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Abstract
The intramolecular energy transfer, dynamical entangtgroé vibrations and decoherence process in
triatomic molecular systems are studied. The benchmarleecnt@s of HS, NO, and & are sampled to
investigate the intramolecular energy transfer and dyoahgntanglement of stretching-stretching vibra-
tional modes in triatomic molecular systems by restrictiilng bending vibration to its ground state. The
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characteristic states. Also, the decoherence process efrisiching-stretching qubits system caused by the

bending vibration is discussed.
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. INTRODUCTION

The advent of quantum computation and quantum informatasnéd to the study of quantum
computation based on molecular vibrations[1]. The cono¢gfuantum computation based on
molecular vibrations employs vibrational states of molesuo represent qubit. The shaped fem-
tosecond laser pulse in the IR regime can be adopted to ingolequantum logic operation[1-3].
One of the challenges of realizing quantum computationws tocutilize entanglement. Consider-
ing the achievements in quantum computation based on nmafaghrations, studies of dynamical
entanglement in realistic molecular systems are becomioig mnd more interesting[2—7]. Un-
doubtedly, the intramolecular vibrational energy redisttion (IVR) has great influence on the
entanglement betweenftiérent vibrational modes[8]. Since IVR has been demonstratde
controllable[9], the relationship between dynamical agtament and energy transfer is thus in-

teresting in the studies of intramolecular dynamics.

One of the basic requirements of the quantum computation igilize coherence, the deco-
herence of qubits is an important issue in the practicalzai@bn of the quantum computation.
Decoherence is often caused by unavoidable coupling wéletivironment. For a multipartite
guantum system, decoherence leads to degradation of ém@eny and, in certain cases, en-
tanglement sudden death[10, 11]. For the molecular vilmmatiqubits, the decoherence resources
may come from the collisions with other molecules and themblecular anharmonic resonances
with the remaining vibrational modes, the rotational fre@dand the electronic freedom[12]. Re-
garding molecules in the gas phase, the number of collisiande kept low. The studies on the
intramolecular decoherence and robustness of entangtemgaimst the remaining modes are thus

important in selecting suitable molecules to apply quantomputation[8].

The Lie algebraic model of molecules has been proven to béfactige model in describing
of vibrations in polyatomic molecules[13, 14]. The Lie digagic model has a simple form in
description, and the anharmonicity of each mode and resesaretween elierent modes can be
introduced automatically by the matrix elements of opesji®]. Because of these advantages,
the algebraic method has extensive applications, incfuidiia vibrational spectra, potential energy
surface and the dynamical entanglement etc.[5, 6, 13-4 %hd present work, thid (4) algebraic
model of triatomic molecule is adopted. Based on this matiel stretching and bending vibra-
tions are well described. With bending vibration restuicte its ground state, we investigate in-

tramolecular energy transfer and bipartite entanglemetwiden two stretching vibrational modes
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and the entanglement dynamics ifitdrent types of molecules (that is, the normal or local mode
molecules). We study the decoherence process caused bgrtimb vibration and the robustness
of entanglement against the bending vibration under thenaggon of the stretching-stretching
vibration as a bipartite qubits system. This study will hetgo control the entanglement and deco-
herence, since the success of quantum computation willhdbpe one’s theoretical understanding
and experimental control of quantum entanglement and dzeabe.

The organization of this paper is as follows. In Sec. Il,tH{é) algebraic Hamiltonian for sym-
metrical bent triatomic molecules is reviewed. In Sec.the dynamical properties of stretching-
stretching entanglement are studied by employing the dieeopy, and the relationship between
dynamical entanglement and energy transfer is also studidds section. Decoherence of the
stretching-stretching qubits and robustness of stregekiretching entanglement against the bend-

ing vibration are considered in Sec. IV. A brief summary ieganted in Sec. V.

II. THEORETICAL FRAMEWORK

In this section we show the theoretical framework ofth@) algebraic model of molecules.
The dynamical group of triatomic moleculesls(4) ® U,(4) (we denote the left bond of
triatomic molecules as bond 1, and the right bond as bonah8)tkee dynamical symmetric chains

are written as[14]
U1(4) ® Uz(4) D Ugx(4) D O12(4), 1)
U1(4) ® Up(4) D O1(4) ® O5(4) > O1(4).

The local basis is characterized by

[INLJ[N2](w1, 0) (w2, 0) (71, 72)), (2)

where N;] labels the total symmetric representationdpfd) (i = 1, 2), (wj, 0) labels the symmetric
representation o®;(4) (i = 1,2), and {1, 72) denotes the irreducible representationab(4).
From the theory of Lie group [14, 20]N[] corresponds to the Young tableau since it denotes the
representations dfij(4). Physically,N; characterizes the total number of bosons in bionthis
means that the dimension of bondor the Fock state in Hilbert space,Ng+ 1. Correspondingly,
the values ofu; are taken as
~ N, Ni-2,...,1, if N, isodd;
“e { Ni,Ni—-2,..,0, if N, iseven

3)
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The quantum Hamiltonian is expressed as[14],
H = ACy + ACo + Ap,CLY) + ALCE + AMy,, (4)

whereA;, Ay, Arp, A}, andA are the expansion cfiieients which can be determined by fitting
spectroscopic datad{ = A, for symmetric triatomic molecule). The magnitudeffdetermines
the anharmonicity of each mode, andenotes the coupling strength between vibrational modes.
C, andC, are Casimir operators of grouf(4) andO,(4), respectivelyC') andC' are two
Casimir operators 0D,,(4) representing the bending vibrationd;, is the Majorana operator
representing the coupling between two bonds.

By denoting the quantum numbers of stretching vibratiomettivo bonds ag, andv,, and the
guantum numbers of bending and rotationvgsindk, the relations betweenu(, w,, 71, 7,) and

(V1, Vb, Vo, k) are as follows[14]

vi = 3(Ny— wy),
Vo = 3(Nz — wy), )

Vp = %(w1+w2—‘r1—‘rz),

K = To.
The matrix elements of invariants in the local basis, afterstdering Eqg. (5), are given by[14, 20]

(C1) = (Nyg—2v;)(Ny - 2v; + 2),

(Co) = (N2 =2w)(N2 — 2v, + 2),

(CDy = (Niz—2v = k)(Ni2 — 2V — & + 2) + &,
(€ = (N2 - 2v—«)x,

(6)

wherev = v; + Vi, + Vo, Ni2 = N; + N,. The Majorana operator is not diagonal in the basis
(2), and its matrix elements in the basis (2) can be calalileyeemploying the Wigner-Eckart

theorem[14, 20]. The diagonal and the nondiagonal elenoéritly, are given via

(N1Now1w2(71, T2)IM12IN1 Now1wo(71, T2)) (7)
3

1
:ZNlNZ - Z{Tl(Tl + T2+ 2) — wi(wr + 2) — wo(w2 + 2))

(N]_ + 2)(N2 + 2)
B 16&)1((1)1 + 2)&)2((1)2 + 2)
X[wi(w1 + 2) + wa(ws + 2) — (11 + 12) (11 + 72 + 2)]

X[(,Ul((,l)l + 2) + (1)2(6()2 + 2) — (T]_ - Tg)(‘['l — T2+ 2)],
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and

(N1 Now! w5 (71, T2)[M12| N1 Now 1w (71, 2)) (8)

w1 w2 e | [ @ Tin
=(-1)" Ny + Dy + 1) 2 2 2 22 2

TS T

> 2 2 2
X{N1}[ID1[IN1w1){N2w3l| D2l INow2)00s; 120 0, s 225

where{- - -} is the Wigner 6- j symbol. The matrix elements ORlw’||D||INw) are given as

N+2 ’

2 w = w
(N/|IBINw) = { 1 \[Orededon) oy = )2 9)
% \/(N—w)(N:):J;4)(w+l) W =w+?2

The transition from the local limit to the normal limit is wellescribed by the locality

parameter[14]. Based on thi4) algebraic model, the locality paramefas defined as

8112 )
A + A

For the local mode molecules, the locality paramétsmear to 0, for normal mode molecules the

&= 2 arcta ) (20)

T

locality parametef — 1.

The evolution of the system is given by

(1)) = e iy (0)), (11)

where|y(0)) is the initial state of the system. All the dynamical infotioa of the system can be
obtained from the time-dependent quantum Stai®). We define the density matrix of molecular

systemp(t) as following,
p(t) = W (O)Xy (D). (12)

In the previous study, the Hamiltonian Eq. (4) was employeddscribe the (ro-)vibrational
spectra and dynamics of triatomic molecules[21, 22]. We keensider three triatomic molecules:
H,S (local mode molecule), Ndnormal mode molecule) ands@normal mode molecule). The
expansion coicientsA;, Ay, Aip, A, anda of these molecules in the Hamiltonian of Eq. (4)
have been obtained by fitting their vibrational spectra. dbeficients, taken from Refs. 16-18,
and the locality parameters are listed in Table 1.

The quantum number af denotes the rotation of triatomic molecules. Physicallthé rota-

tional motion of molecules can be separated from the madeasuibrational motion, the quantum
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TABLE I. The parameters of molecules,8, NG, and GQ.*

Molecule N; A A1 A &

HS 40 -1357 -214 0458 0.14

NO, 115 -1.9052 00055 -0.6369 0.7728

O3 70 —-116522 29914 -3.0782 0.7847

i =1 and 2 are the two bonds in moleculég, A;», 1 are in cnl.

number ofk would be no influence on the dynamics of entanglement. Horvélvis motion is

usually not separated from the vibrational motion. If thegppens, the rotational motion will
lead to the decoherence of vibrations. Also, moleculartiaital transitions in excited vibra-
tional states are generally very weak, and the moleculatiostal constants are slightly vibra-
tionally dependent[23], in our following numerical simtitans, the rotational motion of triatomic

molecules is neglected.

1. THE STRETCHING-STRETCHING ENTANGLEMENT AND ENERGY TRANSFER: THE
CASE OF THE GROUND STATE OF BENDING VIBRATION

In this section, the dynamics of entanglement and energgfieabetween two stretching modes
are considered, and the bending vibration is restrictetstground state.

Several measures of quantum bipartite entanglement ai@uted, such as, entanglement
of formation, entanglement of distillation, von Neumanrtrepy, concurrence and negativity
etc.[24—-30]. These fferent definitions of entanglement are used to charactentzaglement in
different manners. Here, the linear entropy is employed to me#se entanglement of vibrations
in triatomic molecules.

The linear entropys, is defined as follows [30]
Si = 1-Trlpa()]% (13)

wherepg (t) denotes the reduced-density matrix of stretching vibreti mode in bond 1, and Tr
means the trace over the squaregft). p«(t) is obtained by tracing over stretching vibrational

mode in bond 2
psi(t) = Tropsdt), (14)

wherepsdt) = [s(t))ws4t)| is density matrix of two stretching vibrational modes, ang(t)) is
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the stretching vibrational states of the molecules. Forctdse of the bending vibration restricted
to its ground stateys4(t) will keep its purity during the vibration, js4t) is prepared in pure state.

Physically, the entropy can be interpreted as a measureshéime disorder of the subsystem.
The linear entropy is usually used to measure the deviatbtie states of the system from pure
state, and it is also the measurement of the decoherencesgrotthe subsystem[31].

We here define the stretching Hamiltonian of bord
H = AG;, (15)

whereC; (i = 1, 2) is the Casimir operator of bond The stretching energy of bonds therefore
written as
Ei(t) = Tr (o(t)Hi) . (16)

We considelS; and energy transfer for the initial states of the product @ik-states. This

initial state can be written as[32]
[Ws(0)) = N1, V1) ® N2, Ns — Vi) = [v1, Ns — V1), (17)

whereN;s is the total quantum number of two stretching bonds, nanMlys v; + v,. Since the
product Fock state has a clear meaning in the quantum cotrgutdynamical behaviors d,

are important for quantum computation.
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FIG. 1. S| (panels a and ck; (solid lines in panels b and d) aiit} (dashed lines in panel b) as a function
of timet for H,S for two product Fock state40, 1) (panels a and b) and, 1) (panels ¢ and d). (For the

case of panel dz; andE; are the samel)is in ps, andEy(y)is in cn L.
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FIG. 2. S, for the initial statd0, 1) and|1, 1) of NO, (solid lines) and @ (dashed lines)}t is in ps.

S| andE; ) for H,S with initial stateg0, 1) and|1, 1) are plotted in Fig. 1. The evolutions &f
andE; ) for both states o, 1) and|1, 1) display periodicity nicely. For the staig 1), the period
of E; or E; is twice of S}, and the maximum value of entanglement appears when thgieserf
the bonds are close to each other. Aol), the period ofS; is the same with the period &)
(E: is identical withEy), andS; is anti-correlated witte; ;). For the normal mode molecules, the
similar behaviors ok, andS, for these two states are also founs, of NO, and Q for the
initial stateq0, 1) and|1, 1) are plotted in Fig. 2.

It shows that the period @&, of the normal mode molecules is much shorter than that of loca
mode molecules. If we take the ground vibrational st@feand first excited statel) of one
stretching vibrational mode to represent a qubit, the o#ftiltching vibrational modes can be
thought as the environment, which causes the decoherenuee % is also the measurement of
the decoherence, therefore, the long period of the localenmoolecules indicates that the states
of the local mode molecules are more stable than the statis® aformal mode molecules. The
stability of states is particularly important in the quantaomputation [33], since it can strongly
influence the quantum computation fidelity. In this sense,ltital mode molecules are more
suitable to accomplish the quantum computation. For bathtwo initial low-level states, the
entanglement is closely related to the energies of two badsh demonstrates entanglement is
controllable by controlling the energy transfer betwedsrational modes.

A local-mode characteristic state corresponds to the sfategh excitation in one bond but
low excitation in the other one. Because of the energy gapadliImode doublets, the energy
transfer of the local-mode characteristic states in thallomde molecules is slower than that of
the normal-mode characteristic states [34]. To illusttiagedynamical properties, we sample Fock

statel0, 4) of H,S as the initial state. In Fig. & andE;,) are plotted. We can find that the period
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of S is synchronic withE; or E; in early time evolutionE; is much higher thaik,, and both of
them fluctuate with small amplitude around their equilibrivalues. Correspondingl$,; vibrates

in “packets” periodically with low level of entanglement.otever, for the long time scal§, is
shown as the sine wave with long-time period. The long be&, sheans the entanglement of
the local-mode characteristic states can live for a lon@ tiamd it could be the carrier of quantum
information. Additionally, the correspondence betw&andE;,) is similar to that of0, 1), and
the clearly correspondence means the entanglement ofdhkerteode characteristic states of H2S

is controllable by controlling energy transfer[35, 36].
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FIG. 3. S (a), E> (b) andE; (c) in early times for the initial stat®, 4) of H,S. The long time evolution of

S|, E1 andE; are plotted in the insets of each partak in ps andgy ) is in el

As shown in Fig. 3, the linear entrof8y of local mode molecule % has periodical properties
for the local initial state. We attribute this propertiesth@ periodical properties of the Fock
states in Fock space [5]. For the case of initial Fock stabesprobabilitiesP™ (t) of Fock states
Iv, Ns— V) (v=0,1,---,Ns) have periodicity with the time evolution. This leads to geFiodicity
of linear entropy and energy transfer in molecular bondss pariodicity of distribution, however,
becomes complicated with the locality parameteot molecules increase.

However, for the normal-mode characteristic initial stéte probabilitied™ (t) of Fock states
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Iv, Ns — V) have no periodicity in the evolution. This means that thedinentropyS, and energy
transfer vary irregularly for the normal-mode characterisitial statelv, Ns —v) (v ~ Ns—V). To
comparatively study the properties of entanglement andygrieansfer between the bonds of the
initial local-mode and normal-mode characteristic statesshow the relation of linear entrofy
and energy transfeXE = (E; — E,)/Eo (Eop is the bending vibrational energy of ground bending
vibrational statg0, 1°, 0). The expressionE = (E; — E,)/E, means that we scal&E usingE,

of corresponding molecule) in the spaceSpf~ AE (hereafter we note it &, ~ AE section’).

S| ~ AE section represents the periodicity of linear entr8pgnd energy transfexE with vividly

picture.

Practically, we expect to find dynamical entanglement ofrad¥mode characteristic state by
building an initial state with (around) equal initial exatiion in both bonds (namely; ~ Ng — v,
in Eq. (17)). As an example, the two types of Fock states: trenal-mode characteristic state
12, 3) and the local-mode characteristic statédyb) with the same\; of the sampled molecules

are selected.

HZS 10,50 HZS 12,30
1 1
0 0
-10-5 0 5 10 -3-15 0 15 3
N02 10,50 NO2 12,30
1 1
e
i

0 0
-20-10 0 10 20 -10-5 0 5 10
AE AE

FIG. 4. S| ~ AE section. The initial states at@, 5) (left column) and2, 3) (right column) for BS (top),
NO, (middle) and @ (bottom), respectivelyAE = (E; — E»)/E(0, 1, 0).
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For the local mode molecule-8, theS, ~ AE section, under the local-mode characteristic
initial Fock statg0, 5), presents the shape of inverse-V since linear ent8&@nd energy transfer
AE are periodical with the time evolution. However, for the emlles of NQ and Q, whose
locality parameteg becomes bigger, the periodical properties of linear et and energy
transferAE (andE; ) become complicated. This leads to the are&0f AE section becomes
bigger, and the inverse-V shape $f ~ AE section becomes wider. This is shown in the left
column of Fig. 4.

As noted above, the linear entrofy and energy transfer vary irregularly for the initial Fock
state|2, 3), therefore, their correspondir®) ~ AE sections show dlierent behaviors with local-
mode characteristic states as shown in the right columngf4=iAlthough theS, ~ AE sections
show the irregularity in this case, the sections of the lanatle molecules and normal mode
molecules have tlierent behaviors: for the local mode molecule, such &3 fdolecule, th&, ~
AE section shows the around symmetry abdkt= 0. This around symmetry goes away with the
locality paramete¥ increases as shown in the right column of Fig. 4. Also,3he AE section
spreads over a wider area with the increasing of the logaditpmete¥# (namely, from local mode
molecule to normal mode molecule, as is shown from top tooboinh the right column of Fig.
4).

IV. THEINFLUENCE OF THE BENDING VIBRATION ON THE STRETCHING-STRETCHING
QUBITS

In this section, we consider the influence of bending vibragion the stretching-stretching
gubits. We study the decoherence process and the robusfribesntanglement of the stretching-
stretching qubits. In our numerical simulations, the stigtg vibrations in two bonds are assumed
as bipartite qubit system: the ground state and first exatate of each mode are selected to
represent the qubits. For this case, the bending vibrafitimeatriatomic molecules is considered
as the resource of decoherence.

The initial state is taken as
1W(0)) = [s(0)) ® IViy), (18)

whereys50)) is the initial vibrational state of two bonds, afw) is the initial state of bending
motion of the molecule with rotation. As noted above, we assu= 0 in the following numerical

simulations since we neglect the molecular rotation motion
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A. Thedecoherence of the stretching-stretching qubits

When the whole system is prepared in the pure state, it wilhtaen this pure state during
the evolution, but not for the subsystem. We measure thengeence of the stretching-stretching

system by its loss of purity. Purity is defined as followin@]3
p = Tr(psst)?), (19)

whereps{t) is density matrix of two stretching vibrational modes. iBuvaries from 1 for pure
state to 1D for the completely mixed statd( is the Hilbert space dimension of subsystem).
Also, p has a relation with the entanglement between the stretedtnetching and bending vibra-
tions.

For these three molecules, the decoherence processesreidered for the initial states
lws(0)) =0, 1), |1, 1),]0,0) + |1, 1) and|0, 1) + |1, O) (the normalization constant is neglected) for
different bending states. The results of the loss of pyraye plotted in Fig. 5.

H,S 10,10 H,S |1,10 H,S 0,1[1,00 H,S [0,031,10
——7 f—v— [T 1
o 0999) V-] ‘,\"lil [N ol w
Y R IR L N I I 7
0.998| ! % (" v, (V) Kol
— 0.996 L—xt 0.996 0.9 —
0 002 004 0 002 004 0 002 004 0 002 004
NO, (0,10 NO, (1,10 NO, [0,1+1,00 NO, [0,03+1,10
1
1 p~——rrr— v P 1 R~—7"~—71
0g5|1s .t w ! AR AN Y
] A 09|t e : -~ -
v, v, Y \ v
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FIG. 5. (Color online) Purity of the stretching-stretchiggbits system for three molecules;$& NGO, and
Os. Different initial excitation in bending vibration is labeledngsblue solid lines\{, = 0), red dashed

lines (4, = 1) and green dash-dotted lineg € 2).tisin ps.

Except for the initial entangled stai@ 0)+|1, 1), the purity for the other three states fluctuate

regularly with high value of purity, which indicates thaetinfluence of the bending vibration
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on the decoherence of stretching-stretching qubits is heioas. By comparing the behaviors
of purity of the three molecules, it is shown that the genenabf decoherence of the normal
mode molecules is much faster than that of the local modeculds. We find that the state of
stretching-stretching qubits can recover to pure (putibecd with stable periods for the states of
10, 1), |1, 1) and|0, 1) + |1, 0).

Also, our more numerical calculation shows that the highxeitation of bending vibrations,
the more obvious decoherence of molecular stretchingebirey (the details of our calculations is
not shown here). The purification time, however, is not cleahd3ased on this property, the pu-
rification time could be thought as one character quantitgt,iafmay have important implications
in quantum computing, such as, the design of quantum logcation.

However, for the stat®, 0) + |1, 1), the evolution of purity is not periodic and exhibits more
obvious decoherence than the other states. We have exathiaddr long-time evolution of this
state. The results represent that the purity show the geabloehavior on long-time scale, but the

purification time goes to infinity.

B. Therobustness of entanglement of stretching-stretching qubits against the bending vibration

In this subsection, we investigate the entanglement betwee stretching vibrational modes
when the initial states of the stretching-stretching cquiire the entangled states. As examples, we
consider the initial state40, 1) + |1, 0) and|0, 0) + |1, 1).

Since the stretching-stretching density is in mixed state,use negativity to represent the
entanglement between two stretching vibrational modese fidyativity ofps4t) is defined by
[29]

Ne(t) = 2max(Q —gmin), (20)

whereumin is the minimum value of the eigenvalues of the partial trassppfpss, and the partial
transpose is given by
PSSTaZ,J'/.%(t) = pSSﬂ,ja(t)’ (21)
whereT, is representing the partial transpose for the second stdmys
In Fig. 6, the negativity for these three molecules are ptbtThe bending vibration is initially
prepared in ground and two excited states.
For the initial stat¢0, 1) + |1, 0y, when bending vibration is restricted to its ground statergy

will not exchange between bonds, and the negativity keejts maximum value during vibration.
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FIG. 6. (Color online) Negativity of the stretching-strieiteg qubit system for three molecules. Negativity
with bending restricted to its ground state is labeled ublagk lines. Diferent initial excitation in bending
vibration is labeled using dashed blue lingg £ 0), dotted red lines\, = 1) and dash-dotted green lines

(vp = 2). tisin ps.

But, when the bending vibration is released, energy carsfiearbetween bonds with the help
of bending vibration. Correspondingly, the entanglemeilitakange with energy. As shown in
Fig. 6, the negativity shows the periodic behaviors, simitgh purity in Fig. 5. A stable period

of entanglement recovering back to its maximum value is dp@amd the period is noti@cted by
the diferent excitation of the bending vibration. It should be ddteat, for Q, the negativity also
maintains the maximum value whep = 0. The decay time of entanglement of the local mode
molecule is much longer than the normal mode molecules,winidicates the robustness of the
stretching-stretching entanglement of the local mode oubeis better than that of the normal

mode molecule.

For the initial statg0, Oy + |1, 1), energy can exchange between bonds when bending vibration
is restricted and the evolution of the negativity shows lyiperiodicity. But, when the bending is
released, as shown in Fig. 6, the dynamical behavior of tgativdty becomes irregular. For the

normal mode molecules, the entanglement decrease in & tatge
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V. CONCLUSION

In this paper, we discuss the intramolecular energy trarsfiéganglement between two stretch-
ing vibrational modes and the decoherence process of eitelsitng-stretching qubit system caused
by the bending vibration in the triatomic molecules. We rsafect the local mode molecule
normal mode molecules N@nd G as the models to investigate the dynamicéileslence between

different types of molecules.

When the bending vibration is restricted, we studied theadyigal properties of entanglement
between two stretching vibrational modes and the cormalatiwith the intramolecular energy
transfer. The results show that the generation of entarggiems closely related to the energy
transfer of the low excited states. Some issues of entamglegeneration are considered in
Refs. [38, 39]. IVR, as a role processes in molecular proaessy experimental techniques
to examine IVR have developed, such as dispersed fluorescertecular beam techniques and
the transient absorption spectroscopy [40-42]. Also, #tpeemental realization of a common
paradigm for quantum entanglement has already been ettatli43]. As a result, the rela-
tionship between dynamical entanglement and intramade@rergy transfer can be tested using
modern experimental method. It should be noted that theistsedificulty in creating the en-
tangled states in the molecular quantum computing, for @@nin some cases the unexpected
sates could be introduced [44]. The close relation betwe@arical entanglement and energy
transfer could be helpful in generating the entangled statke maximum entangled states can be
obtained by controlling the energy distribution. Moreqgwee have also found that entanglement
of local-mode characteristic states of the local mode nuddecan survive for a long-time. Since
the preparation of local-mode characteristic states has beidied theoretically, it will be possi-
ble to prepare the long-lived entangled states in the mtdesystems using the methods of direct
vibrational excitation, such as Franck-Condon pumpingavialectronic excitation, and two-step
pumping [45, 46].

For the bipartite qubits system of two stretching modes, we fhat when the system is in
the initial states of0, 1), |1, 1) and|0, 1) + |1, 0), the influence from the bending is not obvious,
which indicates that the two stretching vibrations wouldsbé&able to construct the qubits. But,
for some special initial states, the decoherence procesdenay of entanglement are significant.
In practical, to minimize theféects of decoherence in the molecular systems, the methogt of d

namical control of the coupling between vibrational modemterest and remaining vibrational
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modes has been proposed [47]. And recently, it is suggesatdite quantum logic operation can

be tailored by considering the influence from remainingitorational modes [48]. Therefore, the

dynamical features of purity and entanglement of the isteckvibrations, such as the stable time
of entanglement recovering to its maximum value and putiboaime, can be used in the process
of designing the quantum logic operations and dynamicalrobaf entanglement.

By the comparison of the decoherence process and the raelsgsthentanglement against the
bending vibration, it shows that the purity and entangletoéstretching-stretching vibrations are
more stable of local mode molecules than normal mode masc@n this sense, as a candidate
system with potential applications in quantum computatjdhe local mode molecules with low

value of locality parameters could be a wise choice.
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