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-~ LIQUIDS

| Matyer exists in three states 1.6., gases, liquids and solias. The chapter of
the liquids 1s mostly concerned with the discussion of the important physical

p.ropertles like vapour pressure, viscosity, surface tension, refractive index and
dipole moment and magnetic properties etc. The importance of these physical
measurements has considerably increased during the recent years. These properties

arc u_scful to know the composition and structure of the molecules of liquids
especially. -

2.1.1 Types of properties:

The properties based upon the certain measurements are of four types.
(a) Additive Properties: y |

Those properties which are concerned with individual atoms. Thesc
properties do not change, no matter in which physical or chemical state they exist.
Mass and weight of an atom do not change and we can find out the molar mass of a
substance by simply adding of the atomic weights present in the molecule.
Molecular heat of a compound is the sum of atomic heats of the atoms present in it.

Radioactivity is the property of individual 'atoms and 1t 1s also an additive property.
(b) Constitutive Properties: | T _

-~ Those properties which entirely depend upon the arrangement of atoms in
a molecule are called constitutive properties. Thdy do not depend upon their
number. So, vapour pressure, viscosity, surface tension, dipole moment; refractive
index and optical activity are constitutive properties.
(c) Additive and Constitutive Properties:
| These are additive properties, but their additive character is modified by
the manner in which the atoms are linked together. Parachor, rheochor,
polarization are both additive and constitutive propertics.

(d)  Colligative Properties: .

Those properties which depend upoh the number of particles, but not upon
their nature and structure are called colligative properties. There are four

colligative properties of solutions and they depend upon the number of particles of
solutes. These properties are, | -
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(1) Lowering of vapour pressure

(ii) Elevation of boiling point  (Ebullioscopy)
(iii) Depression of freezing point (Cryoscopy)
(1v) Osmotic pressure

2.1.2 Properties of liquids:

Now we are going to discuss a few properties of liquids as §urface te_nsion,
viscosity, refractive index, dipole moment, polarizability and magnetic properties.

The molecules of a liquid at its surface feel different forces of attractions
than those molecules, which are in the interior of the liquid. A mole(.:ule lying
inside the liquid is surrounded by other molecules and is attracted In all the
directions. The net force of attraction is zero. The molecule lying at the_ surfacc
experiences a net inward attraction. So, the surface behaves as 1if 1t 1s under
tension. This property of liquid is called surfacc tension. Following diagram (1)

makes the 1dea clear.

A0 vapours of -
o Xe} liquid .

molecule at o O =

the surface

molecule 1n

the bulk liquid

Fig. (1). The attractive forces which are experienced by the mal_ecides

at the surface and inside the molecules. -
Definition: Surface,tension is defined in two ways.
(1) "It is the work in joules required to produce a unit increase in
~ surface area. So, it is expressed in J m=." The old unit is erg cm >
(1) "It is the force in Newtons acting along the surface of the liquid at
| right angles to any line one meter in length.” Its units are N
%1 o . oS A , JRPT OV S
| m~".The old units of surface tension is dynes cm™. '
2.2.1 Surface Energy: I

| - In order to under§tand the surface energy, take into consideration the first
definition of surface tension. When we increase the surface area of liquid, some

work has to bc donc against the inward pull. For, that purpose, consider a soap

solution film FOHtai.ned in rectangular wire form A, B, C, D, in which the side AB
is moveable Fig. (2). ' il
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D

. | B |
Fig. (2) Force of surface tension of a liquid
In order to extend the surface area of the film the moveable wire has to be

Ellﬂf_id to position XY. For this change, work has to be done against the surface
ension,

| 1 ~ work = force x distance = f x dx = (y2/)dx l-

, work = Y 20 dx =y 2dA (.. ldx = dA)
where 'Y' 1s constant of proportionality and is called surface tension.
2.2.2 Effect of Temperature on Surface Tension:

| The surface ter}sion of a liquid decreases as the temperature increases. ‘At
high temperatures, the intermolecular forces decrease and hence the tension on the

| surface becomes less.' Following -table (1) shows the surface tension of certain
i liquids in N m™! at various temperatures. '

Table (1). Surface tension of liquids at different temperatures
Nm™ x 10" = milli N m~!) (1 milli Nm™ = 1 dyne cm™

Temp (°C) CsHs — NO, CCl; CH,
. 46.30 28.90 '| 31.60 |
25 4330 | 26.10 | 28.20
50 4010 | 23.10 | 25.20
; 75 | 6345 | — | 3750 2020 [ 2189

(In order to get the values in Nm~2, divide above values by 1000 = 10*)
The comparison shows that surface tension of H,0 has greater values than
other liquids at various temperatures. ‘ |

~ The important relationship between temperature and surface tension is as
following.

i L2 | N - - | '
. | 2 ?x(_NDl_) = k(TC_'T) ik is j; GRS S AT (1) .

oy = Sﬁi"fﬂ'adé ténéidn of liquid at a temperature g I
M= Molar mass of the liquid.
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f

D = Density of liquid at temperature “T".

T.= Crtical temperaturc of the liquid.

According to this equation, the surface tension becomes zero, when
T =

2.2.3 Surface tension of molten metals:

Surface tension of molten metals and molten salts are larger than organic

liquids. Surface tension of Hg at 100°C is 480.3 x 10~ N m™', while that of molten
silver at 800°C has a value of 800 x 10> N m™!.

2.2.4 Surface tension in a daily life:

Phenomenon of surface tension is responsible for

(1) Formation of globules.
- (1) Formation of rain drops.

(1) Rise of water in the capillary tubes.

(1v) Movement of liquids in the porous materials like blotting paper and
soil.

(v) Rise of water from the roots to the top of the trees.
2.2.5 Reasons for the rise of liquids in the capillary tube:

Those liquids which wet the solid surfaces rise in the capillary tubes. This
rise 1s due to inward pull of the surface which pushes the liquid into the capillary

tube. Following diagram (3) shows that how the hiquid i1s compelled to enter the
capillary tube from the lower side. |

"———> concave meniscus
_ nsen liquid

Fig. (3) How the liquid is compelled to rise in the capillary tube.

force of surface tension

In the case of wetting liquids, the adhesive forces are greater than the
cohesive forces. Adhesive forces are present among the mole

ccules of the liquids
and the solid surface of the capillary tube. Cohesive forces ér"’éf“pgw aniong the
molecules of liquids. (100 BB LM |




Liquids
1.2.6 Contact angle:

When the liquid rigec
I'1SES | . _ |
upwards as shown in the diagrafnthc Capillary tube; it makes the concave meniscus

This type of menjsey« -
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solid-liquid interface as Showxz imgtl}f (0) is iI_lsidc ic liquid between the solid. The
' less than 90°. | 1 the following dl%gram (4). The contact angle 1s

concave
meniscus
capillary tubc

contact angle

, | (b) (a)
' s Hig. (4)_ Formation of concave meniscus Jor a rising liquids like water.

' Those liquids which are depressed in the capillary tube make the convex
meniscus upwards.: Their contact angles are greater than 90° as shown in the
following diagram (5).

- gas + vapours Convex
MENIScus

| . convex
walls of . / MCNISCUs - Capillary

2o 4 ﬁ.ﬁgis of 1 | 7// B e
_
(b)

Fig..(5) Formation of convex meﬁ{scus Jor a falling liquids like mercury.
22.7 Interfacial tension:
Take two immiscible or partially miscible liquids in a vessel. A force of
surface tension is acting along their surface of separation. This is called interfacial
tension, Its value is generally intermediate between the surfacc tension of two
liquids, But sometimes, it is less than both. The reason for this is that at the
Interface the molecules of a liquid are attracted by the molccules of the other.

228 Surface Active Agents: |
"Those substances which lower the surface tension of water are called

: Surface active agents.” Substance like 'soaps, ‘detergents, methyl alcohol, cthyl
; alcohol and acetone decrease the surface tension of weter.

L

e L
-
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If a greasy spot is present on the surface of 2 cloth, then water ;an not wet
the cloth at that place due to its high surface tension. So grease can not & lremm{cd
by water alone. When soap is added to water, it lowers the interfacial tension

between water and grease. The grease mixes up into soap solution, so grease is
removed from the surface of cloth.

2.2.9 Measurement of Surface Tension:

Some important methods, for the measurement of surface tension are as
follows. | |

(1) Capillary rise method
(1) Torsion method
(1) The drop method
(1) Capillary Rise Method:

General Principle: Those liquids which wet the walls of the vessel, rise in ﬂge
capillary tubes. They form the concave meniscus upwards and the contact angle is
less than 90°. The height of the liquid in the capillary tubc dcpend§ upon the radius
of the capillary tube and surface tension of the liquid. ’

Method: Onc end of the capillary tube of radius ‘r’ is immersed in a liquid. The
density of the liquid is ‘d’. The liquid rises in the capillary tube and attain- the
height ‘h’. At this position, the force of surfacc tension pulls the liquid upwards

and it is counterbalanced by the downward gravitational pull. The force which is
acting upwards is calculated in terms of radius of the capillary tube ‘r’, surface

tension “y” and contact angle ‘6°. Following diagram (6) makes the idea clear.

concave meniscus -

/AN

. a I
.

Fig. (6) Capillary rise method for surface tension measurement.

Force taking the liquid upwards = 2mry cos 6 LY (1)
| -y = surface tension of hquid '

I = radius of capillary tube

2nr = diameter of capillary tube

Downward force is the weight of the
weight of the liquid, we proceed as follows,

Radius of capillary tube = r@
Ease area of tube = qr
Height of liquid = h

liquid. In order to calculate the
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Volume of liquid risen in the capillary tube = nr2h
Density of liquid =
Gince, mass of a substance = volume x density
So,
Mass of liquid risen in the capillary tube = nr*h x d
Weight of liquid risen in capillarytube = mrthdg = oo (2)

These two forces given by equation (1) and (2) are balanced,
o 2nrycos® = nrthdg

rhdg 3
! 2 cos O (3)

If the radius of the capillary tube s very small, then the contact angle ‘0’
approaches to zero. _

cos (0°) = 1 |
rhdeg | -
Y = —2—5 ...... (4)

[

So, if we want to calculate the value of “y” we need the values of r, h, d
and g. The capillary tube must be of very small diameter.

EXAMPLE (1) -

A liquid whose density is 0.85 g cm™ rises in the capillary tube up to a
height of 5 x 10~ m. Calculate the surface tension of the liquid assuming the
contact angle O to be zero. The radius of the capillary tube 1s 0.9%x10™* m.

SOLUTION:
Data:
' r = 09x10%m |
h = 5x10%m .
d = 0.85gcm'3 = 850 kg m™ (The units of r, h, d should be S.I.)
g = 9.80ms” TRIITE
Since a
rhdg
r = 2

Putting the values of all parameters in S.L. units

.- 1 ' 5w 10 5() -3y . i
Yy =3 (0.9 x 10 m) (5 x 10'_"",m) (850 kg m™) x (9.8 ms™2)

y = 18742.5%.10°Nm™' = |1.87x 10> Nm™'| Ans,
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. () Torsion Method:
General principle:

In this method, the surface tension is measured by measuring the force
required to detach a horizontal platinum ring from the surface of the liquid. Greater

the surface tension of liquid, greater the force required to pull up the ring.

Method: |

This method is based upon torsion balance after the name of du-Nouy. As
shown in the following diagram (7), the platinum ring of radius ‘r’ suspended by a
hook on the beam. A screw ‘S’ is used to fix the pointer ‘P’. “T” is the torsion wire.
This wire is so adjusted that the beam ‘A’ is in horizontal position. Liquid is
placed in the dish ‘B’. The height of the dish ‘B’ is controlled by the screw “S°. It
is adjusted in such a way-that, liquid just touches the ring. The knob “C” 1s turned
slowly till the ring is detached from the surface of the liquid. During this process
the reading on the circular scale ‘D’ is kept in its horizontal position by means of

screw ‘S’. |
'Following equation is used to calculate the surface tension of liquid.
_ Mg o '
T 7 4qr
M = mass of liquid film in the ring
r = radius of platinum ring

Fig. (7) du-Nouy's torsion balance for measuring surface tension.
(iii)  Drop Method: ’ '
General Principle;

| When the liquid falls under the force of gravity, it forms the drops. The
drop 1s supported by the upward force of surface tension "acting at the outer
circumference of the drop. The weight of the drop pulls it downward. When these

two forces arc balanced, then the calculations are done.
There arc two ways to do the calculations.
(1) Measurement of the weight of the drops.

(i1) Counting of the number of drops.
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Drops weight method; | 2

The apparatyg ‘
u :
the lower end. This appaizctiufor this purpose s a glass pipette, with a capillary at
the following diagram (8). 3 15 called stalagmometer or drop pipette, as shown in

/surface '
¢ tension

; acts along
~.A A circumference

Around twenty drops of the given liquid are received from the drop pipe_ttc

in a weighing bottle. In this way, the weight of one drop in calculated. Then the

stalagmometer 1s cleaned and dried and filled with a reference liquid say water and
weight of one drop of water is calculated in the similar manner.

_Since, for any drop,

mg = 2?”7 - 3+ IS DIA (1) !
‘m = mass of the.drop Sk )

r = radius of the 'tube‘

surface tension.

When we apply this equation on two liquids, then

m g = 2 ry, - coary )y g
" Dividing equation (2) by (3) '
e ™l .
L T e e A @)
Y, T

When we know the surface tension of the reference liquid i.c., water, then
that of other can be calculated, because we know the masscs of drops.
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(1v) Drop number method:

The stalagmometer is filled up to the mark ‘X’ with the liquid, whose
surface tension is to be measured. The number of drops are counted till the liquid
flows up to the mark “Y’. Similarly, the number of drops of the reference liquid

say water are counted from mark ‘X’ to “Y’. Volume of the both liquids i1s same
say “V” with different number of drops ‘n,” and ‘n,’.

o -~V
Volume of one drop of liquid (1) = = o
| 1
: - - i V
Volume of one drop of liquid (2) = g
Since, _ 3 mass = volume x density
. Vv
Mass of one drop of liquid (1) = s S (1)
Sle T atak 1 -
| Ot V . -
Mass of one drop of liquid (2) = g d, ceeeee (2)
Let us divide the equation (1) by (2), | '
| Yy My X d, .
Yy, omxd . . (3)

The density of the liquid under test is measured by the specific gravity
bottle. The values of 'd,” and ‘y,’ for the reference liquid say' water ‘can’ be
consulted from the literature. ' ' i OTEDND 3t A
EXAMPLE (2) '

The number of drops of an unknown liquid and water are 86 and 29

respectively at 25°C in a stalagmometer. The surface tension .of Jwate;' 1s 7.2 x

1.0‘2_ Nm™ and density of liquid is 0.8 g cm™. Calculate the surface tension of

hquid.
SOLUTION:
Data:
nl = 86
n, = 29 ' X
. dl — ().Bgcm"f3 = 8 x 102 kg m_3 -
- B (because we need-S.1. units of density)
dy = 1x10kgm™> | o '
Yw = 7.2x 1072 Nm™ o TS
r. ™ !
Formula used
nwd‘

Yl - n[dw XYCIJ
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Putting values

y = 29 @ x10) (7.2 x 107 (kg m™> Nm"')

’ (86) (1 x 10%) kg m™
1670
86 X 10+3 Nm

Y; = 1942 x 102 -Nm™ = Ans.
2.3.0 THE PARACHOR |

Macleod in 1923, gave the following mathematical relationship between
the S:}_l_@{% t_ensiop and the density of a liquid. His relationship is empirical.
y = CO - d)* BT . ) (1)
where, Y = surface tension of iquid |
D = density of liquid
d = density of the vapours of liquid
C = characteristic constant of the liquid.

This constant ‘C’ can give us a additive and constitutive property called
parachor, whici can be secured by rearranging the above equation (1).

+ oan T | R W TR T mm—n——— - - . L e - T T — - - . o i - - e

s = (D-d
- Taking 4th root on both sides

(%)1/4= D - d)'

_Taking inverse

,t (2)1/4_ 1
' Y (D -d)

Rearranging _ S .
4
/4 — —L 1 - . HID 17y 1851, ..
¢ = b-9 -' 2)

In 1924, Sudgen obtained a relations Ip by multiplyihg equation(2) with
the molar mass of the liquid. This constant obtained 1s called parachor. - |

[ 1/4 _ —M-Y—— ......
Let us put [P] = MC™ |
Myl s vl neg g rorasnet fU
['p] = _L(D—d) - SUPRLLY (4)

-~ Since, the values of ‘d’ is very less as compared to ‘D’, so it can be
Ignored. - (Since volume of vapours 1s 1600 times greater than that of liquid so
density of vapours is 1600 times less). |

;' | | M v1/4 - ' -
B e s g s
|

L
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- Since mass/volume is the density, so molar mass and density give mola,

volume | '

M = V_(molar volume of liquid)

: D
. /; ?,1.'1:F (l /
2 [P] _ vm ‘Yl 4 2020 T oNdE Lt (6)

So, the parachor of a liquid is obtained from the surface tension and the
molar volume of liquid. If we manage the temperature of the liquid 1n such a way

. £
/‘H llnfl‘qi{l\ tl-l . I—f . b R t}l - | oot v
i M \ at 1ts surface tension becomes unity, then
Y "“5 4

‘ [P] _ Vm (1)1/4 = V e (7)

N~ / Hence, the parachor of a liquid is the molar volume of a hquid, when the
s o

m

urface tension of that liquid is unity.
w

.__? Parachor 1s an additive and constitutive property.

Each atom of a molccule has a definite value of the parachor and tota
parachor value of a simple molecule is the sum'of parachor values of constituting
- atoms. The parachor values which are associated with the atoms are called atomic

parachors. Similarly, we have group parachors.
——  ——

“T'he units of parachor can be derived by putting the units of M, D and y*.
EXAMPLE (3) A

The parachor values of C,H¢ and C;Hg are 110.5 and 150.8
respectively. What values of parachor do you expect for hexane?

SOLUTION:

The difference of two values givés us the parachor equivalent of CH,
group.

[P) C:Hs = 1105
[P] CsHs = 1508 .
[PICH; = [P]C:H;—-[P]CHs
. =1508-1105 =403 =
Since in C¢H;4, we have one C;H; and thrée ‘CH'Z units. So’,1' 2 i3]
[P] CeHis = [P] C3H; + 3[P] CHZ R S

= 1508 +3x403 =1|2717 Ans.

2.3.1 Parachor as a constitutive property:

'Thq constitutive Property of a substance depends upon the arran gement of .
watoms within the moleculej It has been found that the total parachor -value of a

molecule c_ontainin some multiple bonds or a closed ring not only depend upon
the atomic parachors, but also on the number of multiple bonds or ik

.. . f multiple bonds or the number of
" rings. The following table (Z)MWW parachors

of some common atoms and multiple bonds along with the rings.




Atom, group or| p tomic and Structural Parachors.
linkage Suagr da:hm‘ Values Atom, group or | Parachor values
m 1 8“ (Vogel) linkage Sugden (Vogel)
. 8 .
Hydrogen - C=0 — 444
-OH — 30.2
' ' - COOH — 73.7
m - NO - 73.8
_ Fluorine B '
mm ' ingle covalent bond 0.0 0.0
m Double bond 232 199
68.0 638 Triplebond | 466 400
91.0 903 3-membered ring 17.0 12.3
_ 432 4-membered ring 116 10.0
S-membered ring 8.5 4.6

2.3.2 Appiications ‘of parachor for structure verification:
In order to venfy the structure of the compound, we should determine the

pa;achor In the l_aboratory by measuring the surface tension and putting the value
of molar volum¢ in the following equation given by Sudgen, |
[P] = Vm y1/4 ' TR

Theoretical_ parachor of the same compound is calculated with the help of
above table by keeping in mind this structure which has been proposed.

() Structure of benzene:
Kekule has given the structure of benzene as follows.

DO

-

-
il
\O
o0

(7S

O X

(-

N

S .
-

H/"
When we sum up the values of ‘atomic parachors and structural parachors:
of benzene, keeping in view its cyclic structure 1.e. number of double and single
bonds, ‘then it comes to be 206.9.; » -
- 6.carbon atoms 6x86 = 516
6 hydrogen atoms 6 x 15.7 = 94.2
3doublebonds 3 x19.9 = 39.7

Six membered ring = __14
= 206.9
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The experimental value of the parachor determined from surface tension
measurements is 206.7. These two values agree with each other. So, Kekule’s
structure 1s confirmed.

(11) The Structure of quinone: =
~ Two possible structures have been proposed.

L 5 ./ L 0 |
| b  and E | (|)
, ‘ .

|
1
0

o . . (1)
235.5 | 216.5

- The addition of parachor equivalent from the above table for structure (I)
is 236.1, while for structure (II), the theoretical value comes out to be 219. The
observed value of parachor from surface tension measurements 1s 236.8. It means
that structure (I) is very close to reality, and is the accepted structure.

(iii)  The structure of nitro group:; o
Nitro group can be written in many forms. Their theoretical parachor
values by consultimg the above table are shown below.

10 b P LA L L)
—N —N —N —N
N0 - M0 30 0
) () Sany av)
98.9 741 493 692

The expernimental value of parachor for _j-___-NO2 group varies from 73 to 7_5..5;
It means that structure (II) is close to reality. |
(iv) Stl_'m__'.ture of paxja_,lde_hy‘de.;

 [Paraldehyde is a polymer of acetaldehyd. Its experimental and theoretical
values differ from each other. The rcason is that three carbonyl groups of

acetaldehyde are no more there in the product. It means that carbon oxygen double
bonds are né&there in the products. | | . |

\ iRt b CHy.
\ O \/ |

| .
3}}13~—C—H—> H7U I NH
F e | . | |

Paraldehyde
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EXAMPLE (4)

values.

Liquids

5. Structure of Positional isomers:

Disubstituted derivatiy
their theoretical ang CXp
value of o-chlorotolyuen

Morcover, the

283.3. It means that
parachor values.

81

ves of benzene have three positional isomers, but
enmental parachors are samé. For cxamplc the observed

€15 280.8 and for p-chlorotolucne, the value 1s 283.6.

theoretlcally calculated value for both these compounds 1s
WE can not distinguish bctwr positional 1somcrs byi

L

How do you establlish'the structure of quinone based up On-Pamchor

SOLUTION:

Followmg two structures for quinone are proposed. The molecular formula
for quinone 1s C6H402, R

T, “ s 0
N L.

Lt | A 3
@ ST LT T e @)

.. Theoretical - parachor of quinone using the ‘table of atomic and structural
parachors F or structure (D, the thecret:cal parachor is ',-"; |
6[P]C + 4[P]y + 2[P]o + 4[P]Double bond [Pls ring R
(6 X 48)+(@x17. I)+(2x200)+(4><23 2)+6>< L'
236,17 s | T
. Similarly for structure (1), the theoretical parachor 1S R

= 6[P]C + 4[P]H T 2[P]o + 3[P]Dcublc bond T [P]G Ting -

= (6x48)+(4><17 l)+(2><200)+(3x232)+(2><6><1)
= [219.0] Ans . i) "

. .
L -
i o 1 P4

E
i
=

Sl A T3 '._"Ii

i."--

The expenmental value of parachor 1s = 236 8|  Ans.

Expenmental value is close to the value calculated for structure (I)
Hence structure () may be the correct structure for quinone.
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EXAMPLE (5)

Justify the structure of benzene, given in the literature, based on
parachor valucs.

SOLUTION:

Physical Chemistry

| Kekule's structure for benzene (CeHp) 1s

Using the table of atomic and structural parachors the theoretical value of
parachor IS, |

= 6[P]C + 6[P]H T 3[P]f}ouhle bond T [P]ﬁ—ﬁﬂg

P = (6x4.8)+@x17.1)+(3x23.2)+(6x1)
= 207.1
Density of benzene at 20°C, (D) = 0.878 gcm™ _
‘x / ‘; V/{] Surface tension of benzene at 20°C, (y) = 29.3 dynes cm
Molecular weight of benzene (C6I-L5) =3 gmmol"l
M ]
Experimental value of parachor, (P) = —-L ALai ! -
%\JA}LW , = —)2)£87_8)_ 206 7| Ans.

The expenmental value agrees with the calculated value. Hence Kekule g

structure is justified. A \ * k
Lt

2.4.1 Introductlon s - 2\\

at the thick liquids hke honex and mobile oil,
flow slowly than many organic liquids like benzene and toluene ¢tc. It means that

w different rates of flow of liqmds depend upon certain pro erty_} and that is viscosity.

W

layers go on Increasing.

When the steady ﬂqw is reached'then velocity difference between any two
layers becomes constant. AL i S DA 1] R TTIS .

B
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Liquids . a3
o The force which is required to maintain the steady flow of liquid in
direction of th_c--fol'ce is directly proporiional to the velocity gradient which 1s
normal to the dlr.ection of flow. It is also proportional to the area of the contact "A’
between the moving layers of the liquids. .~

In C.G.S system, the unit of ‘1’ is »d -1 sec™! and it is
. : expressed as g cm © seC © an
called poise. L P

. Ay

A = Area of contact N)y‘\ &AUA{ .
g—v- p— v l s . _ ' Q 0/
dx elocity gradient . D-Bl _

dv
- F o _Adx
. or F = dv
:. = -é-‘rlA'a'x— i — (1)
F
n = - = @ k2 e (2)
ot dx

M = co-efficient of viscosity or simply called viscosity.
2.4.2 Definition and units of n:

"It is the force per unit area, needed to maintain unit difference of velocity
between two parallel layers of the liquid, unit distance apart.” '
The units of viscosity ‘n’ can be derived from the equation (1)
F dx  force distance

M= AXdv ~ area'x'v_elocity

‘ Since J = kg ms ™, so, force = mass x length x time"f’{ :
' ~ mass x length x time™ length
N Ty (Iength)®* ® length/time
n = mass x length™ x time™ B
In ST units is inkgm™ s~ 5
1poise = 107"kgms' = Olkgm™s?
Unit of viscosity “Poise”; == ! '

"When a force of one dyne'per square cm is maintained, between two
layers which are 1 cm apart and the difference of velocity between the two layers
is | cm per second, then it is called poise.” - - '

] centipoise = 10~ ppise |

1 millipoise = 107 poise

i-‘ ’J! .

- Fluidity:

"Eluidity is the reciprocal of viscosity."
i. Vg - o 1 v 7 4 > sl 'l e
! e = =

' S ek Ar .\ ¢ ‘n

The units of fluidity are regiproéql_of viscosity i.e. (Poise)™".
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2.4.3 Effect of temperature on viscosity:

The increase of temperature increases the kinetic energy of molecules of
liquids. It means that a liquid starts flowing faster at high tempcratures. In other
words, viscosity of a liquid falls with the increase in temperature. It 1s estimateq
that for each one degree rise of temperature, there is 2% decrease of viscosity.
Mathematical relationship:

Arrhenius has given the following relationship between viscosity and temperature

n = AerRT ...... (1) g |
A and B are the constants depending upon the nature of liquid. According tg
this equation, increase of temperature decreases the viscosities of liquids. If we want
to determine the consfant ‘A’ and ‘B’ then we can convert it into the equation of 3
straight line by taking the natural log i.e. log to the base e. (It can be written as In)

B .
log.n = logeA+'2RTT' """ (2)
- B 1
wred Dos o

] , ¥ .
If we plot a graph between ‘;I:’ on x-axis and log 1 (In M) on y-axis, then a

straight line is obtained. From the slope of the straight line ‘B” can be calculated

and from the intercept of the straight line factor ‘A’ can be calculated. .
The following graphs of Fig. (10) show that many of liquids show the

straight lines. The anomalous behaviour of H,O is seen from the graph, because its

hydrogen bonded structure is broken with the rise of temperature. The quantity B’
is the activation of energy for the viscous flow. It is the energy barrier which must
be overcome before the flow can occur. It means that a molecule of a liquid should

gain sufficient energy to push aside the surrounding molecules before it can take
part in the liquid flow. - e T
04

ol Ll gl

T T
N ZaRn
0.6 Ei.uﬂ -
g0 1 Y " &

0.0026 .-  "0.0030 0.0034 ° 0.0038

Fig. (10) The dependence of viscosity on temperature log, 1 versus I/T.

-0.2

'(Inm) Log, M
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" Yiscosities of some important liquids:
Table (3): Co-efficients of viscosity of liquids at 20°C in Poise and

in SI units (kg m™! sec”™)
poise kgm S .
0.000233
[owom | e T o

W | oo

2.4.4 Measurement of viscosity:

" General Principle:
The measurement of viscosity of liquid is based on Pioseulle’s equation (4)

ﬂf

nPtr? 2 \N‘I\L
on = N Ty (4) \/f(\ -
| Where, | | @/ﬁpj i w
lr V = Volume of liquid. o
f r = R_adius Of caplllary tube | / })‘rf W
| -1 = Length of the tube. - /(W‘ -
t = Time of flow in seconds. o g

? | P = Pressure applied. ' ' : 4]
5 " We should keep it in mind that, equation (4) applies to the liquids,” when

! the rate of flow is slow and steady. The flow should be stream line. Moreover, the

' diameter of the tube should be very small. If the flow rate is higher and the .
diameter of the tube is large, then flow becomes turbulent. -~

""" In order to decide, that which type of flow is there, we should use the -
empirical equatién called Réynold’s number. It is dimensionless quantity and i:;-r \C‘H}(

formula 1s as follows. | LT ; \S © A
i % S 2rvd \b\b é/w‘
- Reynold’s number = - | - YW 4 4 \
l . r = Radius of tube. o | M\] ' P =
d -= Density of liquid. . S , W
; n =_'*' Co-efficient of viscosity. k o ' j

v = Average velocity ofliquid. -~
It is found that, if the Reynold’s number is equal or less than 2000, then
the flow is streamlined. If the value is greater than 4000, ther: the flow is turbulent.
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2.4.5 Measurement of absolute viscosity:

It is difficult to measure directly the value of absolute Yis}cog,lt:y of;1 a ‘1\1;1,111-(1
using cquation (1). The reason is that the measurement pf P, r "5;}11 o };s
difficult, so the viscosities of liquids are expressed in relative t€rms: e

ratio of viscosity of the liquid to the viscosity of water taken as feference standard
and this is called relative viscosity."”

2.4.6 Measurement of relative viscosity:
Ostwald’s viscometer is used as shown in following diagram (1 1).

T
, ] Pinch cork
X

Capillary tube

~ | g
Fig. (11) Ostwald's viscometer to measure the relative viscosity of a liquid.

A . It 1s a U-shaped glass tube with two marks ‘x” and
‘A’ and ‘B’. The bulb “A’ is at higher level than ‘B’
putin bulb B’ and then sucked in bulb ‘A’. The time of flow of the liquid through
thecapillary tube is noted. Similarly, the time of flow of reference liquid water is
also noted. Density of the liquid is determined by specific gravity bottle. Following
cquation 1s applied to calculate M, » if we know all other five factors

y’. It has two bulbs as
. A definite volume of liquid is

1‘12__ dz X t2 L e (5)
M = viscosity of liquid I
M2 = viscosity of reference liquid

[=¥
Il

density of liquid, determined b
density of reference liquid tak
time of flow of liquid

o,
o
Il

y specific gravity bottle
en from literature

t, = time of flow of reference liquid "



D

| The time of flow of wa.terl through an Oswald1 viscometer is 90 seconds
b thg >4Me volume of ethyl alcohol, the time is 135 seconds. The

absolute viscosity of water is 1,005 x 103 ke m~!s~! at 20°C. Densities of water
and ethyl alcohol are 0,993, 10~ kg m™® and 0.80 x 107> kg m >, respectively
at 20°C. Calculate the relative and absolute viscosities of C:HsOH at 20°C.
SOLUTION:

Data: | [ e e
talc 5T 135 se'c* | |
Gpo = 90sec’ _
Nyg,o = 1.005 x 1073 kgm™' 57!
.J rdalc o= .0.80“)( 10_3 kg m™>
duo = 0.9982 x 102 kgm™
-'-~:-T]alcac" = 7. ‘
— TI“IC l_ dalc I:alc

-+, Relative viscosity

.nHzo a deQ tHgO |
- :Puti:_tin‘g values "y L | -
| oo 080x10°x135 .

0.998 x 10°x 90 1'2202 4 |
1.2202 x 1, =1.202 x 1.005 x 10° kgm™' s™!

= | 1.208 x 10 kgm™'s7' | Ans.

24.7 Viscosity and constitution: . . .. - |
Viscosity surely depends upon the structure of the compound. Following
various aspects are very important to be considered....
TR ¢ § hamas) 1 homologous series of organic compounds the members differ
. .. from each other by '- CH,' group. It has been observed that there
' is gradual ‘increase of viscosity ' values for the m’cmﬁérs’ of
..-homologous series... ' '

. “"Relative viscosity =

Absolute viscosity, 1,

- (2) Some of the liquids are associated and so their viscosities increase.

AR i 3\ Dunston in 1909, gave a useful relationship. - - . .
Sttt I 'l%xn %10 = 401060 (in S I. units)
For the associated li(juids__ the values come out to. very higher than
60. If d, M and n are measured in C.G.S. units, then following
equationisused. - . 18 s -
SO gex10 = w60
£ ‘Following . table (4). shows  that water, glycol and glycerol are

associated liquids.

- 9
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(3)

(4)

(3)

-(6)

@) <710
Acetone 43
Toluene

Benzene 73 R
Watcr Associated
Glycol More associated

Glycerol -

Atom ~ Linkage

Physical Chemistry

' d
Table (4) Values of 37 x 1 X 10°

Unassociated

56

Highly associated

Viscosity also depends upon the shape of the mqlem_lles. If the
chain length of the molecule is shorter, then viscosity 1s less. The
compounds of normal chain length have usually greater viscosity
values than branched chain isomers. Similarly, the viscosities of
trans isomers are greater than cis-1somers. '

The strength of intermolecular forces can also be depicted from
the values of viscosity.

 Water has a greater viscosity than ethyl alcohol due'to greater

hydrogen bonding in it.
Just like the parachor of liquid, a parameter called Rheochor is
also additive and constitutive property. It depends upon viscosity

of the hquid. '

Rl = gxn”

We can verify- the structure bf the compound by comparing
theoretical and experimental rheochors. Table (5) «i-7n ¢

Table (5) Atomic and Structural Rheochors

128 | Covtlentbond | 00

'Oxygen (in ether) | 10.0
(in ketone) 13.2
(in C — H)

(in C - OH) I
(in HCI) .

Hydrogen

Chlorinc

‘Brominc

lodine

Nitrogcen

(in HBr)

(in HI)

Coordinate bond

e S

-membered ring (sat)
|—CH, - .

)

.
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4 casurement of yg)ay mass of polymer:

Mol |
nditionsoilileraasses Of polymers are very high. It depends upon the reaction
Cof:,asurerncnt of °F the molar mags of the polymer is high or low. The
- VISCOsity of solutions of polymers can help us to find the' molar

Factor depending upon the shape of molecule.
For example, for random colled molecules, -

a = 0.5

For rod like molecules
a = 2

For spherical coiled molecules
a =0

of the polymer solution approaches zero.
n- Mo
"1_0

Intrinsic viscosity is a limiting viscosity number, when the concentration

Ny =

n = Viscosity of a solution of polymer in solvent

No = Viscosity of pure solvent © - . ' .

A graph 1s plotted between concentratio_ns of various sc_)lutions on x-axis -

and n,/c on y-axis. A straight line is obtz'ned. This graph is extrapolated to 'th.e' .
limiting value, when ¢ — 0. The value of ny/c having the value at that stage is
called Nintrinsic- |

~ 23.1 Introduction: L .
" "When a ray of light enters from one medium i» the other, then it changes
its direction. This property of light is called refraction.” -

When a ray of light travels from air or vacuum to 2 denser medium say
solid or a liquid, then ray of 1ight bepd_s towards the normal. This 1s shown In thg

~ following diagram. (12)

. T i i el ™ it vl
< B o R e . e S
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Normal

Rt;:fractcd ray - -
Fig. (12) Refraction of light. _
When the angle of incidence ‘i’ is increased, then angle of refraction ‘r’
also increases. Anyhow, the value of r always remains smaller than “1". If the ray

enters from denser to the rarer medium, then it bends away from the normal. The

angle of incidence is less than the angle of refraction as shown in the fOllewing

diagram. (13) . | SRR N{{' /\F{,

Incident ray {“\y

7\ - normal EHMENY }

. = Ailr refracted ray - / N %\ 0}" ‘\({Uﬂwb}}\
K // _ /0 QT Y

, -~ I | B L 8 W)
rd _l'r _ incident ray

- refracted ray
Fig. (13) How the '_image m di;plach due to refraction. '
It means that, if the ray of light enters into the .denéer medium and then

]

emerges out on the other side of the rarer. medium, then.the ray. 1s displaced. This

\(th* diagram explains that a image is displaced due to refraction
2.5.2 Snell’s law: | -
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- Actually the angle of incidence is different from the angle of refraction due
oy the velocity of the light in the two media is different. According

n, = Refractive index of the rarer medium

n, = ‘Refractive Index of the denser medium.

2.5.3 Critical angle of refraction:

When the angle of incidence i increases, then the angle of refraction also
increases. When the angle of incidence is equal to 90°, then the ‘r’ approaches to
its maximum value as shown in the following diagram (14). | \ M{‘

Normal

=3
=~ Q
S &
ar =
o
o
S o
A
(¢ p]
- 1
e ]
2>
-
q
(g
.-
e
c.
ju)
o |
_-'—-Eéé

::::""""'liilliilit -----------------------------
llllllllllllllllllllllllllllllllllll

:::::::5;;555;5;:::::::::55:5:_':::::: """""""

""" R e
denscria e ARG ~
tiedium: RN

lllllllllllllllllllllllllllllllllllllllllllllllllll

lllllllllllllllll
llllllllllllllllllllllllllllllllllllllllllllllllllllll
lllllllllllllllllllllllllllllllllllllllllllllllllllllllll
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
lllllllllllllllllllllllllllllllllllllllllllllllllllllllll
llllllllllllllllllllllllllllllllllllllllllllllllllllllllll
llllllllllllllllllllllllllllllllllllllllllllllllllllllllll

“ Mircorscope

Fig. (14) The prmc:ple of critical angle of reﬁ'actzan T
At thls time the angle of refraction is called critical angle of reﬁ'actlon

~ denoted by ". Since, at this stagel— 90° A

sini = sin90= 1 ' uﬁk M '
1 .{1_2_ r-"ﬂ*“’{t :
RS Sinr, =y U{M j .

-n;= sinr, SR VR

. If the rarer medium is air or vacuum, then its refractive indexn, = 1,

i 0wl
- = §inT

— B !
. ™ ™ sin I _
It means that the refractive index of the denser medium (n,) can be

“|obtained, if we take the reciprocal of sine of crtical angle of refraction. This
critical angle of refraction is obtained by adjustmg the angle of mmdence at 90°.
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2.5.4 Measurement of refractive index:

. There are two methods which are mostly employed, for the measurement
of refractive index of liquids.

(1) Measurement with Abbe’s refractometer.

(ii) Measurement with Pulfrich refractometer.

(1) Abbe’s refractometer:

- how the screen
looks like

Fig. (15) Abbe’s reﬁ'acfometer for measurement of refractive index.

A thin film of the liquid is placed between two priéms. Light 1s allowed to
enter on the lower side of the lower prism. Sodium “D’-line can also be used. The

surface of the lower prism acting as hypotenues 1s ground very nicely. For this
reason the light enters the liquid at all angles of incidence.

Actually, no ray of light can enter the upper prism with greater angle of
refraction than grazing incidence. The angle of grazing incidence means which is
less than 90°. In this way, the view in the telescope appears to be divided into two
bands. One band is bright and other 1s dark. The assembly of the prism is rotated
with the help of side knob, till the cross wire of the telescope coincides with the
edge of the bright band. The reading of the refractive index can be done directl
from scale. | . | | '

(11) Pulfrich refractometer:

_ This is more accurate method for measurement of refractive indices of
liquids. Following arrangement (16) 1s "helpful to understand the kprinciplle and
working of Pulfrich refractometer. i S s
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monochromatic light

A

B

telescope

Fig. (16) The optical system of Pulfrich refractometer.

| This refractometer has right angled glass prism, L M O. A glass cell 1s
attached on its upper side. This glass cell is filled with that liquid whose refractive

index is required. Refractive index of the prism should be greater than that of the

liquid. - |
A source of monochromatic light is managed and it 1s allowed to enter the
liquid at the grazing incidence, along the surface between the liquid and the prism.

The path of the ray is shown by the ABCD and enters the telescope “T". The angle

- of incidence in the air is high and its angle of refraction is (90° —r).

If the telescope is moved to make an angle less than 1°, then no ray of
light will enter it and the field of view will be dark. When the telescope makes an
¢ angle greater than ‘i’ then field of view appears bright. it means that the accurate
" determination of the angle ‘i’ can be made at with the sharp boundary dividing a
dark and a bright field of view and it can be observed through the telescope. . -
Let the refractive index of the liquid is ‘n’ and the. refractive index of the
glass prism is 'N". -7t {aul S I s efepd ol b o

So, sint = i 2serad (1)
The above diagram also shows that, . -
A T bl Ay
sin (90°-r1) N . , e (2)

Since, sin (90° - r) = COST

-~ Hence, equation (2) becomes
D08 g N . SR AR g o g (3) -
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There is well known trigonometrically identity that,

sin‘r+cos’r= 1

So, sin’r = 1 —cos’r _ _
or  sint = J1-cos’r e (4)
From equation (3),
' sin1
cosr =
. sin’i
Hence, cost = -~ (5)

Putting equation (5) in equation (4)

| sin’i
siInt = ] ~ N2
_ N? —sin” i
sinr = N\[T NT
So, Nsinr = 4/N?-sin%
Since, Nsinr = n . | e
Hence n = N’ —sinZi = «eeens (6)

With the help of equation (6), we can calculate the refractive index of the
liquid ‘n’, if we know the refractive index of prism ‘N’ and the angle of incidence
‘1", at which the light emerge from the prism. Sometimes, a table for the values of
/N2 —sin% for different values of ‘i’ is supplied by the manufacturer of the
instrument. by o B * n

Mostly, the monochromatic light of f'sodium D-line is used and that is why

this refractive index is denoted by n,,.

2.5.5' Refractive index and constitution:

The refractive index of a liquid changes with the change of the wave

length of 1:.he }ight and'also with the temperature. It means that when we mention
the refractive index of liquid, we have to mention the temperature as well. -

Speéiﬁc Refraction or Refractivity:

In order to eliminate the effect of temperature, Lorentz -and Lorenz in

18 30, derived a relationship between refractive index of the liquid and density of
the iquid. - | ' — LAME T

n“-1 1 '
R=P+2%d e (7)

‘R’ 1S calle_d specific rcfrabfion or refractivity. This "parémcater 1S
independent of temperature. When the temperature of the liquid changes, then the
~ values of ‘n”and °d’ change in such a way that, the ‘R’ remains the same. R
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2.5.6 Molar refraction: . y |
"When refr actvity is multiplied with the molar mass of the subsrance, then

we get molar refractivity or molar refraction.” This is denoted by 'R "

R = -1 M
m 2+2%74g IR T LTy (8)

: ‘R " 1s also iIndependent of temperature but depends upon the M
of the light used. Due to this reason, molar refractions are generally reported for
‘Jefinite wavelength. '

2.5.7 Units of refractivity:
T 2

o & 11 -1 1

Since, R =4S >

' n?+2%d

’ ‘0’ has no units. So, the units of R are the reciprocal of density.
- Units of density = g cm™ or kg m™
- -So, the units of 'R' = cm? g~! or m? kg™!
~ 2.5.8 Units of molar refraction:

e n-1 M.
Since, R = X
: M
The units of R are the same as of q
' M l—l . | J
d = gg_I:r(r)l—‘:* = cm’ mol™
‘ M -1
|E In SI units, =, = M= m-° mol™!
| d kgm3 | .

Hence, the units of ‘R’ are m® mol™! in SI, system. The values of refractive
index, specific refraction and molar refraction of some important liquids at 20°C
are provided 1n the following table (6). ' o0
| Table (6) Refractive index, specific refraction and molar
1_ 1 refraction of some important liquids at 20°C.

. o S R . i T - -

i

i. - |Carbon tetrachloride| 14600 | 101724 x 10 | 2651 x 107

- Ethanol 1.278 x 107

[ Toluens | 14969 | 03356107 | 3.092 x10°
Water 0.375 x 10~

‘-

L
|
1
|
-
-
-

s g e S i e i e R o i e,
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2.5.9 Molar refraction as additive property:

The molar refraction of a molecule is the sum of atomic rcfractiqns of itg
constituents atoms. The nature of the bonds may be s:ngle, double or triple. Thg
type of the cyclic ring also contributes towards the total R  value of a compoung

The molar refraction of some important atoms and bonds for D-line of sodium are
reported as 1n the table (7).

Table (7). Molar refraction in cm® mol™" for atoms, groups and bonds.
Carbon (C) | 2418 COOH group 7.227
Hydrogen (H) 1.100 OH group - 1.518
Chlorine (Cl) 5.967 0.710
Bromine (Br) 8.861 0.480

Physical Chemistry

3-membered ring

4-membered ring

odine® | 13900
EXAMPLE (7) -

| The refractive index of carbon tetrachloride at 20°C is 1.4573.
Calculate its molar refraction, if its density is 1595 kg m ™.

- SOLUTION:
Data: Sy
n = 14573, d = 1595kgm>,
_ M = 154x10" kgmol™”, R, = ?
Using '
n“f-1 M
R"" - n2.+2'x -c_l- |
Putting the values ALY T PIISE, PP TRt
R, = (L4573 -1 154 x 10~ kg ol
| (1.4573)° + 2 1595 kg m™?
_ (212-1) (154 x 107 =,
_ (2.12+2) \ 1595 ) m mol" .-
oo =12 154 % 1072 ke i
' Rm.l_= 412 7 1595 j‘mB mol™
_ 17248x 1072 .
Rm = Tes71.4  momol’
Rmk = 0.0262 x 10 m® mol™!
Rm = 2.62 x 10~ m® mol™ - Ans. -



Refractive index of C2H50H = 1.3611

Density of C,H OH = (.7885 g cm™
Temperature of C,H,OH = 23°C
Source of light = sodium D-line
_ Molar mass of C,H,OH = 46 g mol™
R = 2;;;)(_&1\4_ _ (1.3611)2-—1)( 46 ~
(1.3611)*+2 " 0.7885 ...

=112.91 cm® mol™!| Ans.

_ Theoretical value of 'Rm' from the table is 12.916 cm? mc?l‘*"l or 1.2916 x
_10'5 m’ mol™'. So, the correct structure of C,H,OH is as proposed above. '

2.5.11 Molar refraction of the solution: _ |
The molar refraction 'R, of the solution is given by ‘the following

relationship. _

;ﬂ‘2 =] (lel + XZMZJ |

n’+2 d _

. Where X" and X, are the mole fractions of the sd_lvent and the solute.

M/ and ‘M, are the molar masses of solvent and solute respectively.
2.5.12 Optical abnormality: -
|  When the organic compounds having open chains have conjugated system
of single and double bonds, then their experimental and theoretical 'R ' values do
not agree with each other. ' o

_'Experimental ' R ' value for such compounds is greater than the theoretical

M=

one. The difference of the two is called oEf_ical exaltation. When a carbonyl group.

s in conjugation with a double bond, then optical exaltation is also there.

The following table (8) shows the values of optical exaltation for some of

the conjugated systems.

“r---.-r-
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Table (8). Conjugated system showing optical exaltation.
S. No. Observed Calculated Optical
R} R | exaltation
2,4~ | 3,064 x107° [2.889 x 107> [+ 0.175 x 10~5
Hexadienc .
1,3,5- [3.058 x 1073 |2.852 x 1072 |+ 0.206 x 10~S
Hexatricne

[
(CH;),C=CH-C - Phorone
~ CH= C(CH;3),

1, >-
Hcxadienc

2.5.13 Optical exaltation and the benzene ring:

| The conjugated system of double bonds present in a closed ring structure
like benzene do not give optical exaltation. The experimental and theoretical R

valucs of benzene are 2.618 x 107 and 2.630 x 107> m® mol™!, respectively.

4539 x 107> [4.273 x 107> |+ 0.266 x 10~5

2.877 x 107> [2.889 x 107°

Thesc values are very close to cach other. Anyhow, the following organic
compounds show optical abnormalities.

O OO0

Acetophenone , Styrene Napthalene , Anthracenc

2.6.0 DIELECTRIC CONSTANT OF A MEDIUM ||

f The idea c:f a dielectric constant of a substance can be best understand
rom the Coulomb’s law. According to this law, the force of interaction between

;wo fixed charges q, and q , separated by distance ‘r’ is given by the following
ormula. - B '

q1q2 | \
F P g e b i

€ = Duelectric constant of the medium.

It gives us the mcasurement of the extent of decreasing force of attraction
between the two charges q; and q,. . | -
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follows, UM, € =1, so, Coulomb’s law in the simplificd form is as
4,9
F = 12
r?

When the value of
with each other due tq charges

value of € 1s 80 for water.

IS greater, then the molecules which’ are’ intcracting
+ |
q', and q°, decrease their forces of attraction. The

ter. It means that the charges,ql. and q, immersed in H;O
decrease the forces of a-ttraCt?On between them 80 times as compared to vacuum.

- Diethyl ether

2.28 ‘ Ethanol .

Carbon tetrachloride | 224

- Hexane

Cyclohexane 2.03 Nitorbenzene -

=
o0 .
o '
o

Chloroform Water

M
a
- =
[ ]
[
'
[ ]
L |
L 3
i
-
"

2.6.1 Dielectric constant as constitutive property:

It 1s general observation that non-polar substances like benzene, carbon-

tetr_achloric!e, _cycl_ohexa.ne and hexane have low values of dielectric constants,
while the liquids like acetone, water, alcohol and nitrobenzene have high values of

diclectric constants. It means that dielectric constant depends upon the structure of

the substances. For this reason, it is a constitutive property.

2.6.2 Measurement of dielectric constant:: = . -

Diclectric constant of substance is determined by the measurcment of
capacitance. The material whose dielectric constant is required is placed between
the two plates of a capacitor and its capacitance 1s determined. It 1s denoted by C.

~ Similarly, ‘C’ is determined, when there is vacuum between the plates of

condenser.

- Cmed
ST C

MoStly in place of v_acuum; we take standard référénce liquid say benzene,

vac

S0,

<

e

, G o
e, = Dielectric constant of the required liquid.

-
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€, = Dielectric constant of the standard liquid benz§3ﬁ§.

C,= Capacitance of required liquid.
C,= Capacitance of the standard liquid.

The value of the € can help us to estimate the polarity of a compound ang
50, we can calculate the dipole moment of a compound from it.

2.7.0 DIPOLE MOMENT

2.7.1 Introduction:

Those molecules in which the electron pair making the bonds are not

equally shared are responsible for creating the dipole. Tl}is is due £ diﬁ'erer_xce of
-~ electronegativity between two atoms! Dipole moment ‘18 the property which s

associated with such type of molecules.

Definition:

Dipole mar;zenr is the product of electrical charge and the distance
between the two charges. |

. Mathematically,
H = dxe
d = Distance between two charges

— € = Charge on any one of the poles.

p = Dipole moment.

W"‘ | 'Dipole moment is a vector quantity, so it is teprcsented by an arrow; This
- W arrow shows the direction from positive to the negative charge. The magnitude of
j/' ge dipole moment is indicated by the length of arrow, as shown in the following

_ AN ._
\')U _. Dipole-moment can help us to have the quantitative measurement of the
P e e ™™™ e —n

extent to which a molecule is polar, It als -
- 0 hel
configuration of the substance. , ps to know _the molecular

i
|
i
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9.7.2 Units of dlpole Moment: -

¢

y - | | .
l
l
l
i

. the ‘units, _ B®;
ich has 100% consider hypothetical molecule A *
s HoniGibond) In that casc ‘A’ 13;'; full positive and B’ has full -

2
A lA°

B

l
[
1 Suppose that the bond distance s | A
" Slnce H = dxe
d = 1A = 10" em (in C.G.S. system)
¢ = 48x10710¢ 4 (in C.G.S. system)
k= 107%cm x 4.8 x 107'°ES.U. =48 x 1078 cme. s. u.
1078 cmg, 5. u. = | Debye = 1D |
Hence, o = 48D
So, Debyg 1s the unit of dipole moment in C. G. S. system.

In SI system, the distanceis taken in meters and charge in coulomb. |
d = 1A" = 10" m (in SI units) |
¢ = 1.602x 10" ¢ (in SI units) _

B = 107%mi x 1,602 x 1071 C = 1.602 x 10 mC ¢
ﬁ = 16.02x 1039 mC B |

In SI system the unit of dipole moment is mc, Anyhow the absolute

T T R — I I T S m— o o g - podiee. i R R -

values of both dipole moments are same for the same molecule A (Wthh iS
thought to be 100% ionic). _ 1
" Hence, 48D = 16.02 x10°° mC | . |
. ID'= 3.338x10°mC S S b\(‘“f
With the help of this relationship, we can interconvert two types of units of \j‘» W

dipole moment. VAV
273 Dipole moments of molecules: N

Diatomic molecules. ‘ I ' ' }* F \4‘ QL

The homonuclear diatomic molecules like H2 F., Clz, Br,, L, 02, Njetc.””
have zero dipole moments, because there is no charge separation. Hetcronuclear

diatomic molecules like HF, HCI, HBr, HI and CQ have dipole moments. These

Values ‘depend ‘upon' their bond lengths and electronegativity differences between :
the bonded atoms. The table (l 1) shows the values of dlpole moments for such |

' m0]ecules
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Following compounds have zero dipole moments:




i

r
F

Polyatomic molecules:

[n a polyatomic molecyles every two bonded atoms have -thpir dipolc
moments. This 1s called bond moment. Molecule of H,O has two bond moments

wh_ile that of NH3 has three and CH : has four. Thc nct di'polcpmomcnt of a

Consider triatomic molecules 'AR ', having bond angle'®'. Let 'u,p' is the
value of each bond moment Fig. (17). Then the dipolc moment of the molccule
will be _ ' | |

= 0
i "_2PABcos-2- ...... (1)

_?_2:. _
AL ;
Fig. (17) Net dipole moment of a triatr;;mié molecule.

Greater the value of angle 0, between two bond moments, lesser the valuc

of cos g and lesser the net dipole moment.

If we have a general molecule ABC, with two bonds as AB and AC and |
their bond moments are p; and p,. Then dipole moment of the molccule will be,

n = p15:p22+2p1u2 cosb6 e (2)

This equation (2) is very useful 1n the sense that, if we know the value of

angle ‘0’ between the bonds and the experimental dipole moment ‘p’, then we can
calculate the bond moments p, and p,. Anyhow, the samc method can be used for

calculating the angle ‘0’ between the bonds.

2.7.4 Polarization of molecules:

The molecules are made up of positively charged nuclei and negatively
¢ center of the positive charge coincides with the

charged electronic cloud. SN AR VUL E Ve DRGNS,
center of the negative charge. When such a molecule 1s subjected to the action of

an electrical field as shown iri_ the following diagram (18), then polarization IS |

4 dcvelop'ed. ' 3 "
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Fig. (18) Polarization of a molecule by electric field
(a) original state (b) polarized state.

The electronic cloud is disturbed. Electrons are attracted b){ the positive -

plate of the condenser and positively charged portion of a molecules is attracted by
negative plate JThis is a electrical distortion -and is called induced polarization.
When the eléctrical field is removed, the induced polarization disappears and a

symmetrical distribution is restored.

2.7.5 Induced dipole moment:

The degree of induced polarization depends upon the strength of electric
field and the nature of the molecule. :This thing is ‘independent of temperature.

Hence,
e ‘ B=ocxX e 3)
W= Ind_uced dipole moment
oc = Polarizfability of the molecule

X = Strength of electrical field.

2.7.6 Orientation polarization:

If the molecule is polar, like HCl, HBr, HI, then temporary moment is
induced i them and the polar molecules also tend to become orientated parallel to
one another, as shown in the following diagram (19). |
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No orientation in
the absence of field

Orientation sets in
the presence of field

Fig. (19) Orientation of polar molecules in electrical field.

Anyhow, due to thermal 1 itation and possession of kinetic energy, the

W to get the proper orientation. This is called onentatlon
polarization and it is temperature dependent. Orientation polarization will decrease

mcase of temperature.' The temperature affects the behaviour of the Yad
Wd Is used to make a distinction between the polar and

non-polar substances. o /r/
2.7.7 Mathematical treatment of total polarization: 2\ M}rw -

If the molecule is non-polar like H,, Cl,, Br, etc., then only induced (J'{
PWI of all and then orientation is developed In the case of

molecules having permanent dipoles, there is orientation polarization first of all rFa
and then induced polarization. — r U‘

It means that the total polarization is definitely present In every type of

molecule. . | uf '1‘5@? M/‘

P=P+P, .. (4)

m

P_= Total molar polarization - ‘ w
| Pi = Induced polarization | C %K ' /
P, = Qrientaﬁon polarization -

. - The total polarization is related to dielectric constant of the medium, molar
mass of the substance and the density of the substance by the following equation.

- e-1(M) *
| Pm= e+2(d) R T R ®)
This equation (5) 1s  called Clausius-Mossottii equation. Combining
equation (4) and (5) -

pen-SSi(M)
Pm_Pi+Po"E+2_' 1 (6)

[
- —— 5 S G . Sy, i B S . Vi . = ao SN — i
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| According to equation (6), the sum of induced and orientation polarization
can be calculated from the dielectric constant of the substance, molar mass and

densify of the substance. T

2.7.8 Formulas of induced and orientation polarizations: .
Debye has given the following expression for P. and P .

g"nNAd ...... (7)

P.

N, p
477A e (8)
9 kT

PO
N,= Avogadro’s number

il

o] Polarizationality of the substance
L = Dipole moment
k = Boltzmann constant

T = Temperature
("—% The orien

tation polarization is inverscly proportional to temperature and

directly proportional to the square of the dipole’ moment. Clausius-Mossottii
equation can be written as, -

2
_(e-DM 4 4T p
Pm_(e+2)d_3nNAaf9 KT - @i (9)

2.7.9 Relationship of refractive index:

According to Maxwell's clectromagnetic theory of light € = n®, where ‘n’
is the refractive index of the substance. |

Anyhow, the Maxwell’s relation is only valid, when

(1)) the substance has no permanent dipole

(11)' longer wavelength is used for the radiations

(1) refractive index is not measured in the regions of wavelength where
the radiation is absorbed. " T

- We know that the molar refraction has the following expression.

R o @-DM '

m  (n?+2)d

Hence, P. = R = @-DM _ 4

It means that according to Maxwell's relation,
R =P =P
m m 1
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The value of R, is measured from the refractivc index of the liquid and

solid and expression for tota] molar polarization is

f;alculated, 1f we know the diclectric constant. molar mass, density and refractive
index of the substance. |

EXAMPLE (8)

The refractive index of benzene at 25°C for light of wavelength 600 nm
is 1.498. The density of benzene is 0.874 x 10° kg m_>. Calculate the molar

polarization (p,,) and polarizability (o) of benzene.
M= 78.1 x107 kg mol™

SOLUTION:
Data:
The molar mass of benzene is 78.1 x 10 kg.mol™

n = 1498,d = 0874 x 10°kegm,
Since, .
2
_n-1 M
Rl = 757 X d

Putting values,

Ro_ (L4981 78.1x10° kg mol”
(1498 +2 ™ 0.874 x 10° kg >

224-1(78.1x107) |, o
224+2 (0874 x 107) ™ mO

124 781x10° , |
Rm = Pn= 7724 X 0874 x 10° ™ mol

06.844 x 10™

- e e O 3 -1
R = Pu= 3705 x 107 ™ ™
Rn = Pn= 26.1x 10° m’ mol™
Since, -
4
Pm = 3" T:ENA(I

3P,
SO’ @ = 4TIINA

Putting values,

3 Pm 3 x 26.1 x 1076 m3 mol']
% 7 47Na 4x3.143 X 6.02 x 10% mol™

10.038 x 10~ m’| Ans.
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EXAMPLE (9) -

: A known hydrocarbon has refractive index of 1.427 and density is 778 4
kg m™. Calculate its molar polarization and polarizability. The molar mass of

- cyclohexane is 84.16 g mol ™.

SOLUTION:
Data: |
n = 1427
d = 7784kgm™
M= 8416gmol” = 84.16 x 10~ kg mol™
a = 7 |
Since
‘ n“-1\M
3 ' Pm= Rm= (n2+2) 'Ef'

Putting values

(1427 -1  84.16 x 10~ kg mol”
f = (1.427)* +2 X 778.4kgm™

pom AO6-L (BAIEXIDT

mT 2036+2 " 778.4

S 1.036 (84.16 x 107\ 5 .

m= 4036 ~ 778.4 ol -
87.189

x 107 = 0.02775 10~

Pn= 3141.62

P.= |2775x10°m’ mol™ |  Ans.

The formula for polarizability and Py, is as follows,

" Pn= ‘g—n Naa
. 3P, .
o %7 4N, o ST NG
Putting the values, e
o = 3Pm__ _3x2775x 10" m’ mol’

- 4m N, 4 x 3.143 x 6.023 x 10% mol™

a = [1.099x 10 m’| Ans.

~ 2.7.10 Measurement of dipole moment:

There are two methods for the measurement of dipole moment.
(1) Vapour temperature method
(11) ‘ Refraction method




r
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(i) Vapour Temperature Method:

- The substance whose dipole moment is requ
vapour state. In the gaseous or vapour state, the molecu
other. They do not induce electrical fields in the neighboring mo
and ‘y’, remain constant during the measurements.

Temperature of the vapours of the substance is changed and total molar

- o a5 awm ] . p !
polarization 'P " 1s measured. A graph is plotted between T on x-axis and 'P_" on

y-axis. According to the following equation,

AN VI 4 1 Nap’ 1) 4
N —_ —_ - — —aN,O *°° (9)
Pm 0 kT _-FBRNAG' = 0 k (T +37t A .

The graph should be straight line with positive slope. The value of the
slope of a straight line should correspond to
4 TN, i’

Slope = 9 T

ired is converted into the
les are far apart from each
lecules. So, ‘@

an N, . The graph is as under Fig. (20)

and intercept of the straight line should be 3

Y

Pm

Intercept = 4/3 TNa

X . X
0 | 1 - |

Y’ T. i

| Fig. (20) Graph of % vs P, to measure dipole moment by

vapour-temperature method.

4 TN, W
810pe = 6 k

T slope
So, pu’= 9k'£t{1:*

/ Ok - —
or n = 4N, \}slope-
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Putting the values of constants like k, 7, N 5, alongwith the units,
uw = 0.0128 x 107" cme.s.u A/slope

Since, 10 cm.esu = 1D |
So, u = 0.0128D/slope N (12)

This is the final equation for all the substances whose slopes can b

measured and dipole moments can be calculated. |
The graphical explanation of some of the substances are shown in the

following diagram (21).

0 0001 0002 0003 0004
-1
1K)
Fig. (21). Variation of molar polarization with temperature.
The non-polar substances like CH, and CCl, have zero slopes, so zero

dipole moments. Greater the dipole moment of the substance, greater the slope of
the line. ' |

(11) Refraction Method:
In this method, total molar polarization 'P_' 1s calculatcd from measuring

the dielectric constant of the vapours at any known temperature *T’. The value of
the ‘P’ is obtained from the refractive index measurements using infrared

radiation. For this purpose, following equation (10) is used.

_ 4 _@-DH(M
P, = 3nN,a= (“2"'2)(‘,1) )
L _ie_“_l_l(_M_)
Now, P_ Pi+Po_(e+2) 3
8.1 /Y
o 9 kT
. 4“NAP-2. _-
Pm— Pi+9 T
2 _ ” OkT | %
Sl Ul ) b N, T R — (13)

Putting the value of constants as k, & and N i in equation (13)

p.=0.0128'\/(Pm—Pi)T D' oin e (14)
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2.7.11 Applications of dipole moment measurements:

| D ipolf: moment is onc of the excellent constitutive property for liquids and
‘solids. A fcw important applications arc mentioned.

(1) Comparison of relative polarities: ,
The greater the clectronegativity difference between two bonded atoms,

greater the polarities and greater the values of dipole moments. The p-values

decrease from HCI to HI for halogen acids, because their polarties go on
decreasing down the group.

()  Percentage of ionic character: |

- polar covalent compounds are not 100 %.covalent. They have certain
7o age of ionic character in them. This can be calculated by the following formula.

Yoage ionic character = obscrved dipole MOMEM_ x 100

diple moment of 100% ionic bond
The dipole moment of '100% ionic character is calculatcd from the actual
bond length and the charge of clcctron or proton. '
(iii)  Shape of molecules:

~ Dipole moment is vector quantity. Every bond in a compound has almost a
constant valuc of bond moment. The net values of the bond moments gIve us
information about the shapes of the molecules. |

(a) Triatomic molecules:
Linear triatomic molecules like CO, and CS, have zero dipole moments

because their bond moments cancel the effect of each other.

0=0=0 §=¢=§
< +—> <+

p=0 b=

-

Triatomic non-lincar molccules like H,O0, H,S and SO, ctc. have net’

dipole moments as shown by thc following diagram. They are bent molecules and

arc V-shaped.
: ¢ ' i - | |
. 8 ) Y g - 5 g 5
RN AN 0710
~ net u=1.85D net u=1.1D net n=161D

(b)  Tetratomic molecules: A
The molecules like BF,, AlF, etc. arc planar triangular and have zero p

values. Anyhow, the compounds like NH,, I:IFT ﬁCl3, ‘§F3 etc. have net dipole
moments as shown in the following diagram. They are pyramidal in shape.

1\ ‘N

O . | 5" 5t
Fo o+ 5 P
N0 0 + N o+ S| N -
/B_'F‘ ' ﬁ%}?lg*‘ﬁ - Cls/f l\CP .
- bF 53 Cl

=0 Sl net p=1.47D netpu=0.75D
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(c) Pentatomic molecules:

Pentatomic molecules having symmetrical structure like CH,, SlH4, CC1
etc. have net dipole moments zero, because they are perfectly tetrahedm
molecules as shown below. Anyhow, if one of the atoms attached with the centrq)
atom is substituted then the dipole moment is developed and its value dependg

upon the nature and size of group.

t‘i’s ot

CO +
Ha*"il Hﬁ | H/i ;*II
| | s | H
net u=0 D ~ netp=178D

(iv) Comparison of cis and trans-geometrical isomers:

Due to restricted rotation of the double bond or cyclic structure of a

compound geometrical 1somers are developed. In case of cis isomer, there is a
certain value of dlpole moment but the bond moments cancel the effect of each

other in trans-1somer.

Following diagram makes the idea clear.

- ]u net |.|. P
™, /z g ol {/5
/ \ 5 /X \
netu*‘m netp—ﬂD
(v) Comparison of 0, m, p-isomers:

The dipole moment of benzene is zero, because it is regular hexagonal
symmetrical molecule. The bond moments cancel the effect of each other and they

are directed towards the center as shown 1n the following diagram.

-

Cl

e

d-

Cl

H=250D u-1.72D w=0D

In the case of disubstituted p-derivative the net n is zero in many cares.

But it is non zero in the case of o-and m-derivatives. Anyhow the net d1P°1°
moment of o-dcnvatlves should be grcater ﬂ'la.’(l those of m-1somers.
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2.8.0 MAGNETIC PROPERTIES

2.8.1 Introduction:

| It i1s a common observation that some of the substances fecl interaction
with the magnetic field i.e., they are attracted or repelled by the magnetic ficld.

We ha}fe to look at the reasons for these properties and the measurcment of
magnetic susceptibility. |

2.8.2 Magnetic permeability:

“Magnetic permeability is the tendency of magnetic lines of forces 0 pass
through the medium as compared to that in the vacuum.” To havc an

understanding of this factor, consider two magnetic poles of strength s, and s,

which are separated by distance ‘R’. Then the force acting between them is given
by the following formula. '

"The parameter ‘a’ is the magnetic permeability of the medium between
the two poles s, and s, " There are three situations.

(1) a=1 for vacuum or air.
(1) a <1 for diamagnetic substances.
(1) a > 1 for paramagnetic substances.

2 2.8.3 Diamagnetic substances:

"When the magnetic lines of forces prefer to pass through the vacuum
rather than through the substance comprising the medium then the medium is

diamagnetic.” Permeability. ‘a’ is less than unity in this casc. Following diagram
(28) makes the idea clear. -

2.8.4 Paramagnetic substances:

"When the magnetic lines of forces have greater tendency to pass through
the substance - rather than through the vacuum, then that substance is
paramagnetic in nature.” It means that magnetic lines of forces are attracted

towards the substances Fig. (22).
2.8.5 Ferromagnetic substances:

"Those substances which are paramagnetic in nature but their ‘a’ value is

/

very high i.e. in the range of 1 (P, then the substance is called ferromagnetic.’ .

Following diagram (22_) makes the 1dea clear._ |

8 B

Diamagnetic Paramagnetic - Ferromagnetic
substance ~ substance substance
Fig. (22). Magnetic properties of substances.

[ P ———— ae——— e WS e s -
~ . - p— - r— - — —y e .
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2.8.6 Magnetic induction:

When material is placed in the magnetic ficld then the st.rength of the
magnetic ficld in the material is diffcrent from that in vacuum. "ThI§ Strfngth of
magnetic field present in the material is called magnetic induction.” Let s
represented it by B. A relationship between strength of the applied magnetic ficlq
‘H’ and the magnetic induction ‘B’ is as follow, '

B =H + 4=l L e (1)
[ = Magnetic moment per unit volume or intensity of magnetization.

‘I’ may be positive or negative. I is positive for paramagnetic substances
and negative for diamagnetic substances.

2.8.7 Specific magnetic susceptibility:

"It is the ratio of intensity of magnetization ‘I’ and the applied magnetic
3 field strength ‘H’". In other words, we can say that it is the intensity of
magnetization produced per unit strength of applied magnetic field. It mostly

denoted by % (chi) |

X E—PI-I- | C ieeres (2)

If we want to study the magnetic properties of diffcrent materials, then y is
measured experimentally. |

" Units of Measurement

1 Mag. moment/ vol.
H Mag. field

Bohr Magneton
cm? ocrsted

X =

= BM. cm? os™

2.8.8 Molar magnetic susceptibility:

R . M T
If we multiply T with molar volume i.e. q4 of the material then we get the

ﬂ magnetic susceptibility per mole. This is also called molar magnetic susceptibility.
It 1s denoted by . |

_ 1 M
m~ H* ¢
Definition: e

"Molar magnetic susceptibility Xm is the intensity of magnetization induced

per nfole of material per unit field strength.” Remember that ‘I’ may be positive Of |
ncgativc. | Son '

Wec also know that magnctic induction ‘B’ is related with the strength of

applicd magnetic ficld “H’, according to the following equation.

B = aH o | - S . ,
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" Accotdime i —™ ™ @ X X
Accofding to €quation (2)
[ = yH A (5)
Let us put these values of ‘B’ and ‘I’ in equation (1).
aH = H+4nyH

a = l+4ny (6)

It means that according to equation (6) the magnetic pcrmcability (o) 1s

related with specific magnetic susceptibility 'x' and it clears the 1dca about the
nature of a. '

"X’ may be positivc or negative depending upon the nature of 'I'. It means

that ‘o’ may be greater or lesser than unity. When ‘¢’ is zero then ‘a’ is unity
which 1s true for vacuum. | |

the best methods. An clectromagnetic is arranged as shown in thc following
diagram (23). The substance whose susceptibility 1s to be measured is taken in the
tube “T". This tube is suspended vertically with a wire from one arm of the balancc
between two poles of an clectromagnetic. The lower end of this tube should be in

. the muddle of the pole. Weights arc put in the pans of the balancc to adjust thc o l
| position of substance in the tube.

-1 / /\ Pivot

Su.bstancé . Pan
under study |

Weights

P N

Wire
Fig. (23). Gauy 's method for: measurement of magnetic susceptibility.
Current is switched on into the electromagnetic. The tube is pulled down,
when the substance is paramagnetic. So, some extra weights have to be added in
the pan. If the substances in the tube is diamagnetic, then the tube is pushed

upward, so, some weights have to be removed from the pan to maintain the -
original position of the balance. ' '

Mathematical treatment:

Actually the change in the weight is equal to the magnetic fo_rcé, acting on

the material. Let the change in mass 1s Am and its weight is Amg. This weight
depends upon the magnetic susceptibility, ‘magnetic ficld strength and arca of the
contact of the specimen ‘A°. ok P NP

Amg = %(x-x;.) AH* won e n g, (7)
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X, 1s volume susceptibility of air and its value is 0.03 X 107°. Using ¢,

4

equation (7) “x’ can be calculated.

We can eliminate the factor ‘A’ and ‘H’ from the equation (7) by

performing the experiment twice. The first experiment 1S performed with g,
substance of known susceptibility using the same magnetic field and the cylinde,

Mostly water is taken as reference standard. ‘
substances with same ‘A’, ‘H’ and ‘g’ values and di
oet tne following expression. ' *

Am XK e (8)
Am_ Ay~ Xa

Where ‘Am_* and ‘x,,’ are the parameters for water as reference standarq

‘x,” is for the air having the value 0.03 x 1075, So, if we know ‘Am’ for the

substance under examination, the “x’ can be calculated.
~ 2.8.10 Magnetic susceptibility and molecular structure:

Molar magnetic susceptibility ‘X" 18 both an additive and constitutive
property. The values of the atoms and groups of atoms can be calculatced from the
experimentally measured “x _” values. '

These values may be for double bonds, triple bonds and rings as shown In

the following table (11).

Table (11). Atomic and structural susceptibilities of some
important atomic and structural units:

‘Magnetic

Magneﬁc gt |
Atoms susceptibilities | Fuctr susceptibilities
< 10~ ' factors . .
x 10
c
O (R-OH and R-OR)
O (RCOR)

O (RCOOR, RCOOH)
N (open chains) .
N (rings)

N (amines)

0 .

Cl

B
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offipound i proposed. Its theoretical m_agnctic
from the aboye table and compared with the

Its experimental and theoretical “f ’ is =70.3 x 107 So, the
'. | p;oposed structure is correct. |
2.8.11 Measurement of magnetic moment:

\
' :
, Tl}e mla gléetlc property Qf_a substance is due to the behaviour of each atom, - .
jon or mo‘ccu’e because these microscopic particles behave like a micromagnet, n{

with dﬁﬁﬂjte inherent magnetic moment. of value w,. When such a substance is
placed 1n the external magnetic field, then the micromagnet tend to arrange 1 '
|

themselves parallel to the applied field.

| Since, the molecule of a substance have the thermal motions, so the proper
alignment 1s not possible. The actual arrangement taken up will depend upon the

g

' . ‘ hl
emperature. In 1905, Langevin gave the following relationship between molar g
magnetic S'J_SCePtlbllltys magnetic moment and temperature. g
el ._ . szNA % i
X, = ZX 3T e (9) 5
N, = Avogadro’s number | | }
k = Boltzmann constant = s -'l‘;f
N, | il
Z = Proportionality constant which depends upon nature of : ; '
- substance. ' i

-

b = Magnetic moment o

e Ko = Molar magn_eﬁc susceptibility.
Elquation (%) 1s the equation of a straight line. If a graph is plotted
etween™L ‘

T ©n x-axis and x_ on y-axis then a straight line is obtained with positive

. ¥
--.'-#.‘J:i,__‘_ﬂ“-.r|m T o ——— - [ = il g
— RS, & =

= - o — =
- — - = =
. =
"

. T M
T .
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slopc as shown in the following diagram. The

“31 N,

3K

slope of the straight linc g

Z x Fig (24). Hence, ‘n_’can be calculatcd.

uEN,
Tan 0 =7 3k - blﬁpe '
0
X Al - X
i @ “ -1_ BN
T .

Y |
Fig. (24). Calculation of magnetic moment [y, by graphical method.

5 8.12 Relationship of magnetic moment and number of unpaired

electron: . g TN
The total magnetic moment of an atom, lon or a molecule 1s the sum of

magnctic moment due to spin motions.

Magnctic moment due to orbital motion = \/t ¢+1)BM. - (10)

Magnctic moment due to spin motion = = '\fs(s + 1) B:M. i (11)

¢ is the azimuthal or orbital quantum number and ‘s’ 1s the spin quantum
' 1

number having value 7 Now, lct us cqnsider an ion or a molg:gule instead of free

atom. In such situations the orbital motion of electrons are tied into nuclear
configuration of the molecules. The electrons due to this reason are unaffected by
the applied magnetic field. So, the magnetic moment. contribution ;due to orbital
motion is negligible. It means that the magnetic moment of the molecule or the ion
- is mainly due to spin motion of the electron. "

Hence, T 2\’5(5 + 1) B.M.

. | ‘s’ = Quantum number for one unpaired electron.
- A molecule or ion has many unpaired electrons. So, the expression can be

written as, , _ .
Cu= NSGHED) e (1)
s’ represcnts the total spin quantum number. For one unpaired electron s =3
for two clectrons, s = 5 for three electrons s = 5 and for ‘n’ electrons s = % _
2 n(n | el 4OV e T
l"’m_ 2 _2 2+1 - ' " awsass (13)

Tu= AR@EDBMa T
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Thus if we know the number of unpaired clectrons, the value of p_ can be
calculated.

2.8.13 Applications of magnetic susceptibility measurement:
. Important applications of magnetic susceptibility measurement are as
ollows.

1. Conformation of structyre of molecules:
We have mentioned in detail that ‘X~ is additive and constitutive property

both. If we compare the experimental and theoretical “x_° values then we can

verify the structure of the substances

2. Calculation of number of unpaired electrons: _
We can determine X, in the laboratory and so the number of unpaired

electrons can be calculated by doing the following substitution.

2
N
Since, X' = Zx “3";(TA
By taking ‘p_, constant and putting the value of pzm, we get
ZN, _
Xn= FT RO+ e (15)

Equation (15) can give us the value of ‘n’ which 1s number of unpaired
electrons. The X value of oxygen is found to be — 4.62 x 1076, which can give us

the value of 'n' as two. If means that oxygen is paramagnetic and it has two
unpaired electrons.
3. Magnetic property of co-ordination complexes:

Measurement of “x_’ can give us information about number of unpaired

electrons in complexes. |
[Fc(F)s]'3 has five unpaired electron because F © is weak field ligand,

while [Fe(CN),]™ has only one unpaired electron because CN® is a strong field

ligand.

4, Odd electron molecule:
There are certain compounds which have odd number of electrons and so

they are expected to be paramagnetic in nature. These gaseous substances are NO,

- NO, and CIO,. Therr magnetic susceptibility values tell us that they have one

unpaired electron each. |
S. Verification of formulas of certain compounds:

H,PO, is called hypophosphoric acid. It always exists in the form of dimer

" ie., H,P,0.. Their salts show the formulas as Na,H,P,O, and Ag,P,O. Their salts

4" 276"
do not have the formulas as NaHPO, and Ag,PO,. The sodium and silver salts of

this acid are diamagnetic but not paramagnetic. Actually NaHPO, and Ag,PO,

should have odd number of electrons and should have been paramagnetic.
Similarly, it is established that the chloride of Hg is Hg,Cl, and not HgCl.
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