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We have developed a new type of stimulated Raman adiabatic paSHEAP) that is applicable

to a degenerated reaction system. The direction of the photon polarization vector is the adiabatic
parameter in the STIRAP. The molecular handedness,BfA$H, a preoriented phosphinotioic acid

that has two stable configuratioilsandR enantiomers, is used as a model system. The control of
molecular handedness in both pure and mixed state cases are considered. In the case of a pure state,
a STIRAP with a linearly polarized single laser allows an almost complete transfer fram(Rn
enantiomer to the other by adiabatically changing its polarization direction. The adiabatic criterion
for changing the polarization direction is clarified. In the case of a mixed state, a STIRAP with two
linearly polarized laser pulses allows a selective preparation of pure enantiomers from its racemic
mixture. In the low temperature limit, a five-level model reduces a three-level model by setting the
direction of the polarization of the pump and Stokes pulses in such a way that only the forward
transfer is allowed, while the reverse is forbidden. Furthermore, in the case of mixed state,
relaxation effects originating from vibrational mode couplings are taken into account, and the
influence of the population decay from intermediate states on the STIRAP is compared with that by
a m-pulse approach. €002 American Institute of Physic§DOI: 10.1063/1.1467054

I. INTRODUCTION molecules are assumed to be oriented on a surface or preori-
imul . ) ) ¢ ented in a gas phase by a static electric fietit by electro-
Stimulated Raman adiabatic pass4§&IRAP) is an ef- magnetic field$®-3In this method, the temporal behavior of

fective method for complete population transfet. The o photon polarization is a factor controlling the adiabatic

main features of this method are that it is robust and that NPapid passage of the system. As a model of degenerated sys-
sophisticated experimental setup is needed compared to ot '

| hod h | hai hnidRIa8 ms, we treat a transfer of molecular handedness of preori-
control methods such as pulse-shaping techniqi€SHOW-  ghted enantiomers that have two stable configuratians:

ever, most STIRAPs have so far been applied to nondeger‘);nd R
erated systems in which the pump and Stokes processes do This paper is organized as follows. In Sec. Il A, we show

not O\r/]erlap each other in t_he frequency dorrllla!n. ¢ that in the case of a pure state a STIRAP, taking into account
h T Ie SITIRAP process is understood we hm t.erms O 8the polarization dependence of the linearly polarized laser
three-level system Co_mposed 45, |2), and|3) that interact field, brings about almost complete population transfer from

with partially overlapping pump and Stokes pulses. Here, they,q |5cajized state to the other in a degenerated system. In
initial state|1) and the final stat¢s) are _assumed to be non- Sec. I B, the STIRAP method described in Sec. Il A is ex-

dggenerated, and the centr_al frequencies of the FWO pulses &hded to a mixed state case in which selective preparation of
different. In order to obtain complete population transferpure enantiomers from a racemic mixture is treated. In Sec.

from [1) to [3), the pump laser should selectively couflp |, oih the pure state and mixed state treatments are applied
to[2) and the Stokes laser should selectively coldli¢o [3). to a control of molecular handedness of preorienteBGISH

The adiabatic rapid passage is carried out by applying th?a preoriented phosphinotioic agidn the mixed state treat-

Stokes pulse before the pump pulse counterintuitively. Or?‘nent, the influence of relaxations on the product yield is also

the other hand, if the initial and final states are degeneratedy ,mined. The results obtained are compared with those
the simple, counterintuitive treatment breaks down becausgbtained by ar-pulse approach

the pump and Stokes pulses cannot be distinguished. There-

fore, it is difficult to select degenerated or quasidegenerated

reaction channels by a conventional STIRAP. A typical ex-!I- THEORY

ample of such degenerated systems is a selective preparation Consider a molecule that has two degenerated configu-
of enantiomers?~?°To the best of our knowledge, there has rations,L and R enantiomers, in the electronic ground state
been no discussion on an application of STIRAP to such and an achiral excited stal&:3° Figure 1 shows a general
reaction system.In this paper, we propose a new STIRAP scheme of a molecular handedness control. The two solid
method that is applicable to a degenerated system. Hereurves in the figure denote the electronic ground and excited
states of the enantiomers. These states are connected by two

dAuthor to whom correspondence should be addressed; electronic mai'.aser_pu'_Ses 1_and_2 with central frequenaquandafz_. The
fujimura@mcl.chem.tohoku.ac.jp polarization directions of those pulses are specified by the
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A be resonant to the transitions betwéeh)(|OR)) and|e, m,
and we redenote these frequenciesegs= w,= w. There-
fore, the form ofE(t) can be simplified as

E(t)=(e;A1(t) +,A,(t))cosmt

A
A

where A(t)=eA (1) +eA,(t), A(t)=|A(t)|(#0), and
7n(t) is the time-dependent unit vector of the polarization
direction, which is defined as

n=A/|A()]. 4

> Equation(3) shows that two lasers with the same frequency
Coordinate  and with two different linearly polarizations are equivalent
FIG. 1. A general scheme of enantiomer control by two laser pulses. Th(I":J a S'ngle laser with a tlme-dependent polarlzatlon unit vec-

lower curve expresses the ground state potential energy along an enantiori€l.
reaction coordinate in whicjmL) and|nR) are localized states in the left and Using the rotating wave approximatiQRWA) under the

right wells, respectively. The upper potential curve expresses an achira[Jesonance condition, the Hamiltonian in the interaction pic-
electronic excited state. In the figure, only an eigeng@te is denoted. . ’
ture can be written as

t)A(t)
- 2OA o enloL e

|A(t)|coswt= n(t)A(t)coswt, (3)

Energy

Hi(t)=
unit vectorse; ande,. The lower curve expresses the ground
state_potential energy along an enantiomer reaction coordi- + por.en] OR)(e,m|]+ h.C., (5)
nate in which the left and right wells correspond to the two N )
stable configurations, that ik, and R enantiomersjnL) and ~ Wheré oL em and por em are the transition dipole moments
IR represent the localized states in left and right wellsin the L and R enantiomers, respectively. Defining the rela-
respectively. Both wells are sufficiently separated by the potive angle betweeny(t) and poL em @s 7.(t) and that be-
tential barrier. The upper potential curve expresses an achirfV€€n 7(t) and mor em @s 7r(t), the Hamiltonian Eq(5)
electronic excited state in which the molecular eigenstates ¢an be rewritten as
are defined age, n (n=0,1,2_,...). The;e molecular eigen- Hy (1) = — 2A(t) o em( COSTL (1) OL)(em
states are symmetric or antisymmetric with respect to the

enantiomer plane. We neglect rotational effects of the +coszg(t)|OR)(em) +h.c., (6)
36
molecule. where the absolute values gf, ., and mor em are the same
A. Transfer of molecular handedness from an L (R) and denoted byigen. The eigenvalues and eigenvectors of
enantiomer to an R (L) enantiomer the Hamiltonian are given by
We first consider the population transfer of a pure state NOHOETHG)
from the initial statelOL) to the final statg§OR) by a new E =g

STIRAP method. The laser-driven dynamics is semiclassi-
cally described by the time-dependent Sclinger equation

1
dw () |u,>=%(S|n6|OL>—|e,m>+cosO|OR>), (79
ifi ——=[Ho— wEM® T (D)), (1)
. L . Eo=0,

whereH, is the molecular Hamiltoniang is the dipole mo- _
ment operator, and(t) is the total electric field. STIRAP |ug)=cosO|0L)—sinO|0R), (7b)
generally requires an intermediate state that can optically
couple strongly to both an initial state and a final state. E. —— ANQ1(1) + Q5(1)
Therefore, an achiral stafe, n) is chosen as an intermediate * 2 '

state for a STIRAP, and we consider the dynamical behavior

of the system by means of an effective three-level system 1
consisting oflOL), |e, m, and|OR). This model is a proto- Jus)= E(S|n6|OL)+|e,m>+cos@|0R>), (79
type of selective population transfer in an equally separated
three-level system. with
We employE(t) given as L 04(1)
O(t)=tan ! , (8)
E(t)=¢eA (t)cosw it +6,As(t)coswst (w1=w>y), (2) Q,(1)

where A;(t) and A,(t) represent the envelopes of laser where the time-dependent Rabi frequendigt) andQ,(t)
pulses 1 and 2, respectively. Bath andw, are supposed to are defined as
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Moem cosy(t)A(L) ) Hor,em
ﬁ H

Q4(t)=
9

and (04 p’OL,em
nz(2)

ﬂO,emCOSnR(t)A(t)

Qy(t) = 7 ) "

respectively. As can be seen in E¢8), these dressed states

have familiar forms for analysis of a conventional STIRAP.

The population transfer frof®L) to |OR) can be understood

well by the adiabatic time evolution dfiy) following the

time variation of(1(t) andQ,(t). Therefore, it can be seen

from Egs.(7b) and(8) that complete population transfer in a

degenerated system can be achieved by taking into account (b} (i) 0<a§zr2_ n

only the adiabatic change in the polarization direction of the Mok em
linearly polarized electric field. For the initial condition n,)
[(0))=|0L), the population ofOR), Pro=|(ORIW(t))|? " / iy
evolves as
a
PRO(t):SInZe(t)! ~4 ~ > uOL,em
with
~, cosm (1) /
— 1
O(t)=tan cos7(D (10)
by setting the following adiabatic changes ) (t) and N T
7=(t) from the initial state (=0) to the final statet=t;): (i) F=sa<z
H'OR,em
0)=—=, 7r(0)#—
7.( 2 7R 2 -
_ 15(0) I .
- nL(tf)#: EY (11) /\,j” ;H’OL,em
t)=—o
nRr(t)= R ) \

To avoid nonadiabatic couplings between the dressed 1)
states, the rate of change in thgt) must be small com-
pared to the frequencyﬂzl(t) +QZ2(t)/2 that corresponds to  FIG. 2. (a) Two-dimensional geometrical structure of the time-dependent

the energy Separation between the dressed StafHsere- polarization vectorp(t), wherea(0<a<) is the relative angle between

. . N . . MoLem and o em, 7r(1) is the relative angle betweent) and po em.,
fore, the adiabatic criterion is given by and 7, (t) is that betweeny(t) and zeog em. (b) The allowed direction of the

photon polarization vectop(t) for |OL)—|OR) transfer in the pure state

\/Qi(t) +Q§(t) case:(i) 0<a=w/2 case andii) w/2<a< case.

6]« 5, 12

where the dot represents the derivative with respect to time.

From Eq.(8), é(t) is given by Figure 2a) shows a two-dimensional geometrical struc-

ture of the time-dependenj(t). For a complete population

' - transfer from|OL) to |OR), it follows from Eq. (11) that
_ D4(005(H) —Q1(H) Q1) |OL) to [OR) g. (11)

é(t) Qf(t)+9§(t) (13 nRr(1) is swept as
Here, we define the relative angle betwegp, ., and nR(o):z_a_) 77R(tf)=z, (15)
Mor em @S (0< < ). Assuming that the unit vectay(t) 2 2
e e bt e b ity r D<o,
(7r(1)) as 3 _
a=7(0) = 7a(1). (14 7R(0)= 5 e () =7, (19

Downloaded 03 Jan 2010 to 130.34.135.21. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp



7512 J. Chem. Phys., Vol. 116, No. 17, 1 May 2002 Ohta, Hoki, and Fujimura

1 B. Preparation of pure enantiomers from a racemic

. 8. mixture
. ] We now apply the technique described in the previous
= 0.6 . subsection to the preparation of plReenantiomers from an
& r I equal mixture of preoriented and R enantiomergracemic
0'4_' 1 mixture). For a statistical mixed state, the dynamical behav-
02k i ior of the system is described by the Liouville—von Neumann
A equation for the density matrix(t)
0 1 1 2 1 L 1 5
/4 /2 3r/4 T __dp(t)
a i = =[Ho= wE(1),p(D)]. (20
FIG. 3. Plot off y,(a) as a function of. For the initial state, we assume that only the two lowest
localized stategOL) and |OR) are equally distributed at a
low temperature:
for m/2<a<. The allowed ranges in the direction of the p(t=0)=3(|OL)(OL|+|OR)(OR]). (21)

photon polarization vectom(t) are shown in Fig. @).
Curled arrows connecting(0) and #(t;) indicate the range
of x(t) fromt=0 tot=t;.

Substituting Eq(9) with Eq. (14) into Eq.(12), we ob- p(t=0)=3(|OL)(OL|+|OR)(ORY|) (22
tain the adiabatic criterion

Starting from the initial condition, we prepare puReenan-
tiomers with the following control scheme:

| STIRAP
. HoemA(t) Y
7R(t) = =5 fu(7a(1) (17) p(t=t1) = 3(|1R)(1R[+|OR)(ORY). (23
Note thatp(t=t;) is also a one-to-one statistical mixture of
with a functionf ,(#7g(t)) defined as the lowest and first excite® enantiomers, because statistical

probabilities or eigenvalues gf(t) must be conserved for
processes under a unitary conditfon.
For the above control scheme, we utilize two laser pulses

where a#0, . The functionf (7g(t)) has a minimum at E()=eA;(1)cosw,t+&,Az(t)cosw,t, (24)
nr(t) = 7/2—al2 for 0<a<m/2 and a minimum atz(t)  where the central frequency of pump laset}, is resonant
=7 — al2 for m/2<a<. Therefore, at these times, the ef- g the transition betweel*OL)(|0R>) and |e’m and that of
fects of nonadiabatic couplings become maximum. We desStokes laser 2w,, is resonant to the transition between

g nr(t) +cog(a— n7r(1)1¥2
fa(ﬂR(t))z[Co 7R(1) (;(i)ncia 7r(1))]

. (18

fine fn(a) as |1R)(|1L)) and|e,m. To analyze the laser-driven dynamics
of the system, we consider an effective five-level system
Frmin( @) consisting of OL), |1L), |OR), |1R), and|e,n that interact
’ with the laser fields. Using the RWA with the resonance con-
sinzﬁ dition, the Hamiltonian in the interaction picture can be writ-
fl et & =va—2, for O<a=mf2, tenas
o ﬂR_E_E _‘/2 al Or A= T ! 1
cos, H (1) = —2&1A1(t) - [ MoL em| OL)(&,M|
= “ + Morem OR)(e,m|+h.c]
cos— 1
2 —58,A5(t)- 1L){e,m
fa( S §)=\f2 for wR<a=m. 2©A5(1) [ 1 end 1L )(€,m|
sing + iR em IR)(€,m|+h.c]. (25)
\ (199  Defining the relative angles betwees(i=1,2) and

HomerlM=L,R;n=0,1) as7},y, we rewrite Eq.(25) as

Figure 3 showsf ; as a function ofa. As can be
9 min{) « Hy (1) = — 3Ag (D] toemCOS 7, |OL)(e,m|

seen from the figuref,(e) becomes maximum atr

=/2. In this case, the nonadiabatic coupling effects are +M0emCOS77$R|0R><e,m|+h-C-]
minimized. The adiabatic condition breaks down wheap- ) ’ 5
proaches 0 orr. This is simply because the magnitudes of — Ao(D)[ 1 emCOSTY |11 )(€,m|

the component ofy(t) projected touog em and that toug em

are the samdr(t)|=|7.(t)|. This results in a constaf.
So far we have considered a population transfer from anhere  w,(n=0,1) denotes the magnitude of

L enantiomer to arR enantiomer. The reverse population p, em( Mnrem)- The laser-driven dynamics of the system is

transfer can be treated by exchangipd;) with %(0) in Fig.  obviously influenced by the choice of the relative angfds.

2(b). order to completely separate the pump and Stokes processes,

+ 1emCOSTAR| LR)Y(€,m|+h.c], (26)
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namely, the laser pulses 1 and 2 selectively induce forward X
transitions,|/OL)— |e,m) and|e,m)—|1R), while they sup-

press backward transitiod®R)—|e,m) and|e,m)—|1L),

respectively, we impose the following conditions f&rand

€: Q H
\\P/;/ O
¢

e MoLem” 0, €1 porem=0,

2 \\\\\“-"'4-
eZ'ﬂlR,em7& 0, e2"‘1L,em:0- ( 7) H\\\\ /
The above conditions are satisfied by choosing the relative H
angles as

FIG. 4. A preoriented FPOSH model, wherep is the torsional angle
T ™ around the P-S axis.

77(1)L7é 2" ﬂrl)RZE
- - (29
NiRF > ”%LZE' ground stateS; and the first excited singlet staf in the
Born—Oppenheimer approximation, the Hamiltonian of the
The choice of Eq(28) reduces the five-level system to System in an electric field is given as
;nnizrtfei;:tle\)/f threedlevel system whose interaction Hamil T+V,() — pgel H)E(1)
pressed as - (33)

“Heg(P)E()  T+Ve(g) |
H\(t) = = 3A1(t)cOSmg poenlOL )(&,m| o ) | _
whereT is the kinetic energy operator of the torsional motion
h? d?

+h.c. (29 T=-5 ag?’ (34)
Therefore, the localized densitigd_){1L| and|OR)(OR| do
not contribute to the laser-driven dynamics, and the selectivi
preparation ofR enantiomers from the racemic mixture can
be achieved by the STIRAP described above.

The localization densitieB| (t) (Pg(t)) defined as

- %Az(t)cosﬂiRﬂl,em| 1R><e1 m|

with | being the moment of inertia of the torsional hydrogen.
The second terms of the diagonal elemeryés) andV( )
represent the potential energies along the reaction coordinate
in which g and e denote the ground and the first electronic
excited states, respectively. The interaction of the molecule
PL(t)=Tr[(JOL)(OL|+|1L)1L|)p(t)] (308  with the electric field is semiclassically treated in the dipole
approximation including the dipole operatgs,(¢)(n,m
=g,e) and the electric fieldE(t). Since we employ ultravio-
Pr(t)=Tr{(|OR)(OR|+|1R){1R|)p(t)] (30b) let laser fields, the electric dipole interactiorsu;(¢)
-E(t)(i=g,e) were neglected. We made use of the known
ab initio results forVy(¢) andV(¢) and those for the tran-

and

are, respectively, given by

PL(t)=3cos O(t) sition dipole momenjuye(¢).*
and The eigenstates of each electronic state are obtained by
. solving the time-independent Schlinger equations:
Pr(t)=3+3si O(1), (31
) [T+Vg]|g,vi>=Egvi|g,vi>, v=0,12..., (353
with
. ,lAl(t)COSml)LMo,em [T+Velle,w')=Eg lev’), v'=012..., (35b
B(t)=tan As(6)COSP2nstyom’ (32 where|g,u=) and|e,u’) represent torsional eigenstates of

) . the electronic ground and excited states, &ggl. andEg,:
Equations(31) and (32) show that a complete population 5re the associated eigenenergies, respectively. The signs
transfer from the lowest state &f enantiomer to the first 5,4 — in lg,v=) mean that the corresponding eigenfunc-
excited vibronic state oR enantiomer can be performed by tions are symmetric and antisymmetric with respectgto
applying the pump and Stokes pulses counterintuitively justespectively. The torsional eigenfunctions were calculated
as in the ordinary STIRAP methdd. using the Fourier grid Hamiltonian method with 256 grid
points®® The torsional states localized in the left and right
Ill. RESULTS AND DISCUSSION wells are obtained from the superposition of the eigenstates

We apply the new STIRAP method proposed in Sec. ”below the barrier

to a transfer of molecular handedness of a preoriented 1

H,POSH?! As shown in Fig. 4, it is assumed that the P-S  |g,oL)=—(|g,v+)+|g,v—)), (363
bond is oriented along the axis and that the &P-S V2

groups are in thex—z plane. In this simplified model, the

torsional motion of the hydrogen bonded to the sulftirjs lg,0R)= i(|g,v+>— lg,0—)). (36b)
the reaction coordinate. Since we consider the electronic v2

Downloaded 03 Jan 2010 to 130.34.135.21. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp
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It has been found that the angles between the projections of (a)

. —  04F T T f | 3

Mo eml Mor.em) 10 they—z plane and the axis are nearly § 03l h
_77/4(77/4):25 where MOL,emE<g’OL|Mge|erm> and Mor,em 2 ]
=(9,0R| pgele,m). g 0.21- ]
In the actual treatment, we employed a sufficient number Z .11 7

of eigenstates to reach numerical convergency. R e I S— : 6

We first examined a pure state case in which the transfer (b) x/2 : : | |

of the molecular handedness from the initial staf®L ) to
the final statgg,0R) is induced by a laser polarized in the =)
y—z plane. For simplicity, the laser field used takes the fol- g /4 -
lowing form: E
E(t)=n(t)Aqcoswt, (37) ! L L 1
0 1 2 3 4 5 6
where A, is the amplitude and is laser frequency that is ™ - - T - -
fixed to the energy separation betweefe,5) and (©) Ir
|g,0L)(|g,0R)). The time dependence of the unit vecigit) _ 08
is specified byz, (t)(ng(t)) for which we employ the fol- £ 06l
lowing function for the sake of convenience: g '
g 04
77L(t): —SII'IZ(E t—) (383 0.2.
f L
with %
Time [ ps ]
7R(D=7(0)— E (38D FIG. 5. Transfer of molecular handedness frgyoL) to |g,0R) by a laser

with time-dependent polarizatioa) d 7g(t)/dt vs time,(b) 7g(t) vs time,
Therefore, the direction of the unit vector evolves from thatand(c) population vs time.
of uorem to that of ug o, around thez axis in they—-z
plane to satisfy Eq(11). The derivatives of bothy (t) and
nRr(t) with respect to time take the same form as each other: changes inA, andt;, although the results are not shown.
2 77’[) Other types ofpg(t) such as a Gaussian form can be adopted

a
()= nr(t)= sm (39 as well.
We now present the results of a selective preparation of

This function has a maximum &t=t/2. R enantiomers from a preoriented racemic mixture at a low
The laser parameters were setg=2.2x10° V/m and  temperature limit:

t;=6.0 ps. The va!ue of mtensny is takgn in order that 'Fhe p(t=0)=1%(|9,0L)(g,0L| +|g,0R)(g,0R|) (41)

three-level picture is held in good approximation. In a region

of stronger intensity, the efficiency of the population transfer | STIRAP

becomes worse. This is due to the influence of competitive N1
transitions. GiverA,, t; is estimated from Eq(17). Since p(t=1)=3(|9,1R)(9,1R| +|9.0R)(g.OR]). (42
a=1/2 in this model, it can be seen from Ed.9) that the  That is, we consider a transfer of the molecular handedness
value of f ,(7g(t)) is always larger than 1 during the time from |g,0L) to |g,1R). The total electric fielcE(t) is com-
evolution of the system. Substituting E438b) and(39) into  posed of two components with Gaussian-type envelopes

Eq. (17) at t=t;/2 under the conditiorw~ 7/2 and taking

A(t) in Eq. (17) asAp, we obtain E(t)zz eA (), 43)
2 i=1
m<t (40 with
In our simulation, the left-hand side of EG0) is about 1.2 Ai(t) =Algi(t)cosait, (44)
ps, and we set it five times, 6.0 psgs and
Figure 5 shows temporal behaviors of the molecular () =exd — (t—t,)% 2], (45)

handedness. We can see from Fig. 5 that the molecular hand-

edness fromg,0L) to |g,0R) was nearly completely trans- WhereAg andAg are the maximum amplitudes of the pump
ferred within 6 ps. It is interesting to see in Fig. 5 thatand Stokes pulses, respectively, ap@t) is the Gausisan
dnr(t)/dt is maximized at~ 3 ps when the population &f  envelope function that is characterized by the center of time
andR enantiomers are equal. At that time, the nonadiabati¢; and pulse widtho; . The laser frequencies, andw, were
effects become maximufiBee Eqs(17) and(18)]. We have fixed to the transition frequenmezsxe&-,gm_—(E,35 EgoL) /%
confirmed the robustness of the solutions with respect t@nd wesgor=(Ees—Eq1r)/7, respectively> The laser pa-
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o ' .
<10, T T — ] [x10% 5[ =
(a) (2) 12R0)
E i Ei®) T E T 1
Z Ex(t) ) z gk Ex(t) -
2 5]
Z =}
=] a3}
o 0 : | L 1 N 00 L i . 2
0 1 2 3 4 5
T T
= (b
0.8}
- g 1
s § 06r
<
E & 04f
0.2\
AY 0
0 L ] L 1 L Sk o - 0
0 1 2 3 4 5 .
Time [ ps ] Time [ ps ]

FIG. 7. Selective preparation of &enantiomer by ar-pulse approach(a)
envelope of laser pulses vs time, ailtime evolution ofP| (t) andPg(t).
Dashed line and solid line are the caseslfer0 and 1I'=0.5 ps, respec-
tively.

FIG. 6. Selective preparation & enantiomers from a racemic mixture by
STIRAP: (a) envelope of laser pulses vs time, aig) time evolution of
P_(t) andPg(t), which are defined in Eq46). Dashed lines and solid lines
are the case fofF =0 and 1I'=0.5 ps, respectively.

stretching vibrational mode of a P—S bond in tBg state.
Therefore, it is necessary to incorporate such a mode cou-
pling effect into a density matrix formalism for a realistic
study of laser control. For a quick assessment of the mode
coupling, we examined the efficiency of population transfer
by the STIRAP by introducing a damping terin This
damping term originating from the mode coupling is derived

rameters were set toAJ=2.1x10° Vim, AS=1.4
X10° VIm, o;=0,=1.0 ps, andt;—t,=0.9 ps. We have
chosen the directions & ande, as — /4 and#/4 from the
z axis in they—z plane to satisfy Eq(28). The time evolu-
tion of p(t) is estimated byP (t) and Pg(t), which are

defined as using an effective Hamiltonian formalism. The resultant ef-
PL(t)=Tr{(|g,0L){g,0L| fective Hamiltonian matrix is expressed as a modification of
Eqg. (33, i.e.,iI'/2 is added in the diagonal matrix element
+[g,1L )9, 1L)p(1)] (468 1_,. Although the process becomes nonunitary dud'to
and #0, this treatment may be a good approximation for the

B description of a dissipative system since the population in the
Pr(t)=Tr{(19.0R)(g.0R| electronic excited state was small for the STIRAP and rap-
+]9,1R)(g,1R|)p(1)], (46b) :ge\/l passes through for the pulse approach described be-
respe_ctively. . _ We compared the results obtained by the STIRAP with
Figure 6 shows the enantiomer control 0fROSH in 456 obtained by & pulse-like approach that is effective for
the mixed case. Dashed lines denote the temporal behaviogsgast population transfer in a three-level system based on a

in the abser;ce of any damping effects. The final produchsnadiabatic proce$8.This approach requires the following
yield is 98.9% by applying the pumping and Stozlées pulsegonditions for two laser pulses with the Gaussian envelopes:
counterintuitively shown in Fig. @). Gonzdez et al.=> have

proposed an interesting strategy to separate enantiomers oL ,esA291(1)= i1r esAg(1)=Q (1),

from a racemic mixture in a subpicosecond time scale using

chirped laser pulses and a half STIRAP method. Their con- f Q(t)dt=v2 . (47)

trol field consists of a five step sequence of pulses that

achieves 100% of racemate purification ofROSH in the For convenience, we call this approach thepulse ap-

low temperature limit. As shown in Fig. 6, in our new STI- proach. In this method, there is no time delay between two

RAP method, only pump and Stokes pulses are counterintypulses. This makes the population created in the electronic

itively applied in achieving almost complete purification excited state pass rapidly.

within 5 ps. The solid lines in Fig. @) denote the temporal behav-
So far, we used a simplified model o, PIOSH in which  iors of the preparation of pure enantiomers with lifetime

all vibrational modes except for the torsional mode are fro-1/I"'=0.5 ps by the STIRAP. Figure 7 shows the population

zen. In fact, Manz’s group recently found a significant cou-dynamics by ther-pulse approach. The dashed lines in Fig.

pling between the torsional motions of an S—H bond and th&(b) show the population dynamics with= 0, and the solid
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lines show the results with the lifetimel1#0.5 ps. In Fig.  other (pseudo degenerated systems such as a hydrogen-
7(b), the maximum amplitudes were set to be the same aBonded systerf?:*?

those in the STIRAP ana;= o,=0.6 ps. The final localiza-

tions in the case of'=0 were 99.2% and 98.9% for the

m-pulse approach and the STIRAP, respectively. In the cas@CKNOWLEDGMENTS
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