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¢ in any of the following three states :
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ch has mass and occupies space.
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. Cry?faﬁine
i [

Conductor Semiconductor

" In fact, considered in the materials context, matter may be subdivided m :
~ shown above. R¢
12.2. Crystaliine Solids
These are the solids in which atoms or molecules are arranged in a Very regy
fashion in a three- dimensional pattern. Each atom or molecule is fixed at a defirute
a definite distance and in a definite direction from all others surrounding it. In fact, g >
spatial symmetry of atomic orientation within a crystalline solid. This spatia] patte

called space lattice or lattice array.
12.3. Unit Cell

The entire lattice structure of a crystal is found to consist of identical blocks 0
celf. This unit cell is the smallest block or geometric pattern from which the entire crys
built up by repetition in three dimensions. The unit cell with which we are more co

chapter has cubic structure with the following three variations
(@) Simple Cube
This unit cell or space lattice is the simplest and consists of 8 atoms located at the come

cube as shown in Fig. 12.2 (a). The entire crystal consists of millions of such cubi
ked one upon the other. The differet atoms are held together by atomic binding fo

Fig. 12.2

is m;:en, apart from 8 comner atoms, there is one additional atom @
mﬁg. 12.2 (b). Obviously, in this case, 9 atoms are involved as ¢
'lhe two most important semiconductor materials S|
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ot () g B
@  pifferent ways of represertting q sim
- @ arrangement, apart from the 8 comer atomg

1110f the cube as shown in Fig. 12.2 (¢). Ip all, there

sxxf;o:rs by atomic forces. Copper forms this type of 1oy,
e

4, Forms of Matter s
12. [ nature, matter is found in the form of eithey elements of ;(;m"‘ ¥y
Element g

’

substﬂ-“ce' le, copper can neither be d :
For example, COPP ecomposed into s

A simpler substances. Elements are identified by such ;;lgleertl:ls‘gss
from ature etc. Common examples of elements are - OxXygen, bromine aiomm
tempe jum and uranium etc. They all are made up of identic’al atoms ’Whi'h‘m
gm s, protons and neutrons etc. Till today, 106 eleme i
e "

nts have been discovered.
(b) Compound '
[tis a substance which consists of more than one element in ch

: : _ emical combination
water is formed from the chemical union of two elements L.e., hydrogen and oxygen., od

is an example of a compound formed from the union of three elements i.e
o . % ] : ity
oxygen. The smallest part of a compound which retains its chemical characteristics

12.5. Atom and Molecule

The atoms of most elements cannot exist by themselves, hence they generally
molecules. A moleculc is the smallest particle of a substance that retains all the chara
of the original substance. Molecules are composed (el
of one or more atoms and are called monoatomic, |

Y A . Orbits —
diatomic and triatomic molecules etc.
12.6. Atomic Structure

Our present planetary atomic model was

L

Proposed by Niels Bohr in 1913, According to
this model, an atom is ¢ omposed of negatively-
Chlarg.ed electrons mon ing in fixed circular or
x‘;‘::l orbits around a heavy positively-charged
shown bm“dhe up of pr'mons»and nutrons as
Fig lst the three-dimensional diagram of

.
-
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ed tiny particles whirling around the nuCle .

hese are the negatively-charg i .
i raut "tiec.n::;ds. %"heir number in each orbit is fixed. An electron .
1.6 x 10-1° C) but has negligible mass. Ther are as many orbita] e]ee

M . &
a given atom which, therefore, makes the entire atom electrically neygry;
Ihe centripetal force (= my?/r) necessary to keep electrons rotating round ghe -
“Sy the force of attraction between their opposite charges as given by Cou] o

to the nucleus, greater is the force with which j; e

obvious that nearer an electron is

'12.7. Atomic Number @
- It is equal to the number of protons (or electrons) contained in an atom,
For example, hydrogen (H) atom has one proton in the nucleus (and of ¢q -
electron). Hence, for hydrogen, Z = 1. For carbon (C), Z = 6, for copper (Cu), Z = 29, fo,r s:f‘
~ Z =14 and for germanium (Ge), Z = 32. con w

12, Atomic Mass Number (A)

3 It gives the total number of protons and neutrons contained in the nucleus of % atb wil
- example, Si has 14 protons and 14 neutrons in its nucleus. Hence, its A = 28, Similarly, Tmf o
~ 32 protons and 41 neutrons thereby having A = 73. » Ge by
The atomic weight is the actual weight of an atom and numerically differs gl
atomic mass number. .
12.9. Eleciron Orbits or Shells
; According to Planck’s Quantum Theory, an electron cannot revolve round the nucleus in any
: a'rbittary orbit but in only certain definite discrete and fixed orbits. These orbits are deﬂignateda%y \
alphabetical letters X, L, M, N, O, P etc., starting from the nucleus outwards. The orb;t (dr shgn);
- closest to nucleus is called K-shell, the next farther one is called I-shell and so on. These shells‘aré ‘

._ :ikl.lown by their principal quantum number n which can have values of 7 = | for K-shell,n=2for
L-shell and so on. ) or

ghtly fmm i ,

5

) The maximum number of clectrons a shell can have —
it can have a maximum of 2 x 12 = 2 electrons. Similarly, Z-shell with n =2, canatei
" = 8 electrons. 'Iz'he M-shell with n = 3 can have a maximum of 2 x 32 = 15; clectrons whe
Ca?. have 2 x 42 = 32 electrons etc. However, this electronic distribution in all atoms issu jec

2n”. For example, for K-shell,n=1,

following two basic rules :

€ maxi :
maximum number of electrons in the outermost shell of an atom cannot €

Scanned by CamScanner



Fig. 12,

! The hydroge" atom [Fig. 12.4 (a)] has one

,L Jance this charge, it has one electron revolvi
9 ‘As shown in Fig. 12.4 (b), a boron atom j
éc;rons outside it. Two electrons occupy K-s
ol sied because it cannot hold more electrong
¢ the next L-shell which, obviously, i

!ofﬁ electrons.
Thg Si atom of 12.4 (c) has K- and L-shells co
I pied because it has only four electrons*:.

Similarly, Ge atom of Fig. 12.4 (d) has first three orbits fullydc
ost) orbit is partially filled. It could also have at least four

ng in the extra~m£c

hell which js then saj
as per the 2,2 form
18 not full or eomplete]y‘

tron orbit actually conta
orbit which is its own suborbit. Thq num
. quantum number, n. For example, K-orbit (n=1)h
and M-orbit (1 = 3) consists of three suborbits €
NOWN as shells and subshell. The total nur

fthe n=1 or x-

as 5 protons ang §m

mpletely ﬁlled

i
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8
Ky

r‘l
e =1
3L
S it

L+ has one suborbil which is also the main orbit ¢ §.
ded into twWo suborbits. the inner con
6 electrons thereby

d the outer on¢ ;
R AnS. _orbit has 3 suborbits

tively. the total being 18 2 Suborpite

y the on? formula. ThiS distribution of
suborbits 18 shown in Fig. 2.5 106 . 1 Suborbi;
a) shows 2 lithium atom having a total of 3 8
of these fill up the K-orbit (which 15 also its

first suborbit of 3 2 n=l

nd the third one occupies the
bit 1S half-filled because it

this subor
pletely. _

listribution in a boron

(h) shows clectron ¢
. this atom has a total of 5 electrons. As usual, 3
2 Fig. 125

2 electrons. The first suborbit of L-orbit has 2
and the next suborbit has just onc electron (though

orhil 1s partially-filled-
Partially

Half-filled
suborhit ‘ Partal
‘d sub-orbit

2

it could have five more) He o
« DICLICE. <

n=2

Boron
(2
Fig. 12.6 (2

ronic di

uniber of copper is 29. Give s elect
nberiof orbiti that the nu;n"
r of orbiting electrons which are dis

represents protons, it means
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" Total =29 electrons ‘
" 12.2 Silicon atom has 7 ~ ?14; '
«_V.dehicharenot. | bt
There are 14 electrons per atom

K-orbit = 2 electrons

L-orbit = 8 electrons

M-orbit = 4 electrons = il'lcomple‘; 5, :

ple o2 enoy > fonjas Lt Determine its ell'écl:tr;)r

he mically stable. What is the number of s S electron

: Valence electron?
{;}is c Solution- The 54 clectrons are distributed as under:

E shell : K L M N
No. of electrons ; 2 8 18 18
F It is seen that it has 8 valence electrons, Hence, it

ble number of electrons as permitted by Rule | of Art. | v g 5
hsil:i’izliy highly stable and is also an insulator, s C“@‘?‘I“"‘““}’ eno
che .

12.12. Valence Electrons

Most of the atoms of different elements do not have
. they do not have eight electrons in their outermost orbit
olectrons occupying the oulcmost orbit or shell of an atom ’
mine the chemical and clectrical properties of the element. Elements deficient "l'h‘ﬁafé'
are highly active in the sense that they are always ready to chemically combine witﬁ 8
Those elements which have one or two valence electrons are good conductors of elect
valence electrons are responsible for forming atomic bonds (Art. 12.18). The num
electrons in an atom also determines the valency of the element whose atom it is. For exar
is trivalent whereas both Si and Ge are tetravalent i.e., they have four valence clectrg\);i.%%,

12.13. Orbital Energy e

The total encrgy (both kinetic and potential) possessed by an electron when it revol
nth orbit of an atom with atomic number Z is given by ' :

i

s

E = —21.76X% 107" 12 joule |
n [
Now, 1 electron-volt (eV)=1.6x1012]J ' :

sof
2

~19 2 . __:-'-; ol
i 21.76 x 10 _Z-—eV=—l3.6£i~’,‘e:_\(r.ﬁ'. 8
“n 1.6X 10—19 n2 g : . ’.1 -PL;'-Q N i

From the above equation, it is seen that ‘ "

L. Total energy of the electron is negative ie., it is a bindi

% Total energy is inversely proportional to the SqUArE, e
It means that the binding energy of electrons is 1 U“i
Consequently, it is easier to remove electrons Ir 2

3 [1000 N=shell than from the M-shell and so on. :

Total energy of the electron varies as Z
It mcans that clectrons in the aiomsnf
than those in the lighter clements Wi



o K-orbit (n = 1.
12.7 (a)s Gmi

. 4

and nd to exist at ne al
AR mmfou contained in a vessel, the hig}
electron and may either i

4 ete. [Fig. 12.7 (b)] or may altog,

which is no longer bond 1o the ato

Colliding
electron

(b) (c)

F lg 12.7
1 - shown in Fig. 12.8, the hydrogen electron can be raised (o higher permitted o

e right amount of energy. In that case, the hydrogen atom is said to be exci
swever, the atom does not remain in the excited state longer than 108 s

on tends to come back to its normal or ground state. In so doing, it g

oy (it had gained earlier during
on) in the form of radiations
1ay or may not be visible. The
1 may return by several |

| of one thereby emit-

ations of different

and, hence wave-

wn in Fig. 12.8,

,';elgctron had been

orbit where its energy
me back to its
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== 1.5] eVere S

b’ b pcr"miucd orbits with (hejr associatedll-
B8 < are shown in Fig. 12.9. [¢ i5 seen that ghe ol
0 :s certain specific amounts of energy only,

1‘ " it can have an energy of 13.6 ev and in tl';g

ort ergy Iving in between thege p, Values, Fe,

,.‘.— 1y cn - ‘ ‘ 4 ;. k $ 0’: - |*‘_a
Blafencrey = (13.6)  (3.4) < 102 e 1q ryice it from the
we try 10 give I, say, 8 eV, it wil] s e

" J Y

mply not g cent ;
= ) o lie anywhere in between the Permitted crbiig
| ’le 124. Deternine the frequency i

of radiation Mitted
when it jumps fromn = 3 orbir 1o

" =2 orbi, Take J, -
, As seen from Art. 125, Ey=-151ev and 2, = 14 Vv
E, I 151~ (- 3.4)= | 89en) B
L.BO % 1.6 x 10719 |
E‘. , = hf

l‘gqx 1.6 > 10) (\_(\ZS)‘ IU \‘le .

f =457 x 10" 1,

radiations emitted ean also be fou
K

ed, wavelenpth of (he
e = )
BC IS the velocity of |y ht i vacuum
B0 = 4 57 « ()¢

A= 6563 x 1010 m

X A

18rgy Levels in an Isolated Atom :

consider a single tsolated atom of hydrogen Le., an

B 1O be affecied g all by their electric fiel ds. |
B different orbits would remain totally unaf

\ already beer ziven in Art. 13.15 above.
Ao their radii as 1n Fig. 129, it is cu Lomar

e EneTRy scale as shown n Fig ui 0. Such
A€ atom ’

hrepn:.semujbya 1zontal hin
Bave no significance, It Is see
€ energics are at the n whe
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