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The feasibility of using nonlinear optical techniques to control the chiral states of molecules is
examined with the hydrogen peroxide molecule as an example. Raman excitation of

optical activity owing to a transition among states with different chiral symmetries is proposed,
along with an experimental scheme for detecting the corresponding photoinduced optical
rotation in hydrogen peroxide vapor. ®9399 American Institute of Physics.
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1. INTRODUCTION handed indicated in Fig. 1a and a negative sign, to the so-
calledl-state(“levo” or left-handed.

One of the most intriguing mysteries of nature is the  Let us examine qualitatively what happens when a chiral
chiral purity of the biological world. For example, with en- H,O, molecule interacts with an electromagnetic field. The
viable consistency, nature chooses levorotatory helical DNAexistence of reflection symmetry between the minima of the
molecules and dextrorotatory sugar molecules, although thi@rsional potential means that the eigenstates of the torsional
levo- and dextro-configurations are energetically equivaient.Hamiltonian are split as a result of tunneling through the
Research on the chiral purity of the biological world and, agower barrier and are described by even and odd wave func-
a whole, on the nature of the chiral symmetry of moleculestions #s, #, (tunneling through the upper barrier and the
the construction of chiral properties and their experimentafdditional splitting owing to it are negligib!d. The rela-
study, and attempts at controlling chirality are currentlyfively large splitingAEq=11.4 cm* corresponds to a lack
among the most pressing areas of modern phystts par- of stat_lonary chirally g_syrnmetnc §tates, which, prior to the
ticular, the physical consequences of the existence of a unp_stabllshment of eqwhbnqm, oscillate at the tunnelmg fre-
versal mechanism for breaking of chiral symmeftpwing quency relative to the St_a“‘?”ary _statfz§ a_nd Ya- Thus, n
to the failure of reflection symmetry as the result of a wealghe HQ, molecule, in principle it is possible only to obtain

interaction through neutral curreftsare the subject of on- an oscillatory opt_lcal rotation effect, as op_pos_ed to heavy
molecules, for which the period of these oscillations can cor-

going discussion. Besides the spontaneous breakdown of chi- oo : L .
. S : respond to arbitrarily long times and the initial chirally

ral symmetry, there is practical interest in research on the . .

feasibility of deliberatel ol h i the chi Iasymmetnc state is stable.

casl “ty 0 de' gr?ey con rlo 'Sg I.C ha:nﬁetim. c c_gla The Hamiltonians for the interaction of the molecule

symmetry, induced, for example, by light. is is possible, b o electromagnetic field

then in optics we have at our disposal a powerful arsenal of

experimental methods, both for exciting and for probing mo-

lecular system$which may be used in setting up an experi- Hi=—2 diE(ro)

ment on photoinduced chirality. y , in the dipole Hp) and quadrupole H) approximations

In this paper we study the feasibility of exciting chirally 1,56 5 qualitative difference owing to the fact that in the
asymmetric states of the hydrogen peroxide moleculgjinoie approximatiorfor E(ry)—E(ro)] the contributions
(H20,) by means of a laser pulse with specially selectedsf the protons add, while in the quadrupole approximation
parameters. The hydrogen peroxide molec#ig. 19 is the [E(r)— (re—ro)VE(ro)] they subtract, so thatly is an
simplest chiral molecule whose geometry is not invarianteyen function, whileH, is odd. For the corresponding off-
under the spatial inversionx(y,z)—(x,y,~2). After this  diagonal matrix elementd 5> andHg’ of the S— A transition

transformation, the initial position of the atoms of the mol- for the dipole and quadrupole Hamiltonians, we obtain
ecule cannot be recovered by a rotational transition, since the 1 1

torsional angles- ¢, , are inequivalent. The choice of direc-
tion of the vectomg from one oxygen atom of the molecule Thijs implies that the quadrupole interaction excites preces-
to the other makes it possible to assign a definite sign to thgion between states of a chiral molecule that are split owing
torsion angle2 HOOH after choosing between the right- and to the d«< | tunneling transition between the right- and left-
left-handed coordinate systems. According to theoretical calhanded chiral configurations, while the dipole interaction
culations and experimeft;3the equilibrium torsion angle only produces a modulation in the energy of the eigenstates,
in the gaseous phase &==*120°, where a positive sign which therefore oscillates at the frequency of the exciting
corresponds to the so-calledtstate (“dextro” or right- field. The existence of the quadrupole contribution offers the
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FIG. 1. (a) Geometry of an KO, molecule in thed-
1500¢ ] configuration. The wave vectdrof the laser field
is directed along the axis, ng is a vector in the
direction of the O—-O bondg,, are the torsion

1000+ angles relative to theng plane, the equilibrium va-
lence angles aré,~100°, andag~1.461 A and
a,=0.964 A are the lengths of the O—O and O-H
500+ bonds, respectivelyb) Model function for the tor-
sional potentiaV as a function of the torsion angle
6 and the position of the lowest energy levels for
ok the symmetrigdotg and antisymmetri¢continuous
line) states.
=500
-180
0, deg
opportunity, in principle, to selectively excite ttie or I-  degcm’/g-dm for resonant excitation of optical activity at

enantiomers using a fundamental quantum optical effect—E~10°* V/icm. A 1-mm thick layer of the vapor at standard
the coherent precession of a two-level system driven by @&emperature and pressure yields a rotation angle of the order
coherent electromagnetic field pulse. of 10~ 1 sec. This value is at the limit of sensitivity for linear

In this paper we discuss the conditions under which thisyolarization spectroscopic techniques. Thus, even neglecting
photoinduced chirality effectoptical activity can be de- the other complicating factors in a single-photon excitation
tected experimentally. The excitation mechanism is first disscheme with initial orientation of the molecules by a constant
cussed using a single-photon model, and then a more realigfectric field, observing the laser induced optical rotation will
tic scheme of two-photon excitation using two lasers withpe difficult.
orthogonal polarizations is proposed. As the following analy-  Another important point is the finite lifetime, of the
sis shows, if a molecule is initially oriented along thexis,  chiral state owing to intermolecular collisions. It should at
then in principle a laser pulse of some duration can be usefast be longer than the time the field propagates in the active
to bring it from an initialS- or A-state uniformly distributed region, 7.=L/c=10"' s, and a lower bound estimate is
across thed- andl-configurations, and which has no optical r,=(./'vo) !, where./ " is the concentration of the mol-
activity, into a state with a definite configuration and a signecules,v is the thermal speed, and is the collision cross
corresponding to rotation of the plane of polarization of thesection. For atmospheric pressure and room temperature we
incident field. This photoinduced chirality effect can be ob-obtain7,~10° s 1> 7.
served experimentally in its purest form in hydrogen perox-  The biharmonic excitation scheme using two laser pulses
ide vapor, since the interpretation of data for the liquid phasgroposed here satisfies this restriction, and furthermore can
is made more complicated by the strong intermolecular inhe used to efficiently induce a given chiral state in the ex-
teraction. cited molecules.

Let us estimate the order of magnitude of the effect in a
single-photon excitation scheme. The condition for complet® THEORETICAL MODEL EOR PHOTOINDUCED CHIRALITY
orientation of the dipole moment of the molecules along theor H,0, MOLECULES
z axis under the influence of a field of strendthis Eeay
>KkT, which corresponds t&> 10° V/cm at room tempera-
ture. If we do not require 100% orientation of the molecules, = For an approximate description of the dynamics of mol-
then much lower fields can be used to obtain a substantiallgcules in a laser radiation field, it is appropriate to simplify
lower degree of orientations=Eea,/kT, which can never- the complete Hamiltonian by taking advantage of the small
theless be used to establish experimentally the presence wHtio of the masses of the protons and oxygen atoms. Then
one or the other chiral configuration of the molecules bythe dynamics of the protons can be treated in the adiabatic
measuring the optical activity of the medium. In the fre- approximation with respect to the coordinates of the oxygen
guency range of the electronic susceptibility, it can be estiatom, and the dynamics of the latter reduces, in the simplest
mated to lowest order by assuming thatlescribes the frac- case, to averaging over the direction of the unit vectgr
tion of the molecules strictly oriented in a given direction, = (sinJ cose, sind sing, cosd), which specifies the orien-
while the remainder of the molecules is not oriented alongation of the O-O-bond. Here the average over the
the field. Then, for an upper bound estimate, on multiplyingz-direction (Fig. 18 can be taken considering only the rota-
this small factorx by the characteristic magnitude of the tional dynamics of the protons relative to the O-O bond,
specific rotation] «]~10? degcm’/g-dm for materials with ~ given that the potential of the proton bond depends only on
the most distinct optical activity, we obtain~10"!  the torsion angle@= 6,— 6;.

2.1. Reduced model for the dynamics of a free molecule
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Given these considerations, the characteristic Hamilalong thez axis, i.e.,9=0, and the fielcg, is oriented along
tonian in the reduced model, which accounts for the rotatiorihey axis, the rotational symmetry reduces to a uniform dis-

of a molecule relative to the O-O bond as a whole and theribution over the angléd; the quadrupole moment has a
torsional vibrations, has the form dependence of the form séh Here the orientation shows up

= |:|H+ |:|H ) in Eq. (5), which takes the form
where ~ Eqd ~ 0

) 2 Ab= 2‘]w%ul('[)cosﬂcosicoswltﬂt ©1), (6)

HH: - 4 > Tz, (3) -
Myry 96 with cosé having the same angular dependence as the de-
52 52 rivative of the quadrupole Hamiltonian for the figig||x, so

H,=— —+V(), 4) that

i (G (@)

where 9= (6,+ 6,)/2, m, is the proton mass, and(6) is AHQ_(aHQ/M)AaO{COé o
the torsional potential. The vibrations of the valence angles An order of magnitude estimate in the visible range is
/HOO are neglected here for simplicity.

Besides the uncertainty in the directionrgf mentioned A9~10"01,, (7
above, the initial state of the molecule with respect to the

average angl@ includes an uncertainty associated with the\'\/here.ll.IS thg mtens(cy of _the fieldE, in Wien anq the :
rotation of the molecule relative to that direction, which cor- e}ngle is in radians. Th|s.est|mate r_eag:hes order unity only in
responds to the third rotational degree of freedom of thé'eIds stronger t.han the |ntra-§tom|c-f|eld.s. .
molecule and supplements the two angles that specify the The dyhamllcs Aof the torsional vibrations correspondlng
direction ofng. Here the corresponding frequencies of thel® the HamiltoniarH , are largely quantum mechanical ow-
transitions between the levels for free rotation about thdnd t0 the relatively small mass of the proton compared to the

O—0 axis are heavier atoms. This shows up in the tunneling betweerlthe
. and |-states of the local potential minim@ig. 1b), which
wn_n+1=7.84(n+1/2)cm"7, leads to the formation of superposition eigenstatgand i,
and are a factor of four less than the corresponding frequerihat are split in energy and have equally represedteand
cies of free internal rotation in view of Eq¢3) and (4), |-configurations, as well as to a nonrigidity of the molecular
which largely determines the form of the torsional potentialconfiguration owing to the quantum mechanical indetermi-
u(e). nacy of the wave functions with respect to the torsion angle.

The form of the torsional potential of the,B, molecule
and the eigenenergies of the torsional potential have been

2.2. Photoexcitation of rotational degrees of freedom of the studied both byab initio computational techniques and by
molecule analyzing experimental spectroscopic data. Figure 1b shows
In a field the potential function and structure of the eigenlevélan

estimate of the uncertainty in the local states with respect to
E(t) =Eyui(t)codwyt+ ¢q) the torsion angle using the formula for position fluctuations
with envelopeu,(t) and frequencyw;>w, .,.1, the quan- in the ground state of a harmonic oscillator yields
tum features of the resulting excitation are unimportant and

—~ 2 1/2__ )
the response is described by the classical equation o=/ (Myrjjwo) |7~ 20°.
d’s 4 The Hamiltonian 7, for interaction with a laser field in
‘]ﬁ = %E(t)d’ the dipole approximation, allowing only for the displacement

of the proton charges, is

whereJ is the moment of inertia of the molecule. To zeroth
order in the deviation, in the expression for the force on the I:|D= —E eayReegle;t+6), 8
right-hand side of the equation and for pulses that are not too ) ) ] ]
short, with durationsr;>1/w,, the response in the form of whetreak} IS :Ee g._otfj'Sta”??hlz aretthetc):onée_spt%ndmgi unit

. ™ I vectors for the directions of the proton bondss the polar-
the change in the angle at frequencyw, is given by ization vector of the laser field, arglis the proton charge.
AT d Ej(t)d The quadrupole component of the interaction Hamiltonian

ST 10 ) depends on the choice of the coordinate center. The displace-
1

ment of the center leads to an additional dipole term which,
This change leads to a modulation at frequeiagyin the  however, is small and can be discarded, since it describes the
qguadrupole Hamiltonian acting on the internal rotation, andsame qualitative features of the interaction as the main dipole
therefore to partial orientation of the molecule, which showscontribution. Thus, the coordinate center must be chosen as
up as a loss of symmetry in the quadrupole Hamiltonian. Inn Fig. 1 in order to obtain the simplest form of the Hamil-
particular, when the O-0O axis of a molecule is orientedtonian. The corresponding expression is
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. knoao _ of the hydrogen bonds serve as coordinate operators. The
Ho=—E do=———EeayRdie(e,—e)], (9 projection coefficients of the proton dipole moments in xhe
or y directions of the laser polarization vecterare calcu-

whereag is the O—O distance. This choice of the coordinatejated according to the formulas
center on the O-0 line for light propagating along that line
(i.e., k|[ng) means that the dependence of the quadrupole
HamiltonianH g on the torsion angle is determined solely by
the odd function sirg/2).

To calculate Egs(8) and (9), one must represent the
polarization vector of the field in the forre=(e,,e,,0), N N
where the coefficient®, and e, are, in general, complex S, = MNyO(NGoH, O O(No, i) O(Ny, /2
numbers, and calculate the corresponding coefficients,

Ch .= (nank)v Sy ( nynHk)v

wheren, andn, are the unit vectors along theandy axes ~ @S the scalar product of the vectars, and the vectors ob-
and Ny, are the unit vectors along the OpHbonds &k tained (a) by rotating the vectom, initially by an angle

=1,2). In this notation, the Hamiltoniari8) and(9) take the 77_/2—Anxno in the plane (_)fnxr)o untl reaching a perpen-
dicular to theng axis, which is used as a basis axis for

Ch,= O (N5op, 810 (N, B)O(N /2

— L nan) Ny,

—L nxno) Ny

form reading the torsion anglegb) by rotating n, around the
|3|D= —E_ eay Ree“‘PL[eX(CH1+ CHz) O—O0 axis by the torsion angle,, and(c) by a subsequent
rotation ofn, in the OOH, plane by an anglé,= 6y— =/2
+ey(Su, T Su) 1, until the unit vector alongy, is obtained.
K Given the nonzero value @, the analytic expressions
|3|Q: - LaOELeaH Reie "“[e,(Ch.—Cp.) for th_ese coefficients end up being very f:umbersqme, so here
2 2 ! we give them only for the approximatiof,=0, i.e., for
+ey(SHz_SH1)]i (10) directions of the hydrogen bonds orthogonal to the O-0O

axis! The resulting relative error is less tharl0% because
wherek, is the modulus of the wave vector of the laser field, 54=~10° is small. The three-dimensional rotation matrix for
¢ is the phase of the laser field, and the rotation angles a rotationa about then axis is

ng+njcosa+nZcosa  n,ny—n,n, CoSa—n,Sina N,N,— Ny, Ccosa+nysina
o(n,a)=| nyny—nynycosa+n,sine  ni+ncosa+n;cosa  nyn,—nyn,cosa—n,sina

NyN,— NN, CoSa—Ny sine Ny n,—nyn,cosa+n, sina n§+n§c05a+n§c05a

Hence, the coefficients can finally be written in the form C, +C,=C COS6/2), Sy +Sy,=S, cog6/2),
Ch,= J1—sir? 9 cog ¢ cosb;, (12
. = —qj y:
Cu,= T=si? 9 cod ¢ Cost,, C.=2\1-sirf 9 cos ¢ cosb,

S, =2(16\cof 9+2 sif ¢ sif 9) [ —2 sin2¢— 6)

Sn,=(16ycos 9+sin’ ¢ sin’ §) [~ 2 sin(2¢— 6;)

—2siN2¢+ ) +sin(2¢—6—29)+sin(2¢+ 6
+SiN(2¢— 29— 6,)—8 sin(9— ;) +sin(2¢ N2¢+6)+sin(2¢ )+sin(2¢

+29—0,)—2sin2¢+ 61)+siN2¢— 29+ 6,)
+8sin( 9+ 6;) +sin(2¢+29+ 6,)], +29)+sin(2¢+6+29)],

which depend on the torsional angle via the even function
cos@2). Here'6=(6,+ 6,)/2 is the average rotation angle

—29)+8sin(@—9)+8sin6+ ) +sin2¢— 0

Sh,=(16Vcos 9+sin” ¢ sin’ §) [~ 2 sin2¢— 6,)

+sin(2¢—29—6,)—8 si(¥— 6,) +sin(2¢ of the hydrogen bonds. For the differences of the coefficients

. . determining the quadrupole potential, we obtain an expres-
+29—0,)—2sin2¢+ 0,)+sin(2¢—23+ 6,) sion that depends on the torsion angle in terms of the odd
+8SIN( I+ 0,) +SiN(20+ 29+ 6,)]. (11y  function sin@/2):

For the sum of the coefficients that determine the dipole

. 0
potential we obtain C,~Cry=Cosing, Sy~ Sy, =S sin

2 2’
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C =—2/1—si dcoL o osing whereV,=V,, because the eigenfunctiorig are real. After
' averaging over the oscillations in the field and the atomic
S_=(16\cog 9+2 sirf @ sir? 9) [ (2 cog2¢—0) polarization of the components at frequencias, 2in the

~ _ _ rotating wave approximatiot?,we obtain
—2c0%2¢+0)—cog2¢—6—29)+cog2¢+ 0

1 ~
~ ~ _ - —ie
—29)+8cogd—9)+8 cog B+ 9) — cod 29— B ) 0 2 Q%
- Ho={ 4 : (14
+213)+C0$2§D+ 0+27). (13) EQSASei(PL 0
For a simplified analysis of the interaction of the rota-
tional motion of a molecule about the O—O axis and thewhere, with Eqs(10), (12), and(13), we obtain
torsional vibrations, the numerical parameters of the tor- _ I=si? 9 cod o sin’
sional potentiall(6) are important. The corresponding val- Q= KL@oEL€ayV1—sin" § cos ¢ sing, (15)
ues of the frequency splitting of the levéfSAE,=11.44 where ¢, is the initial phase of the laser field, which also

cm*, AE;=116.34 cm*, andAE,=206.57 cm*, exceed  inclydes a phase contribution, determined by @), to the

the characteristic free rotation frequencies of the molecule asq|arization of the field and the orientation of the molecule,
a whole forn=1; this means that it is possible to study 5nq

transitions between the eigenstates of the torsional Hamil-

. ~ . . . . i a ) 0
ton|a~nH g directly in terms of the classical rotational coordi Sas= f Wa(B)sin 5 vs(6)d6 (16)
nate 6. -

is a dimensionless matrix element describing the tunneling

3. PHOTOEXCITATION DYNAMICS IN A TWO-LEVEL effect.
MODEL As a result, the Hamiltoniari14) is described by the

If it is assumed that the frequencies of the transitionMat"X
between the eigenstates of the torsional Hamiltoriip hé Q -

. - —S £ oL

greatly exceed the rotation frequency of the proton bonds, 2 2 A
then laser excitation is possible for a negligibly small devia- Hg= ; a7
. ) . Q ~ hé
tion of the orientation angle8 and ¢ of the molecule and a ESASEHPL >

small deviation of the rotational angte Here it is possible
to excite the symmetric/antisymmetric stajgsand ¢, into  where 6= w — w4, is the detuning of the laser field. This

a coherent superposition Cpipp+ Cgis. For  operator can be expressed in terms of the Pauli matrices:
S—A-transitions with high enough transition energy,,
which is nonzero begause of tunneling between dhand HQ:E(Q&)’ Q=(—5,QS,sc0sp, ,sing,). (18
I-states, it can be estimated as
AExexp(—2 /—mHaﬁAVA o) The temporal evolution operator corresponding to the opera-
’ tor (17),

whereAV andA 6 are the characteristic height and width of
the potential barrier. When the excitation frequency is cho- U(t)=TexF{(—i/ﬁ)J' A odt
sen to be the resonant transition frequeagy= AE,, /%, only o

the.resonant matrix elements will be ;ignificant in the Hamil-.on pe calculated analytically fé¢&) a rectangular pulsg,
tonians(10) and the torsional dynamics of the molecule Can— const, or(b) zero offseté=0, using the equations

be examined in a two-level approximation.

Given the form(10) for the Hamiltonian, we have Q. [Q

a) U(t)=cog =t|l—isin =t
2 2

We show the form of th? 22 matrix for the single-phqton + %AS(EH cosg, + 0, SiNpL)
interaction HamiltonianH, for the total HamiltonianH,
=|3|D+ |3|Q for the case of linear polarizatiog,=1, e,=0. d\. (D) . - .~
(Here there is no advantage in using circular polarization i) ~U(t)=cos = |l =i sin| = | (a1 COSe + a3 Sine ),

the quadrupole approximation, because the polarization does (19b)

not appear in the dependence of the quadrupole moment on 5 . .
the coordinated for this transition) Given the representation Where Q=Qg+6° is the total Rabi frequencyflo
of the interaction Hamiltonian in terms of the Pauli matrices= Q SasiS the Rabi frequency, antt=JQ(t)dt is the angle

0
- —0g

Q

Hpoxcosd, Hoxsing.

: (193

for this transition, we obtain of the laser pulse. . o
R R R ) For =0, in accordance with Eq19b), the initial inco-
Hi = V10" + Va0~ =Vig(t) ay(t) herent states, represented in the form

=V,;5(0)cod w t+ ¢, )(cod w toy)+Sin(w tay)), po=112+Wayf2 (—1<sw<1),
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transform into the states describe, respectively, left- and right-handed chiral states,
1. A . ~ which correspond to degrees of chiraliy=+1 for p
pr=>5[1+w(ozcosb—o; sin® sin(w t+¢) =41 o) 4. For a state(t) excited by a rectangular laser
pulse of durationr, with phased = () 7, the corresponding
- (}2 sin® cog w t+¢.))], (20) dependence of the degree oichirality of the excited state on
where, besides the transformatioh9), we have included if;ﬁlfetumngé and phases>, ¢, can be calculated analyti-

free precession at the laser frequency, which is applicable in
the standard form for the theory of the interactfoand the
rotating wave approximation to the operators for the physic
quantities. The components with anda, describe the con-
tribution of the coherent superposition of the stagesand x=—sin® sing, .
Y. In particular, for the lower initial state, which corre-

For zero frequency offset, the analytic dependence of the
a]ﬁegree of chirality on the angle and phase of the laser pulse
as the form

The qualitative dependence for nonzero offset is shown in

sponds tow=1 for w t+ ¢ =7/2, aw/2-pulse, for which  £jg 2a The important point is the dependence of the effect
®=+7/2 and cosb==*1in Eq.(20) and®2=*m/4 and 5, the phase of the laser field.

cos(P/2)=*+1/\/2 in Eq. (19b), produces a jump from the
initial 5 state into the chiral stateg; ;= (s* Pa)IN2,

which correspond to the density matricdsr(o;)/2. Thus, 4. EXPERIMENTAL SCHEME FOR OBSERVING
for fixed angles PHOTOINDUCED CHIRALITY IN H,0,

O=(9,0,9) Given the features of the hydrogen peroxide molecule
analyzed above, we propose the following experiment for

it is possible to bring a molecule into @& or |-state with  observing photoexcited optical activity as an indicator of the
100% probability by an appropriate choice of parameters. Ipreakdown of reflection symmetry.
general, however, the resulting transformation of the state  As a working two-level system, the most appropriate is
must be averaged over the angf@s the S— A-transition withn= 1, which corresponds to a wave-

This averaging can be accomplished using a standargngth A =86 um and frequencyw;,=116.34 cm*, which
superoperator techniqué For the resul20) of the excita-  js substantially greater than the corresponding frequency for
tion of an incoherent initial state, upon averaging only ovem=0 (11.44 cm%). To create a population in this transition
the sign of the paramet&d, which depends on the orienta- it is easiest to use Raman excitation by two lasers tuned to
tion angled of the hydrogen bonds along thxeaxis, which  the frequency of theS— S-transition n=0—n=1. Since
enters into the factor si? in Eq. (20), we obtain the follow-  only dipole-active transitions are used here, we can obtain an
ing structure for the density matrix: essentially complete saturation regime in the active volume
of the medium, so that in this stage there are no important
limitations and we can start withg~1 for estimating the
This means that when there is no preferred orientation of th#itial population on this transition. o
molecules ind, the density matrix transforms incoherently, " View of the oscillations in the degree of chirality ex-
i.e., diagonal density matrices transform into diagonal matriitéd in this scheme, it seems appropriate to use a laser with
ces. As a result of this transformation, the symmetry of thdl€duéncya; for probing and another frequenay,, which
state Sor A, does not change, but the squared modulus of thdiffers by the frequencys; — w;=w,, of the precession in
wave function preserves reflection symmetry under the trandl€ degree of chirality, for detection. This can be done effi-
formation 6— — 6. Therefore, in order for reflection symme- ciently using two crossed polarizers. Detection of nonzero

try to be disrupted, the molecules must be oriented beforglolarization of the output field perpendicular to the probe

pi=(1—waozcosd)/2.

hand. field corresponds to detection of the rotation effect. Here the
o o . probe field can be simultaneously employed to create an ef-
3.1. Excitation of initially oriented molecules fect analogous to the orientation by an electrostatic field de-

If there is an inhomogeneity in the distribution of the Scribed in Sec. 1. According to E(§), it leads to an angular
angleséd owing to the existence of a preferred orientation ofd'Splacemem by this fre_quency. 'I_'he_refore, the quadrupole
ﬁamlltonlan corresponding to excitation by the other laser

the molecules, then the excitation of incoherent states cay; \d at f d with larization directi |
contain a coherent component associated with the excitatio Fd at Irequencyw, and with a polarization direction along

of chiral states that differ fromy, and . The scalar char- the x axis receives a correction at the resonant frequency

acteristic of the degree of chirality is the average @12,
2.2
. 1 R 1 - ElEze aH \/—
X:2(<¢||P|¢|>_5):_2(<¢d|P|¢d>_§ , (21) AQ= 8Jw? kiaoy1=si i cos'¢
where X oS Ou 4 (t)ux(t). (22)

Here an additional dependence on the torsional angle of the

1
h.a=5Ls ¥al form cos@2) should be included in the matrix elemégns),
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g ,‘.3%3 cited state as a function of the relative de-
; g:ﬁ&:%:% tuning 8/Q, and phasep, of the laser field.
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0 § ~ ﬁ frequency _excnatlon. Radiation from one _of
o~ the lasers is also used as the probe radiation.
E, ﬁ Polarization
V o analyzer
-1 -3 H,O, vapor

which reduces to the substitution sif®)— (siné)/2; this  frequencyw, not to interfere with detection of the effect at
matrix element is also nonzero, while the additional timethe same frequency, the beams must be slightly skewed so
dependence of the form cest+ ¢,) reduces to replacing the that this does not have a significant effect on the field distri-
laser frequency,w, —w;—w,, and the phasep —¢, Pution in the active region.

— ¢,. Equation(22) yields the order of magnitude estimate

AQT, /fi~10"*14l 7,

where the pulse duration, is in seconds and the intensities
I, andl, are in W/cni. Thus, in order to obtain the effect of
a m/2-pulse for pulse lengths 1 ns, the average geometric

5. CONCLUSION

The above analysis indicates the feasibility of controlled
excitation and detection of molecular states with disrupted
reflection symmetry by optical methods. Introducing the
) s techniques of nonlinear optics into the study of chiral states
Intensities of3the pulses_ employed must. be of ordlgr would signify the emergence of an efficient source of new
:104/Tp~101 Wien. This quantity onIy.y|eIds an upper intormation on the dynamic parameters of molecules which
bound on the laser power to be usgd, wh|.c.h may aCtua”y,baetermine the conformational properties of chiral states.
bounded by the substantially lower intensities corresponding This work was initiated by Prof. N. I. Koroteev, who

to s?ﬁ”AQTP/ﬁ' q . . . devoted the last years of his short life to studying the puzzle
. _ehmlr:nmum mez(ijsure Irotatlon _angj{im,lgfogjunc- of chiral purity in nature. One of his major ideas was to

thn with the expecte angutar rot_atlon= ¢ , deter- apply the methods of nonlinear optics to research on this
mines the length. of t.he active Zreglon. Fow, we can pro- problem. He hoped that in this way, not only could new

ceed_4frpm the estlmaf[eo_z=k,__ao(s_— 1)’. Where_ e 1 highly sensitive methods for nonlinear optical diagnostics of
~10 " is the characteristic dispersion in the visible for media with chiral symmetry be developed, but also the
Ezo? vapforh at altlm%?_pherlg pres_sukr)e pré)ducid by Su'tat_)lﬁwechanisms for controlled regulation of chirality might be

heanpg Oht ehqe I. IS eslzlrr;]ate ISI as? OR t egssurppﬁoﬁhderstood. His untimely passing precluded his doing so, but
that ror the chira state of the molecule, the order o tNehis ideas continue to live on in the work of his successors
specific rotation compared to the linear polarization effectand students. We respectfully dedicate this paper to the
contains a small parametkfay~ 10" 3. The corresponding memory of N. I. Koroteev

minimum length of the active region 5= gmin/a, which This work was partly supported by the Russian Fund for

for omy Of order 1 arcsec yields~10"* cm. It is important Fundamental Research, Grant No. 96-15-96460, for the “S.
to note that this is precisely of the same order as the Wavex arhmanov and R. V. Khokhlov School on Nonlinear Op-

length corresponding to free precession at this transition. "ﬁcs and Laser Physics.” We also thank V. I. Tyulin for
t.h's way, pro_pagatlo_n effects on the frequency_of th? Frans'broviding the latest data on the potential for internal rotation
tion are relatively unimportant. The corresponding minimum e hydrogen peroxide molecule, and A. Yu. Chikishev

laser beam waist in the active regidwg=»\ L/ core- for discussing the design of a possible experiment.
sponds to pulsed laser powers

_ 2
W =1 oWo» *)E-mail: grishan@comsimZ.ilc.msu.su
. . YAs necessary, the numerical calculations can be carried out using exact
which for these parameters is of order’ M. formulas. Y 9

The geometry of a two-frequency experimental layout is
shown in Fig. 2b. Light at either of the two frequencies,
can be used to detect the optical rotation effect. In thisy, \ » cisov and V. 1. Goldanski Usp. Fiz. Nauki66 874 (1996.
scheme, averaging over orientation shows~up only as uncerzp | kitaigorodski, Introduction to Physicéin Russiai, Nauka, Moscow
tainty in the Rabi frequency owing to the éasdependence, 3(1973)- N _ o _
which, as opposed to the electrostatic orientation method,Dt~e r(é-a ‘r:]"("i'g% ed. Origins of Optical Activity in NaturgElsevier, Am-
does nOt lead to a dmp.'n the response of the same Qrder . Thiemann, ed Generation and Amplification of Chirality in Chemical
magnitude as the effect itself. In order for the exciting field at SystemsReidel, Dordrecht1981.
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