one medium to the other, then j¢

introducti®®: pt enters from

" d or e C '0n- , ‘ﬁ (
When 'a"; g’r i called °fracd o vacuum 10 3 denser medium g

¢ Plaimis I £ 3 S q’ ;
s the normal (27 - ihis is shown in the follg
y of fight pends iOWar No,ma!

Refracicd ray
Fig. (2.12) Refraction of iight. - ol
When the angle of incidence ' is increased, then angle of refraction (-
Anyhow, the value of r always remains smaller than i'. If the ray enters from de

medium, then it bends away from the normal. The angle of incidence is less, than ﬂié_f
25 shown nthe following diagram. (2.13) b

Incident ray

normal
|

i LA

refracted ray

Fig. (2.13) h ,
It mearis tha, jf « W the image in gi
other side of the fare’rlf he 1ay of light o W tn displaced aue

displaced qye o refraction, b

e
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952 Snell'sLaw: ia
According to this law, the ratio of «;
. ’ of

elraction is a constant quantity, >1e of the angle of incidence to the sir
; _SIni__velocity in the air medi

=—= =) edium of i

Sin T velocity in the liquig (mediumoo? _
Actually the angle of incidence is giffer ok

- . s _ ent fro : .
the velocity of the light in the two media is different Acc?rctl?:giggtfe?;vrveg? Ctlfon ;:_Iue 19 fhe teseon hat
: refraction,

sini My

87

e of angle of

n, = Refractive index of the rarer medium

n, = Refractive index of the denser medium.
ac2 (ritical Anale of Refractinn-
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B T Treenanue Ul e stanoard liquid.

b The value of thi?‘c Can help us to estimate (t¢/»;141) the polarity (<" of a compeund and
p, we can calculate the dipole moment of a corpfound from it

2.7.0 DIPOLE MOMENT (314677 1)

2 4 Introduction:
| Those ‘molecules

| . ir_\ which the electron pair making the bends are not equally shared are
ponsible (+123) for creating the dipole (/). This is due to difference of electronegativity between
p atoms. Dipole moment s the property which is associated with such type of molecules.

Minition:

Dipole moment is the product of electrical charge and the distance between the two
ges.

Mathematically,
po= dxe | b

d = Distance between two charges
* e = Charge on any one of the pi les.
i = Dipole moment

Dipole moment is a vector quantity (.'.é* ), so it is represented by an arrow. This arrow
the direction from positive to the negative charge. The magnitude (=) of the dipole moment is
lated (./55¢) by the length of arrow, as shown in the following diagram.

v R

5 é

n=dxe

Units of Dipole Moment: :

bond. In that case, ‘A" has full positive and ‘B' has full negative charge.

@ L0
ot Ak
Suppose that the bond distance is 1A - :

Since, n = dxe

b ST
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: Dipole moment can help us to have the quantitative measurement of the extent to which a |
Blecus is polar. It also helps to know the molecular configuration (IZI,/:JLjé't) of the substance.

e

In order to derive the units, consider hypothetical (s* #) molecule A® — B, which has100$} :

¥
R



- , 12° = 10%cm(in C.G.S. system)
e = 48x10 We s. uunCGS system) |
108cmx48x10""ESU. =48x10"%cme.s g j

&
10 ®cme.s. u. = 1Debye=1D

s g ‘
Hence ,’(}i - 4-8D7J1 e ' w
So, Debye is the unit of dipole momentin C. G. S. system. ﬁ d%e. ‘
(b L~ C-G-Sff-éﬁuﬂ)oeb

In Sl system, the distance is taken in meters and charge in coulomb. g

d = 1A = 10""m(in Sl units)

e = 1.602x 10 "¢ (in Sl units)

po= 10" mx1.602x 1071 C - 1,602 x 10-2° mC

;rI‘l = 46.02 x 10 30 mEJl

| (ﬁ'-Lﬁ(L—/S.L¢?¢(§b’:'('3\;pf"
In"SI'system, the unit of dipole moment is mC. Anyhow, the *absolute ‘value:‘.(;f ;M'M

‘ ® o
noments are same for the same molecule A — B. (which is thought to be 100% ionic)

Hence, 4.8D = 16.02 %103 me nix 1

|

[1D =3.338 x 109 mC e

st help o i relationsp, we can nterconvert o typep o A
Citivanehin March 24, 1884, Maastricht, Netherlangs of units of dipole moment.
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icati ipole Moment Measurements:
2.7.11 Applications of Dipole o wive DrODa : .
Dipole moment is one of the excellent (¢/ #) constitutive property (Jisd_ S Ay,

‘ ions are mentioned. S EUNS
for liquids and solids. A few important applicatio J&,

' ' larities:
| Comparison of Relative Po ritie:
(1) The ;reater the electronegativity difference between two bonded atoms, Oreater

(F ¥& 7y) and greater the values of dipole moments. The p-values decrease from He) ¥
h;logen. acias, because tiieir polarities go on decreasing down the group. Hi

(ii) Percentage of lonic Character:
The polar covalent compounds are not 100 %.covalent. They have certain % a6 of -

character in them. This can be calculated by the following formula.
observed dipole moment

oage lonic character = 5o oment of 100% ionic bong * 100

The dipole moment of 100% ionic character is calculated from the actual bond length ang
charge of electron or proton.
(iii) Shape of Molecules:

Dipole moment is vector quantity (1.6 57). Every bond in a compound has almost a consay
value of bond moment (LU /vt & (7§ j J&:f&k@). The net values of the bond momens give
us information about the shapes of the molecules.
(a) Triatomic Molecules: i

Linear (£ ) triatomic molecules like CO, and CS, have zero dipole moments because thei
bond moments cancel the effect of each other.

3 §'
O=C

8" &
€ — —

p= n=0
Triatomic non-linear (Us - & o #) molecules like H,0, H,S and SO, etc. have net dipoke

moments as shown by the following diagram. They are bent (£ %) molecules and are V-shaped.

Ol I
O
Lo

- 8- 6+
8 8 §* tw e & 8 XS % &
net u = 1.85D net u=1.1D net un=1.61D

(b) Tetratomic Molecules: :

The molecules like BF,, AIF, etc. are planar triangular (, 42, IR U 4 i £1) and have
zero p_values. Anyhow', the compounds Jike NH3, NF3, FfCls, PF etc. have net dipole moments as
shown in the following diagram, They are pyramidal (Zindzb & (B Y #yin shape.

&
F\BS+ 8 'Vb : l)8+
—F AT NN st SN 5
. H /1&5\ i C's/f PSer
: F C
, n=0 net u = 1.47p netu=0.75p

(c) Pentatomic Molecules:
Pentatomic molecules having symmetrical (e bee L) structure like CH,, SiH,, CCl, etc. have
et dipole moments zero, because they are perfectly tetrahedral (2 U+ 4 Ui ) molecules as

o
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Jow. Anyhow, if one of th 105
wn below € atoms attached u:

: : ed with : :
aent s developed and its value d €Pends upon e tthe centrfal atom is substituted then the dipole 7
+ hature and size of group. ' ;
TII{E‘ l(ljla t
+ 34 o W oF st :
U 8\ Cony & i
W H.~7: 5\ n |
netpu=0D H |

m comparison of Cis and Trans Geometrical Isome:]sc.t L= 178D

Due to restricted rotation (ts# s
| comDOU“d geometrical isomers are developed_'ln c
moment but the bond moments cancel the effect of

Following diagram makes the idea clear.

1  net p ”
%CI &Cl ;. H\v )/+C|b

L) of the double bond or cyclic structure of a

ase of cis isomer, there is a certain value of dipole
each other in trans-isomer.

PN BTN
H H Cl H 8
netp.#ﬂl) netp=01—)

(y  Comparison of o, m, p Isomers:

The dipole moment of benzene is zero, because it is regular hexagonal (Jis J¥L- #) !

symmetrical molecule. The bond moments cancel the effect of each other and they are directed
lowards the center as shown in the following diagram.

cr’ ff” fl"‘"
Ll
A
\CIS— ¢
clr
W =2.50D n-1.72D 1= 0D

In the case of disubstituted p-derivative the net 1 is zero in many cases. But it is non zero in
the case of 0-and m-derivatives. Anyhow, the net dipole moment of o-derivatives should be greater than
those of m-isomers.
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X B - i ‘ 0/ o 1o y /
1)} End face centred unit cell- -, Py WAL { Q

e - Comers, then it gives end face centred unit cell

g

C o

| ).‘IA. Crystal Systems ( ¢z WK " ):
.

1) Fach lathce point has the same environment (,?u;,— ) as that of any other DOt i .

A constituent pm is o be repmsented b)’ lattice pomnt irespective ( 5 W ‘%J'
(=3*) and whether it contains the single atom or more than one atoms -
- - 1o s/ < f"f _ -1 o 1 : 'l’/

3.1.2  Unit Cell: \/_/:f‘ﬂa:"”’- =L DaM A / Call..

When we picturize (t/ (& .»<) a crystal lattice as shown in the above
possible to select a group of lattice points. This group of lattice points repeated again a”d:':
called the unit cell. The whole laftice can be generated by translation or stacking (:»1) OWQS:’"'
cells. n

So, unit cell is a three dimensional
lattice by translation or stacking Fig. (3.2)
3.1.3  Types of Unit Cells:

Unit cell can be divided into four types.
(i) Simple unit cell:

This type of unit cell is produced, when the
cell (/L oy
(ii) Face centred unit cell:

When the particles are |
called face centred unit cell

g\

diagram (3 {

group of lattice points which generate the Whe

particles are present only at the comers of the yi

ocated at the centre of each face in addition to the comers. then itis

When the particles are located at the centers of the end face (U2~ L 47 1) in addition o e

Body centred unit cell:

When the particles are present at the centre of the cell in addition to the corners, then it i
called body centred unit cell

- The following set of diagrams (3.3) show these four types of unit cell.

Y U
-/ .
oA T :
Simple Face-centred

End face-centred Body-centred

Fig. (3.3) Four types of unit cells.

- Each unit cell is a parallelopiped (2 -*"), whose interfacial angles (¢stidl . L i 42L) mdy
or may not be 80°. The three lengths a, b, ¢ and three interfacial angles are called unit cell dimensions:
The relationship between the values of the angles and between the lengths of the axes give us seven
types of crystal systems as shown in t+ following Tab!~ (3.1).
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%ﬁﬂ: The Seven Crystal Syo—~—___—— 121
| gystoms Bravais lattices u'r:it cell — |characteristic
Cha . W examples
=" 13 Cterstcy elements
Cublc e ::ge‘; s S ———toid rotation | NaCl, ZnS, FeS,,
badyconked, - |a= b, o SRS cublc | KCl, Diamond, Au,
face-centred | _ diagonals) Hg, Ag. Pb,
O —PTy=90
Tevagonal | three .
sim p'e' s :Xtevj‘,oat right a)e 4-fold rotation SﬂOz. T|02. Sn,
MY‘Centfed equal = o KH2P04
a=b=zc
e |4 a=p=y=9(
o - three axes af rgnt | three mutually KNO3, PbCO3,
;'odp - angles: but all orthogonal 2-f0ld | Bas0
y-centred, | unequal rotation axes &
face-centred, |a=b=c rhombic sulphur
end-centred.
— a=p=y=9°
Monoclinic 2 ‘ three axes, all ne 2-fold rotation | CaS04.2H,0.
simple, unequal, two axes at | axis N
end-centred right angles, third is . a2804‘10H20,
inclined to these at NayB407.10r20.
an angle other than monoclinic sulphur
90%a#b#c
U=y~ 900’
B = 90°
1 | three axes nol al none CUSO4.5H20,
simple right angles: Al K,CroO7, H3803
unequal-
azb#C
azPrr? 90
two equal axes N one 3-fold rotation  |ice, graphite, HgS,
one plane W! axis Mg, Zn, Cd
included angé
4200 3rd s 2
1o these uneTE
a= b#C
- B = 9001
- 120° one 3 ion | NaNO-, Bi, Sb
ihree eaudy o 1g e 3-fold rotation | NaNO3, & =2
inclined 2* |n i As, IC
it/ Al et
a = b =0,



= (4120 x 10 ¥ m’
= 1 ,
g ?
; i;g h;he values into following equation we get,
PV
1x158.5 x 1073
- 3.97 x 103 x (4.12)3 x 107

_6.023 x 102 molecules mol™ Ans.
NacCl: : .
Cubic (w173t A~ L AL P /(i) lattice and each ion is surrounded ?

ne co-ordination number of Na® and CI® each is § There are four nits
cell. The structure is shown in Fig. (3.10)
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?L th contnibution
~

|
5 contnbution

Fig. (3.10) Structure of unit cell of sodium chloride and contribution of
each ion into the unit cell. Ce-ordination number of each ion is 6.

K e lonic compounds like NaBr' Na:, AQCI- MQO also have sndinm ~hlavia. o
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“piffraction of X-rays:
 X-ray tube provides elecctromagnetic radiations with wavelengths of about atomic dimensions
/<1). In most of the case's we can think that a typical atom might behave like a hard sphere O
diameter (#*). The characteristic Z-rays which are ob *_a ned from copper may be used for X-
allography. The wavelenjth of such rays are 1.54124% n these X-rays are passed fhwough
i, they are diffracted. Tihey form an interference pa*‘_err ke that of visible light, which s
(Af) by grating. The spacing in the gratings are comparable 10 fis wavelengt
Kutays are electromagne tic radiations (7.7 /s~ & 1., xrays). Electric and magnefic fields
0 =

S

[u-/«/.«

fing perpendicular (21" £ /5 L1 L s U2 o) 1o €2Ch ofer. They are 350
the direction of p ropagation. The scatienng (£~ of X-rays is due o the reason hat
between the electrical field of X- rays takes place with the negatively charged electrons in
fu L/lc.,c,tad/é )Ly P £ ) L e € xiays). This scatienng
the number of the electrons of the atom. The

t Woportlonal tio the atomic numbw or
e dimensional dfiffraction grating 1owar
through the crysital.

() £ 13 (.. y &

|/Uldbjd/v’ }/X ra)’S-./.. 'L/r s ""’" A

Jation: g .
action (A1) from a three cImeNsIOnai CrysSice

sorr
HJ"'—-#’——’ rnatorm It ARt IAa
- e 1.0 LT o UGS ICH

ﬁvan a simple account of diffr o e
phenomenon of X-ray diffraction IS reduced theo —:.-::xp-: 0 simple geometrical
aestUd)’ mg the reﬂer‘tlf‘n Of/ -rays fromcC ;S"a ifi:::f o e

v h,aving three planes 11" 22" and - 2Se Rnes d,ef::fvi -

Of) g 2

3. is ,nrlden t(<0%)
On the other hands, SOm

;"ﬂysof wavelength "
| oc] from the point B. U
md .are reflected by the atoms

ws. Fig. (3.24)

present in the lower p:
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L o — e e —. k
Fig. (3.24) The condition of reflection by a crystal lattice.

The ray A’ B' C' has to travel a longer distance inﬁg/rde*r to Gimerge OU't (bf’ﬁ.t) of crystal, g
and 'BM' are the perpendiculars on A'B'C’ ray. The reflected (:»*U™") l?eams BC' and 'B'C" Undeny
interference (U141 J”;) with each other. If these reflected rays are in pha§e then they reinfor

- (Bes¥eF L Lo 0 L) each other and the intensity of the reflected ray is maximum. When
say that rays are in phase with each other, then it means that the crest falls over the crest and trough
over the trough. -

If the reflected rays are out of phase, then the intensity (=1*) of reflected beam is very by,
When a photographic plate is placed to receive the reflected rays, then the diffraction pattem i
obtained. o
‘ ].t is clear that, the reflected rays '‘BC' and 'B’C" can do the constructive (S2) interference
(Sis1'Fs), if the path difference (LB* + MB’) is the integral multiple of wavelength of X-rays
(A el IS xerays).
S From the right angled triangle, 'LBB" the length 'LB" is perpendicular and 'BB" is hypotenuse

So, % = sin@
_ LB = BB'sin6
From the right angled triangle MBB’, the length MB’ is perpendicular and BB’ is hypotenuse.
- So, L = sin@
b BB’
. Hemce, WMB' = BB'sing
k BRNER = d (inter planar distance)
: MB" = dsino
Path difference, £

, LB'+B'M= dsino+dsing
ath difference = 2 d sin o
difference is integral multiple of wavelength. Let that integral multiple is 'n’. So,
L .o 7 (1)
ac ually increasing the value of angle '6, a number of positions are observed

R = 1.2, ?,'4,.---‘etc. At these positions, the reflected beam will has maximum
J values of 'g |¥lng in between, those values of n, the intensity of reflected beam wil
um. So, a diffraction pattern maxima corresponding to n = 1, 2, 3, --- efc. 3
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