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THE COHERENT ROTATION OF T-ELECTRON
IN A SMALL AROMATIC MOLECULE

Ho Quang Huy
Faculty of Engineering Technology, University of Phan Thiet, Lam Dong, Vietnam

Abstract: Coherent rotation is a typical form of charge migration in aromatic molecules,
in which w-electron rotates along the ring loop of molecule. Within a quantum-mechanical
framework, the m-electron rotation can be characterized by the expectation values of
observable operators, including angular momentum and current density. These quantities
can be evaluated using analytical expressions combined with ab initio quantum-chemical
calculations by Gaussian in H. Mineo, et al., (2013),; an approach that is applicable to a
wide range size of aromatic molecules. In this work, we apply this approach to investigate
the coherent rotation of m-electron in a simple aromatic, s-triazine (C ,H ,N,), which belongs
to the D, symmetry group. Ring currents are identified not only along rings consisting
of carbon-carbon atoms, or nitrogen-nitrogen atoms, but also along rings involving the
nearest neighbor carbon-nitrogen pairs. The magnitude of bond current is determined
from the total flux crossing a plane located at the midpoint of each bond connecting two
atoms. To visualize the spatial distribution of the current density, current-density maps are

plotted on a plane parallel to the molecular plane at a distance of z=1.0 A.
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1. INTRODUCTION became a key issue in both theoretical and
Nowadays, the size of building applied research (Krause et al., 2005; Barth
blocks in electronic devices has been °©! al., 2006; Kanno et al., 2006; Nobusada

& Yabana, 2007; Ulusoy & Nest, 2011;
Hermann etal., 2016; Jiaetal., 2019). These

studies have provided a flexible framework

progressively reduced. In next-generation

electronic devices, nanoscale materials

(from approximately 1-100 nm) have been

widely applied in device fabrication, such for controlling electronic currents, ranging

from linear molecular systems (Krause et
al., 2005; Jia et al., 2019) to aromatic ring

as transistors and solar cells (Kumar &
Prakash, 2021; Mohammed et al., 2025).

Furthermore, the miniaturization process
has continued down to the molecular scale,
reaching dimensions of several &ngstréms
(Hsuetal.,2009,2012). In the first decade of
the 21* century, controlling electronic charge
molecules

migration within individual

molecular groups (Barth et al., 2006; Kanno
et al.,, 2006; Nobusada & Yabana, 2007;
Ulusoy & Nest, 2011; Hermann et al., 2016).

Coherent rotation is a typical form of

charge migration involving n-electron

(delocalized electron) in aromatic ring
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molecules. Coherent rotation of n-electron
originates from the excitation of a pair of
electronic excited states induced by a UV
laser pulse (Barth et al., 2006; Kanno et al.,
2006). This rotation-induced ring current
is an interesting candidate not only for
studying aromaticity or antiaromaticity
in a molecular systems (Steiner et al.,
2001, 2005), but also for supporting the
development of molecular devices, such as
ultrafast switches (Mineo et al., 2012).

Coherent ring currents have been
widely used to investigate a variety of
aromatic molecular systems, ranging from
single-ring to multi-ring structures, and
from low-symmetry to high-symmetry
groups, as demonstrated by Barth et al.
(2006), Kanno et al. (2006). In these studies,
the electronic structure of the molecular
system 1is first determined by using ab
initio  quantum-chemical calculations.
the

Schrédinger equation is solved numerically

Subsequently, time-dependent
in the presence of an external laser field,
yielding the time-dependent expectation
values of observable operators associated
with m-electron rotation, such as angular

momentum and ring current.

On the other hand, Mineo and co-workers
proposed an analytical approach to evaluate
the expectation values of these quantities
directly from molecular data obtained
from ab initio calculations using the
Gaussian program (Mineo et al., 2013). In
particular, the magnitude of the coherent
current can be evaluated along the chemical

bonds in a molecular ring. This approach
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provides a clearer physical picture, since
the current density is distributed in the
vicinity of chemical bonds, and the set of
bonds arranged around the molecular ring

naturally forms a ring-current pattern.

However, the above approach has so
far been applied mainly to homogeneous
atomic systems, such as P-2,2’-biphenol
(Mineo et al., 2013), in which the bond
current is evaluated between carbon-carbon
atoms. In the present study, we extend this
approach to an inhomogeneous atomic
system, s-triazine (C,H,N,), in which the
bond current is evaluated not only between
atoms of the same type but also between

atoms of different types.

The paper is organized as follows. Section
2 presents the derivation of the expressions
for the bond current and the current-density
vector, following the approach described
in Mineo et al. (2013). Section 3 presents
and discusses the bond currents and the
corresponding current-density maps for
s-triazine. Finally, Section 4 summarizes
the main results and outlines possible future

developments of this approach.

2. LITERATURE REVIEW AND
RESEARCH METHODS

In this section, we briefly describe the
measurement of the coherent rotation by
presenting the analytical expressions of the
current density vector and for the magnitude
of the bond current crossing a plane at the
midpoint between two atoms. The derived
formulas can be applied to a wide class of

the aromatic molecules, including benzene
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(radius of ring is 1.39 A), (P)-2,2’-biphenol
(two connected rings) (Mineo et al., 2013),
anthracene (the length of anthracene is 8.40
A) (Mineo & Fujimura, 2017).

A molecule consists of electrons and
nuclei, with the number electron is and

number atom is N - The electrons exhibit

HO‘Da = £qPy,

highly mobile motion in the extremely slow
variation of the nuclei. Within the adiabatic
the
can be investigated while the nuclear

approximation, electron dynamics

geometrical configuration is frozen. As a
result, the electronic states are described by
the time-independent Schrodinger equation

as follows:

(1.1)

here, the Hamiltonian of a free molecule can be expressed as Hy=K+V,_, +Vy_,. The

first term is the total kinetic operator of all electron, which is written as follows

(1.2)

the second term is the Coulomb repulsion interaction electrons

Ve-e 47TSOZZ|r —rkl

j=1k<j

(1.3)

with 7 and 1, are the position vector of j-th electron and k-th electron, respectively.

The third term describes the Coulomb attraction interaction between nuclei and

electrons is
Na N

Vn-e = 4nsozz IR, —r]|

=1 j=1

(1.4)

with R}, 1

and e denote the mass and charge of electrons, respectively.

; are the position vector of J-th nuclei and j-th electron. In Egs. (1.2)-(1.4), m,

Eq. (1.1) yields a set of eigenstates, @, and eigenvalues, &, (witha = 0, 1, 2, ...), which
correspond to the wave functions and energies of the a-th electronic state. The ground
electronic state is written as a Slater-determinant of the occupied molecular orbitals (MOs)

in a closed-shell system (with an even number of electrons),

o (rk)ap
¢N/2(r1v)0l||,

$1(ry)o,

¢N/2 (ry-1)or

@y = |[¢p1(r1)oy
(2)

Here, 1} denotes the position vector of the k-th electron in system; ¢, (1) represents
the spatial wave function of the a-th occupied MO, and 0y, is the spin-wave function with
p =1 (1) denoting spin-up (spin-down) state.
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The higher-energy electronic states (excited states) are expressed as

Po = Cc(lfll')¢c(11—)>a' T Z Z C;;I’);qq’(ng?p’;qﬁq’ + ()
a,a’ p<qp'<q’
where the first summation includes singly excited determinant. In a singly excited
determinant CDc(ll_))a, an occupied a-MO is promoted by an unoccupied a’-MO; ¢ z(zle') denotes
the corresponding configuration-interaction (CI) coefficient. The second summation
includes a doubly excited determinant. In this study, only the contributions from singly
excited state determinants are considered, since their configuration weights are typically

significantly larger.

In Eq.(2), a MO, ¢, (1) is expanded as a linear combination of atomic orbitals (LCAO),

x1(r — R;) centered on the atoms of the molecule,
Ng
b)) = Y =R, &
I=1
where ¢, ; denotes the molecular orbital coefficient of the atomic orbital on the I-th atom. In
the Hiickel model, n-type MOs are described as linear combinations of p -type AOs, with
the z-axis perpendicular to the molecular plane (Atkins & Friedman, 2005).

When a molecule is free in space, the electrons occupy only the ground electronic state.
However, when the molecule is applied by an external field, such as a UV laser pulse, the
interaction between the molecular electrons and the laser electronic field is described by a
time-dependent potential V (t). As a result, excited states become populated, and the wave

function can be expanded as a linear combination of electronic states
P(O) = ¢ OPg+ ) OB (5)
a

The time-dependent coefficient ¢, (t) gives the population of the a-th excited electronic
state through | ¢, (¢) |2

In coherent excitation process, a UV laser pulse synchronously excites a pair of
optically allowed excited electronic states via a classical light-matter interaction within
the dipole approximation, as illustrated in Fig. 1. For high-symmetry aromatic molecules,
a pair of degenerate electronic states is selectively excited using a circularly polarized UV
pulse (CP UV pulse) whose carrier frequency matches the energy gap between the ground
state and these excited states. Their superpositions, either in-phase or out-phase, are also
eigenstates of the angular momentum operator. Consequently, a unidirectional rotation of

the m-electrons is triggered by left-handed or right-handed CP pulses.
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Figure 1. Coherent excitation of a pair of degenerate excited states by a circularly
polarized UV pulse (CP UV pulse). A right-handed (left-handed) CP pulse selectively
accesses the out-phase (in-phase) superposition of @, and P;, corresponding to
eigenstates of angular momentum operator with clockwise (counterclockwise)
m-electron rotation

The expectation value of the current-density operator is defined as

(J(r,0) = (@@®ljlo®), (6.1)
the single-particle current-density operator is given by
N
N h - “«
j= ;(—e) 3 (B =TV = Vb (r =70), (63)
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with the Dirac-delta function 8 (r — 1) accounts for the contribution of the -th electron
to the current-density vector at the observation position r. The nabla operator V)k (Vk)

acts on the coordinates 7 of the k-th electron in the right-hand (left-hand) functions.

Therefore, the expectation value of the current-density vector can be written more

explicitly as

N
) h
G0 = (o) [ @0 Y 6 = rle OVp(©) - 2@OT@ @], (62)
€ k=1
where the multiple integral is evaluated over the -dimensional configuration space of all

electrons in the molecule, denoted by r = (r4;15; ...;Ty) -

When a circularly polarized ultraviolet (CP-UV) pulse excites a pair of degenerate
electronic states, @; and @, (g; = &,), coherent rotation of the m electron is generated, as

shown in Fig. 1. The expectation value of current-density operator is then given by

" N
G0, 0) = (o) Il O] [ Er Y 50— 1) (@0, — 0,T,), ()
€ k=1

by substituting Eq.(3) into Eq.(7), we obtain
h
(i(r,0)) = 2(=e) ——Im[c;(t)c1 ()] X
x D el [an($ar IV (1) = by (1IV (1)) +

{a,a’.b,b'}

+8,1 (9o (MVP, (1) — ¢y (MV, ()] (8)

The appearance of the factor of 2 in Eq.(8) originates from spin degeneracy in the Slater

determinant of Eq.(2). The LCAO is adopted to represent the MOs in Eq.(8), namely and
Gar Dp, P, and @y, yielding

h
(@, 0) = 2(=e) —Im[cz(O)c, ()] %

Ng Ny

CI) (cn
z Z Z ( Copt BanCakCp'r + 8abCaxCpr) | X

=11=1 |{a,a’,b,b"}
X xxk(r —R)Vx;(r —R;) — x;(r — R)Vyxx(r — Rg)], (9)

where K and I label atoms among the N, atoms of the molecule, the set {a,a’, b, b} runs
over the set of MOs involved in the relevant excited states.
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The flux of the current-density vector crossing a plane S is defined by

G©) = || e o)

(10)

when the plane S is perpendicular to the line connecting atoms I- and K-th atom, the unit

normal vector n = (R; — Rg)/|R; — Rg| is perpendicular to the plane S.

In this case, the bond-current, introduced by Mineo et al., (2013), can be obtained by

separating the contributions of the terms involving the 7, K-th atoms pair in summation of

Eq.(8), yielding

h
JOhx = 2(—€)m—1m[65(t)01(t)]

(cn (cn
Caa’ b’ X

a,a’,b,b’

X (5ab(ca’,1<cb’,1 - Ca’,lcb’,u() + 5a’b’(ca,1<cb,1 - Ca,ICb,K))

x f ] ?rom. g (r — ROV (= Ry) — 3 (r — RVt (r — Ri)).

3. RESULTS AND DISCUSSION

We the coherent rotation

treatment to evaluate the magnitude of

adopt

bond currents in s-triazine (C,H,N,).
This molecule possesses D, symmetry
(high symmetry), and is a planar aromatic
molecule, in which three carbon atoms
and three nitrogen atoms are arranged at
the vertices of an irregular hexagon. The
geometrical structure of the molecule is

optimized using density functional theory

1] X
g !

(11)

(DFT) with the B3LYP functional and basis
set cc-pVDZ using Gaussian09 (Gaussian,
Inc., n.d.). The hexagonal ring is placed in
the xy plane of the Cartesian coordinate
system (z=0), as shown in Fig. 2(a). The
bond currents between carbon-carbon,
nitrogen-nitrogen, and carbon-nitrogen
bond pairs are evaluated using Eq. (8). The
distribution of current-density vectors has
been plotted in a plane parallel to the xy

plane at z=1.0 A.

b) MO 18 MO 19
g ?
d) MO 22 €) MO 23

oo S3

Figure 2. a) The optimized geometrical configuration of s-triazine
belonging to the D, symmetry group. b)-e) Shapes of MO 18, 19, 22 and 23
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The TD-DFT
performed using the B3LYP functional and

calculations  were
cc-pVDZ basis set at the fixed optimized
geometry of the molecule. The results provide
the excitation energies, transition dipole
moments, the dominant molecular-orbital
(MO) transitions: k — K&, the

corresponding CI coefficients. The selected

and

pairs of degenerate excited states are listed
in Table 1. In particular, the transition
dipole moment vectors of states S, and

S,, are oriented along the x- and y-axes,

respectively. The wave functions of these
electronic excited states are each composed
of two dominant MO transitions with equal
weights, given by 2 |c,£f(l,)|2= 48%. For S,
the dominant MO transitions arise from
the transitions: 18 (¢”) — 22 (¢”) and MO
19 (¢”) — 23 (¢”). In contrast, for S, the
dominant contributions correspond to the
transitions: MO 18 (¢”) — 23 (¢”) and
MO 19 (e”) — 22 (e”). The shapes of the
relevant MOs (18, 19, 22 and 23) are shown

in Fig. 2 (b)-2(e).

Table 1. The molecular data from TDDFT/B3LYP PVDZ

Transition dipole moment vector | Dominant
Excited IRRep." E.nergy (in a.u.) MO transition C,Eilf)
state (ineV) k-th MO —
s By He k'-th MO

18 — 22 -0.489

S, -1.40 0.00 0.00
19 — 23 0.489

E’ 7.76

18 — 23 0.489

Si 0.00 1.40 0.00
19 — 22 0.489

Source: calculated by TDDFT/B3LYP in Gaussian (Gaussian, Inc., n.d.)

In Table 2, the magnitude of the bond
current is evaluated at the time when
the Im[c;(t)c, ()]
its maximum value (=1/2) during the

quantity reaches

interaction with the CP pulse. The quantities
(J (t)>§lc<)> (J (t))ﬁﬁ) and (](t))%c) denote
the bond current between carbon-carbon,
nitrogen-nitrogen, nearest neighbor
carbon-nitrogen pairs within the hexagonal

ring, respectively.

For nearest-neighbor carbon-nitrogen

pairs along the bonds of the molecular ring,

16

7 Irreducible representation of excited states

the magnitudes of the bond current for
pairs located symmetrically with respect to
the y-axis are identical, (C-N, and N,-C,,
N,-C,and C,-N, C\-N, and N -C,), because
the y-axis is a principal symmetry axis of
the D, point group. A similar symmetry
relation is observed for carbon-carbon pairs
(C,-C, and C,-C)) and nitrogen-nitrogen
pairs (N -N, and N-N)).

The magnitudes of the bond currents
the

carbon-nitrogen pairs, carbon-carbon, and

flowing  along nearest-neighbor
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nitrogen-nitrogen pairs are 291.6, 227.1 and
126.7 pA, respectively. The bond current in
the carbon-carbon pairis slightly smallerthan
that in the nearest-neighbor carbon-nitrogen
pair. In contrast, the nitrogen-nitrogen
bond current is approximately half of the
carbon-carbon bond current. These results
indicate that the magnitude of bond currents
is enhanced in the presence of two different

types of atoms.

For the nearest-neighbor carbon-nitrogen
bonds, the bond currents of C-N,, N -C,
and C,-N, differ by approximately 0.005
pA (5 nA), even though these bonds are
formally equivalent. A similar trend is
observed for the carbon-carbon bond pairs
and nitrogen-nitrogen bond pairs are about 3
nA in each case. These small variations can
be attributed to differences in the overlap
between pairs of MOs contributing to the

bond currents, as seen in Eq. (11).

For S, and S, , MOs 22 and 23 overlap
in the transitions originating from the
same occupied MOs, while MOs 18 and

19 overlap in the transitions terminating

10°

at the same unoccupied MOs. Because the
molecular point group of s-triazine is D, , the
bonds are not equivalent in the same sense
as in benzene (D, ). As a result, the overlaps
between pairs of MOs differ slightly among
these positions, leading to small differences

in the corresponding bond currents.

For comparison, in a homogeneous
atomic system, 2,2’-P-biphenol, Mineo et al.
(2013) reported a maximum carbon-carbon
bond current of about 181 pA using ab initio
calculation with the 6-31G+(d, p) basis set.
Therefore, the magnitudes of bond currents
in 2,2°-P-biphenol and s-triazine are of the
same order (several hundred microamperes).
In 2,2°-P-biphenol, the current primarily
the

carbon-carbon bond pairs

flows  along nearest-neighbor

the

molecular rings. In contrast, in s-triazine, the

within

current flows not only along the molecular
ring, but also along carbon-carbon and
nitrogen-nitrogen pairs located outside the
molecular ring. Consequently, the molecular
ring is no longer the sole current pathway in

inhomogeneous molecular systems.

Table 2. The magnitude of bond current is evaluated at the time of
maximum coherence, Im[c;(t)c{(t)] = 1/2

a) Nearest neighbor carbon-nitrogen pair

I-th atom —
Koth atom C,-N, N,-C, C,N N,-C, C,-N, N,-C,
J)

291.635 [291.640 [291.630 [291.630 [291.640 |291.635
(nA)

17
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b) Carbon-carbon (C-C,) and Nitrogen-nitrogen (N-N, )

C-C, Cc-C, |C-C, C,-C,
JOY9 (uA) |227.106 |227.109 |227.106
NN, N-N,  [N-N,  [N-N,

JOY9 (uA) 126,659 |126.656 | 126.656

Source: calculated by Eq.(11) and molecular data from Gaussian (Gaussian, Inc., n.d.)

The current-density maps are plotted using
the quiver function in the Matplotlib library,
with the same scale factor for the length of
vectors. Theregionsoftheseplotsaresetupover
20A<x<20Aand-20A<y<20A A
uniform grid of 40 points is used along each

axis. The current-density vector is calculated

a) C-C
20
154 DIIARI I
1.0 - 3
o ® 0\ ®
=< 00 [
-0.5 e
-1.0 4 e —
504
T
-2 -1 0 1 2
¢)N-C
2.0
15 4
1.0 4
0.5
< 00
-

using Eq. (9). In Fig. 3, subfigures (a), (b),
and (c) represent the contributions from
carbon atoms only, nitrogen atoms only, and
nearest-neighbor carbon-nitrogen pairs along
the ring, respectively. Fig. 3(d) includes
contributions from all of the atoms in the

molecule.

b) N-N

Figure 3. Current-density maps plotted for (a) contributions from carbon atoms only,

(b) contributions from nitrogen atoms only, (c) the nearest-neighbor carbon-nitrogen

pairs in the molecular ring, (d) contributions from all atoms in s-triazine. Yellow and
blue circles denote the positions of carbon and nitrogen atoms, respectively

18
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The directions of current-density vectors
in Fig. 3(c) are opposite to those in Fig. 3(a)
and 3(b). In Fig. 3(c), the current-density
vectors flow clockwise, whereas they flow
counterclockwise in Fig. 3(a) and 3(b).
Moreover, the current-density vectors in
Fig. 3(a) are longer than those in Fig. 3(b),
consistent with the larger magnitude of the

bond current (J(t) )g? compared to (](t))%)-

In all three subfigures of Figs. 3(a)-3(c),
the magnitudes of the current-density
vectors initially increase with radial
distance, reach a local maximum, and then
decrease as the distance extends from the
inner to the outer region of the molecular
ring. In each case, the region around this
local maximum exhibits an approximately
annular distribution, which we here define
as the concentrated ring-current region.
The local maximum magnitudes of the
current density in Fig. 3(a), (3b) and (3c)
are 0.77, 0.50, and 1.51 (a.u.), respectively,
occurring at radial distances of 2.11, 2.11,
2.32 (A) from the origin (x=0, y=0). In
Fig. 3(d), which shows the total current
density vectors, the maximum magnitude
is 0.43 (a.u.) at a radial distance of 2.50
A. For comparison, P. W. Flower and E.
Steiner (1997) reported that a maximum
magnitude of current density is 0.078
(a.u.) for m-electron current in s-triazine.
In the present study, the maximum total
coherent current density is therefore more
than six times larger. This difference can
be understood from the distinct physical
origins of the two types of current. In the

traditional study by Steiner and Flower,

the ring current arises as a response
to an external static magnetic field,
where the interaction between the ring
current-induced magnetic dipole moment
and the magnetic field is treated as a
perturbation term (Steiner et al., 2001). In
contrast, the coherent current considered
here is generated by directly exciting the
pair of degenerate excited states in a laser
field (Fig. 1), in which the interaction
between the laser field and the electronic
dipole moment of the molecular system is
explicitly included (Barth et al., 2006).

Here, the concentrated ring-current region
of the N-C bond (Fig. 3(c)) is located farther
outward than those associated with the C-C
(Fig.3(a)) and the N-N (Fig. 3(b)). As aresult,
in Fig. 3(c), the current-density vectors are
longer in the outer region of the molecular
ring, but become shorter than toward the
inner region. By contrast, in Figs. 3(a) and
3(b), the longest current-density vectors
are found in the inner region of the ring.
Consequently, in Fig. 3(d), two oppositely
directed current patterns appear in the inner
ring flow counterclockwise, whereas those in

the outer ring flow clockwise.

In this study, the degenerate pair of
excited states S, and S is coherently
excited by a CP pulse to form the
superposition state (Sq — iS;,). However,
the transition dipole moment of S  is
oriented along the negative x-axis, whereas
that of S,  is oriented along the positive
y-axis. As a result, the wave functions of
S, and S, correspond to (—1)®; and &,
, respectively. Consequently, the resulting

19



Tap chi Khoa hoc Trudng Dai hoc Phan Thiét (UPT]JS) - Tap 4, SO 2 Thang 6/2026. ISSN: 3030-444X (15 tran&)

superposition state is (®; + i®,)/v/2, with
the coherence term Im[c;(t*)c, (t*)] = 1/2
at the end of the pulse. As illustrated in
Fig. 1, this superposition state describes a
counterclockwise rotation of m-electron.
Owing to the negative charge of the electron,
the

clockwise, which is shown as the direction

corresponding ring current flows

of vectors in the current-density map.

Finally, it is important to note that the
bond currents may arise independently of
the conventional chemical bond paths of
the molecule. In particular, nonzero bond
currents are also obtained for C-C and
N-N pairs, even though these pairs do not
correspond to formal bonded interactions in

the usual chemical bonding.

4. CONCLUSION AND
IMPLICATIONS
In this study, bond currents and

current-density vectors in s-triazine have
been investigated under coherent excitation
of the pair of degenerate excited states.
The magnitude of the bond current is
found to be notable not only along the
carbon-nitrogen bonds on the molecular

ring but also for the non-bonded pairs, such

as carbon-carbon and nitrogen-nitrogen
pairs. In particular, the carbon-carbon bond
current is approximately twice as strong
as the nitrogen-nitrogen bond current. The
current-density vectors are distributed over
two concentric separate rings, namely an
inner ring and an outer ring, with opposite
flow directions. The current density flowing
along the nearest-neighbor carbon-nitrogen
bonds on the molecular ring provides
the dominant contribution to the outer
ring, while the current density between
carbon-carbon and nitrogen-nitrogen pairs

contributes mainly to the inner ring.

These results are obtained using the
present analytical approach for s-triazine,
which is a typical example of an
inhomogeneous atomic system composed
of two different atomic species, carbon
and nitrogen. However, the origin of the
separation into two ring currents in s-triazine
has not yet been fully understood within
this framework. As a direction for future
work, this approach will be extended for
the investigation of the impact of different
atomic species in other inhomogeneous
aromatic systems on the formation of

coherent ring currents.
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CHUYEN PONG QUAY KET HQP CUA TT-ELECTRON
TRONG MQT PHAN TU THOM NHO

Ho Quang Huy
Khoa Ky Thuat Cong Nghé, Truong Dai hoc Phan Thiét, Lam Déng, Viét Nam

Tém tit: Chuyén dong quay két hop la mét kiéu di cw dién tich dién hinh trong cdc phdn
tir hydrocarbon thom, trong do m-electron quay doc theo mach vong phan twr. Trong khuon
khé ciia co hoc lwong tir, chuyén dong quay ciia m-electron ¢é thé dwoc ddc trung boi gid
tri trung binh ciia mét sé dai lwong cé khd nang quan sdt, nhw mét thanh phan déng lwong
géc hodc mdt dé dong. Nhitng dai heong ndy hoan toan c6 thé dwoe danh gid bang cdc
biéu thirc gidi tich két hop véi phirong phdp tinh todn hod lwong tir ab-initio dwoc thic
hién bang phan mém Gaussian, trong mot cong bé ciia H. Mineo va céng su (2013); Pdy
la mét hudng tiép cdn c6 kha nang mé réng cho nhiéu hé thom c6 kich thude khdc nhau.
Trong bdo cdo ndy, ching t6i dp dung hudng tiép cdn néu trén dé khao sat chuyén dong
quay két hop cia n-electrons trong mét phan tir thom don gian, s-triazine (C HN), thugce
nhom diém doi xvmg D, Dong dién vong khong chi xudt hién trén mach chi chira cdp
carbon-carbon, hodc nitrogen-nitrogen, ma con trén mach vong phan tw chirc cdac cap
carbon-nitrogen nam lién ké nhau. Pé I6n cia méi dong dién trén lién két duwoc xdc dinh
théng qua tong théng lrong xuyén qua mdt phang dat & diém chinh giita cia dwong noi
hai tdm nguyén tir. Dé dé dang hinh dung sw bé trong khéng gian ciia mat dé dong dién,
mét biéu dé mdt do dong dwoc vé trén mdt phang nam song song véi mdt phang chinh ciia

phan tir va cach dé z=1.0 A.

Tir khéa: chuyén dong quay két hop, phan tir thom, m-electron
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Ghi chu

Tac gia xac nhan khong c6 tranh chip vé loi ich ddi v6i bai bao nay.
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