f' 2 Explaln the structure of the atom as a central nucleus contalnlng neutrons and :
_-protons surrounded by eiectronsm shells . : -

e State tha’c orbits (shells)are energyleveis ofelectrons and a Iargershell |mpiles hlgher _
'energy and gneater average distance frorn nudeus : : T : -

_'Explam that the proto 5 number rs unique to each eiement and .used to arrange_
elementsin penodlctabie ] i i ; o
:jStatethat radtoactwlty can changethe proton numberand aIter an atom s |dent|ty

* Define nucleon number/ atomlomass as sum of number of protons and neutrons in
oy the nucleusofan atom. : - D T : o

-t Define 1sotopes as different atoms of the same element that have same number of
i - protonsbutdifferent neutrons - 1

2 o : Statethati |sotopes can affect molecular mass but notchemlcal propertiesof an atom
i Deterrnme the number of protons and neutrons ofdifferent tsotopes

e ;Def‘ ne reiatlve atomlc mass as the average mass of |sotopes of an element compared
to1/12th ofmass of an atom of Carbon-12 2 - - :

: LI Statethat |sotopes can exhiblt radioactmty
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«  Discuss the |mportance of i%@topes us;ng'carbcm datmg and medical imaging as
examples. Descrlbe the formh’clon of posrtave (cation) and negatWe {anion) ions from
atoms,. o]\ W\ W . i '

g - ]ptr-zrpfetand usethesymbol%foratoms andions

! '
¢ Calculate relatwe atomic mass of an element from relatlve masses and abundance of

S '|sotopes i i l . . o _ :
'-__-. ~ Caleulate the re!atlve mass. of ]le n is'ot_i?pe.'gi\.fe'ri. réla';ii,rei afomi'c' rii;;'g'and abun’dan’ce’_ﬁf
I | . gy : o : . A :

of. ail stable |sotopes

Introduction

Elements are very different from one another. A large number of elements
exist as solids and very few are present as liquids while the rest exist as gases. All
these elements are however made up of atoms.

Have you ever thought why these elements are so different from one
another? Iron looks very different from gold which, in turn, is very different from
aluminium or zinc (Fig: 2.1). Iron is a heavy metal while aluminium and zinc are
light metals. Metals are mostly lustrous while non-metals like suiphur and "arbon
appear dull. The difference in the properties of elements 15 a;iue”,co the difference
in the propertles of their constutuant atoms




2 °§ Stmc‘&ur‘e of Amm \ \/7
In 1803, an Enghsh chemlst )‘ohn Dalton in hiS famous theory 'Dalton's
atomic theory’, pmposed atoms to be indivisible. In other words, according to
him, it w,aﬁ not poémble to divide atoms to smaller particles. In the last decade of
nineteenth century, a group of scientists were trying to pass electricity through
gases at reduced pressure. During the course of these experiments known as
‘Discharge Tube Experiments’, they discovered that atoms are no longer the
smallest particles of matter; rather there exist particles that are even smaller than
atoms. In other words, atoms are composed of negatively charged particles
called electrons and positively charged particles called protons. It was also
discovered that a proton is 1836 times heavier than an electron. In a discharge
tube, the presence of the negatively charged particles was ascertained because
of their deflection towards the positive plate in an electric field. Similarly, the
presence of positively charged particles was confirmed due to their deflection
towards the negative plate.

Wl

Aithough the nucleus is-less thhn cme hundredAThousandﬁ\ (1/1 00 000] of
the size of the atom, it Gontains mo rethan 99 99& afthe mass of the atom. '

Dlscovery of Electmns

Ad;rsch‘érg‘e' ube is a hard glass |
tube prbwded with two metallic |
electrodes and a vacuum pump to |
evacuate the gas present in it Fig (2.2)
When a very high voltage is applied to |
an evacuated glass tube the glass |
surface behind the positive electrode |
started to glow, due to the rays emitted
from the cathode. These rays were

Caﬂtode Rays
named as cathode rays. In 1897, British physicist Joseph John Thomson studied

the properties of cathode rays by passing them through the oppositely charged
electric plates. It was observed that cathode rays bent towards the positively
charged plate showing that they carry negative charge. Thomson also installed
two magnets on either side of the discharge tube and noticed that cathade rays
were also diverted by the magnetic fieldi Thomson used the findings of his
experiments to calculate the mass\toy charge ratio of ¢athode rays which finally
proved that cathode rays are m fact negatwely changed material particles. These




partlcies were later na med as electrdns Itwa a!so shawn thrat electrons are the
subatomlc particles ofall elements AW AN~

electrically neutral having same
number of positive and negative
charges. He performed a series of
experiments with a gas-discharge
tube having a perforated cathode. A
new type of rays were produced from
the anode which moved towards the
cathode. He called these new rays as :
canal rays oranode rays. Cathode  Fig (2.3) Anode Rays Anode

The properties of these rays seemed to vary depending on the gas used in
the discharge tube. In fact what he discovered was gas ions and this alsof mchuded
hydrogenion (H"). Goldstein at that time knew notha:ng abqunts s}gnlﬁcance

In 1917, Rutherford perforh‘téd Experlments whlch proved that the
hydrogen nucleus is preserﬁ n @thgmucleb Rutherford thought that a hydrogen
nucleus or a proton st be the fundamental building block of all nuclei and also
posmblx -newfum X élamental part|cle aswell.

Cathode rays are so named because they are emitted by the cathode in a
discharge tube. A very high electrical potential of thousands of volts was applied
in the discharge tube which ionized the residual gas atoms present in the tube.
The positive ions thus produced travelled towards the cathode as anode or canal
rays. When they collided with the cathode they knocked electrons out of its
surface. This stream of electrons was called cathode rays. '

" Discovery of Neutron

Later on, in 1933, another particle neutron was also discovered, which is
known to carry no charge. The mass of a neutron is almost the same as that of a
proton. These three particles i.e. electron, proton and neutron were given the
name fundamental particles and are shown to be present i all atoms
irrespective of the fact that these atoms behave very, different fromone another.
It was, however, also shown that the number of these partlcles is different in
differentatoms. v




After the dtscovery of these partlcles a very tmporta nt questlon arose-as
to how these particles are arranged in a tiny place called atom Tn othérwerds

what is the structure of an atom? o A\

Lord Rutherford, in 1911, prowded ansWer to t_. is questlon He carried out
a remarkable experimentin whlch he hita stream of special type of particles to a
very thin gold foil. Frpm thl$ experlment he concluded that an atom has two
portions.: A,tmspﬁ nﬂaf portion which he called as nucleus and a relatively large
areasu rroundlng this, which he called extra nuclear portion.

It was also discovered that almast all the mass of an atom is concentrated
in the nucleus, because both the heavy particles i.e. protons and neutrons are
found to be present here. In the nucleus these two particles are held together by
a strong nuclear force. Electrons are, however, revolving around the nucleus in
fixed circular paths called orbits or shells. Since electron present in each shell has
a fixed energy, these shells are also named as energy levels. The shell which is
nearest to the nucleus is called first shell or K shell and the electron present in it
has a fixed value of energy. Similarly, the second shell will also be at a definite
distance from the nucleus which will, of course, be greater than the first shell and
electron present in it will also possess greater value of energy. Similarly, electron
may also be present in the third or higher shelis. ~a0)

Each shellis further sub-divided into sub- shellserm'bltajs Thenu?’nber of
sub-shells presentin a shell is equal the va[qe ofn fonthat shell. For the first shell,
(n=1),itwill, thereforefheve omgone ubeshell\ ‘whiich is called s sub-shell. For
(n = 2), there will be two "snib*rsheﬂs sand p. The second shell will, therefore, have
two sets of su\b shéils] I'Fhe third shell (n = 3) has three sub-she]ls s, pandd. The
fourth sh&illréé hélsts of four sub-shells s, p, d and f.

The size of an atomisso small that it is not possible to see with naked eyes. However, a
transition electron microscope can be used to see atoms.

According to
modern approach,
electrons are like Third shell (M)
charged clouds n=3
whose location E=hK
‘around the nuclels
cannot be predicted Fourth shell (N)
with one hundred E::i
percent certainty. All )

First shell (K)
n=1
E= E1

Second shell (L)




-we can say is that there isa certam prca babal}ty tpf_flndmg the electron at a certain

probable distance fr 'rn the: "’uql s\ N\
Table 2 1) Charges and ‘Masses of Sub-Atomic Particles

Electron 16022 x 10"°C 9.109 x 107 Kg
Proton +1.6022 x 107°C 1673 x 10% Kg
Neutron 0.0 1.675 x 10 Kg

nteresting,

The largest atom cesium is approximately nine times bigger than the smallest
atom helium.

In order to find out the number of electrons which can be
accommodated in these extra nuclear shells, the scientists have devised formula
called (2n?) formula where n can have values 1,2, 3 ... and so on and they
represent the number of shells. Shells have also been named as K,, LTMN .and
so on. When the value of n is one, it means first oq K she]]; amtithe maximum
number of electrons which cambe p#esént\in ti'ns ﬂhei]is (2 x 12 = 2). K shell can,
however, have Iessjchan two g]‘ec‘l;ron oritmay not have any electron.

Similarly wheh (n\-—» 2), it means second or L shell and the maximum
numbej'l.aflalpu nsitcan accommodate is (2 x 2% = 8). For (n = 3) or M shell, it
can ah‘commodate 18 electrons at the most. This process will go on until the
electrons present in an atom are finished.

The maximum number of electrons which can be accommaodate in sub-
shells s, p, d and f are 2, 6 10 and 14 respectively. In the first shell there are 2
electrons which shell go to (s) sub-shell. In the second shell, 8 electrons will be
further sub-divided, s-subshell will have 2 electrons and 6 electrons will be
accommodated in p sub-shell.

2.2 Atomic Number and Mass Number

Electrons, protons and neutrons are calted the fundamental particles of all
types of matter. In other words, the atoms of all the elements present in this
world contain same electrons, protons and neutrons. However, an atom of one
element differs from an atom of another element becauseg It cont»ams dn“ferent
number of the fundamental part:cles A NN ,- AR\

The number of protonsipresent i, the atmms of an e1ement is always fixed
and it is called the atomu: nu m‘ber\of that elerfient. Since an atom, as a whole, is




electrlcally neutral the number of ele;trens present in.an atom will be the same-
as the number of pratons,- Atomlt numbe*r of an element is represented by Z.
Atomic number of an e{emen’t is‘unique to that element and the element is
identified by ]thlglhumber In a periodic table of elements, the elements are
arranget | accarding to ascending order of their atomic numbers.

The total number of protons and neutrons present in an atom almost
accounts for the total mass of that atom and hence itis called its nucleon number
or mass number, It is represented by A. The mass of electron being very small is
notincluded inthe mass number.

Just like atomic number, the atom of an element may also be identified
from its mass number. For example, the number of protons present in an oxygen
atom is 8, so its atomic number is 8 while the total number of protons and
neutrons present in it is 16, so its mass number is 16. Information about the
atomic number and the mass number is often included with the symbol of any
element. The atomic number is written as a left subscript while the mass number
as a left superscript. So, oxygen atom would be symbolized as '§0O. Sim-i[a rly,
carbon atom symbolized as 'z C will have 6 protons and 6 neujron& (Q)IUY

The number of neutrons N present inan atom tan‘be cal’culated if its
atomicnumberZ and rqass nu mber(’A) ére knoum ﬁ

C f"-lﬂ -‘\ ".‘ "Nj\i; \ A"’— Z
Thus, the number f\neutmns in chlorme atom, symbolized as 33Cl, can be
calculaﬁeﬁ\ag 35097 18

1
o

~

Copernicium (Cn) is a synthetic element and it was discovered in 1996. This metal
turns into a gas at room temperature. :

137

Calculate the number of neutrons, protons and electrons in barium 5;Ba

B Fach barium atom will have 56 protons and 56 electrons, The
number of neutrons in boron will be calculated as follows:
N =A-Z __
=137-56=81 ~ e\
So each ¥ Ba atom w1ll have 81 neutrons 55 pmtoﬁs “and 56
electrons U\ ~70\( eR\RCR\e ¥




» Each uranium atom will have 92 protons and 92 electrons. The
number of neutrons will be calculated as follows:

N=A-Z

N =238-92=146
So each *5U atom will have 146 neutrons, 92 protons and 92
electrons.

Calculate the number of neutrons, protons and electrons in the "
following atoms. i P . _

195 by S5 A 12790 1 : _ )
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All the atorr_}sl_pf;\\a\]n\_.\ﬁlé_hﬁié_r_ﬁsﬁ%‘ﬁﬂ"hécessa rily have the same atomic number, but
their mgﬁslﬁwﬂb\e}\r‘nay vary depending upon the number of neutrons present in
the nucleus. Atoms of the same element having different number of neutrons in
their nuclei are called isotopes. For example, element carbon has three isotopes
as its atoms have six, seven and eight neutrons in their nuclei. These isotopes are
represented as':C, 3C, '¢C. Similarly, hydrogen exists in three isotopes Hydrogen,
Deuterium and Tritium represented by H, ;H, 3iH. JHisthe only atom which
does not have a neutron. Since the chemical properties of the elements are
determined by the number of electrons, all three isotopes will show almost the
same chemical behaviour, although their physical properties may be different,

24 has twice the mass of ;H while the mass of {H is thrice as the mass of |H.
Similarly, the masses of three differentisotopes of carbon are different.

Isotopes of Hydrogen Atom, {H, {H, {H




]l[ Exemse* Why nsoédpes of an element show same chemlcal
'L propertles wh:le theiriphysncal propertues are cllfferent?

i 5T

The isotopes of the same element do not have the same physical
properties. Several isotopes of the same chemical elements exist whose nuclei
are unstabie. They emit excess energy in the form of radiation. This radiation is
called radioactivity and the isotope which emits energy is called radloaq:lve
isotope. Every element has one or more radioactive ,lsotopp \Tr\ltlu" DI s a
radioactiveisotope and the other two are stable: and do not émif/ahy radiation.

When a radloactlve elementemrtsfadlauomit is transformed into another
chemical element. This processus qall&lxradmactlve decay. This new element may
be stable or majy be rfzduoachve so that it also emits radiation.

!I N
238 | 234
U\ *--—-—-—-* 90 Th + energy

234 Thorlum is unstable and further

Every year, our body replaces
dlsmtegrates to gwe 91 'Pa (Protactinium) about 98% of its atoms.
s Th ~————— ¢ Pa
(Thorium) © | (Protactinium)
210

. 206
Bi —— > " Tl + energy
(Bismuth) b (Thallium)

83

Radioactive isotopes are useful in medlcal imaging. Doctors use them to
diagnose the disease by injecting the patient with a small amount af radroactlve
fluid. Technetium-99m is used for dlagnostlt !maging across human organs like
brain, Iungs etc. Doctors Usea speclal\camera towatch how the radioactive fluid
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1 Why does aradioactive tsotope emrt tradlatuon?
_2 Give an example ofa radloactlve lsotope whlch di lsmtegrates to give
a stabie atom.~

Galllum has many mterestmg properties. Its meltlng point is below body
temperature so it is liquid at room temperature, It has water like viscosity. it does
not evaporate.

Radiocarbon dating is a method for finding out the age of an historical
object containing organic material with the help of radioactive isotope of
carbon ! C. The method involves measuring the proportion of **C in a sample
from a dead plant or animal like a piece of wood or a bone which provides
information that can be used to calculate when an animal or plant died. The older
the sampleis, the less '*C s to be detected.

Radioactive isotopes are used to test the strength of metalsand donCrete
mixture. They are used to generate cheap nuclear pGWeJ‘ anck;o finid oil fields. In
medicine they are used to dlagnose and treat mahy medical conditions and
diseases, :ncludmg cancerand thyre?idx%orders

\Radiation emitted from a radzoactwe source causes ionization of atoms.
For example, heat or light energy coming from the Sun or a radioactive element
can remove electron or electrons from the atom. However, this ionizing radiation
should have enough energy to remove the tightly bound electron from the orbit
of an atom.

T s _ Catlon '

However, the electron will be Iost enly when thereis present another atom which
can acceptit.

CI + e -—-—-—-—--—-—-a~ ¢ e Energy
; S Ak Anlon 5




Ever since the emstence of, atom was recognlzec[ the chemists were trying
to find outa method Wthh wculd allow them to co mpare the masses of different
atoms. It was, nquslstary because without knowing the relative masses of atoms,
we would ot know in which ratio of masses we mix the reactants to carry out a
chemical reaction. In 1961, the chemists adopted a new scale for the
measurement of the relative masses of atoms. The unit mass on this scale is 1/12"
of the mass of lighter isotope of carbon taken as 12. The mass of one atom of
carbon on this scale is exactly 12 and the masses of the other atoms are
measured relative to this unit. The relative atomic mass of an element is thus
defined as the mass of an atom of that element relative to the mass of light
isotope of carbon taken as 12. The relative atomic masses of elements are
expressed in atomic mass unit (amu). It is defined as one-twelfth the mass of an
atom of carbon-12.

lamu = 1.67377 x 10°% kg
For example, the mass of one atom of hydrogen-1 is 1 00? amu, the m
atom of sulphur-32is31.972 amu. .

‘Exercise

Howwould YOou o mpéreth‘eﬁ'\gqsesdftheatomwf(: Mgand cr

Anelement usually consists of a few different isotopes with different mass
numbers. These mass numbers are called relative isotopic masses. Each isotope
wilt also have its own naturally occurring abundance which is called isotopic
abundances.

Relative atomic mass of an element can be calculated from the relative
isotopic masses and isotopic abundance.

The element Krypton (Kr) has five isotopes. Their rélative isotopic masses
and isotopic abundances are shown in the following table (2.2).

Table (2.2) Isotopic Abundances of Krypton




Relatwe atomic mass of krypton
= 80x20+82x120+83x12.0+84x57.0+85x%x57.0

100
= 83.7

-Sample Example 2:
Calculate the relative atomic mass of light isotope of chlorine
Relative atomicmass of chlorine  Cl x 75.77 + 37 x 24.23

100
— _ CIx7577+37x 24 2.3\ o
£ 100 ' ’/c I\\. OO
3545 A% cﬁﬂf«,‘?fs 7‘7+§Mz423
3545-896. 517 SN TETT

VAN

Hgﬁs <
\J[“\ ~ 3495 = cl
Relative atomic mass of lightisotope of chlorine is 34.95.

Calculat<= the relatwe atoml'"?,_:mass of Lead (Pb) tsotoplc abu ndance
of |sotopes are2 0 "24 0,:22.0, 52.0 respectlvely
el B ZhE A 204Pb zospb 207pp zoapb
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An Engllsh cheqqst,l.lmhn Dalton. proposed that atoms are II"IdIVISIblE _

Dl};ehargel tul:le experiments showed that atoms are no longer srnallest particles of
: maLtter Rather they are made up of still smaller partlcles called elactraon, proton and
~neutron. - T i

 Electrons, protons and neutrons. are - shown to be present in all the elements:
irrespective of the fact that the elements behave very. dlﬁerently Different e{ements .
“however, contain different number ofthese partwles i i 1y e .
- Lord: RutherfOrd discovered that all atoms have a central part,whilch' he :nar.r_ie_d as
“nucleus. The protons and neutrons are present in thls nuc__l_e’u_’s while the electrons are.
revolving around the nucleus. : ol i, 2 ¢

An atom belng eIectncaI!y neutral contams the same nu mb_e_r ef 'ele_ctr_ons and protohs, :
Electrons revolve around the nucleus i in dlﬂ'erent shells, # =S :

The number of protons present in the nucleus of an_element is called the atomic
-number ofthat element - ; :

-~ The total number of protons and neutrons present1 the nucleus of an'felemeut ll '
“calledits mass number. Sy ShT i L

; |sotopes are the atonj& ofthe same elﬁmeni Whldrh A0

—\,\f\_.

' é @h‘lb‘er of protons :

/.‘ .*:

bu't_th_le)}f_;liff'e:rin'thleiﬁphysical .,

dl_qa ;:twe'_léetopeﬁlhave many

utradiation. ;
from -the relatlve |sotop|c

1.
{)

(ii)

Tick {v) the correct answer.

How many electrons can be accommadated at the most in the third shell
of the elements?

(a) 8 (b) 18 (c) 10 (d)y 32

What information was obtained from discharge tube experiments? 1!

(a) Structureofatomwasdiscovered, <\ [/ *
(b) Neutronsand protonsweredlscovered '.' AR
(c) Electronsand prgtons were d rscevered
(d) Presence of n\ueleus m an atOm was discovered.




(iv)

(vi)

{vii)

{viiy)

(ix)

| Whv have isotopes not been shown inthe penodlc table?

(a) Periodic table cannot accommodate a large number of isotopes of
different elements.

(b) Some of the isotopes are unstable and they give rise to different
elements

(c) All the isotopes have same atomic number; so there is no need to
give them separate places.

(d) Isotopes do notshow periodic behavior.

Which particle is present in different number in the isotopes?

(a) Electron (b) Neutron

() Proton (d) Bothneutronand electron
Predict the boiling pointofh-eavywater(DgO) . ..\”j‘ r“}”;ﬂu
(a) 101.4°C I (b)\gg AN (j;\ -

(c) 100°C ; V7@ MM‘\C VU

What will be tﬁﬁ ﬁe!aﬁ\fe’af@ml mass of hydrogen given the abundances
ofits two satopes, 99.9844% and 0.0156%.

@ j|‘de?§P*"/ (b) 1.0784 (c) 1.0800  (d) 1.0700

How is radiocarbon dating useful for archeologists?

(@) lthelps determine the age of organic matter.

(b) It helps determine the composition of matter.

(c) It helps determine the usefulness of matter.

(d) 1t helps determine whether the matter is radioactive or not.

What does keep the particles present in the nucleus intact?

(a) Particles are held together by strong nuclear force.

(b) Particles are held together by weak nuclear force.

(c) Particles are held together by electrostatic force.

(d) Particles are held together by dipolar force.

How do electrons keep themselves away from the oppositely charged
nucleus?

(a) Bykeeping themselves stationary s
(b) By revolving around the nu;leus e Ay )
(c) Duetotheirwave-like' nature \\ )

(d)y A magnetlcfteld a mund the\hucleus keeps them away

Rubidium cqﬂsist“s ‘af! twoisotopes “Rb and “Rb. The percent abundance
_:Iof jthQ |ghrt zsotope is 72.2% - What is the percent abundance of the
héavlerlsotope? lts atomic massis 85.47

(@ 15% (b) 28% €y 37% (d) 72%




Questmns for Short Answers

Why s it said that almost all th’e ma.‘is; of an atom iis concentrated in its
nucleus? A\ N\ f.; \ \\ \\ ’\\.\"-.- et
Why are E|T e{}ts ‘drﬁér@nt‘from one another?
eutrons are presentin 2 Bi?
Whyls trltlum (3H) aradioactive element?‘
How can an atom absaorb and envolve energy?

Constructed Response Questions

Why does the energy of electron increase as we move from first shell to
second shell?

Why is it needed to lower the pressure of the gasinside the discharge tube?
What is the classical concept of an electron? How has this concept changed
with time?

Why the nuclei of the radioactive elements are unstable?

During discharge tube experiments, how did the scientists conclude thaI the
same type of electrons and protons are present in aII the eiements? VA

Descriptive Questions | ey ;" \ A

Explain the structhe of 3 hydrogéh atom

How does the theory of atomic structure explain the ionization of atoms by a
radt?qq:tmd isdto pe?

Whatis radioactivity? Explain any three applications of radioactive isotopes.
Find out the relative atomic mass of mercury from the following data.

Isotope Relative Abundance  lIsotope Relative Abundance
*Hg = 0.0146% PHg = 16.34%

*Hg = 10.02% *Hg = 23.13%

“Hg = 1322% **Hg = 29.80%

“Hg = 6.85%

Investigative Questions

How can scientists synthesize elements in the laboaratory?
A system just like our solar system exists in an atom. Comment on thlS
statement.




