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Second-harmonic generation circular dichroism

spectroscopy from tripod-like chiral molecular films
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The second-harmonic generation (SHG) circular dichroism in the light of reflection from chiral films of tripod-like

chiral molecules is investigated. The expressions of the second-harmonic generation circular dichroism are derived from

our presented three-coupled-oscillator model for the tripod-like chiral molecules. Spectral dependence of the circular

dichroism of SHG from film surface composed of tripod-like chiral molecules is simulated numerically and analysed.

Influence of chiral parameters on the second-harmonic generation circular dichroism spectrum in chiral films is studied.

The result shows that the second-harmonic generation circular dichroism is a sensitive method of detecting chirality

compared with the ordinary circular dichroism in linear optics. All of our work indicates that the classical molecular

models are very effective to explain the second-harmonic generation circular dichroism of chiral molecular system. The

classical molecular model theory can give us a clear physical picture and brings us very instructive information about

the link between the molecular configuration and the nonlinear processes.

Keywords: circular dichroism,

PACC: 4265B, 4265K, 7820B, 7820E

1. Introduction

Because of their inherent noncentrosymmetry,
chiral molecular media show that second-order nonlin-
ear effects concerning the polarization have attracted
a great deal of attention of investigators from var-
ious fields such as synthesis of asymmetric chemi-
cal species, separation of chiral compounds, crystal
growth, and the adsorption of proteins at interfaces.
It has recently become a hot spot of material physics
and material chemistry to design and synthesize, theo-
retically and experimentally, molecular materials with
large nonlinear polarizability.['—4

Chiral molecules have different efficiencies in gen-
erating the second-harmonic light for left- and right-
handed circularly-polarized fundamental beams. This
effect is called second-harmonic generation circular-
dichroism (SHG-CD). The experiment shows the fact
that the SHG-CD effect is several orders of magni-
tude higher than ordinary circular-dichroism (CD) in
linear opticsl®! and has closer relation with molec-
ular structure.l’ So the technique has been widely
used for measuring chirality from medium films.["—1
The methodology described provides a formalism con-

three-coupled-oscillator model,
harmonic generation circular dichroism

tripod-like structure, second-

ducible to the extraction of structural information
from nonlinear optical measurements of chiral films.
The classical models of chiral molecules are

often used for second harmonic

n,[11-16]

studying the
generatio which has a clear physical picture
to explain the optical nonlinearity in different chi-
ral molecular systems. In the present paper, we use
a new three-coupled-oscillator modell'®! to study the
SHG-CD in the isotropic thin films composed of chiral
molecules with a tripod-like structure in the direction
of reflected light. In Section 2, the hyperpolarizabili-
ties of the tripod-like chiral molecules under the condi-
tion of second harmonic generation are investigated,
and the expressions of surface SHG-CD for tripod-
like chiral molecular films are presented. In Section 3,
the relation between SHG-CD and molecular micro-
scopic parameters, when the incident light intensity is
determinate, will be simulated numerically. The in-
fluence of chiral parameters on SHG-CD spectrum in
tripod-like chiral molecular films and the spectral de-
pendences of s- and p-polarized SHG from thin film
for left- and right-handed circularly polarized incident
light are investigated.
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2. Basic theory

The ordinary CD in linear optics is to measure a
difference in absorbance of optically active molecules
between left- and right-handed circularly polarized
light, which may be expressed as a difference in molar
extinction coefficients, i.e., Ae (Ae = ¢, — eR), for
dilute samples. Usually, ordinary CD spectroscopy
relies on a very small rotational strength R, which re-
sults from a very weak interaction between the electric
and the magnetic dipole transition moments within a
molecule. A measure of the SHG-CD intensity asym-

metry can be defined as

9(I3HG _ [SHG)

T o left right
SHG-CD = ™7SHG | [SHG (1)
left right

The intensity of the second-harmonic light gen-
erated by a surface can always be expressed in the
general form

[(2w) = | fE2 () + gE2(w) + hEy(w) Es(w)|*, (2)

where E,(w) and E,(w) are respectively the p- ands-
polarized components of the fundamental field inci-
dent on the surface (see Fig. 1); the coefficients f, g,
and h are linear combinations of the various compo-
nents of the second-order susceptibility tensor x(?,
which are complex valued,'” and they are different
for the p- and s-polarized second harmonics; x(? is a
tensor determined by (we apply the Einstein summa-

tion convention)
P = eox P Es(w)Ex (w), (3)

where the indices I, J and K refer to the Cartesian
laboratory coordinates and may be assigned to X, Y
and Z. The tensor x(?) is macroscopic polarizability,
which is related to the hyperpolarizability 8(?) of sin-
gle molecule or molecular group. For the second-order
nonlinear process in isotropic chiral film, the macro-
scopic tensor elements X(IQJ)K are related to the micro-
scopic parameters of the interfaces, and thus to the
information about, such as, the chirality and the ori-
entation of individual molecules. In the electric dipole
approximation the macroscopic susceptibility tensor
x? can be correspondingly written as the orienta-
tionally averaged microscopic nonlinear polarizability
B2 of the surface molecules, i.e.['8]

e = NI -DE-R)BE, @)

where ¢, 7, k and I, J, K refer to the molecular and
the laboratory frames, respectively; ( ) represents the

averaging operation of orientation cosines over all pos-
sible directions; N is the molecular surface density;
f3 is the local field factor of modifications in three
directions. The x(® tensor is thus a function of the
molecular hyperpolarizability and the orientation of
the molecule at the surface. Molecular orientations at
surfaces of liquids and polycrystalline solids are usu-
ally random with respect to rotations in the plane.
For such surfaces, the net macroscopic nonlinear sus-
ceptibility must also be invariant with rotations about
the perpendicular z-axis. We assume that the orienta-
tional z-axis of chiral molecules is arbitrary, whereas
the angle 6 between the z-axis and the surface normal,
which is perpendicular to the film surface, is fixed (see
Fig. 1). Here, the 27 elements of the third rank tensor
x? for SHG can then be reduced to 4 nonzero and
independent elements,'8! as follows:

(2 (2 (2
XZ%Z? XZ))(X = XZ))/Yv

2 _ .2 _. 2 __ 2
Xxxz = Xxzx = Xyvz = Xyzy>

2 2 2 2
Xg&z = Xg()zy = —ngg(z = —ng)zx-

Z A

normal

chiral film

Fig. 1. Laser beam at frequency w, incident on the sam-
ple at angle 6i,., with surface normal being along the Z

axis.

For isotropic surfaces of achiral molecules, there
are an infinite number of mirror planes of symmetry
perpendicular to the surface, thus the x% 5 elements
vanish. For surfaces of chiral molecules, mirror planes
of symmetry do not exist and all four elements are nec-
essary to be used to describe the nonlinear behaviour

of the surface.

2.1. Molecular polarizabilities of chiral
molecule with tripod-like structure

The three-coupled-oscillator model is described in
detail in Ref. [15]. It can be used for describing one
kind of chiral molecule whose configuration looks like
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a tripod due to the restriction of spatial structure be-
tween multiple groups, such as nitrobenzene deriva-
tives, sulfur compound, and so on. We suggest using
the three-coupled-oscillator model to describe such a
kind of molecules as shown in Fig. 2. Cartesian co-
ordinates with x, y, and z axes are fixed on the top
of the tripod for describing their movement. (z, y, 2)
is the microscopic frame. The three oscillators have
frequencies wp; and damping coefficients y; (i = 1,
2, 3) and they are coupled with each other through
dipole—dipole interaction with small coupling param-
eters A;; (i, j =1, 2, 3). Positional vectors r; (i = 1,
2, 3) of oscillators has an angle «; with respect to the
2’O’y’ plane (parallel to zOy plane). ¢ is the angle
between two bonds. We assume that a; ~as ~a3 =«
At the rest po-
sition, the oscillators 1, 2, and 3 are located at
(3dcot —@d cotar, —d), (3dcota, @d cot , —d),
and (—d cot a, 0, —d), respectively.['”] The relation be-

for the convenience of calculation.

tween bond angle ¢ and « can be expressed as cosa =
(2v/3/3) sin(/2) approximately. We refer to a, b and
c as the elongations of oscillators 1, 2, and 3 from their
equilibrium positions.

Fig. 2.
model.

Schematic diagram of three-coupled-oscillators

We suppose that the incident light is monochro-
matic light of frequency w, so that the electric field
around the oscillators can be written as E;(r,t) =
E;(r)exp(—iwt) + c.c.. The response of oscillators
to the electric field contains not only the original fre-
quency component, but also the second and third har-
monic components. If only the second harmonic com-
ponent is considered, the elongations of oscillators can
be written as a = aje” ¥t + ape” 1%t L cc, b =
bre W phge 129 fcc., c=cre” W ege” 1 e,

The electric field around the coordinate origin can
be expanded, with considering the spatial scattering
of the electric field, into
OE; OE; OE;

+ =y +

By=FE; + g, '}
J ]+837x dy 0z

Ziy

(Z = 1a233; .] = x,y,z). (5)

Considering the second-order nonlinear response
of the system, the coupled equations of the oscilla-
tors along their respective oscillating directions can
be written as!®]

Dy (2w)ag + A12by + Ajzce = %Rlal — fia}, (6a)
D2(2w)bg + A21(12 + A23CQ = %Rle - bei (Gb)

D3(2w)eg + Asjas + Asabs = %R3C1 — fgc%, (6¢)
where A;; (4, j =1, 2, 3) are the coefficients for weak
coupling, D;(2w) = —4w? + wi;, —4iwy;, (i=1,2, 3),
fi are the introduced anharmonic coefficients and can
be estimated by f;1? ~ wi;l, where [ is the elongation
of oscillator from the equilibrium state,!?) and R; is
the linear combination of the electric field (E; E)) and
its gradient (E;0E;/0xy, OEy/0z;E;) and their coef-
ficients are related to the direction cosines of the field
in the direction of oscillation.

The second-order nonlinear electric dipole mo-
ment can be expressed as

P (2w) = 20B5) By (w)En(w)
+ 26050 B (w) Vi By (w). (7)

The molecular electric dipole moment can be de-
scribed by the following equation:

p= Z%"”ﬁ (8)

where 7; is the position vector of the oscillator, which

is related to the effect of electric field on three oscilla-

tors. Therefore, the molecular electric dipole moment

in electric field can be expanded into

Pi = Ppio + pgl)
+c.c.,

exp(—iwt) + p'? exp(—i2wt) + ...

(i:x,y,z), (9)

where p;q is the molecular intrinsic electric dipole mo-
1) (2)

ment; p;’ (w) and p;”’(2w) are the linear and the
second-order nonlinear polarizabilities of the molecule,
respectively. On the basis of Egs. (5)—(9), we can ob-
tain the hyperpolarizabilities ﬂi(f,lof chiral molecules
with a tripod-like structure (see Appendix).
We derive the nonvanishing-independent compo-
ece

nents of x5 (2w) from Eq. (4) as follows:
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() N cos 6

Zrz =~ — (268 + 260, + BE), + B1),) sin® 0 + 262 cos® 6], (10a)
Bhex = T (), 2+ 52)) sin® 0+ (14 cos? 0)(B2 + B2, (10b)
‘B = a3, 182 cos? 0 — (82, + 4, — 28 sin® ), (10c)
X&)z = T(2cos? 0 —sin? 0)(92, — B2, (100)

where 0 is Euler angle (namely, polar angle with re-
spect to the surface normal, the Z axis in the labora-
tory frame, see Fig. 1).

For an isotropic surface, x(®) can be separated
into chiral items X£}21)iral and achiral items Xz(fc%liral' The
chiral items Xgl)iral, such as ng; » and XE?Y 4, are only
allowed for chiral surface and will change their signs
when the surface with an enantiomer changes into
the surface with an opposite enantiomer. The achiral

(2) } L (2) (2) (2)
achirals SUCh a8 X777, X7xx, and Xy, are

allowed for the surface with any molecules, including

items x
chiral ones.

2.2. Second harmonic generation circu-
lar dichroism

For circularly polarized light incident on a mono-
layer consisting of the chiral molecules, the SHG effi-
ciency is shown to depend strongly on the handedness
of the circularly polarized excitation beam, which is
in contrast to ordinary CD effect, where the difference
in absorbance between the left- and the right-handed
circularly polarized light is much larger because SHG-
CD is electric dipole allowed. Experiments show that
the SHG-CD in nonlinear optics is the technique most
sensitive to chirality of surface and interface.[®! More-
over, the SHG-CD is bound up with molecular struc-
ture. The SHG-CD therefore is broadly applied to the
detection of chirality of thin films.

For circularly polarized fundamental beams,
E,(w) = £iEs(w) and the intensity of the second-
harmonic field is obtained from Eq.(2) as

IQw) = |—f + g £ih|* I*(w), (11)

where the upper and lower signs (i.e., signs + and — of
symbol+) correspond, respectively, to the right and
the left circular polarizations, and I(w) = |Es(w)|’.
Equation (11) shows that the responses to the left
and the right circularly polarized light can be differ-
ent only if neither (f-g) nor h is zero. For surfaces

that are isotropic in the surface plane, (f—¢g) and h

are nonvanishing only when the surface is chiral. The
SHG-CD effects can be expressed as

AI(2w) = I1,(2w) — Ir(2w) o [Im(h" f)

+ Im(g*h)]I*(w), (12)

where I;, and Ir denote the left- and the right-
handed circularly polarized beams, respectively. For
an isotropic surface, it is only related to the four inde-
pendent components of x(?). Tt is clear from Eq. (12)
that A and f, g must differ in phase for the circular-
difference effect to occur.

The coefficients f, g and h are functions of the

macroscopical polarizability x%)K

and the incident an-
gle 6, in equations (12). They can be split into the
s and the p components corresponding to the s- and
the p-polarized components of the second-harmonic
field.1720:21] Tpy the reflected direction, their expres-
sions based on the three-coupled-oscillator model can

be written as

fs = 2X4y» sin Oine cos Oinc,
gs = 0, hs=2x5, sin Oy,
fp = sinbinc(x5s, sin? fine + X2, cos? Oine
—2x%% c0s? Bine),
9p = Xiiew sin Oy,
hy = —Xay» $i0 Oinc €08 Oine. (13)
In these equations, subscripts s and p correspond to

the signals detected being s- and p-polarized respec-
tively. So, for the case of surface with tripod-like chiral
molecules in the direction of reflected light,

()

AL (2w) o Im(x EX X ) (14a)
for s-polarization, and
Al (2w) <[ (—x§ ) (x5 7 5in” Oine
+ X(ZQ;(X cos? Oine — 2X§?)XZ c0s? Oine)
2 2)*
+ Im (= 2 xEkx)] (14b)

for p-polarization.
Equations (14a) and (14b) imply that the second-
harmonic generation has different responses to the
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left- and the right-hand circularly polarized funda-
mental fields, and also that chiral tensor component
xg?%/  influences the SHG-CD effect. The tensor com-

ponents containing three direction elements: Xg?%/za

ngg( 5 and X(ZQ))(Ya are designated by the name of chiral
tensor components. Among the components of X(Q),
chiral component x% 5 is allowed only by the chiral-
ity of the surface, whereas the other components are
allowed under arbitrary conditions. Therefore SHG-
CD is sensitive to chirality because of the presence of
chiral tensor component Xg?%/ 7

In the three-coupled-oscillator model, there is no
component of interaction between electric-dipole and
magnetic-dipole because we suppose that the three
oscillators move along their bond directions respec-
tively, the magnetic-induction field is zero. Corre-
spondingly, macroscopic second-order susceptibility
ij}f(o; —w,w) vanishes, which leads to g5 = 0 in the
s-polarized component of the second-harmonic field in
Eq. (13). So, in this model, the SHG-CD effect occurs
only within the electric dipole approximation.

The origination of chirality is related to the mi-
croscopic structure of chiral molecule. From Eq. (10),
one can see that the achiral tensor 8(?) has no contri-
bution to the chiral tensor x(, similarly, the chiral
tensor 3 has no contribution to the achiral tensor
x? either. Therefore, for an isotropic surface, the
chirality at molecular level consequentially leads to
the presence of nonvanishing chiral component ngral,
which has been experimentally proved.!'®22 Accord-
ing to the discussion above, the presence of a nonzero
xg?%/Z is crucial to the observation of SHG-CD effect.

From Egs. (11) and (13), the intensity of the

second-harmonic field can be written as

I,(2w) o | = X552 €08 Oine £iX5% 2" P(w),  (15a)
I, (2w) o< (XF% x — XF52) $in® Oine + 2X 5% 7 €08” Oine
Fixkyz cos 9inc|2]2(w), (15b)

where the upper and lower signs represent the left-
and the right-hand circularly polarized fundamental
light, respectively.

For measurements of either the s- or the p-
polarized second-harmonic light, the use of Egs. (1),
(11) and (12) gives

4[Im(g*h) 4+ Im(h* f)]
[FI” + lgl* + |h* — 2Re(f*g)’

(16)

Isug-cp =

which can be used to predict the strength of the SHG-
CD effect. A more complicated expression is required

to model the SHG-CD effect in the total intensity.
Equation (16) shows that a phase difference must exist
between h and f or g for the SHG-CD effect to exist,
where a 90° phase difference is an optimal value.
Since the dichroism of the second harmonic re-
sponse requires significant imaginary component of
the x(® element, the effect should be observable only
near resonance. The spectral properties provide im-
portant information about the nature of the species
and the electronic states producing the SHG, and the
SHG-CD spectral information is given in Fig. 3. The
differences in intensity between the left- and the right-
hand circularly-polarized beams are given in Fig. 4.
Spectral characters of SHG from tripod-like chiral
molecular films for the left- and the right-handed cir-
cularly polarized incident light are given in Fig. 5.

3. Numerical simulation and

analysis

SHG-CD spectrum can be obtained from Eq. (16).
We simulate numerically the relation between SHG-
CD and second-harmonic wavelength, namely SHG-
CD spectrum, at a certain incident light inten-
sity. We choose the equilibrium elongation [ to be
0.116 nm, and the molecular surface density N to be
4.0x10% m—2. The plots of SHG-CD versus second
harmonic wavelength for different chiralities are given
in Fig. 3 on condition that the resonance centre fre-
quency wo is 5.24 x 10'® Hz, the damping coefficients
~; 18 (1/10)wp;, incident angle of light wave 0y, is 7 /4,
and bond angle of molecule is 7/2.

The s- and the p-polarized SHG-CD spectra in
the reflective light are shown in Figs. 3(a) and 3(b),
respectively. Among the curves in the figures, curve
A is corresponding to the symmetric molecular struc-
ture, i.e. no chirality, while curves B, C' and D are cor-
responding to dissimilar asymmetric molecular struc-
tures respectively. The curves A-D have the follow-
ing chiral components: wp1/we2 = 1, 1.06, 1.09, 1.16;
woz2/wos = 1, 1.06, 1.08, 1.14; wp3/wo1 = 1, 0.89, 0.85,
0.76.

From Fig. 3, we know that when three oscilla-
tors are the same (i.e., no chiralities), the circular
dichroism s- and p-polarized components I$ya_cp
and I&, . _p are both zero, in other words, there is
no SHG-CD effect (see curve A in Fig. 3). This phe-
nomenon shows that the SHG-CD effect occurs only
in thin film with chiral molecules. The SHG-CD spec-
trum changes distinctly with chirality of molecule, for
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example, curve B is the case where two oscillators are
the same, and curves C' and D have three dissimilar
oscillators in Fig. 3. There are only positive branches
of SHG-CD on curve B, and there are both positive
and negative branches of SHG-CD in curves C and D,
which indicates the influence of molecular structure on
SHG-CD. Hence, the SHG-CD spectrum can give in-

AISng_cp(2w)/arb. units

1.0 . .
150 250 350 450

Second harmonic wavelength/nm

Fig. 3.

formation about molecular structure. Figure 3 also
shows that the stronger the chirality of molecule is,
the more prominent the SHG-CD effect will be, such
as curve D. This suggests that the chiral contribution
dominates the SHG-CD and indicates the SHG-CD ef-
fect is sensitive to chirality, which makes it a sensitive

technique to detect chirality accordingly.

2.0

(b)

=
o

AlIfug_cp(2w)/arb. units

|
=
o

150 250 350 450

Second harmonic wavelength/nm

SHG-CD spectra under the condition of different chiralities (from A to D, chiral components:

wo1/wo2 = 1,1.06,1.09,1.16; wo2/woez = 1,1.06,1.08,1.14; wpz/wo1 = 1,0.89,0.85,0.76), where panel (a) is for
the s-polarized beam case and panel (b) is for the p-polarized beam case.

The SHG-CD spectral information given in Fig. 3
shows the characteristic of absorbable band and pos-
itive or negative circular dichroism in the whole area
of wavelength. The values of SHG-CD and absorbable
wavelength (Apax) are varying with the changing of
molecular chirality. But absorbable wavelength at
Amax = 190 nm is invariable while the s- and the
p-polarized SHG-CD spectra change with molecular
chirality. In the area of wavelengths 150-230 nm
there occurs a strong absorbable section, but in 280—
400 nm there appears a weak absorbable section. Peak
value of p-polarized SHG-CD is greater than that of
s-polarized in negative circular dichroism, but such a
rule does not exist in the positive circular dichroism.

Increase in SHG-CD ratio reaches high values of
up to Ifya_cp = 1.99 and If, op = 1.6 around
second harmonic wavelength 165 nm from our calcu-
lation, where chiral components are wp1/wo2 = 1.16,
wo2/wos = 1.14, and wp3/we1 = 0.76.

The differences in intensity between the left- and
the right-hand circularly polarized beams, AT(2w) =
I1,(2w) — Ir(2w) versus second-harmonic wavelength
under condition of different chiralities, namely AT(2w)

\

spectrum, can be obtained from Eq. (14). Figures 4(a)
and 4(b) show the spectral dependences of Al (2w)
and AI,(2w), respectively, where Al (2w) is corre-
sponding to the s-polarized beam and AI,(2w) is cor-
responding to the p-polarized beam. In Figs. 4(a) and
4(b), curve A demonstrates that AI(2w) = 0 when all
the three oscillators are the same, which means that
the molecular configuration is symmetric (viz. no chi-
rality); curve B corresponds to the case where two os-
cillators have the same chiral relation (w1 /w2=1.06;
wo2/we3=1.06; wp3/we1=0.89); and curve C corre-
sponds to the case where three oscillators are dissimi-
lar (wo1/wo2=1.06; w2 /woz=1.14; wo3/we1=0.76). It
can be seen from Fig. 4 that spectra of Al(2w) and
AI,(2w) possess almost the same characteristics ex-
cept their intensities. This fact shows that chiral com-
ponent Xg?)x » plays an important role in Al (2w) and
AT, (2w) spectra, thus we can obtain some information
about chiral configuration of molecules from AT(2w)
spectrum. From our further research, we also find that
the first term in Eq. (14b) exerts an main effect on the
spectrum of AT,(2w), which implies that AI,(2w) is
sensitive to chirality, too.
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1.0 1.0
(a) (b)
2 05 A 2
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5 e LA 5
/\d\ 0 3 7 “1 Q 0 i N, Pt P
< Voo i s S £
—0.5 Vo } ;o 3 —o.
< Vo Cy / < 708
-1.0 i ) , —1.0
150 250 350 450 150 250 350 450
Second harmonic wavelength/nm Second harmonic wavelength/nm
Fig. 4. Spectral dependence of the circular dichroism AI(2w) = I, (2w) — Igr(2w) of SHG under condi-

tion of different chirality (from A to C, chiral components: wpi/woz2 = 1,1.06,1.16; wo2/wo3 = 1,1.06,1.14;
wo3/wo1 = 1,0.89,0.76), where panel (a) is for s-polarized beam case and panel (b) is for p-polarized beam case.

Since the dichroism of the second harmonic response requires significant imaginary component of the x(?
element, the effect should be observed only near resonance. The spectral properties provide the important
information about the nature of the species and the electronic states producing the SHG. The s- and the
p-components of the SHG signal from thin film of chiral molecules are collected as functions of wavelength
and incident polarization. The data for the left and the right circularly polarized excitations are shown in
Fig. 5, on the assumption that the incident light intensity is certain, incident angle is 45°, chiral relations are
wo1/we2=1.16, wo2 /wez=1.14, and wp3/we1=0.76. Figure 5(a) shows corresponds to s-polarized beam case and
Fig. 5(b) corresponds to p-polarized beam case, where solid line represents the left circular polarized incident
light while dash line represents the right circular polarized incident light. There is a strong preference for right
circularly polarized light in the area of second harmonic wavelengths 145-179 nm, whose magnitude varies with

wavelength. Preference for the left or the right circularly polarized light changes near the second harmonic
wavelength 179 nm.

0.20 T T T 0.06 T T T
(a)
0.16
£ £ 004}
5 012 5
= <
S
£ £
d o008 3
hct 3 oozf
0.04
0 L . 0 " : .
145 155 165 175 185 145 155 165 175 185
Second harmonic wavelength/nm Second harmonic wavelength/nm

Fig. 5. Spectral dependences of SHG for left (solid line) and right (dash line) circularly polarized incident light, where
panel (a) is for s-polarized beam case and panel (b) is for p-polarized beam case.

4. Conclusions
In this paper, we derive the hyperpolarizabilities of the tripod-like chiral molecules under the condition of

second harmonic generation and presente the expression of SHG-CD for tripod-like chiral molecular films based

on the three-coupled-oscillator model. We simulate numerically the relation between SHG-CD and molecular
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microscopic parameters when incident light intensity is determinate. The influence of chiral parameters on
SHG-CD spectrum in tripod-like chiral molecular films and intensity of SHG spectrum in reflection are also
investigated. On the chiral condition wp; /woz = 1.16, wo2/woz = 1.14, wp3/wor = 0.76, we can obtain the SHG-
CD ratios which are as high as I§yq_cp = 1.99 and Ich;ch = 1.6 around the second harmonic wavelength
165nm from our calculation. The fact shows that SHG-CD is a sensitive method of detecting chirality, which is
consistent with the conclusion given by Byers et al[®]

Our research indicates that the second order nonlinear optical effects are in direct proportion to chirality,
thus SHG-CD is derived from chiral molecular structure. It is further illuminated that the SHG-CD is a sensitive
method of detecting chirality. In addition, compared with conventional researches on the nonlinear processes of
chiral media, this base-on-molecular-model method is not only more intuitional but also more accurate, and it
gives the information about molecular structure and provides a new theoretical basis for marking the tripod-like
chiral molecular media.

Appendix
V/3¢% sin a cos? o f1 fo A13( ( w) — 2D3(w))
(2 — _ _
o e (G m R ememrzrm), (1 )
n Az ( f2h ) B 2A13f3(D1 Ds(w)) ]
Dy(2w)D1(2w) \ D3(w) Di(w)/)  Ds3(2w)D3(w)D2(w)Di(w)]’
@ _ ¢ sin acos? f1 fa A13( 3(2w) + 2D3(w))
Pew: deom? [(Dl(Qw)D%(w) D2(2w)D§(W)> (1 D3(2w)Ds(w) )
Afs B A <f1(2D2(2w)+D2( w)) JrJ[2(2D1(2W)JFD1(W))>
D3(2w)D2( ) D3(2w)D1(2w) Do (w)D3(w D;(w)D3(w)
. 2A13f3 <2D2(2w) — Dg(w) + 2D1 20} D (w ):l
D3(2w)D3(w) \ D2(2w)Ds(w) D1 2w) D (w)
V/3¢® sin a cos? f2
(2) —
Byaz 8eom? [(D%(W)D2(2LU) 2w)) 1+ )
_ A12 (fl(D2( ) — 2D2(2w)) 2D1 (20.} w))) _ 2A13f3(D2(2w) — D1(2w)) :|
D5 (2w) D1 (2w) Dy (w) D3 (w) D3(w)D ( ) D3(w)Ds3(2w) D2 (2w) D1 (2w) |
2 3¢°sinacos® a f
O = = geom? KDl(Qw)lD 2y T Do 2w D2 ) 1= )
Aio J1 I2
" D, (20) D1 (2) (D%w ! D%(w))]’
B ¢>sin o cos® o f1 fa A13(4D3(2w) — D3(w))
e e KDl(Qw)D?(w) i Dg(zww;(w)) (1 D @aDs ) )
_ Arz (fl(D2( w) 4 2D3(2w)) Jrfz(Dl(w)4'21)1(200)))
D@D () \ Do) DY) D) D1 (@)
if (D1(2) ~ Dy(w) _ (Da(20) — Dyfw)
D5 (2) D3(5) (”A“"( DD T Dy Dae) )ﬂ
2 3¢°sinacos® a f f A
B = = deom KDl(Qw)lD%(w) * D2(2w)2D2( ))( D3 123w )
Az [1(2D2(2w) — Da(w)) | fo(2D1(2w) — w))
Jr192(2“))171(2&))( Dy (w)Di(w) T D3 )Dl( ) ﬂ
2 ¢ sin® a f1 fa Ai3(D3(w) 4+ 2D3(2w))
ps = gom? KDl(Qw)DQ(w) D;(2w) D3 (w ))(1_ : DZ(QW)DS(S) )
n /3 ~ Di(w) +2D;(2w) ( A3 f3 n A2 f2 )
D5 (2w)D3(w) D1(2w)D4 (w) D3(2w)D3(w)  D2(2w)D3(w)
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Az fs

. DQ(W) + 2D2(2W) < A12f1
Dy(2w)DSw)  \D1(2w)Di(w)

D3(2W)D§ (w)

)}

with A9 = klg(% cos?a —1)/m, A3 = klg(% cos? @ — 1)/m, and D;(w) = —w? + wg;, — 2iwy; (i =1, 2, 3).
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