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CHAPTER 17
OPTICAL ACTIVITY
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menon being  termed Fig. 17.1. Rotation of plane of rcibratisn
us - mlalory  polarisation in optically active substance like quarts.

or more commonly. as optical activity. It can be illustrated sche-
matically by Fig. 17.1 where the plane of vibration of the plane
polarised light before entering the crystal is in the plane Q @ and
on emergence the direction of vibration is in the plane PP. The
angle of rotation of the plane of polarisation is obviously egual
to that between Q Q. and PP.

Many other crystal like sodium chlorate, sodium bromate
and cinpabar exhibit the phenomenon of optical activity ;naq{
such subsiances are'said to be optically active. The angle of
rotation of the plane of polarisation is found experimentally to be
directly proportional to the thickness of the crystal section traves
rsed by the plane polarised light, This fact brings into light the
fact that the action occurs within the opt it‘.;\“}‘ acnve ~mrcls._u_u_r.

| 2nd not at the surfaces. The angle of rotation 1 also found to
1 depend: upon the wavelength of the light employed and the
fature of the optically active substance,

. Inaddition 1o solids mentioned above, Iln‘;rﬁn are cortawm
liquids ¢ 4., turpentine, sugar solution, aloohohe wl\tliii.‘_u\:‘;
Camph”r eLc, Vb’hi(:ll are fl[lliﬁil“}' 1\(-',li\'l7'a 'l'hp (1‘311“!{!‘ !‘S‘."‘.H;\.-U
Produced by liquids is however very small na compared by \ ‘{:t
‘ P{f‘ld‘l_{;;p_{*] by solids, Thus one millimetie thick quarta phite
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w‘fil@;';s A Totation of about 18 in the red reglon “l -‘i:?“;‘ ,I.; ey
e the saye thickness of turpentine prodiges 8 Fotatin
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442 OPTICAL ACTIVITY [ cHAP. 17

i d by liquids
twenty five minutes. The nmount‘of rotation producc y uq
is proportional to the following factors :

(i) The length of path into the liquid, : o
(ii) Inverse quareof wavelength (The law 13 approximate).

It was discovered by Biot that optically a}‘i,“;’le dl;%;‘lf ozc:'i;::?‘.
its property when it is dissolved in a solvent which onortional
with it, The rotation produced by such sqlut10n§ 1s P dp s
to the concentration. This property makes it P?SSlblg e i
the concentration of an optically active solution }lf mea )
the rotation produced by a standard length of the solution.

An optically active liquid &, g., turpentime ratains its pro-
perty when it is transformed into vapour.

While in solids the optical activity 1s a}tributgd to their
crystalline structure, in the case of liquids 1t 18 attributable to
the molecular structure itself,

17.1. Experimental Demonstration of Rotatory Pola-
risation. Th: phenomenon of rotatory polarisation can be
experimentally demonstrated by an arrangement sketched in
Fig. 17 2 where ; and N, are Nicol prisms mounted at 2 small
distance apart and are capable of rotation about the common
axis. In the crossed setting of the Nicols, the field of view 1s
dark —the E vibrations from the polariser enter the analyser as

OP”C Axls Nl

Yo ewll=avaNN
: e

YT VAR = VAN

Polariser - Quartz (a) Analyser L

Fig. 17.2. Demonsirating the special case of rotation of plans
of vibration through 90°.

O vibrations in this particular setting and hence are totally
reflected within the analyser. However, on Inserting a plate of
quartz (cut perpendicularly to the optic axis) between the crossed
Nicols the field of view brightens 1. e. some light is now trans-
mitted by the combination. If the llght 1S monochromatic (of
single wavelength) then on rotating N, through a certain angle
the light emerging from quartz can be once more completely
extinguished. This shows that it is still plane polarised but the
plane of vibration of the incident light has been rotated in passage
through quatz by an angle through which N, has been rotated.

All this is more closely explained schematically in Fig. 178
where NN, represents the principal section of the polarising

Nicol and th.cre-fore :_1Qr_eprcsents the vibration incident on the
quartz. This vibration is rotated from the plane AQ to 4P i
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yassing through t]}c quartz and therefore AP e HESERT 8 :
\'ibr;uiol\.cmt‘!l'?-‘;m“ h.m_l-l quarts "”",l incideny 01 ila.:r.' IE‘J.J":;: .:”"L
Nicol Ny g .Pllllﬁl[)&ll section s FEDrege pied ‘|:'-‘ ‘}f’{*’«
(17.3 (a) | On entering the analyser, its companeny sfm gy’ %
'l!mni-\':-'\f: (plane of transmission iy unﬂly:w.r) % Wrans S <
TH Ehvibmtion. On the other ll:lll(l, the pPerpendici] sy r: h.&’w[.“_"_'
l.-l.(?= AP cos 0 is l(}t.allly reflected 45 ) V”’l'-'tlif'm ‘;;'?lr;;:-”.l“:f_’i_
analvser. This explains the hrighlcning of the fif*lrl",‘-fhr.,'::t_
on the insertion of quartz b(.ith'.t:ll the crogsed Hic;;iz Ef -’«J:
N, isrotated, then Ny V' is the required new lmsit;nu ”1:_. :.:
Pr-i“CiP“l section, being  perpendicular (g AP, for f?JHJ{EJ:f:f:-
extinction of AP. r[‘hfs angle of rotation of the plape of vibration
due to quartz plate 1s, therefore, equal to the angle b;;p,,;.,;;
N.N,and NV, i.e. the angle through which the afiai'f':;';u
Nicol has been rotated. Unfortunately, this is not the rrnr

sensitive and accurate - Ny o
method for measuring f "y
the angle of rotation.

NP

If, however, a
plate of calcite, cut
perpendicularly to the
optic axis, be similarly
inserted between the i
crossed. Nicols, the N, IN,

field of view remains Fig. 17.3. Rotation of monockromatic
dark, the plane pola- [light in a quartz plate mounted between
rised light from the - crossed polarise and analyser.

first Nicol is transmitted by calcite without any modification and
the{cforez 1t 1s extinguished by the analyser. Thus, calcite is a=
optically inactive crystal,

. 17.2. Rotatory Dispersion. A careful study of optical acti-
Vity would show that the planes of vibration of light of different
wavelengths are rotated by different amounts in traversing the
ame thickness of quartz. The first accurate results in this direction
are due to Biot who found that the angle of rotation is very nearly
‘nversely proportional to the square of the wavelength —the light
of Wavelgngth in the violet region Iming rotated al)u}u four times
more than the light of wavelength in the red region of the speetrum
Lherefore, jf 4 plane polarised beam of white light be directed
through quart along its optic axis, the effect can he ‘“lfm.a o
dxagramtically as in Fig, 17,4 where ( () represents the divection
of vibration in (he polarised white light” incident on the qu;u_f_tl.[

.o Waves of different wayelengths in the emergent hc;l““t& “,:\

ave different planes of vibration as shown il 4 r\(-‘ti!-’
Wllt:re AR 18 the plane of vibration of the wave ol same p.t : :
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144 APTICAL ACTIVITY [ Gupr. 17

‘ : fonseipuenily, vines
cular wavelength in the red region and so on, Conseipien /( H

bt
emergent vibrations from quartz are analysed by the seconi s

with its principal section M, - = ——

NNy (plame of wrans wl S J (7
misston), as  shown in .Io"," b b d P ¥ :’; ;"}’/4'-"{" i
Fig. 174 (1), their com- fEAe @)/ Tly [T L2
ponents  along NN, i g b ‘){'T;'.T,\.‘..,,‘_."_.;L_J‘r
~from Aly to AE, [ Hia ! Lok of i

—are transmitted as K foal /] | | i
vibrations while the per. ;-_‘.,'_. -"y"f | ! oy é
pendicular  components  {t [ fo) by e Nl il

—from A0 to 40y -are N, iy

totally reflected as O vib. Fig. 17.4. Rotation of white light in g

rations \\'i‘hin the ;‘;llﬂl}'- f!lla?ff, f,[u“ "m“n{frf b(”h({ﬂ {rf;}j{d p;,-,’_g-
ser. Since Alv> AEy the  riser and analyser showing components of
resultant transmitted colours transmilled by the analyser.

colour will have violet tinge. What happens is that more of the
red colour is totally reflected as O vibrations within the analyser,
In fact, the resultant colour of the transmitted light is exactly
complementary to the resultant colour of'ithe totally refiected
light, The field of view, therefore, appears coloured, the colours
obviously changing as the analysing Nicol is rotated about its
own axis, light never disappearing entirely for any one setting of
the analyser,

The decomposition of white light into its constituent colours in
the transmission of planc polarised white light through quartz,
(along its optic axis) is termed as phenomenon of retatory dispersion.

17.3. Two Samples of Quartz,

_ : _ There exist two kinds of
quartz which are mirror images of each o

ther even in their crystal-
line structure and form. The
most peculiar thing about them
is that their optical properties
arc also mirror images of cach
other. . Thus, if one rotates the
plane of vibration (o the right,
the other wonld rotate it to the

TN, | l.(:fl. Crystals belonging to the -~
Incident-+{ ¢ \ v/OONB e Icident Tormer ¢lags are called dextres :
vibrttion 477" Enier st - vibration R i :

0 vibvation A rolatory or simply Hight Randed
i J\__' ]wl”l" thoge lmlunging to the
1 atter
]

clays ave called liveavpia-
tory or sinply foft-handed, The
right<handed rotation  mweans
that the Potation  of the plane
k-wise divection with PeRpECt R

; u P 4
Fig, 17.5. Each guartz is a
mirror smage of the other,

of vibration occurs in the cloc
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e pature conclusivel ye Vhe chinracte il tha &
4 by the relative positiens of S and 11wy g 10 K the
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¢ of A, the crystal isa vight-handed one: by i they are (}.«;
it is a left handed variety, - F i
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17.4. Laws of Rotation of the Plane of Polarigation
shortly afier the (h_an-?-my of the p!l(tnnmf*mm of rotages ;,--uia:i.—
sation by Arago, Biot in about l.tilq made o detaled study of the
nenomenon of rotatory pul;u'is;lmn_a with right handed 25 weil
as lefi-handed crystals .'?ml cmploying plane polarised Jight of
l!iﬂ.{'l'f'-llt “';1vcl(‘.tlglhﬁ. His COI'!CHHi(}n':. are best t'.:(prr;;,i“'d T the
iorm of the following three laws @

I. The angle of rotation of the plane of vibration, for any
given wavelength, is directly proportional to the thickness of the
optically active substance traversed by the incident light. In other
words, the greater the thickness, the greater is the angl2 of rotation.

2. The rotation produced in transmission through tws oc
more optically active substances is the algebraic sum of rotations
which would be produced by these substances separaicly. In
mathematical language we may express the resuitant rotatica 3
due to 2 number of substances arranged one afier another as

Bzﬁl‘-‘ﬂg_i" ﬁs"‘ 9"{"85—86'?“....--
when substances are alternately right-handed and left-handed
varieties, Therefore, a solution contaizing an equal number of right-
handed and left-handed molecules is optically tnactive.

3. The angle of rotation is approximately inversely propors
tional 1o the square of the wavelength for a given thickness of the
optically active substance

17.5. Fresnel’s Explanation of Rotatory Polarisation.
The first explanation of the phenomenon ol rotatory i‘kiihl}':*.'lllt‘ll
in optically active crystals like quartz was given by Freezad on the
supposition that the circularly polarised light s propagated alony
the optic axis without any modification. The theory 1 l““"-ft .
the elementary principle in dynamics that any reciimcar Spie
harmonic vibration may be regarded ag resnliant of the SUperpers
u!on of cqual and oppositely described  ¢ivenlar ‘\“?"“*“"‘_"“ "-m‘b
clockwise and the other anti-clockwise - yotating with equal fre-

uency. Analyt deenlar vibrationy may  be pepres
' ¢ 1C¢ 3 O circtlar VIDEauy :
sented by ytically, the two i

Xy . g bt e v @ COR B
1™ d Coy wl l’ Antl“CIUI?kWIR“ ] ‘ pyee a4 o '
i

elockwise l
J1*asin Motion Yy d shiy o
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446 OPTICAL AGHIVITY | GHar, B

vibravions, by thie prantipie o

The x components of the cireular
cach lIl]li'.l, ii'..",ijf.af,:‘ i bliE sy

supcrpusitiwu of wave mations cancel
polarised vibration
ya= gy, 4oy, ==2d sin wl

This establishes the above stated dynamical principie

Accordingly, Fiesnel's (sl ;t"l‘*“l”l’li“” b that o plane foistse

ed light {(lincar vibrations) just on entering any crystal along g

Nz
) (/i | |

b

-y

L

:’ - |
NN
(d) \\..:‘}f{ (£) ‘\MF;;/
% iy
_th' Left handed Z}: Right handed :j—-
Calcits = - Quarts 174 Quartz "4

Fsg, 17,6, Frenel's explanation of oflieul relation,
optic axis is resolved into two cqual and Opposite ccutar mos

. . i .:.\“.H‘
described with equal frequency, which may [, 106 () oy
may not [Fig. 17,6 (¢) and (h) be propagated with (he sase

speed, depending upon the nature of the ceyacd Ta erveiads Tike
calewe, since the spherical and the ellipsoidal wave  sarfaces
acl:unl.ly‘ touch cach other at points where opte axis huoneh 1ae
point of Orilgin of light interseets them, the two eucular \".“‘!‘\:-t}k.\“
nents travel wit a same suged (Voa Vet sland e saiiti aelt
Consequently, ti:-,llllh 1,-:;:,: s;,'l:i:;‘ln(,':,\l;,mlgﬂ.J ,-*._“ .‘n."",‘l.\._‘; 45 “l\.

§ . ] : Y atany paint A alouy
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Meir path ™ thlp erystal, and as tha wive 1yavels on: die 16 P
“”‘ l‘!-I".f.qnl'll:-u.-:;. ”I" It ili!(! llll‘ L VOO e s yaat it lltf‘llilph “'“_d
angles in eqrral e vals of tme - the @ veetar i the f:-im.kwia"et
.m;l the L vector in the :'lnu.;‘.lut'k wire divectiog - biath ihiliirlﬂ?
gtarting from the same point, For every sunaltaveous s Cerm of
e A and the Lovectors, as shown in Fig, 176 (¢), ihe 10

‘ I 1 adibipgist
Jies alony the dn't'c:r.w!'_ Bl which is coincident wal AU (e
vibration plane (‘hh."‘ mcident wave, Thoy the Pigrhit ot the iu-éfﬁ
B is still plane polaviced and the plane of vibration is the same
as that ol the tncident wave. Guleite, thus, does por exhibis the
phenomenon of rotatory polarisation

In an optically active crystal the two wave surfaces do ot
actually touch each other at points where the optic axis through
the point of origin of the hght intersects ther, What would nos-
mally be the spherical surface, is distorted outwards by a small
amount in the region of the axis, and the ellipsoidal surface s
distorted inwards Hence, circularly polarised components travel
along the optic axis with slightly unequal speeds. In the right-
handed quariz the clock-wise component travels fazer [Fig. 17.6
(2)] while in the left harded quartz anti-clockwise component
wravels foster [Fig. 17.6 (d)]. Due to this incquality in their
speeds a certain phase difference will be introduced between the
two componentsin transmission through the quartz. As a result of
this, as explained in the sequence, their resultant vibration will be
inclinad to the plane of vibration of the incident light and thus
the rotation of the plane of polarisation will be account«d for.

Let us now consider more closely the rotation of the plane of
vibration in the lcft-handed quartz. Let the light vector 40 in,
the plane polarised light, incident normally on the crvstal face

e nitially vertical.  Since Vy>Vy, the L component arrives
firstat any point B along the path of propagation of light in the
crystal, and as the wave travels on, the L vector continues to
rotate (at B) in anticlockwise direction, having turned through
an angle 3, say, before the R component armves at B, Ths
angle 3, thercfore, is the phase diffivence between the I and
the R components on reaching the point B, As this instant, which
we call =0, both circular compencnts rotate in opposite direcs
tions the one starting at R, :mc,rthc other at L,, due to cg;uaﬁw
of frequencies trzcing out equal angles in equal intervals of ¢ me
For every simultaneous position of R and L vectors, as ﬂlm‘\u n
_Fig. 17.6 (f), their resultant lies along the plane HP “‘h“}h W
Is easy to see makes an angle 33 with the virbration plane ol the
incident wave, We, ther fore, conclude that st powt H hghvu
still plane polarised but the plane of vibration has Tieen rotaied
through an angle 14 in the anticlockwise diréciion i iraversing
the thickness AB of the crystal. i :
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[ fitia 19
K - ; . Wil Nl oarri :
In the vight handed quarts, the R camponent arrives fipq &
B and when its vector has deseribed an angle 4 in the ol kwie
direction, the L component avrives at o At this instan 4. 0

both circular components rotate i opposite directiogs with <
frequeney, the R vector starting at R

As shown in Fig, 17.6 (1),
along BP.

fHR

and the L vector 4 [
the point I' excoutes linear vi

l’ffil_if,hg
Chus, in travelling, from A4 to B along the Opric axiy,

the plane of vibration has been rotated through an angle §s
the clock-wise direction.

in

[t is now obvious that the plane of vit,.

ration would rotate gradually as the light penetrates deeper 2nd
deeper into the crystal,

It may be remarked that Fresnel’s explanation is quite sztis.
factory, as far as it goes, but it fails to give any plausible reasom

for the curious resolution of the plane polarised light into equal
and opposite circularly polarised beams,

Calculation of the Angle of Rotation, The angle of rota-
tion of the plane of vibration in traversing a given thickness of
quartz along the optic axis can be very easily expressed in terms

of the refractive indices of quartz for propagation of the right

and the left handed circular vibrations. The time difference

between the two circular components in traversing the righ
handed quartz is

AL = ty—tg = (d[V1)—(d|Vy)
and 1f ¢ is the velocity of light in air, then
Path difference == ¢ A8 = d[(¢/V}) —(¢/Vy)
= d (i, —ty)

Hence, the phase difference between the two circulay compos
nents is

?
3 o — d (), —ny)
A

Therefore, the angle of rotation of the plane of vibration
given by

- g6 e (m/N) d (i ww)
where yy, and up are respectively  the refraetive indices of e
right-handed quartz for the propagation along the optis axis of

the L and the R circularly polarised components of the nwu\z‘tﬂ
linear vibration,
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HOTATORY POLARIBATION

Similary, the angle of ratation of the plisne
the left handed quartz s expressed by

0 = . ﬁﬁ B2 e ('Hf),) ‘! (“‘ﬂ "l)
Refractive indices for the right-handed Quarts,

b wibisatiog bry

\'\'-".wulength My Iy, Wy i,
7020 A. 1.53914 1.53920 1.54811 1.5%917
3968 A. 1.55810 1.55821 1.56771 1.55815%

17.6.  Analytic treatment of Fresnel’s Theory of Rota-
tory Polarisation. We may also explain, in keeping with
Fresnel’s principles, the phenomenon of rotatory polarisation by
considering the equations of various vibrations. Let the vibration
in the plane polarised light incident normally on a quartz plate,

cut with faces perpendicularly to the Optic ax s, be represented
by the equation of simple periodic motion, viz.

. 27
Y =2asin—Ft

According to Fresnel’s idea, this linear vibration is resolved,
just on entering the crystal, into two equal and opposite circular
motions, which may be represented by the equations of their
components along two mutually perpendicular directions.

X, = —a cos (27|T)t [ Right-kanded
N = asin (2w[T)t circular matien
and x, = acos (2x/T) t [ Lefi-handed
Y= asin (27/T) ! circular mobion )

These circular motions travel along the optic axis of the quartz
with slightly unequal velocities, say Vy and 1}, . the \-qltsmtk-af of
the right and the left-handed motions respectively.  The vight
handed motion, therefore traverses the thickness d of the crystal
in the time interval

iy = dfVs

Hence in trav ersing the thickness d of 11{0 crystal, in t*lf‘_‘h li‘.i‘l}\\-‘:;
nent of the R motion, the phase difference will have the value

W an A, ; {od 7, the phase of the
T8 OF 7 X _Vn(mnrl in comj I

wave changes by 27). ‘The components ol the ri.ﬁht h;mi.hd.
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o 31 |.|1|3 |'l"“i'|il l]li't"'i(”}; f! ;Lii‘ b
, 5o nerging fronm v g Y
notion just on GMerEid i . oAt v Iy
[\ptic -;{]ia‘ may therefore, he representt d by eq o
| NSy b

: . .
- .“E’T [ - 'l...) Yy = 48 ,}(.‘ - d
1“ =2 =@ COS .l— l{r“ I V;

: anergence fre s
Similarly, the left-handed motion on €l g Lo 1 hie o
can be r;.:prt:scmcd hy the v(lu;ltmna

o d g ain 2T J ool
Xy == a cos 7_—( { — V[,-) )’2 4 51 / ( ' p‘f’ }

The resultant of the two ecmergent cireular movons gz,

e : il s
obtained, according to the principle ol SUPETPOSILIGH  of w,.

motions, by the algebraic summation of X and ¥ componen, :
dividually. Then we get
X = xl-i-x,_,
27 d 27 d -
a[cos ’l(t Vr.) T( Vz)
=—9as1 7d _1_._.__L_ sin?lr ¢ d _1_ { LAY
= asmT(VL Vn) 7l 4= TZ_(VP_T?;)
and, y =yt
. 27 d 5 29T d
(-t (e )
wd 4 | 1\. 2 dys 1\ i
where, we have assumed Vy>V;, i.e. the crystal is of the fgss
handed variety S

The resultant x and y motions, being in the same phzse,
compound into a rectilinear simple harmonic motion, viz

t= VAT

or s = 2a sin %-75 = ‘3_ __1;_ 1_‘_‘,)
o) 1 280V T
Thus, the light emerging from the : o
but the direction of vigral ions S

direction of vibrations in the

18 15 still plane polarisd
1S inclined o 17 axis i e ot

incident light by an angle ;\"iﬂ‘i‘ oy
N—_— lr 1 '
tan § = — = tan Ui Rt i
y T\ W, i";{)
Hence, 0 wi 7”1( | l ¢ 71\ \
Tl - Yeupd o f Lol
ryw, Vi ) ,\( W\, Fa )
or nd

Y (1 =un) radiany
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17.7 ] EXPERIMENTAL PROOF OF Y RESNEL'S TG R Y 451
This angle is independent of t, which simply means (hat at eseh
point of quartz the two circular vibrations com-

bine into linear vibrations. However, o is pro-

portional to d indicating that the plane of
vibration rotates gradually in the clockwise
direction as the plane polarised wave penetrates

deeper and deeper into the right-handed quartz
along its optic axis. Fig. 17.7.

In the left-handed quartz, since V;,> Vg,
the angle of rotation of the plane of vibration is given by

0= — (mwdf\) (Mp—uL)

On the other hand, if the two circularly polarised components
travel with the same speed, as in calcite crystal, then gy =g, ard
hence 6 =0. The plane polarised light is, therefore, propagated
along the optic axis of such crystals with direction of vibrations

unaffected. Thus, calcite does not exhibit the phenomenon of
rotatory polarisation.

17.7. Experimental Proof of Fresnel’s Theory. The ex-
perimental proof of the curious resolution of plane polarised light
into two circularly polarised components, in the manner described
above, was also given by Fresnel. He reasoned that if there exis.
ted in reality two circular components, which travelled with
unequal velocities, they should be refracted by different amounts
into the air from an oblique surface of a quartz prism. But he
failed to observe this separation, as the angular separation & —t;)
is too small to be observed. The increase in the angular separa-
tion between the two beams was, however, accomplished by him
with the help of the ingenious device of employing a train of
alternate right and left handed quartz prisms cut and arranged
as shown in Fig. 17.8 —the optic axis of each prism being in the
same direction and perpendicular to the end faces.

The reason that the angular separation between the two
beams, is increased at cach oblique surface may be very easily
explained. Since V3>V in the right handed quarts and in the

R

e e e

e e &
Lcrt flﬂﬂd(‘d - h _m\..,, H_* “\m! ‘.\‘ ’ 1
| f\’)-’ P—\-ﬂ‘#\ = J-l-i\..ln"ac i
. 'J }; hi ‘{"‘L\J"!ﬂ; N‘.
:- ' ‘uv e
E-]. 8 \ F : &1 i :
.

Optlc Axis Right h.mded“‘" L&

Fig. 17.8. Fresnel multiple prism for demonstrating the arentarly
polarised components of plane polarised light,
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(he cireular components sinply intyg),

ded ﬂ“f“'l""i- 5 Vi it therefore tollows that the i b
1 -~ L] i J 2 Wi
. | to the L prisms so fay g, @
" 1ha

elocities 1 g comparet LTl
Lon is coneerncd, 16 Ireverse '
motiol e 1 thils
Lu¢

or the prnp;\g;lliun of llll.'. L motion, l"-"’"pu.g thikg

holds gnnd for the D lique surface, since the I motion | Dsgien _
1:'. “‘-l'::tm) into a denser (L p.-i.-im) medium iy Wji]”;-',: g
from rarer _({1.\ H::‘ boundary normal and hence turned duwnw:m;: ‘_
bent to=wart h‘ “ Dassing from o denser (K prism) into a pyy,,
by mouu:.im;\' it will therefore be bent away from the norgy,,.
(L prism) mc:-ncd :1;1“’*““’" The reasoning along these lines ‘-‘ah"m-:,
and l_;cnc.c‘i;:‘ . the second oblique surfuce, the angular separatiy,,
thatlm p:-l';b 1%\'0 Leams is further il‘lCI-cilSCd. The net result iy )5,
?lfé\:gé;nm- separation of the two 1':15'5111:..:1'(::15(.::‘5 {I.l:fﬂ.{:}l SUCCELs e
refraction, the (wo Tays finally emerging separated from encl
other. ) A P T
The two images of the same source formed by the compound

cism are examined by a Nicols prism. It would be observed tha
their intensities remain independent of the rotation of l\_‘xcol_ “This
is also the characteristic of the (_)rdmary- unpolarised light when
examined by the Nicol., But on mn-odugng a A+ plat_c of mica,
as shown in the figure, it is found that images are extinguished in
succession as the Nicol 1s rotated —the A/4 plate transforming the
circularly polarised light into plane polarised light, the planes of
vibration in the two beams being mutually perpendicular. This
conclusively proves that the light emerging from the rectangular

quartz block is circularly polarised in opposite directions.
17.8. Specific and Molecular Rotation. The dependence

of the rotation produced by an optically active substance dissolved
in a non-active solvent upon the concentration of the solution has
led to a large number of applications e.g., in the estimation and
analysis of sugars. For a comparison of optical activity, therefore,
a unit is adopted. This is called specific rotation and is defined
by the following equation. '

Specific rotation
_ Rotation produced by 10 em. length of the solution

i i ———————

‘Hiif*‘.

Density of the solution in gms. per ¢ ¢,
- Thus if 0 be the rotation produced by ‘¢ decimetres of e
ution and o be the amount of the optically active substanee =

di :

miz?ilved in_one hundred ¢. cs, of the solvent then the specit
on or the rotatory power a is given by

1009 w al

"= OT ) m. ey

, Z 100

Fspecific rotation and the molecular weight ¢

- X 3 ) . i : "l . .:-j-_;.
ve substance is termed  as moelecnlar "‘““"‘m_,_..--—,

ﬂfﬂr_y pnujer'

=

il " ol
" SEEE

| Th*{ product ¢
the optically acyj
molecular rof

-
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17.8] SPROIFIO AND MOLEGULAR ROTATION A%

~ The specitic rotation .ufitli optically active liguid 4. tiifprenis
tine 18 the rotation pl’utlm't:d hy one decimetye cilmn of “,‘”m
divided by its density. For a erystalline substance liks UL Y
the specific votation is merely the angle of votation p-;'mluufd bey
I mm. thickness of the erystal along the optic axis,

To distinguish between dextro and levoerotatory substanees
the specific rotation of the former i3 written positive while for
the latter it 18 written negative,

The specific rotations of a large number of substance dizeoly«
ed in various non-active solvents have been measured, [t has been
found from these experiments that the specific rotation varies
not only with the nature of the solvent but also with the concen-
tration of the active substance present, Thus if P, () and B are
constants and € be the concentration of the active substance, the
specific rotation is given by the equation

a = P4+ QC+RC?

The specific rotation of a substance also depends upon the

temperature and the wavelength of light used and is usually

; i D
written in the forml a ]t where ‘' stands for the temperature

and D for the D lines of sodium (A; = 5890°A, A, = 5896°A):
Thus for quartz the specific rotation at any temperature { is

given by
[a ]D — 21.72 { 14-0.000147 (¢—20) }
4

In the case of sugar the variation of specific rotation with
temperature is represented by

[ » ]:’ = 66,5—0.0184 (t—20)

Thus the specific rotation of sugar at 20°G is 65.5’; The
rotatory powers of a few substances are given in the following

table :
_'HP

Active Substance | Solvent [ a ]D

-

2 : 66.5°

2 | Cane Sugar tht.cr —1: 5¥2? A

¥ | Glucose Water @

] Fructose Water --g_;;a

~ | Turpentine Pure - 62°
Nicotine . Pure - | 4
Camphor Alcohol | 41
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17.9. tf:rc of an optically active substance with an  opticy)

that a mix |

: o exhibits a rotatory power pr“p.(').ljUOIm"I}{)' the concep,
inactive on x‘optic'lllY rir e compound present. This discoyey

ati “the ‘ (tr : .
‘“‘“{:" :tftpplicd . commerce and industry, for the estimatiop f
has been ¢

ntity of sugar in the presence of an ()ptl‘cally_ 'naCtivF o
e -q"‘la e uently, a number of instruments called polarimet,, ,
Pur}% e,?‘:fgggncd for the accurate measurement olj the angle of
f‘l;t‘;ﬁ.ic;. A polarimeter ca:lihr.atcd to rcrad (:L:r:;l(:trlgl ;n percentage
of cane sugar in the solution 1s known as sa¢ neter.

The simplest form of polarimeter cODSISts of two nicols N,
and J,, capable of rotatior_x apout a common axis and mounted
a little distance apart. This §IIHP‘C arrangement, first 9mp10‘,_'ed
by Mitcherlich and described in sec. 17,1, fails to help us in finding
accurately the angle of rotation, owing to the difﬁCu.lly in ascer-
taining one position of the analyser fm_' cpmpletc extinction of the
transmitted plane polarised light. This is dgc to the fact that the
analyser can be rotated through an appreciable angle fron} its
setting for complete extinction without allowing any _appreciable
amount of light to pass through it, Thus the field of view remains
totally dark not for a single position but for a considerable range
of the rotation of the analyser.

In order to increase the sensitiveness of the pair of crossed
Nicols, polarimeters have been designed on what is known as half
shadow principle. In these instruments, the ficld of view is divided
into two halves, presented side by side. Consequently, the analyser
can be set accurately for the equality of brightness of the two
halves. It should be remarked that the eye is a better judge of
equality of brightness than either the point of complete extinc.
tion or maximum brightness of the whole field of view.

17.10. Laurent half shade., Laurent removed the draw-

backs of the simple polarimeter by interposing between the two
nicols a device known as Laurent half shade. 1t consists of a semi-

circular piece of quartz Q cut parallel to
the optic axis (which is in turn parallel to
CD). The thickness of the quartz plate is
such that a phase difference of 7 is intro-
duced between the E and 0 waves during
their passage through it. In other words
this semi-circular piece CAD is essentially
a half wave plate made of quartz., 10 this
piece, another semi-circular piece CBD Oz

Fig. 17 9' E ) glass ig :ioincd along CD so as to mak'?h: |

.p.lateauunt s c}(:.mposuc circular plate. ;CADB.T -

that it transm; thickness of this glass half G is so adju
Stits and absorbs the same amount of light a8 tllﬂ__l____.

quartz half Q qoeg (Fig. 17,9).
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This civeular plate is known as o half e and | _
Just behind the polariser in such a manner (hat -i'h;- ': u'—ﬁ-"t"%ud
glass halves both cover a semi-circle cach of 1)« Iii’l'd ”f,fl :q'.f.ﬂg
Its action may be explained as follows : ' noview,
Let the vibration plane of the ligh incident on this  ylaes
quartz combination be parallel 1o 0P inclined ay an iy le : ?:
the optic axis GD of the quartz half  So far as the ¢hass .I}mlf ;
concerned the vibrations of light (r [H AR i

rne ansmitted  through it wili
remain in the same plane. But a change oceurs in the q;mrtr half

To understand this change suppose that the vibrations inei
dent upon the first face of the half shade are represented by

P[ = A sin ol

where A is their amplitude and the subscript ‘i’ stands for the
incident wave. This amplitude can be resolved along the tweo
principal directions of the quartz halfi. v. along the optic 2zis
(Y direction) and perpendicular to the optic axis (the X direction}.
The components of 4 along the X and ¥ directions are respec-
tively 4 sin6 and 4 cose. Hence the incident plane polarised
vibrations contained in the plane OP can be written as
xy = A sin 0 sin w! [O-wave]
1 = A cos 6 sin ! [E-wave]
These two mutually perpendicular vibrations travel with

unequal speeds along the same direction perpendicular to both
the X and Y directions defined above. Since the quartz half is

essentially a half wave plate, the two vibrations which emesge
out of the quartz half will be

xe = A sin§ sin (of+47)
= —A sin 6 s1n wi
Yo = A cos 0 sin wt

where the subscript ¢’ stands for the emergent beam, The resul-
tant vibration wiil be given by

R = -V/xn’+ vog e= A sin ol

and the angle ¢ which the plane of R makes with the axis of Xis
given by

tan ¢ == yo/Xe w2 — COLO

4 o iRt | i lght enes
It is, therefore, clear that the vibration plane of R €0
ging from glass half is OP while that of the lght e‘;_i\\r.t}.tl;:: ‘?*::1:
the quartz half is OF making the same angle o with P
axis as does OP. 3 v banand Wi
The working of the half shade can now ‘“‘ ‘“;‘LM;:;:;:‘;:;&
the help of Fig, 17.10, 1If the principal plane of the i
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; M ol ;4 :
!(][: ‘h“ l‘l‘l“i“““‘-l“u ‘,I' -!”l‘ ( l.l" i.l '[I'“ ”iirf”ﬁ;,:i‘
p;u'nllel Lo s fihe WO halves will be equi i {i:; ”_hm_‘ they
1t ol the 17,10 (Ill (the ‘”“”]jl".“ ”'1”1:-.'

emerging M
will appear
of the analyser
tion [Fig. 17.10 (¢
completely cut oft (prov
ponent oM of the
vibrations emerging
out of the quarta
half will be trans-
mitted. In general,
the glass half in this
case will be less
bright as compared
to the quartz half.,
If on the other hand
the analyser is turn-

ed through a small

vight [Fig | -
' -ﬂ‘\hﬁd by ginall angle 10 the clockwise dijee,
s rot ||"— ﬂlnlﬂ.‘i hrl” V[”i d',,r.

)] the vibrations from
At ided P is W’“““' v AN while s ey, Rat
-

m]u.\ll\' Iy

Fig. 17.10.

angle in the anti- o _
clockwise direction Principle of Half-shade Polarimeter.

)] the component of the vibrations emerging from
glass half will increase while the component emerging from the
quartz half will dectease and if 0Q is normal to 4’B" the quarz
half will be dark and the glass half will be bright, Thus the bai
shade serves the purpose of dividing the field of view in two hal-
ves. The device is so accurate that if the principal plane of the
znalyser is rotated through even a small angle with respect to
AOB, 2 marked change in the intensity of the two halves i
observed.

Tl'fe sc?acme of the polarimeter employing a half shade i
shown in F:g.' 17.11. Here § is a source of monochromatic lighs
usually a SO'dlllm .lamp. The lens L is employed to condense light
on to the nicol prism P which serves as the polariser, Ilmmediately

behind the polariser the half shade plate H is kept, The optically

[Fig. 17.10 (iii

¢ o
H 0 :

,"' Ab 3 -P+ T T ﬂ_ s f
(8 o) foseof- B B L e

ot

active liquid i -I :zl.] 17.11. Laurent Sacchayimster,

glass windows ;::lt:wc‘tnlim !(,‘) provided with plang “"rﬂ\‘*i-‘?‘;‘%“
»ends, The analyser 4 fs imunnted goantally

Scanned With'CamScanner



17.11 ] BlOUARTY,
. 457
at the same h}':tg‘ht as the polavise :
cotated and 1ts “f‘w"{““.“" vead on the Hraduaied
Jolaviser 13 ;;lsn httul with a similay device " ,.«‘ ;q-.,;],.-, 8 (P
r angle as hlidas wder 1o e
the hal shadow 111157, co). l'“‘?“)’ there is o ghory ﬂr}:_z 1 g
{ocusst:d on H and mounted in a manper RrriAl I:I-Ha Wilisiigpe 7
" 5 e % (=8 ( i :
To measure the optical rotation of any soluii 1 oatheys,
arst filled with the pure solvent and introduce |l on the e 4
The analyser 4 is turned to obtain the ‘:“"l|i!i(:| afl WS position,
ness of the two halves of the field of view, 'l'hi: 0O I::u,u.ai brdgehis.
analyser 18 noted, s reading of s

and Cand the e

s

h Eati b

The solution having a known concentration of
ow filled in the tube and tl '0ces it
" . . : 1€ process repeated thereby ohiaining
a second reading for the amalyser. The difference in the ‘r”'-_';’
- - =9 - - k ) ; » i (
readings gives the rotation produced by the solution I"rltrfw\ii:r ’
; . . (W 14 i
the length of the tube the specific rotation can be calculated ’

To obtain maximum accuracy with the instrument the half
shadow angle 6 [Fig. 17.9] is set at the proper angle by rotatia
the polariser. The accuracy depends upon this angle because f{
the simple reason that the components of the vibrations (efner-
ging out of the two halves) transmitted through the analyser will
depend upon it.

The device has, however, a disadvantage for it can be used
only with a light source having the wavelength for which the
quartz half serves as a half wave plate.

17.11. Biguartz. Another device which can be used instead
of the half shade is the Biquartz. As the name suggests, it consists
of two semi-circular pieces of the quartz NIN
and N7’ cut perpendicular to the opui€ ax:s
and joined together along the diameter N.V to

make a composite circular plate (Fig. 17.12).
One of these plates say NT'N is  dextro-
rotatory while the other is levorotatory. The

thickness of these plates is so adjusted that the
rotation introduced for th:: ‘g'msm;l“' k\ tl}:»::
region of the spectrum 1 90°, ‘This thickness 18

Fig. 17,12, Prinei- 3.75 mm. for quartz. ¢ perpendicular
[ ; 440 Ny , plates are cut pet :
Ple of Biquartz. Since the plt e through these

to the optic axis light travels along the “5"“,‘} “fuutm y diyperaen
plates and tl'n:rckn'e. the |’)hr.mmmn('iu Ol '1 wwvh‘i“!’%““ have
[akf’“ place, Asa result of this the h;m!!‘_‘[“;m— nnﬂﬁl‘” an g
their planes of vibrations rotated l.hr_ml!ﬂ_‘ " T‘{i-i'nﬂ plane of the
pared to the shorter ones. Thus il the {” . 1‘&1«([ ihrough an
Polariser ig parallel to NN, the red pegion 18 l:: e ¢ 0 the e
angle 0 and the violet region througlt ol e ' e

Scanned w'it"h C'amS"”c'anner



458 OVTIOAL ACTIVITY

i 'l".ll‘a.‘-" l'}

halves such that ¢ is greater than o, The intermediate wiy, et
will be rotated through angles intermediate between o apd ¢,

‘
Iy,

If the principal plane of the analyser is parallel 1o N K (¥
17.13) the greenish yellow portion will not be transmitted )

H'n:;g}-,
the analyser. Only the wavelength ranges at the two endy of the
visible spectrum can be transmitted equally from the 1w halyes,

Their resultant colour in this case will e & mix.
ture of red and blue namely preyish violeg whicl,
15 called the tint of passage,

If the analyser is turned through 4 smaly
angle in the clockwise direction [Fig 17.13% (.
the longer wavelengths from the right half witl b
transmitted to a greater degree than the shorter
ones. For the left half, however, just the reverse is
the case—the shorter wavelengths are transmitted
to a greater degrec than the longer ones, 1In this
particular setting, therefore, the right half will
appear red while the left half will appear blue, If
on the other hand the analyser is turned in the
anticlockwise direction [Fig. 17.13 (¢)] the left

hall will appear red while the right half will
appear blue.

It is, therefore, obvious that the tint of
sensitive position. A slight rotation of the anal
to this position makes one half of the field of vi
other half red and #ice versa. This position is, therefore, cmploy-
ed for the accurate measurement of the angle of rotation. For
this purpose, the biquartz is kept in the position occupied by the
half shade [Fig. 17.11]. The tube is filled with the solvent and in-
troduced in its position. The reading of the analyser for the tint
of passage setting is noted. The process is repeated with the
solution. The difference between the two readings of the analy-

ser gives the rotation produced by the solution.

passage 1s a very
yser with respect
cw blue and the

The biquartz possesses a great advant
[t can be used with white light but the
the wavelength which is quenched wh

age over a half shade.
rotation is obtained for

= . en the two nicols are
parallel.  This is usually the wavelength  of sodium  light
A = 3893°A,

The disadvantages of Biquartz polarimeter are as follows i~
(1)  Even if colourless o

) ptically active substances are examt®
ned, it is practically impossible to achieve the accurate setting !
the analyser for which the tint in both the halves of the prism *
the same. This is due 10 the rotatory dispersion producﬁl by b
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cally active substance isell, and g4 T

pu i i r ¢ . B i A
"n measuring the angle of rotation, ‘Pl rn::”' W Misodene
l 1Ci Coactl : ’ Yo i
|':if‘-ll when the ”l’“("l“} active !ﬁsulmmm T f_;;;i s ":‘fﬁ_"e.-"rf?
S P ;n;_;;_,_,__,«}“

neres gy . ,
9) lis impossible for o colour bljg “
, ,j,_,!}h ig

“Wlhnd' Bven. 8. a0 WI,{h normal Vision will gt w'f'io-:' J ‘;'l ks
readmgs for the angle of rotation, as the 1»1-;#;'—;-'-'.,,.’1' o A
' A : a L ’ " X D v ek 1 S i.,,]',';;_:'fj‘-'__..iﬁ,.g_‘ it
of inlil\-ulll.ll eyes (Lo .ll;;lll. of different wayels < i Ly ey
‘dentical but show considerable variation, HNv) e S

17.12. Lippick’s Two Prism Polariger Lippics? 5
meter is also based on the half shadow Drim;iple‘w; hf'izf ‘; p',-;gr;:
with light of any wavelength  The essential I);:sr:?;- ,!‘?afrv'
moter are sketched in Fig. 1714, ‘The polarising sysiesm congirs
of a bigger Nicol prism N, followed by a smaller N;‘é’o{ ;: f",,,’
ing half the ficld. "The principal sections of ¥ ol i
mutually inclined at a small angle 24, called the hall i v
angle. The field of view as seen through the 1elescope Mk de

analysing Nicol is, therefore, divided into two halves separaed &

ey r '-*
- I,

-

Analyser

Polariser
Fig. 17,14. Lippich’s (two prism polariser) polorimeler.
a sharp line —the image of the near edge T of the prism X, Ome

half of the ficld is illuminated by plane polarised light procases
by the light which passes through Niiand Ny and heace th
ging light has vibrations in the principal section of Ng. 15
half is illuminated by light which passes through N, cr;-j} e
hence the emerging light has vibrations in the principal section <
N, Furthermore, the amppitude of vibration the pi‘az':'_c -m:ia:
ed light from N, is slightly less than the amph‘t_uik‘ of vh::ﬂs‘\-v
light emerging from N, only, because a smail tri‘fi«‘c? \;: z;‘c e
amplitude in the upper half of l.hf: beam ‘cxu..ll,na?%“;;.::; \,‘\:
totally reflected as ordinary vibrations within the smalier \®
N4, while the amplitude of the low

er hall of the beant b
" I i“ m.\‘ ’?
from N, remains unchanged. (0 rays are pot shown Ny

' TAd ) ] ; “";\k
’ ) i } 4 ’ n ‘. 3

J 2, g 5 . "'}.'*‘_A ey .;_’). 4
iy ty N 6y §
g S

a) \»-"F;J é:—.‘_:l‘ gi .~

o~ il . |

8 B ; o . TR LI ’ft*!lw?#i‘ﬁ
Pig, 17,15, Principle of f_.i_f_!ﬁlr}! ¥ .
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Let the prim'ipill gections ol Nl and :iV,_ Lie ré foi i riiadd ‘fi
LV :'“d 4N, Accordingly, it the l”"‘,“"'l”“l, sehion i
a 'l " s fu l'l'lﬁhl angle 1o AN, one hall of tie field s AR iy
analyser 18 ngy _ Lol e
dark: but if it is at right angle to AN, the u;hl.t half ie dask
S veoan intermediate sition, sho 1y, 14 1%
Consequently, for an Illlt-llll‘l.(ll ve position, show an g 1705
(5) by NV, so that the relation
ry COS8 []l = Iy cos by,

is satisfied, the two halves of the li::h'l are *‘-‘!_“"”‘/ bright, A eligha
rotation of the analyser from this setting in '1ll_i1'fl' ‘-111'“-!&':{;";?. Ptas
the transmitted component of one vibration Lo increase ragfly 2o
that of the other to decrease rapidly, lhl:l'(:ll)y causing Lhe mtenc
ties of corresponding halves ol the field to increase and etrenn
rapidly. The analyser can be, thcr(‘tfm'(:. very easily set fon i
position of equality of brightness of _l]u: two h:_:lw:s r-:i the $i4,
Thus, Lippich’s polarimeter employing two Nicol prisms zs poie.
riser is exactly similar in action to Laurent’s half shade polari.
meter. It has a distinct advantage over the latter in zs much 25
light of any wavelength can be employed while working with
which is, however, not possible in using Laurent’s polarimeter,

17.13, Lippich’s Three Prism Polariser. In modern polzr.
meters, the accuracy in the measurement of the angle of rotzzi--

is increased by dividing the B

field of view into three parts. No f / N
The two outer parts are =
equally illuminated for every \ ' S

setting of the analyser while v L e
the central portion which Polaricer

may be illuminated diffe- Fig. 17.16. Lippick’s three sricem
rently from the adjacent Polariser T
parts, has to be adjusted for the same intensity (as that of outer

parts) by the help of the

ia 3 analysing Nicol, s madait
meter this is achieved by ysing L. In modern o

y : ~‘_“;_..“-.

: mploying a polarising system consisting

; of three Nicols N, ¥, and N
shown in Fig, | '

of ; .
Ny and N, are mutually paraliel bat

slightly inclined 1o ‘ bt
, ! that of the biveer Nieo!
Ny AC(:urdingly’ IRREr N\l

lhn . g . P
[:u:!d are  illumimgeed clt;;m:} }:?l‘:m?: E}w
il'l‘"'n -N| Whilc ‘-h(‘ 5 ‘R : ‘}hﬂ‘*
ﬂ.’\ 0, : ne outer parts are lhwee
T ¢ E, nated by the iy :
WES % ke Ao PR which passes throwg®
: -5 A}le,'d,;'u"]w of the prisms Ny and Ny led
s o and AN, vespectively  pepesent
In(‘lc:tuum of Ny, Ny awd Ny,
f'r A0 yepresent the vibiationd
the ANATYRer i) 5ot i @ PSR

arranged a8
7.16, The principal secti
100 The principal  sections

=z
=

o
P ————— ]

Fig: ]? 17 tll * i
' . o prine
9(”-13("1““”5" AN, AN, l{nd Al }’i‘
mcident on (e :ma]yginH Nicol
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so that its principal section occupies the position NN sansty;
Bl )abysiii
s

the mI-.ltiun

ANy cos 0, = AN, cos 0, == AN, cos o,

(he three parts .uf the field will be umfornnly illumin

slight rotation of the analyser from this setting iyu ri”lm-“:‘dl'l?d’. A
causes the 10LENSLYY of the central portion of lll:u- fl!'i'll{ :“ ‘i“-,mfi'mh
kedly different fr()l‘n that of the twe outer l;“l‘l’iun;’a”:;’ :u-c:;:
ite setting of the analyser for uniform illuinination :.; :h‘::

accur:
ficld can be very easily accomplished.

'11115.polurmu:lcr is used for most accurate work, In the half
sh;xg!ow instrument we may match the two lmlve's aL i v;;m ~
setting of the analyser.  This error is not possible with lhr; mlar‘f:
meter employing three prism polarising system, for a sli :l'u dis-
placement of l_hc eye from the axis would cause the side [%rj-wafd'*
which the eye 1s displaced, to appear too bright as cou;pau:d (o
the other side. Hence, the experimenter would immediately

his axis. Owing to the same reason, the cxpcri'-

adjust his eyc on t
menter can Correct any slight error in the alignment of the light
source with the optical axis of the polarimeter.

Problems—Chapter 17

tory polarisation. Give Fresnel’s
ation and derive the formula for

. State the laws of rota
Give the experimental verifica-

hypothesis for rotatory polaris
the rotation produced by quartz.

tion of this formula
9. Discuss the phenomenon of rotation of the plane of
Give the

polarisation of light by optically
necessary theory.

Show that the rotatlo
(md/A) (s = no)
the refractive

axis for anti-¢
| +d' 19 the thickness

active materials,

i of the plane of vibration is given by

indices of the
lockwise and

respectively
of the

of the optic
d light anc

where n, and ng arc
crystal in the direction
clockwise circularly polarisc
crystal plate,
3. What is specific rotation ¢
Give with full details the construction
_I",xplnm how you

Laurent’s half shade polarimeter, .
it to determine the specific rotation ol sugar,

i 4. Describe briclly the various
nerease the sensitivity of a pair ol ¢rt

and wor king ob a
would wse

methods that may be l.t,ﬁ_ml t__n
aned meols in pnlm‘-mwlw
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5. What is optical rotation ? Describe o polarimete; siny
a biquartz plate and explain how  you would vige it 1o find the
specific rotation ol an optically active substance,

Discuss the relative merits of biquartz and half-shade ol ztie

meters.

6. Calculate the specific rotation of sugar solution frorm the
following data :

Length of tube containing solution = 11 cm.
Volume of solution = 44 c.c.
Amount of sugar in solution = 8 gm.,
Angle of rotation = 40T

7. A tube 20 cm. long, filled with a sclution of 15 gm. of
cane sugar in 100 c.c. of water is placed in the path of polarised

light. Find the angle of rotation of the plane of polarisation i
the specific rotation of cane sugar is 66°. [ Ranpur, 1571

R

3. A 20 cm. long tube containing sugar solution is placed

between crossed nicols and illuminated by light of wavelengih
6x10-* cm. 1If the specific rotation of sugar is 60° and the

ke

optical rotation produced is 12°, what is the percentage of sugar
in the solution ?

9. A solution of camphor in alcohol in a tube 20 cm. lovg
is found to rotate the plane of vibration of light by 27°.  Wha

e

il

1s the mass of camphor in unit volume of the solution ? The
specific rotation of camphor is - 54°,
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