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1. Composition of Nucleus T T

' Protun-electron Hypothesis : As we have read, Rutherford’s a-particle scattering experiment showed that the whole
positive charge and almost the whole mass of an atom is co

, . ncentrated in an extremely small space at the centre of the
atom. This Space is called the ‘nucleus’ of the atom and its diameter is of the order of 10™'° m. Electrons revolve round
the nucleus in certain definite orbits. The negative charge

of all the electrons is equal to the positive charge of the
nucleus, the atom as a whole thus being neutral in its normal state.

In 1919, Rutherford discovered the proton. The mass of proton is equal to the mass of hydrogen nucleus and its

charge is + e, that is, it has a positive charge equal to the (negative) electronic charge. The mass of electron is negligible
as compared to the mass of proton. Looking at

these facts, it was thought that the atomic nucleus was constituted of
protons and electrons and these particles were jointly responsible for the positive charge and the mass of the nucleus.
For example, the mass of helium nucleus is about 4 times the mass of proton, but the charge on it is only + 2e. So, it
was thought that helium nucleus has 4 protons and 2 electrons. (Around it, 2 more electrons revolve in orbits, whose
total negative charge — 2e neutralises the + 2e charge of the nucleus}. This proton-electron hypothesis however, faced a
number of theoretical difficulties. -

Shortcomings in Proton-electron Hypothesis : (i) The size of the nucleus is of the order of 1071
to the uncertainty principle, if an electron is to remain confined in such a small space, then its energy should be of the
order of 100 MeV. But the energy of B-particles emitted from the n

ucleus is only 2-3 MeV. This difference of energy clearly
indicates that electrons cannot exist in the nucleus. .
(ii) If electrons exist in the nucleus, then the magnetic moment of the nucleus cannot be less than the magnetic
moment of electron. But the magnetic moment of the nucleus is only about one-thousandth part of electron’s magnetic
moment. This also shows that electrons are not present in the nucleus. .

(iii) Assuming the presence of electrons in the nucleus,
from its experimental value.

Proton-neutron Hypothesis : In 1932, neutron was discovered. Neutron is unc
the mass of proton. These properties of neutron, combined with the properties of p .
Hence, now we assume that nucleus has protons and neutrons. The protons give positive charge to the nucleus, while
protons and neutrons together give it mass. The total number of protons and neutrons is equal to the integral value of
the atomic mass and is called ‘atomic mass number'. The number of protons is called the ‘atomig number’. ‘The place of
an element in the periodic table is decided by its atornitc number only. i e ade o

The charge (+ ¢) anhd mass of hydrogen nucleus are exactly equal to those of a proton. So, there is only* 1 proton in

hydrogen nucleus (Fig. 1). Thus, the atomic number of hydrogen is 1 and its mass number is also 1. The deutérium (heavy
hydrogen) nucleus (called deuteron) has charge + e, but its mass'is R - i

nearly 2 times the mass of proton. Hence, it has 1 proton and 1 neutf'oh'.‘ T NPSEARERMPRRITION.
Thus, the atomic number of deuterium is 1 and its mass num_ber is 2, @ A @

The helium nucleus has charge 4+ 2e but its mass is nearly 4 times the o

mass of proton. Hence, helium nucleus has 2 protons and 2 neutrons.

Thus, the atomic number of helium is 2 and its mass number is 4. The HYDROGEN DEUTERIUM
lithium nucleus has charge -+ 3¢, but its mass is nearly 7.-6_;10188 Ehe mass | (Fig)
of proton. Hence, its nucleus has 3 protons and 4 neutrons. Thus, the -

atomic number of lithium is 3 and its mass number is 7. In general, if the atomic number of an'atom is Z ‘and its mass
[ ¢ '
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the calculated angular momentum of the nucleus is different

harged but its mass is nearly equal to
roton, fit to the properties of nucleus.
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;is A, then its nucleus contains 7
3

nbe A. then this atom i protons ﬂndA(A — Z) neutrons. If the atomic number of the atom X be Z and 1t3
:;ss,nmnt{‘?r be 4, M 1s written as , X, The nuclear particles (protons and neutrons) are also calle
ns’
a,[ucleﬂ

 Nuclear Size, Shape and Density |
Nuclear Sizre : Rul:her_ford’S ExperimE_II.gs on the scattering of a-particles by thin metallic foils provided a rough
ate of the size of atomic nucleus (x10715 ), Since, then many scattering experiments using energetic electrons and
rons as the scattering paftld?s have been performed to determine the size of the nucleus. These experiments show
jt the volume of a nucleus is directly proportional to the number of nucleons in it, which is its mass number A. Thus,
fRis the radius of a nucleus, (assumed spherical), then its volume is (4/3) k% and
(4/3)nR? o A
S ; ; Roals
o

R=RyA?

whose value is experimentally found to be roughly 1.2 x 107" m. Since the mass
toms, nuclei of different atoms have different radii.
ntly expressed in fermi, where
| 1 fermi (F) = 1075 m.
R=124Y3F.

, nuclei are regarded as ‘spherical’. Certain nuclei, however, deviate from

shere Ry is an empirical constant
umber A is different for different a
The nuclear radii are convenie

Thus,
Nuclear Shape : For almost all purposes
sphericity, but the deviation is only about 109

Nuclear Density : Let m be the avera

ge mass of a nucleon and A the mass number (number of nucleons) of a
nicleus. Then, the mass of the nucleus is

. . M=mA.
IR is the radius of the nucleus, then its volume is

V= %nﬁ = %n(RD AV o %nRO?A.

M M mA  3m
- Density of the nucleus is ke = =5
Thus, the density is independent of A. It ;rsleans that the density of
M=167x10%" kgand Ry = 1.2x 107~ m, we get .
' ' 3 x (1.67 x 107/ kg)-
T4 x 3.14 x (1.2 x 107 m)

Which i 10" t0 10 times the density of ordinary matter, say water, for which p =-1 ‘10 3 kg m™3, Thite s
SVery densely packed. ‘ Pty
€ nuclear densities are found in

a'clﬂSSiﬁcation of Nuclei : Isotopes, Isobars and Isotones

‘The nuclei have been classified on the basis of the number of protons (atom
uclei have be

nucl&nns ( - . = = 4 o
mass numbeyr) in them = .. ; 3 :
. (a) Is't' ; er otons) : The atoms of an,e!ement .lwhose nuclei -hav
d!'ﬁ.erent 0 DPES (IJI' ISDIH' p CﬂHEd the iisqtopes ﬂf that e .emen['..fn Othe_r w
have Mumber of neutrons @ bui different mass number (A). Because, of the
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the nuclei of all atoms is almost same. Taking

3 - =2 X 10% kg v

neutron stars in the universe.
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ords, different isotopes of an element
‘ Same atomic number, the jsor
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chlorine : - A i 17C1.3?

uranfum ;- res gyt 92U238
The element hydrogen has three isotopes, each having atomic number 1 but their mass numbers are 1, 2 and 3, \H!
nucleus has 1 proton only, 1H2 nucleus has 1 proton and 1 neutron, 1H3 nucleus has 1 proton and 2 neutrons, The
element oxygen has 3 isotopes, each with atomic number 8, but mass numbers are 16, 17 and 18. The first isotope hag
8 protons and 8 neutrons, the second has 8 protons and 9 neutrons, while the third has 8 protons and 10 neutrons.

The element chlorine has two isotopes having mass numbers 35 and 37. In nature, these isotopes are found in the

ratio 75.4% and 24.6%. When chlorine is prepared in the laboratory, its atomic mass is found to be 35.5 :

' ‘ (35 x0.754) + (37 x 0.246) = 35.5.
Thus, all those elements whose atomic masses are in fraction, are mixtures of two or more isotopes. The isotopes haye
integral atomic masses.

Special Features of Isotopes : (i) All isotopes of an element have the same number of electrons (an atom has equa
number of electrons and protons). Therefore, chemical properties of different isotopes of an element are same.

(ii) The mass numbers (that is, number of nucleons) of different isotopes of an element are different. Hence, thejr
physical properties are not the same.

(iii) As chemical properties are same, two isotopes of the same element cannot be separated by any chemical
process. To separate them, physical processes based on atomic mass, like gaseous diffusion, are used.

(iv) Among isotopes of the same element, some may be stable and some radioactive. This is so because of the
difference in their nuclear structure. For example, 6(’;12 is stable, while 6(3” is radioactive. Similarly, {;Na 3 is stable,
while ;;Na 24 js radioactive.

(b) Isobars : The nuclei which have the same number of nucleons, but different number of protons and different
number of neutrons are called ‘isobars’. Their atomic numbers (2) are different, but mass number (A) is same. Therefore,
they have different places in the periodic table and differ in chemical properties also. Since, in isobars the numbers of
fundamental particles are ‘different, they differ in physical properties also. The nuclei of isobars belong to different
elements. Some examples' of isobars are

: LT 1H3 and ,He?, 6C14 and 7N14, g0 and 9F17 .
The daughter nucleus remaining after the emission of p-particle is an isobar of the parent nucleus.

(c) Isotones : The nuiclei having equal number of neutrons are called ‘isotones’, For them, both the atomic number
(Z) and the mass number (A) are different, but the value of (4 — Z) is same. Some examples of isotones are

: 3 Li? and 4BEB, 1H3 and 2He4, 11NE23 and 12 Mg24.
4. Nuclear Forces

In nucleus, the positively-charged protons and the uncharged neutrons are held together in an extremely small
space (x 10 m) in spite of the fact that the electrostatic repulsion between two protons is about 10°® times stronger
than the gravitational.attraction between two nucleons. Obviously, there are some strong attractive forces operating
within the nucleus which bind protons to.protons ( p-p forces), neutrons to neutrons (n-n forces) and protons to neutrons
(p-n forces), thus keeping the nucleus intact. These are called “nuclear forces”. Experimental evidence lead to the
following properties of the nuclear forces :

(i) Nuclear Forces are Primarily Attractive : The overall effect of the nuclear forces js attractive, otherwise the
nucleus would be disrupted under the electrostatic repulsion among thf; protons. (However, thereisa repulsive component
also in nuclear forces, because an exclusively attractive force would léad to a collapse of the nucleus.) ;

(ii) Nuclear Forces are Non-electric : The nuclear forces cannot be of an electrical nature. If it were so,~' the protons
would repel one another, thus leading to nuclear disruption.

(iii) Nuclear Forces are Non-gravitational : If the gravitational forces between the nucleons are calculated, they are found
to be about 10~ times than the attractive forces demanded. Thus, the nuclear forces cannot be gravitational in origin.

" (iv) Nuclear Forces are Extremely Strong : The study of simplést stable nuclei, like 1H? shows that the forces
holding the nucleons together must be very strong. In cht, they constitute by far the strongest class of forces known.

(v) Nuclear Fnlrces are Extremely Short-range Forces : They become operative only when the distance between
two nucleons is a small multiple of 10 m. They do not exist when the distance is appreciably larger than 107> m and
become repulsive when the distance is appreciably smaller than 107° m.

(vi) Nuclear Forces are Charge-independent : The nuclear forces make no distinction between neutrons and
pmwns. Experiments involving the scattering of protons and neutrons show that the (attractive) nuclear forces existing
between protons and protons (p-p forces), between neutrons and neutrons (n-n forces), and between protons and
neutrons (p-n forces) are all essentially the same in magnitude.



(vl Nuclear Forces are Spin-dependen
el rwo nucleons having antiparalle] sp
il Nuclear Forces have the Property of Saturation : T . |
th nucleons nearest to it (not with all th : This means that in the nucleus, any one nucleon interacts
only pinding energy per nucleon is almogt saeu?et}ng nucleons of the nucleus). This is apparent from the fact that the
I m F

# gtability of Nucleus : The stability of a nucleus is g O:St of the nuclei. |
o ucleus. The nuclei of lighter element is decided by the ‘relative’ number of protons and neutrons present
j the In these nuclei, the very s ] (e?{cept hydrogen) have equal, or nearly equal, number of protons and
neutmns. e prou‘;ns He;y tr{;lng fittractwe nuclear forces completely overcome the electrical repulsive forces
g Vo of protons and ﬁeut o s h,ghter elements remain stable. As we move towards the heavier elements,
e ““mge: the number of pr tI'Ons bOt.h increase in their nuclei, but the number of neutrons increases more rapidly
mpare 0 ——— arP otons. In iron the number of neutrons is nearly 20% more than the number of protons,
whie I lt';am ET—— € Iflea“Y 0% more. Since, the (electrical) repulsive forces act between every pair of protons,
sheress the ¥ SSry— 1lv e forces (being short-range) are active only between nucleons extremely close to each other,
merlefore e t? madmpuISEVE force rises more rapidly compared to the nuclear attractive force. As a result, the
ability of nucleus goes On decreasing. As the number of protons (also of neutrons) increases, the stability of the nucleus
rrease IOl ARC. U0 - This is the reason that all elements heavier than fead (wherein number of protons is more

tan 82) are unstable. They continue radioactive emission and are converted into lighter elements. This is why only very -
jeavy elements are radioactive.

WU

L:
insThe force between two nucleons having parallel spins is greater than that

Yukawa's Meson Theory of Nuclear Forces : The origin of the attractive, non-electrical, non-gravitational, but
qrongest short-range forces between nucleons remained a mystery for a long time. A Japanese scientist Yukawa, in 1935,
predicted a new particle now called ‘x-meson’ (which was later on actually discovered in cosmic radiation) and held it
rsponsible for the origin of nuclear forces. The rest mass of a z-meson is about 200 times the rest-mass of an electron but
less than the mass of proton or neutron. Mesons are of three types, positively charged, negatively charged and uncharged
i*.1",7°). The magnitude of charge on a charged meson is equal to electronic charge. According to Yukawa, there is
acoud of 7-mesons around every nucleon (proton and neutron). The difference between proton and neutron is only due
o different structures of meson clouds around them. There is a continuous exchange of n-mesons between protons and
reutrons due to which they continue to be converted into one another. y S,

When a =+ meson jumps from a proton fo a neutron, the proton is converted into a neutron and the neutron is

¢ I el W VT

wonverted into a proton : & +
p-n —»n n+w - p-. .

Conversely, when a =~ meson jumps from a neutron to a proton, the neutron is converted into a proton and the proton
¥ - .

sconverted into a neutron : 2 "
. . pn-=n -p p+r —o>am ! SHTRTL N

sons between protons and neutrons is responsible for the origin of riuclear forces betweern:
two protons, and betweerl two neutrons, are generated by a continuous exchange
basis of nuclear forces'is the exchange of mesons and hence these are also

R % | e e

The exchange of . * and ™~ me
ﬂ‘fﬂilf Similarly, nuclear forces between
1-mesons between them. Thus, the

talled ‘exchai it ; _ : . )

an es’. ; RO pa S i

Although o for:r outside the nucleus is an unstable particle but inside the nucleus the neutrons and protons are
a neutron _

“ntinuously converted into one another and 50 2 Pl’Oton'neutmanalr_ is lS_t_a_'Diel:n dﬁnamic. equilibrium.
e e cancep,all e e o oo, e e gt
Oices, Electri;gal forces'lbetween two Ché,r ged p?rtr;cles arfe g.'ec? egllforcez beméehfn#opartiéllles;s bfl-ll‘nm:.::tl')amdg‘ .g_falwton
been assuf ’ sible for the origin of gravirations = i g -;_'fl.;.en
sumed to be responl
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“Nuclear Reactions ** . o Pl ke g 0 s
K D0 RO ' teL:;;:it'ion of énsatomic nucleus Wltg abn elemel}ta'ry particle, resulfing in the formation
Nuclear reaction is.a strong INtEA™ =, | - "It can be represente y an equation : i e
i ";%'us and one 0f mOl‘eﬂe"?;FamdeS“Ef a — S+ b e
Wi it e e alr-u-mﬁde,f“"eﬁnalnucleh}?fﬂdbfhe final particle. In short form, it can be written as
X is the fnitial nucleus, a the it P TR L i
Un N " . in brackets, first the initial particle and then ‘the final particle. The'

i i en jal i
Pﬁrﬁpamdﬁs e il G 25{6 mwﬁ{(iHI of p), deuteron (féﬂgf ), “i“trot? (ﬂ.). y-ray photon (), etc.
“Saahd b may b'é,ct-pamded( zb' : 1ibération or absorption _pf :er_lergy, wn a8 renction ‘neigy ot Uistnmeni
ﬁle[g; qeaifﬁeactions'-afe attended PY ot
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The first nuclear reaction, which led to the discovery of proton (IHI) was:

' 7Nl-t + LHe' — 3017 + qH
In Ehls reaction, a nitrogen nucleus hit by an o-particle is converted into an oxygen isotope nucleus and a Proton :
emitted. This reaction is called alpha-proton (a, p) reaction. e

In every nuclear reaction; the charge, the total number of nucleons (protons and neutrons) and the tota
mass plus energy is conserved. Other examples of nuclear reactions are :

5 B! + 2He4 — 7N14 + onl (o, n)
4Be + H — aLi® o+ He! @, o)
gO + H — QFIB gt (p, n)
P - a0 GHY =35 @B e 4H @ p)
AP ¥ gAY e B +  oHe' (n, o)
pA7 o+ g — Mg+ H (n, p)
1H2 + Y — ]_Hl + oﬂl (y. n)



