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Part III

DEPOLARIZATION CF THE LIGHT SCATTERED BY SOLUTIONS OF MACROHOLECULES’

H. Benolt
Gibbs Memorial Lgboratory, Harvard University, Cambridge, Massachusette

# Appeared ln Compt. rend., 236, 687 (1953)

Te Let us suppose we have a molecule made up of N identical elements,
euch of which can be considered as a Langevin molecule, We call a and
f the principal polarizabilities and 5°== (a=p)/(p+2B) its ansiotropy.

We want to evaluate the depolarization of the light scattered
by a system formed by a large number of molecules of this type. For this
purpose we use a Cartesian syster: of coordinates with the vertical
axis 2Z ani1 0X in the direction of the incident beam,

The orientation of the ith element of the molecule is
characterized by its direction cosines )\ 4 By Vvye Assuming that

the dimerisions of the molecule are small in comparison to the wave-

- length of the light, the use of Cabannos'formulasl gives for the three

classical components
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Eh = KZZJ(G—B) p’i)‘i sinw- B - (a-B)vi cos w) [(a-B))\ip.J sin w- B -

(a-B)v? cos w]

The double swmmation muct bs axtended to all pairs of elements of the
molecule, X 1s 2 proporticnrality coefficient, a function of t he number

or molecules, the wavelencth of the 1light and the refractive index,
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w 13 the angle b e“w=*n the incident and the scattered beam. The
averaging has t- e pwrformed ~ver all configurations and orientations.

Tiie reault is easily obtalned:s

Vo = ZEZEI: 5%, Pyy
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where pij = Yij being the angle between the axis
and the ellijsolds of polarizabllity i and J and wis the angle

between the incident and the scattered light. These formulas show
that we can characterize a flexible molecule by 1ts anisotropy cS-

ap in the case of rigid particles, S being given by the expression:

E_an

' and the problom now is to evaluate 5 for different nodels.

II. Calculation of g for different models.

a) Gaussian chain. For this chain the orilentation of the

different elements are independent.

Pgy =0 for 1 ¥
;;3 =1 for 1= and
ce
. 3 'x'q?' whero N i1s the number cf statistical elements

and 80 their anisotrepy.
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This resuit aas already been obtained by Stuart and Peter11n2

and Kuhns 5

b) Rod--like chain. All the elements are parallel and

—

Ps gy = 1 which gives S = 80. His result has been obtained as a

particular case by Horn, Benoit and Oster4.

¢) Aliphatic chainwith free rotations. We call So the

anisotropy of one monomeric unit, f is the angle formed by the

axis of the ellipsoid of polarizability of the ith elemmnt with its
C-C bond and ({) is the angle of the same axis with the i+J C=C bond.

5 Under these conditions:

—  3c0s%¢ -1 Scos#-1[5cosf0-1])t-3l+1
Py = osil coszp [ osg ]

where 6 is the supplement of the velence angle. Using this relation,

one obtains for p;ery value of N
2
2 So
S 5t < " [1 +

S eos8” O - 1

|-

N
(3 cos2yp - 1)(3 cos2lY - 1) N1-p) -1+ p
f oY N(1-p)°

O I

with p =

(0V)

More particularly, if the axis of the ellipsoid ¢of polarizaebility has
the direction of the C-C bond, Y= 0, qV= o and
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The bracket 1s similar to the Eyring expression for the end-to-end

§
!

distance and differs only by the fact that cos @ 1is replaced by

3 cos2 @ - 1 2
p = % « This shows that the behavior of =3 ia similar to

- :

the behavior of the mean square end-to-end distance, ¥For instance,

for long chain in the Gaussian range, we have
82
2 _Yo 1
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d) Aliphatic chain with steric and energetic hindrance. The
mothod is similar to the one used by Debye and suechos for the calcu- i

lation of the electric dipole moment of such a chain.

We assume that the rotation on the valence cone is not free
and we characterize the lack of freedom by the following averages.
cos u =g
sinu =20

2
cos u=r

A Y

')

With these assumptions it is possible to get a recurrence relation
between pij pij-l’ but this relation,which can be used for specific
numerical calculations, does not allow us to give a general result
in & simple closed form.

Here we give only the result for a long chain in the case where
the direction of the allipsold of polarizability is the direction of the

C-C bond,.
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§2.9 (1,2 Z(prr)(1-q) + 2(gor)(ds2p)
3 (1-p)(1l-r) =

The bshavior is not different from that observed in the preceeding case.

These results are all obtalned with the assumptioan that the
chain i1s short in comparison to the wave length. If this is not the
case, by extrapolating to zero angle between the incident and scattered
beam, one can apply this formula, since the interference due to the
size of the particle disappears at zero,

III. Application to the prcbiem of fluid. In a liquid, or a compressed

gas where the interactions are at short range compared to the wave-
length, the same calculation can be used since it is only in the second
part that we have used the fact that the units were parts of a macro-
molecular chain,

We assume that the polarizablilities a and B are independent
of the relative orientation of the molecule. Introducing the new
function

—a
p(n) = 3 coaszi- 1

\f being the angle of the axis of two ellipsolds of polarizability amd

coszf the average values at constant r, one can show that the depolariza-

tion, S » of the system 1a given by the formula:

g2 .6!,1 * A'g'n .(:op(!‘) g(r) ridr
(o]

1 +—¥—j° [1 - g(rg rlar

where g(r) is the well-known radial distribution function and N the

number of particles in ' .ie iclume V, This formula which is similar

%0 the Zernicke and Prins0 formula can be used to describe the wvariation

i ot 1 2. .mﬂWi ﬁ'; 3“} ; v ’ﬁ

‘— oo b o T 5 R ALRIIO B S LG ekl RN i b (i) o 4 SBN 8 G RSN it 1> £ 0 BBl ok R RIS b S @3



=B

of anisotropy with c~.-entration in a solution, or with pressure in a

gas, and parhaps tu siludy the depolarization of liquids. It shows that

the depolarizatic: is a functlon of the radial distribution and of the

rolative orientation of the particles, Due to the form of the expansion,

8 can be larger or cmaller than Scﬁ in other words the interaction

can Iincrease or decrease the value of the anisotropy and we plan to

evaluate with this formula the second virlal coefficient in the

expansion of 82 as a function of the concentration for some simple

dilute systems,
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