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The nature of the far-infrared molecular dynamics of circular dichroism (CD) and optical rotatory dispersion (ORD) is inves-
tigated with field applied molecular dynamics simulation (FMD) in chiral (S)-CHBrCIF and achiral water ensembles. Rosenfeld
tensor symmetries show that femtosecond transients and steady state correlation functions are different in the chiral ensemble
but identical in the achiral ensemble for right and left circularly polarised components of a laser.

1. Introduction

Circular dichroism (CD) and optical rotatory dis-
persion (ORD) are well known manifestations of
optical activity [1-3] in chiral ensembles, and are
usually studied in the visible and infrared, to about
600 cm~! [4,5]. Recent advances [4,5] mean that
far-infrared CD and ORD might soon become pos-
sible, opening an experimental route to the investi-
gation of the fundamental rotation/translation dy-
namics of ORD and CD. This Letter anticipates this
development by using field applied molecular dy-
namics simulation (FMD) [6-10] to investigate the
interaction of a right and left circularly polarised
(c.p.) laser with: (a) a chiral ensemble of (S)-
CHBrCIF molecules; (b) an achiral ensemble of
water molecules. It is shown that in case (a) a range
of FMD time autocorrelation functions (ACFs) and
second order rise transients (RTs) are different and
distinct for right and left c.p. radiation, and that in
case (b), no difference of this type was observable
within the “computer noise”. For example, the ro-
tational velocity and orientational ACFs [11\,12]
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differ in case (a), showing respectively the presence
of far-infrared and dielectric frequency CD and ORD
respectively. In general the complete range of ACFs
and RTs are different for right and left c.p. radiation
interacting with the chiral ensemble. This is signif-.
icant for femto- and picosecond scale transient anal-
ysis [13-16], and for Rayleigh/Raman optical ac-
tivity [17,18] in the far-infrared range of frequencies.
~ As a check, no differences of this type are observed

within the FMD uncertainty for case (b). ’

2. Interaction of radiation and ensemble ~ the
torques

-

When the left or right c.p. laser interacts with an
ensemble of either chiral or achiral molecules each
molecule experiences a different torque. The essence
of FMD [6-10] is to code in the torque for each of
N molecules in the simulation at the appropriate
point in the forces loop of a standard m.d. algorithm
(of any type). The method is therefore generally ap-
plicable to a range of problems, and has already pro-
duced insights in non-linear optics [6-10,17-20].
For CD and ORD the torque is evaluated from the
interaction energy

AEn=~‘a](—w, w)E?B+cc., ()
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where ‘aj is the complex Rosenfeld tensor
[3,18,21], and E7 and B, are electric and magnetic
components of the c.p. laser. Here E? denotes the
complex conjugate of E;, and standard tensor suffix
notation is used. The torque corresponding to eq. (1 )
is

Ti=—¢y caR(—w, w)BE]+c.c., (2)

where ¢; is the Levi-Civita symbol. The torque T;is
used in the FMD algorithm TETRA [22] with right
(R) and left (L) components of E and B. The Ro-
senfeld term is developed as usual [1-3],

‘alf=Pr+ivy, (3)
m=cyR iy, (4)

in the semi-classical theory of molecular property
tensors at optical resonance [3,21,23,24]. In this
theory, v} is responsible for ORD, and ¢y} for CD.
Equations (3) and (4) are clearly valid across the
complete range of electromagnetic frequencies. The
Rosenfeld component tensors <y and <y’ have
specific symmetry properties [18,21] for each mo-
lecular point group. For the C; symmetry group of
(S)-CHBICIF all nine components of 7 are in-
dependent and non-zero and all switch sign between
enantiomers. In the C,, point group of water the di-
agonal components of “y 7 vanish, and if the C,, axis
is labelled 1 (the dipole axis) in the frame (1, 2, 3)
of the point group, only y75. Y32 off-diagonals are
_ non-zero [18].

Taking (1, 2, 3) both for (S)-CHBrCIF and water
to be the frame of the principal molecular moments
of inertia gives the torques in this frame respectively
as the phase independent quantities.

2.1. (S)-CHBrCIF .

2.1.1. Left c.p. laser

TY=—EgBo[2 ('}"2"2.’.- Zy1) (e1xeix+e2vC3y)
+ (v +9n) (e —e32)
+(7n+ 95 (esxerx +esvery)

— (PR +B) (esxezxFeivezy)}s

356

PHYSICS LETTERS A

14 December 1992

Ty=—EoBo[2(Y53— y7) (esxerx+esyery)

+ (Y7 +vD) (e3z—elz)

+ (5 +vh) (euxerx T ervery)

— (9T + 7)) (exesx teavlsy)
T5=—EsBo[2(PTi - ym) (erxerx+eryezy)

+ (77 + 95 (elz—€iz)

+ (97 +973) (eaxeax +€2v€sy)

— 1+ R (exextesyar)]. (5)

2.1.2. Right c.p. laser
TR=—T%, T§=-T%, T}=-T}. (6)

2.2. Water

2.2.1. Left c.p. laser

Tl = — (95 +y5) (e3z—€32)EoBo
TL=— (95 + %) (erxeax teryeay) EoBo

TS = (97 + %) (esxeix +esyeiy)EoBo - (7

2.2.2. Right c.p. la;er.

TR=T}, T¥=-T% T§¥=-T%. (8)

3. FMD methods

These torques were coded into frames (1,2,3) of
each of 108 molecules of (a) (S)-CHBICIF, and (b)
water, and back transformed [19,20,22] to the lab-
oratory frame (X, Y, Z). The interaction site-site
potentials (Lennard-Jones and partial charges) are

described in the literature [25,26] in both cases.

There appear to be no ab initio or experimental es-
timates of the individual scalar components of
either in case (a) or (b). Accordingly, the arbitrary
ratios
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m .e . & . . m . m . m . -
R T R A T s T X Bt B £« B

=7:8:9:1:2:3:4:5:6 (9)

were used in case (a) and the product (°y%
+¢p7)Eo B, given a numerical value in case (b).

After switching on the torques at an instant ¢=0,
second order orientational RTs of the type

Cedrd, (etrd, {eiz), - (€32

were evaluated over 2000 time steps, of 5.0 fs in case
(a) and 0.5 fs in (b). Here e, x for example denotes
the X laboratory frame component of the unit vector
e, in axis 1 of frame (1, 2, 3). The final levels at-
tained by the transients were used to construct
[6,19,20,22] Langevin Kielich functions as de-
scribed in the literature. After attaining the post-
transient steady state, laboratory frame ACFs were
computed over a span of 6000 time steps for right
and left c.p. torques in both cases. The following ex-
emplify the data bank of ACFs from this work,

J(0)J,(0
Ci(t)= <§%;(f/)z<f,})>>1/2 J
{en(t)e,;(0))
Ci(t) = (ef.") z./2<je%j) 172
C3u(t)= <éll(t)él}(0)> (10)

e

These are respectively the angular momentum, ori-
entational, and rotational velocity normalised ACF
tensors. The second is essentially the Fourier trans-
form [27,28] of the dielectric complex permittivity,
and the third is the Fourier transform of the far-
infrared power absorption coefficient in neper cm ™~}
[27,28]). Far-infrared CD measures the difference in
this quantity from right and left c.p. probe radiation,
either with a submillimetre laser {29] or with an in-
terferometer {30].

4. Results and discussion

For cases (a) and (b) data banks were con-
structed of RTs and ACFs for several different val-
ues of EB,. It was checked that the final levels
reached by the FMD transients fell on the appro-
priate Langevin Kielich functions [12,20,31] using
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literature techniques [19,20,22] that we have de-
veloped for non-linear optics in general. For case (a)
the second order RTs from torque (5) are different
for right and left c.p. radiation. (The latter may be
monochrb_'matic or broad-band, because the torque
is independent of the phase of the plane wave. The
Rosenfeld tensor depends on frequency, however, in
perturbation theory [3,16,21], so that the use of
constant “yJ"’s means that we are effectively restrict-
ing our consideration to one frequency.) The RTs
reach different saturation levels for right and left c.p.
radiation, implying that the Langevin Kielich func--
tions are also different. Figure 1 shows the same type
of left/right difference in the ACF Cj;; of rotational
velocity in case (a), a result which immediately
shows the existence of far-infrared CD and ORD.
Changing the numbers in eq. (9) changes the details
of the left and right ACFs, as expected; but not the
fact that they are distinct functions. In other words,
changing the details of the Rosenfeld tensor does not
eliminate the computed far-infrared ORD and CD.

Right and left torques make no difference, how-
ever, in case (b), either to RTs or ACFs exemplified
by an angular momentum ACF. Clearly, the Lan-.
gevin Kielich functions for water are also identical,
analytically and computationally.

It is concluded that:

(1) FMD simulation in case (a) has revealed the
presence of CD and ORD in the far-infrared and di-
electric range of frequencies, showing that novel
ACFs of the molecular dynamics of chiral molecules
are all different for right and left c.p. radiation.

(2) FMD simulation in case (b) shows that there
is a novel orientational anisotropy produced in an
achiral ensemble by the Rosenfeld tensor’s surviving
off diagonal elements, but that there is no CD or.
ORD because left and right c.p. radiation compo-
nents have identical dynamical effects.

(3) Novel second order RTs and Langevin Kielich
functions in case (a) are different for left and right
c.p. radiation, but the same in case (b).

Overall, this work has revealed for the first time
the fundamental picosecond time scale, far-infrared
frequency range, dynamical details of the way in
which circularly polarised radiation interacts with a
molecular ensemble through the mediating Rosen-
feld tensor (or electric/magnetic dipole tensor).
Clearly, it is important to note that the latter exists
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Fig. 1. Rotational velocity difference ACFs for (a) left, (b) right c.p. lasers applied to liquid (S)-CHBrCIF, showing the FMD simulation
of far-infrared CD and ORD, (——) Csxy, (-=-) Cayy, (=*+=*=) C3zz. The laser propagates along the Z axis, and the Fourier transform
of the component ACFs are far-infrared power absorption coeflicients. (Field=100 (a), 200 (b).)

in achiral as well as chiral ensembles, something
which is overlooked frequently, but which has led to
the new achiral birefringence phenomenon (2)
above. -
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