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volliatona, they atter o chingps 1 e divectiony and s changs heir velocitice The i for
Wl e e imleeiles aie i contiet i i e af collision 15 calfed COMPIEESIon tims,

BN e gl o Qe e feuency of the collisions and the fron path in btyrn
(hecollintons, ao fivat of all v ghould ko it the nature of the collisions.

The colhiatons aie of ee [yiet :
(1) Crnrdng collislon or glancing collision

"I these collisions, the maleonley e moving just parallel to each other, with the

W Veloctiy () amd thetr outer hinmdarios tonoh each other,” The following diagram shows
e grazing collisions Vig (2) (a)

Il (2) (@) Cirazing colliston (relative velueity Z),
() Hend on collision:
"When two moleculey approach each other on a straight line, then they collide head 1o
head and the colliston 1y head on." ‘The appronching moleeules retrace the straight linc path in the

wverse direction. Tho relative speed becomes 2¢. Following diagram 2(b) shows the head on
collision '

I'lg. (2) (b) Head on collision (relative velocity 2¢).
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(m)  Right angled collision: |

o , : ir approaching ling
When two molecules approach each other and their apy 8 line

»

e YDpr,
? M /(> AT ' . ly 3
Wt each other. Then the collision is right angled. The rclative speed g \ﬁc ' by I,
Q] I)-
dixgram 2(¢) shows this collision ‘ W

1g. ) (¢) Right-angled collision (relative velocily \fE’E/
Elastic collision:

During the collisions there happens a change in the dircction of th
<Cr2y remains the same. The collisions in which there is no net loss or gain
clastic collisions.

C motion by, to
of energy are call,

1.3.1 Collision diameter:

In order to do the collision, the moloculcs approach cach other. At the time of contact
L outer boundaries, there is a limit beyond which they cannot come close to each other. Th;s i

called the distance of closcst approach. "The closest distance between the centers of 1,

molecules faking place auring collision is called collision diameter.” Collision diameter
represented by o. Fig. (3).

Iig. (3) Collision diamelter

of two colliding molecules
1.3.2 Collision frequency (Z)):

"If we follow g single molecule in one cm?
J J )
many collisions gre being faced by this molecule in o

of that molecule.” It is denoted by Z,. Its value shoyld depend upon the velocity of gas molcculcs, ,?
- —— i : : §
$1zcs of molecules and closeness of the molecules in the vesscl.

1.3.3 Mean free path (2): ; ' |

When 2 molecule travel
the vessel. Anyhow, al] the free

of the gas, and vant lo observe that, how.
ne second, then it will be collision Sfrequency

.

s and collides with varioys molecules, then it travels free Paﬂf :}
paths of the molccules are not cqual. So, if we take the average

8
%
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all these free paths, then we get the mean free path. "Hence, mean free path is averdage distance
covered by a molecule between two successive collisions.” It is denoted by '\,

Mathematically, A" is related to the mean distance travelled by the molecule i one
second and its number of collisions per sccond.

- . Dr. Rizwan Nasir Paracha
| p = —An velocity of molecule I.Ph!llﬂA;J)‘;'Ph.D(Auckllnﬂ
IS] istant Professor
‘ collision fi requency S:;:dmonl of Chamistry
| University of Sargodha
c ' : SARGODHA
N ==

A R TR R R oot (1)
k374 Collision number (Z,):

"It is the number of collisions happening in all the molecules in | em?® of the gas in onc
second." It 1s denoted by 'Z, ', Mathematically, we can say that,
nZ,
Zy= =& R TRRT (2)
'wZ/, is divided by 2, so that cach collision may not be counted twice.

1.3.5 Derivation for the expression of collision frequency (Zy):

Consider a molecule ‘A’ which is travelling in the center of imaginary cylinder from left
o the right. This imaginary cylinder is supposed to be present in the vessel of a gas. Diameter of
this cylinder is '2¢". The diameter of the molecule itsclf is 's". It means that two molccules can
travel in this imaginary cylinder simultancously. The average velocity pf the molecule travelling

in the centre of the cylinder is ' ms™. If the length of the imaginary cylinder is supposed to be 'S

'meters, then it means that the molecule ‘A’ will approach the other end of the cylinder in one
sccond. Following diagram (4) makes the idea clear. '

(8)
(o}
(B} -
Iig. (4) Imaginary cylinder has many molecules and
one molecule (4) is travelling in the centre of the cylinder.

There are many molecules present in this imaginary  cylinder. The catcgories of
molccules arc ‘B’, ‘C’, ‘D’ and ‘E’. The molccule ‘A’ can collidc.:'with ‘B’ type molecules doing
head-on collisions, with ‘C’ type, right-angled collisions with ‘D’ grazing collisions and there
will be no collision with molecules of the type ‘E’. Keep it in mind, that there arc many
molecules of cach category in this cylinder,

_ Now, the question arises, that how many collisions this molccule ‘A’ will facc: while
moving from onc cnd of the cylinder to the other end.

Its" answer is that number of collisions dc

- pend upon the number of molecules in this
llllllglnary cylindcr ; .

S/ 1A L s
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. scules? It 1s very casy.
How to count the number of molecules? It is very casy

N e : - N 2] f — 0’_
Let the radius of imaginary cylinder is :
“thie ; ~vli e = No
Basc arca of this imaginary cylindcr
y | ' ) P—1 -C_
Length of the (’:y’lmdcr In meters
et BVIRIST JAX ,
‘“'l'l'»'; \ 1 v ! 4"”.' e , N X - nc’ C
Volume of the imaginary ¢y lmdur. 3
. L¥the nuitiber 9f molecules inonc cm® = n
= no¥n

ARG S D 1 £ ) .
Numbcr of molecules in imaginary cylinder (
. ¢ ’ . . .

So, the number of collisions which the molecule ‘A WIH experience one ¢

_ 2= .
should be = mao“cnh,. N

Be carcful, that the number of right-angled collision is much greater thyy, oy
collisions and hcad-on collisions. So, the exact number of such collisions should be \/Emza i
We have multiplicd with '\/5', becausc the relative speed of two molccules approgg
cach other to do right-angled collision, is '\/5‘6‘, and not 'c’. It mcans that Considcring the i
angled collisions, the length of the imaginary cylinder is proposcd to be ' \/EE P
Hencee, Zl = \/Encz cn H IR 5 (3)
This is the collision frequency of the molccule.
1.3.6  Formula of mean free path (1):

As we have previously explained that mean free path is the ratio of T and;

e
A | = ZI , B o v, : (4)
Putting value of Z, from equation (3) into equation 4)

-l
, \ﬁnczE n
A= ;cm collision™ | ‘ ‘
\/Encz n O (5)

1.3.7 Formuly of collision Number (Z")'

"Collisi '
~OHIsion numpey ;o the Numbpe

econd in | op? of the ggg of collisions 'hGPPemﬂg in all the molecules in ”rf:f‘i

e ]
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P

we know that number of collisions of a single molccule, called the collision frequency 19
¢ multiply ‘Z;” with ‘n” and divided with 2, then we get the total number of colligions n

7. If w
! : 3
d in onc cm”.

onc sceon

Zy = 73

We have divided it with two, because cach collision involves two molecules and collision
ot the property of a single molccule. The division with (wo, is to be done so that cach colhigion

is N ‘
may not be countcd twice.
n-o2 7
no? € n?

Z, = \/E """ (0)
According to the cquation (6), the collision number depends upon the collision diameler,

pumber of collisions em™ and the average velocity ‘¢,

The cxpression for average velocity is

__ . [T
© - ™
It means -that, average velocity depends upon the temperature and the molar mass.
Indircetly, we can say that the collision number Z,, 1S, ‘
(1) dircctly proportional to square root of temperature.
(11) inverscly proportional to squarc root of molar mass.
(i) dircctly proportional to squarc of collision diameter.
(iv)  dircctly proportional to square of number of molecules per unit volume.
EXAMPLE (4)

Oxygen s maintained at 1 atm. pressure and 25°C. Calculate:
(i) Number of collisions s molecule ', (ii) Number of collisions s ' 'm? The collision
diameter of oxygen molecule is 3.60 x 10" m. :

SOLUTION:

First of all we calculate average velocity, ©
Data:

1]

Molar mass of O; 32 x 107 kg mol™
Temperature = 25C°+273= 298K
8.3143 JK™' mol™

it §RT ¢ . . g
. = ™M 5 s

=
1
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N
By putting values i e ———a '

~ §x 8314 JK ' nml '/)‘MV.‘
- 314 20032 kg mol !

444 % 10" mg '

c t—
Number of molecules = Number of moles # Avopadro's number
N PV N, s Py
= nxNy = 5= %N,y |Since n = o
M 1T
3
V= ldm

Putting valucs

(1 atm) (6.022 » 10 mol 'y 3
(0.0821 atm K™ mol™) 295 K
= 246x 105 3

Number molecules

0.246 » 10%

= 246 % 107 dm *
246 2 10 m? -

-

The collision f frequency is the number of collis;

ons per sccond.
Since ldm’ = 1073 8 )
W z. = f: o’ en
Z; .

1414 x 314 x (3.60 x 107 m°)
X (444 x 10° ms™) x (2.64 107

—_—
Z, = §6_?4x10’s"i Ans

10N number is the

m~)

number of collision per sceond per m?

~ = 0 .
PSS gases which obey the Bovie's law, Charloc- law 1 sal
3 b = Ay, s |
o les’s orgmcralgascqua:xonm d |
‘@ be wdeal. In order ¢ ' I — and
# CIECT 1o chieck the acality of 3 |
o B adeality of a gas we cap plota bﬁ\m n=t¥_zm |
the nreec - i RT :
MR RONUR Ol the oae e oOn~ mnl N 3 :
T S=S 10T 0N mle of gz2s_ In the s :k m |
parallal to obs . = . l
el W the ordssu aX} :
- .. f A
wuld b
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_E NG ldeal pas :3 \.— Uaf LTI VIOEIII0sGres it eTenen et Tdeal pas
2 Graphs at 17 °¢ “ Ciraphy at 100°C
(4] L4l
& 6
oL .
5 0 ERIPE X X © A
' P 0 R
\ Y
g y Yin oy » . >
Iig.. (5) Graphical explanation of effect of pressure and
)
lemperature on T , rv
compressibility factor 7 = 5
P v R

The graphs of the gases at 17°C, show morce deviations from idcal behaviour than at

100°C. Morcovcr, the extent of deviation of these gases arc more prominent at high pressures. We
Jraw the important conclusion from the above graphs. '

(1) The gascs arc comparatively ideal at high temperaturc and low pressurcs.

(11) The gascs become non-ideal at low temperature and high pressurces.
(.4.1 Causes for deviation from ideality:

Kinctic theory 1s the foundation stonc of all the gas laws and the general gas cquation.
There arc two faulty assumptions in the kinctic theory of gascs.
Let us recall these faulty assumptions and then try to find the remedy for them.

(1) Actual volume of gas molcculcs is ncgligible

as comparcd to the volume of the
vesscl. A

(11) There are no forces of attractions among the molecules of gascs.

Both thesc postulates arc correct, at low pressures and high temperatures and these
postulates become wrong at low temperatures and high pressures. ;

Actually, low temperature and high pressure become responsible for crcation of forces of
attractions and morcover, actual volume docs not remain negligible.

It 1s nccessary to account for the actual volume and mutual attractions of molccules. This
job was donc by Van der Waal. -

1.42 Van der Waal’s equation:

Van der Waal modified the gencral gas cquation and performed the corrections 1.C.,
volume correction and pressure correction. '

Volume correction:

Van der Waal thought that some of the volume of the vesscl is occupicd by the molecules
of the gas and that volume is not available for the frce movement of thc molccules. Actually, we
need the free volume of the gas and that is obtaincd when we subtract the volume of molecules
from the volume of the vesscl. ‘

V.. =V

[rce vessel molecule

'tV 'V Ve s 'b' » ; of a rcal gas.
Let V', 1s'V'and V' ecule 1S b' for onec molc o gt

vessel

So. V=V T AR T i (1)
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This "b" as called effective volume of gas molecutes Keep it i mind (hya I

Physlo g hmnlm
Y

ALY
actual volume of Ras molecules, but s roughly equal to 4 tmes their molar voliines I “,.! :‘:h!.
o mole of a gas, then h

b = -1\"“
V., = actual volume of gas molecules for one mole of the gax

Pres

arc forces of attraction, so the molecules can not hit the walls of the ves

™

SUre correction:

The pressure which 1s exerted on the walls of the vessel 18 due to collisions Sineq ), I

with which they should have been in the absence of attractive forces
It means that the pressure bomng observed on the walls of the vessel i a litle by |, W gy
the idcal pressurce

molccules arc C, and Cy. The foree of attraction between A

So,

number of moles dm ™

So,

P = p
rdeal lossenad

P\‘-‘“\"‘\\\i
The pressure which 1s being lessened 15 denoted by I

. ) g - ) - \ L
Let us say that Pteerved = Pand P, is denoted by |

SR N
£ = P’ -
a

The valuc of P! givei by Van der Waal 1s ‘\‘,‘5

]
V2

P =

selwith that g,

" '“'I (18

In order to estimate the value of P' which is lessened pressure, we proceed as follows.
Supposc we have two types of molecules A and B. Let the concentrations of A and B type

P" oC C,\Cu

and B is proportional to C, and €,

] n - o g - l‘ !
Now supposc that "n" i1s the number of moles of A and B scparately. Henee = s the
pp _ p y v

n n
P' « V-V
n’
P' o« Ve
' an’ . .
P’ = —V-j'- - ‘
where  a = constant of proportionality
If the number of moles of gas is unity, then n = |
. a
P - v2
Pressure of the ideal gas P, = P + P
a
So, p.= P+"\'/“2' e (2)
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a’ is the co-cfficient of attraction. In other words, it is attraction per unit volume st i 2
qstant for a particular rcal gas,
co

Introducing these corrections, the pencral a5 equation 15 modified,
a , e
(P+V§')(V—b) = RT

For ‘n’ molcs of a gas,
: 2
an
(P+37 )(V=nb) = nRT

‘2" and ‘b’ arc called Van der Waal's constants,
(4.3 Nature of Van der Waal’s constants: o N
These constants arc the quantitative measurement of non-ideality of the gascs. They are
ysually determined cxpenmentally by measuning the de
cuitable conditicns of temperature and pressuses |
molccular volume and mutual attractions predominate

yiation from the real gas cquation, under
¢., those conditions when the cifects of
The values of ‘a” and ‘b’, depend upon the nature of the gas and the units of volume and
emperature. Table (3)
Units of ‘a’ and ‘b’:
The units of Van der Waal’s constant are derived as follows.
2

an :
Since, P’ = V2
pry? atm (dm?)? &
a = 3 = molz) = dm® atm mol™
InS.I units
vy | Sy | 342 { af
_PV: Nm™ () —‘\m“N 4 mol™2 . i3
a = 3 = 2 m -2 m" mo
n mol mol '

‘b’ has the units of volume mol™
-1

me so, i may be cxpressed as.
or m® mol™’

dm’ mol

Table (2). Van der Waal's constants alongwith their units

Gases ! : 5 b
dm® - atm mol™? | Nm*mol? | dm’ mol™' | m® mol™!
H, 0244 | 2472 21072 | 0.02661 {2661 x 107
| He | 0.034 | 345,107 | 002370 12370 % 10
0, 1.360 | 138 21072 | 003180 {31380 x 107
| N, | 1.350 | 141 £ 102 | 003913 {3913 x 10
| CO, | 3.592 | 3461072 | 0.04267 143267 x 107
| NH, | 2.250 | 42200070 | 003710 137,10 x 107
| CH, | 2250 | 2284107 | 0.04280 14280 x 107
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Interconversion of units:
| dm' mol™! = 10" m’mol™!
dm® atmmol™ = 107°m° x 101325 Nm ™ %mol 2
1.01325 x 107" Nm* mol™2

IEXAMPLE (5)

Two moles of NH; were found to occupy a volume of 5 dm® a 279, ("'Cul'u
pressure, ey

()  If gas behaves ideally

(i)  Gas is real and follows Van der Waal's equation,

(a=4.17 atm dm® mol %, b = 0.0371 dm’ mol ")

SOLUTION:

Volume =5dm’, T = 27°C +273 = 300K n =2 molcs

(i)  The idcal gas obeys general gas cquation

Since, ‘ B
PV = nRT
nRT
P =7

where R = 0.082 dm’ atm K™ mol™

Putting valucs
2 moles x 0.0821 dm® atm K" mol ™! x 300 K
P = 3
5dm
= 9.852 atm. |

(1)  Using Van der Waal's cquation by considering that the gas is real

Since

n?
[P+ ](V nb) = nRT

Rcarranging the equation

nRT an’
V-nb V?
Substituting the values, we get
2 x 0.0821 x 300  4.17 x (2)°

5-2x0.0371  (5)°

= 9.98-0.67 = [9.31 atm. Ans,
Idcal pressure is greater than pressure of the gas when it is non-idcal. In non-i®

gascs the molecules have forces of attractions and the pressure is Icss. '

1.4.4 Validity of Van der Waal’s equation: m
Whilc we have discussed the non-polar behaviour of gascs by g,raphlcal cka‘"‘lu

» a[ Ll’»
was noticed that some of the gases have lower values of T RT-% than cxpectations :

P =
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J high pressurcs alisng S Lt sty s T
pressures: At high p the valucs of RT = Z increases too much, We have 1o justify these

rends of 8ases:
For this purposc, we change the shape of Van der Waal’s equation.
a
(P+32)(V=-b) = RT
a ab '
PV—Pb‘*‘——W’: RT =

B a_ ab
PV RT+Pb‘V+V2 e (5)

(i) At low pressure:
When the pressurc is smaller then, volume will be larger. Hence, the term “Pb” and _\ﬁ

B

in cqua}tiOH (5) may be ncglected in composition to V,‘ Actually ‘%’ represents the cffect of

Juractions uctween the molecules.
Hence, cquation (5) becomes,

- a
PV = RT—V

Divide this cquation by ‘RT’ on both sides

PV RT ( a
RT - RT \RTV

B (s -
RT— —RTV e (6)

v ‘
‘ﬁ’ is also called compressibility factor and is denoted by Z.
7 = e S
Hence = 1-R7V ) -
It mcans, at low pressures the compressibility factor is less than unity. It cxplains that, thc
graphs of N, and CO, lie below the idcal curve. When the pressurc is increased, “V’ decrcasces

and the value of ‘Z’ increases. It means that the curve should show the upward trend.
(i) At high pressure:
' . 3 ' ca’» gab)
When the pressure is high then “V is small. In this casc both the terms “y;” and V2 can

be ignored,
Equation (3) is reduccd to the following cquation.
PV = RT+Pb
Dividing this cquation with ‘RT" on both sidcs,
PV _RT Pb_  Pb
RT ~ RT RT RT

Z = L+
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77 1s preater than 1 and sb the g 'p‘| ’ iy

R < : o' T oy

It means that at high | ¢ 15 increased the factor [ eteasey "“”'H

CSSUTC 1§ 1CIC 0

he 1deal gas curve. When the prese ! |
lies above the ideal g
"Z" becomes greater and greater.

——

0y

~ T
|

Y T— « between pe an
, idcal gascs. The graphs which arc pl()‘llu 08 and th o Ve,
Boyle’s law is for”l ;a !ﬁl rms. Isotherms are the parabolic curvey | 50 Cliry, "
cd 1sotherms. o for a ghg
-onstant temperature arc ca igher temperature for a .
onstagt temp s, when they are plotted at higher tempe "
away from the axis, when they : \ [ pases was stated by Androw (1464
' he study of critical phenomenon of pa , S
The idea of the study Lff temperatures. ‘The 1sothermy are
studied the isotherms of CO, at different tem;

0 0 °Cand 13.1°C,
(6) and they are drawn at 50°C, 40°C, 31. | C,_le ISrfss:::'c%
show that gas is never liqueficd even at a very high p S
v
10D g

) |

shown in {ly iy

iy
The graphs at 50v¢

and 4y

F
I : ‘ 60°C
\_ 40°C ¢
T C \ E31.1°C

Az 5%
T N N
X' 1 1

Pressure

L 13.1%
— —t— ——y t— X
0 Ve
Y ' Volume

Lig. (6) Isothermsg of one mole

idea of criticql
Anyhow, when temperature g 31:1°
8as becomes liquid at the point F. If th

of CO, at various tem erature
2 peral

S and
lemperatyype

of gases,

C, then the 1sotherm EFG. IS obt

ained and (he C0,
C temperature of CO2 I8 maintained above (his (Cmperature,
then liquefaction never happens for CO,. Henee 3L.1°C ig called criticq] te
that lemperature for 5 £as above which the

mperature of CO,. Itis

835 can never by liquefied, how much the pressure is
. ‘ !

The minimym Pressure re
Pressure, It g denoted by ‘Pc'.

R of a pas are Called ¢
point of CO, and the Isotherm ERG is called ¢

VIsiong|

boamiss s s
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| In co hich c: . :

The main conclusions which can be drawn from the above diagram arc as follows.

' When the temperature of C 4

(M eI ] ‘u. temperature of CO, 15 rcasonably above the critical temperature, the
smooth hype R ,
smooth hyperbolic curves are obtamed, as we get for other idcal gascs

I The i1sotherm in the r: -

(1) ¢ isotherm in the range of 32.5--35.5"C, do not obey the Boyle's law and
smooth 1sotherms arc not obtaincd. ’

" (il Wi > tempe X inta ‘ C

() ‘CI" “‘H“-mpcraturc is maintained at 31.1°C for onc mole of CO,. then a very
small horizontal portion 1s dcveloped ncar the point F. After that, 1t becomes
parallcl to the pressure axis.

(iv)  The isotherm at 31.1°C, shows that CO, has become liquid at the pont T andaf
the temperature is more than 31.1°C, then there is no chance for such types ol a
curve. «

(v)  lsotherm at 21.5°C, shows a horizontal portion. For this horizontal portion,
vapours and liquid CO, cxists in cquilibrium. After the point “C’ the curve
becomes parallel to the pressurc axis. It mcans that at this tcmpcraturc, low
pressure than the critical pressure is requircd to liquify CO,.

(vi) The isotherm at 13.1°C has horizontal portion even longer than that at 25.5°C. It
means that, even low pressurc is required to liquify the gas at 13. 1°C.

(vii)  Closer the temperature to the critical temperaturc, shortcr the horizontal portion
of the curve and when the temperature reaches 31.1°C. then horizontal portion
becomes a single point ‘F’.

(viii)  The isotherm below critical temperaturc have three portions, the right portion IS

(5.0 Applic

In order to scc, that w

for gascous CO,, middlc is for both phascs and lcft is for liquid phasc.

ation of Van der Waal’s equation to critical phenomenon:

hether the Van der Waal’s cquation can cxplain the isotherm of

('0, or not, we should convert the Van der Waal’s cquation to a cubic cquation in V.

(P+oz)(V-b) = RT )

Open the brackets on LHS. e

a ab

PV-Pb+y—2 = RT

V3 -

y ‘V¥’ and dividing by ‘P’ and rearranging we gt
RTV2 .,.aV ab_ |
o2+ p 7
RT av-ab_ 4 L Q)
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van der Waal's cquation (1). This is cubic eq,

‘ |
— , g ey
U 2) is another form of ‘ i ubic cquag, |
. Equation (2) 1 _‘ SRECP T '’ and ', then we should get three values of *y of lhl
"\ we put the values of 'R By 6 N
roots of 'V There are two possibilitics.
) All the three roots are real.
() One root is real and two arc imaginary. ‘
When we are above the critical temperature, then only onc of these three roots | rell
at constant temperaturc. :

because dhere ds only one volume for cach pressurc i :
‘ , . Tartlin ) sritical temperature, (he
When we apply this cquation (2) on the isotherm Clow EI3 peralurc, then o,

lwo roats are real and third is missing. - .

<~ Anvway. when theoretical graphs are plotted, thqn the hor:zontal‘poru’orf of the Cury,
devlops the wavy shape and we can get three real roots Fig. (7). For valgc at given temperagyy,
and prassure, the three volumes of V at 13.1°C are widely separated, while ‘thrcc values of v,

25.5°C are closer to cach other.
When we plot the theoretical isotherm of CO,, at temperatures lower than 31.1°C, then

following diagram (7) is obtained.

op¢

— > Pressure
n"U
1 L 1 1
LB ¥ T T
na
- o) 3

il
T

0 vV

Fig. (7) Comparison of isotherms of CO, above and below critical lemperature.

[t means that when the temperature is increased in the cquation (2), then the three real

roots start coming close to cach other and merge into a single point at F. The volume so obtained
is a critical volume, denoted by V., ' :

V=Y ,

Taking the cubc of above cquatioﬁ, :
(V-Vy=1o

or v3—3vc‘v2+3v§.v—v3‘ =0 fisuin (3)

i”".'
?':
]
J
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Comparnng <quatdn (3) and (4). and cquating the co~cfficicnts 0f like po
-
A

. o R
ot LLC r‘el‘.;‘\\lue. tnree E-\p&s--&suh
\‘ -

s)
-
v
I
—
n
—

(s
<
.
[ )
Il

3 ¥
In order to get the values of Pc', V' ar d T we have to solve cquation (3). (6) and (7)

sim multancously.
™ Divide cquation (7) by equation (8)
V :- ab/Pc *
2 a/Pc

)

-
l",l d': P
L [

=b .

v =3 e (3)

Put the value of V for equation (8) into equation (6)

— 2 ”
3(3b)- Pc

e LSLX(Y)
Pe = 57

Putting equation (8) and (9) in cquation (3)
RTc

3(3b) = T*b

27b?
RTc RTc ;

a _ Sa

8a B R, P 10
Te = 27Rb (i o

—— P L T L
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Now, determine the valves
Since, V. = 3%
R (11)
So,
N v (6)
Since e N o
, ’ ...... (12)
2
So a = 3PV, .
We know that for one mole of an idcal gas
PV = RT
_ By
=
L ’ >quations (8), (9)
Now find the value of = For that, put the valucs from cqu (8), (9) and (1)
a b |
pcvc ) 27b2)b
Tc - 3a
27Rb
PV a_ . 27Rb
,r: = 27b2 . Jb x 8;1 '
PV. 3
T B gR ...... (13)
EXAMPLE (6)

You are provided with CO,. Calculate the critical volume, critical temperature an

the critical pressure for this gas. The value of critical constants for CO; are, a = 3.61 at
dm®mol ™, and b =4.27 x 107 dm’ mol ',

SOLUTION:

-

DATA:

a 3.6] dm® atm mol *
b 427 x 10 *dm’ mol '
Calculation of critical volume
Since V.= 3b
Putting valuc of 'b'
Vo= 3x427x 107 dm’ mol™
Vo= 1281 x 10 dm’ mol ™'

It means that onc mole of CO; at critical stage occupics a volume of 0. 1281 dm’.
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Calculation of critical pressure

a
Sincc pc = 27 bl

putting the valucs of a, b
_ 3.61 atm dm® mol
€ 27(4.27 x 107 dm® mol ')? _

3.61 atm dm® mol 2

Pc = 00492 dm6 mol-Z . 7333 atm.

Calculation of critical temperature (T.)

. _ 81
Since, Tc¢ = 57 Rb

Putting the valucs of a, b and R,
8 x 3.61 atm dm® mol *

Tpo=
¢ 27x0.0821 dm® atm K" mol™ x 4.27 x 10 24m’ . mol '
Te= [3051K] - Ans.\
EXAMPLE (7) )

ne are 419 ‘K and

The values of critical temperature (Tc) and pressure (Pc) of chlori
'p'. (R = 8314

9.474 x 10° Nm2 Calculate the values of Van der Waal's constants 'a' and
JK ' mol™).

SOLUTION:
DATA:
"Te= 419K
Pe= 9.74 x 10°Nm™
R = 8314 JK "' mol”
, 27 RTS
Since, a = —W ¢ v :

Putting valucs,
27 x (8.314)* P K> mol™ x 419/ K?

a - 64 x 9.474 x 10° Nm™
a = [0.54Nm’ mol 2|  Ans.
RTc

Sincc, b = 8 Pe

Putting valucs,
_ 8314JK” mol”' x 419K
b = g 0474x 10°Nm” -

‘ b ﬁ,59 % 107 m’ mol”’ Ans.

Since, [1J = Nm = 0.0459 dm’ mol”'|

I

Lo i ’Lg;/ Wy, %é < Jullth

(_p—TTILRA SR

)
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LIQUIDS

, 2.6.0 STRUCUTIE O LIOUINY ”

e e e 8 e B e e S,

I\ h(]l"d n]ﬂy l)c [‘(jgill'(][,"l HECE| ‘,)U”“””:l“'}" ')' H “:l'; lf"”f‘.'f ””') ”llj ’llj‘i”” "'
volumes and very high molcecular attractions. Our present kiowlodpe oo LTI r‘l'”“
o , : iy o f [ 0
hquid state is still very incomplete, There are two main thearios of liepuie gtigengg I

Onc theory considers liquid as an imperfact pas Thig is suppotted by the g hat 4
the critical point there i no distinction at all between the liguid and 4 s e g0 caffo it \';"“
of matter exists,

The sccond view point about the structure of liguid considers it sunila 04 gy,
except that the well ordered arrangement of the liquid extended over to anly five o SR ,,|'”
diameter. This is often referred to as short-tange order and Jong-tange disordey | Iy .'..','."
plausiblc modecl since ncar the melting pomt, the dengitics of crystal and liguid fie ofose muclhr;
Whatever order cxists in a liquid structure, it is continuously changing bocase of (h ey
motions of individual molccules. The propertics of liquidy are determined by a timg

AVEHIpY of
large number of different arrangements,

d

Now, we arc going to discuss some important physical propertics hike, viscosity, 10y
lension and refractive index, The importance of these physical measurements hay considery,
mgreased during the recent years. These propertics are useful to know the composition g
structure of the molccules of hquids cspecially,

1.6.1 Types of properties:
The propertics basced upon the certain measurements are of four types.

(a) Additive Properties:

Those properties which are concerned with individual atoms, These propertics do nd
change, no matter in which physical or chemical state they exist, Mass and weight of an atom &
not change and we can find out the molar mass of a substance by simply adding of the atom
weights present in the molecule. Molccular heat of a compound is the sum of atomic heats of the
atoms present in it. Radioactivity is the property of individual atoms,and it is also an additivc
propcrty, '

(b) Constitutive Properties:

Those properties which entirely depend upon the arrangement of atoms In a molecule ar
called constitutive properties. They do not depend upon their number, So, vapour pressur
viscosity, surfacc tension, dipole moment, refractive index and optical actlivity arc constitutiv
propertics. |

(¢) Additive and Constitutive Properties:

g . ) ; o . : oy

These are additive properties, but their additive character is maodified by the mcmmf!;;:

] . . additiye e

which the atoms are linked together. Parachor, rheochor, polarization arc both additive “i
constitutive propertics.

L-ww St
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physical State of Matter (Gases, Liquids and Solids) 29
W) Collipative Properties:

Dhose properties which depend upon the number of particles, but not upon their nature
o aomenee e ealied colliganve properties. There arc four colligative propertics of solutions
and they depend upon the number of particles of solutes. These propertics are,

() Lowermg of vapour pressure

() Elevation ot boiling point— (Ebullioscopy)

() Depression of treezing point (Cryoscopy)

av) Osmotic pressure
1.0.2 Properties of liquids: :

Now we are gong to discuss a fow propertics of liquids as surface tension, viscosity and
relractive mdex.

1.7.0 SURFACE TENSION

The moleeules of a liquid at its surface feel different forces of attractions than those
molecules, which are in the interior of the liquid. A molecule lying inside the liquid s surrounded
by other moleeules and is attracted in all the directions. The net force of attraction is zero. The
molecule Tymg at the surface experiences a net inward attraction. So, the surface behaves as il
i under tension. This property of liquid is called surface tension. Following diagram (10} makes
the wdea clear,

_— vapours of

liquid
molecule at —__| k
the surface
molccule in
the bulk «——t— liquid

Iig. (10). The attractive forces which are experienced by the molecules
at the surface and inside the molecules.
Definition: Surface tension 1s defined in two ways.

() "It is the work in joules required to produce a unit increase in surface area. So, it
iy expressed in'J m 2" The old unit is erg cm *,
() "It is the force in Newtons acting along the surface of the liguid at right angles (o

any line one meter in length." Its units are N m™' "The old wnits ol surlice tension
is dynes em™, ;
L.7.1 Effect of Temperature on Surface Tension:

The surface tension of a liquid decreases as the temperature  increases. /\t high
\emperatures, the intermolecular forees decrease and hence the tension on the surfice becomes

less. Following table (1) shows the surface tension of certain liquids in N m™" at various
tlemperatures, |

_ C ? ‘ J ‘
( N & . 2 A L T R T A
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< cface tension of liquids at xhﬂcun(ltun]m .mm.\I
Table (4). SUTE0 o V) (1 il Nme = l dyne em )
Nm X 107 = milh Nm A A
(‘ g Y . ]
| o | CHOH [ Clle” NO: | CCl | Gl
\ Temp l‘.C) ! H HE \
| o || 2400 16.30 2890 | 3160
| 75.6 -
L‘i_’;’// . o 10 28 20
¢ { 1 R 71 Q0 40 _\U -0, N2
f -< ! ‘.- F\ a
.; = ‘ -~ ) -
' : | 6989 1980 40 10 23.10 25.20
i 30 ’ 69.57 | J.
| 3 17,50 2020 | 2189
i =3 &3 45 — B S
i i 0ot
' v =2 hwide s . w hv ()()() - ()!.\
(In order to get the values in Nm~=, div ide above values by | 10'Y)
d Ciaes - a~ ‘ . .‘ |
The companson Shows that surface tension of H:0 has greater values than other liquigs.
NS COlIaiiones Y 1 S
\arous {cmperaturcs. . o . |
and surfacc tension 1S as following,

: relationship between temperaturc

4

The mponan

. N3 . e e
. (\11* = k(To-T) (1)

4 = Surface tension of liquid at a temperature g

M= Molar mass of the liquid.
D = Density of liquid at temperature T

T.= Critical temperaturc of the liquid. ' |
According to this equation, the surface tension becomes zCro, when T=T,.

1.7.2 Surface tension of molten metals:
on of molten metals and molten salts arc larger than organic liquids. Surfi

Surface tensi '
I whilc that of molten silver at 800°C has a valuet

tension of Hg at 100°C is 480.3 x 103 Nm”
%00 x 107> Nm™.
1.7.3 Surface tension in a daily life:
Phenomenon of surface tension is responsible for
(i) Formation of globulcs. '
(i) Formation of rain drops.,
(i) Risc of water in the capillziry tubcs.
(iv) Movement of liquids in the porous materials like blotting paper and soil.
(v) Risc of water from the roots to the top of the trecs. Sk s

1.7.4 Reasons for the rise of liquids in the capillary tube: !

- Those liquids which wet the solid surfaccs risc in the capillary tubes. This risc is duct
lf;\‘vnrd ﬂ;::ll of the surface which pushes the liquid into the capillary tubc. Following diagram {*,
shows that how the liquid is compelled to entcr the capillary tubc from the lower side.

1
§
1
i
[ ]

H
¥
]

|
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‘\‘ concave meniscus
|} risen liquid

31

"

> force of surface tension

lig. (11) How the liquid is compelled to rise in the capillary tube.

\\\\\

In the casc of wetting liquids, the adhesive forces arc grecater than the cohesive foreces.

Adhesive forces are present among the molecules of the liquids and the solid surfacc of the
capillary tube. Cohesive forces are present among the molecules of liquids.
1.7.5 Contact angle:

When the liquid rises in the capillary tube, it makes the concave meniscus upwards as
shown in the diagram.

This type of meniscus is formed by the wetting liquids. The liquid is higher in level along
the circumference of the capillary tube and is depressed in the center of the tube, The contact

angle (0) s inside the liquid between the solid. The solid-liquid interface as shown in the
following diagram (12). The contact angle is less than 90°,

concave

| © meniscus

o T c_aplllar)L lubc
vapour air mixture [/ wall of

w " /////// Loy .

®

Fig. (12) I'ormation of concave meniscus for a rising liquids-like water.

Those liquids which are depressed in the capillary tube make the convex meniscus
upwards. Their contact angles arc greater than 90° as shown in the following diagram (13).
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1.7.6  Interfacial tension: )
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1.7.7  Surface Active Agents:

"Those substances which lover the surface tension of water are called surface acim
agents.” Substance like soaps, detergents

e d 1 1. 1 1
o ot lrem ot e

s WA EvEls, WUV 2.../...:4

z = ? -

. ctind alcohol and acetone decrease 1

surlace tension of water, |
If 2 greasy spot is present on the surface of o cloth, then water can nof wet the cloth »

that place due to its high surface tension. So EfCasc can not be removed by water alone. Why
suap 1s added to water, it lowers the interfacial tension between water angd graase. The gres
MIXCs up Into soap solution, 5o grease is rer wved fro '

m the surface of cloth.
1.7.8 Measurement of Surface Tensign: )

Some important methods, for the mea

casurement of surface tension arc as follows.
() Capillary rise method
(i) Torsion method

(1) The drop method |

(i) Capillary Rise Method: =
General Principle, Those liquids which wet the walls the capillary mbﬁé
: Ve meniscus y is less than 90°. The height of &%
illary tube and surface tension “
;Vlcl'l(]io_d: dOnktr:hcrxd of the Capillary tube of radius ‘p
quid 1s “d’. The liquid riges ; '
085 of 13 In the Capillary tybe

Is immersed
€ nsion puylls the liquid upwarg

and attaing the h
S and it g coun

in a liquid. The density of lh’
cight ‘h’, At this position, ‘b'
terbalanced by the do\\ﬂ““%
ted in terms of radius of ‘:
-.Following diagram (14) makes )

Lravitationg| pull. -
capillary tybe ‘T, s
idea clear,

RN,

b

4
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mCmISCus
Force taking the liquid upwards = 2zrrcos® - (1)
Y = surface teasion of hiquid
r = rads of capillary tube
2ar = diameter of capillary tubc

Downward force is the weight of the liguid. In order to calculate the weight of the biquid,
we proceed as follows,

Radius of capillary tube = r
Basc arca of tube = ar
Height of liquid = h
Volume of liquid risen in the capillary tube = =r*h
Density of liquid =d
Since,  mass of.a substance - = volume x density
So.
Mass of liquid risen in the capillary tube = zrhxd
Weight of liquid riscn in capillary tube = =zrfhdg  --eoes )

These two forces given by cquation (1) and (2) arc balanced,

2nrycos® = wnrthdg

, - fhdg
f 2cos 6 8
If the radius of the capillary tube 1s vcfy small, then the contact angle *0° approaches to
7L10. '
cos (0°) = 1
rhdg »
Yy = —z'h ...... (4)

So, if we want to calculate the value of 'y we nccd the values of r, h, d and g. The
capillary tube must be of very small diameter.
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ENAMEPLE (1)

Nt em " rien i e Copltinry tule Hp 1
Vbl whise disdiy b 005 1

L T Iy
' IV )
wh b e g wssaniog (e COMtie mgle ( bl ‘
VU Calendinte the win fnee tenston | 4
1w Gl ‘ Mt
P vadtins o the capittany tobe s 0
SOLUTTON
n:\h\
| IR [TRTY

h = A% 10'm

l O wem " = N0 kg " (The units of f dshould be 5.1)
| ’ " ]
o O R0y

Sinee

thily
Y )
Putting the values ol

y - ', O 10" m) (5 x 10 "m) (850 kpm)

all parameters in § 1 units

% (9.8 ms %)
F T M5 10N« [T g "N | Ans,
(1) Torsion Metho:

General principle:

In thiy method, the surfice (ension iy measured by measuring the foree required to detyg
ahorizontal platinum g from the surface of the liquid, Greater the Surface tension of liqui
greater the foree required to pull up the ring,

Mathod:;

This method g based upon lorsion balanee

following, diagram (15), the platinum nng of radiy

SCIEW *S" 15 used to fix the poiner PT s e torsion wirg, This wirg is S0 adjusted that th

beam ‘A’ is in horizontal position Liquid is placeq in the dish ‘B’, Tpe height of the dish ‘B’ g
controlled by e SCIew ‘S’ It s adjusted iy such d just touches the ring, TH

knob *C* s trned slowly ) the r of the liquid, During thﬁ;
process the reading on the circular osition by mcans of sere!

after the name of dy

-Nouy. As shown in t
S I’ suspended by

a hook on the beam, 4

scale ‘D jg kept in g horizonty] p

l-'ollowing Cquation is used (o calcul

ate the surface tension of liquid, |
;o My
dnr
M=

55 of liquid fijy, in the ring

r radiug of pPlatinum rng

-3 e RN T s
RS AL P I R0 o
AR EE
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1ig. (15) du-Nouy's torsion balance for measuring surface tenston,
(iii)  Drop Method:
General Princinl~:

When the liquid falls under the force of gravity, it forms the drops, The drop is 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 are balanced, then the caleulations are
donc. ,

There are two ways to do the calculations.
(i) Mcasurement of the weight of the drops.
(i) Counting of the number of drops.
Drops weight method: ,

The apparatus used for this purposc is a glass pipette,-with a capillary at the lower end.
This apparatus is called stalagmomecter or drop pipette, as shown in the following diagram (16).
capillary

tubo

surfacc

. tension

w‘: acts along 4
A A circumference

........

weight of drop

Fig. (16) Stalagmomeler fo measure the surface tension of a liquid..
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Around twenty drops of the given liquid are reccived from the drop Pipctt
bottle. In this way, the weight of onc drop in calculated. Then the stal

dnied and filled with a reference hquid say water and weight of onc.
the simmilar manner.

Cing
agmometer g Clg;
drop of water 15 cucl

Since, for any drop,

mg = 2%ry (1)
m = mass of the drop

r = radius of the tube

Y = surfacc tension.

When we apply this cquation on two liquids, then

mlg = 27[ r 'Yl ...... (2) .
mg = 2mry, e (3)
Dividing equation (2) by (3)
1y m
o . oETTC. T (4)
Y, m,

When we know the surfac
can be caleulated, because we knoy

(iv)  Drop number method:
The stalagmometer is filled

¢ tension .of the reference liquid 1.c., water, then that of o
v the masscs of drops; '

P to the mark ‘X’ with the I
o be measured. The number of dro

s
Smilarly, the number of dro
"Y". Volume of the both liqui

quid, whosc surface tensio
ps arc counted till the liquid flows up to thc mark

ps of the reference liquid say watcr arc counted from mark *x
ds is same say ‘V” with differont number of drops ‘n," and n,’"

Volume of onc drop of liquid (nH = %
I
o V
Volume of onc drop of liquid 2) = 5
2
Sincc? mass = volume x densit
Mass of ong drop of liquid (D = nldl L e (D
' l
. Vv
_ Mass of one drop of liquid (2) SLd e (2)
2
Let us divide the cquation (1) by (2), :
| i mpxd, _
% % n, xd, 3)
The density of the |j

quid under test is mcasurc

d by the specific gravity bottlc. The v
nee li_quid §ay water can b

¢ consulted from the literature.

ol 'd," and 'y, for the refere
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FXAMPLE (2)

The number of drops of an unknown liquid and water are 56 and 29 respectively at
35°C in @ sl'\h"momutr The surface tension of water is 7.2 » 10 Nm ' and density of

fjquid is 0.8 & cm . Calculate the surface tension of liquid.

SOLUTION:
l):uln:)
n = 86
n, = 29
d = 08gem”® = 8« 10° kg m™?
(because we need S 1 units of density)
dy = 1x10°kgm”
Tw = 72/102;\"“}
.,,1 =9
Formula uscd
L, = Dud
17 hd.
Putting valucs
Lo Q%(SZIW)”Qflo?)(ggm*Nm*z
i (86) (1 % 10°) em® )
_ 1670 i
T 86107 T
1, = 19.42x 107 -Nm™' = 1942 % 102 Nm™! i

1.8.0 THE PARACHOR

Maclcod in 1923, gave the following mathematical rclationship between the surface

tension and the density of a liquid. His relationship is empirical.
Yy = C(D - d)* e (1)

where, v = surface tension of liquid
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 pamchor which

- can be secured by rearranging the above cquation (1).

Y 4
c = (-9
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T el
Taking 4th radl an hath &

3 ‘H < .
—— — "'.\A - 0
| ~ = {U e
’\\,'
Taking mvCrse
, J
[ _L,'_', & . ———
= = N
‘\ﬂ ';‘ .J — )
NCHTT B.D.ZI'IE
- i -
.‘.J < “\
C 116 o —
(1) — ‘.“.
'L.b‘ ‘,.

- ) adR 9 -
oo s ‘_‘1"“ .‘:\"’f*_: :\,‘_‘:‘1\\‘\ WRa .\\‘ \\ » e ‘Q

of the ligwid. This constamt 002l is called 7

e -s

as of *d 15 very Jass zs commetd B ‘D, o b gnord. (Sig

Singe, the valnes of 2 B
= - -'_;__‘.....‘..
\'D]'.J"T‘ OT- Vapours i 1800 omss ,:_':;::: then that :.f AT 0 A& ..\.:} “ '\\-'\ 15 Ih\‘:m
silw - »A- 1S5 10UV 4 -
Jess).
W 445
LU B
Pl = D

Since mass/voloms 15 the densmy, SO molar m2ss Zng acmsly gne molar volume

M V (=g ] e aa
e (molar volume of hgma)
D

So, the parachor of a liguid is obizined from the surface 1ersion and the molar volumt§
liguid. 1f we manage the temperzmure of the higmd m soch 2 way that its surface teasion booons
unity, then

Pl= V0™ =V, e ™
Hence, the parachor of 2 ligmd 1s the molar volume of 2 bquid, when the surface tm'ﬁ

of that liquid 1s unity.
Parachor 1s an additive 2nd constitutive property.
Each atom of 2 molecule has 2 definite value of the parachor and total parachor valee & 4
simple molecule is the sum of parachor vzlues of constinming atoms. The parachor vahss whe,
arc associated with the atoms are called atomic parachors. 3"*“9'&\ we have grwp parachors

SO R

The units of parachor can be derived by putting the units of M, D :nd'f'

S TR N SR I e e S

L
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The peraloor valoes of (GGHy a=d CH, are 1103
4 shome e yemas mwaaa s 1 »
\ﬁfllfs :: ::.£."£;..;4 - . _‘h - . '_'s‘\vﬁ -:u- :’5.1[::.
—— ",
SOLUTION:
.
T J,:h-n—‘\. -~ - 1 e e e
Ihe QITTren0s O DD valons ooves o3 e merachor cqunalent
2RO arvalent
e mune. el o
z.";t.“.&_ 110D
- 3 - -
= pren
(Filaiyy = 12V
1D M — DI £ 1.3 Py A~
171U = [ Gl - [P} G,
= WLV s
=l 1390 = &3
- -u ) | -
- - . Yhra Amem & | — % -
Smee o Ut w2 Save aoe Coiy and e CH, uniss. So
T—- ™ 13 — T3} -- - e
“.‘(L':“““ ‘:'_‘ C}.-}-.‘;:_L::
= ISR - 2> — - -
NS +TI3x&3 = 271 Ans
L3N
..
scho -
1.8.1 Parachor a5 2 constitutive property:

— -
l A =y e ey ra -

alias b - SV O 2 :"“:”“""3 < et e ™
o s FAVSMALY W S S ETNT QCDKTCS uUnQn UIC
:
.

.
. 1 1 Yo e 3 ”

.. = | Sa ey = | T ‘,:-&- - —_- Sae e - - . g -
e Tliveadv. as wis s Ul GED T 0L [ oL

e
-

s - - ~ - - - - - - f
S o e smmyy S | - e o ) - - — iy ¢ P ? - | ' o I AN
number of piz Donds or the mumber of rings. The following table (2) shows the valucs ©
- g e | - —— - — - - el weene] oo L 2 '
atomic 2nd strociural parachors of some common atoms 2nd multiple bonds along with the nings.

- PP Tan
arrangceme

tha atrrves

| PR, | . - e - P L 1 L
multiple Donds or 2 ciosed rmg oot only dopend wpon the atomic
-~ - e L

ind 1308 respectively. What

-

2 molccul

Table () Some Atomic 2nd Structural Parachors.

-

at of atoms within
¢ coataining some
hors. but also on the

-

I |
= ) ;
{ - - L hehat - ST achar BETIOT e
Atom, group or| Parzchorvalues | Atom, group or
- |
Inksoe | Quod ooal} ks
e { b'l_;x.."‘-.ﬁ [\ ogell nsage

Parachor values
Sugden (Vogel)

)
"
.\
’

(#

o

(]
I

(@]

— -4

Hydrogen | 171 157 | -0H — 302
Oxygen | 200 188 | -COOH — 7
Nirogea | 125 — | -NO, — 738
i i -
Florme | 257 —  [Smglecovakentbond] 00 0.0
Chlorine | 543 555 | Double bond 2332199
Bromine 680 688 | Triplk bond 66 400
Iodine 910 903 | 3-membered ang 170 123
Sulphur 482 — 4-membered nng It 100

- » y -
e e T i e e
- sliwmbiiawe WAL o a—

~

R S Zn N ! « o aradd rrree
T s — [ ] - t '
il o> AL ; SOOI C 11N

Scanned with CamScanner

s ———



A0
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\ \ \ ol parac 1o ,\‘tll\l(“l( \(llh\
‘.\‘.- :\pp‘\\‘l\(\l‘l\.\ 0{ pc“ “t l““ ‘(

v the stoweture of the compound, we should determing ), i
In order 10 venty the structure of the compe "

Tato S N ; N {1 N l ntting n\C \'(\‘UU Ur I“O'ur . \ \ll\)[ In
\ \ Moy b\‘ l“\‘\‘ll“‘w I\\\‘ :\ll‘l.\\‘\‘ fension ang l W \“l\ll\\ \ | {
h\\h:\ s < » ~ N‘ N\
1‘\“.;\ g \\}l!n[l\~!\ alveh \’\ s\-\‘\i}“\ .

—

[P} =V, ¥

m

Thooretieal parachor of the same compound 1s caleulated with the help of aboye al
N 4 . \‘ ~ ~ . . - \‘
Aoepiag i mind this structure which has been proposed.
0 Structure of benzene:
Kekule has given the structure of benzene as tollows,

H

|

:;’/\' AN C - ]l
I
N »C
H™" N7y
|
H
atomue parachors and structural p
<. number of double and single

m

When we sum up the values of
Keeping 1n view s cyel

IS structure |
2069

arachors of bengy

bonds, then come 1y

6 carbon atoms o
¢ hydrogen atoms ¢
3 double bonds

SIX membered ring

The experimenta; value of the c
206.7. These two values agree with eae
(1) The Structure of qQuinone:
Twao possible structures have been proposed.

0
|
0 *
and
Il 0
0
0 )
2333 2165
The addition of -

Parachor equivaley from the above
e fo:ctxcgl \“&th: tomes out o be 219 ¢ observed value of parachor )

SAsurements i 2368 It means that stye 1 '
cd Structure. )

fucture (1) is very close to reahity, 3

for structure (1), the 1
surface teng;

the accept

T

95 > »,(,_"!:\,%

e
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T Y T L VO ST L O L (0 A fetis fhest heerfefical 5-,;,(;;6(/;.’ valucs by
et Ui wbine s Bbils Wil Skidranti Bnbevas
) / (
Al A p 1(’ F g )
’il L &) \, |§
/ i ¥ f]
T ("t (111 (1)
Y M| A 4 69 7

| (44 hithail ‘ 773 74 [t means that
f s b frisHitttete fibtits 4t froafalvityt fent - MLy petpvy vartichs feewn 13 10 "0 { mcans Lk
7 O r

syt () el teg pesdity
hrie e ol 'f!‘t_ﬂ'l'p."J('(_

Papalbdighs 1 i pedgtnet of acktaldatyde 1ts oxponi
Fibapl tnd! IR fhis pisitenti 1% thiat thites u,ﬂ,f,y,-/] PR of ;){,/j,‘)l(}ﬁ'ﬂ]dC are no
btsmiels ate not there In the pi’(/,:UCtS.

v
, €€
ental and thooretical valucs differ

AoTC there in the

|rf‘a"!l" I ppsitin Whial estbtar torigpets demtbile

0 CH,
I ( ( =
WM, = (=M y W b H
() /() g
j
/ \'\
CH, H
Paraldchyde
A, Straeture of positinnnl istmmers:
their theoretical

of butizons have thres positional 150mCrs, but

Poisnbishitied dorivatives
for orampls, the obscrved valuc of o-

il f.wt,llll;l'pl,»l ]u!h:”f’:ff; At same
i) i for pchbarorolione, the valie is 2456
Marcoyer, the theorotically caleulatod value for both these compounds 1S 2

Uit e can ot distitigaish botveon positional isomers by parachor valucs.
CH, (CH,

CH,
Wl
SIS
| N v

|

Cl

“ 9.0 VISCOSITY

chlorotolucne 1s

%33, [t mcans

1,90 Introduction:

I 16 i common obse
ian many organie liquids like be
liquidds depend upon certaim property and that 15 viscosity.

Yisconity 16 the property which opposcs the relative motion of adjacent laycrs. In order to
anderstand the viscosity. Let us consider the flow of a liquid as shown in the following diagram

cuation that the thick liquids like honey and mobile oil, flow slowly
nzene and toluenc cte, It means that different rates. of flow of
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- Physica Chen:

\ IS}
CEOY Liguid s considered o be arranged ina large number of parallel laycrs. The |4 Q)

a ' ) ' ey 134 . ) '\ -
W the walls of the tube s stationary. When we move towards the centre of mbtra
1

. dlacq
wlovitive of the siceessive lavers po on increasing, heq L’-~'
i

When the v.-(umly flow {5 reached then -\'Clocit}' difference bclwccn any lwo

Beeeies constant iay,q,.

»

Contre of
tube

> (v) ms™
Mg (17) Flow of a liquid through a narrow tube,

The foree which is required to maintain the steady flow of liquid in dircction of the
I8 direetly proportional to the velocity gradient which is normal to the direction of flow. i
proportional to the area of the contact ‘A’ between the moving layers of the liquids.

fCr:;
3 3«'30

In C.G.S system, the unit of *n" is expressed as g em™ sec™! and it is called poise.

A = Area of contact

—— 14 at e t
= adicr
dy ~ Velocity gradient

. dv
F oo =A==

dx

or l: 2 - l] ‘c\ %}\"‘ ...... (l)

I

n = —T ...... (2)

4'\.——‘

dx
N = co-cflicient of viscosity or simply called viécosity.
1.9.2  Definition and units of n:

"It is the force per unit area, needed.1o0 maintain unit difference of velocity between tws -
parallel layers of the liquid, unit distance apart.” :

The units of viscosity ‘1’ can be derived from the cquation (1)

-
F dx force distance
m o=y i= = X .
A area  velocity
SinceJ = kg ms™?, so, force = mass x length x time™
mass x length x time™2 length
n = X :
l (Iength)? length/time
N = mass x length™ x time™!
In ST units nis in kg m™! 57!
lpoise = 10" kgm™'s™' = 0.1kgm!s! .

L e
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| p/mgy;*!,!;‘i.'f‘_.'“..‘.’! Mattar (Gases, Higulde aiil Biflds L.

pnit of viscasity "Poise’
“When a foree af o t/)rlm JIT by v Wiliifilpmd Lkl kgl | ot 14 ja7 e ahiah wid |
l/».ul and ihe ./l/fuu?lh.'.i af valiliy Lulwani 1is Jwi [rdgera 1o | ki prof ¢4/ il Wiéh if 14 il
"

¢
/NH‘W‘
| contipoise = 10 l“,i,h,;
| millipoise = 1077 poise
Fluidity!
"uidity is the rectpracal af viscosity "
I
) = =
4 "

The units of fluidity are reciprocal of visizsity 16 (Viask) !

1.9.3 Effect of temperatuye on viseosity;

The increase of temperature increases th kintis snariy o 16/ me oA faiidds. 1t moand

that a liquid starts flowing faster at high temporatures, In oibsr wiahs, Vssmcy oA & lepinds falls
with the increase in temperature, It is estimated that for canh ons Gagres 1% oA st it (061
is 2% decrease of viscosity.
#
Mathematical relationship: ‘
Arrhenius has given the following, relations iy btmests ISR a0l 1ROy pA BTG

n = AeiT vireer (1)

A and B are the constants depending upon the natire of Viguid, heootding, 16 ths oaquation,
increasc of temperature decreases the viscositics of liquids 1 we want 1 dctermrine the constant ‘A
and ‘B’ then we can convert it into the cquation of 4 straight fine by 1aking the ratural leg 1e log o
he basc ¢. (It can be written as In) '

I3 i
log,n = log A Y RT vierne (2)
B J '
logn = | (’l:) ¥ log A ¢ )
l | 4 v v -
If we plot a graph betyween 7 on i and 1o, 1 (In 1) on y-axis, then @ straight linc is

sbtained. From the slope of the straight line ‘B can be caleulated and from the intereept of the
straight linc factor ‘A’ can be calculated,

The following graphs of Fig, (18) show that many of liquids show the straight lincs. The
anomalous behaviour of H,0 is scen from the graph, because its hydrogen bonded structurc is

broken with the rise of temperaturc, The quantity ‘B is the activation of encrgy for the viscous
flow. It is the energy barrier which must be overcome before the flow can occur. It means that 2
molccule of a liquid should gain sufficient energy to push aside the surrounding molecules before

it can take part in the liquid flow.

A o i R
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-0.8 - 0.0038

0.0020 0.0030 0.0034
" is 1/T.
- ersus M.
rig. (18) The dependence of viscosity on temperature log, 1 vers
Viscosities of some important liquids: o ol »

Table (0): Co-efficients of viscosity of liquids

in SI units (kg m™! sec” )
Viscosity (C.G.S. units) | Viscosity -(Fl-?nits)
Liquid poise kgm s
Benzene 0.00652 _ 0.000652
(arbon tetrachloride (.00969 : 0.0()0969
[Ethanol 0.01200 0.001200
Ether 0.00233 0.000233
Glycerin 14.9 149
Watcr 0.0101 - 0.00104 '

1.9.4 Measurement of viscosity:

General Principle! :
The measurement of viscosity of liquid is bascd on Piosculle’s cquation (4)

nPtr’

" Ty @
Where,
V = Volume of liquid.
r = Radius of capillary tubc ‘
I = Length of the tube,
t = "Time of flow in scconds,

) . {
I Pressure applicd.
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We should keep 1t i nund that, cquation (4) applics to the liquids, when the rate of 1low
< slow and stcady. The flow should be stream hine. Morcover, the diameter of the tube should be
Corv small If the flow rate 1s higher and the diameter of the tube is larpe, then flow becomes
qurbulent.

In order to deeide, that which type of flow is there, we should usc the cmpinical cquation

4 Reynold’s number. It 1s dimensionless quantity and its formula 15 as follows,

2rvd

calle

Reynold’s number =

Il

Radius of tubc.
Density of hiquid,

S e
I

Co-cfficient of viscosity.

v = Average velocity of liquid. ,
[t is found that, if the Reynold’s number is cqual or less than 2000, then the flow 13
streamlined. If the value is greater than 4000, then the flow 1s turbulent,

1.9.5 Measurement of absolute viscosity: 'y
It is difficult to mcasure dircctly the value of absolute viscosity of a liquid gsjng c‘ql’mt:‘on

(1). The rcason is that the measurement of ‘", ‘r’ and V" is difficult, s0 the viscositics of l'lqmds

arc expressed in relative terms. "This is the ratio of viscosily of the liquid to the viscosily of waler

juken as reference standard and this is called relative viscosity."

1.9.6 Measurement of relative viscosity:

Ostwald’s viscometer is uscd as shown in following diagram (19).
| T

Pinch cork

/

Capillary tubc

T O T

liig. (19) Ostwald's viscomeler 10 measure the relative viscosily of a lquid,

It is a U-shaped glass tube with two marks ‘x’ and ‘y’. It has two bulbs as ‘A’ and ‘B".
The bulb ‘A’ is at higher level than ‘B’ A definite volume of liquid is put in bulb ‘B! and then
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46 NE— Mhyal 4y,

hij
suched i bulb A" The the of ow of the B Qoo e coapillay il 1y il 3
the tme of ow of reference liguid water is also noted Doty of (. gt g, m.m'“"rl,‘
S[)CL‘lﬁc gm\.m. bottle. l‘\‘"\\\\‘illg m]lln“l"l i |||)|l“l‘l' (e colenlalis u,', o Hm',/ ”” H:;H:.[
X ’ ",
factors. g
d, (, :
1 *t | i (§)
la. W Y

]

M = viscosity ol liquid
N2 = wviscosity ol reforence liquid
dv = density of liquid, determined by specitio gravity boti
dy = density of reference liquid taken from Hidrtire
G = time of flow of liquid
G = time of flow of referenco liguid
EXAMPLE (4)

The time of flow of water through an Oswald viscometer 18 90 secondy while 1y
same volume of ethyl alcohol, the time is 135 seconds, ‘The nhsolute vistosity of Wity |
1.005 x 107" kg m's ™" at 20°C. Densities of water and e¢thyl alcohol are 09982 4 1) "Ly
and 0.80 x 107" kg m™, respectively at 20°C, Caleulate the relntive nnd nhsolte viseositle,
C;H;OH at 20°C.

SOLUTION:
Data:
talc = ]35 scc
tuzo = 90 scc '
Mo = 1005 x 10" kgm 'y :
die = 0.80x 10" kgm”
d”zo = 0.9982 x 10" kg m™*
Nalec = ?
] Ot
Relative viscosity = e ;rqluh—

"i,0 130 Y0
Putting valucs

A 0.80 % 10 » 135
Relative viscosity = 0998 %107 9 = 1.2202

1.2202 % my, 0= 1.202 % 1005 % 10 " kym ' s '

il

Absolute viscosity, Nala

= 120810 kgm' 5" |  Ans,

T

PR
o s
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1,97 Viscosity and constitution:

scosity surely depends - , , . .
Viscosity surcely depends upon the structure of the compound, Following various aspects
are very important to be considered,

(h

(2)

(3)

:u l'mnmlu;:,mm serics of organic compounds the members differ from cach other
l ' y ’ . Kl .

oy " CHL' group. 1t has been observed that there is gradual increase of viscosity

vitlues for the members of homologous serics.

S:m‘u: of the liquids arc associated and so their viscositics incrcase. Dunston in

1909, gave a uscful relationship. '

d
M AN 10 = 40t0 60 (in S.1. units)

For the associated liquids the valucs come out to very higher than 60.1f d, M and
1 are measured in C.G.S. units, then following cquation is uscd.

{
M AN %10 = 4010 60
Following table (4) shows that watcr, glycol and glycerol arc associated liquids.

Table (7) Values of K(/ll— X1 x 10°

Liquid (d/M) x n x 10° Conclusion
Acctone 43 Unassociated
Toluene 56 "

Benzene 73 "

Water 559 Associated
Glycol 2750 More associated
Glycerol 116400 Highly associatcd

Viscosity also depends upon the shape of the moleculcs. If the chain Ichgth of the
molecule is shorter, then viscosity is Iess. The compounds of normal chain length
have usually greater viscosity values than branched chain isomers. Similarly, the

viscositics of trans isomers are greater than cis-isomers.

The strength of intermolecular forces can also be depicted from the valucs of
VISCOSItY. .

Water has a greater viscosity than cthyl alcohol duc to greater hydrogen bonding
in it : S

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

M
[RI = Fxn"

We can verify the structurc of the compound by comparing theorctical and
cxperimental rheochors. Table (3)
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Table (8) Atomic and Structural Rheochory

| Physic: I
48 %

.-

Atom Rheochor Linkage _Rhegepy,
Carbon 12.4 Covalent bond 0.
Oxygen (in cther) 10.0 Coordinate bond ‘m
in kctone 13.2
H)'drogc(n (in C)— H) 5.5 G-membered ring, (sat) \S\(,\
(in C - OH) 0.0 | —CH, 236
(in HCI) 9. — C¢H; 1007
0
(in HBr) 12.6 —C/< 36.0)
0
(in HI) 150 | —NH, 206
Chlorine 2l > NH ?()\
Brominc 358 | CN 330 ]
lodine 47.6 o
Nitrogen 6.6 ]
1.9.8  Measurement of molar mass of polymer: R

Molar masscs of polymers arc very high. It depends upon the reaction conditiong whel
the molar mass of the polymer is high or low. The

mcasurcment of viscosity of solutions
polymers can help us to find the molar masscs
Following relationship is used for this purposc
], = KM?

Inllm = Intrinsic VISCOSIty

M = Molar mass of polymer
Kanda = Constants, depending u
polymer.

Factor depending upon the shape of molecule.
For ¢xample, for random coiled molcculcs,

pon the nature of solvent and the

a =

a =035
For rod like molccules
a =2
For spherical coiled molecules
a =90 ;
Intrinsic viscosity is a limiting viscosity number, when the concentration of the poly®
solution approaches zcro.
n-7g
= |
P,
N = Viscosity of a solution of polymer in solvent z
Mo = Viscosity of pure solvent f
|
ﬁ 5 . e "'wﬁﬁg
PR o
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[ 1.10.0 REFRACTIVE INDEX

(10,1 ntroduction:

"When u ray of light enters from one medium to the other, then it changes ils direction.
This property of light is called refraction.”

W ?“?“ a ray of light travels from air or vacuum to a denser medium say solid or a liquid,
hon ray of light bends towards the normal, This is shovm in the following diagram. (20)

yalus of

Normal
Incident
14y | Alr
e, > :
G

Refracted ray -
Fig. (20) Refraction of light.
Wher the angle of incidence ‘1 15 increased, then angle of refraction ‘r’ also incrcascs.

Anyhow, the value of 1 always remains smallcr than ‘i’ If the ray cnters from denscr to the rarer
medium, then it bends away from the normal. The angle of incidence is lcss than the anglc of

refraction as shown in the following diagram. (21)
Incident ray

normal
! : |
| Al |
§ etk refracted ray '

n / | : -

% | ! incident ray |
// g
Light -

i e
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1.10.3 Critical angle of refraction: -

hen the ane b T L .1 ' ~ - § "
3 ‘ ) —r rremenes th § "
\\ a4l UW <lisiv U1 I CDCe IRCITAsSSeS. the 2iC Ot A‘:‘m\:n{‘ﬂ 3!}0 INCIeas %

. b ] - 3
LA TL R e T

3 ~ N N 1= Ayl e HI® thoam tha * - b : ,
e JILC OF INCIOCnCe 15 ¢ 1Udl {0 YU then T approach
t
H 11 n 3 by
v § | bentas]
e followmng diag 22)

S 10 1S maximum value a5 show;

Mircorscope

Fi8. (22) The principle of critical angle of refraction.
At this time the angle of refraction is called eritical angle of refraction, denoted by
Since, at this stage 1= 90°

SIN1 = s§in 00 = 1

n,
Henee, — = 2
" sinr_ n,

ey

B

D-i I e
.
L)
NI L P S e e e
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A thin il of the hquid s placed between twa prisims Light i allowed to enter on the
lower side of the lower prism Sodim D e can also be wsed The surface ot the Tower prsm
acting as hypotenues s ground very wieely For (s reason the light enters the Tiguad at all amgles
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Actually, no 1y of Tight can enter the upper prisie with greater angle ol reltaction than
grazing werdenee The anglo of mrazing mendence means which e foss than 0% Tn this way, the
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(i) Pallvich velypctaometer! /

This ts more acenrate method for measurement of refractive indices of

arrangenient (X)) ta help il to understand the principlo and working of p
liepuiel

”qu'

. Ids, g

ulfrich Chracyy, O,
nl_'lcr |

monochromatic Hpht
'E--::M[.-_

telescope
g (24) The optical system of Pulfrich refractometer.
This refractometer has ripht angled glass prism, L M O, A glass ccll is attacheqd ong
npper swdo This glass cell v filled with that liquid whose refractive index is required, RCfracﬁv,f
mdex of the prism should be preater than that of the liquid,

A souree of monochromatic light 1s managed and it is allowed to enter the liquid a
prazmg meidence, along the surface between the liquid and the prism. The path of the ray}
shown by the ABCD and enters the telescope “I°, The angle of incidence in the air is high and
angle of refiaction 15 (90° 1), ‘ .

I the telescope is moved to make an angle less than ‘t’, then no ray of light will enter;
and the ficld of view will be dark. When the telescope makes an angle greater than ‘i’ then i
ol view appears bright. It means that the accurate determination of the angle ‘i’ can be made:
with the sharp boundary dividing a dark and a bright ficld of view and it can be obscrved throuy
the telescope,

Let the refractive index of the liquid is ‘n" and the refractive index of the glass prismi

INI
S inr = it !
So, sinro= o (1) .

The above diagram also shows that, |
sin i |
— . N 2 j
sin (Q0° =) 2) q
Since, sin (90° - 1) = cosr g
Henee, equation (2) becomes g
sin i f

cost TN e (3)

2" 1a ST B SR AN R,
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—

There 1s well known trigonometrically identity that;

sin‘r+cosr= |

So. sint = 1-cos’r

or sint = l-coskr e @)

i .
- N
o, ol sin’i
ence, cosT = 7 L mewwes (5)

Putting equation (3) in equation (4)

o= oA sin’i

Sinr = = Nz

o [N

NZ

So, Nsinr = N2 - sin%i
Since, Nsint = n
Hence n = \YN2-sini e (6)

With the help of equation (6), we can calculate the refractive index of the liquid ‘n’, if we
Lnow the refractive index of prism ‘N’ and the angle of incidence ‘i’, at which the light cmerge

from the prism. Sometimes, a table for the valucs of \/N2 = sini for diffcrent values of “i” is
supplicd by the manufacturer of the instrument.

Mostly, the monochromatic light of sodium D-line is uscd and that is why this rcfractive
index is denoted by np,.

1.10.5 Refractive index and constitution:

The refractive index of a liquid changes with the change of the wave length of the light
and also with the temperature. It means that when we mention the refractive index of_liquid, we
have to mention the temperature as well. :

Specific Refraction or Refractivity: ' |

In order-to ecliminate the effect of temperature, Lorentz and Lorenz in 1880, derived a

relationship between refractive index of the liquid and density of the liquid.
. .
-ttt o

‘R’ is called specific refraction or refractivity. This paramcter is indcpendent of

temperature. When the temperature of the liquid changes, then the valucs of ‘n’ and ‘d’ change in

such a way that, the ‘R’ remains the same.

e R Y T I 0 T SRR 1
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o, the units of 'R' ¢
jolar pefraction:

(10,4 Units of n
o1 M

SInce, R, ~ '“, %4

M
e units of R are the same a8 of Tl
M gmol!

d gem:’

M

, kg mol”!
I Shunits, "= m——

kg, m
are m? mol™!

Henee, the units of 'R’
wetion of son

apecific refraction and molar refri

(ollowing table (9).
Table (9) Refractive index,
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1
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o nolar My of the substance, they o,
'

'
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by
M

......

the wavclength o "
c [

Jut depends upon
finitc wavelength ¥

perally reported for de

(]
/

iprocal of density.

cm® mol”™!

m* mol™

in SI, systcm. The
¢ important

specific refraction and molar
uids at 20°C.

- refraction of some important liq
red Compound "l2)() [Rn]m .[Rm(D)lzo
“ Nectone | 13588 | 0.2782x 107 | 1615 X 1078
_ Benzone 15010 | 03354 107 | 2.618x.107
_(':ul)nn tetrachloride | 14600 0.1724 x 1073 2651 x 1072
. Chloroform [.4455 0.1780 x 1072 2125 x 107°
~ Fthanol 13613 | 02775x 107 | 1278 x 107
Toluence | . 4969 0.3356 x 1073 3.092 x 10—5
. '.W;_ucr I.?BZS 0.2083 x 1073 0.375 x 1073
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The velvactive index of carhon tetrnchloride at 2000 §s 14575, Calenlate its

| " ¥ ' . . » ) B ‘
molar velvaction, 10its density ba 1595 logm

SOLUTTON
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noo= LASTY, = 10 k!
Moo= 18w 10 kgl ',
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Putting the values
(LASTH 0 110 gy ol
(! -I.‘»H)3 b " 19095 Jege 1 ‘

ll"'l" “’,J 1 |
me ol

“ =
in

212-1)(
. "l 12 'I) \ 1505
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|
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[ 1)
Rm - g 1) A

. 172 48 = 10
Roy = 0571 4

R, = 00262 %10 m" mol'

| |
m mol

. '
R, 262 %10 "m' mol A
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1.10.10 Molar refraction and chemical constitution:

nolar refractions arc calculated for v_ariops possible structures and the ¢
¢ calculated molar refraction is the correct structyre Of thyy Qm”-’%

ts 1in accordance with th

order to illustrate it, let us take the example of C,

Refractive index of CH,OH =
ensity of C.H.OH - =

Temperature of C.H,OH = 23°C

'
o
5
H
!u
el
w
(8]

oy

i

fe

o
I

H,OH, having the structure H-

e

Bl g

F" }{,J‘!v
'y
I~$"J‘

sodium D-line

46 g mol™

=[12.91 cm® mol™'| Ans.

' S #hn
Ml Ul

I'ncoretical value of R_

(P2

1.10.1% Molar refraction of the solution:

N e e T
b sadcsias bwda

n® -1 :'/X:Ms - XT\I;‘;

table is 12.916 cm® mol™! or 1.2916 x 107 o,

0. the correct structure of C.H,OH is as propesed above.

refraction R’ of the solution is given by the following rclationship.

s

Whaern Y PR | { ? ;e the male Grarctires £ the l, l ' [ '
WOt A, anc A, are the mole fractions of the solvent solute. 'M,"and W,
2
-
th~ ralar rmaccac A ey e -)—j enliitna rocrr~tryoaler
Mo Livias sy C1 SOV ad Soiule TGSV LEY .

[.10.12 Optical abnormality:
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cal R_' values do not agree with each other

‘we for such compounds is greater than the theoretical ox
exzltztion. When 2 carbonyl group is in conjugation ¥

values of optical exaltation for some o'
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Il.l"lf_l'l(_!_!!‘_(_:_""jl'uulml wyslem showing optical exaltation.
8. No BOROAI Nime Observed | Caleulated Optical
(LU R, cxaltation
0| cny-c=cn- 2,4 - 5

3004 x10-3 [2.889 % 107 0,175 x 107
CH=CH =l ]3 Hexadiene

) "(_'|t2~(:||~(':|1—- 1,3,8 -

s -5
1038 % 10~5 | 2,852 » 1073 [+ 0.206 x 10
CH = CH=Cl '2 Hexatrlene

0

| -5
}|(CHy)yC = CHE = C | Photone | 4,539 4 1073 |4.273 « 10~ |+ 0.266 x 10

CH = C(CH4),

1 |cy=C- |15 o 1078 289 x 1075|0012 % 107
-~ CH = CH, Hexadicne

(.10.13 Optical exaltation and the benzene ring:

The conjugated system of double bonds present in a closed ring structurc likc benzene do
not give optical exaltation. The experimental and theoretical R,, valucs of benzenc arc 2.618 b
10-* and 2.630 x 107* m? mol™!, respectively,

These valucs are very close to cach other. Anyhow, the following organic compounds
show optical abnormalitics,

SEE e ee

Acctophenone Styrene Napthalene » Anthracene

SOLIDS

1.11.0 INTRODUCTION

Those substances which are rigid, hard, have definite shape and definite volume arc
called solids. They can retain their shape without being confined in a vesscl.

There are two types of solids.

(1) Amorphous solids (i)  Crystalline solids
(i) Amorphous solids: :

"Those solids in which the constituent particles i.e., atoms, iqns or molecules of the
substances are not arranged in any regular fashion." They are not accepted as truc solids.

For cxample, glass, pitch and the polymers of high molar masscs arc amorphous solids.
They are also regarded as supercooled liquids of high viscosity. '
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\\ry
(i) Crystalline solids:

“Those solids in which the constituent particles like atoms, lons or moleculp,

substance are arranged in definlte peometric pattern within the solid are
Sollds," The substances ke metals and

of the

called “rystallyy,

many of the salts are crystalling in nature,
L1LT  Space lattice:
"The regular arrangement of constituent particles i.e,,

crystalline substance in three dime
shows the space lattice of

atoms, lons and mole
nsions 1y called space lattice,” "The following d;
a hypothetical crystalline substance,

/A Z
ozt
1’”.7(/

Cliley of 4
agram (s |

C
C =

“(7 (\P ) X
. Z D b A

Y Y

4
Fig- (25) Space lattice and lattice POINIS fiig, (26) Unit cell and unit cell dimensiony

When we look at the crystal lattice, then we note that

(1) Each lattice point has the san

I¢ cnvironment as that of any other point in the
lattice.

(11) A constituent particle is to be re
.and whether it contains the singl
L1L2  Unit cell:

When we picturize a crystal lattice as show
to sclect a group of lattice points. This group of |
the unit cell. The whole lattice can be generated by

So, unit cell is a three dimensional group of lattice points which generate the whole |
lattice by translation or stacking. Fig. (2) :

L.1L3  Types of unit cells: :
Unit ccll can be divided into four ty

(i) Simple unit cell;  This type of unit ¢
present only at the corners of (he unit cell

(i) Face centred unit cell: When the particles arc located at the centre of cach face
in addition to the comers, then it is called face centred unit cell,

(iii) End face centred unit cell: 'When the particles are located at the centers of the
end face in addition to the cort

icrs, then it gives end face centred unit eell.
(iv)  Body centred unit cell: When the

ly particles are present at the ecntre of the cell in
addition to the corners, then it is called body centred unit cell,
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I*hV‘?‘"T"
@ (1 folloving, s61 of dingtams (27) show these four types of unit cell,

e ——————

L]
N L)
L ]
. .
l”",l.ln Vavaoentred Ll face-centred llr;rly-ccnlrctl

Iy (27) Types of unit cells,
K Crystnl Systems; B
ach unit cell ts a parallelopiped, whose interfacial angles may  r may ’n_ot be 9(?". I‘I}U
e lonpgths b, ¢ and three interfacial angles are called unit cell dimcn;ions. e rcl:morTS 1;]’;.
[ulween ihe values of the angles and between the lengths of the axcs give us seven typcs

uy:l::l gystoms as shown i the following, Table (12).

Table (12): The seven crystal systems and fourteen Bravais lattices

JRREEE

‘haracteristic
_— Bravais unit cell :hnl:;r:t-‘try ' examples
Systems lattices Cleharacteristics v :
clements
(Jnh;(, 3 three axes at right {four 3-fold NaCl, ZnS;
simple anples: all equal | rotation axcs FeS,, KCI,
body-centred, [#=b=c (along Cl“b'c Diamond, Au,
' diagonals .
face-centred |, o gy =y = 900 igonals) Hg, Ag, Pb,
Tetragonal 2 (hree axes at right {one 4-fold SnO,, TiO,, Sn,
simple, 2:1::‘!:1‘}“ fwoare  |rotation axis KH,PO,
body-centred e
a=b=zrc
o= [y =y =900
Ornthorhombic |4 three axes at right | three mutually KNO,, PbCO4,
simple angles: but all orthogonal 2-fold BaSO,,
i d o tred uncqual rotation axcs ‘
WCS eeBIlINE, ‘ rhombic sulphur
face-centred, |d#d#c
end-centred, |, . (oye 900
Monoclinic /! three axcs, all one 2-fold Cu80,4.2H,0, '
simple, unc’qunl,. lwo‘:'txcs rotation axis. Nit580,. 10H,0
focentred al ripht angles,
SIERSEINISS third is inclined 1o _ N & 5.
(hese at an angle AyB4 V7. 10K,
other than 909 a # O'l “;OHOCll“IC
b se sulphur
‘x | ] Y (= ] 900-
{ (v # 900
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ot of diagtatns (27) shiow these four types of unit ccll,

Facaoaidisd

Crystal Hystems;

——

L4

opyshal systoms as shiovm in the following Table (12),

Tuble (12): The seven crystal systems and fourteen Bravais lattices

Hystems

'In’fi'r

Tetruponal

Orthorhombie

Monoclinic

lind face-centred

Fig. (27) Types of unit cells.

A

fach uiit esll is a parallelopiped, whose interfacial angles may rm
e Tonthis 4, b, o oand thres intorfacial angles are called unit cell dimension
bty the valiss of the angles and between the lengths of the

Nody-centred

: ars istic
Bravais unit cell i i
' examples

lattices characteristics SYmIEry &

o clements
g three axes at right | four 3-fold NaCl, ZnS;
simples | angles: all cqual | rotation axcs FeS,, KCl,
body-centred, |a=b=c Sf"mg Cl“t)"c Diamond, Au,
‘o= iagonals '
face-centred | [ =y =900 - Hg, Ag, Pb
2 (hree axes at right |one 4-fold Sn0O,, TiO,, Sn,
sinple, angles: two arc [ rotation axis KH,PO, '

body-centred

caual
a=b=c

w=fh=y=90°

A
simple,

body-centred,
face-centred,
end-centred,

i 5

three axes al right
anples: but all
uncqual

nrdb e

= [ =y=900

three mutually
orthogonal 2-fold
rotation axcs

KNO3, PbCO3,
BaSO4,

rhombic sulphur

p
simple,
end-centred

(hree axcs, all
unequal, two axes
at ripght angles,
third is inclined 1o
these at an angle
other than 909 3
b #c

o=y e 900,
() # 000

one 2-fold
rolation axis.

y N32B407. lOHz

O, monoclinic
sulphur

PR

ay not bc 90°. Tl'xc
s, The rclationshxp.
axcs give us scven Lypes of
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