution in dm”

Concentration (C) =

Convert cm” 1o dm’
150
1dm’ = 1000 cm’ = 250 em’= 1—=|:r.1ss.'n dm*

0.050
0.250
New concentration If valume Is increased to 500 cm’
Mo. of moles of NaOH = n=0.05 maol
Volume of solution =v =500 cm® =0.50 dm’

ml '
500 0.500 dm

Concentration = = 0.20 mal/dm’

(d)

Valume of solution =v = 500 em® =

3 n
Maolar concentration =c= —
v

0.050
0.500 drm®

Q.6 Ammonla gas (NH;) reacts with oxygen gas (0:) according to the following balanced equation:
ANHyg + 503 —» ANOy + 6H:0y;

Inan experiment, 34.0 g of ammonla Is reacted with 96 g of oxygen.

Determine the limiting reactant.

Calculate the maximum mass of nitrogen monoxide (NO) that can be formed.

Calculate the mass of the excess reactant remalning after the reaction s complete. [Relative atomic
masses: H=1.0, N=14.0, 0 = 16.0)

New Concentration =¢= = 0.10 mol/dm’

e

a)
b)
c)

Ans. (a) Reaction Given:
Given Data:

ANHy , + 50y, —+4ND, +EHO,

uog
S6g
14 + (3 x 1) = 17 g/mal
2x16=32 gfmal
mass 340
molarmass . 17 200 mel
96

Given mass of NHy
Given massof O3
Molar mass of NH;
Melar mass of O,

No. of moles of NH; n=

No. of moles of O =3moal

Comparing the mole ratio, from the balanced chemical equation

MH;y NO
4 4
23 2
Now 0, NO
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3 : =x3=2.4mol

wis nja &

As NHj gives least amount of NO [i.c 2 moles) soit is the Limiting reactant.
(b) Mo, of moles of NO produced = 2 mol
Molarmassof NDO = 14 +16 = 30 g mal™
Massof NO produced=m = nxM
2 mol = 30 g mol™
60g

() Mass of excess reactant:

NHy is the Limiting reactant, so

WNHy :
&

-

LY EL B =

2 —x2=25mol
4

Mo. of moles of O; left [unreacted) = No. of moles of O; initially taken — No. of moles of O consumed
= 3=25=05mol

nx M

0.5 mol= 32 gmol™

= 16g

Mass of Oy left junreacted)

Q.7

When lron (lll) exide (Fe:0y) reacts with carbon monoxide [CO) In a blast furnace, Iron metal (Fe) Is
produced according to the following equation:

Fey Oy + 3C0y) —» 2Fepy) + 300y,
IF 1000 kg af iron (Ill) oxide is reacted with excess carbon monoxlde, and 650 g of Iron Is obtalned, what
Is the percentage yield of Iron? (A of O = 16.0, Fe = 55.8)

. Chemlecal Equation:

F-flom: +3'CGH —.‘ZFE"I +3Eﬂﬂl,

Glven Data:
Maszs of Fe,0, used=1.00kg = 1000g '
Mass of Fe actually obtained = 650g
Alomlec Masses: Fe =558 0= 160
Malar mass of Fes0y = (2%55.8)+(3%16.0)=111.6+48.0 =159.6 g/ mal

mass 1000
molarmass 1596 G5 o

Mo, of moles of Fes0s = n=
To Find Thearetical Mass of Fe
From the equation:
1 mol Fe,0, —2»2 mol Fe
5o,
6.265 mol Fe,0, —36.265%2=12.53 mol Fe
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Mass of 12 53 mol Fe
Mass = nxM =12 53 55 §= 699 2 gfe (theoretical)
Step 4: Use Percentage Yield Formula
Actual Yield
P tage Yield = —— 0o
erceniage Theoretical Yield
650
z 100 %
T R
Final Answer:
Percentage Yield ol Fe = 92 96%
as

1.5g of CyH, Is burnt In excess of Oy to produce €0, and H,0. What volume of €Oy Is prndﬁw
2CHy + 70y = 400y + 6H,0 '

Also calculate:

a) No.ol molecules of solid CO; produced,

b) No.of O; molecules reacted.

¢}  No.ol CH band ol C3H; are broken In this reaction.

Glven Data:

Mas ol C:Hg burnt = 1.5g
Molar Mass ef C;Hy = 30g mol™
2C3Hy + T0; = 4C0; + 6H,0

,_.lf.EE_. =0.05 mal
30 g/ mal
CHy ¢ COy A
2:4
005 : x
Moles of CO; = 0.1 moles
Volume ol CO; = 0.1%x22.4=2.24 dm’
No. of malz.ves of Solld CO; produced
=i
= 0.1 % 6.02 » 10" = 6.02 = 10" molecules

No. of moles of GH, =

la)

(b} MNo.of molecules reacted
C:Hl - ﬂ]
2:7
005 ; x

Moles of O reacted = ;:D,ﬂﬁ =0.175 male

Maolecules of Oxygen = 0,175 % 6.02 = 10" = 1,0535 = 10" or 1.05 = 10™
No. of € —H bonds broken
1 mole of C;He has C— H bonds = 6 moles
0.05 moles of C;Hg has C = H bonds = 6 x 0.05= 0.3 moles

Mo, of bonds = nx Ny

= 0.3 % 6,02%10"= 1.8 x 10" C~ H bonds
1. How many molecules are there In one mole of HO7
6023 = 10" B. 6,023 x 10" C.1.084 x 10"
2. Afask contalns 500 cm’ of 50; at STP. The flask contalns

(<)
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D. None of these
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6.

7

10.

11.

12

14,

15.

which one of the foellowlng compounds contalns the highest percentage by mass of nitrogen?

A NH, B. N; Ha C. NOD D. NH.OH

Vitamin-A has a molecular formula CeMie0. The number of vitamin-A molecules In 500 mg of its capsule
will be:

A 602 x 10" B.1.05 = 10" €. 3.01 = 10" D.301=10"

when one mole of cach of the following Is completely burnt In oxygen, which will glve the largest mass
of COu?

A Carbon Monoxide B. Diamond C. Ethane

one male of ethanol and one mole of ethane have an equal:

A. Mass B. Number of Atoms C. Number of electrons
Methane reacts with steam to form H; and CO as shown below.

CHajp #+ Hi0py) ——t El:lm +3H’ll!

D. Methane

D. Number of molecules

what volume of Hy can be obtalned from 100 cm' of methane at the standard temperature and
pressure?

A, 300 em? B. 200 cm?

The Avogadro's constant Is the number of:
A, Atoms in 1g of Helium 8. Molecules in 35 .5g of Chiarine

C. Electrans needed to deposit 24g of Mg D. Atoms in 24 of Mg

How many moles of exygen are needed for the complete combustion of two moles of butane?

C. 150 cm’ 0. 100 cm!

A2 B.& C10 013
if four mioles of 50; are oxidized to 50y, how many moles of oxygen molecules are required?
ADS B8.10 C15 D.2.0

Which of the following statements s Incorrect?

A.12 g of Carbon gas contains ane mole of atoms

B. 28 g of Nitrogen gas contalns one mole of molecules of My

€. 1dm’ of 1.0 mole dm? solution of MaCl contalns ane maole of Chloride ians
0. None of above

What velume of 50; at room temperature and pressure Is produced on heating 9.7g of Zine Sulphide
(ZnS5) if reaction takes place as follows:

2InSpy + 30y ——+ 2200y + 2504y

A dDgp 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 BO2x10M B.12.04 = 10" C 1.003 x 109 0.3.01 = 10"
4.  What Is the mass of aluminlum In 204 g of the aluminium oxlde, 41,0,7

A 26§ B.27¢ C5ig D.108p

5.  The reactant which is consumed eariler and glves least quantity of product Is called,
A Reactant in excess B. Stoichiometry C. Umiting reactant D. Stolchiometric amouwt

A 12 dm? B. 2.4 dm? C 36dm? 0. 48dm
Answer Key with Explanations
Sr.Mo. | Optlen | Explanations
1 B Water Is o molecular substance. One mole of a molecular substance contains Avogadro’s
; number (6.023 x 10"} molecules. ?
1 mol of a gas at 5TP = 22.414 dm® = 22414 em?
1 mol of 50; = 6dg “
2, D 22414 cm® of S0y at STP has mass = 64g
B4
t] o —— _
500 cm® of 505 at STP has masg = 22418 * 500=1.427g
Diamaond Is an allotrope of carban.,
3 D 12g carbon (Diamond) = 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 ALiOy = 27(2) + 16(3) = 102g mel™ __—1\
i 102g AL:D; contains AL = 545
54
204g Al:0y contains AL = T0z X 104=108g
5 A reactant which Is used or consumed earfler due to its lesser amount anE_“;‘;I-r?\
: amount of preduct formed In a chemical reaction s called limiling reactanL s
NH, HzHa o
14 28
%ol N="77"x 100 =823% %of N="3; » 100= 87.5%
i 17 a2
: NO NH.OH
14 14 "
wnolN =3p * 100=46.6% Kamnixlmﬂﬂﬁ
Mass of compound ~
Number of molecules of a compound =~ o = Na
7. Molecular mass of vitamin-A (Cx=He0) = 2762
Humber of molecules of vitamin-A = %’% 6,023 x 107 = 1.05 x 10"
CO + }i0y — COy
8 C+0D;— 0O,
CiHg + 3K0; — 2C0; + 3IH,0
CHa + 20;—» €03 + 2H,0 ,
], Both ethanol and ethane are maolecular substances. So 1 mole of each ethanol and ethans
contains Avogadro’s number [6.023 x 107) malsculas.
CHuig + Hi0i — COLg + IHng ]
10. The above equation shows that 1 mole of methans (CHi) produces 3 moles of hydrogen (k)
So 100 cm® of CHa will produce 200 em? of Hz.
1L 24g of Mg = 1 mol of Mg = 6.023 x 10° atoms [Avogadre’s constant) =
12. According to balance chemical equation; o
2CHys = 130y — BCOy + 10H;0
13, 2505 + Oy —— 250,
450, + 20; —— 450,
14, {a), (b} and (c) are correct statements because in e2ch statement the number of staled
particles are Avogadro's number.
2ZnSy;+ 30— 2Zn0y + 25035
.7
Mg = :,_? = 0.1 mal
15, ns H 50
2mal - Zmol
0.1mol : 0.1 mol
imoleofS0; = 22.414dm’atsTP
Dimoleaf50; = 24dm'alSTP
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- [Anurrmrw. SHORT ANSWER QUESTIONS

.1 Define Avogadro's number and melar velume.

——

ans. Avogadro's Number:

~The number of particles {atoms, molecules, formula units ar ions) which are present in one mole of a

chemical substance is called Avogadra’s number.”

Equal valumes of all the Ideal gasss at same temperature and pressure contain equal number of molecules.

# |tisrepresentedby Ma = Its unitis mol™®
Example:

16g CHa =1 mole of CHy= 22.414 dm? 6f CHy = 6.02 » 10" molecules of CH
Maolar Velume:

* s value is 6,022 = 10**

“The valume occupied by one mole of an ideal gas at standard temperature and pressure (STP) i - (FC and

1 atm is ealled molar volume

value:  Itsvalueis 22.414 dm’ (0022414 m® or 22414 em?)
Examples:

(i} 2gofH;=1moleofH;=22.414 dm?

{if} 16g of CHs = 1 mole of CHy = 22.414 dm”

(1) 44g €0y = 1 mole of CO; = 22.414 dm?

From abeve examples it is clear that 1 mole of different gases e.g. 2g Hy,. 165 CHs, 24 CO; have same

number of molecules and same valume (22.418 dm?) at 5TP but different masses.

0.2 Define mole with two examples.

“Ans. Mole: "The amount of a substance which contains Avogadro’s number of particles (atoms, molecules,
formula units, or ions) is callad mole”

Examples:
lmoleofNa = 23g
i1moleafH;0 = 18g
Imaole ol NaCL = S85g
1 mole of HCO; = 61g
Given mass of the substance
Formula: . Maole = Mohe macs

a3 Why 180 g of glucoss and 342 g of suoose have same number of maolecules but different number of atoms?

Ans. Molar mass of glucose (CHp:0¢) = 180 g mol™
Molar mass of suerose (CuHpOu) = 342 g mol?

Both glucose and sucrose are molecular species. Therefore ane mole contains same number of moleculas

b.e., Avogadro’s number [6.02 x 10%).
180 g of gluconse = 1 mol = 6.02 » 1027 Molecules of glucase
342 g of sucrose = 1 mol = 6.02 x 1022 Molecules of sucrose

One molecule of glucose has different number of atoms than one molecule of sucrose 5o one mole of each

maolecule contains different number of atoms in them.

A 1 molecule of glucose (contains) =24 atoms

So, 1 mole glucose molecules (contains) = 24 x 6.02 x 107 atoms
Similarky,

As 1 molecule of sucrose [contains) =45 atoms

So, 1 male of sucrose malecules (containg) = 45 x 6.02 = 10™ atoms

0.4 Caleulate the number of oxygen atoms in 10.037g of CuS0-5H:0 [Atomic mass of Cu=63, H=1, 0= 16).

Given Data:
Required:

Mass of CuS0.5H:0 = 10037 g
Humber of 0 atoms = 7
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Solution:
Mass of Cus0,.SHO
f moles of Cu50..5H;0 = .
PSR : Malar mass of Cus0,.5H0
Molar Mass of CuS04.5H;0 = 63.5+ 32+ (4% 16} + (5 x 18) = 249.5 g mal”
Number of moles of CuS0:5H,0 = 1;:";1’ = 0.04 moles

1 mole of Cu50..5H:0 have moles of O = 9 moles
0.04 moles of Cu50:.5H;0 have moles of O =9 %004 = 0,36 moles
Number of Oxygen atoms = Number of moles of axygen atoms x Na
= 0.36 » 6.02 = 109
Number of Oxygen aloms = 2,167 x 107 atoms

Q.5 Calculate mass In Kg of 2.6 x 10 molecules of 50, ey
Glven Data: Number of 50; molecules = 2.6 x 10° molecules o~
Required: Mass in kg of 50y molecules = ? s

Mass of S0; molecules

Solutlon:  Number of 50; molecules =

Melar mass of 50; xha
Melar Mass of 50; = 32+ (16 % 2) =64 g mol?
Mass of 50; molecules

i = x6.02%10%
2.6 = lﬂm * B4
TE02x100 - Massof 50; molecules
27.641 x 107

27.641x107% = “— oo

= 2,764 = 107* kg = Mass of 50; malecules

Q.6 Calculate the number of water molecules In 10 g of lce.
Given Data: Mass of ice (water) = 10.0gm
Molar mass of water = 18 gmol?
To Find:Number of molecules of water = 7
Solution:

| I

Mass of water in gm
Molar mass of water in gmal™

Humber of molecules of waler = * Avogadro’s number

10 =
= Tegmor'® 6.02 = 107

055x 6022 107 =331x 107

Q.7 Write down only steps to determine Umiting Reactant.
Ans. Umiting Reactant;
“A reactant which is used or consumed earlier due to its lesser amount and controls the amount of
product farmed 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 smount
{in) 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.
(i) Find outthe number of males of product with the help of a balanced chemical equation.
(i} Identfy the reactant which produces the least amount of product as limiting reactant.
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'a__g_mnw reactions taking place In our surrounding Invalve limiting reactant. Justify with examples.

Tm__ “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 ptace In our surroundings involve the himiting reactant
For example:
* CHap + 2000 —+ COxp + 2H0  * Gy + Oug —+ COny
in above examples, Oz gas is present in excess while CHe and € are the reaclants which are consumed
earlier so they are limiting reactants.

a9 Low of conservation of mass has to be obeyed durlng stolchlometric calculations. Justify it

“Ans. Accarding to law of conservation of mass.
“Mass can neither be created nor destroyed during a chemical reaction but it changes its form from ane
form to another”
in stolchiometric calculations, we use balanced chemical equation where 1otal mass of reactants is equal
to the total mass of products.
For Example: = 2H;+0;— 2H;0
* dg+ 35— 36g
So while doing stoichiometric calculations law of conservation of mass has to be obeyed

Eﬂ What Is stelchlometry? 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 stoichlometry.”
Assumptions:
When stoichiometric calculations are performed, we have to assume the following Conditions:
(1) Allthe reactants are completely converted into products,
(i) Noside reaction occurs.
During stoichiometric calculations, law of conservatlon of mass and law of definite proportions are
obeyed.

-q,_n Why thearetical yleld of a chemical reaction Is greater than the actual yield?

Ans. Actual yield of a chemical reaction is usually lesser than thegretical yield due to many reasens. They are:
(i} Practically inexperienced worker has many shortcomings and cannot get expected yield.
(i} Mechanlcal loss during experimentation e.g., filtration, separation by distillation or by a separating
funnel, washing, drying and crystallization If not propesly carried out, decrease the yield.
(i1} 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 suilably maintained.

Q.12 Differentlate between Theoretical and Experimental yield.
—

Ans, Theoretical Yield

1) The amount of product calcufated from a | 1)
balanced chemical equation s 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.
1t is alse called experimental yield.

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) Inorder to got actual yield expeniment has 1o
calculate from balanced chemical equation. be performed.




