HISTORICAL BACKGROUND OF ATOM
Greek philosophers

Greek philosophers
sophers thought that matter ¢ ivided i
TN | - r could be divided into s -
particles to reach a basic unit which coul gHRier.Ang smufiee

sy nailiss ok it _* d not be further sub-divided. Democritas named
e .dwsl '-? particles as atoms derived from “atomos” which means
: . €S€ 1deas of Qreek o : " . - :
% philosophers were not based on experimental evidences.
17 Century work |

In the late 17" century.
substances disclosed that a fe
substances. It was also Investig
how compounds could be

Dalton’s work

the quantitative study of the composition of pure
W elements were the components of many difficult

ated that how elements combined to form compounds and
broken down into their constituent elements.

ln. lSOfS. an _knghish school teacher, John Dalton recognized that law of
conservation of mass and law of definite proportions could only be explained by the
existence of atoms. He developed a theory about atom called Dalton’s Atomie Theory.

The_ main postulate of atomic theory is that all matter is composed of atoms of different
elements, which differ in their properties.

Atom

The smallest particle of an element which ¢an take part in a chemical reaction is
called atom.

or

The smallest particle of an element which may or may not exist independently is
called atom.

Examples ..

Atoms of He, Ne, Ar, Kr, Xe and Rn can exist independently while atoms of H,
O, N etc. do not exist independently.

Sub-atomic particles

According to modern researches, atom 1s composed of sub-atomic particles hke
electron. proton, neutron, hypron, boson, neutrino, antineutrino etc. More than 100 such

particles are thought to exist in an atom. However, electron, proton and neutron are
regarded as fundamental particles of atoms.

Berzelius’s work | So
Swedish Chemist J. Berzelius (1779 - 1848) has following contribution n

chemistry _ _
e He determined the atomic masses of elements. A number of his values are close 1o
the modern values of atomic masses.

e He developed the system of giving element a symbol.

Dalton’s atomic theory
started chemistry on
the road from a branch
of philosophy to the
science which it is
today.

Element

A substance consisting of
atoms which all have the

same number of protons
.e. the same atomic
number. Elements are
chemically the simplest
substances and hence
cannot be broken down
further using chemical
methods. Elements can
only be changed into
other elements using
nuclear methods.

).Berzelius (Best
experimental chemist)
performed more than
2000  experiments
over a 10 years period.
to determine atomic
masses for 5O
elements then known.
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Electron microscopic
phbtograph of graphite

tvidence of Atoms

It is not possible actually to see the atoms but the nearest possibility to its direct
e idence is by using.an electron microscope. A clear and accurate imace of 4n object that
IS smaller than the wavelength of visible light, cannot be obtained. |

Demerit of compound microscope

An ordinary optical microscope can measure the size of an obiect up to or above
500 nm (!l nm= 10" m).
Use of electron microscope

he objects of the size of an atom can be observed in an electron microscope, It
uses beams of electrons instead of visible light. because wavelength of electron 15 much
shorter than that of visible light and is most suitable for viewing the atoms,

Electron microscopic photograph of graphite

T'he figure shows electron microscopic photograph of a piece of graphite which
has been magnified about 15 millions times. The bright band in the figure are layers of
carbon atoms,

Results of X-rays work
In the twentieth century, X-rays work has shown that

8

* Diameter of atoms are of the order 2 = 10" m whichis 02 nmor2 A

* Masses of atoms range from 10" 10 10 " kg. They are often expressed in
atomic mass units (amu)

l amu = 1.661 x 10 " kg (1.661 x 10 * g or 1.661 » 10 "' mg)
Consequence

~ This shows that the atoms do exist and they are of an amazingly sinall size. Even
a full stop may have two million atoms present in it |

%

“T:lu‘lsmal'lest particle of a pure substance (element or compound) which can
exist independently 1s called a molecule.” |

Classification of Molecules
On the basis of (i) Nature

(1) Atomicity (iii) Size

Amazingly Small Atoms:

e If a pgolf ball s
magnified to the size
of the earth, then an
atom would be the
size of marble

e Take a deep breath:

you nave just

breathed 10" millios

atoms.

L

1A =10""m

Scholar's CHEMISTRY - X (Subjective)

e e ——— —

(i) On the basis of it nature
On the basis of nature, molecules Wi of 1two types
() Homo-atomic molecules
(b) Hetero-atomic moleCuies

(a) Homo-atomic molecule

“A molecule whileh 1S unnpuwd O same or one kind of atoms 1s called a oM

atomic molecule or elemental molecile’’
Examples: ()., O, P Seetc

(b) Hetero-atomic molecule
“"A molggule which 18 gomposed ol different types of atoms is called a hetero-

atomicmelecule o Gompound moleécule™

Examples: C0O. SO N, CH, etc.
Atomicity

“The number of atoms present in a molecule i1s called atomicity ™

PCITCIN E ILR

L STRU I N
(il) On the basis of atomicity

On the basis of atomicity, molecules are of two tvpes

(a) Mono-atomic molecule

(b) Polyatomic molecule

(a) Mono-atomic molecule
“The molecule which consists of only one atom 15 called mono-atomic

molecule,”
Examples Noble gases(He, Ne, Ar, Kr, Xeand Rn ) has monoatomic molecules

(b) Polyatomic molecule
“A molecule which consists of two or more. same or different kinds of the atoms

is called a polyatomic molecule.”
El.mp‘ﬂ CO, CO,, O, Oy, CiH 0, et
(1t can be diatomic, tri-atomic, tetra-atomic)

(ili) On the basis of size of molecule
On the basis of size, molecules are of two types.

(a) Micromolecules
They are small in size. They are simple molecules and exist as monomer

t"mp'“ H;O. CO;. C;,H;, ¢lc.

(b) Macromolecules
They are large in size having large number of atoms.

Examples  Haemoglobin, cellulose, starch, graphite etc.
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Haemoglobin

® It is a blood protemn

e lttransports oxygen from our lungs to all parts of the body

 Each molecule of haemoglobin is made up of nearly 10,000 atoms

e |t s 68.000 umes heavier than 4 hydrogen atom

¢ If conti -
it Lesbon, hydrogen, nitrogen. oxygen and iron

ATOM

1) It is the smallest particle of an element,

ifferenc bween Atom and Molecule

Chapter 1 (Bas

Q. How many times 3
atom 15 lighter tha 3
haemnglnhin molecy| n 2
(a) 68000 il
(b) 34000

(C) 17000

(d) 1000

MOLECULE TR

1) It is the smallest particle of a pure <ubstance,

2) Itis represented by a symbol.

2) Itis represented by molecular formula.

3) It shows the properties of element.

o,

3) It shows the properties of the substance.

4) It retams s identity in a chemical reaction.

e ———

4) It does not retain its identity in a chemical reaction

- — i

S) It cannot be further sub-divided by ordinary chemical
reaclions

6) It inay or may not exist in feee state.

ion

Types [here are two types of ion
(i) Positive ion or cation.
(ii) Negative on or anion.
(i) Positive lon

“It 15 that ion which is carrying a positive charge. A positive ion is formed when

an atom loses one or more e'ecrons
A—> A +e
e A positive ion is also called a cation.

e A positive ion may carry +1, +2 or +3
electrons lost by the atom.

o We have to supply sufficient amount of energy in order to remove an electron
the valence shell of an atom. It means the formation of a positive ion i1s an

endothermic process.
e Formation of cation is an oxidation process.

o Metal atom can easily lose electrons to form positive ions like Na*, K*, Ca”" and Fei’

1ons.
e Size of a cation is smaller than 1ts parent atom,
Na —» Na''+1¢€
|86 pm 95 pm

(ii) Negative lon

“It is that ion which is cary ing a negative charge. A_.negative'idq 15 formed when

an atom gains one or more electrons.”
B + eﬂ _“.‘Bﬂ

A negative ion is also called an anion;

; g SECHERT L AT TR

“Those species which carry either positive or negative charge are called ions.”

charge depending upon the number of

5) It can be further sub-divided by ordinary chemic
reaction. S

E il

—r—————

6) It can exist in free state.

Cations and Anions:
During electrolysis, the
negative  electrode o
cathode attracts positive
ions, called cations. The
positive  electrode  or
anode attracts negative
ions, called anions.. -

. g '_rlwlh sy oS (i
from QI The formation of

 positive ion s an
' endothermic < procéss.
Lol T Justify.
b arie lo siegtf it 0O
s 1178 ;.lr‘-"-’ ¢
- 'l = i
! i » I eaiqmeil

;alummiomon il 1 Q)
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e A nepative ion may carry =1, -2 or.-3 charge depending upon thgmumber O

electrons gained by the atom
lectron is added in the valenCe shellbef Bnisolated

e Energy is released when one ¢
Spgative ion is AR eXolhermic

neutral atom. It means that the formation of an_ i

process while formation of di-negative ion is an gndothemue process.

‘ - - - | ~q= -
« Non-metals mostly gain electrons and 10 farm negative ions like F', CI 88 and

O~ ions etc.
e Formation of anion is a reduction pracess.

These cations and anions have entirely different properties, from their parent aloms.

e Size of anion is larger than iis parent atom.
Ci+le —CI

99 pm 181pm

Polyatomic ions

These are the positiVe OF negatiye
are less common, bor example, NH,

‘ons which consist of group of atoms
1C 1 jons and certain
e ' The posifjve polyatomic 1003 jons an
carboéations in orgamiechemistry.

e There are many examples 5f negative polyatomic jons like OH, C

PO’ ,MnO. Cr

s Anion is form by
neutral atom.

{rom a neutral-atom. B

AH = +496 kJ mol”™

e Formation of cation 1s an oxidation process.
r than its parent atom.

e The size of cation 1S smalle

\&!

r of electrons

tions is equal 10 numbe

e The charge on ca

108318 Na —> Na + 18

—»Ca'*2e e
ol gt .| ' \ - - B 3

OF and SO 100s

the gawn of electron

Olll + 12_ —— 0;‘,\

O  +le —0

Q. Justify that tormation

of di-negatlive o0 15 ai

gndothermic proCess

ative lon)

+ ¢ >0
ative ion 1S an exothermc P

L‘imt:u.:}.m-:; {01

A — A+ le - .
: of unineg
- . — esS. e Formatuon
s Formation of cation 1S an endmhemlc_prm o eas the formation O
Na,, —rNa,+ le endothermic process.

AH = =141 ki mol

i AH = IR0 K mol |
iR}

ar electrons by a

A et

1§ i
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Molecular lon

-+Th_‘5{. '.‘n W T » e . N .

' . ons which are F‘“‘d“'-f-d oy the removal of one or more electron or electrons f

substance are called molecular 1ons.” ectrons trom the molecule of a
4

Types There are two tvpes of molecular ion.

(a) Cationic molecular ions

I'hey have positive charge. They are more abundant than anionic molecular 1ons.
Example N\, CO  CH, etc
: MCQ's
Which of the following is not a
molecular ion?

(b) Anionic molecular ions

Theyv have neganve charge. They are less abundant,

(a) CH, (b) NH|
(c) O, (d) NH

Example O, N7 etc.

Formation

These 10ns tan be generated by passing high energy electron beam as o — particles or X — rays through a gas
Application

he breakdown of moelecular 1ons obtained from the natural products can give important information about their

structure.
t—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Q.4 What are ions? Under what conditions are they produced?

Ans. lons g

. “Those species which carry either positive or negative charge are called ions.”
Formation of ions
lons are formed under following conditions

Provethat: lamu = 166110 ° kg

Solution

6,02« 107 € atom=12g

(i) By passing different radiations through gaseous mixture. | C atom =2 U_,I_:m,t .
(ii) By adding the substance into an aqueous solution. ' Chtom = | ,;,9" "lm.;;
(iii) By heating the substance (in molten state). l' | ?,}9 (0>

¢ ' =
Relative Atomic Mass SO MaM = =g

1661210 g

“It is the mass of an atom of an element as compared to the mass of an atom of "\
Tlﬁﬁlnlﬂr £

carbon taken as 12.7

The term atomic mass is preferred over atomic weight because mass is more
fundamental unit than weight.

Atomic mass is a relative term. It tells us how much heavier or lighter an atom of the
element 1s. than an atom of carbon - 12,

Carbon =12 1s used as a standard because it is stable and exist abundantly.
Relative Atomic Masses of a Few Elements

tiement Relative Atamic Relative Atomit

l“lf: L’ K Illjr‘rld: ;J;tl i ,L.L‘.l i i v

008 I e T o 35453
R ™ 15.9994 63 546
Ne 20.1797
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Atomic Mass Unit
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| amu = 1.661 x ¥ i ke = 168~ 10 - o = [EHG1 > 10 - mg
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Q. Which one of the following is the relative atomic massialan element?
averace mass of one atom of iEEiEment averace mass 0! one ats
() ——— ——————% : e
mass of one atom of 'H % average mass of one atom of carbon
AVETAre mass ,;_'11' e slom Atdheelemend averaLs of mass of one atom of the element
() AVCREE Ma O Ny & (d) |
mass of ane atomuar” L — % mass of one atom ot !
= 5SS ¢
Isotopes Isobars:
\tom et the sameerement which have he same atomic number but differen Those atoms which have
. , - - .~ e . '\i. v | 5% b e o o - - I.;-\,-r' Py o
L ribers dudaiditerence in the number OF neutrons alc called sotopes Of thal @ Same mass numbers
. but diiterent alomic
L h,
| he dRERRMenon olAasniopy Wwas first discovered b‘* {";-"'l!ti}. NUMDErs \ N
| 1snelectronic species:
EXamples Those species Le. atoms,
s  Isotopes of hYdTUBE“ ons or molecuies which
i =111 " ! — = . il i . Taala r '
MG drogen consists at three I‘h‘-.l.i..l'q!"'g"'.‘ k',“','.t_li-,l are protiam | Ilfl ). depterium | . ) o Lamme numper Qi
: } i | - 'Ir_tll SC
: . = . amie alomd \he 1 . O, WL ANey
and tritium ( CH ). All these 1sotopes have the same atomic number
Have Aifferent mass aumbers 1. 2 and $ !".'35‘.".:1..'11'-,1.:1} o N 0 e
¥ = | ¥ & i e ™air
e Isotopes of carbon soelectiroric spece
_ : _ v |E(. v C=13 'y and lsotones:
L _ AR ' v 1cotones which are C—12 (L) L ! - nes.
(; d'hl"r‘ ;11"’1{" Lr‘n"ht“l%} ‘.I‘ lllrtt. lil- P :H..‘. o ,-‘-r': okis 1;2'“"2”3“1
" [ f - ' l‘fli'ﬁl £y AN =
o sty \ the came atomic’ number €., SiX bul they have | S -
L*_ 14 | ( \ . '\.H lht.:ht: |-..U'[+.'rr|||;,_'fn have Iht.. same atomis slements aving same

=y enechively ~ambker of neutrons but
different mass numbers 12 13 and 14 respectively. gmber of neutlro
Lfferent mass numbers

- : o ~ & AC -admium
Oxveen has three, nickel has live. calcium _has Six, Pﬁutld,“:l.'lﬁ*_h:"zﬂ_?‘%h_“. wrinl.
XY B g e e e IR L rine. oding and pold e ralled isOlONES. 2.8,
has nine and tin has eleven 1SOLOPES. [he elements hike arsenic, tluorine, 10CIE 222 are called isotones: €5
as 1tk B8 RRART : e e ' ¥ =7y 1 ! = 1
as e y — 1SOLopIc elemenis. Qi P S are tsotones

[hey are called mom

etc have '._,111_1_": joe! 3_5_1}5'[{_ 1S0t1ope
of Isotopes of an Element

Similarities and Dissimilarities

Similarities Dissimilarities

Isotopes af an clement have ditferent

e AlOmIC Mass
e Number of neutron
+ Radioactive properties due 10 different
composition of nuclel
e Phvsical properties |
» Half life due to different stabilities

® . LER ¥ L
[sotopes of an element Gave same

e ALOMIC number

¢ Number of proton

o Number of glectron

o Chemical properties dug 10 same
ctronic configuration

¢le |
e Posiuion n modemn weriodic

1able

e
=

Relative abundance of isotopes
“The percentage of each 15010p€
relative abundance.
topes have their own natur
of isotopes 1 measured

in 2 mixture of 15010PES of an element 1S called

. al abundance.
e Different iso e etry
by mass spectrom £

o The relauve abundance
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Natural Abundance of Some Common Isotopes

Element isotope Abundance (%)

Hydrogen 'H,*H 99.985.0.015

Oxveen
g 15.99491. 16.99914

17.9916

__ wihapial 1 {oasic Concupu)

5t abundgm
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EXact alomic mmsses and

Different steps mvolved n the determination of

relative abundances ol dilterent 1SOWwIpes of an element are given pelow ’
= r.. o i ¥ ] LJ & ""l:l-

(i) Vapourization o amdlid. Etudu Mot Be

. [ "'. 1 ; } " L ‘-i 1 h"" o . l'." -1i ‘ . . t : l s [+ % . 1 il f L
| he ybstance viiose Ltll-ﬂ} Si5 1071 hL. S parﬂu_ﬂ Ol EOLOPES 15 n..q-_nr-,d. 15 a3hkle 1o move freely The
converted into the vapour staic Ihe pressure of these vapouS IS keBluery 10 thal 15, .. ,
’ | 1255 spectrometer wouls
Ol WOrk properly e

(ii) lﬂnlzatinn ¥ . Tolatd F-":Ill.l';.'-."' Tl 1V
These vapours are then allowed to enter the 1onizalion, chamber, WHERR 1ast  rolecule

lmn'illj_' electrons are thrown upon them The _atlems of i‘&i.ﬂﬂfnc glement prr:u:ni i the . . T
: (O, & N_)present in Lhe

Sulphur o,

31.97207, 32.97146,
33.96786, 3596709

3[!5 . .
P 38~y 37
cl.cl 75.53. 24.47 34 96885. 3696590
—
m 50.54. 49.49 78.918. 80916

I'he distribution of isotopes among the elements varied and complex as it is evident from above table

Occurrence of isotopes
At present more than 280 different 1sotopes occur in nature.

form of vapours, are jonized. These positivély ehaiged ions of isolfiges of an Slement
have different masses depending upon the ndture of (e sBlopes present in them

(iii) Acceleration
I'he positive ions of eac
ditterence (E) of 500-2000 volis applied Between perforated accelerating plates, then  mass
these positive 10ns are strongly attracteditowards the negative plate. In this way, the 1ons. 3ccelerated
deflected’

aimospnhere

the ons in the

h mmnpe.haﬁ is own {fmiu.] value. When a potential Q. HOw
spectromelaer afe

are acceleralédh
(iv) Deflection

The beam Of accelegaled positive {ons is then allowed to pass through-a SUOng
celd.af-the strength HisThissimagnetic field 1s applied in a direction which 18
of the posiive ions. The applied magnetic fleld will help us m
Je valyes. The magnetie ietd mukes

\f an ‘element existy as
digtomic  molecules (€
L 40, by erg anen. Ue
spectrum Wil cortain
neaks  Dbotnh for the
separate -atoms and Of
the molecules, €§ the
mMass specirum of chionne
nave peaks 1O

magnetic
perpendiculdeto the path
e separafion of pesitiveiens on the basis-of theirm |
the tons W move in a circiiar path. The ons of definite m/e value will move in the form

of groups ofie after the other and fall on the electrometer,

M Mathematical explanation
Phe mathiematical relationship between m/

¢ 40 radioactive isotopes are also included in this number (280).

¢ Almost 300 unstable radioactive isotopes of different elements have been produced by the artificial disintegration.
e In general elements with odd atomic number almost never possess more than two stable isotopes. L

s The elements of even atomic number usually have larger number of isotopes.

e The g‘sotﬂpes whose mass numbers are multiple of four are particularly abundant, For example "0, ¥*Mg, *Si, “Ca
and *Fe. These isotopes exist abundantly and form about 50% of the earth crust.

¢ - Out of 280 isotopes that occur in naturc, 154 1sotopes have even atomic number and even mass number. -

e values and deflection in the circular

path 1S

~."‘-I'5I'I|

mfe::Hll'!E

Where. H = strength of magnetic field . i
Strength of ' 1§ values 013
F = Strength of electric field 1" with - valu g
r = Radius of circular path 5 il Sl o
(f E is increased. by keeping H ‘constant then radius will increase and positive 1on and 37 3
of a particular m/e will fall at a different place as compared 10 the first place, This €40~ inh  —values of
gnetic Nield, Smaller the (m/¢) of an 1S010pE, smaller the ¢

] ‘-
R Sy | -i'rra ’ 'l YRE ll:t":l

mmoﬂh’mw“oﬂdmmoﬂcdmnu.

Em | also be done by changing the ma : o
Fl - cadius of curvature produced by the magnetic field according 10 above equation. Each ion. 70,72 an¢ 74
Arsenic, Fluorine, lodine, Gold etc have only single isotope. cets up a minute electrical current
: | . . = = e, | - Heated
Q. - Why isotopes have identical chemical properties but different physical properties? filament gﬂ‘:‘e Analyzer
Ans. Thechemical properties of a substance depends upon its outer shell electropic configuration Since isttopes of a .
element have same electronic configuration ;so they show similar chemical properties. | o
.f;s-, li; v /2 (J: - l'lr.) | . EE
D_‘ * 4 (] - IJ:() 3 e *
Morceover, due to difterent puglear Composition pin ysical properties Ol 15010pes arc Giisichs- Electran beam (#)
DETERMINATION OF RELATIVE ATOMIC MASS OF ISO1 OPES BY R . s
oo

vass specTROMETRY I 1 Pr T .

ofe s an instrument which is used to measure the e€xact masses of different Q. Write down principle

T e
SRR o

s fu_d dopes of an element along with their glative abugdﬂ.m_:l:-" of mass spectrometry.
| Prinapie of mas. specirometry . R 4
In this technigue, 4 substance is first volatlizid dnd then jonized vaith the help of
high energy beam of electrons The gaseowy positiveipns, thus formed; are separated on v

the basis of their mass 16 charge rato (m/e) and then recorded in the form of peaks.
*  Aston's mass spectrograph e gl i*
L B mass speemograph was dewigned by Aston in 19191 was designed for the
| widmmndm elemment on the basis of their stomic masses,

*  ODsmpsier's mass specirometer i —
I wiss designad Ton idesnification of eleents which were available in solid state,

i ' -
-
-— o
|
.
- =

=
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(vi) Electrometer (lon colle tor)

' ll'l tremne iy |L| Vil -llp+ ”“

clectirical Hirent
4 micnsured MIVES T H".HH-.'

ubundance of ions ol o
r (vil) Comparison with Carbon 12
sintlarly, the 100w

the gollector and the currem strength s mensured

the relutive abundance of each ol the isotopes. The same X At 15 perlonmed wil
L ] i I

L 13 isotope and the et strength s compared. 1 his Comparison allows us 1o
INCUsure the esact minss number of the isot

Lhe strength of the curre

g d I thius
definite m/e vithue

ol otheg ISOLOPE S

h.'nlllp l’l“l.*H.‘lll ITRASNES are made 1o fall on

Lhe current stren th in each case vives

g

1 ()= | 267w, V92Y,
Modern Spectrograph o — b

i
i

i | dd
Mans Numbey
WIHIC current s Computer plotted graph {
4 graph showing the relative Isolopes of negp,

T modern '.-|H,‘i.'ll-l}:l.'l|lll*1-. cach on  stnikes
amplified and s fed 10 the recorder

sbundance of isotopes ploted ApgaInst 1

Separation of isotopes

Since isotopes of a0 element have same chemical properties, so they cannot be
separated by chemical methods, Follow ing physical methods are used for their Separalic

L. Gaseous ditfusion 2

a detector. the
Fhe recorder makes

ﬂffh‘
he mass numbes

)
Thermal ditfusion 3.

Distllation
4. Ulracentrifuge | 5.

B ——

Q.5 (a) How do you deduce the fractional atomic

examples in support of your answer.,
e A A At b

Average Atomic Masses

Electromagnetic separation 0.

Laser separation

masses of elements from the relative isotopic abundance? Give two

“The mass of an element which is obtained from
average atomic mass”

Example # 1

A sample of neon is found to consist of ' Ne, " Ne, “Ne in the percentages of 90.92%, 0.26% and 8.82%

respectively. Calculate the fractional atomic mass of neon.

Solution

The overall atomic mass of neon is the average of the determined atomic masses of individual isotopes. Hence.
20x90.92 +21x0.26+22x8.82
100

Isotopic mass and relative abundance of its Isotopes is called

Average atomic mass =

= 1-0.183mu

Hence, the average atomic mass of neon is 20,18 amu .

It is important to realize that no individual neon atom has a mass of 2018 amu. For most laboratory purposes,
; however, we consider the sample to consist of atoms with this average alomic mass,
|

Example # 2 .

Chlorine has two isotopes | Cl, f.,’C | having percentage existence as 75,53% and 24.47% respectively, Calculate
average atomic mass of C|.

Solution | |
A5x 75,53+ 37 x24.47
Average atomic mass = jaxs IMJ - = 35.489amu
Qsb. How does t mass show the relative abundance of isotopes of an element?

; . = 1 : n
Ans. A mass SpPectrograph gives resuit in the form of a mass spectrum. Actually rnass spectrum is a plot of data |

| Such a way that (m/e) of an isatope is plotted as abscissa (X-axis) and relative number of ions as ordinate (Y-
- axis). |

\mm
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Mass spectrum of Neon
- al 3 . oL ot an elemen!
Height ofipeaks in the graphispréportional to relative natural abundance of isotope of an elem
L] .~ >
o Number of Peaks gives number of possible isotopes. . P e SR e

for bromine: jodine only ong
Qsc What Is the justification of two strong peaks in the mass spectrum for bromine; while for |

peak a1 127 amu is indicated? e e
W —

L] g ﬁ "‘i v

- iement.
: r of possible isotopes of that e | _ ; .
PR < a4 3 almost equal heights. It shows thal Br has two naturaiy

—
— e B
e

number ot

in case of bromine, we observe Two SIrong pgaks of 4 e o
oceurring isotopes i.e., "Brand $'ar with a relative abundance of 50.54%

mass (amu) Percentage abundance

106.90509 5184

108.90476 48.16

Ans. Givendata

Mass of '“'Ag = 106.90509 amu
Mass of 'Ag . =108.90476 amu
percentage of “'Ag - = -51.3_4?;
percentage of ““Ag =486
Required ]
Average atomic mass of Ag = ? o
' « 00 o o
o Isotopic mass of ~ Agx¥eol — Ag

. W A o “Ag)
(1sotopic mass of " Ag x%of -‘\b)j‘ ( St
R 100

Average atomic mass of Ag

i ————————
e e R

100
554196+ 5244.85

—d—'l—"_-'_*F
i

(106.90509 =51 84) 4 (10890476 = 4}.\@1

o,
i, W

=107.87amu
Average atomic mass of Ag 107.87

\h. e




Average Atomic mass of Boron

sOtopwe mass of "B = 10.0129 amu
ISOtopic mass of B = 11.0093 amu
Ans. Given data
Average Atomic mass of Boron =10.81 amu
Isotopic mass of “B = 10.0129 amu
Isotopic mass of '8 = 11.0093 amu
Reguired
Percemtage sbundanceof ™8 =2
Percentage abundanceof "8 = ?
Solution
Suppose
Percentage abundance of “B = x
Percentage abundance of "B = (100 - x)

Average Atomic mass of boron = L150topic mass of °Bx % of “B) + (Isotopic mass of ''B x% of "'B)

100
Putting the values
o = 1001290 (1100935000} - okl oI
J_ 100 | | |
10.81 5100 =(10,0129x) + (1100.93 - 11.0093x) | uaR pan
1‘081 - 110093 = 10*01291 -4 11.0093x . _— e T
=19.93 =-0.9964x
~19.93
= X
-(.9964 |

X =20.002% ; ..

Percentage abundance of B =20.002% -

Percentage abundance of "B =100 - 20.002 = 79.998% e | - S
IN A COMPOUNDE

DETERMINATION OF PERCENTAGE OF ELEMENTS

Ihe percentage of an element in a compound is the number of grams of that element present in IOU'gragls.qﬁmg

compound, and is calculated as & T -
Mass of elJemepi in the eompound <100

Formulamass of tﬁgcﬁmpound

s e

Percentage of an element =

Empirical Formula

- (o]
d i A

A chemical formula which shows the simplest whole numbgr ratio between the atoms of different clements

present in @ compound is called empirical formula.”

Substmu 2 _“?"' -,Empf@l 1'u_la |
. Glucose | ~ CHO_ . |
um Chloric - NHCI

' B EORTRS T S AR RSN, NULES 7 R

. . P ’ ’ J ‘F- —.T.
Scholar’s CHEMISTRY - X (Subjective) 13 .
— o e
Steps involved in determination of empirical formula r
. u r
I he tollowing steps are involved in the determination of empincali ignula {(:::
1) Determination of the percentage COmMPpOSIIOn
ﬂ mass of the element
/e of an element = x 1040
molar mass of compinnd '

2) Finding the number of gram atoms of each elem@nt. Forthis purpose divideiiie percentage of an element by its slomic
mass ' =Sl

%% of an elément

Numberof gram atoms (moles) = .
atomic mass

3) Determination of the atomic ratio"ofigach element 1a get this. divide the number of moles of cach elemem (gram
atoms) by the smallest number of moles:
number of moles

smallest number ol moles

Atomic rﬁ'tiu —

4) If the atomuc ratio is Simple #hole number, it gives the empirical formula, otherwise muluply with a suitable digit 10
get the wholé number alpmie ratio.

EMPIRICAL FORMULA FROM COMBUSTION ANALYSI

CMM :
mﬁ*mw“ﬂzaﬂmcﬂ A i c‘brnf::awﬂd es braaong
e AL ch_ CO, and H,0 oanc ’fuamad wrthih encofads o

o

Q. Combustion analysis s
Jused 1o determine?

t+ 20; —> O, + 24,0

( £AU-29) kT/mod )

A ——

Combustion Analysis:
It Is an experimental procedure by which amounts

given amount of a compound are determined by burning. s
Organic compounds containing only C, H and O are analyzed by combustio

Sole Product |
CO;, and H,Oyy are sole (main) products during combustion of an organic compound

n the

i
of various elements present

analysis: i

— i 'I'EI’ECP

Procedure | |
A weighed sample of the organic compound is placed in

furnace. Oxygen is supplied to burn the organic compound. Hydroge

CO,.

H,O absorber
Next to combustion tube there is H,O absorber chamber. It cont

| j

the combustion tube. This combustion tube s fted in @
n is converted into H,O and carbon is converted o

ains Mg (C10,); which ubsorbs 11,0 produced

during combustion.

CO, absorber |
’ After H,O absorber chamber, next is the CO, absorber

produced during combustion. :
The diﬂ‘eremc-jplLha;;muntsm--maasestut-m ahwrbers ¢

Sample of compound containing
7 C,H, and other elements

chamber. It contains 50% KOH which absorbs CUO).

ives us the amounts of HsOandLL: produced.

Other subslance

H:O absorber not absorber

CO:; absorber

Combustion analysis

Calculations
12.00 < 100

Mass of CO, N
i 44.00 | 1

u/ﬁ Of Carbt}ﬂ » M;;!i of m‘gﬂﬂjf cnmpuuhﬂ
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% of Hydrogen = SO o ZUlEs s EHTA DTN X1 (Subjective)
Viass ol urganic compound 13

’

I NEPp— . .
‘e percentage ol oxy gen s obained by the method of difference.
Yo 0f Oxygen

Molecular Formula

e e . —

e e —— —

Define the following terms and give three examples of each
(1) Gram atom

(vi) Avogadro’s number

ﬁ {iv) Gram ion

The formula, which shows the exact number of atoms of each element present in one P
molecule of a compound, is called molecular formula.

= 100 — (%4 ol carbon + % of hydrogen)

(v) Molar volume

) Gram molecular mass
(11) Gram Tormuls

(vii) Stoichiometry

R ——————— —

ONCEPT OF MOLE

‘_ I-‘—

Examples m | | Particle
Ao mass ol an element c\.l‘!l'c:ﬁr.:d HRAIFAIS 1S called a =ram ato, s also A Sn:ugle particle of a
Substance Molecular Formula called one gram mole gr Simply oole OB that clement substance may refer 1o an
—— Formula atom, a molecule, an on,
- Walter : . |
o “ | Mass of clement in grams 3N R 1 SILAR, Y
Number of grm atoms or mole of an element = ————— o~ «gentifiable particle
' Benzens a Why Atomic mass of an elvment Cner:n " : i '
5 A . sOme 5 revet d
Glucose C H.O compounds have same Examples collection of particies as
R o H empirical and molecular (1) 1 gram atom@hvdrogen — .00 g chemical species.
; Suighuiic acd 1'1:5(_)4L formula? (i) © 4 wram atom GFEarbon = 12.000 ¢
Relationship between empirical and molecular formula (iid) ) Bram stom At uranium E 238.0 ¢
1) A compound may have same cmpirical and molecular formula. For example, CH.. ram Molecul
HO. CO. NH CaH» 0y, are the empirical and molecular formulas of the respected “Malecular mass of a compound expressed i grams s called gram molecule o
compounds. For such compounds the value of “n™ is unity (1). . grani mele or simply the mole of a substance.
2) Ihe molecular tormula may be integral multiple of empirical formula. For example. Formula
Molecular formula of glucose 1s C,H 2Oy which is six timés the empirical formula of [ N — Mass of the molecular substanee 1n grams
glucose (CH»0). The molecular formula of benzene is C4H, which is six tumes the - Number of gram molecules or moles of a molecular subs Molecular miss of (he substance
empirical formula of benzene (CH). So molecular formula is related to empirical
formula as Examples
- - culelof wates~ = 18.0 g e e
Molecular formula = n X Empirical formula i | E{_‘“‘.‘L‘WM‘ Li‘n:_. e T st W
> . - - v . » "1,'0 — . X P
3) A compound may have empirical formula but no molecular formula. For example, _ (i) | gram molecule of Hy50, - (l:
. . o & . . \ i > R - )
sodium chloride has the empirical formula NaCl but no molecular formula. All the (iif) | gran molecule of sucrose i3
ionic compounds have empirical formula but no molecular formula, e oe m
4) Molecular compounds having same molecular furmula are called 1somers ¢.g, ethyl ‘ he formula mass of an ionic compound expressed”in grams 1‘5 Eatﬂcd wrim
alcohol or dimethyl ether have same molecular formulaC,H,O. | _ formula of the substance. It is also called gram molc or simply mole.
DIFFERENCE BETWEEN EMPIRICAL AND MOLECULAR FORMU Formula Mans ol e inic sbstasse granes
- : ] oles of oni¢ substance = o ettie substanice
Empirical formula Molecular formula Number of gram formulas orm Formula mass of (e e su
e A chemical formula which shows the simplest whole [ ¢ A formula which gives the total number of atoms ol Examples |
number ratio between the atoms of different elements different elements present in thle molecule of a @) 1 gram formula of NaC) =5830¢ r -
‘ IS C smpirical fi , ~ompound is called molecular formula. | : : L :
resent in @ f:amgound 1s called emp u'!cal fu@uli comp L e T Tlot (i1 gram tormula ol Na,CO; = 000 ¢ «
o Linpirical . formula can be determined directly by | ¢ Moleculdr tormula can never berdetcrmined directly. N o formula of AgNOy = 1700 g |
A . . ; : = A - - L \ |
Jillerent methods e.g., combustion analysis; elementalsf . is detepmined as follows: (h) 1
analysis ele. Molecular formula = n x (Empirical formula | ' Gram lon
e Empirical formula is used for all compounds. e Molecular formula is used for only molecular

I ‘ l ‘e L’\ l‘

L _ moleof ions:™
Examples . | | Examples & - S
Empirical formula of glucose = CH.O
Emipirical tormula of water = H;0

‘Molecular formula of glucose = CoH:0 | Formula

Mitss 0 Toatic speviv g
Molecular formula of water = H,O

Number of gram ions or moles of fonie SPecit = Ol o
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Examples
(1) | gramiormulaof OH = ]7¢g
(i) | gram ion of S0, = 096 g
(iif) | gram ion of CO; = 60 g

“"When the atomic mass of an element.
substance, formula mass of an ionic compound or ionic
species IS expressed in grams then it is called mole.”

“Th:e amount of a substance which contains Avogadro’s number of
partictes (atoms, molecules, formula units, or ions) is called mole

 |tisdenoted by "n".
e |t s abbreviated as “mol’’.

It 15 the S1 unit of measuring the quantity of substance.

Chapter 1 (Basic Concepts

molecularmass of a melecular
mass of an ionic

Examples -
Element | mole of Na =239
Molecular compound | moleof H.O =
lonic compound I moleof NaCl = 585¢
lonic specie | mole of HCO™'; = 61 g
Formula
Mole = - Given mass of the substance
e Atomic mass / Molecular mass / Formula mass
Mole = Given mass of the substance

Molar mass

vogadro’s Numbe

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

or

“The number of atoms, molecules or ions in one gram atom of an element, one
gram molecule of a compound and one gram ion of a substance, respectively 15

called Avogadro’s number.”

Symbol It is represented by “Ni”
Value It's value is 6022 x 10**
Unit

Examples

It’s unit is mol™.

| moleof Na =23 g=6.022 » 10 atoms

| mole of H;SO; =98 g =6.022 * 10°" molecules

| mole of CaCl, =111 g=6.022 x 10" formula units
| mole of OH™ = 17g=6.022 x 10" ions

Relationships

The relationships between amounts of substances in term of their masses and
number of particles present in them are

—Ply)

The word ‘mole’ was

introduced around 1896

Dy Wilhelm Ostwald who
derived the term

f!‘ljrn
Latin word moles meaning

a ‘heap' or 'pile'

A mole of substance

- represents:
e 6.023 x10" particles
e 22.4 L ofgas atSTP

e 1gram atom of an
element

* 1 gram molecular mass
of @ substance

¢ 1 gram formula mass of
an jonic substance

Q. What is the mass of
one molecule of water
0x10™

(a) f Tsl g

6.0 . -
(b) ;_3- x 10 Jg

|8
() 6.0x10" E
|
(d) 6.0x18x107 ¥
WPy

Q. Which of the follewing

contains  the  largest
number of atoms?

(a) 8g of methane =7
(b) 15g of hydrogen fluoride

- (c) 15.6g of benzene

(d) 21.8g of bromoethane

Scholar’'s CHEMISTRY Al (Subjective)

Number of molecules of a compound =

Viass of the ion

Number of ions of ionic specie = X N

lonic mass

\ __; (a) 23 g of sodium and 238 g of uranium have equal number of atoms in them.

Sodium and uranium both are& glements. 23g & 238g are the molar masses of

sodium & uranium respectively
23g of Na =1 mal

238 g of uranium = 1 mol

Actording to definition of Avogadro’s number, 1 mol of all the elements have
same number of atams in themie., 6.02 x 10”. Therefore

23 g of sodium = 1 mol = 602 x 10 sodium atoms

238 g of uranium's 1 mol = 6.02 x 10 uranium atoms

Ans.

Qg (b) Mg atom is twice heavier than that of carbon atom,

We kniwthie molar masses of each element i.e.

1 mol of magnesium =24 g = 6.02 x 10" magnesium atoms

1 mo! of carbon =12 g = 6.02 x 10 carbon atoms

6.02 x 10” magnesium atoms has mass = 24 g
24 g

Yigss of compound
- - — . \
Molecular mass

LL] -
By this information, we can calculate the mass of each magnesium andjcarbon

atom by dividing molar masses with Avogadro's number as follows _ 3 l.? ot
e (A '

| "L

1 magnesium atom has mass = o3
: 6.02x107

= 39867 x 107¢g

VIR

\ '."".'| a ]

Similarly,
6.02 x 10* carbon atoms has mass =128
12
n atom has a mass = :
1 carbon at e 0 o

= 19933 x 10™¢g

By comparing both masses

Mg : ¢
3.98€7 x 10 °g" ? 1.9933 * 10778
Simplify them
3.9867 %107 | 1.9933x10°
19933107 ' 1.9933x107"
2 | !

We can easily conclude th

me number of molecules but

.(c) 180 g of glucose and 342 g of sucrose have

different number of atoms present in them.

=180 8 mﬂrl
=342 8 'l'l'“'."}rI

Molar mass of glucose (CgH1.06)
Molar mass of sucrose (C,;H2200)

at magnesium atom is twice heavier in mass than that
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Both g’ucase and sucrose are molecular species Therefore one mole contains

same numbef ﬂf molecules 1.€., AVDgadr’{}*S number {6 02 x 103?}

1303 of glucose =1 mol = 602 I“'“’;n(\](}uulgg ol glucose

342 g of sucrose = 1 mol = 6.02 = 10~ 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
aroms in them,

As 1 molecule of glucose contains = 24 atoms

So 1 mole glucose molecules contain = 24 x 6.02 x 10~ atoms
Similarly

As 1 molecule of sucrose contains = 45 atoms

50 1 mole sucrose molecules contain = 45 x 6.02 = 10° atoms

mﬁm

Q9. (d) 4.9 g of H,SO, when completely ionized in water. have equal number of
positive and negative charges but the number of positively charged ions are
twice the number of negatively charged ions.

Ans. Given data
Mass of H.SO, =4.9¢
Required
wuitberofH =7
Number of SO, ions = ?
Total positive charge = ?

Total negative charge = ?
Sol.tion

(1) Firstly we calculate number of moles

: Mass in erams
Number of moles of H,SO, = =

Molar mass

Molar mass of H,SO, =g8g mol”

49 ¢ :
S0 number of moles = = = 0.05 moles
98 2 mol

(i) Now calculate molecules of H,SO,
Number of molecules of H,SO, = Number of moles of H,50, x Nj

= 0.05 x 6.02 x 10™*
=301 = 10 molecules
(1) lonization of H,S0, in water
H,S0, === 2H+ 50,
Now we can calculate

Total positive ions

H.S0, : H'
1 - : 2
3.01 x10% : 2% 3.01%10%
oo 1602 10%ians )
Total negative ions , ines
H:S0, | S5 F S A ey

1
301 2 107 1ons

Scholar's CHEMISTRY - XI (Subjective)

Comparison of H" and SO~

5

SO -

i |

6.02 x10* 101 x10™

9
602 x 10

™

0= 105" )

So number of positive 10Ms are twice'than th

01 5%40"
1

at of negative ions

e number of ions than the number of formula

>
Total positive charge
Number of positive iops * charge on one positive ion
= 6.02 #10" x (¥
= 4607 = )
Total negative charge
Number 0 NeEgative 10NS X charge on one negative |on
=3.01%10" x (&2}
=h (02 = 107
¢ So.chargesareg same
e ————— — —
{e) One mg of K,CrO, has thrice th
unifiwhen ionized in_wati_zr. = -
Ans. . Given data
Mass of K,CrO, =1mg =10 " §
Required

Tota! 10ns of K.CrO, =

Solution

Molar mass of K;CrO, =19agmol”

Mass in grams

—_—
—

Number of moles of K,CrO,

Molar mass

-3 |
e 5 15x 107" moles

194 ¢ mol

Total form

=3

in water, K,CrQ, tonizes as

yla units of K,CrO, = Number of moies of K,CrO4 x Na
= 515 X 10 %% 6.02%10"

10 X 10*3 formula units

= 2K + CrOf

K,CrO, =

8
310 % 10
S0 one mg of K,CrO,
farmula units.
“The mass of one mole of a sub

Unit  ltsunitis g/mole.

¢ormula units of K,CrO, produce ions =

produces thrice the number

ions = 3 a
3% 310 X 10

9.30%10" loNns :
| £
of ions than the aumber 0

stance 1S called molar mass.
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Examples

.‘l’"'..*Iﬂr mass of ."-._.: _:. 1 ”'],'rl

F'-’I-:i:'i.f mass ol ( l‘f () 1 ) 42 ¢ mol
e B L

Molar mass of Ca( I =1 1] g mol

Molar mass ol OH =17 | IHU|

Molar Volume |

“The volume occupied by one mole of an ideal PAS
pressure (S1P) 1e. 0°C 5

Symbol its symbol 15V,

. _ at standard temperature and
and | atm is called molar volume *

Value IS value is 22.414 dm” (0.022414 m’ or 22414 cm’)
Examples

(i) Zg ﬂ‘f l'{: = l nlﬂh—: {JI‘ I"IJ — 22‘1’4 d"-l-.l
() l6gof CH,; = | mole of CH, =22.414 dm’

From above examples it is clear that | mole of different

| | _gases have same number of
molecules and same volumeat STP but dif ferent-masses.

g (f) 2g a:?f H,, 16 g of CH, and 44 g of CO, occupy separately the volumes
-~ _masses of.three gases are very different from each other.

of 22.414 dm’, although the sizes and

Ans.  2gof My =1.mol H, = 6.02 x 10 molecule = 22.414 dm?
16 gof CH, =1 mol CH, = 6.02 x 10™ molecules = 22.414 dm?
44 g of CO, = 1mol CO, = 6.02 x 10* molecules = 22.414 dm?

According to Avogadro’s law, equal moles of gases at same temperature. and pressure (STP) decupy

same volume. One mole of any gas can occupy 22.414 dm? at STP. So 2g of H.. 16g of CH
‘ - and
22.414 dm’, g OT Hj, 108 s and 44g of CO, nc;upy

Volume occupied by a gas does not depend on size and mass of gas molecule. It only depends an number of

molecules. Reason is that at STP, distance between gas molecules is 300 times greater than their own
diameters. :

M
Q23. (a) What is stoichiometry? Give its assumptions? Mention two important laws, which help to perform the
i stoichiometric calculations?

M_—_.__—
Stoichiometr

“The branch of chemistry which deals with the study of quantitative relationsiiip between reactants and products
in a balanced chemical equation is called stoichiometry.”
; Stoichiometric Amounts

. “The amounts of the reactants or the products as given by the balanced chemical equation are called
stoichiometric amounts,”

2H, + 0O, - 2H,0
2 mole 1 mole 2 moles
b 4g 32¢ 36 g

Assumptions

When stoichiometric calculations are performed, we have to assume the following conditions
(i Al tl_re reactants are completely converted into products.
(i) No side reaction occurs. |

. Lsuring stoichiometric calculations, law of conservation of mass and law of definite proportions are obeyed.
Relfationships KRR g .

i (i) Mass-mass relationship

| : . B | ]
_ mclionlf we are given mass of one substance, -we can calculate the mass of the other substance involved in the chemical

i

S{:h{:_lar‘s- CHEMISTRY - XI (Subjective)

{if) Mass-mole relationship

If we are given mass of one substance, we can calculate the mitles o1 the other substance and
(iii) Mass-volume relationship

If we are given mass of one substance, we'gan calcitliie the volume of the other substanc

Similarly, mole-mole calculations can als@ be performed

v VILC YETSa

Ce and vice versa

Law of Conservation of mass:

* Inall physical and chemical changes, the total mass Dkthe reactants is equal to that of the products.

¢ |t was studied by Antonie Lavoisier {1774, '

The Law of Definite proportions or Constant compagsition:

e The law was given by J.L.Proust and deals with the composition of elements present in a3 compound

¢ Thelawistates that: The same compound always contain the same elements combined together in the same fixed
proportion by weight

The compositien of the compoundds always the same irrespective of the method by which it is produced

Chemical Equation
“A statement that describes a chemical reaction in terms of symbols and chemical formulas is called a chemical
equation.”
C+0,— CO,
2H, + 0, — 2H,0

Balancing a chemical equation
| There are three methods to balance a chemical equation

(i) Hit and trial method
(i) Redox method
(iii) Ton electron method
Limitations of a chemical equation
The demerits of a chemical equation are as follows
e A chemical equation does not tell the rate of the reaction.
e It does not tell the conditions, necessary for the reaction.
e It does not give colour, odour or state of the reactants and the products.
e can even write the chemical equation of the reaction that does not occur,

Limiting Reactant |
“A reactant which is used or consumed earlie

\ i a chemical reaction is called limiting reactant.”

r due to its lesser amount and controls the amount of product formed

A limiting reactant is that which
(i) controls the amount of product formed

(ii) is taken in lesser amount
(iii) is consumed earlier

(iv) produces least amount of product :
Examples |
(1) C:nsider the following reaction between Hy and O, to form water |
H, + O — 2H;0 o
1 mole 1 mole 1 moles S, (“i). ok

Suppose, we allow 2 moles of hydrogen (4g) to react with 2 mo o i et
equation 2 moles of hydrogen (4g) will react with only one mole of oxygen ( produce moles

! the given amount of Hy has been ounmwt -
Hence, one mole of oxygen (32g) will be left M heclln:'tb whoh of the given - - s
Therefore, no more reaction will take place. In thas case, H, is the limiting reactant because it is consumed during

| ' and
chemical reaction and controls the chemical reaction betwoen hydrogen and OXygen.
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balanced chemical equation.

7) The concept of molar volume of gases helps to relate solids and liquids with gases 1n a quantitate mann
o pec i | , er.
8) A limiting reactant is completely consumed in a reaction and controls the quantity of products formed

9) The theoretical yield Df a reaction is tlhe quantity of the produtts calculated with the hel
equation. The actual yield of a reaction is always less than the theoretical yield. The

reaction can be checked by calculating its percentage yield.

SOLVED OBJECTIVE EXERCISE

Q1. Select the most suitable answer from the given ones in each questions

(1) Isotopes differ in

( Mes depemfl upon mass. (b) arrangement of electron in orbjtals
(c) chemical properties (d) the extent to which they may be affected in electromagnetic fielq

(11)  Which of the following statement is not true
(a) isotopes

(b) i with odd atomic masses are comparatively less abundant

(d) isotopes with even atomic masses and odd atomic numbers are comparatively abundan

(i) Many elements have fractional atomic masses. This is because
- - (a) the mass of atom 1s itself fractional |
(b) atomic masses are average masses of isobars

(iv)  The mass of one mole of electron is__ e

(a) 1.008 mg L W mg

(c) 0.184 mg (d) 1.637 mg

(v) 27 gof Al will react completely with how much mass of O; to produce Al Os

(a) 8 gofoxygen (b) 16 g of oxygen

(¢) 32 gofoxygen 2% g of oxygen
(vi)  The of moles of CO, which conmnﬂ,ﬂ‘{ of ;nggcn |
0.25 2 (b) 0.50
(¢) 1O ' (d) 15

(W) W of molecules are prﬁsqnt in | = |
3.6 g of H,0 y (b) 4.8 gof C;H;OH

- () 28gofCO . o add). 54 of N0y
~ (viii) One mole of SO, contains R '
(a) 6.02 of oxygen atoms . (b) 'l'l.i_[ « 10" molecules of SO,

02* ‘onof ’“‘Mim/r-w "Uﬂmml of SO,

004 Ao . (b) 224 dm’

of that substanc
rative i ' CE,

The study of quantitative relationship between the reactants and the products in a balanced e
stoichiometry. The mole concept can be used to calculate the relative quantities of rea:;:tamqg

uation s know
and products

p of a balanced che

O mi
efficiency of 2 che i

Mica|

ith even atomic masses are comparatively abundant

isotopes with even atomic masses and even atomic numbers are comparatively abundant

e ni—

Wﬁusm average masses of isotopes .‘ i P
mic masses are average masses of isotopes proportional to their relative ibu_ndilncrﬁe% '

Scholar's CHEMISTRY - XI (Subjective)

s

7 1.12dm (dy 112cem

(X) A limiting reactant is the one which
(@) is taken in lesser quantity in grams @5 compansiiip the other reaBianis
(b) - is taken in lesser quantity in@llile as comparediiiie other rEaStants

(c) gwes the maximum amougiot the praduct which 1s Tequired

(dy/ gives the minimum anfotiatiof product"Ufiier consideration

e e e e e

Solved Exercise MCQ’

Q. No Answer Reason

{4} properties depend wpon
Mass

(¢) isotopes with even atomic
masses and even atomic
numbers are comparatively
abundant

(¥ib) {d) atomic masses are The atomic mass of an element is calculated from

Isotopes are sister atoms of same element which differ by their alomic masses
due to different number of neutrons. They show different deflectionin
magnetic field due to their different m/e values

e e e P e s i

The elements of even atomic number usually have larger number o1 1SOLOPES.
The isotopes whose mass numbers are multiple of four are particulary
abundant. For example 'O, *Mg, *Si, “’Ca and “Fe. These isotopes exist
abundantly and form about 50% of the earth crust. Out of 280 isotopes that
occur in nature, 154 isotopes have even alomic number and even mass

number.

1) Isotopic masses
i1) Relative abundance

average masses of isotopes
proportional to their relative

abundance

(b) 0.55 mg

1 mole of electron = 6.022 * 0™
Mass of one electron =9.1095 * 10 kg |
Mass of 1 mole of electron = 6.022 * 10 x 9.1095 = 107

= 5485 x 107°kg

5485 x 107 x 10%kg =54.85 = 107" mg

= 0.55mg

(1v)

(d) 24 g of oxygen 4Al + 30, ——> 2AL0O;
— ’
Mol of Al = — = Imol
- '_-"_7 |
a Al - Oy
4 ml 3 mol
|
|
| I mol 2 = 0.75 mol j
4
Mass of O3 = 0.75 x 32 = 24g of oxygen




molecules

36 4.8 2.8 -
(8)— =02mol (b)— =0.1m¢c 350 54
T 0 J a8 0. Imo] {”__-28 Uimol (d)=——= U‘Uj"'lul

(¢) 6,02 = 107 of
aloms

sulphur | | mole of SO, = 6.022 « 10 SO. molecules

I molecule of SO. cComMains one

ﬁ sulphur atom. So
6,022 « |0y

50> molecules contain 6.022 = 10 §

dloins

Molecular mass of Ny = 28gmol

28g of N, a1 STP occuples volume = 22 414 dm’
l4g of N, at STP occupies volume = 11.207 dmy’
|.4g of N; at STP occupies volume = | |2 dm’

Is_used or consumed carlier due o is lesser -
controls the amount of product

luniting reactam

lormed g cliemical reactic

£1) The unst of relative Momic mass is
i) I Be exact masses of isolopes can be determined by
1) The phenomenons of iwotopy was first discovered by

i) The empncal formula can be determined Dy combustion analysis for those compounds which have

spcirogs A.p-h

e s an)
(v A Basang reactant 1 Oust whach comsols the Guard dses of

(v ) mcre of ghucose has o of carbon, oms of oxygen and atons of by drogen
i) SgodCH, m0C and | st pressure has maoleciles of CH,

(vili) Seoxchiomews: calculations can be performed only when is obeyed

ANSWE RS

(1) MMomnc sans ot (3 m 4 'r (11} Astoni"s miass

() St (1v) Carbon, hydrogen

%) prodect | (vi) 36120073 612 2107, 7 238%1 6

(o) ) S5 - )0 {vifi) l:m of conservai

wm of mass and law of definite
proportion |
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EHORT ANSWERS TO Exencnse]

Q24. (b)What are the factors which are mostly responsible for the low yield of
Or Why actual yield is always less than theorétical vield.

ihe products in chemical reactions?

Ans.  Actual vield of a2 chemical reaClion s usually

£55€r1 (han the

Urelica! yield due 10 many reasons. They'are

{1) Practically inexperienced worker @S any sNOMCOMiNgs and cannot get expected yield

Mechanical loss durigg Expenmentation. e.g., filtration, separation Dy gdistiliation
Wasning, arying andigeystallizangh if not properly carried out, decrease the yield

{11) Or Dy a separating funnel,

L) SOMERL the reactalits might take part in 2 competing side reaction

V) The réattipn might Be reversible

(V) Ihe reactanti.onight B8 impure

|V} SOMEumes the reaction conditions 2re not sunably mantamned

Q25. Explain the following with reasons. ( ==
(i) Law of conservation of mass has 1o be obeyed during ktoichiometric calculations.

e e

Ansan, ACCOUINRLO lawdt conservation of mass. =~

 h e T ; ; rE- ~rt . ¥ ﬂ_r;'r.: (et AL treree ff i (NP fufrr IgJ
Masscan nsunerte (eated .r’;;;uu;{ryw.wi_mauerr Ca) reaCHON Dut T Thianges As to o O

-

' * ~a ! e
arfﬂhﬁ.i - If,A | - |
~TN SSRERROMElri calculalions we Ute Dalanced chemecal equat ORI 1050 006 U7 TOREIOIE I AR 10 The
ror et of oroducts e
Ak
¢ 2H,+ 0, y 2M .0~
4i * 328 r 358
. el + il I-'.'-E!{.E“'Hh-r.a

.'E‘_Zﬁkﬁﬁ.

|

X [ 4 g

L . |

F L ™ r P

w
&g

ions taking place in our surrounding invoive the limiting reactants.

o | 2T DOUEY 11 3 Chemrecl 1 § Cahed 3
Ans. “The reactant ‘wineh ss consumed sarier and controls the amount of product in 3 T

.-""";."“""IE_ f&@[ﬁ _-' _

 —— m | ] | d

MAostly combustion reactions 1aking place nour Jurroundsngs iivoive The hmiling resctan
For example

¢ Cy? 0:14.- — wzu; | Lo
in above examples O, gas is present in excess while CH, ifl_ti E are the fta_dlnts wjmch CONSuMme wkf.

are limiting reactants. ; TR il dywbuglealie 15 <o
(iil) No indivic lmonammlnthtnmphdthuhmmthnalmulaﬂdlm | ‘ = _
Ans. 20.18 amu is the average atomic mass of neon which is obtained by using different isotopic masses reiative
| s follows. | o
;Wﬂdﬂhﬁ;!i t::::wt:o:apes ne. PNe and “Ne with a relative abundance of 90.92%, 0.26% and
eon .
respectively.

Sum of product of isotopic masses and relative abunduces
§ - —————————— e —————————
Average atomic mass of neon s ey bt it
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S ——— g

‘)U‘}“" 20) + (0 26%21)4+(B.82

100
50 :

= 20.18 amu
N= 7e 4 7D+ /N

J - ,
" So no individual Ne atom has a mass of 20.18 amu.
(iv) OM; r_nctt?n H,50, should completely react with two moles of NaOH. How does Avogadro’s number > + N=7e + 7p+ 7n MRO- Be » 8pA
expiain i Pty Total N, =14e +14 Tot: 0 = 14 -
. y = +14p + 14N otal .
_—“—-—_———_——_——_____-—_—___--—___—_—_—____\\ | \ \ § ) 1-!: £ o r nrons
Ans. A process in which one mole of water is produced by its ionic componentsie. H' and OH cominig fro So N, and CO have same numbegdaielegirtins, protons 388 neutre
M a0 T E
‘NUMERICALS OF EXERCISE

and base respectively is called neutralization.”

"+ OH = H.0

Q10. Calculate each of the following quantities.

H,50, being a dibasic acid can produce 2 mole H' ions on ionization in water.

H,S0 = 2H, - 1

Vel =< ZHtan . Sod{am (a) Mass in grams of 2,74 moles of KMnOj,
On the other hand NaOH being monoacid produces only one mole OH™ in aqueous solution | PE., VeMaa O 2l N
' ns. \wven gata
NaOH g == NB‘,M + DH‘aq} Numbefaf moleSBFEMnO, = 2.74 MOIes
Required
Mass in grams af KMnO, =/

To neutralize 2 moles H' ions of H,S0,, we need 2 moles of OH so
2H" + 20H = = 2H,0 Solutio
U n
Mass ul 1\\1n£i =

2molesof H' =2x6.02 x10%'ions = 12.04 x St s
Nurnber of molgs ot KMnO, L' s

2moles of OH =2 x6.02 x10” ions =12.04 x 102 ions
' " Formula mass of KMnO, =39 + 55+ 64 =158 g mol’’

e

Formula mass ol l\Mn{)

=
—

S0
12.04 x 10 H" ions + 12.04 x 10 OH ions are used to produce 12.04 x 10** H,O molecules.
Hence one mole of H,S0, is neutralized by 2 moles of NaOH. ' 274 = Mass of KMnd,
- H,S0, + 2NaOH — Na,SO, + 2H,0 | 158
158 x 2.74 = Mass  of KMnO,
(v) One mole of H,0 has two moles of bonds, three moles of atoms, ten moles of electrons and twenty eight = Mass of KMnO e
moles of total fundamental particles in it. 4 o 4se2e T
e
: : t ' 00 g of MgINO,),. e ——————
Ans. Water molecule is formed when two atoms of hydrogen combine with one atom of oxygen. W’ —
;60 =8e+8p+8n % | Ans. Givendata
O Mass of Mg(NO;) =9.008
IH=1E+1p+0n | /\ | a 1)z
IH = | A E- X Required
BAEN O AR H H Number of moles of O atoms = ?
Total sub atomic particles of H,O =10e + wp + 8n = 28 particles ' .
Solution
As shown by the formula of one molecule of water 4 4 o . Mass of Mg{NO, )
(i) ] moleculg of H,0 contains bonds = 2 Number of moles of Mg (NO). = Molar massof.M .(\4{)')_ ‘
1 mol H,0 molecules contains bonds = 2 moles QLIRS e 4
(ii) 1 molecule of H,0 contains atoms = 3 ’ | Molar Mass of Mg (NO;), =24 +2 (14 +3 x16) =148 g mol ‘
: 1 mole H,0 molecules contain at =3 4 ' ¥y - '
2 contain ssomE:3 i Number of moles of Mg (NO;). = =g = 0.06moles ‘
= 6 moles

(iii) 1 H,0 molecule contains electrons=8+1+1=10
NO.). contains O atoms
1 mole of Mg (NO,); roms = 0.06 <6 =0.36 atoms

1 mol H,0 malecule contain electrons = 10 moles 4
(iv)  1H,0 molecule has subatomic particles = 28 ' p 0.06 moles of Mg (NO;); contain moles of O 3
mol H,;0 molecule have subatomic particles 28 moles N (©) Number of O atoms in 10.037 of CuS0,.5H,0

‘“} "j Ol'l' Cﬂ 'l.v' ﬂ” “""ﬂ l‘ll.lﬂ'lbel' d !‘lCtl'BM, p'm, and mutron’. Am Gi"en data
Mass of CuSO,.5H;0 =10.0378
= Required ?
| er of O atoms =
?C = 6e + 6p + 6n e Numb
s | Niass ol L*tl‘;(\ ‘ SH (J

YN =7e+7p+7m

Number of moles of CuS0,.5H;0 = \i;\l e Tl G “\” SH.0

'.60 = 8e +8p +8n
| One molecule of carbon monoxide contains ONe

One molecule of nitrogen contains two nitrogen
atoms iz BEM | carbon and one oxygen atom




Molar Mass of CuSO,.5H,0

=03.5+32+ (4 x16) + (5 x 18) = 249.5 g mol™*

00317
Number of moles of Cud0,.5H.0 = 200
249 .5
= 0.04 moles
1 moies of CuSO,.sH.0 have moles of O =9 moles
0.04 moles of CuSO,.5H,0 have moles of O =9 x 0.04
= 0.36 moles

Number of Oxygen atoms

= Number of moles of OXygen atoms™x N,
=0.36 % 6.02 x 107

Number of Oxygen atoms

= 2.167 x 10* atoms
{d) Mass in kilograms of 2.6 x 10" molecules of SO,. ey

Ans. Given data

Number of SO, molecules = 2.6 x 10" molecules
Required

Mass in kg of SO, molecules

=
Solution

: M
Number of SO. molecules = assof 50, molecules

Molarmassof SO, ks
Molar Mass of SO, =32+ (16 x 2) = 64 g mol”
2.6 x 10% _ Mass._ﬂf SO, molecules e BoaxT o
64 .
36x10" %64 = Massof SO, molecules
6.02 10" 4
£7.641x10"g - =
27.641 210"’
o 060 -

2.764 10 "kg = Mass of SO, molecules

Mass of C,H,Cl, = 0.822 g
Required

Number of moles of Cl atomis = ?

Solution

Number of moles of C,H,Cl, = Mass of C.H C!

__ o U .'

Molar mass of C H,Cl,
Molar Mass of C,H,CI, S24+44+ 7998 g mol™
Number of moles of C,H,Cl, - 9’-;'33
99

1 mole of C,M,Cl, contains moles of Cl atoms = 2 moles
0.0083 moles of C,H,Cl, contain moles of CI alome

“0.0083x2 = 0.0166 moles

* 00083 moles

o — -——q_-i-..__..__-_._—

(f)

%
m_

=
—

Mass in grams o

f 5.136 moles of Ag,CO,.
e ———— — — - ~ —
Ans. Given data
Moles of ‘n‘gscoj = 5,180 moies
Required
Mass of Ag,CO, = ?
solution
ass of Ag CO
Number of moles of Ac CO. = Massd ’;L FL :
i FarmulaMass of Ag CO.
Formula mass of AEICO; = (163 x 2] +12 + {15 %« 3) =276 g mol’
N assof Ag CO
S iy
276
5136 « 276 = Mass of Ag,CO,
1417.54 ¢ = Mass of Ag,CO,
() Mass in grams of 2.78 x 10" molecules of CrO,Cl,.
Ans. Givendata
Number of molecules of CrO,Cl, = 2.78 x 10" molecules
Required
Mass of molecules of CrQ,Cl; in gram =7
Solution
¢ molecules of CrO.Cl Mass of CrO CI,
ecules o L = <N,
Nurlflber Fiks " °  Molar mass of CrO Ci,
Molar Mass of CrO,Cl, =52 + 32+ N=155 g mol’
tCrOCl, i
2.78x10" s 6.02x10"
155
4
2IEX10NIBGT Mass of CrO.Cl,
6.02x10"
o.7158 g = Mass of CrO,Cl,
(h)

Number of moles and formula units in 100 g of KCIO,,

AL Bttt e et S

Ans. Givendata
Mass of KCIO, =1008

Required
Number of moles of KCIO, =7
Number of formula units of KCIO, 27

lution
i Mass of KCO,
. Number of moles of KCIO, = e e A KCIO,
Molar Mass of KCIO, = 39 + 35.5 + 48 = 122.5 g mol
100
. 816

Number of moles of KCIO, i = 0.816 moles

: , 3
1 mole of KCIO, contains formula units = 5.02 = 10

\ - alC ) "|“
0. 816 moles of KCIO, contain formula units = 0.816x £6.02 = ¢

= 4.91 » 10" formula units
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(il Numberof K’ jons, C10," ions, Clatoms, and O atoms in 100g of KCIO. (h). e Siglar’s CHEMISTRY - XI (Subjective) 33
Ans. } mole of KCIO, contains K 1ons 6.02 x 10°° —__-:"-"-:; 10,122 = 294 Mass of aspartame
O.816 maoles of KCIO, contain K ions = 0816 x 6 02 *
4.8 IR .:J inx 2975.87 Mass of aspartame
= 4.91 x 10" ions = - — —
t mole of KCIO, contains CIO," ions : 6,02 » 10 \d) How many hydrogen atoms are presinit in 2.43 g of aspartame? v e 0 i
0.816 moles of KCIO. contain C[()'. IoNs = 0.816 » 6.02 ~ 10* = 4.91 » 10" lans ANs. Given data N . e ———
Sirrilarty. Molecular formula of Aspartamie C..MathO.
1 mole of KCIO, contains Cl atoms = 6.02 = 10" Mass of Aspartame = 2.43 8
0. 810 mal of KCIO, comtain Cl atoms = 4.91 x 10* atoms Required
1 mole of KCIO, contains O atoms =3 % 6.02 10" atoms Number of hydrogen atoms =7
0.816 moles of KCIO, contain O atoms = 0.816% 3 x 6.02 x 10° Solution
=1.474 » 10" atoms ~——
— NUfiber of moles@Faspartaml — v ass Of aspartame
1. Aspartame, the artificial sweetener, has a molecular formula of C,,H,N,O.. ; Bl - VIOISRIOANS,OF SFpArCaIe
(a)  What is the mass of one mole of aspartame? Mplsrmass of C.,Hui0, = (12x14) + (1x18) + (2x14) + (16x5)
—_— =168 + 18 + 80 + 28
Ans, 1 mole of C H,N,O, = (12x14) + (1218) + (14%2) + (16x8) =294 g mol”
=168 +18 + 28 + 80 2.43
sad - = —= = 0,00826 moles
= g mo | 294
= Molesaf hydrogen in one mole of aspartame = 18 moles
(b) How many moles are present in 52 g of aspartame? yOrog P
—— 0. 00826 moles of aspartame have moles of hydrogen = 0.0826 <18 =0.1487
Ans.  Given data o Number of atoms of hydrogen = Number of moles of aspartame » N,
Mass of aspartame =52E = 01487 ~ 6.02 » 10
i . = 0.8951 % 10*’
Number of lz'nules of aspartame =7 Number of atoms of hydrogen = 8.96 x 10" atoms
Solution Qi12. A sample of 0.600 moles of a metal M reacts completely with excess of fluorine to form 46.3.3 of MF,.
o . (a) How many moles of F are present in the sample of MF, that forms?
dass Of aspartame
Number of moles of aspartame = EVI l ': | (b) Which element is represented by the symbol M?
olar mass of aspartame P TrS B
Molar mass of C, H;N,O, =(12x14) + 18 + 28 + (16 % 5) = 294 g mo!” _—. = Ans.  Given data
| | 52 MI% TR 1O Vo Number of moles of M = 0.600 moles 5
Number of moles of aspartame = 2—55 = 0.177 moles . Mass of MF. = 46.8 ¢ }
. e Required ‘
(c) What is the mass in grams of 10.122 moles of aspartame? Number of molesof F =7
Ans. Given data | | ctual name of Metal M = ¢
wvioles of Aspartame = 10.122 moles | | Solution
Required | M + F, ———» MF,
Mass of aspartame =7? Comparison between number of moles of M and MF,
Solution : , : i M | MEF,
. | | 1 '. 1 :
Number of moles of aspartame = Mass agpertane ' 0.6 ' 0.6
Molar mass of aspartame r les of MF 0.6 moles
_ Number ol moleso PRe
mmfﬂm =12 x14) + 18 + 2B + (16 x 5) = 294 g mol” , g :
1 mole of MF, contain moles of F atoms =2 W,
10.122 . Massof aspartame | - 0.6 x2 =1.2moles N
w3 5 | 0.6 moles of MF; contain moles of F atoms = 0. : “\

294
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Massof MF
Number of moles of MF, s .

S dis’ Scholar’'s CHEMISTRY - XI (Subjective)
Molar mass of MF,
a6 8g Required
0.6 mol - M;'J.;rma Ao Number of ions in 2.3 moles of NaClo; . =7
et . Number of ions in 2 moles of MgCl, =7
Molar mass of MF . 2258 78¢ mol™ Solution
; - msee———— NNy :
1.2mol 5 (i) 1 mole of NaClO, contains Na° ions = 6.02 x 10"
Atomic mass of M + (19 x 2) - 78g mol (Atomic Mass of F=19) il felaidacl - 1'3; 65;02 * 198
=13.840 x 10" 10NS
M+ 38 =78
" 3 ; ;8 % 1 mole of NaClO; contains CIt). ions = 6.02 B30™
. 2.3 moles of Na - = 73
ORIy M . 3 CIO, contain CI10: ons 2316.(}21:11
| | = 13.846 x 107" ions
So, Actual name of Metal M = 13
éﬁlmﬁf-(%———_\ Taotal ions of NaClO, = Na" ions + ClO, ions
Q13. Ineach pair, choose the larger of the indicated quantity, or state if the samples are equal.
(a)

Individual particles 0.4 moles of oxygen molecules or 0.4 moles of oxygen atom:s.

Ans. Both are equal.
Reason

= 13.846 x 10™ + 13.846 x 0™
= 2.7692 x 10™ ions

= 6.02 x 10

=2 x 6.02 x 107

= 12.04 x 10” ions

=2 % 6.02 x 10

=2 x 2% 6.02x10"

= 24.04 x 10°°

Totalions of NaClO,

1 mole of MgCl, contain Mg™" ions
2 mole of MgCGL contain Mg** ions

—————e—— (i)

0.4 moles of O, molecules and 0.4 moles of O atoms, both are equimolar quantities so, they have equal numb
of particles. i1.e, er

1 mole of MgCL cantain Cl” ions
0.4 » 6.02 x 10" = 2.408 % 10°! moles -

2 moles of MgCl, contain CI” ions
|
(d) Individual particles 4.0 g of N,O, or 3.3 g of SO,. |

Total ions of MgCl, = Mg ions + ClI” ions
Given data =12.04 x10™ + 24.04 x 10"
Total ions of MgCl, = 3.612 x 10™ ions
Massof NO, =4g . . |
, 2 moles of MgCl, contain larger number of ions.
Massof SO, =33g — e e e
Required | () Molecules 1.0 g H,0 or 11.0 g H,0,. -
Individual particles N,O, = ? Ans. Given data :
Individual particles SO, = ? Massof H,O =1.0¢g
Solution 1 _ Massof H,0, =1.0g
| MassofN. O Required
(1) Number of molecules of N,O, = s - "”‘: = «N, Number of molecules in 11 g of H,0 =?
— s PELASS 0L e Number of molecules in 11g of H,0, = ¢
Molar Mass of N,0, =(1a%2)+(16 % 4) =92 gmol’ | Solution
AL e 10° (i) Number of molecules of H,0 = WA ot xN,
92 Molar massofH.O
= 0,258 x 10 Molar Mass of H,0 =2+16 =48 gmol’
Number of molecules of N,O, = 2.58 x 10" molecules | L ¢ 075107
. | Number of molecules of H,O = —x0.02x10"
(i) Number of molecules of SO, Jalassonsl,: - ’ |8
Molar massofsO, . = Number of molecules = 3,67 x 10" molecules
MO'OI" Mm dml =32+ s “l . Mﬁ!saf H,oj F
3 32 =64 gmol T fH,0 = . XN,
. ‘ (ii) Number of molecules of H,0; , Molar massofH,0,
B : 3 -1
64 SRE N | Molar Mass of H,0, =2+32=34 gmol :
% 0.3104 x 107 1" 8 10"
r of moles of H,0 = —x0.02 %
Number of molecules of SO, = 3.1 10™ molecules Nere e 34
3.3 g of SO, has larger number of individual particles. Number of molecules = 1,926 x 10" molecules
| r number of molecules.
(e) Total ions 2.3 moles of NaClO, or 2.0 males o Mgcl,? | 11g of H,0 contain large
Ans. Given data

Number of moles of NaClO,
Number of moles of MgCl,

= 2.3 moles
=2 Moles
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[H) No lon O.800 moles of Nallr or 0.0148 ki of NacCl %
Ans. Givendata e N s %01 & _ STl = s s . () NM,CONM,
MG Y Nal ) SO0 mole Molar mass of NM.( ONH, 144 2+12 4104434 + 2 = BO MWD
NTaEs D1 iy L) 4% Ky 4.5 R . o | 1R B e
qu““"d reentage or nitrogen - fo x100=806.07
: 0,500 moles of Napre | () (NH,),S0,
NB 0! N oOOMA4as kg of Nad! ) Mﬁiﬂrmaﬁﬂﬂf{NH.ﬂ:BOa = (14 % 2) + (19 B+ 324 (16 x'4)
Solution £ 132 gmol”
Number of formula units of NaBr = Number of moles of NaBr <« N, 28
s 0.5 %602 10" Percentage of nitrogen = Hz-ﬂmﬁll.ll%
Number of formula units of NaBr = 3,01 % 10" formula units (iv) NH,NO,
Since one NaBr contains one Na andone Br ', So Mola€ mass of NH,NO, =14+4+14 +48 =80 gmol™
Number of Na 'ions  =1x 3,01 < 10" ions Percentage of nitrogen = 33_}.100:35%
Number of Na''ions =3.01x10"”ions _____________L___________________T_r
————M__'.-—
(i} Number of formula units of NaCl - Mass of NaC <N (b) Calculate the percentage of Nitrogen and Phosphorus in each of the following
Formula Mass of NaCl 0 o
Molar Mass of NaCl = 23 + 35.5= 58.5 gmol” | LN
3+35:5=58.5 ¢ Formula:mass of NH.H,PO, =14+ 4 +2+31+64=15 gmol
_ 14.5 :
Number of formula units of NaCl = ; x6.02%10" Percentage of nitrogen - 14 100=12.17%
263 115
Number of formula units of NaCl =1.49 % 10" formula units 31
| e | Percentage of phosphorus = —x100=26.96%
Since one NaCl coptains one Na "andoneCl, So 115
Number of Na“'ions =1x1.49 x10”ions ) fpri:HPO. ( )+ (1 xB)+1+31+ 64
. | NH,),HPO =1IAx2)+ 1 X
Number of Na 'ions =1.49 x 10"’ lons Molar-mass:of (NH.)HPOq G4 athdlt
Number of Na“ ions in 0.5 moles of NaBr is larger. 2 & _
| = — X1 =2L11“/
(h)  Mass 6.02 x 10* atoms of ***U or 6.02 x 10** atoms of **°U. Percentage of nitrogen 32 ;
. : ' 1
Ans. Given data | Percentage of thSﬂhOTUS = -2-— x100=23.48%
Number of atoms = 6.02 » 10" atoms 132
Required | (iii) (NH,);PO, i
Mass of atoms = ? Molar mass of (NH,);PO, = (14 x 3) +l1j 3
Solution | =149 gmo .
Isotopic mass of ““U = 235 (1 mole) | 42 - 28.10% | &
' of nitrogen = X100 =28.13
Therefore, FeryRan:es . 149
6.02 » 10" atoms of U have mass  =235¢ | . 31
STy | = o X A 20.81%
Similarly, Percentage of phosphorus 149 YIRS R I A
R 38 . tential energy. Calculate
i | T g i ‘ | e C<H.,O¢ is the most important nutrient in the cell for generating chemical po Eois sammsie:
6.02 x 10” atoms of “**U have larger mass. | Q15. GlucoseLetinns and O atoms in10.58 9

—_—————————— e ————————————— the mass % of each element in glucose and determine the number of €, H
Qia. (a) Calculate the percentage of nitrogen in the four important fertilizers f.e,,

Ans. Givendata

!
/

(iJNH, (ii)NH,CONH, (urea) (ili)(NH‘)I 50O, (Iv)NH.NO!. Mass of Glucose =10.58
! NH | Required y

I 1 | Mass of nitrogen S FAcantain oLt _ ? - |
Percentage of nitrogen = —————— g_ %100 percentage of H : ‘

Formula mass of compound percentage of O » i

Molar mass of NH, =14% (3 % 1) =14 + 3 247 gmal."- Number of carbon atoms 5

14 Number of hydrogen atoms
= — x100=5§2.35% ; Number of oxygen atoms =7

17




Molar mass of CgH,0g = (6 x 12) + (1 x 12) + (16 x 6)
=72+12+96=180 gmol™ -

Mass of element

Percentage of an element = % 100
Molar mass
Percentage of carbon . X 100 = 40%
180
12
Percentage of hydrogen = o x 100 = 6.66%
1
; _ 96
ercentage of oxygen = TO- X 100 = §3.33%
1
Number of molecules of Glucose - s X N
Molar mass
10.
= 3 x 6.02 x 10°
180
Number of molecules of CsH,,04= 0.351 x 10® molecules
1 molecule of glucose contain carbon atoms . =6 x 0.351 x 107
= 2.107 x 10™ atoms

1 molecule of glucose contain hydrogen atoms =12 x 0.351 x 102

= 4.212 x 10" atoms
t molecule of glucose contain oxygen atoms =6 x 0.351 x 102

= 2.107 x 10> atoms

e e — . ——— e s R e e =

Qi6.  Ethylene glycol is used as automobile antifreeze. It has 38.7% carbon, 9.7% hydrogen and 51.6% oxygen. Its

molar mass is 62.1 grams mol ™. Determine its empirical formula.

— T BT e — ———

Ans. Given data

Percentage of carbon = 38.7%
Percentage of hydrogen =9.7%
Percentage of oxygen = 51.6%
Required
Solution
Number of gram atoms
Percentage of element

| Number of gram atoms of element =
| Atomic mass of element

Number of gram atoms of carbon = 3182‘7 = 3.225 mole

Number of gram atoms of hydrogen = 90; = 9.6 mole

Number of gram atoms of oxygen = 2 16'6 = 3,225 mole
1
Atomic ratio
Atomic ratio of element . No. of gram atoms of element
Smallest number
Atomic ratio of carbon . 28800
3.225
Atomic ratio of hydrogen Y, 3

3.225
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Atomic ratio of OXygen - 3.225 — 1
3.225
empirical formula = CH,O

A—— - T — —— ——————————————— — r—— -—_—'___—__—-_——_—-
£l
Q17. Serotenin (Molar mass = 176 gmol ™ ) is a2 compound that conducts nerve impulses in brain and muscles. it

contains 68.2% C, 6.86% H, 15.09% N and 9.08% 0. What is its molecular formula?

Ans. Given data

Percentage of carbon = 68.2%

Percentage of hydrogen = 6.86%

Percentage of nitrogen =15.09%

Percentage of oxygen =9.08%

Molar mass =176 g mol™
Required

Molecular formula =7
Solution

Number of gram atoms

Percentage of element

Number of gram atoms of element = _
Atomic mass of element

€£8.2
Number of gram atoms of carbon = e = 5.68 mole
1
6.86
Number of gram atoms of hydrogen = = 6.80 mole
1.008
15.09
Number of gram atoms of nitrogen = o =1.08 mole
_ 908 _ |
Number of gram atoms of oxygen - = T 0.5675 mole

Atomic ratio
No. of gram atoms of element

Smallest number

Atomic ratio of element =

' 0 of C . 0. 10
tio o - =
Atomic ratio Tote
ic ratio of H . 22 o
Atomic ratio o0 5676
= eatia of N _ 108 o
Atomic ratio 0 SEErE
. 2 0.567§ -
Atomic ratioof O o _J
Empirical formula = C,,H\:N;0

Molecular formula
Molecular formula

Also we k now that

=n x (Empirical formula)......... (1)

Molecular mass
i L Empirical formula mass

Empirical formula mass = CoHuN:O
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= (12x10)+(1x12)+ (14 x2)+16
=176
176
4 = em— =
176
Putting the value of n =1in eg (i)
Molecular formula = 1x (C,oHsNO)

Melecular formula = C,oH:N, 0O

Q18. An unknown metal M reacts with S to form a compound with a formula M,S, N

. 1f3.12 g of M reacts With exs
2.88 g of sulphur, what are the names of metal M and the compound M,S,? N
Ans. Given data

Mass of metal M =3128
Mass of 5 =2.88¢g
Required
Name of metal M =7
Name of compound M,S, =9
Solution
2M + 35 » M,S.

Mass of sulphur

Number of moles of sulphur = .
Atomic mass of sulphur

= 3—3? (Atomic mass of S = 32 g/mol)
Number of moles of S = 0.09 moles
Comparison between moles of S and moles of M
S : M
3 | 2
! | 2/3
0.09 - 2/3 %009
0.09 0.06
Number of moles of M = 0.06 moles
Mass of M
Number of moles of M = e -
Atomic mass of M
0.06 moles WA 111, % T
Atomic mass of M
Atomic mass of M = E Lk
0.06
Atomic mass of M =52 gmol™

From the Atomic mass of M, it is clear that
Name of M = Chromium (Cr)
Name of M,S, = Cr,S; (Chromium sulphide]

e

Q19. The octane present in gasoline burns according to the following equation

2CeH g0 + 26034~ 16C0O,, + 18H,0,
(a) How many moles of O, are needed to react fully with 4 moles of octane?

. — — LT e e e e e R e e e, ] e

Ans. Given data
Number of moles of octane = 4 moles
Required

Number of moles of O, =7

— &
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Solution
2CsHs + 250, —— 16C0O, + 18H,0
Comparison between moles of CgHg and O,
CeHig 0,
2 _ 25
1 25/2
4 . 2802 % 4
4 ' 50

Number of moles of O, 50 moles

W

(b) How many moles of €O, can be produced from one mole of octane?
Ans. Givendata
Number @f moles of oetane =4 mole
Required
Number of molesaf CO, L.
Solution
2C.Ha + 250, - 16C0, + 18H,0
Comparisan between moles of CgHg and moles of CO,
CaHi CO,
2 i 16
1 . 16/2 .
1 ' 8 E

+ 8 moles

Number of moles of CO.

(c) How many moles of water are produced by the combustion of 6 moles of octane?
Ans. Given data .

Number of moles of octane = 6 moles

Required
Number of moles of H,0

Solution
2CgHz + 250, 5 16C0, + 18H,0

Comparison between moles of CgH,s and moles of H,0

CaHyg H,0
2 | 18
1 * 18/2
6 - 18/2 x 6
| T e st 54
‘ Number of moles of H,0O 54 moles | s o

re needed? How many
(d) if this reaction is to be used to synthesize 8 moles of CO,, how many grams of oxygen a

grams of octane will be used?
Ans. Given data

Number of moles of CO, = 8 moles
Required

Mass of O, -
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; | ,. : Mass of CgHm =?
| Solution Solution
2C5Hy + 250, —> 16C0; + 18H,0 2A1 + 35— AL,
Comparison between moles of CO; and moles of O, Number of moles of reactant
CO. ; 0, Number of moles of Al = Vigss Gim
| : 2 Atomic massol Al
16 , 5 Atomic mass of Al =27 ¢mok’
1 ? 25/16 ’T(Jh
8 : 25/16 < 8 Number of moles of Al - ,:‘;; = 0.740 moles
5 8 | e Number of moles of § = PASEDES
' Number of molesof O, :  12.5moles Atomic mass of S
: Molar mass of S = 32 g/mol
Molar Mass of O, = (16 x 2) = 32 gmol 30
Number of moles of § = — = 0.9375 moles
oo T ehil c Massof oxygen T
2g e bl by ~ Molar mass of oxygen Number of moles of product
Comparing number of moles of Al and AlS,
Mass of oxygen Al ' AlLS
12.5 moles = = ' o
32gmol 2 ' 1
12.5 % 32 = Mass of oxygen 1 1/2
: f 0.740 : 1/2 x 0.740
4008 = Mass of oxygen 0.740 ; 0.37
Comparison between moles of CO, and moles of CgH,g Number of moles of Al,S, - 0.37
co, : CeHie Comparing number of moles of S and Al S,
: S : AlS,
16 ' ‘ 3 : 1
1 : 2/16 1 : 1/3
- | 2 = 0.9375 : 1/3 % 0.9375
' 16 0.9375 : 0.3125
2 | : Number of moles of AlS, 0.3125
| S is a limiting reactant because it has given less amount of ALS,
Numberof molesof C,H,,: 1 mole Mass of Al,S,
Molar Mass of Cy4H g =(12x8)+(1x18) =14 Bl'l"ll:’r1I Number of moles of ALS, = %M_EESE‘LAES*L e
Massof C,H. | Molar mass of AlLS,
Number of moles of C,H,, = —————"4— Molar mass of Al,S = (27 x 2) + (32 x 3) = 150 gmol"
Molar massof C.H,, i e .
Mass of C.H 0.3125 mol = -..'.....--...___.___..i.._...i..‘I
1 mol z -t 150 gmol
11-4gmol 0.3125 * 150 = Mass of Al,S,
Ix114 = Mass of C3H|3 46.87¢g = Mass of Allsl
N4 g = Mass of CgH,s (W) aht+ 35, foie <A
e —————————— Comparison between sulphur and Aluminium
Q20. Calculate the number of grams of Al,S, which can be prepared by the reaction of 20g of Al and 30g of sulph¥ S : Al
How much the non-limiting reactant is in excess? 3 ; Z
—_—— e e 5 : 2/3
Ans. Givendata ‘ |
’ 0.937 . 2/3 x 0.937
Mass of Aluminium  =20g 0.937 ; 0.624
Mass of Sulphur= 30 g Number of moles of Al = 0.624 moles .
Required Excess moles of Al = 0.74 - 0.624
= 0.116 moles
Mass of Al,S, = ?

Non-limiting reactant in excess = ?




Atomic mass of Al

O.116 mol

0.16 <27
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Number of moles of Al =

%

Mass of Al

Atomic mass of Al

=27 gmol’
Mass of Al

—— e e

27 gmol™

——
—

= Mass of Al

1
217 : 3 x 297

Number of moles of N,

65.51 moles

Hydrazine is a limiting reactant because, it has given léss amount of N,.

Mass of N,

= Mass of Al (Non-limiting reactant in excess)

3.132§¢
Q21. A mixture of two liquids, hydrazine N,H, and N,O, are used as a fuel in rockets. They produce N and wo S
: Waty,

vapours. How many grams of N, gas will be formed by reacting 100 g of N,H, and 200 g of N,O,.
~» 3N, + 4H,0

2N;H, + N,0,
Ans. Given data '

Massof N;H, =100g
Mass of N;,O, =200¢g
Required
Mass of N, =7
Solution
2N;H, + N.O,
Number of moles of reactant

—» 3N, + 4H,0

_~ Massof NH,
Molar massof N,H,

Number of moles of N H,
Molar mass of N,H, =(14 x 2) + (1 x 4) =32 gmol’

100

Number of moles of N,H, = —
32

= 3.125 moles
~ Massof N,O,
Molar massof N,O,

= (14 % 2) + (16 x.4) = 92 gmol '

Number of moles of N,O,

J!

Maolar mass of N,O,
Number of moles of N,O, i
. 92 v B
= 2.17 moles
Number of moles of product : L | S22 2 ki
Comparing number of moles of N;H,and N, Bt SN s |
N;H, . N,
2 | : 3
1 | 3/2
3.125 : 3/2 » 3.125 |
3.125 .' 4 68 '

~4.68 moles

Number of moles of N, 4
Comparing numbper of moles of N.O, and N,

Mass of N,
Molar.mass of N,

Number of moles of N. =

Molar mass of N, =(14 x 2) = 28 gmol”

4.68 mol _ Mass ofN,
28 gmol™
468 x 28 =Mass of N,
131.048 = Mass of N.
—
Q22. Silicon Carbide (SIC) is an important ceramic material, it is produced by allowing sand (5i0,) to react with
carbon at high temperature.
* SI0, + 3C —» SIC + 2CO
" When 100 kg sand is reacted with excess of carbon, 51.4 kg of SiC is produced. What is the percentage yield of
Sic?

——— e e e e e e e e e - e . e e et et O e

Ans, inn data
Massof SI0, =100kg
=100 % 1000 = 100,000 §

Massof SIC  =51.4kg
= §1.4 ¥ 1000 = 51,400 §
Required
Percentage yield of SIC = ?
Solution .
Si0, + 3C —— SIC + 2CO
Number of moles of reactant
¢ moles of IO S Mass of SIO,
e A O s Molar mass of SiO,
Molar mass of SI0, =28 + (16 % 2) = 60 gmol”
1 00,000
Number of moles of SI0, - E
gogmol i
Number of moles of Si0, =1 666.66 moles
Number of moles of product .
Comparing number of moles of Si0, and 5iC
SI0, : SiC
. o I - | \
T 1666.6 | 1666.6 _ . 3
. 44+ Number.of moles of SIiC = 1666.6 moles - _
Md“ . g R 'J'EL-;r: -‘. -
e ey L - Mass of SIiC
L0 RS
Number of moles of SIC = Molar mass of SIC
Mohfmmofslc' = 28 +12= 40 gmol’
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1666.6 mol _ Mass of SiC b{:h{lldf g CHEP_JLSLRL X1 (Subjective)
40 gmol™
1666.6 x 40 = Mass of SiC Required
| Percentage of carbon = ?
66,666.4 ¢ = Mass of SiC Percentage of hydrogen = ?
Percentage yield Percentage of oxygen =7
- : Solution
Percentage yield of SiC = — Astualylcld . .5 100 Formula
Theoretical yield Rass of elemiot
Percentage of element =3 x 100
; Mass of compaund
51400 |
= x 100 5;217
66,666.4 | Percentage of carbon = 8.657 100 = 60.26%
Percentage yield of SiC = 77% 0.962

Percentage of hydrogen = 8.657 % 100 = 1.1%

2478
= OLVED EXAMPLE Percent@ge of oxygen = 8 ::; . % 100 = 28.62%

The above results.telldls that in one hundred gram of the given comp

_f ®egeto.

Example (3) .
o sample of neon is found to consist of ﬂne,mﬂe,:; Ne in the percentages of 90.92%, 0.26% and 8.82% respectively Ascorbic acid (vitamin C) contains 40.92% carbon, 4.58% hydrogen and 54.5% of oxygen by mass. What is the

Calculate the fractional atomic mass of neon. empirical formula of the ascorbic acid?

e e - _ — Ans. Givendata
Ans.  Given data 2 | pPercentage of carbon = 40.92%

ound, there are 60.62g of C, n.1ig of Hand

" — 1 " mns i 1 - i

Example (1)

Mass of “Ne = 20amu / Percentage of hydrogen = 4.58% Z
Mass of ' Ne = 21amu . qum:ercentase of oxygen = 54.5% %
3 | | e
Mass of “Ne = 22amu . | Empirical formula of Ascorbic acid = 7
Pocammeis! e wd0.72% | | :ﬁ:::::iof gram atoms ‘
Percentage of ' Ne=0.26% ‘ | A5 - _ | : percentageof element
Percentage of * Ne = 8.82% . o) Number of gram atoms of element Atomic mass of element
Required | 40.92 2
. -« P — g = = 1 ram atﬂms
Fractional atomic mass of Ne = 7 | - Number of gram atoms of C 2o - b 2
Solution W 3 | iy | 458
_ . < GE roms of H " = 4.54 gram atoms
Average Atomic mass of Ne = - LiaR] Number of gram atoms 1008
(Massof “Ne x %of mN¢)+(M&SSOf *'Ne x %of “'Ne )+ (Mnss of “Nex%of z’le) (Ol TR veicd Number of gram atoms of O =%€§' = 3,406 gram atoms
100 ea .
G 1 1 tednalA tomic Ratio
- . (20 x 90.92) . (21 x 0.26) + (22 x 8.82) ~ | ey Numberof gramatomsof element
| 100 g v sl i g Atomic ratio of element Smallestnumber
_1818.4+5.46 +194.04 2017.9 . Fuberg Yo ceken o vedmut 341
100 ~ 100 o R ) Yoa sihen B YN SATSAMOD Atomic ratio of C =3.406"
= 20.179amu - - 4 i 4.54
Fractiona! Atomic Mass of Ne = 20.179 amu o3 oy _ Atomic ratio of H =3.406" 33
Example (2) | B ' ¢ Lo St Atomic rationof O | h=%4%%_= ' g '
8.657g of a compound were decomposed into its elements and gave 5. 217¢d carbon, 0.962g of hydrogen, 2.478g of ol ntubafs riemes ot i swode 53194 |
oxygen. Calculate the percentage composition of the oornpound under study. %2 Yo resh Conversion m:xmuﬂﬂ into whole number, multiply with three-
————— To conve | |
Aﬂ‘: G"Vlﬂdm : - : ”_,- )7 ant : _ : v ; . c H 0 3{1 1 33 1‘ - 3 d 3 | _ . d -
Mass of compound = 8,657g R ¢ . | i St g o \ ' Ascorbic acid
: He Ty T A 16k Formula rmula of the
Mass of carbon = 5.217g | | ' EmP!rlﬂ.:he above whole numher ratio gives us the subscript for empirical fo
Mass of hydrogen = 0.962g oy G ¥ET +.59% HE o atgims 10N C,H,0,
Mass of oxygen = 2.478g g 1t

:ﬁﬁ; F»’ N



Exvarple (4)

A sample of liquid consisting of carbon, hydrogen and oxygen was subjected to combustion analysis, o
compound gave 1.039g of CO, , 0.6369g of H,O . Determine the empirical formula of the compound. S-qg" qm

rercentage of nydrogen = 5,50%
Percentage of OXYgen = 20.06%
A —Gven e f _ Molecular Mass = NMo.158/mole

Ce—
e —_

Ans. Given data =

Required
Empirical formula = ?
Molecular formula = ?

Mass of carbon dioxide = 1.039g
Mass of water = 0.6369g

:’q“"’_"“:f : Solution
mpirical Tormula of the compound = ? Number of Gram atoms
Solution :
Percentage composition of the sample ' Number of gram atoms of elemetit = — - ccniage of element
r‘\ ™ \
e crtcars Massof CO., . 12 o . a::nmu. massof element
Mass of organic compound 44 Number of glam atopiofC = 12 = 5-45gram atoms
1.03 12.00 50
- 052395 * 22,00 * 100 = 52.08% Nifiber of graistoms of Wi = 25 < 5 45 gram atoms
- 29.06
Percentage of hydrogen = Massof H,0 : 2_10:_2 o Number of gram atomsof 0 = 12 oo = 182 gram atoms
Mass of organic compound Atomic ratio |
= 0.6369g 2.016 , . number of gram atoms of ¢l
054308 © 18 X 100= 13.11% Atomic ratio of element = g S Ol ciement
_ Smallest numbe
Percentage of oxygen =100 — (% of C +.% of H) |
. =100 - ‘5208 + 13'1-0 - 3477% . Atomic ratio of C - %% =3
Number of gram atoms '
Ny ..} 5.45
Mt of 87am atoms of elernertt = Percentageof element _ Atomic ratio of H =823
‘Atomicmassof element 1.82
2.08 Atomic ratio of O ==z
Number of gram atoms of C = 5?’ 4.34gram atoms 182 -
Empirical formula of the compound
13.11
Number of gram atoms of H =‘1_3@E = |3,00gram atoms ! C, Hand O are present in the compound in the ratio of 3: 3: 1 so the empirical formula C,H O
o —W = 2.17 gram atoms In order 10 determine the molecular formula, first calculate the empirical formula mass.
Atomic ratio | . Empirical formula Mass of CCH,O =12 x3+1.008 x 3416 x1=55.05 gmol™
L- ik _ ! Atomic ratio of element = numberof gram atoms of element ' Molecular Mass = 110.15 gmol™
Smallestnumber Molecular Mass
. P T T R ———————
Atomic ratio of C L 4.34 - | . _ Empirical formula mass
| 2.17 ‘ _1oss
. Atomic ratio of H = ?—é =6 55.05
h i - Molecular formula = n x (Empirical formula)
. : 2.17 "
! Atomic ratio of O = 51—7 =1 . =2 x C,H,O
. Empiralformula  C,H,0 ' = S
M Example (6)
r ' ' | | Calculate the gram atoms (moles) in 1
(a)  0.1g of Sodium _ (b)  0.1kg of Silicon

e———————————

Ans. Givendata
Mass of Sodium = 0.18
Mass of Silicon = 0.1kg = 0.1 x 1000 = 1008



- - ——e e b b il r-"“‘_{*“ff_jjﬁﬂlit; f,n"c.
(2) Number of gram atoms (moles) of sodium

(b) Number of gram atorns {moles) of silicon

Solution i
(a) Formuls

Hequired

J

»

Mass fjf{?lr?rnl*ntmgramz
Number of gram atoms = -

Atomicmassof element

Atomic mass of Na = 23 gmol™’

0.1y
Number of gram atoms of Na = ———-* - = 0.0043moles
:3!3 mol
(b) Atomic mass of 5i = 28.086 gmol ™’
| 100g _
Number of gram atoms of Si = - = 3.56moles
28.086 g mol

M‘ ———

Calculate the mass of 10" moles of MgSO ¢

Ans. Given data

Moles of MgSO, = 10
Required
Mass of MgSO, = ?

Number of gram formula or

Mass of ionic substanc
Mole of the substance =—— =

Formula mass of ionic substance
Formula mass of MgSO, =24+ 32 +16 x 4

=24 +32 + 64 =120 gmol™’
Applying the formula |

_ MassofMgso,

) 120g mol”
12 % 107" = Mass of MgSO,

. 0.128 = Mass of MgSO,

107" mol

How many molecules of water are there in 10.
separately, the total number of atoms and the

Ans. Given data
Mass of ice = 10.0g
Required
Number of molecules of water = ?
Number of atoms of hydrogen = ?
Number of atoms of oxygen = ?
Total number of atoms ?

og of ice? Also calculate the number of atoms of fydrogen and oxygen
covalent bonds present in the sample.

SO T [ e S i o e 1 i
= ra -
Total number of covalent bonds = ? . wined sevunds ™ adll 2
Solution g N " stsily f
Number of molecules of water - . o o SR RN 8- - -—
Formula

f
Number of molecules of H,0 = — il L xN,
‘ Molarmass of H,0

Stholar's CHEMISTRY Xl (Subjective)

Molar Mass of H_,fl d +16 = 18 ¢ mol

'H'jf; .
-12_"’5*’]?# 1)
=0.55 % 6.02 « 10°

=3.31 7~ 10" _mailecules
Number of molecules of water = 3.3

Number hydrogen atoms
One molecule of

10" molecules

water contains hydrogen atoms =

3.31% 107 molecules of water contain nydrogen atoms= 2x3,31% | 0

= 6.62 % 10"
Number of oxygen atoms

One mglecule of water containk oxygen atom = 1

i - -~ - 4
3.3 107 melecules of Watér contain oxygen atom=1x 3 3| =10’

= 3.31x10"
Total number of atoms of hydrogen and oxygen

=6.62 x |07 £3 31 10”
= 9.93x10"
Total Number of Covalent Bonds
One melecule of wateér contains covalent bonds = 2
331 10*" moleclles of water contain covalent bonds =2 x 3.31 x 10°°

= 6.62 » 10"

Example (9)

10.0g of H.PO_has been dissolved in excess of water to dissociate into ions.
Calculate,

(a) Number of molecules in 10.0g of H.PO,.
(b) Number of positive and negative ions in case of complete dissociation in water.
(c) Masses of individual ions.

(d) Number of positive and negative charges dispersed in the solution.

T ——————— —— e ————————— ————————

Ans. Givendata
Mass of H.PO, =10.0g

Molar Mass of H,PO, =3+31+64=98gmol”
Required
(a) Number of moleculesini0.0g of H,PO, =?

(b) Number of positive and negative ions in case of complete dissociation in water = ?
(c) Masses of individual ions =

-
=

(d) Number of positive and negative charges dispersed in the solution =? serctugyon &

Solution
(a) Number of molecules
Formula
_ MassofH,PO, <N T W
- Number of Molecule = mssofoD, A




. 10.0g

« 6.02 x 10

~ 98.0g mol™’

= 0.102 x 6.02 x 10*
= 0.614 < 10 molecules

(b) H,PO, dissolves in water and ionised as follows.

H,PO, 5 3H' + PO’ —

According to the balance chemical equation

H, PO, | H
1 : 3
6.14 x 107 : 3x6.4x 107
' 1.842 x 10°

Hence, the number of H'is 1.842 x10%

H,PO, | PO ™

1 : 1
6.14 x 10 : 6.14 x 10%

Hence, the number of PO,” ionsis 6.14 x10%

(c) Masses of Individual ions

— e —— S —

Mass of positive ions

Number of H' = __P'tiassufH‘ X
ionic massof H' ;

Massof H' :
1.842 x [~ i e 6. “
Tl
1.842 % 10" x1.008
Mass of H‘ = -
602x10° O30%

Mass of H™ = 0.308¢g 4
Mass of PO," ions _

1=
Number of PO,” = Massof PO,

: N
lonic mass of PO, ah
lonic Mass of PO, =31+ 64 = 95gmol”’
.
6.14 x |0% = ﬂassanq, x 6.02 x 107

95
Mass of PO, = 9.689g

6.14x 10 molecules of H,PO, gives positive charges=3x6.14 » 10% #h ot
=1.842 » 10’_’-

= 1.842 < 10” positivecharges
Number of positive and negative charges are always equal.

S0 number of negative charges = 1.842 » 10" negativecharges

Example (10)

A well known ideal gas is enclosed in a container havi
ng volume 500cm’ 3t S.7.P. Its mass comes
What is the molar mass of this gas? o B

Ans. Given data

Volume of the ideal gas = s00¢cm’
Mass of the ideal gas = 0.728

Required

Molar mass of the gas = ?

Solution

We can calcuiate the number of molesiof the idealgas at S.7.P from the given volume.
22.41adm” or 22414¢cm” of the ideal gas at S.T.P = imble
!
22414
1
22414
= 0.0223 moles

1cm’ of the ideal gas at ST.P =

500 e ' of the Idealgas st ST P = % 500

We know that

hi" S5 h ’
Number of males of gas =/ = s of the gas

Molar mass ot the gas

N7y
0.0221% mole = .

Muolarimassol the gas

.72
Malar massofthegas = —————

0.0223mole

Motar mass of the gas = 32gmol”
m——_—'—-—_—_
Example (11)

Calculate the number of grams of K,SO, and water produced when 14g of KOH are reacted with excess of H 50 . Also
calculate the number of molecules of water produced.

Ans. Given data

Mass of KOH =148
Molar mass of KOH =39 +16 +1=56 gmol™
Required
Number of grams (Mass) of K,SO, =?
Mass of 11.0 =?
Number of molecules of H,0 =N
Solution

Mass of KOH
Number of moles of KOH = Molar mass of KOH

14.08

= 56g/mole = 0.25moles
Equation |
ZKOH + H}SO& ") K:SO* + 2H]0
Comparison between Number of moles of KOH and K,50,

KOH | K30,
2 1 1
' Ll
1 2




-
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X 0.25
2 J

0.25 0.125
Number of moles of K,SO, =0.125male
Massof K,S0,
Mn!armass:of K,50,
Molar Mass of K.SO, =39x2+32+16 x4

=78 + 32 + 64 =174 gmol”

0.25

Number of moles of K.50, =

. MassofK,SO
0.125 moles = —4
174gmol
0.125 x 174 = Mass of K.SO,
21.758 = Mass of K,SO,
Comparison between number of moles of KOH and H,O
KOH La H,0
2 : 2
1 : 1
0.25 : 0.25
Number of moles of H,O = 0.25moles
Number of moles of H,O = oo
| . MolarmassofH,0
Molar mass of H,O =2 +16 =18 gmol™
OB toles - Massofog
18gmol
0.25 x 18 = MassofH.O - : —= | | - |
4.5g = Massof H,O '

Number of molecules of H,O
Number of molecules of H,O = Number of moles of H,O x N, S tmany— e

= 0.25 % 6.02 x 10%
=1.505 x 10~ molecules

Number of molecules of H.O = 1.55x10* molecules
e —————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Example (12) _
Mg metal reacts with HCl to give H, gas. What is the minimum volume of HCI solution (27% by Mass) required to

produce 12.1g of H, 7 The density of HCl solution is 1.14g cm”. {
Mg ,, + 2HCl I MgCl + H

i

a) 2 (3q) St - |
Given data el
Mass of H, produced = 12.1g ’ fic
Density of HC| solution = 1.14gcm ™
Percentage of HC| solution = 27%
Required | Bt % b el 29iam i g
Volume of HCI solution = ? |
Solution

First of all convert the Mass of H, into moles, then compare the moles of H, and moles of HCl according 10
balance chemical equation,

Scholar’'s CHEMISTRY - X1 (Subjective)

Formula
Number of molesof H. = — M:‘q""”f_l‘
Molarmassof H.
Molar Mass of H, =2.016 g mol
Number of moles of H. = 12.1g =Gmole
~ 2.016 gmol™
Equation
Mgm 4 2HC||W » MgCl, (il H, )
Comparison between Number of Molesaf H. and HC
H, | HC
1 \ 2
6 . 2% 6
0 . 12
Moles of HCI = 12 moles

Molar Massof HCl =3 %35.5 = 36.88mol™
Mass of HEL = Number of Males of HCl x Molar Mass of HCI
=12 moles ks 36.5gmol ™ = 438g
Mass of HCl = 438grams
We know that the pereentage of HCl = 27% by weight, it means that

27¢ of HC| are prgsént in HCI solution = 1008

| | 100
1pof HCI is'percent in HC solution = ";7_ P

100
438 of BC| are present in HCl solution =7 -7 x A38

= 1622.28
Mass of HC! solution
Density of HCI

162220

l—'ﬁ-l-b

Volume of HCl =

Volume of HC! = -

1

l.14gem”

_——__——::’_WIL——__//——____—

2l ‘ ixture containing 100g of each
NH, gas can be prepared by heating together two solids, NH_Cl and Ca(OH), . 1f a mix

gt 2y (b) Calculate the excess amount of reagent left unreacted

(a) Calculate the number of grams of NH, produced ‘

2NH,CI,, +Ca(OH),  — CaCl,, +2NH,, +2H.0,,

Ans. Given data
Mass of NH ,Cl =1008

Mass of Ca(OH ), =1008

Required Fir
(a) Number of grams (mass) of NH, -

=7
(b) Excess amount of reagent left unreacted =

Solution:
Number of moles of reactants

Formula

Number of moles =

Mass ingrams
Molar mass
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Molar mass of NH Cl=14 +4 + 35.5 = 53.5g2mol™

: | 00g
Number of moles of NH,C] = — --Ok—ﬁ = 1.87mole
33.5 gmol

Molar massof Ca(OH) =40 +16 x 2 + 2

=40+ 32+2=74gmol”’

Number of moles of Ca(OH ). = -—L[—H—]E-~ =1.35mole
- 74 gmol™

Number of moles of product (NH,)

Equation

INH,Cl, +Ca(OH), | —CaCl, +2NH, +2H,0,

Comparison between number of moles of NH,Cl and NH,

NH . ClI NH,
2 : 2
1 : 1

1.87 1.87

Number of moles of NH. =1.87 moles

Comparison between number of moles of Ca(OH), and NH,

Ca(OH), NH,
1 : 2
135 2 % 1.35
1.35 2.70

Number of moles of NH., = 2.70 moles

Since the number of moles of NH, produced by 100g of NH Cl are less, so NH,CI is the limiting reactant.
reactant, Ca(OH)_is present in excess.

Hence

The other

Mass of NH, produced = 1.87moles x 17gmol”
= 31.179g

(b) Amount of the reagent present in excess
—_—_“'_h,_“_—_—“—___—.
To calculate the amount of the reagent present in excess compare the moles of NH .Cl and Ca(OH).

NH, CI Ca(OH).
2 1
1 |
2
1.87 1/2 % 1.87
1.87 0.935

Hence the number of moles of Ca ( OH ). which completely react with 1.87 moles of NH,C| is 0.935 moles.

Number of moles of Ca(OH ), taken =1.35 moles
Number of moles of Ca(OH)_ used = 0.935moles
Number of moles of Ca(OH ), left behind =135 - 0:935
= 0.415
Mass of Ca(OH )_left unreacted (excess) =0.415x 74
= 30.718

Excess amount of Ca(OH). left unreacted = 30.71g

4\%
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N

when lime stone CacC0, is roasted
Ca0 is 2.5kg, when 4.5kg of lime

CaCo, . —> G0 '+ Lo

L (8} ng)
Ans. Given data
Mass of limestone roasted = 4.5Kg = 4.5 % 1000

Mass of quick lime (actual yield) = 2.5kg = 288600
Molar Mass of CaCO, = 40 + 12 + 16 x 3

= 45008
= 25008

=40 %12 + 48 =400 g mol™'
Molar mass of Ca0 = 40 + 16 = 56 gmol
Required
Percentage yield of CaO = 2
Solution
Equation

Caco, = CHON +CQ

According tobalanced chemical equation
100g of CaCO. give Ca0'= 56¢

. 6
1g of CaCO, glves Ca0 = '1%3 g

6
4500g of CaCO, give Ca0 = 1—";-6 x 4500 = 25208

Theoretical yield of CaO = 25208
Actual yield of Ca0 = 25008

Actualyield
Theoretical yield
2500
" 2520
=99.2%
% yleld of CaO = 99.2%

Percentage yield = X 100

X 100

quicklime (Ca0) is produced according to following
stone is roasted. What isthe percentage yield of this re

action.

Addltidna| Questions

———
Q. In Industry, costly reactant is always taken as limiting reactant.

Ans.

equation. The actual yield of

In industry, costly reactant is taken in small amounts and cheaper one in excess. As a result of that costly

reactant is completely consumed earlier. Hence, its amount is not wasted. Due to which reaction becomes

economical and there is no financial loss of costly reactant,

Q. Differentiate between qualitative and quantitative analysis.

Ans.

Qualitative Ang_lis-ls

Quantitative Analysis

-

The analysis which is made to identify different

elements present in the compound is called as
| qualitative analysis.

The analysis w

hich is made to determiné the exacl f
amount of each element present in the compound i$

called as guantitatiue angﬂsis:.

It is the initial analysis to detect the elements present

l‘ By this analysis we can caiculate the %age of element
present in the compound.

| in the compound.

e.g. Salt analysis, detection of elements and functional | eg.

Volumetric analysis,

| gravimetric analysis.

combustion analysis,

grouEs. ;
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Q. In combustion analysis, why the :%ﬂgﬁ of oxygen cannot be measured directly? N =il o 59
Ans. In combustion analysis, @8 known amount of organic compound is bu-rm n fre — —
-E. \
" TTee supply of oxygen. The carbon o d Chapter 2

hydrogen of the organic compound is converted into CO, and H.O respectively. But as oxygen gas |
: ~ ' 51§ als

provided from the external source 1o burn the organic compound, so we cannot TR 0
present in the compound directly. However it is determined by method of difference odge Of OXygen

“—Tmﬁ?.“———_(g\f\m—\\ EXPERIMENTA,L TECHNIQUES
' atea e IN CHEMISTRY

Ans. The efficiency of a chemical reaction is calculated in the term of 7 age yield "Percentage vyield is defi . :
. e lﬁEd as' it

the ratio of the actual yield to the theoretical yield multiplied by 100.” Itis |

2 . .. Actual yield :
% age yield = %100 Analytical Chemistry

T'heoretical yield

- : | .
Greater the_% age yield of a chemical reaction, more amount of product is formed. Hence greater the effici
of the reaction. 'Clency a compound is called analytical chemistry.”

uﬂtls_ico_ﬂwﬂ_d?___%*‘_‘\ Major steps involved in quantitative analysis of a compound
Ans. A substance formed b ‘ - : - g .
y the reaction of two or more chemical elements. The elements in 2 COMPOUNd arg Following major steps are necessany for gomplete quantitative analysis of a compound

;:es?nt in hxgd ratios. For example purg water is a compound made from two elements - hydrogen and OXyge 1. Obtaining a sample for analysis
e fixed ratio of hydrogen to oxygen in water is 2:1. Each molecule of water contains two hydrogen : |
bonded to a single oxygen atom. g

Compounds can be decomposed chemically into their constituent elements. i, Measurement and calculation of results.

_—_ﬁﬁ_.—_ﬁ—_%—_\__\
Q. The Term formula mass is used for ionic compounds instead of molecular mass. Iv. Drawing conelusion from the analysis.

Ans. The term formula Unit is used for the ionic compounds as represented in their empirical formula. And the SUm

f ‘ : . | .
: gltom;cfmasses of ele*rnents in the formula unit is called formula mass e.g Formula Unit of sodium chloride is SEPARATION TECHNIQUES
atland formula mass is 58.5g/ mole. The term molecular mass is used for molecular compounds e.g. H,0! FILTRATION |

dtoms 1l. Separation of the desired gonstituent.

| | | ' ' ion i thly, the stem of the funnel should remain
e For Answers studv Scholar’s CHEM) , ' =T 4. If the process of ﬁltratwn s to run smoothly, | { |
ety — CHI STRYSODjetitve) X1 as there is liquid in the conical portion. - L ' b

beaker and tip should touch the side of the beaker. In this way, the filtrate runs
splashing.

The branch of chemistagWhithideals withithe chemical characterization (qualitative and quantitative analysis) of

/ “The process jn which insoluble particles (suspended particles or precipitates) are separated from liquids is called
_‘——__—_—-_-__j

Important Previous Board Questions filtration™
How does a limiting reactant control the amounts of products formed? T rdia 7 - -
_ How can the efficiency of a chemical reaction be exprisse 47 = Filtration can be performed with se_:veral types o‘f filter media. Nature of the p!-ecipitate and other factors dictate which
Concept of limiting reactant is not applicable to the reversible reactions. Explain It et e be-Used. Followin g e Thodia A e e o
Q The atomic masses may be in fractions. Why? B ' | . Filter paper B Paper pulp g Filter crucibles
Q. What is the function of electrometer in mass spectrometer? | | > Cloth ¥ Cotton 2 Sand
Q. ‘Which laws are to be considered during stoichiometric calculations? - 3 Flitration through filter paper
Q.  What is the justification of two strong peaks in mass spectrum of bromine? , 1. Filtration by a glass funnel and filter paper is usually a slow process. As the mixture is poured onto the filter paper,
Q. Amount of products formed during a chemical reaction; depend upon the amount of limiting reactant. Justify. the solvent (water) passes through leaving behind the suspended particles on the filter paper | |
Q.  Explainformation of ions with respect to energy changes. - — e 2. Filter papers are available in variety of porosites (pore sizes). Which pore size is to be used, depends upon the size of
Q. Give the applications of limiting reactant. | | | . » the particles in the precipitate, 2 o |
Q.  Whythe isotopes have same chemical pl"operti'es:.? _ - : | 3. The filter paper should be large enough so that it.is one-fourth m.unc-half full of precipitate at the-end of filtration.
‘ The funnel should be large enough for its rim 10 extend | to 2 em above the top cirgumt'erence of the paper.

ﬁaﬁﬁmbﬁﬁf? full of liquid as long

several inches long so that it can extend a few centimeters down into the meif_ing
S TR dhch "beak down the side of beaker without

Ol N AT
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