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A stat i c magnetic Ùel d B 0 , acting on a chiral liqui d perp endicu lar to the
propagation direction of an optical beam, is show n to induce a magneto chi-
ral change of Rayleigh light scattering w hich is di ˜erent in sign for the light

scattered parallel and antiparallel to B 0
. I t is related to the electric dip ole

and magnetic dip ole or /and electric quadrup ole moments induced simultane-
ously in a chiral molecule by electric dip ole interaction w ith electromagneti c
radiation . For diamagnetic molecules the e˜ect is describ ed by linear and

nonlin ear polari zabi l iti es, resp onsibl e also for circular biref ringence (natu-
ral optical acti vity and the Faraday e˜ect ) as w ell as axial (magneto chiral)
biref ringen ce.

PAC S numb ers: 33.15.K r, 33.20.Fb, 33.55. {b, 78. 20.Ls

1. I n t rod uct io n

Chi ra l i ty is a very importa nt structura l feature of som e molecules whi ch di s-
ti nguishes them from others and al lows the app earance of phenom ena, whi ch are
forbi dden for achira l molecul es [1{ 3]. In the absence of externa l Ùelds molecular
chi ra l m edia show natura l opti cal acti vi ty , and, m oreover, the e˜ect kno wn as
R ayl eigh and R aman opti cal acti vi ty in light scatteri ng [4{ 8]. Both e˜ects are ci r-
cul ar di ˜erenti al . In isotro pi c m edia (e.g., liqui ds) natura l opti cal acti vi ty is related
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to electri c dipole and m agneti c di pole intera cti on of molecules of the medium wi th
electrom agneti c wa ve, whi le in scatteri ng e˜ects electri c quadrup ole intera cti on
can contri bute as well .

In a chi ra l m edium exp osed to strong externa l Ùelds we can observe a vari -
ati on of e˜ects related to i ts natura l opti cal acti vi ty as well as investi gate new
phenom ena whi ch reveal nonl inear electro-magneto -opti cal properti es of chira l
m olecules. Thus the impact of a strong stati c m agneti c Ùeld B 0 on the chira l
m olecular system can induce a change of circul ar bi ref ringence [10{ 13] and ci rcu-
lar di chro ism [12] proporti onal to (B 0 ) 2 whi ch has the same sym metry classiÙca-
ti on as natura l opti cal acti vi ty : pari ty- odd (P À ) and ti m e-even (T + ), and can be
separated experim ental ly from the Faraday e˜ect [13]. On the other hand, in an
opti cal ly acti ve isotro pic m edium a stati c m agneti c Ùeld di rected along the pro pa-
gati on di recti on of a l ight beam of any polari zati on induces a l inear change in the
ref racti ve index [14{ 17] as well as in the absorpti on coe£ cient [16{ 18], whi ch are
not circul ar di ˜erenti al e˜ects, leading to magneto chi ra l bi refri ngence and m ag-
neto chi ra l dichro ism [19, 20]. Both e˜ects have been measured: m agneto chira l
di chroism in emission | using a m odul ated m agneti c Ùeld and phase-sensiti ve
detecti on [21], and m agneto chira l bi refri ngence | by the interf erom etri c m easure-
m ent in a stati c magneti c Ùeld of 5 T [22]. The m olecular theo ry of m agneto chira l
bi refri ngence and di chroism has been extended to the case of addi ti onal externa l
hi gh electri c [23, 24] or opti cal [25] Ùelds for m edia composed of di amagneti c as
wel l as param agneti c chi ra l molecules [26]. Both e˜ects ha ve been considered also
in connecti on wi th pari ty vi olati on in ato m s [27] and, recentl y, the relati on of the
m agneto chi ra l e˜ect to other opti cal and m agneto-opti cal phenom ena has been
di scussed [28].

Ma gneto chi ra l bi ref ringence is an axi al bi ref ringence fol lowi ng from the di f-
ference n ""

À n " # between the refracti ve indi ces for unpolari zed probe l ight pro pa-
gati ng para l lel (n "" ) and anti para l lel (n "# ) to the di recti on of the stati c m agneti c
Ùeld B 0 . It is characteri zed by molecular polari zabi l i ti es describi ng the l inear in-
Ûuence of the Ùeld B 0 on: (i ) the electri c dipole polarizabi l i ties e˜ m and e

related to magneti c dipole and electri c quadrup ole intera cti on of the m olecules
wi th electrom agneti c wav e, respectivel y, (i i ) the m agneti c di pole polari zabi l it y

and the electri c quadrup ole polari zabi l it y related to electri c dipole in-
tera cti on wi th l ight. However, onl y the real part of the polari zabi l i ties and

, and the im aginary part of and contri bute to the m agneto chira l
bi refri ngence [17, 20].

Simi larl y to natura l opti cal acti vi ty , whi ch appears in l ight scatteri ng at
ri ght angles as R ayl eigh and R aman opti cal acti vi ty , m agneto chira l bi refri ngence
also has i ts equivalent in l ight scatteri ng wi th the same polari zabi l i ties invo lved
as in the magneto chira l e˜ect. Since m agneto chira l bi refri ngence is an axi al bi re-
fri ngence, then the m agneto chira l e˜ect in l ight scatteri ng (we can cal l i t the
m agneto chi ra l R aylei gh and R aman l ight scatteri ng) app ears as an axi al di ˜eren-
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ti al e˜ect, contra ry to Raylei gh and Ram an opti cal acti vi ty as well as m agneti c
R ayl eigh and Ram an opti cal acti vi ty [1, 29{ 32], whi ch are ci rcul ar di ˜erenti al . Thi s
di ˜erence between magneti c Rayl eigh/ Ram an opti cal acti vi ty and m agneto chira l
R ayl eigh/R aman l ight scatteri ng im pl ies the need for a di ˜erent experim ental con-
Ùgurati on for m easurement of these e˜ects :

(i ) m agneti c Raylei gh/ R aman opti cal acti vi ty is observed at right angles to
the pro pagati on di recti on of a ci rcul arl y polari zed (CP) light beam propagati ng
para l lel to a DC m agneti c Ùeld, as the di ˜erence I +

À I À of the light scatteri ng
intensi ty for ri ght (+) and left ( À ) CP pro be wa ve;

(i i ) m agneto chi ra l Rayl eigh/ Ram an l ight scatteri ng can be observed at ri ght
angles to the pro pagati on di recti on of l ight propagati ng perpendi cularl y to a D C
m agneti c Ùeld, as the di ˜erence of the light scatteri ng intensi ty I ""

À I "# for l ight
scattered paral lel (" " ) and anti parra l lel ( " # ) to the m agneti c Ùeld.

In the present paper we show tha t such an axi al di ˜erenti al e˜ect in l ight scat-
teri ng can exi st even for isotro pic m edia com posed of diam agneti c chi ra l m olecules
and can be observed as an axi al di ˜erenti al e˜ect of H h and V com ponents of
ani sotro pi c Rayl eigh l ight scatteri ng. The m agneto chira l e˜ect in other experi -
m enta l conÙgurati ons of light scatteri ng for di am agneti c as wel l as param agneti c
m olecular systems wi l l be discussed in a separate paper.

W e shal l consider a tra nsparent isotro pic m edium com posed of di amagneti c
chi ra l molecules subjected to the acti on of a stati c homogeneous m agneti c Ùeld

0 = B 0 , di rected along the Y axi s of the laborato ry fram e of coordi nates
X ; Y ; Z (Fi g. 1) in whi ch a l inearl y (ho ri zonta l ly) polari zed l ight beam of circul ar

frequency ! wi th the electri c Ùeld

E (z ; t ) =
1

2
E ( ! ) exp i ! t

z

c
+ c:c: ; (1)

a m agneti c inducti on B ( z ; t ) and an intensi ty I propagates in the z di recti on,
c i s the veloci ty of l ight in vacuum. The am pl itude E ( ! ) i s assumed to be small
compared to the streng th of the m olecular Ùeld.

Mul ti pole intera cti ons of the electrom agneti c wa ve (1) wi th the medium
m olecule lead to l ight scatteri ng. The scattered l ight intensi ty I wi th the electri c
Ùeld havi ng the polari zati on of the uni t vecto r ,

I =
¯ c
2

(2)

depends on the induced mul tip ole m oments, i .e., the electri c di pole m oment ( ! ) ,
the m agneti c di pole m oment ( ! ) , and the electri c quadrup ole m oment ( ! )

vi bra ti ng at a frequency ! (o ther higher mul tip ole mom ents can be neglected) as
wel l as on the scatteri ng angle [6]; the brackets . . . stands for stati sti cal avera ging
over al l possible ori entati on of the m olecules.
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Fig. 1. Scattering conÙgurati on as analyzed in the present wor k.

In the present paper we are concerned wi th the l ight scattered in the di recti on
para l lel and anti para l lel to the D C Ùeld B 0 and the two com ponents of l ight
intensi ty , H h and V h, scattered by a uni t vo lum e of the m edium are discussed.
The indi ces in Kri shnan' s sym bols H h and V h denote the polarizati on status of the
inci dent beam (h | f or hori zonta l ), and the capi ta l letter stands for the ori enta ti on
of the polarizer before the detecto r of the scattered l ight (H | for hori zonta l,
V | for verti cal ).

D enoti ng the intensi ti es H h and V h of the scattered light pro pagati ng par-
al lel ( " " ) or anti para l lel ( " # ) to the di recti on of B 0 by H

"" , V and H , V ,
respect ively, the m agneto chira l e˜ect in anisotro pic l ight scatteri ng measured at a
di stance R from the scatteri ng center is described by the fol lowing equati ons:

H H H K 1 ñ ! ; B 0 m ! ; B 0 ñ ! ; B 0 m ! ; B 0

i ! ñ ! ; B 0 q ! ; B 0 ñ ! ; B 0 q ! ; B 0 (3)

and

V V V K 1 ñ ! ; B 0 m ! ; B 0 ñ ! ; B 0 m ! ; B 0

i ! ñ ! ; B 0 q ! ; B 0 ñ ! ; B 0 q ! ; B 0 ; (4)

where K 1 £! 4 = ¤ 2 ¯ 0 c 4 R 2 ; £ i s the num ber density of the chira l molecules and
the asteri sk represents the com plex conj ugate. R estricti ng our considerati on to the
l inear inÛuence of the stati c Ùeld B 0 we have

ñ ! ; B 0 ˜ ! ! E ! ˜ ! ! B !

˜ ! ! E ! ˜ ! ! ; E ! B 0

˜ ! ! ; B ! B 0 ˜ ! ! ; E ! B 0 ; (5)
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m i ( ! ; B 0 ) = m ˜ e
i j ( À ! ; ! ) E j ( ! ) + m ˜ em ( ! ; ! ; 0 ) E ( ! ) B 0 ; (6)

q ( ! ; B 0 ) = ˜
( )

( ! ; ! ) E ( ! ) + ˜
( )

( ! ; ! ; 0 )E (! ) B 0 ; (7)

where the superscripts e, m, and q on the ri ght- hand side of the sym bol ˜ (rep-
resenti ng m olecular polarizabi l i ties) are related to electri c dipole (e), m agneti c
di po le (m ) and electri c quadrup ole (q) intera cti ons wi th the radiati on induci ng
electri c dipole, magneti c di pole and electri c quadrup ole m oments denoted by the
superscr ipts e, m , and q, respecti vely, on the left- hand side of the sym bol .

In a general case each polarizabi l i ty tensor m ay be spl i t into [6, 32, 33]

= + i ; (8)

where, in the absence of dampi ng, the tensors and are real .
Appl yi ng Eq. (8) to al l polari zabi li ti es in (5{ 7) (now we use the conci se nota-

ti on ( ! ) ; ( ! ) ; ( ! ) ; ( ! ) and ( ! ) instead of ( ! ; ! ) ;

( ! ; ! ) ; ( ! ; ! ) ; ( ! ; ! ) and ( ! ; ! ) for unp erturb ed l inear po-
lari zabi l iti esas well as ( ! ) ; ( ! ) ; ( ! ) ; ( ! ) and ( ! ) instead
of perturb ed polari zabi l i ty tensors ( ! ; ! ; 0) ; ( ! ; ! ; 0) ;

( ! ; ! ; 0) ; ( ! ; ! ; 0) and ( ! ; ! ; 0) , respectivel y) we have tha t
for non-m agneti c molecules the tensors

Ù ( ! ) ; Û ( ! ) = Û (! ) ; Ù
( )

( ! ) = Ù( ) ( ! ) ; Û[ ] ( ! ) ;

Ù ( ! ) = Ù ( ! ) ; Û
( )

( ! ) = Û
( )

( ! ) (9)

are non-zero, whereas the others vani sh [17]. The indi ces whose tra nspositi on
changes the sign of the respecti ve components of the multi polar polari zabi l i ti es
are indi cated by rectangular brackets, whereas the round parentheses denote the
indi ces whose tra nspositi on does not change the sign. The form ulas for the tensors
in Eq. (9) have been given in [6, 29, 30] in term s of a sum over al l exi ted states.

The stati stical averages in Eqs. (3) and (4) wi th respect to (5{ 9), whi ch is
equivalent to the space avera ge of Ùve- and six-rank tensors [34], show tha t for
the conÙgura ti on presented in Fi g. 1 the m agneto chira l R ayl eigh l ight scatteri ng
is the same for H and V intensi ty components and for diam agneti c molecules

Â H = Â V = ( A + ! A ) K I B 0 : (10)

The Ùrst m olecular constant in the above equati on

A = A 1 + A (11)

wi th

A = 14" Û ( ! ) Û[ ] ( ! ) Û ( ! ) [ Û[ ] ( ! ) + Û[ ] ( ! ) ] (12)

and

A = 14" Ù
( )

( ! )[ Ù ( ! ) + Ù ( ! )] (13)
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describes m agneto chira l l ight scatteri ng due to vi brati on of electri c dipole and
m agneti c dipole m oments induced sim ul ta neously in the m oleculeby electri c di pole
intera cti on wi th the inci dent l ight and perturb ed by the stati c Ùeld B 0 : A m

1 | for
the perturb ed electri c di pole m oment, A m

2 | for the perturb ed m agneti c di pole
m oment; " ˜ Ù Û i s the Levi { Ci vi tå thi rd- rank anti sym metri c uni t tensor.

The second molecular constant

A q = A q
1 + A

q
2 (14)

wi th

A q
1 = 7[ qÙ e

( ˜ Ù )
( ! ) Û

[ ]
( ! ) + Ù

( )
( ! ) Û

[ ]
( ! )] (15)

and

A = Ù
( )

( ! )[ 5 Û
( )

( ! ) + 3 Û
( )

( ! ) + 3 Û
( )

( ! )

2 Û
( )

( ! )] Ù
( )

( ! )[ Û
( )

( ! ) + 2 Û
( )

( ! )] (16)

describes the l ight scatteri ng related to the vi bra ti on of electri c di pole and elec-
tri c quadrup ole m oments induced simul taneousl y in a molecule of the medium
by electri c di pole intera cti on wi th the incident l ight and perturb ed by the stati c
m agneti c Ùeld B 0 (A or A , respectivel y, for perturb ed electri c dipole or electri c
quadrup ole m oments). The consta nt K in Eq. (10) has the form

K =
2 K 1

1 0 5 ¯ 0 c
=

£! 4

1 6 8 0 ¤ 2 ¯ 2
0 c 5 R 2

: (17)

It is conveni ent to intro duce a dim ensionlessvalue of m agneto chira l l ight scatteri ng
whi ch for both com ponents H and V of the scattered l ight is deÙned as

£ H =
H H

H + H
(18)

and

£ V =
V V

V + V
: (19)

The m ain contri buti on to the denominato rs in Eqs. (18) and (19) is related to
electri c dipole typ e of l ight scatteri ng

H + H = V + V =
£! 4 I

2 4 0 ¤ 2 ¯ 2
0

c 4 R 2

[ 3 Ù (! ) Ù ( ! ) Ù ( ! ) Ù ( ! )] : (20)

In the above equati on the quadrati c contri buti on caused by the externa l Ùeld B 0

i s neglected because i t is much smal ler tha n the expression (20).
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W e can intro duce here a dim ensionlessparam eter of the linear opti cal ani so-
tro py ç ( ! ) [35]:

ç 2 ( ! ) =
3 eÙ e

˜ Ù ( ! ) e Ù e
˜ Ù ( ! ) À

eÙ e ( ! ) Ù (! )

18Ù ( ! )
(21)

wi th Ù( ! ) = 1
3

Ù ( ! ) being the mean value of the l inear polari zabi l it y ( ! ) .
Then expressions (18) and (19) can be wri tten as

£ H = £ V =
( A + ! A ) B 0

1 2 6 cÙ 2 ( ! ) ç 2 ( ! )
: (22)

As only diagonal com ponents of the tensor Ù ( ! ) are non-zero for di amagneti c
chi ra l m olecules, the anisotro py ç 2 ( ! ) has the form

ç 2 ( ! ) =

[ Ù ( ! ) Ù ( ! )] + [ Ù ( ! ) Ù ( ! )] + [ Ù ( ! ) Ù ( ! )]

18Ù ( ! )
: (23)

D iam agneti c chi ra l moleculesbelong to the point group sym metri esD 2 (222),
C 3 (3 ) ; C 4 (4 ) ; C 6 (6 ) ; C ( ) ; D 3 (3 2 ) ; D 4 (4 2 2 ) ; D 6 (6 2 2 ) ; T (2 3 ) ; O (4 3 2 ) ,
Y and K . Since the relati ons between non-zero com ponents of the polar tensors

( ! ) ; ( ! ), and ( ! ) as wel l as tho seof the axi al tensors ( ! ) ; ( ! ) ,
and ( ! ) are avai lable f or al l point group symm etri es [1, 17], we are in a
positi on to determ ine the m olecular constants A and A for al l above symm etri es.
Thus, f or molecul es havi ng the symm etry D 2

A 1 = 1 4 [ Û ( ! ) Û ( ! )] [ Û ( ! ) + Û ( ! ) 2 Û ( ! )]

+[ Û ( ! ) Û ( ! )] [ Û (! ) + Û ( ! ) 2 Û ( ! )] ; (24)

A 2 = 1 4 [ Ù ( ! ) Ù ( ! )] [ Ù (! ) + Ù ( ! )]

+ [ Ù ( ! ) Ù ( ! )] [ Ù (! ) + Ù ( ! )]

+[ Ù ( ! ) Ù ( ! )] [ Ù ( ! ) + Ù ( ! )] ; (25)



524 S. Wo¢ni ak

A
q
1 = 7f [ qÙ e

123( ! ) À
q Ù e

231( ! )] eÛ em
312 ( ! ) + [ q Ù e

231 ( ! ) À Ù ( ! )] Û ( ! )

+[ Ù (! ) Ù ( ! )] Û ( ! ) ; (26)

A = £ ( ! ) 6 Û ( ! ) 3[ Û ( ! ) + Û ( ! ) + Û (! ) + Û ( ! )]

+ 4[ Û (! ) + Û ( ! )] 2[ Û ( ! ) + Û ( ! ) Û ( ! )

Û ! ) + Û ( ! ) + Û (! ) + Û ( ! ) + Û (! )]

+ £ (! ) 9[ Û ( ! ) Û ( ! )] + 7[ Û ( ! ) Û ( ! )]

+5 [ Û ( ! ) Û ( ! )] + 3 [ Û (! ) Û ( ! )]

+3 [ Û ( ! ) Û ( ! )] + 2 [ Û (! ) Û ( ! )] (27)

wi th the anisotro pies £ ( ! ) and £ ( ! ) of the linear polari zabi l i t y ( ! )

£ ( ! ) = Ù (! )
1
2

[ Ù ( ! ) + Ù (! )] ; (28)

£ ( ! ) =
1
2

[ Ù ( ! ) Ù ( ! )] : (29)

For chira l m olecules wi th the point group sym metri es C ; C ; C , and C

A = 28 £ ( ! )[ Û ( ! ) Û ( ! )] + 5 Û ( ! ) Û ( ! ) ; (30)

A = 28 £ (! )[ Ù ( ! ) Ù ( ! )] ; (31)

A = 14 [ Ù ( ! ) 3 Ù ( ! ) Ù ( ! )] Û ( ! )

+ Ù ( ! )[ Û ( ! ) Û ( ! )] ; (32)

A = 2 £ ( ! )[ 3 Û ( ! ) 3 Û (! ) + 4 Û ( ! )

Û ( ! ) Û (! ) 2 Û ( ! ) + Û ( ! ) + Û ( ! )] ; (33)

where

£ ( ! ) = Ù (! ) Ù ( ! ) ; (34)

£ ( ! ) = Û ( ! ) Û ( ! ) (35)

are the ani sotro pi es of the polari zabi l i ti es ( ! ) and ( ! ) for the m olecules
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wi th the above sym m etri es; for m olecules havi ng the sym m etri es D 3 ; D 4 , and D 6

A m
1 = 28 m £ e( ! )[ eÛem

312( ! ) À
e Ûem

123( ! )] ; (36)

A m
2 = 28 £ (! )[ Ù ( ! ) Ù ( ! )] ; (37)

A = 14 Ù ( ! )[ Û ( ! ) Û (! )] ; (38)

A = 2 £ ( ! )[ 3 Û (! ) 4 Û ( ! ) + 4 Û ( ! )

3 Û ( ! ) + Û ( ! ) + Û ( ! )] : (39)

For the rem aining point groups of chi ra l molecules (T ; O ; Y , and K ) al l param eters
A , A , A , and A are equal to zero.

It is wo rth emphasizing the physi cal m echanism of m agneto chira l light scat-
teri ng considered in thi s paper: only the electri c dipole and m agneti c dipole or/ and
the electri c quadrup ole m om ents induced simul ta neousl y in the m olecule by onl y
the electri c dipole intera cti on wi th the inci dent l ight are responsibl e for the e˜ect
di scussed (Eq. (10)). On the other hand, the electri c di po le m oments induced by
m agneti c dipole and electri c quadrup ole intera cti ons wi th the l ight do not con-
tri bute to the e˜ect in spite of the fact tha t the polari zabi l i ti es m ediati ng these in-
tera cti ons are in sim ple relati ons to the polarizabi l iti es describing the phenomenon
under considerati on (see Eq. (9)).

Exp erim ental resul ts show tha t m agneti c di pole intera cti ons can be respon-
sible for som e nonl inear opti cal e˜ects l ike nonl inear opti cal acti vi ty observed in
second harm onic generati on [36, 37] and the occurrence of a second harm oni c
signal [38]. Ho wever, contri buti ons due to electri c quadrup ole intera cti ons wi th ra-
di ati on are related to the sam e order of perturba ti on calculus as magneti c di pole
intera cti ons and they may be, in general , of the sam e order of m agnitude in some
opti cal e˜ects [39] or, even, the electri c quadrup ole intera cti ons can dom inate as
in the residual second harm onic signal [40].

T o estim ate the magnitude of the e˜ect di scussedlet us consider, as an exam -
pl e, the contri buti on related to the consta nt A and A . For m olecules possessing
the symm etri esD 3 , D 4 , and D 6 , for whi ch the expressions describi ng the scatteri ng
e˜ect have the sim plest f orm , we get

£ H ( A ) = £ V ( A ) =
2 £ ( Û Û )B 0

c ( £ )
; (40)

£ H ( A ) = £ V ( A ) =
! Ù ( Û Û ) B 0

c( £ )
; (41)
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where, for the sake of simpl ici ty, we om i tted the f requency symbol ! in al l tensor
components wri ti ng, e.g., eÛ em

1 23 instead of eÛ em
123 ( ! ) , and so on.

T o estimate roughl y the m agneto chira l e˜ect given by Eq. (40) we can assume
tha t the ani sotro py m £ e i s of the sam eorder of magni tude as m Û e, the m ean value of
the polari zabi l i t y m Û e (tha t is usual ly val id for anisotro pic chi ra l m olecules except
for tho se wi th m Û Û Û ), whi ch is rel ated to the speciÙc rota ti on [' ]

of l iquid [39, 41]

£ Û =
¯ Ñc

2 ¤ £
[ ' ] ; (42)

where [' ] i s given in radians per m eter m easured for wa velength Ñ of the probe
l ight beam. T aking [ ' ] = 1 0 rad m ; £ = 2 1 0 m and Ñ = 5 0 0 nm we get

£ 1 10 J m V s .
Simi larl y, the order of m agni tude of the ani sotro py £ = Û Û can

be obta ined assuming £ Û | the m ean value of the polarizabi l i ty Û .
Then we have [12, 42]

£ Û =
nÑ¯

¤ £
V ; (43)

where V i s the Verdet consta nt given in SI uni ts (radi ans per m eter and Tesla),
n | i s the refracti ve index for the wavelength Ñ. T aking V = 1 0 rad m T
(f or many l iqui ds the Verdet consta nt has tha t value [13, 43]), £ = 2 1 0 m ,
n = 1 : 5 and Ñ = 5 0 0 nm we get £ 10 J m V s .

For the above values of £ ; £ , and £ 10 J m V [44] we have

£ H ( A ) = £ V (A ) 10 [T ] B ; (44)

where B i s in T esla (T).
T o estim ate £ H ( A ) and £V ( A ) (Eq. (41)) we assume (as a conservati ve

estim ate) the quadrup ole{di pole polarizabi l i ty Ù 10 C m J (a magni -
tude 10 C m J is typi cal of the Ù l inear molecules [45]) and we obta in

£ H ( A ) = £ V ( A ) 10 [T ] B : (45)

The above rough estimati ons show tha t the m agneto chira l e˜ect in R ayl eigh l ight
scatteri ng is rather small but i t seems to be measurable by photo n counti ng m eth-
ods [46]. For som e chi ra l m olecules the ani sotro pi es £ and £ as wel l as the
polari zabi li t y Ù can be greater tha n the values assumed in our estimati on lead-
ing to an appro pri ate larger e˜ect. It is also exp ected tha t magneto chi ra l Rayl eigh
l ight scatteri ng should be larger in some system s of paramagneti c chira l m olecules.
Ho wever, thi s aspect of our investi gatio n wi l l be di scussed in a separate paper.
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